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PREFACE

About This Book

This textbook was created through Connecting the Pipeline: Libraries, OER, and Dual Enrollment from
Secondary to Postsecondary, a $1.3 million project funded by LOUIS: The Louisiana Library Network and
the Institute of Library and Museum Services. This project supports the extension of access to high-quality
post-secondary opportunities to high school students across Louisiana and beyond by creating materials that
can be adopted for dual enrollment environments. Dual enrollment is the opportunity for a student to be
enrolled in high school and college at the same time.

The cohort-developed OER course materials are released under a license that permits their free use, reuse,
modification and sharing with others. This includes a corresponding course available in Moodle and Canvas
that can be imported to other platforms. For access/questions, contact Affordable Learning Louisiana.

If you are adopting this textbook, we would be glad to know of your use via this brief survey.

Cover Image

The cover image is “Lake Chicot Swamp” by Richard May and licensed under a Creative Common
Attribution-ShareAlike 2.0 Generic (CC BY-SA 2.0 DEED).

Authors

This book was completed by faculty and staft at Louisiana higher education institutions. The contributing
authors are listed below.

Dr. Waneene Dorsey is a faculty member at Grambling State University in Grambling, Louisiana.

Dr. Adronisha Frazier is a faculty member at Northshore Technical Community College in Lacombe,
Louisiana.

Dr. John Galiotos is a faculty member at Southern University at Shreveport Campus in Shreveport,
Louisiana.

Dr. Murty Kambhampati is a faculty member at Southern University at New Orleans in New Orleans,
Louisiana.

Dr. Soma Mukherjee is a faculty member at Southwest Minnesota State University in Marshall, Minnesota.

Andrea Alexander is an academic librarian and served as the coordinator and liaison for the project.


https://louislibraries.org/
https://www.imls.gov/grants/awarded/lg-250151-ols-21
mailto:%20alearningla@laregents.edu
https://survey.co1.qualtrics.com/jfe/form/SV_41Olbogjof6HUay
https://www.flickr.com/photos/richardmaycr/21931797039/
https://www.flickr.com/photos/richardmaycr/
https://creativecommons.org/licenses/by-sa/2.0/
https://creativecommons.org/licenses/by-sa/2.0/
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Bill Freedman (1950-2015) of Dalhousie University was the author of the textbook adapted here. An
appreciation can be found within that version.


https://digitaleditions.library.dal.ca/environmentalscience/front-matter/bill-freedman-an-appreciation/
https://digitaleditions.library.dal.ca/environmentalscience/front-matter/bill-freedman-an-appreciation/
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ADAPTATION STATEMENT

Environmental Science: A Canadian Perspective was created by Bill Freedman. This newly designed textbook,
Environmental Science, was developed by Waneene Dorsey, Adronisha Frazier, John Galiotos, Murty
Kambhampati, and Soma Mukherjee. Andrea Alexander supported and assisted with the development and
organization of the content and chapters. A few chapters were written from scratch, while others were adapted
and remixed from other open textbooks, as indicated below. Environmental Science (c) 2023 by Waneene
Dorsey, Adronisha Frazier, John Galiotos, Murty Kambhampati, and Soma Mukherjee is licensed under a CC-
BY-NC license.

In Environmental Science, some examples have been changed from Canadian references to include more
Louisiana perspectives. Some of the chapters include Louisiana perspectives. Each chapter has specific changes

that are attributed below.

Chapter 1 - Introduction

* This chapter was written with contributions from all authors.

* Learning objectives, key terms, definitions, and (7) HSP activities were included to encourage active
learning.

* Critical thinking questions, links to discovery, and recommended reading were included to enhance the
readers’ understanding and encourage them to explore the topic further.

* This chapter primarily extracted information from Bill Freedman, Environmental Science-Canadian

Perspective (chapter 1 and other chapters of the book).

Chapter 2 - Water, Soil, and Air Quality

* This chapter was generated through original writing by Dr. Soma Mukherjee and Dr. Waneene C.
Dorsey.

* Critical thinking questions, links to discovery, and recommended reading were included to enhance the
readers’ understanding and encourage them to explore the topic further.

* A Louisiana Perspective was created to demonstrate the severity of pollution in Louisiana’s waterways.

* Learning objectives, key terms, definitions, and (5) HSP activities were included to enhance interactive

learning.
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Chapter 3 - Biodiversity

* This chapter was written by Dr. John Galiotos and Dr. Waneene C. Dorsey.

* Information was also extracted from Bill Freedman, Environmental Science-Canadian Perspective
(chapter 7 and other chapters of the book).

* Dr. Waneene C. Dorsey created the picture of Biodiversity.

* A Louisiana Perspective was created to demonstrate the biodiversity of Louisiana’s wetlands.

* Learning objectives, key terms, definitions, and (9) HSP activities were included to enhance interactive

learning.

Chapter 4 - Renewable and Non-renewable Energy
Sources

* This chapter was written by Dr. John Galiotos and Dr. Adronisha Frazier.
* This chapter was adapted from chapters 3 and 4 of the Georgia State College and University

Introduction to Environmental Science, 2018 edition course.

* Learning objectives, key terms, definitions, and (4) HSP activities were included to enhance interactive

learning.

Chapter 5 - Biodegradable and Non-biodegradable Waste

* This chapter was written by Dr. Soma Mukherjee and Dr. Waneene C. Dorsey.

* This chapter includes content from the University of Tartu’s MOOC: Auditing Waste Management.

* Learning objectives, key terms, definitions, and (8) HSP activities were included to enhance interactive
learning.

* A Louisiana perspective was created to explain waste impacts in Louisiana.

Chapter 6 - Environmental Hazards and Toxicology

* This chapter was written by Dr. Murty Kambhampati and includes information from the following
sources:

o Environmental Science — Simple Book Publishing (pressbooks.pub) Bill Freedman, Environmental
Science-Canadian Perspective (chapters 15, 16, 18, 21, 22, 23, 24, 28, and other chapters of the
book).

° Water Contamination from An Introduction to Geology by Johnson et al. (licensed under CC-BY-


https://libguides.gcsu.edu/ensc1000/overview
https://libguides.gcsu.edu/ensc1000/overview
https://sisu.ut.ee/waste/
https://louis.pressbooks.pub/environmentalscience/
https://geo.libretexts.org/Bookshelves/Geology/Book%253A_An_Introduction_to_Geology_(Johnson%252C_Affolter%252C_Inkenbrandt%252C_and_Mosher)/11%253A_Water/11.09%253A_Water_Contamination
https://creativecommons.org/licenses/by-nc-sa/4.0/
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NC-SA).
o Water Pollution from Environmental Biology by Matthew R. Fisher (licensed under CC-BY).
o Water Pollutants and Their Sources is shared under a CC BY-NC-SA 4.0 license and was authored,

remixed, and/or curated by Melissa Ha and Rachel Schleiger (ASCCC Open Educational

Resources Initiative).

> Pollution is shared under a not declared license and was authored, remixed, and/or curated

by Melissa Ha and Rachel Schleiger (ASCCC Open Educational Resources Initiative).
o 15.1: Types of Environmental Hazards — Biology LibreTexts
> BIOLOGICAL (la.gov)
> Biological Hazard Examples and Safety Levels | SafetyCulture
° Natural Hazards (la.gov)
o LOUISIANA HAZARDS + THREATS (la.gov)

* Recommended reading was added: The Industrialization of Nature: A Modern History (1500 to the
present) from Sustainability: A Comprebensive Foundation by Tom Theis and Jonathan Tomkin,

Editors.
* Learning objectives, key terms, definitions, critical thinking questions, and (4) HSP activities were

included to enhance interactive learning.

Chapter 7 - Biochemical Cycles

* This chapter was written by Dr. Waneene C. Dorsey.

* Chapter 5 (Flows and Cycles of Nutrients) in Environmental Science-Canadian Perspective by Bill
Freedman was edited to produce chapter 7, which covers the topic of biochemical cycles.

* Dr. Waneene C. Dorsey created the picture of the Biochemical Cycles of the Earth.

* A Louisiana Perspective was created to demonstrate the impact of biogeochemical cycles on Louisiana’s
ecosystems.

* Learning objectives, key terms, definitions, and (7) HSP activities were included to enhance interactive

learning.

Chapter 8 - Global Climate and Greenhouse Gases

* This chapter was written by Dr. Waneene C. Dorsey.

* Chapter 16 (Gaseous Air Pollution) in Environmental Science-Canadian Perspective by Bill Freedman
was edited to produce chapter 8, which covers the topic of Global Climate and Greenhouse Gases.

* A Louisiana Perspective was created to demonstrate the impact of climate change on Louisiana’s

ecosystems.


https://creativecommons.org/licenses/by-nc-sa/4.0/
https://bio.libretexts.org/Bookshelves/Ecology/Environmental_Biology_(Fisher)/07%3A_Water_Availability_and_Use/7.03%3A_Water_Pollution
https://creativecommons.org/licenses/by/4.0/
https://bio.libretexts.org/Bookshelves/Ecology/Environmental_Science_(Ha_and_Schleiger)/06%3A_Environmental_Impacts/6.02%3A_Pollution/6.2.01%3A_Water_Pollution/6.2.1.01%3A_Water_Pollutants_and_Their_Sources
https://creativecommons.org/licenses/by-nc-sa/4.0
https://yc.yccd.edu/stem/program/biology-and-ecology/
https://www.asccc.org/directory/open-educational-resources-initiative-oeri
https://www.asccc.org/directory/open-educational-resources-initiative-oeri
https://bio.libretexts.org/Bookshelves/Ecology/Environmental_Science_(Ha_and_Schleiger)/06%3A_Environmental_Impacts/6.02%3A_Pollution
https://bio.libretexts.org/Bookshelves/Ecology/Environmental_Science_(Ha_and_Schleiger)/06%3A_Environmental_Impacts/6.02%3A_Pollution
https://yc.yccd.edu/stem/program/biology-and-ecology/
https://www.asccc.org/directory/open-educational-resources-initiative-oeri
https://bio.libretexts.org/Bookshelves/Ecology/Environmental_Science_(Ha_and_Schleiger)/04%3A_Humans_and_the_Environment/4.04%3A_Environmental_Health/4.4.01%3A_Types_of_Environmental_Hazards
https://gohsep.la.gov/ABOUT/LOUISIANA-HAZARDS-THREATS/BIOLOGICAL
https://safetyculture.com/topics/workplace-hazards/biological-hazard-examples/
http://gohsep.la.gov/ABOUT/LOUISIANA-HAZARDS-THREATS/Natural-Hazards
http://gohsep.la.gov/ABOUT/LOUISIANA-HAZARDS-THREATS
https://cnx.org/contents/F0Hv_Zza@45.1:U1SIITx6@5/The-Industrialization-of-Nature-A-Modern-History-1500-to-the-present
https://cnx.org/contents/F0Hv_Zza@45.1:U1SIITx6@5/The-Industrialization-of-Nature-A-Modern-History-1500-to-the-present
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* Learning objectives, key terms, definitions, and (10) HSP activities were included to enhance interactive

learning.

Chapter 9 ~ Impact of Environmental Health on Public
Health

* This chapter was written by Dr. Murty Kambhampati and includes information from the following
sources:

° Bill Freedman, Environmental Science-Canadian Perspective (chapters S, 15, 16, 18, 20, 21, 22, 23,
24,28, and other book chapters).

° “High Line park NYC — Manhattan — New York City” by David Berkowitz is licensed under CC
BY 2.0.

o IPCC (Intergovernmental Panel on Climate Change). 2014b. Summary for Policymakers. Pp. 1-32
in: Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral

Aspects. IPCC, Cambridge, UK. http://www.ipcc.ch/report/arS/wg2/
> WHO/UNICEEF Drinking-Water. (accessed on 27 August 2023); Available online:

https://www.who.int/news-room/fact-sheets/detail/drinking-water
o DPatrick Levallois and Cristina M. Villanueva, 2019. Drinking Water Quality and Human Health:

An Editorial. Int ] Environ Res Public Health. 2019 Feb; 16(4): 631. doi: 10.3390/ijerph16040631
(accessed on 27 August 2023).

° Li Lin, Haoran Yang, and Xiaocang Xu. 2022. Effects of Water Pollution on Human Health and
Disease Heterogeneity: A Review. Front. Environ. Sci., 30 June 2022.
Sec. Water and Wastewater Management. Volume 10 — 2022. (https://doi.org/10.3389/
fenvs.2022.880246) (accessed on 27 August 2023).

> Agency for Toxic Substances and Disease Registry. Annual Report 2018: Protecting People from
Harmful Environmental Exposures. https://www.atsdr.cdc.gov/2018atsdrannualreport/
index.html. (accessed on 27 August 2023).

° Campanale C, Dierkes G, Massarelli C, Bagnuolo G, Uricchio VF. A relevant screening of organic
contaminants present on freshwater and pre-production microplastics. Zoxzes 2020;8:100. [PMC

free article] [PubMed] [Google Scholar] (accessed on 27 August 2023)

° What is public health? (apha.org); (https://youtu.be/ig2cnOLFBR4; https://youtu.be/
XkSnp9jQYSc)

o What is Public Health? | CDC Foundation; Introduction to Public Health — YouTube

> Billions of people still breathe unhealthy air: new WHO data

<«

° “Punggol Waterway Park” by cattan2011 is licensed under CC BY 2.0

> Drinking-water (who.int)
> Soil and water pollution and human health: what should cardiologists worry about? - PMC


https://www.flickr.com/photos/25897810@N00/5923527436
https://www.flickr.com/photos/25897810@N00
https://creativecommons.org/licenses/by/2.0/?ref=openverse
https://creativecommons.org/licenses/by/2.0/?ref=openverse
http://www.ipcc.ch/report/ar5/wg2/
https://www.who.int/news-room/fact-sheets/detail/drinking-water
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6406761/
https://doi.org/10.3390%2Fijerph16040631
https://doi.org/10.3389/fenvs.2022.880246
https://doi.org/10.3389/fenvs.2022.880246
https://www.atsdr.cdc.gov/2018atsdrannualreport/index.html
https://www.atsdr.cdc.gov/2018atsdrannualreport/index.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7712310/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7712310/
https://pubmed.ncbi.nlm.nih.gov/33182329
https://scholar.google.com/scholar_lookup?journal=Toxics&title=A+relevant+screening+of+organic+contaminants+present+on+freshwater+and+pre-production+microplastics&volume=8&publication_year=2020&pages=100&pmid=33182329&
https://www.apha.org/What-is-public-health
https://youtu.be/ig2cnOLFBR4
https://youtu.be/XkSnp9jQYSc
https://youtu.be/XkSnp9jQYSc
https://www.cdcfoundation.org/what-public-health
https://www.youtube.com/watch?v=-dmJSLNgjxo&t=409s
https://www.who.int/news/item/04-04-2022-billions-of-people-still-breathe-unhealthy-air-new-who-data
https://www.flickr.com/photos/68166820@N08/52193189134/in/photolist-2nw8JKh-4CiwNg-2nAcHgT-2nuLKGU-2kHXEaC-2nw7qjy-2nEeHnB-2nwDJdX-2nx8i5o-bDF6bd-26gftbg-H7L4J-2nwL9Nf-2m2Lw6m-4Ciw8i-4CnMTj-4Cisxt-4CnLa1-4CivDP-4CnPSL-4Ciuhk-4CnLVJ-KmnNQA-4Ciskg-4CnPXQ-QQjt6h-bCb7Wv-4CnLeU-4CnPiC-4Cix2r-4CisDx-FWa99g-4CnNEy-4CiuCa-4CnKEU-2nuS2YY-4CnNZw-4CnNV9-4CivtT-4CivL2-4CisRt-4CnMtQ-818CQC-4Ciwtt-2nbjaSM-4Citmr-a9mnk4-2nuYYh8-4CitTV-818CQG
https://www.flickr.com/photos/68166820@N08
https://creativecommons.org/licenses/by/2.0/?ref=openverse
https://www.who.int/news-room/fact-sheets/detail/drinking-water
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10064841/
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(nih.gov)

> Environmental, health and socio-economic impacts of soil pollution in FAO and UNEP (2021)
° Global assessment of soil pollution: Report. Rome. Licensed CC-BY-NC-SA.

* Learning objectives, review questions, key terms, and (4) HSP activities were included to enhance

interactive learning.

Chapter 10 - Global Nutrition, Starvation, and Malnutrition

* This chapter was written by Dr. Adronisha Frazier.

* Bill Freedman, Environmental Science-Canadian Perspective (chapter 24 and other book chapters) was
adapted to highlight agriculture and nutrition.

* Additional content was gathered from sources listed at the end of the chapter.

* Learning objectives, key terms, definitions, and (6) HSP activities were included to enhance interactive
learning.

* Ciritical thinking and discussion questions were also added to this chapter.

Chapter 11 - Environmental Justice

* This chapter was written by Dr. Adronisha Frazier.

¢ This chapter did not exist in the original textbook. The content was generated through original writing
and external sources listed in the chapter references.

* Learning objectives, key terms, definitions, and (4) HSP activities were included to enhance interactive

learning.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10064841/
https://www.fao.org/3/cb4894en/online/src/html/chapter-04-3.html
https://doi.org/10.4060/cb4894en
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CHAPTER 1 ~ INTRODUCTION

Environmental Protection Agency (EPA) freshwater team bio-assessing a stream. (Public domain via
Wikimedia Commons)

Key Terms

Scientific method, hypothesis, scientific theory, scientific laws, environmental hazards, biodiversity,
biotic factors, abiotic factors, pollution, lithosphere, hydrosphere, population growth, nutrient


https://commons.wikimedia.org/wiki/File:(EPA_Science_Freshwater_Team_2)_412-DSP-2-Bioassessment_075.jpg_-_DPLA_-_bb129ee3d75b180a73f9d4c3c05b9ca5.jpg
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cycles, global warming, climate change, sustainability, environmental justice, renewable energy, and
non-renewable energy.

Learning Objectives

Upon completion of this chapter, students will be able to:

- Trace the history of environmental science at local and global levels, the role of
environmental science as an interdisciplinary subject, and its interrelationships with other
Science, Technology, Engineering, and Mathematics (STEM) fields.

- Define characteristics of all living beings (biota) based on the six kingdoms, their role in
ecosystems, and their interaction with non-living (abiotic) factors, including the hydrologic
cycle and the biogeochemical cycle of major elements: carbon (C), nitrogen (N), phosphorus
(P), and sulfur (S).

« Describe renewable and non-renewable energy resources.

- Identify environmental hazards and describe their toxic effects.

- Differentiate between biological, physical, and chemical stressors in the environment and
their effects on biodiversity and natural resources.

- Explain the role of human beings in modifying ecosystems and human impacts on global
warming, agriculture, food, nutrition, starvation, and environmental justice.

Chapter Overview

* Introduction

* The History of Environmental Science

* Biological and Chemical Foundations of Life

* Nature and Process of Science

* Interdisciplinary Nature of Environmental Science

* Biosphere: Lithosphere, Hydrosphere, and Atmosphere
* Preserving Biodiversity and the Six Kingdoms of Life
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* Demographics

* Non-renewable and Renewable Energy Sources
* Nutrient Cycles

* Environmental Hazards

* Global Warming

* Environmental Agriculture

* Environmental Ethics, Quality, and Justice

* Chapter Summary

Introduction

Environmental science is a broad, important subject that encompasses all life forms (from microbial organisms
to elephants and blue whales), as well as inanimate objects (water, air, soil, rocks, volcanoes) and their
interactions. This chapter introduces basic environmental science concepts and perspectives that will be
expanded in the remaining ten chapters. This chapter begins with a brief history of environmental science
followed by the interdisciplinary nature of environmental science, the biosphere, biodiversity, demographics,
environmental hazards, energy sources, nutrient cycling, global warming, environmental impact on

agriculture, environmental ethics, quality, and justice and ends with a chapter summary.

The History of Environmental Science

The history of environmental science can be traced back to ancient civilizations where people had to develop
techniques for adapting to their environment to survive. However, the modern field of environmental science
emerged in the mid-twentieth century, as concerns over pollution and environmental degradation became
more prominent. One of the key milestones in the history of environmental science was the publication of
Rachel Carson’s book Silent Spring in 1962. This book highlighted the negative effects of pesticides and other
chemicals on the environment and helped to spur the environmental movement in the United States and
around the world.

During the 1970s, there was a growing recognition of the need for environmental regulation, and many
countries passed laws to protect their air, water, and land resources. The Environmental Protection Agency
(EPA) was established on December 2, 1970. In 1970, the United States passed the Clean Air Act and the Clean
Water Act of 1972, which set standards for air and water quality and established regulatory agencies to enforce
these standards.

In the 1980s and 1990s, there was a growing focus on global environmental issues, such as climate change

and biodiversity loss. The United Nations (UN) established the Intergovernmental Panel on Climate Change
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(IPCC) in 1988 to study the causes and impacts of climate change, and in 1992, the UN held the Earth Summit
in Rio de Janeiro, where countries pledged to take action to address environmental problems.
Today, environmental science is a multidisciplinary field focused on understanding the interactions between

humans and the natural environment and developing solutions to environmental problems.

@ An interactive H5P element has been excluded from this version of the text. You can view it
online here:
https.://louis.pressbooks.pub/environmentalscience/?p=521#h5p-1

Dive Deeper into the History of Environmental Science

The Clean Air Act and Clean Water Act were foundational pieces of legislation. Follow the links to
read a summary of these laws.

The field has been shaped by many scientists. Read about famous environmental scientists in Top
: : Cienti S I 2023).

This documentary, 50 Years of Farth Day, describes the impact of Carson’s work in launching the

environmental movement in the US.


https://louis.pressbooks.pub/environmentalscience/?p=521#h5p-1
https://www.epa.gov/laws-regulations/summary-clean-air-act
https://www.epa.gov/laws-regulations/summary-clean-water-act
https://www.scijournal.org/articles/famous-environmental-scientists
https://www.scijournal.org/articles/famous-environmental-scientists
https://dceff.org/film/50-years-of-earth-day/
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Figure 11. Imaging from an Enhanced Thematic Mapper plus (ETM+) shows a satellite view of southern
Louisiana, specifically the southernmost Northshore region over Lake Pontchartrain and Lake Maurepas, a
portion of the River Parishes, and New Orleans. This image entitled “New Orleans, L ouisiana” was taken
by NASA Goddard Photo and Video and is licensed under CCBY 2.0.

Biological and Chemical Foundations of Life

Elements in various combinations comprise all matter on Earth, including living things. Some of the most
abundant elements in living organisms include carbon, hydrogen, nitrogen, oxygen, sulfur, and phosphorus.
These form the nucleic acids, proteins, carbohydrates, and lipids that are the fundamental components of
living matter. Biologists must understand these important building blocks and the unique structures of the
atoms that make up molecules, allowing for the formation of cells, tissues, organ systems, and entire organisms.

At its most fundamental level, life is made up of matter. Matter is any substance that occupies space and
has mass. Elements are unique forms of matter with specific chemical and physical properties that cannot be
broken down into smaller substances by ordinary chemical reactions. There are 118 elements, but only 92

occur naturally. The remaining elements are synthesized in laboratories and are unstable. The five elements


https://louis.pressbooks.pub/app/uploads/sites/60/2023/05/5637745193_718b4940e3_o-scaled.jpg
https://louis.pressbooks.pub/app/uploads/sites/60/2023/05/5637745193_718b4940e3_o-scaled.jpg
https://www.flickr.com/photos/24662369@N07/5637745193
https://www.flickr.com/photos/24662369@N07
https://creativecommons.org/licenses/by/2.0/?ref=openverse
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common to all living organisms are oxygen (O), carbon (C), hydrogen (H), and nitrogen (N) and phosphorous
(P). In the nonliving world, elements are found in different proportions, and some elements common to living
organisms are relatively rare on the earth as a whole (Table 1.1). For example, the atmosphere is rich in nitrogen
and oxygen but contains little carbon and hydrogen, while the earth’s crust, although it contains oxygen and
a small amount of hydrogen, has little nitrogen and carbon. In spite of their differences in abundance, all
elements and the chemical reactions between them obey the same chemical and physical laws regardless of
whether they are a part of the living or non-living world.

Table 1.1. Approximate percentage of elements in living organisms (from bacteria to humans) compared to

the non-living world. Trace represents less than 1%.

Biosphere Atmosphere Lithosphere
Oxygen (O) 65% 21% 46%
Carbon (C) 18% trace trace
Hydrogen (H) 10% trace trace
Nitrogen (N) 3% 78% trace
Phosphorus (P) trace trace >30%

The Structure of the Atom

An atom is the smallest unit of matter that retains all of the chemical properties of an element. For example,
one gold atom has all of the properties of gold in that it is a solid metal at room temperature. A gold coin
is simply a very large number of gold atoms molded into the shape of a coin and containing small amounts
of other elements known as impurities. Gold atoms cannot be broken down into anything smaller while still
retaining the properties of gold. An atom is composed of two regions: the nucleus, which is in the center of the
atom and contains protons and neutrons, and the outermost region of the atom which holds its electrons in
orbit around the nucleus, as illustrated in Figure 1.2. Atoms contain protons, electrons, and neutrons, among
other subatomic particles. The only exception is hydrogen (H), which is made of one proton and one electron

with no neutrons.
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MNeutrons

Electrons = Nucleus

Protons

Figure 1.2. Elements, such as helium, depicted here, are made up of atoms. Atoms are
made up of protons and neutrons located within the nucleus, with electrons in orbitals
surrounding the nucleus.

Protons and neutrons have approximately the same mass, about 1.67 x 10-24 grams. Scientists arbitrarily
define this amount of mass as one atomic mass unit (amu) (Table 1.2). Although similar in mass, protons
and neutrons differ in their electric charge. A proton is positively charged whereas a neutron is uncharged.
Therefore, the number of neutrons in an atom contributes significantly to its mass, but not to its charge.

Table 1.2. Characteristics of protons, neutrons, and electrons

Charge Mass (amu) | Location in atom
Proton +1 1 Nucleus
Neutron | 0 1 Nucleus
Electron | -1 0 Orbi

Electrons are much smaller in mass than protons, weighing only 9.11 x 10-28 grams, or about 1/1800 of an
atomic mass unit. Hence, they do not contribute much to an element’s overall atomic mass. Although not
significant contributors to mass, electrons do contribute greatly to the atom’s charge, as each electron has a
negative charge equal to the positive charge of a proton. In uncharged, neutral atoms, the number of electrons
orbiting the nucleus is equal to the number of protons inside the nucleus. In these atoms, the positive and
negative charges cancel each other out, leading to an atom with no net charge. Accounting for the sizes of

protons, neutrons, and electrons, most of the volume of an atom—greater than 99 percent—is, in fact, empty
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space. With all this empty space, one might ask why so-called solid objects do not just pass through one another.
The reason they do not is that the electrons that surround all atoms are negatively charged and negative charges
repel each other. When an atom gains or loses an electron, an ion is formed. Ions are charged forms of atoms.
A positively charged ion, such as sodium (Na+), has lost one or more electrons. A negatively charged ion, such

as chloride (Cl-), has gained one or more electrons.
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Figure 1.3. Arranged in columns and rows based on the characteristics of the elements, the periodic table
provides key information about the elements and how they might interact with each other to form molecules.
Most periodic tables provide a key or legend to the information they contain.
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Nature and Process of Science

Biology is a science, but what exactly is science? What does the study of biology share with other scientific
disciplines? Science (from the Latin scientia, meaning “knowledge”) can be defined as knowledge about the
natural world.

Science is a very specific way of learning, or knowing, about the world. The history of the past 500 years
demonstrates that science is a very powerful way of knowing about the world; it is largely responsible for the
technological revolutions that have taken place during this time. There are however, areas of knowledge and
human experience that the methods of science cannot be applied to. These include such things as answering

purely moral questions, aesthetic questions, or what can be generally categorized as spiritual questions. Science
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cannot investigate these areas because they are outside the realm of material phenomena, the phenomena of
matter and energy, and cannot be observed and measured.

The scientific method is a method of research with defined steps that include experiments and careful
observation. The steps of the scientific method will be examined in detail later, but one of the most important
aspects of this method is the testing of hypotheses. A hypothesis is a suggested explanation for an event,
which can be tested. Hypotheses, or tentative explanations, are generally produced within the context of a
scientific theory. A generally accepted scientific theory is thoroughly tested and confirmed explanation for
a set of observations or phenomena. Scientific theory is the foundation of scientific knowledge. In addition,
in many scientific disciplines (less so in biology) there are scientific laws, often expressed in mathematical
formulas, which describe how elements of nature will behave under certain specific conditions. There is not
an evolution of hypotheses through theories to laws as if they represented some increase in certainty about
the world. Hypotheses are the day-to-day material that scientists work with and they are developed within
the context of theories. Laws are concise descriptions of parts of the world that are amenable to formulaic or

mathematical description.

Interdisciplinary Nature of Environmental Science

As an interdisciplinary field, environmental science involves the study of interactions between humans and
the natural environment. It draws upon knowledge and techniques from a variety of scientific disciplines,
including biology, chemistry, geology, physics, and ecology, among others. For example, environmental
scientists may use their knowledge of biology to study the eftects of pollution on plant and animal populations,
or they may use chemistry to analyze the composition of air, water, and soil samples. Geology is also important
in understanding how natural processes like erosion and volcanic activity impact the environment, and physics
is used to study climate change and its effects on the environment.

In addition to the natural sciences, environmental science also incorporates knowledge from social sciences
such as economics, politics, and sociology. Environmental economists, for example, study the costs and benefits
of different environmental policies, while environmental sociologists may investigate how social factors
influence people’s attitudes toward the environment.

This interdisciplinary approach is necessary because environmental problems are often complex and
interconnected and require a holistic understanding of the underlying causes and potential solutions. By
bringing together knowledge from multiple disciplines, environmental scientists are better able to identify and
address these complex problems. Figure 1.4 displays a broader list of academic disciplines that can contribute
to environmental studies, a field like environmental science that looks at human interactions and the natural

environment.
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Figure 1.4. As previously mentioned, environmental science is an interdisciplinary field that uses knowledge
to present solutions and recommendations that improve and protect the environment. Environmental
studies, like environmental science, connect the human factors and the many disciplines related to the
environment. Image from Environmental Science chapter 1 licensed CC-BY-NC 4.0

Biosphere: Lithosphere, Hydrosphere, and Atmosphere

The biosphere is the region of the earth that encompasses all living organisms: plants, animals, and bacteria.
It is a feature that distinguishes the Earth from the other planets in the solar system. “Bio” means life, and
the term biosphere was first coined by a Russian scientist (Vladimir Vernadsky) in the 1920s. Another term
sometimes used is ecosphere (“eco” meaning home). The biosphere includes the outer region of the earth
(the lithosphere) and the lower region of the atmosphere (the troposphere). It also includes the hydrosphere,

the region of lakes, oceans, streams, ice, and clouds comprising the earth’s water resources.

Lithosphere

The lithosphere is the outer crust of the Earth, which is composed of the upper mantle and crust and arranged
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in concentric layers like an onion. Below the lithosphere are three layers: the lower mantle, outer core, and inner
core.

The massive core has a diameter of about 3,500 km and is composed of hot, molten metals, particularly iron
and nickel. The internal heat of Earth is thought to be generated by the slow, radioactive decay of unstable
isotopes of certain elements, such as uranium.

The mantle is a less dense region that encloses the core. It is about 2,800 kilometers thick and composed of
minerals in a plastic, semi-liquid state known as magma. The mantle contains relatively light elements, notably
silicon, oxygen, and magnesium, occurring as various mineral compounds. Magma from the upper mantle
sometimes erupts to the surface at mountainous vents known as volcanoes and is usually spewed to the surface
as lava, which cools to form basaltic rock.

The lithosphere is only about 80 kilometers thick. It is composed of rigid, relatively light rocks, especially
basaltic, granitic, and sedimentary ones. These rocks contain elements found in the mantle as well as enriched
quantities of aluminum, carbon, calcium, potassium, sodium, sulfur, and other lighter elements, because of
weathering and other forces. Living organisms change the lithosphere slowly by using non-biodegradable
substances.

The outermost layer is known as the crust. The oceanic crust is relatively thin, averaging 10-15 kilometers,

while the continental crust is 20-60 kilometers thick.
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Hydrosphere

The hydrosphere is the portion of Earth that contains water (H20), including in the oceans, atmosphere,
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land surface, and underground. The hydrologic cycle (or water cycle) refers to the rates of movement (fluxes)
of water among these various reservoirs (compartments). The hydrologic cycle functions at all scales, ranging

from local to global. The major elements of the global hydrologic cycle are illustrated in Figure 1.6.

Evapotranspiration from
Surface runoff o vegetation, moist soil,
streams, rivers, and surface water
and lakes e £

Figure 1.6. Major Elements of the Hydrologic Cycle. The hydrologic cycle includes the influences of oceans
and other kinds of surface water (such as lakes and rivers), as well as groundwater and atmospheric
moisture (clouds and humidity). Water evaporates, precipitates as rain and snow, and flows in various kinds
of channels, both along the surface as well as underground. (CC BY-NC, Source)

Atmosphere

The atmosphere is an envelope of gasses that surrounds the Earth and is held in place by the attractive forces
of gravity. The density of the atmospheric mass is much greater close to the surface and decreases rapidly with
increasing altitude. The atmosphere consists of four layers, whose boundaries are inexact because they may

vary over time and space:

¢ The troposphere (or lower atmosphere) contains 85-90% of the atmospheric mass and extends from the
surface to an altitude of 8—20 kilometers. It is thinner at high latitudes, and thicker at equatorial
latitudes, but also varies seasonally, at any place being thicker during the summer than in the winter. It is
typical for air temperature to decrease with increasing altitude within the troposphere, and convective air
currents (winds) are common. Consequently, the troposphere is sometimes referred to as the “weather

layer.”
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* The stratosphere extends from the troposphere to as high as about 50 kilometers above the earth,
depending on the season and latitude. Air temperature varies little with altitude within the stratosphere,
and there are few convective air currents.

* The mesosphere extends beyond the stratosphere to about 75 kilometers.

* The thermosphere extends to 450 kilometers or more.

@ An interactive H5P element has been excluded from this version of the text. You can view it
online here:

https://louis.pressbooks.pub/environmentalscience/?p=521#h5p-16

Preserving Biodiversity and the Six Kingdoms of Life

Preserving the biodiversity of life forms within each of the six kingdoms of life is essential to maintaining the

health and ecological balance of our planet and its inhabitants.
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Figure 1.7 shows examples of organisms in the six kingdoms of life. (a) This image shows a hot spring at
Yellowstone National Park. Hot springs are extreme environments where some archaea can thrive due to
the high aquatic temperatures. (CC-BY OpenStax Microbiology) (b) This diagram depicts the structure of an
average prokaryotic cell. (CCO) (c) Paramecia are common examples of protists. (CC-BY-SA) (d) A tinder
fungus is pictured on a dead pine tree in Lysekil, Sweden. (CCO) (e) Plants exist in many forms. This cardinal
flower was photographed at the Regional Parks Botanic Garden near Berkeley, California. (CC BY John Rusk)
(f) Kingdom Animalia includes approximately 36 phyla with wide-ranging characteristics. This image shows
examples within this grouping as follows (from left to right, top to bottom): European squid, Atlantic Sea
Nettle, tiger, flea beetle, and bristle worm. (CC BY-SA)

The six kingdoms of life are separated into two groups: prokaryotic and eukaryotic organisms. Prokaryotic
organisms lack a true nucleus and other membrane-bound organelles and include Domains Archaea and
Bacteria. Archaea includes one kingdom, archaebacteria. Archaea is a group of single-celled microorganisms
that are distinct from both bacteria and eukaryotes. Archaea are found in a wide range of environments,
including extreme environments such as hot springs, deep-sea hydrothermal vents, and highly saline lakes.
Kingdom Bacteria is also known as Eubacteria, which means “true bacteria.” This kingdom includes a

diverse group of prokaryotic organisms that are found in virtually every habitat on Earth. They are
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characterized by their generally small size (usually ranging from 0.2 to 5 micrometers). Eubacteria are
responsible for many important processes, such as nitrogen fixation (the conversion of atmospheric nitrogen
into a form usable by plants), decomposition, and fermentation.

Eukaryotic organisms have a true nucleus and other membrane-bound organelles and include the Domain
Eukarya. Domain Eukarya includes four kingdoms: Protista, Fungi, Plants, and Animals. Protista is a
biological kingdom that includes a diverse group of eukaryotic microorganisms. The classification of Protista is
somewhat outdated and is no longer recognized as a formal taxonomic group in many modern classifications.
Protista are typically unicellular or simple multicellular organisms, and they exhibit a wide range of
characteristics and lifestyles.

Fungi are a diverse group of organisms that include yeasts, molds, and mushrooms. Fungi play important
roles in nutrient cycling and the decomposition of organic matter. To preserve biodiversity in this kingdom,
we can protect forests and other habitats where fungi are abundant, limit the use of fungicides, and promote
pollutionable farming practices that incorporate the use of mycorrhizal fungi to enhance soil health.

Plants are critical to the survival of many animal species and play a key role in maintaining the health of
ecosystems. To preserve biodiversity in this kingdom, we can work to protect and restore natural habitats,
reduce deforestation and habitat destruction, and promote the use of sustainable agricultural practices.

Animals play vital roles in maintaining ecological balance and are also important sources of food and
medicine for humans. To preserve biodiversity in this kingdom, we can work to protect and restore natural

habitats, reduce overfishing and hunting, and promote sustainable tourism practices that do not harm wildlife.

Demographics

Human Demography

Demography applies the principles of population ecology to the human population. Demographers study
how human populations grow, shrink, and change in terms of age and gender composition using vital statistics
about people such as births, deaths, population size, and where people live. Demographers also compare
populations in different countries or regions. Currently, there are two disparate demographic worlds. On one
end is an old, rich, and relatively stable world often referred to as an “industrialized” or “developed” world
and includes many European nations, the United States, Canada, Japan, and Australia among others. On
the other end is a young, poor, and rapidly growing world often referred to as “less-industrialized,” “less-
developed,” or “developing” and includes many countries in Asia, Africa, and Latin America. In between these
two extremes are countries such as China, India, Brazil, Mexico, South Africa, Russia, and many others that
have not quite attained the developed status but have outpaced the so-called developing countries. These

nations are sometimes referred to as “newly industrialized” or “emerging market economies.”
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Geographical Distribution of Habitats

The geographical distribution of habitats is determined by the global habitable environment. This distribution

affects the natural habitats and their biota. The major population growth remains constant in the areas based

on habitable environments from which human populations can acquire food.

Percent Growth in Population
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Figure 1.8. The percent growth rate of the population in different countries is shown. Notice that the
highest growth is occurring in less economically developed countries in Africa and Asia. (CC BY via

OpenStax)

Human Population and Interference

Humans can alter their environment to increase their carrying capacity sometimes to the detriment of other
species (e.g., via artificial selection for crops that have a higher yield). Earth’s human population is growing
rapidly, to the extent that some worry about the ability of the earth’s environment to sustain this population,
as long-term exponential growth carries the potential risks of famine, disease, and large-scale death. Although
humans have increased the carrying capacity of their environment, the technologies used to achieve this
transformation have caused unprecedented changes to Earth’s environment, altering ecosystems to the point
where some may be in danger of collapse. The depletion of the ozone layer, erosion due to acid rain, and
damage from global climate change are caused by human activities. The ultimate effect of these changes
on our carrying capacity is unknown. As some point out, it is likely that the negative effects of increasing
carrying capacity will outweigh the positive ones—the carrying capacity of the world for human beings might
decrease. The world’s human population is currently experiencing exponential growth even though human
reproduction is far below its biotic potential. To reach its biotic potential, all females would have to become

pregnant every nine months or so during their reproductive years. Also, resources would have to be such that
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the environment would support such growth. Neither of these two conditions exists. Despite this fact, the

human population is still growing exponentially.
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Figure 1.9 shows the increase in human population size starting from the agricultural revolution and
predicted out to 2050. The graph shows that for most of human history, human population size was low
and stable. The inset image shows population growth in the modern era - the outer line is the total world
population while shaded regions represent the population in industrialized countries (bottom) and
less-industrialized/developing countries (top). The greatest amount of human population growth will be in
less-industrialized countries. Data used to make graphs were obtained from the United Nations Population
Division; future projections are the UN's medium variant. (CC BY-NC-SA, Source)
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Non-renewable and Renewable Energy Sources

Non-renewable Energy Sources

Figure 110. Coal is a type of fossil fuel. “Coal” by Jeffrey Beall is licensed under CC BY-SA 2.0.

Non-renewable energy resources are those that cannot be easily replenished in a short time, making them
finite and unsustainable in the long run. Fossil fuels are generally the remains of plants and animals that died
millions of years ago and are found deep underground. These fuels may include coal, oil, and natural gas. Tar
sands and shale gas are also considered non-renewable energy resources.

Nuclear energy produced by splitting atoms of uranium or plutonium is a process called nuclear fission.
From such an exothermic process, the liberated heat is used to generate electricity. Figure 1.11 shows examples

of non-renewable energy sources.
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Figure 111. (a) This image shows an offshore semi-submersible oil drilling rig in the Port of Galveston, Texas,
in the Gulf of Mexico (CCBY 2.0, Tony Webster). (b) This image shows the nuclear power plant, River Bend
Station, Unit 1, near St. Francisville, Louisiana (CC BY 2.0, Nuclear Regulatory Commission). (c) This image
shows the Syncrude Mildred Lake Plant in Fort McMurray, Alberta, Canada. This plant uses tar sands, soil,
and wood debris to produce oil (CCBY-SA 3.0 by The Interior). (d) This image shows an unconventional
shale gas well in Tioga County, Pennsylvania (CC BY-NC 2.0 by SkyTruth Galleries/Flickr).

Today, non-renewable energy sources are still widely used despite the environmental, climate change and social
impacts associated with their extraction, production, refining, and final use and applications. As we move
toward a more sustainable and environmentally viable and preserving energy future, there is a growing need
by energy consumers to shift toward cleaner, renewable energy sources such as solar, wind, geothermal, and

hydroelectric power.
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Renewable Energy Sources

Figure 112 shows a Honda Fit EV in service for

Zipcar car sharing at a public charging station in
front of San Francisco City

Hall by mariordo59 and is licensed under CC
BY-SA 2.0.

Renewable energy sources are those that can be refilled naturally and in a relatively short time or at
continuous bases (solar, wind). These energy resources are sustainable and reusable, environmentally friendly,
and carbon footprint-reducing agents. They may be used as alternatives to non-renewable energy sources.
Solar energy is generated by capturing solar radiation from the sun using solar panels. This can be used to
generate electricity, water heating, or provide energy for various other applications. Wind turbines generate
electricity by harnessing the power of the wind. This is a widely used form of renewable energy that is
growing rapidly around the world. Hydroelectric power is generated by capturing the energy of falling water
to turn turbines and generate electricity. This can be done using large-scale dams or smaller-scale run-of-
the-river systems. Geothermal energy is generated by capturing the heat of the Earth’s interior to generate
electricity or heat buildings. This can be done by using geothermal power plants or ground-source heat
pumps. Biomass energy is generated by burning organic materials such as wood, agricultural waste, and other
plant-based substances. This technology can be used to generate heat or electricity or to produce biofuels for

transportation.
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Figure 113 illustrates the renewable energy sources: (a) solar energy, (b) geothermal energy, (c) wind power,
(d) hydroelectric energy, and (e) biomass energy. (a) Photovoltaic panels are installed on the roof to convert
thermal energy to electricity (CCO 1.0 by Ray Bury). (b) This image shows a geothermal plant in Iceland
(public domain by Gretar Ivarsson). (c) The One energy wind turbines in Ohio are used to capture wind
power (CCBY-SA 4.0 by Eileen at OF). (d) The Holyoke Dam in Massachusetts is pictured during the spring
thawing period (CC BY-SA 3.0 by Simtropalitan). (e) The Ameresco Biomass Cogeneration Facility exists as a
biomass power fuel plant (CC-BY 2.0 by Savannah River Site).

Renewable energy sources are becoming increasingly important to humanity, as we seek to transition to a
more sustainable, replenishable energy future with fewer emissions. In addition to being less harmful to
the environment than non-renewable energy sources, renewable energy also offers a range of economic and
social benefits, including job creation, energy independence, and reduced greenhouse gas emissions. Chapter
4 concentrates more on the effects of energy and sustainability across the nation and the state of Louisiana.

The chapter will also address best practices of energy preservation within our environment.
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Nutrient Cycles

The existence of organisms in the environment depends on recycling valuable nutrients including nitrogen,
phosphorus, oxygen, and carbon, which are all necessary for life. Nutrients are vital for the metabolism of living
things and the survival of ecosystems.

Yet, these nutrients can travel from the Hawaiian Islands to Louisiana’s Gulf of Mexico. This happens
as nutrients cyclically move through the environment and travel through the atmosphere, hydrosphere, and
lithosphere.

The movement of nutrients through the environment is known as nutrient cycles or biogeochemical cycles
as seen in Figure 1.14. Carbon is recycled and moves through the environment when animals release CO; into
the atmosphere to be absorbed by plant leaves. This occurrence is seen in aquatic and terrestrial plants that
capture CO from the atmosphere to use in the production of food through photosynthesis. The atmosphere
contains 78% of gaseous nitrogen (N2). However, nitrogen changes into various forms when it enters the soil
from the atmosphere. Soil bacteria must convert N to usable forms for plant uptake. This process is known
as nitrogen fixation. After this process, Ny is released from the soil into the atmosphere, and the nitrogen cycle
starts again.

A limited amount of phosphorus can be found in the atmosphere as aerosol particles from the ocean and
wind-blown dust particulates. However, the majority of the phosphorus in the environment is bonded to
subterranean rocks and is only released during weathering processes. Plants can absorb phosphorus through
their root systems when phosphate is dissolved in water. Organisms referred to as decomposers recycle
phosphorus back into the soil. Decomposers also recycle nutrients in the ecosystem by dissolving decayed
organic materials.

The existence of water dates back millions of years. Water is constantly being recycled through the
hydrologic cycle, also known as the water cycle. The recycling of water involves four major processes:
evaporation, condensation, precipitation, and infiltration. Evaporation occurs when water is heated by the
ambient temperature (temperature in the environment) and turns into a gaseous vapor. When the warm water
vapor rises and meets the cold air in the atmosphere, condensation occurs, and clouds are formed. Clouds are
composed of water droplets from the condensation. The cycle is repeated when the water droplets get too
heavy and fall out of the cloud back to the Earth as precipitation. Precipitation may exist in the form of ice,

rain, sleet, and snow.
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Figure 114. The Nutrient Cycle. Nature uses the activity of nutrient cycles or biogeochemical cycles to
recycle nutrients. The nutrient cycle is a composite of various routes for nutrients as they pass through the
atmosphere and soil. While carbon and nitrogen are mostly found in the atmosphere, phosphorus is mainly
recycled in rocks, sediment, and soil. Water molecules can circulate from lakes, oceans, rivers, and streams
to the atmosphere and back to the Earth thanks to the hydrologic cycle. (Source: Courtesy of Waneene C.
Dorsey, Grambling State University)

Environmental Hazards

A wide range of environmental hazards come across in almost all habitats and public and private properties
including, but not limited to, the workplace, construction areas, parks and recreational areas, industries, and

living beings.

* Biological hazards are caused by a variety of organisms belonging to the six kingdoms of life. The effect of
biological hazards such as physiological changes, responses to stimuli, reproductive behavior, and diseases,

could cause short (acute) and or long-term (chronic) damage to life forms. Their environmental abiotic
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factors are also affected depending on the causative agent, dose, length of interaction or exposure, and
geographical distribution of the hazard.

* Chemical hazards are mainly two kinds—inorganic such as toxic metals (Lead, Pb; Copper, Cu; Iron,
Fe; Mercury, Hg; Aluminum, Al; Cadmium, Cd, etc.) and organic chemicals such as Methyl Mercury
(CHs3Hg); Polychlorinated biphenyls; Benzene; Polycyclic aromatic hydrocarbons, etc. The chemical
hazards are toxic, which affects the living organisms and their habitats, including the water, air, and soil
quality. They will have long-term consequences for living beings. Radiation will have devastating long-
term and generational consequences in life forms due to its mutagenic and carcinogenic properties.

* Physical hazards ranging from a wet floor in buildings, foul odor in the air, depth in water bodies, and
extreme temperatures cause thermal pollution. War zones, heavy machinery use in construction areas,
and ball games in indoor stadiums cause noise pollution. Excessive rainfall and flooding cause loss of
property and life especially in low-lying areas and flood-prone zones. Forest fires cause loss of life, biomass
of ecosystems, and toxic gas release.

* Natural disasters, such as hurricanes, tornadoes, earthquakes, and volcano eruptions, cause loss of life and
biodiversity, disrupt the harmony in ecosystems, reduce the productivity of food chains and food webs,

and damage the environmental quality.

The details of various hazards and their impact on humans and biodiversity will be presented in chapters 5 and
6.
In general, the types of hazards and levels of their toxic intensity and interaction with species in diversified

habitats could cause the following changes in life forms (biota):

* Anthropogenic: Toxins and their distribution in the environment and among the biota are due to
human activities, which eventually damage the natural resources and human health. Most commonly,
anthropogenic (man-made) toxins are associated with numerous activities. One example is the accidental
emissions of chemicals into the environment. Another example is the release of substances that react in
the environment to synthesize chemicals of greater toxicity. The release of excessive heat from factories
and industrial sites into the nearby water bodies increases the water temperature. The discharges of

nutrient-rich sewage or fertilizer into water bodies cause eutrophication.
Environmental hazards and toxins may have serious effects:

* Human illness, diseases, and death due to the excessive release of toxic gases such as carbon dioxide
(CO3), carbon monoxide (CO), and sulfur dioxide (SO3).

* Loss of habitats, life forms, and biodiversity.

* Chronic respiratory and heart diseases.

* Auto exhaust fumes, smoking, secondhand smoke, laboratory solvents, and particulate matter released
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into the air from the mining industry will cause health severe and chronic problems to humans.

* Indoor pollution and toxins released from space heaters, furnaces, fireplaces burning wood, kerosene,
nitric oxide, and organic vapors cause health problems and loss of man-hours and productivity.

* Smog causes a significant number of problems and toxicity to vegetation, erodes building surfaces and
metal sculptures due to acid rain, and causes heart and lung problems such as asthma, bronchitis, and

emphysema, in vulnerable populations.

Global Warming

An increase in the Earth’s surface temperature is referred to as global warming, also known as climate
change. To be more precise, global warming is the cause of the Earth’s climate change. Natural occurrences
on the Earth and anthropogenic activities are responsible for increased surface temperatures. Rising sea levels,
sporadic flooding, melting glaciers, wildfires, storms, and the loss of wildlife habitats are just a few of the
damaging effects of heightened warming trends. The culprit for extreme weather and climate events can
be traced to greenhouse gas emissions in the environment. Greenhouse gases are a product of man-made
activities such as agricultural activities, combustion of fossil fuels, deforestation, and industrial manufacturing

of products.

° = Wolar
radiation

Figure 115. The Greenhouse Effect. Solar radiation is absorbed by the Earth's
surface after it passes through the atmosphere. This occurrence warms the Earth's
surface and prevents the planet from becoming too cold. Global warming persists
because the layer of greenhouse gases traps solar radiation and causes the surface
temperature to rise. (Source: Courtesy of Waneene C. Dorsey, Grambling State
University)
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Major greenhouse gasses include carbon dioxide, chlorofluorocarbons, methane, ozone, nitrous oxide, and
water vapor as shown in Figure 1.15. The greenhouse effect occurs when a layer of greenhouse gasses from
man-made activities hovers in the Earth’s atmosphere. Because of this, solar radiation strikes the surface of
the Earth and bounces back into the atmosphere. The rays from the sunlight are blocked by the layer of
greenhouse gasses. The surface temperature of the Earth increases as a result of this activity. It is important
to note that without greenhouses, the Earth would be too cold for life to exist. Nonetheless, the amount of
emissions caused by human activity is excessive and has become globally problematic. Once in the atmosphere,

greenhouse gasses can linger there for a few years to thousands of years.

Figure 116. Animal agriculture is a significant
contributor to global warming. Source: Alisdare
Hickson via Wikimedia licensed CC BY-SA 2.0

The persistent altering of Earth’s climate and weather patterns is evidence of the unsettling impacts of global
warming. About 2% of global warming is caused by natural events such as variations in solar radiation levels,
tectonic shifts, and the suspension of volcanic ash in the atmosphere. However, on a larger scale, global
warming is caused by the human usage of petroleum-based fuels, coal, electricity, fertilizers, and industrial
manufactured products. The intensity of storms, the rise in sea levels, and the expansion of the ocean are all
signs of climate change.

All around the world, but notably at the Earth’s poles, ice is melting. This global imbalance has affected
various wildlife species and their habitats. In some cases, the melting ice has led to the collapse of sections of
the landscape because rising sea levels often flood coastal regions. Unusual warm temperatures in the ocean can
damage aquatic species, fuel tropical cyclones and hurricanes, and cause the ocean to expand.

Most of the extra heat from global warming is absorbed in the upper crust of the ocean, which is about 700
meters down. Unfortunately, this area of the ocean is home to a diverse population of aquatic species such as
fish, plankton, and whales. Scientists believe that increased temperatures cause stress in marine environments.
Due to their extreme sensitivity, corals will expel their internal algae in the presence of heated temperatures.

This event is known as bleaching in which corals frequently fail to recover as shown in Figure 1.17.
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Figure 117. Coral reefs and climate change. Coral reefs are affected by heightened marine temperatures.
Healthy coral reefs in normal marine temperatures maintain their physiological integrity and color. This
image displays a bleached colony of Acropora coral in a marine heat-wave environment. Source: by
Vardhanjp via Wikipedia licensed CC-BY-SA 4.0

To support healthy ecosystems, we must engage in sustainable practices, as these actions can reduce the effects
of global warming. Using renewable energy sources, consuming less water, walking instead of driving, and
recycling plastic and aluminum products, among other things, are some practical ways to lessen the impact
of global warming and climate change. Advocates for local initiatives addressing global warming have grown
in popularity, and many of the environmental projects they support have an impactful transformation on the
environment and our planet. On a larger scale, some environmental groups support projects that protect our
forest landscape. This is a notable effort because CO; is a key greenhouse gas. Protecting our forest ecosystems

will sequester significant amounts of CO».

Environmental Agriculture

Agriculture can be defined as the science, and art, of cultivating the soil, producing crops, and raising livestock.
Even relatively simple agricultural practices can greatly increase food production compared with the hunting
and gathering of wild animals and plants. Before the development of agriculture, which first appeared around

10,500 years ago, perhaps 5—-10 million people were able to subsist through a hunter-and-gatherer lifestyle.


https://commons.wikimedia.org/wiki/User:Vardhanjp
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Today, the world supports an enormous population (more than 7.3 billion in 2015 and 7.9 billion in 2023),
and almost all depend on the agricultural production of food (fishing and hunting also provide some food).
The development of agricultural practices and technologies, and their improvements over time, are among the
most crucial of the “revolutions” that have marked the socio-cultural evolution of Homo sapiens.

In any event, beginning with the cultivation and then domestication of a few useful plants and animals,
agricultural technology has advanced to the point where it can support enormous populations of humans and
our mutualist species.

Modern agriculture involves several distinct management practices that impact crop plants, production of
crops, cultivation practices, and livestock, to name a few. In the case of crop plants, they include selective
breeding, tillage, the use of fertilizer and pesticides, irrigation, and reaping. Each practice helps to increase
the yield of biomass that can be harvested for food or other uses. The practices are typically used in various
combinations, which are undertaken as an integrated system of the ecosystem and species management to
achieve a large production of crops. However, the management practices also cause important environmental
damage.

Chapter 10 will investigate environmental damages associated with agriculture, with particular attention to

effects that occur in the United States.

Figure 118 shows a “Burgeoning corn crop, Fast
Carroll Parish, LA IMG 7378" by Billy

Hathorn and is licensed under CC BY 3.0.

Environmental impacts on agriculture include declining site capability, nutrient loss, organic matter, soil
erosion, compaction, salinization, and desertification.

Agricultural site capability (or site quality) refers to the ability of an ecosystem to sustain the productivity of
crops. As plants grow, they take up nutrients from the soil. When a crop is harvested, the nutrients contained
in its biomass are removed from the site, resulting in nutrient loss. Soil organic matter is a crucial factor that
affects fertility and site capability, since the organic matter has a strong influence on the capacity of soil to hold

water and nutrients and on its acration, drainage, and tilth. Soil is eroded by wind and by the runoft of rain and
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melted snow. Although erosion is a natural process, its rate can be greatly increased by agricultural practices,
and this may be a serious environmental problem. Compaction occurs when the air spaces in the soil are
compressed, resulting in waterlogging, oxygen-poor conditions, impaired nutrient cycling, poor root growth,
and decreased crop productivity. Salinization is a buildup of soluble minerals in the surface soil that can be a
major problem in drier regions. Desertification, the increasing aridity of drylands, is a complex problem, caused
by both climate change and other anthropogenic influences. Ultimately, these aforementioned environmental

factors interweave and can negatively impact agricultural outcomes.

Figure 119. Students at a Louisiana high school
care for livestock as a part of their agricultural
science class. “Louisiana Cattle” by Jeremiah
Wells is licensed under CC BY-SA 4.0.

Pollution caused by agriculture includes groundwater and surface waters, which can become polluted by
runoff containing fertilizer, pesticides, and livestock sewage. Inputs of nutrients and organic matter from
fertilizer and sewage can cause severe ecological damage to surface waters through eutrophication and oxygen
depletion. These changes, coupled with the presence of pathogenic and parasitic organisms, can result in waters
becoming unsuitable for drinking by people, perhaps even by livestock, or for use in irrigation. Chapter 10 will

explore these impacts on human behaviors.

Environmental Impact of Human Behavior

Human behaviors can positively or negatively impact environmental outcomes. For instance, food supply
and nutrition, malnutrition, and starvation. In 2014, more than 7.3 billion people were alive, and almost all
were reliant on crops as their prime source of food. There are also relatively minor amounts of food that are
harvested from the wild, such as by fisheries, but agricultural production is responsible for the great bulk of
the modern human diet. Staple food crops are the main source of dietary energy in the human diet and include

rice, wheat, sweet potatoes, maize, and cassava.
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However, food security plagues one in nine individuals in the world with more individuals living in poverty,
which is defined as living on less than $1.25 per day. Poverty is the major driver of food insecurity. The lack
of social and physical economic access to food at national and household levels and inadequate nutrition
(or hidden hunger) are major issues for impoverished communities. Food security is built on four pillars:
availability, access, utilization, and stability. Individuals lacking food stability may suffer from a lack of essential
nutrients or malnutrition.

As a means to counteract crop loss, which could further impact food security, plant physiologists have
genetically engineered crops through agricultural biotechnology. The field of agricultural biotechnology uses
a range of tools that include both traditional breeding and modernized lab-based methods, which include
genetically modified organisms (GMOs) and transgenic crops. Creating GMOs introduces new traits to crops
that can allow protection from pests, enhanced nutrition to humans and animals, reduced costs to farmers,
and more manageable production. However, there are factors to consider with the cultivation of GMOs such
as hybridization with native species, ecological impacts on the pollinating organisms, and human health.

Another recent innovation in agriculture is the use of transgenic crops, which have been genetically
modified by the introduction of genetic material (DNA or RNA) from another species. This bioengineering
intends to confer some advantage to the crop that cannot be developed through selective breeding, which relies
only on the intrinsic genetic information (the genome) that is naturally present in the species. Chapter 10
will further investigate the impacts of the four pillars of food security along with the impacts of agricultural

biotechnology on human health.

Environmental Ethics, Quality, and Justice

Environmental Ethics

The choices that people make can influence environmental quality in many ways—Dby affecting the availability
of resources, causing pollution, and causing species and natural ecosystems to become endangered. Decisions
influencing environmental quality are influenced by two types of considerations: knowledge and ethics.

In this context, knowledge refers to information and understanding about the natural world, and ethics
refers to the perception of right and wrong and the appropriate behavior of people toward each other, other
species, and nature. Ethical behaviors are typically associated with social interactions with other members
of society. Environmental ethics centers around the responsibility of our society to make ethical and moral
decisions in response to the world around us. Of course, people may choose to interact with the environment
and ecosystems in various ways. On the one hand, knowledge guides the consequences of choices, including
damage that might be caused and actions that could be taken to avoid that effect. On the other hand, ethics
provides guidance about which alternative actions should be favored or even allowed to occur.

Because modern humans have enormous power to utilize and damage the environment, the influence of

knowledge and ethics on choices is a vital consideration. And we can choose among various alternatives. For



32 | CHAPTER 1 ~ INTRODUCTION

example, individual people can decide whether to have children, purchase an automobile, or eat meat, while
society can choose whether to allow the hunting of whales, clear-cutting of forests, or construction of nuclear
power plants. All of these options have implications for environmental quality.

Perceptions of value (of merit or importance) also profoundly influence how the consequences of human
actions are interpreted. Environmental values can be divided into two broad classes: utilitarian and intrinsic.

Utilitarian value (also known as instrumental value) is based on the known importance of something to the
welfare of people (see also the discussion of the anthropocentric world view, below).

Intrinsic value is based on the belief that components of the natural environment (such as species and
natural ecosystems) have inherent value and a right to exist, regardless of any positive, negative, or neutral
relationships with humans.

The environmental values described above underlie this system of ethics. Applying environmental ethics
often means analyzing and balancing standards that may conflict, because aesthetic, ecological, intrinsic, and
utilitarian values rarely coincide.

Values and ethics, in turn, support larger systems known as worldviews. A worldview is a comprehensive
philosophy of human life and the universe and of the relationship between people and the natural world.
World views include traditional religions, philosophies, and science, as well as other belief systems. In an
environmental context, generally important worldviews are known as anthropocentric, biocentric, and
ecocentric, while the frontier and sustainability worldviews are more related to the use of resources. These

worldviews will be further explored in chapter 11.

Environmental Quality

Environmental quality deals with anthropogenic pollution and disturbances and their effects on people,
their economies, other species, and natural ecosystems. Pollution may be caused by gases emitted by power
plants and vehicles, pesticides, or heated water discharged into lakes. Examples of disturbance include clear-
cutting, fishing, and forest fires. The consequences of pollution and disturbance for biodiversity, climate
change, resource availability, risks to human health, and other aspects of environmental quality are examined
in chapters 3, 8, 9, 10, and 11.

In a general sense, the cumulative impact of humans on the biosphere is a function of two major factors: (1)
the size of the population and (2) the per capita (per-person) environmental impact. The human population
varies greatly among and within countries, as does the per capita impact, which depends on the kind and
degree of economic development that has occurred. Sustainable economic development requires meeting
and sustaining the needs of the current generation without inhibiting future generations from meeting and
sustaining their needs. Meeting goals for environmental quality, specifically sustainable economic

development, can be measured by applying the IPAT Equation.
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Figure 1.20. The IPAT equation shows the contributing factors to the environmental impact of a location.
(Source: Courtesy of Adronisha Frazier, Northshore Technical Community College)

Calculations based on this simple IPAT formula show that affluent, technological societies have a much larger
per capita environmental impact than poorer ones. This requires a look at ethical decision-making about the
environment and principles, such as the Tragedy of the Commons and environmental justice.

The Tragedy of the Commons is an economic principle that focuses on individuals intentionally or
unintentionally using resources in excess. This principle stems from the 1968 essay, “The Tragedy of the
Commons” written by Garrett Hardin. The essay presents the following scenario:

Imagine a pasture open to all (the ‘commons’). It is to be expected that each herdsman will try to
keep as many cattle as possible on the commons. As rational beings, each herdsman seeks to maximize
their gain. Adding more cattle increases their profit, and they do not suffer any immediate negative
consequence because the commons are shared by all. The rational herdsman concludes that the only
sensible course is to add another animal to their herd, and then another, and so forth. However, this
same conclusion is reached by each and every rational herdsman sharing the commons. Therein lies the

tragedy: each person is locked into a system that compels them to increase their herd, without limit, in
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a world that is limited. Eventually this leads to the ruination of the commons. In a society that believes
in the freedom of the commons, freedom brings ruin to all because each person acts selfishly (Fisher,

23).
Hardin went on to apply the situation to modern commons: overgrazing of public lands, overuse of public
forests and parks, depletion of fish populations in the ocean, use of rivers as a common dumping ground for

sewage, and fouling the air with pollution.

Dive Deeper into Environmental Quality in Louisiana

a One or more interactive elements has been excluded from this version of the text. You can view

them online here: h

@ One or more interactive elements has been excluded from this version of the text. You can view

them online here: https://louis.pressbooks.pub/environmentalscience/?p=521#o0embed-2

Environmental Justice

Environmental justice is the fair treatment and inclusion of all individuals independent of their demographic
characteristics (race, ethnicity, national origin, and socioeconomic status) in the “development,
implementation, and enforcement of environmental laws, regulations, and policies.” Therefore,
environmental injustice stems from an imbalance in resource access and systemic issues plaguing society.
Chapter 11 will further explore historical and modern instances of environmental injustices exhibited within

the United States of America.

An interactive H5P element has been excluded from this version of the text. You can view it

om
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online here:

https://louis.pressbooks.pub/environmentalscience/?p=521#h5p-17

Chapter Summary

Environmental science crosses several academic disciplines including atmospheric science, biology, chemistry,
ecology, geology, oceanography, physics, and many others. Each discipline can become more specialized and
integrated with other disciplines to explain the science of “what is happening in the environment.” Historically,
environmental science has been traced to ancient civilizations where people had to learn how to adapt to
their environment for survival. Today, the survival of the human population depends on the sustainability
and stewardship of natural resources. Environmental science is an interdisciplinary field of study because it
allows for the integration of many perspectives on each issue into in-depth analyses of the topic. Anthropology,
business, chemistry, law, medical sciences, philosophy, psychology, sociology, and other disciplines can all make
contributions to environmental science.

The biosphere is characterized by a substratum of layers that support all living things on the Earth. These
layers include the lithosphere, hydrosphere, and atmosphere. The lithosphere is the outer crust of the Earth
and exists as one of the concentric layers (crust, core, and mantle) that is stacked in an onion-like pattern.
The area of Earth that is covered by water (H20), including the seas, atmosphere, the surface of the land, and
subterranean, is known as the hydrosphere. The atmosphere consists of a layer of gasses that envelops the planet
and is kept in place by the gravitational pull of the Earth.

The biosphere sustains six kingdoms, which greatly enhances the diversity of life on Earth. These kingdoms
include Eubacteria, Archaea, Protista, Fungi, Plantae, and Animalia. The aquatic and terrestrial environments
of the biosphere are home to a wide variety of organisms from the six kingdoms. Our understanding of
the biosphere’s limitations has been saturated by the effects of human activity. The manufacturing of global
products, agriculture, and new technologies have caused unprecedented changes to the Earth’s ecosystems to
the point where some may be in danger of collapsing. However, it is unclear how these persistent changes will
ultimately affect the carrying capacity of the planet.

A biological or non-biological substance that poses a risk to human life or health is referred to as a hazard.
Human activities or natural processes cause hazards in the environment that exist as a combination of
biological, chemical, or physical hazards. Bacteria, mold, fungi, viruses, and natural toxins are organic sources
of biological hazards that can adversely affect animal and human health. There are two types of chemical
hazards: inorganic and organic. Inorganic substances that contain no carbon are sources of chemical hazards.
Organic substances come from chemicals that contain carbon and are sources of chemical hazards as well.

Energy plays a significant and impacting role in the preservation of the environment. Humanity should
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effectively, responsibly, and efficiently use these energy resources to support current global energy
consumption needs. There are two types of energy sources for human consumption: renewable and non-
renewable. Renewable energy sources can be replenished. Examples of typical renewable energy sources include
wind, solar, hydropower, biomass, and geothermal energy. Non-renewable energy sources are limited and
unsustainable over the long term, since they are difficult to quickly replace. Fossil fuels are found deep down in
the Earth and are typically the skeletal remnants of plants and animals that perished millions of years ago. Coal,
oil, and natural gas are just a few examples of fossil fuels.

Nutrient cycling is the movement of nutrients through a repeated pathway that occurs in the environment.
The recycling of nitrogen, phosphorus, oxygen, and carbon is essential for life and allows organisms to exist in
the environment. Carbon is recycled when animals release CO; into the atmosphere to be absorbed by plant
leaves. When nitrogen is moved to the soil from the atmosphere, nitrogen fixation allows soil microorganisms
to change N> into forms that plants can use. Weathering activities liberate most of the phosphorus that is
bound to underground rocks so that plants can absorb it through their root systems. The availability of water
for all organisms in the environment depends on the movement of water molecules from lakes, oceans, rivers,
and streams to the atmosphere and back to the Earth.

Global warming, often known as climate change, is the term used to describe an increase in the Earth’s
surface temperature. Evidence of the unsettling effects of global warming is the continual alteration of Earth’s
climate and weather patterns. Greenhouse gas emissions are to blame for extreme weather and climatic
occurrences. Major greenhouse gasses include carbon dioxide, chlorofluorocarbons, methane, nitrous oxide
ozone, and water vapor. Human activities including deforestation, fossil fuel combustion, agriculture, and
industrial product manufacturing all produce greenhouse gases. Once in the atmosphere, greenhouse gasses
can linger there for a few years to thousands of years, trapping radiation from the sun. The rise in the Earth’s
surface temperature can be seen in the intensity of storms, the rise in sea levels, and the expansion of the ocean.

Agricultural production is responsible for dietary energy in the modern human diet that comes from staple
food crops, such as rice, wheat, sweet potatoes, maize, and cassava. Numerous management techniques are
used in modern agriculture practices to influence animal and plant crop productivity, cultivation methods,
and livestock production. Environmental issues that are associated with agricultural practices are reduced site
capacity, nutrient loss, organic matter loss, soil erosion, compaction, salinization, and desertification. Food
security is important and is built on four pillars: availability, access, utilization, and stability. Conversely, poor
nutrition (or hidden hunger) and lack of social and economic access to food at the national and household
levels are significant problems for impoverished communities. Genetically modified organisms (GMOs) and
transgenic plants are two examples of modern lab-based techniques that are used in the field of agricultural
biotechnology. Transgenic crops can resist diseases because of their genetic modification. This results in
significant reductions in the application of chemical pesticides, which in turn reduces harmful effects on the
environment.

The core idea of environmental ethics is that society must act morally and ethically concerning the

environment. Although the perceptions of value are influenced by the consequences of human actions,
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environmental values are divided into two categories: utilitarian and intrinsic. The foundation of utilitarian
value is based on the importance of something that is connected with the welfare of people. Intrinsic value is
associated with the belief that components of the natural environment have inherent value and a right to exist
independently of human perspectives.

The term “environmental quality” refers to the state of the environment, including anthropogenic
pollution, disruptions, and their impact on people, their economies, other species, and natural ecosystems.
An economic principle known as “The Tragedy of the Commons” focuses on people consuming resources
excessively, whether on purpose or accidentally. This rule is applicable in cases when overgrazing, resource
overuse, food supply depletion, water, air, and land pollution, as well as other factors that contribute to climate
change, are present. Environmental justice is the equitable treatment and participation of all people, regardless
of their racial, ethnic, national, and socioeconomic backgrounds, in the “development, implementation, and
enforcement of environmental laws, regulations, and policies.” Therefore, unequal access to resources and

societal systemic problems are the root causes of environmental injustice.

Links to Discovery

* Measuring Progress: Water-Related Ecosystems and the SDGs (Sustainable Development Goals)

* Restore a River Back to Life

* Solar Panels on Farms Make Sheep Happier and Healthier

Critical Thinking

1. How do water, air, and soil quality affect agriculture?
2. Explain the relationship between air quality and circular economy.
3. Explain the generation of electrical energy using wind turbines.
4. How does biodiversity impact energy resources?
Key Terms

* Abiotic factors — Non-living factors present in or impacting the environment.

* Biodiversity — The richness of biological variation, including genetic variability as well as species and
community richness.

* Biotic factors — living factors present in or impacting the environment.

* Climate change — Long-term changes in air, soil, or water temperature; precipitation regimes; wind
speed; or other climate-related factors.

* Environmental hazard — A potential risk factor that negatively impacts the environment.


https://intelligence.weforum.org/topics/a1G680000004Cv2EAE
https://www.youtube.com/watch?v=H0BKaVbcC8I
https://www.youtube.com/watch?v=cJS-XT1C0zU
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* Environmental justice — The fair treatment and meaningful involvement of all people regardless of race,
color, national origin, or income concerning the development, implementation, and enforcement of
environmental laws, regulations, and policies.

* Global warming — The heating of the earth’s surface is believed to be caused by human behaviors that
emit fossil fuels and trap gas in the atmosphere.

* Hydrosphere — The parts of the planet that contain water, including the oceans, atmosphere, land,
surface water bodies, underground, and organisms.

* Hypothesis — A suggested explanation for an event, which can be tested

* Lithosphere — An approximately 80-km thick region of rigid, relatively light rocks that surround Earth’s
plastic mantle.

* Non-renewable energy — Energy sources that are present on Earth in finite quantities, so as it is used, its
future stocks are diminished.

* Nutrient cycles — The transfers, chemical transformations, and recycling of nutrients.

* Pollution — The exposure of organisms to chemicals or energy in quantities that exceed their tolerance,
causing toxicity or other ecological damages.

* Population growth — When the birth rate plus immigration exceeds the death rate plus emigration.

* Renewable energy — Energy sources that can regenerate after harvesting and potentially can be exploited
forever.

* Scientific laws — A description, often in the form of a mathematical formula, for the behavior of some
aspect of nature under certain specific conditions.

* Scientific method — A method of research with defined steps that include experiments and careful
observation.

* Scientific theory — A thoroughly tested and confirmed explanation for observations or phenomena

* Sustainability - Maintaining the current resources without diminishing the availability of resources for

future generations.
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CHAPTER 2 ~ WATER, SOIL, AND AIR
QUALITY

This image shows three distinct examples of quality testing. (From left to right.) Water quality testing is
conducted by Southeastern Louisiana University graduate students. Soil quality is accessed by a health and
safety specialist in the 9th ward after Hurricane Katrina. Air quality is impacted by the oil refinery emissions
in Meraux, Louisiana. “Water quality testing” by Adronisha Frazier is licensed under CC BY 4.0. “Industrial

Health and Safety Specialist Shaune Gilbert takes a soil sample from the 9th ward levee break” by the EPA
is licensed under CCO. “Qil refinery” by Wes Muller is licensed under CC BY-NC-ND 4.0.

Key Terms

Water pollution, eutrophication, toxins, stratosphere, troposphere, mesosphere, UV-radiation,
hydrosphere, contaminants, chlorofluorocarbons, organic pollutants, inorganic pollutants, ozone
depletion, acid rain

Learning Objectives



https://creativecommons.org/licenses/by/4.0/
https://catalog.archives.gov/id/5693826
https://catalog.archives.gov/id/5693826
https://creativecommons.org/publicdomain/zero/1.0/
https://lailluminator.com/2023/04/25/bill-would-require-industrial-plants-to-install-public-air-monitoring-systems/
https://creativecommons.org/licenses/by-nc-nd/4.0/

CHAPTER 2 ~ WATER, SOIL, AND AIR QUALITY | 41

Upon completion of this chapter, students will be able to:

- Explain the hydrologic cycle and its importance for living organisms.

. (lassify the different types of water and their availability for human consumption.

- Explain the world's environmental need for water management to prevent water scarcity.

- |dentify how water is being polluted.

« Explain how burning fossil fuel contributes to pollutants in the environment.

- Acknowledge how air quality management is important for a clean and healthy atmosphere.

Chapter Overview

* Introduction

* Global Water Distribution and Use
* The Hydrologic Cycle

* Water Scarcity and Shortage

* Water Pollution

* Soil

* Air and Atmosphere

* Ozone Depletion

* Acid Rain

* The Montreal Protocol

* A Louisiana Perspective— Water Quality

Introduction

Water is a very important commodity for human life and survival. We need to consume it to stay alive and
use it to clean our food, utensils, clothes, bodies, and surroundings to prevent disease. Unfortunately, this
same water is responsible for about 80% of all diseases in developing countries and over three million deaths
a year globally. Soil is essential and one of the crucial oikos (home) of living organisms. Its composition
determines the distribution of plant and animal species while determining the physical and chemical nature
of rocks, landforms, and rivers. The major natural water flows are controlled by soil type and also flow of
water, and chemical components between the atmosphere and hydrosphere are solely determined by soil.
It is also a source of many gases (such as oxygen and carbon dioxide). Soil not only has a profound effect

on human civilization but also influences the economic and cultural heritage of that particular location.
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Soil holds the food prints of the past, and agriculture shapes the economic growth of land life (Mishra
et al. 2012). Atmosphere refers to the layer of gases that surrounds Earth and is held in place by Earth’s
gravitational attraction (gravity). The mix of gases in the atmosphere forms a complex system organized
into layers that together support life on Earth. It is therefore very important that we understand why these
important commodities can be vital and at the same time cause so much harm. This chapter is devoted to
the availability and quality of water, soil, and air. Water, soil, and air quality will be defined as the physical,
chemical, and biological properties of these vital components of the environment that impact its intended use.

This definition recognizes that quality designations of any can vary depending on the purpose it is serving.

Global Water Distribution and Use

About 71% of the Earth’s surface is covered by water, most of which is in oceans and unavailable for
human consumption due to its high salinity (Figure 2.1). Approximately 97% of all water is saline, and 2%
is fresh water held in ice caps and glaciers. Therefore, at least 99% of all water is generally unsuitable for
human use because of salinity (ocean water) and location (ice caps and glaciers), leaving less than 1% of total
water as fresh water that is available for consumption. Of this available fresh water, approximately 97% is

groundwater stored deep below the surface of the Earth, and only 1.4% is surface water in rivers and lakes.

Distribution of Earth's Water

Fresh-
water 3% Other 0.9% i
B _Surface Rivers 2%
water
0.3%
Earth’s water Freshwater Fresh
surface water
(liquid)

Figure 2.1. Distribution of Earth’'s water (USGS via Wikimedia in the public domain)

Three main sectors use water—industrial, agricultural, and domestic. When water is removed from its

source, such as a river or lake, and returned to this source after use, this is referred to as non-consumptive


https://commons.wikimedia.org/wiki/File:Earth%27s_water_distribution.png
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use. An example is when water is used in industrial cooling, it may be temporarily placed in cooling ponds
and later returned to the river or lake from which it came. Consumptive use is when water is taken out
from a source and consumed by plants and animals or used in industrial processes. The water enters animal
tissue or becomes part of industrial products or evaporates during use and is not returned to its source.
Of the three sectors, the agricultural sector is by far the largest user of water that is never returned to
its sources, consumptive use. The largest percentage of water withdrawn in the US goes to thermoelectric

cooling (Figure 2.2).

2015 withdrawals by category,
in billion gallons per day

Bl Public suppiy39.0 [ Aquacutture 7.55

. Self-supplied - Self-supplied
domestic 3.26 industrial 14.8
. Irrigation 118 . Mining 4.00

- Livestock 2.00 |:| Thermoelectric
power 133

Figure 2.2. Estimated 2015 water withdrawals in the US. Irrigation and thermoelectric power usage account
for most water withdrawals (USGS in the public domain)

Water is being used at very high rates worldwide due to human population growth and industrialization. As
more countries become affluent (increase in industrialization and standard of living), they consume more
water than they did when they were less industrialized. To find out more about global water use, check out

the world water use meter.

The Hydrologic Cycle

The major water reservoirs on Earth are oceans, ice caps and glaciers, groundwater, rivers, and lakes. Water
spends different amounts of time in the various reservoirs. The main factors that control the amount of time
water stays in a reservoir are the amount of water in the reservoir and how fast water moves in and out. The
hydrologic cycle (water cycle) represents a continuous global cycling of water from one reservoir to another
(Figure 2.3). This process is powered by two major forces—heat energy from the sun that causes liquid water

to change to water vapor and the gravitational pull of the Earth that brings water to the surface.


https://louis.pressbooks.pub/app/uploads/sites/60/2023/10/total_withddrawals_pie_diagram.png
https://louis.pressbooks.pub/app/uploads/sites/60/2023/10/total_withddrawals_pie_diagram.png
https://www.usgs.gov/media/images/2015-water-use-withdrawals-category
http://www.worldometers.info/water/
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CLOUDS and WATER VAPOR CLOUDS and WATER VAPOR

RIVER DISGHARGE

Figure 2.3. This image shows the many different paths of Earth’s water cycle. For example, the sun heats up
liquid water in the ocean, causing it to evaporate from Earth’s surface and rise into the atmosphere as
water vapor. As the water vapor cools, it condenses into liquid water droplets to form clouds and falls again
to the surface as precipitation. Precipitation is the scientific term for rain, snow, or hail. Source: Water Cycle
Board Game | NESDIS (noaa.gov

To gain a deeper appreciation of the water cycle, let us follow a water molecule through the water cycle. Starting
in the ocean (an arbitrary starting point), the water molecule can become part of the water that is converted
into vapor and enter the atmosphere. Evaporation is the process by which water changes from a liquid to a
gas or vapor. Evaporation is the primary pathway that water takes from the liquid state back into the water
cycle as atmospheric water vapor. Nearly 90% of moisture in the atmosphere comes from evaporation, with the
remaining 10% coming from transpiration. Transpiration is the process by which moisture is carried through
plants from roots to small pores (stoma) on the underside of leaves, where it changes to vapor and is released
to the atmosphere. Transpiration is essentially evaporation of water from plant leaves. Rising air currents take
the vapor up into the atmosphere, along with water from evapotranspiration, which is a combination of water
transpired from plants and that evaporated from the soil. The vapor rises into the air where cooler temperatures
cause it to condense into clouds. Condensation is the process by which water vapor is converted from a gaseous
state back into a liquid state. Clouds might eventually grow bigger and moist enough to release the water

molecule in the form of precipitation. Precipitation is water falling from the clouds in the atmosphere in the


https://louis.pressbooks.pub/app/uploads/sites/60/2023/10/Hydrologic-Cycle.png
https://louis.pressbooks.pub/app/uploads/sites/60/2023/10/Hydrologic-Cycle.png
https://www.nesdis.noaa.gov/about/k-12-education/jpss-education/water-cycle-board-game
https://www.nesdis.noaa.gov/about/k-12-education/jpss-education/water-cycle-board-game
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form of ice (snow, sleet, hail) or liquid (e.g., rain, drizzle). Precipitation that falls as snow can accumulate as ice
caps and glaciers.

Precipitation that falls as liquid usually ends up as surface flow and stream flow. Surface runoff is the portion
of precipitation that travels over the soil surface to the nearest stream channel. Stream flow is the movement of
water in a natural channel, such as a river. Most precipitation falls directly onto the ocean and returns the water
molecule back to restart the journey. This is also true for surface runoft: most of the water eventually returns to
the ocean via stream flow. This also returns the water molecule back to the ocean to start the journey again. A
portion of the water that falls as precipitation can enter lakes where it can evaporate back into the atmosphere,
condense into clouds, and fall back as precipitation again. Water in the lake can also be taken up by aquatic
plants and transpired back into the atmosphere. Some of the water that falls as precipitation can infiltrate into
the ground and become part of groundwater. Infiltration is the process by which water enters the subsurface by
gravitational pull. Some of the water infiltrates into the ground and replenishes aquifers (saturated subsurface
material), which store huge amounts of freshwater for long periods of time. Some infiltration stays close to the
land surface and can seep back into surface-water bodies (and the ocean) as groundwater discharge, while some
groundwater finds openings in the land surface and emerges as freshwater springs. Water that stays in the soil
closer to the surface can be absorbed through plant roots and transpire from the leaves. Over time, though, all

this water keeps moving, and most of it ends up in the ocean.

Components of the Hydrologic Cycle

As demonstrated in Figure 2.3, the hydrologic (water) cycle has multiple components. This section defines
the processes and terminology from Figure 2.3 and introduces additional terminology, such as floodplains and
wetlands.

Precipitation is water released from clouds in the form of rain, freezing rain, sleet, snow, or hail. It is the
primary connection in the water cycle that provides for the delivery of atmospheric water to the Earth. Rain
forms as water vapor in a rising air mass condenses in the cloud and forms water drops. Condensation is the
process in which water vapor in the air is changed into liquid water. Condensation is crucial to the water cycle
because it is responsible for the formation of clouds. These clouds may produce precipitation, which is the
primary route for water to return to the Earth’s surface within the water cycle. Condensation is the opposite of
evaporation.

Most precipitation falls in the form of rain. There are three main kinds of rain: frontal, convective, and
orographic. Frontal rainfall is precipitation formed when two air fronts of different temperatures and moisture
content converge. Convective rainfall is formed when intense localized heating causes hot, moist air to raise and
condense and form rain clouds. Intense rain would then fall as the clouds became supersaturated. Orographic
rainfall is rain that forms over mountains. When a moist air mass encounters a mountain, it rises and cools. As
it cools, water vapor condenses to form a rain cloud that produces rain on the windward side of the

mountain. Most of the rain ends up as surface water runoff. Surface water is a major component of the
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hydrological cycle and one that we interact with very regularly. It includes lakes, wetlands, stormwater runoff

(overland flow), ponds, potholes, rivers and streams, and the ocean.

A river forms from water moving from higher to lower altitude (elevation) under the force of gravity. When
rain falls on the land, it can seep into the ground, become runoft (water running on the surface), or evaporate.
Water that moves as runoft on the land surface usually converges as it moves toward lower elevation. The
converging runoff can concentrate into single channels of conveyance called creeks, streams, or rivers. Usually
these start as small rills and rivulets that would join up downbhill into larger creeks, which then become streams
that later join up downstream to form even bigger channels referred to as rivers. The streams and small rivers
that join up to form a larger river are called tributaries. The land area drained by a river and all its tributaries is

called a watershed or catchment or river basin.

Missouri

ower
sissippi

Hypoxic Zone

Gulf of Mexico

Figure 2.4. The Mississippi River Watershed shows the connecting rivers and nearby land in the United
States. A hypoxic zone is created in the Mississippi Delta due to water pollution from the drained rivers’
surface runoff.

The flat area adjacent to a river is called a floodplain. Floodplains are characterized by frequent flooding,

a means by which rivers temporarily store excess water during storm events. Flooding delivers nutrients to


https://louis.pressbooks.pub/app/uploads/sites/60/2023/10/Major_River_Systems_within_the_Mississippi_River_Basin.svg.png
https://louis.pressbooks.pub/app/uploads/sites/60/2023/10/Major_River_Systems_within_the_Mississippi_River_Basin.svg.png

CHAPTER 2 ~ WATER, SOIL, AND AIR QUALITY | 47

the soil, making most floodplains very fertile areas. This has historically encouraged humans to move into
floodplains and use them for agriculture and other land uses, resulting in a reduction in the capacity of the
floodplain to act as temporary storage for excess water during storm events, increasing the intensity of floods in
downstream locations. Human structures such as buildings and roads can reduce infiltration and water-storage
capacity of floodplain soils, leading to increased flood frequency and intensity. Some agricultural practices,
such as rice farming, are typically not associated with these negative impacts and are therefore not restricted in
most floodplains. Properly functioning floodplains reduce the negative impacts of floods (by reducing severity
of flood), and they assist in filtering stormwater and protecting the water quality of rivers. They also act as areas
of recharge for groundwater.

The United States of America (US) has numerous rivers that run throughout the nation’s landscape. It is
estimated that the US has over 200,000 rivers with the Mississippi River being the largest by volume despite it
only being the second longest. The Missouri River is the longest river in the US. Most states have at least one
important river. In Louisiana, the main rivers are the Atchafalaya, Calcasieu, Mississippi, Ouachita, Pearl, Red,
and Sabine Rivers (Figure 2.5).
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Figure 2.5. The rivers, streams, lakes, and reservoirs in Louisiana contribute to the watershed. Source:
GISGeography

If water flows to a place that is surrounded by higher land on all sides, a lake will form (Figure 2.6). A lake,
pond, or reservoir is a body of standing water on the land surface. When people build dams to stop rivers
from flowing, the lakes that form are called reservoirs. It is estimated that over 300 million water bodies in
the world are lakes, reservoirs, and ponds. Most of the Earth’s lakes (about 60%) are found in Canada. Even
though lakes and rivers contain less than 1% of the Earth’s water, the US gets over two-thirds (70%) of its water
(for drinking, industry, irrigation, and hydroelectric power generation) from lakes and reservoirs. Lakes are
also the cornerstone of the US’s freshwater fishing industry and are the backbone of the nation’s state tourism

industries and inland water recreational activities.


https://louis.pressbooks.pub/app/uploads/sites/60/2023/10/Louisiana-Rivers-Lakes-Map.jpg
https://louis.pressbooks.pub/app/uploads/sites/60/2023/10/Louisiana-Rivers-Lakes-Map.jpg
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Figure 2.5. This true-color satellite image shows Lake Pontchartrain in the center with the St. Tammany and
Tangipahoa Parishes to the North and St. John the Baptist, St. Charles, Jefferson, and Orleans Parishes. Lake
Maurepas is pictured to the left.

A wetland is an area that is home to standing water for notable parts of the year, has saturated soils for a
large part of the year, and has plants that are adapted to surviving under flooded conditions or in saturated
soils. They are transitional areas between the terrestrial land and the aquatic environments such as rivers, lakes,
and oceans. Some major wetland types include swamps (dominated by trees), marshes (dominated by non-
woody plants), and bogs (dominated by moss). Wetlands are identified using three characteristics: soils (water-
saturated soils are present), hydrology (shallow water table), and vegetation (wetland plants that are adapted to
areas that are saturated with water for long periods of time). Wetlands are very important areas of biological
diversity and productivity. These are also important areas where geochemical and biological cycles/processes
are constantly taking place. For instance, wetlands are considered areas of significant carbon sequestration
(storage), which impacts global climate change. They also act as filters for stormwater runoft before it enters
rivers and lakes.

As you have probably already guessed, oceans are an important component of the hydrologic cycle because


https://louis.pressbooks.pub/app/uploads/sites/60/2023/10/1176px-Lake_Pontchartrain_by_Sentinel-2.jpg
https://louis.pressbooks.pub/app/uploads/sites/60/2023/10/1176px-Lake_Pontchartrain_by_Sentinel-2.jpg
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they store the majority of all water on Earth (about 97%). Approximately 90% of the water that is evaporated
into the hydrologic cycle comes from the ocean. Oceans are an important and large part of the hydrologic cycle,
with lots of biological diversity and many landforms. Most of the major rivers drain into them. The five oceans

covering the surface of the Earth are the Atlantic, Indian, Pacific, Arctic, and Southern Ocean (Figure 2.6).

~_Arctic Ocean

Atlantic :
3 Ocean -
_ T TR T N - Pacific
) g Vb } Ocean
Pacific . Y | i =]
Ocean N N ‘\

Indian Ocean

Figure 2.6. The five oceans found on Earth are pictured here. The Pacific Ocean is the largest ocean.

@ An interactive H5P element has been excluded from this version of the text. You can view it
online here:

Water Scarcity and Shortage

Water scarcity and shortage have been identified as major environmental crises facing the world today. More
than one billion people in the world lack access to clean drinking water. The water demand has grown at a very
fast pace in response to the rate of global population growth. Figure 2.6 illustrates this change in water use over

time in the United States of America (US). It is predicted that over the next two decades, the average supply


https://louis.pressbooks.pub/app/uploads/sites/60/2023/10/World_map_ocean_locator-en.svg.png
https://louis.pressbooks.pub/app/uploads/sites/60/2023/10/World_map_ocean_locator-en.svg.png
https://louis.pressbooks.pub/environmentalscience/?p=722#h5p-56
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of water per person will drop by a third. When looking at the trends in the figures below, you will notice some

encouraging leveling off or slight drop in use in recent years.

Trends in population and freshwater withdrawals by source, 1950-2015 Figure 2.6. Trends
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Can you think of reasons for these observations?

Both groundwater and surface water withdrawals had increased over time until 1980 when the withdrawals
peaked and stabilized. Water withdrawals in the US show a major divide between the western and eastern parts
of the country. The western part withdraws most of the water for agriculture, as these are the farm areas, while
the eastern half withdraws most of its water for thermoelectric cooling and industry (Figure 2.7). California
and Texas account for over 20% of all water withdrawn. California consumes more water than is available
within the state and is therefore forced to get water from other states. Despite this deficiency, almost everyone
in California has access to clean and safe drinking water. Contrast this to Lusaka, the capital city of Zambia,
which has more water available than is withdrawn, but more than a third of its population has no access to

safe drinking water.


https://louis.pressbooks.pub/app/uploads/sites/60/2023/10/test_wtr17-00-2011-fig.15.png
https://louis.pressbooks.pub/app/uploads/sites/60/2023/10/test_wtr17-00-2011-fig.15.png
https://www.usgs.gov/media/images/trends-population-and-freshwater-withdrawals-source-1950-2015-0
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Trends in total water withdrawals by water-use category, 1950-2015

Figure 2.5. Water withdrawal trends by usage (USGS in the public domain)

There is enough fresh water on Earth to supply every human being with enough drinking water. The main
problem we face with regard to water is that it is unevenly distributed, polluted, mismanaged, and wasted.
Tony Allan, the author of Virtual Water, asserts that water follows the money. This refers to the fact that
rich countries and societies with more money and affluence have more access to safe drinking water even
when they live in regions without much water. It also means that areas with large supplies of water can still
have water scarcity if they lack the financial resources and infrastructure to supply people with clean and
safe drinking water. Water scarcity is caused by the demand for water or a certain quality being greater than
the supply. Scarcity can be defined as either physical scarcity or economic scarcity.

Physical water scarcity is a situation where there is an actual shortage of water, regardless of quality or
infrastructure. It is estimated that about 1.2 million people around the world are experiencing physical
water scarcity. Economic scarcity is a condition where countries lack the financial resources and/or
infrastructure to supply their citizens with reliable safe drinking water. About 1.6 billion people are
experiencing economic water shortage; most of them live in less industrialized countries. For a lot of places
in the world, scarcity is a transient condition that can be reduced or eliminated by installing the right
infrastructure. The major problem in less industrialized countries is the lack of political, financial, and
physical structures to provide water to everyone. A few rich people in these countries get clean water while

the majority of the people who cannot afford to pay for it are left out. Examples of such communities


https://www.usgs.gov/media/images/trends-total-water-withdrawals-water-use-category-1950-2015-0
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include many villages in Africa, Asia, and South America. Figure 2.6 shows communities in southeast
Kenya that are experiencing severe water shortages primarily due to a lack of infrastructure coupled with
physical scarcity. Women and children in these communities must walk long distances to get untreated and

contaminated water for drinking and other household needs (Mutiti et al. 2010).

8 5
v 2005

Figure 2.6. Communities in southeast Kenya without ready access to safe drinking water. (A) Groundwater
in the area is too salty for consumption. (B) Maasai women in Amboseli National Park collect water from a
wetland. (C) Women in Magwede Village in SE Kenya walking long distances to get water from a kiosk. (D)
Children collecting water in Bungule Village from a water kiosk that is only open for about an hour every
day. Photo credit: Jonathan Levy, Sam Mutiti, and Christine Mutiti via 8.5: Water Scarcity and Storage,
licensed CCBY-NC-SA 4.0


https://eng.libretexts.org/Bookshelves/Environmental_Engineering_(Sustainability_and_Conservation)/Book%3A_Introduction_to_Environmental_Science_(Zehnder_et_al.)/8%3A_Water/8.5%3A_Water_Scarcity_and_Storage
https://creativecommons.org/licenses/by-nc-sa/4.0
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E An interactive H5P element has been excluded from this version of the text. You can view it
online here:

https:/louis.pressbooks.pub/environmentalscience/?p=722#h5p-12

Water Pollution

Water pollution is a major problem facing many of our surface and groundwater sources.
Contamination can both be natural due to geologic or meteorological events and anthropogenic
(human causes). Human sources of contamination can be categorized as either point source or nonpoint
source. Point-source pollution is water pollution coming from a single point, such as a sewage-outflow
pipe. Non-point source (NPS) pollution is pollution discharged over a wide land area such as agricultural
runoff and urban stormwater runoff, not from one specific location. Non-point source pollution
contamination occurs when rainwater, snowmelt, or irrigation washes off plowed fields, city streets, or
suburban backyards and carries pollutants into the water sources. As this runoff moves across the land

surface, it picks up soil particles and pollutants, such as nutrients, toxins such as metals, and pesticides.

Types of Water Pollution

Contamination of water resources comes in the form of chemical, biological, and physical pollution. Chemical
pollution includes things such as toxic metals, organic compounds, acidic waters from mining activities and
industry, pharmaceuticals, and many other chemical compounds from industries and wastewater treatment
plants. Another form of chemical pollution is radioactive waste, which has a significant potential to cause harm
to living things. Most of the radioactive pollution comes from agricultural practices such as tobacco farming,
where radioactive phosphate fertilizer is used. Physical pollution includes sediment pollution, trash thrown in
the water bodies, thermal (temperature), and other suspended loads. High temperatures typically affect the
metabolism of aquatic fauna negatively and can encourage eutrophication. Biological pollution usually refers
to pathogenic bacteria, viruses, and parasitic protozoa. Common pathogenic microbes introduced into natural
water bodies are pathogens from untreated sewage or surface runoft from intensive livestock grazing. Biological
pollution is a common cause of illness and death in less industrialized countries where population density,

water scarcity, and inadequate sewage treatment combine to cause widespread parasitic and bacterial diseases.

Sources of Surface Water Pollution

Surface water pollution can come from a variety of sources and includes an extensive list of chemical


https://louis.pressbooks.pub/environmentalscience/?p=722#h5p-12
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compounds, mixtures, and elements. Below is a short description of some of these sources and the impacts of

a few pollutants.

Chemical Pollution

Most of the common inorganic pollutants in water are produced by non-point sources, mainly intensive
agriculture, and activities from urban areas. Specific inorganic chemicals and their major sources are
ammonium nitrate and a host of related phosphate and nitrogen compounds used in agricultural fertilizers and
heavy metals (present in urban runoff and mine tailings area runoft). However, some inorganic contaminants
such as chlorine and related derivatives are produced from point sources, ironically employed in water
treatment facilities. Moreover, some of the large dischargers of heavy metals to aquatic environments are fixed-
point industrial plants.

High concentrations of nitrogen (N) and phosphorus (P) in water can cause eutrophication. You see this
whenever you notice the greenish tint to the water in your local streams and rivers during low-flow times,
or if you have ever seen a green farm pond. These nutrients are primarily coming from treated wastewater
(laden with P and N) being dumped into main rivers from sewage plants. Another source of high nutrients is
agricultural areas where farmers allow livestock direct access to streams and ponds. Urban and suburban areas
could be toxic where there is intense fertilizer application for esthetics. Public and private landscapes (homes,
gardens, golf courses) may be polluted with fertilizer runoff.

An increased supply of nutrients into an aquatic system leads to alterations of the primary production from
low to high. Algal blooms are natural events, and all algae can bloom. Cyanobacteria (blue-green algae) are not
always harmful but can produce toxins when conditions allow. The frequency at which conditions for toxic
algal blooms’ occurrence have become common lately in coastal areas of the U.S. Harmful algal blooms are
possible under prolonged sunlight in summer, high surface water temperatures, and when water stays static in
the presence of fertilizer runoff from the surrounding areas. When a bloom occurs, it can be difficult to identify
whether or not it is toxic.

The nitrogen and phosphorus act as fertilizers in the water and promote algae blooms. As the
algae die, they are decomposed by aerobic bacteria in the water. These bacteria use up the oxygen
in the water and the low dissolved oxygen (DO) levels can result in “fish kills” where large numbers

of fish, and other aquatic life, die because of suffocation (Figure 2.7).
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Figure 2.7. Lake Sinclair, Georgia. From top from left: (A) recreational area with expected accumulation of
algae; (B) water clarity loss measured with a Secchi Disk due to an algal bloom. Bottom from left: (Cand D)
visible algal blooms leading to Fish Kills in some cases. Credits: (A), (B), (C) photo credit: Kalina Manoylov
GCSU; (D) Jennifer L. Graham at USGS, as cited in Chapter 8-Water Quality licensed CC-BY-NC-SA 4.0

Improper storage and use of automotive fluids produce common organic pollutants causing
water pollution. These chemicals include methanol and ethanol (present in wiper fluid) and
gasoline and oil compounds such as octane and nonane (overfilling of gasoline tanks); most of
these are considered non-point sources, since their pathway to watercourses is mainly overland
flow. However, leaking underground and above-ground storage tanks can be considered point
sources for some of these chemicals and even more toxic organic compounds such as
perchloroethylene. Grease and fats (such as lubrication and restaurant effluent) can be either point
or non-point sources depending upon whether the restaurant releases grease into the wastewater
collection system (point source) or disposes of such organics on the exterior ground surface
or transports to large landfills. Table 2.1 below shows a summary of some common chemical

pollutants and their sources.


https://alg.manifoldapp.org/read/introduction-to-environmental-science/section/acc4e077-c8d0-47c7-a92c-c639e4071d14
https://creativecommons.org/licenses/by-nc-sa/4.0/
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Table 2.1. Contaminants and Chemical Compounds in Common Sources

Contaminants / Chemical Compounds Common Sources

Heavy Metals (lead, chromium, zinc, arsenic, cadmium, mercury,
selenium, etc.) Mines, industries, rocks, power plants

Sewage, wastewater treatment plants, agriculture,

Cations (carbonates, nitrates, phosphates, fluorides, sulfates) fortiliner use

Other Metals (sodium, calcium) Industry
Pharmacenticals (medicines, hormones) Industrial activities, hormones, and hospitals
Pesticides (atrazine, chlordane, DDT) Agriculture, golf courses, lawns

Organic compounds (benzene, xylene, phenols, trichloroethylene,

dioxin, etc.) Industry, power plants, transformers, gas stations
Radioactive isotopes Nuclear power plants, Hospitals
Pathogens (bacteria, viruses, protozoan) Animal farms, sewage, runoff

@ An interactive H5P element has been excluded from this version of the text. You can view it
online here:
https://louis.pressbooks.pub/environmentalscience/?p=722#h5p-13

Physical Surface Water Pollution

The most significant physical pollutant is excess sediment in runoff from agricultural plots, clear-cut forests,
improperly graded slopes, urban streets, and other poorly managed lands (especially when steep slopes or
lands near streams are involved). Other physical pollutants include a variety of plastic refuse products such as
packaging materials; the most pernicious of these items are ring-shaped objects that can trap or strangle fish and
other aquatic fauna in our rivers, lakes, and oceans. Oceans house many forms of living things that are uniquely
adapted to survive in these salty habitats. Unfortunately, humans have degraded oceans through pollution,
overfishing, carbon dioxide acidification, and resource exploitation. Other common physical objects are timber
slash debris, wastepaper, and cardboard.

Finally, power plants and other industrial facilities that use natural water bodies for cooling can cause
thermal pollution in surface water. Thermal pollution can change the ecology of the water bodies and harm
living things. The warm water discharged is usually only used for cooling in the plant and does not contain

other contaminants.


https://louis.pressbooks.pub/environmentalscience/?p=722#h5p-13
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Biological Pollution

Common biological pollutants include pathogenic microbes such as bacteria, viruses, protozoa, and
helminths. The most frequently encountered bacteria are E. colz, Shigella, Vibrio cholerae, Campylobacter, and
species of the genus Salmonella (which variously cause typhoid fever and food-borne illnesses). Common viral
pollutants include the Norwalk virus, Enteroviruses, Adenovirus, and Hepatitis A/E, while protozoans are
dominated by G. lamblia and species in the genus Cryptosporidium. All these are fecal-oral route parasites
often transmitted as water pollutants and are associated with inadequate sanitation. They originate from
various sources that include sewage treatment facilities, animal fecal waste, leaky septic tanks, and recreational
areas such as swimming pools. In addition, we also have parasitic worms (helminth) and amoeba (protist E.
histolytica) that live inside faunal digestive systems for part of their life cycle and are partially spread as water

pollutants, with an estimated three billion people currently affected globally.

Groundwater Pollution

Surface water is not the only water source that can get contaminated by the pollutants discussed under surface
water. Groundwater can also become contaminated by both natural and anthropogenic sources of pollution.
Naturally occurring contaminants are present in the rocks and sediments. As groundwater flows through
sediments, metals such as iron and manganese are dissolved and may later be found in high concentrations in
the water. Industrial discharges, urban activities, agriculture, groundwater withdrawal, and disposal of waste
all can affect groundwater quality. Contaminants from leaking fuel tanks or fuel or toxic chemical spills may
enter the groundwater and contaminate the aquifer. Pesticides and fertilizers applied to lawns and crops can

accumulate and migrate to the water table.

A Louisiana Perspective - Water Quality

The Clean Water Act (CWA) establishes regulations for water pollution in the United States
(US.). Its goal is to mitigate pollution in the nation’s water to “restore and maintain the chemical,
physical, and biological integrity of the Nation’s waters", as described in CWA section 101(a).
However, the assessment of CWA's legislative limits is enforced by the U.S. Environmental
Protection Agency. Non-point source (NPS) pollution is globally problematic and remains a serious
problem in our nation. Discharges of agricultural fertilizers, pesticides, runoff from construction and
dredging activities, and urban infrastructure containing toxic chemicals are all contributors to NPS
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pollution. As NPS pollutants flow, they blend into a hazardous concoction, spreading across
residential floodplains and reaching numerous river locations. During flooding, the widespread
presence of NPS 