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				Introduction

				Environmental science is the study of Earth’s environment. To study the environment, scientists draw from many other disciplines, including chemistry, geography, economics, and everything in between. No wonder students new to environmental science often find themselves dizzy at the breadth of information needed to study and solve environmental problems.

				Fortunately, you’ve found Environmental Science For Dummies! Regardless of whether you picked up this book to help you through a science class or to begin an independent exploration of environmental science, I hope it’s a useful reference for you, providing an introduction to the most important concepts and issues in modern environmental science.

				I’ve written this book to cover as many environmental science concepts as possible, while at the same time helping you understand how these concepts apply to your life. If you’re already familiar with some of the topics explained in the book, perhaps this book will help renew your interest in environmental studies and sustainable living. If these topics are completely new to you, I hope it helps you realize that you can take action daily and make choices that affect your environment in a positive way.

				About This Book

				Environmental Science For Dummies presents an introduction to the core concepts in environmental science and the most important issues studied by environmental scientists today.

				The topics in environmental science are so intricately linked that there’s simply no way to explain one without explaining a little bit of another as well. In each chapter, I use cross-references to other chapters to help you link together the related concepts and to provide a more complete understanding of the complex topics in environmental science.

				Throughout the book, you also find multiple illustrations. These drawings expand on what I’ve written in places where a visual representation may be helpful. But don’t forget to look up from reading once in a while! You have plenty of first-hand experience with the environment. As you read about certain topics or issues, you may find it useful to look at them in the context of your own life.

				Conventions Used in This Book

				Here are some of the conventions I use in the book to keep things easy to find and follow:

				[image: check.png] Anytime I use a word that I think you may not have seen before, I put it in italics and define it.

				[image: check.png] Boldface words highlight a bulleted list or sequence of steps.

				[image: check.png] Internet and web addresses appear in monotype to help them stand out.

				What You’re Not to Read

				Throughout this book, you find sidebars highlighted in gray. The sidebars include extra information or particularly interesting tidbits that I thought you might enjoy. I find them interesting — and I hope you do, too — but they aren’t required reading to understand the concepts in the book. Feel free to skip these sidebars, as they’re not integral to the information presented in each chapter.

				Similarly, any portion of text with the Technical Stuff icon beside it indicates that it explains or describes a concept in extra detail, beyond what you need to have a basic grasp of the idea. Feel free to skip these portions or to breeze through them.

				Foolish Assumptions

				As the author of this book, I’ve made some assumptions about you, my reader. For instance, I assume that you live on Earth, drink water, breathe air, and use energy for various things such as heating and transportation. I assume that you’re familiar with basic geography, such as the location of continents and some countries around the world.

				However, I don’t assume that you have any background in chemistry, biology, geology, ecology, economics, or any of the other disciplines that are part of environmental science. And you don’t need a background in any of these to benefit from the explanations in this book. Wherever the details of another science are important, I provide those details in my explanations.

				Each topic in environmental science could fill an entire book of its own, so if you find that something in particular catches your interest, I encourage you to look for books that offer more detail into that topic specifically.

				How This Book Is Organized

				I’ve broken this book into chapters and organized those chapters into parts that group topics together. Here’s a brief overview of each part.

				Part I: Demystifying Science  and the Environment

				In Part I, I introduce you to environmental science, the study of Earth’s environment and the living and nonliving things within it. I describe the scientific method and explain how scientists design effective experiments and portray information by using graphs.

				This part includes a discussion of matter, the “stuff” that makes up all things, and a quick look at how atoms bond to form molecules. It describes inorganic matter and the important organic molecules that are the building blocks for life. And it includes a chapter on what scientists understand about energy: what it is, how it works, and how it flows. This is where you find details on photosynthesis and cellular respiration.

				Part II: Planting the Seed: Foundational Concepts in Environmental Science

				Like any science, environmental science has a few key concepts or principles that provide the foundation for greater understanding. In Part II, I introduce you to these concepts, including how to measure human impact with the ecological footprint and how to use the ecosystem as a unit of study.

				The plants and animals that inhabit an ecosystem are determined largely by the climate (temperature and moisture) conditions of the region. Scientists link living communities to climate by classifying ecosystems into defined categories called biomes, which I describe in this part.

				This part also scratches the surface of population biology, which is the study of how organisms interact with one another. I explain competition, cooperation, and predation within an ecosystem, as well as some of the complex ways that scientists measure and track changes in populations (including human populations) over time.

				Part III: Getting Your Needs Met:  Earth’s Natural Resources

				A major focus of environmental science is how to use and care for Earth’s natural resources so that they can continue to meet the needs of human beings for as long as possible. Part III describes Earth’s natural resources and the issues humans face in trying to conserve them, or make them last.

				You’re familiar with some of these resources — water, land, and energy. But you may not realize that the diversity of biological organisms, or biodiversity, is also a natural resource. I describe all these resources in this part and explain why biodiversity is so important and why it’s in danger in many parts of the world. I also explain the pros and cons of alternative energy sources.

				Part IV: Giving a Hoot: Pollution  and Environmental Quality

				Along with managing natural resources, environmental scientists are often asked to help solve problems created by pollution. Part IV covers topics of environmental quality, including air and water pollution. It’s also the place to look for information about what dangerous substances or toxins are present in the environment and how garbage and hazardous waste can be managed to reduce further environmental damage.

				This part also addresses what scientists currently understand about Earth’s climate and how human actions continue to affect the global climate system.

				Part V: Follow the Recycled Brick  Road: A Sustainable Future

				The goal of most environmental scientists is sustainability. This means using the environment and its resources in such a way that it can continue to provide for human needs long into the future, possibly forever. In this part, I describe some basic economic principles and explain how shifting your  perspective from human-centered to ecosystem-centered may lead you to make more sustainable choices as a consumer.

				Millions of people with different desires and priorities share Earth. In this part, you uncover some of the most successful policies across the U.S. and across the world that have come about to help protect the environment and conserve Earth’s resources for future generations.

				Part VI: The Part of Tens

				In the final part of Environmental Science For Dummies, you find three lists. The first is a list of ten simple ways to live life more sustainably. The second describes ten examples of how unsustainable practices have ruined shared resources, or commons. And the last chapter of the book lists ten careers that center on environmental science. You may be surprised at the variety of options you have for working in an environmental science field!

				Icons Used in This Book

				Throughout this book I use icons to catch your eye and highlight certain kinds of information. Here’s what these little pictures mean:

				[image: remember.eps]	Anytime you see the Remember icon take notice! I use this icon to highlight important information, often fundamental to the concepts being explained around it or in the same chapter. Other times I use it to highlight a statement meant to help you pull multiple concepts together.

				[image: tip.eps]	The Tip icon marks information that may be particularly useful to help you study or prepare for an exam. It often marks a helpful way to remember a  certain concept.

				[image: casestudy_enviromental.eps]	The Case Study icon brings your attention to real-world examples of particular environmental issues. Case studies are a great way to provide context for the concepts I present in the book.

				[image: solution_enviromental.eps]	Anywhere I describe a potential solution for an environmental problem I mark it with a Solution icon.

				[image: technicalstuff.eps]	A few places in this book I offer a little extra detail about a particular topic or concept and mark it with the Technical Stuff icon.

				Where to Go from Here

				I’ve written this book to function as a reference that you can open to any page and dive into. If you choose to start from the beginning, you’ll find the information organized in what I hope is a logical way that answers your questions as soon as you think to ask them! But you can also browse the table of contents to find topics you’re interested in knowing more about and then turn to the chapters on those topics.

				If you’ve never thought much about how you’re connected to everything around you, you may want to start with Chapter 6, which explains what  an ecosystem is and does. This chapter may dramatically change your  perspective!

				If you’re intrigued by the idea of alternative energy sources, flip to Chapter 14, where I cover many different ways to fuel daily living without using fossil fuels (coal, gas, and oil) or nuclear power. Environmental scientists have found ways to capture or produce energy in cleaner, more efficient ways than have ever been possible before.

				For a real wake-up call, turn to Chapter 18 to see how the packaging and convenience of modern life (think bottles of water, to-go containers, and plastic utensils) have resulted in oceans full of trash. In particular, plastic bits that don’t decompose are interfering with ocean ecosystems, which is just one of the consequences of waste I describe in that chapter.

			

		

	
		
			
					
				

				
					Part I

					Demystifying Science and the Environment
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										In this part . . .


					At its core, environmental science is like any  science — based on a methodical way of asking and answering questions to expand the human understanding of the natural world.

					In this part, I describe how the scientific method shapes the process of learning about the environment. I also cover foundational scientific ideas about what makes up everything around you (atoms, molecules, and compounds) and how energy moves things through the environment. This is also where you find out how green plants capture energy from the sun and transform it into sugar through the process of photosynthesis.

				

			

	
		
			
				Chapter 1

				Investigating the Environment

				In This Chapter

				[image: arrow] Applying a scientific approach

				[image: arrow] Studying environmental systems

				[image: arrow] Protecting natural resources

				[image: arrow] Reducing pollutants in the air and water

				[image: arrow] Looking forward to a sustainable future

				In its simplest terms, environmental science is the study of the air you breathe, the water you drink, and the food you eat. But environmental scientists study so much of the natural world and the way humans interact with it that their studies spill over into many other fields. Whether you’re a student in a college course or someone who picked up this book to find out what environmental science is all about, you’ll find that the ideas in this book apply to your life.

				Like any living creature, you depend on environmental resources. More importantly perhaps is the fact that humans, unlike other living creatures, have the ability to damage these resources with pollution and overuse. This chapter provides a quick overview of the environment, its systems, and its many resources. It also talks about what humans can do to reduce their impact on the environment today and into the future. After all, maintaining the health of the Earth and its resources at both the local and global level is something everyone has a stake in.

				Putting the “Science” in  Environmental Science

				Environmental science draws on knowledge from many different fields of study, including the so-called hard sciences like chemistry, biology, and geology and the social sciences like economics, geography, and political science. This section offers a quick overview of some of the scientific concepts, such as how to apply the scientific method to answer questions, that you need to be familiar with as you start your exploration of environmental science. I explain these foundational scientific concepts in more detail throughout the rest of Part I.

				Using the scientific method

				The scientific method is simply a methodical approach to asking questions and  collecting information to answer those questions. Although many classes teach  it as something that only scientists use, you use it just about every day, too.

				You may not write down each step of the scientific method when you use it, but anytime you ask a question and use your senses to answer it, you’re using the scientific method. For example, when standing at a crosswalk, you look both ways to determine whether a car is coming and whether an approaching car is going slow enough for you to safely cross the street before it arrives. In this example, you have made an observation, collected information, and based a decision on that information — just like a scientist!

				[image: remember.eps]	The power of the scientific method is in the way scientists use it to organize questions and answers. It helps them keep track of what’s known and what’s unknown as they gather more knowledge. This organization becomes particularly important when they study large, complex systems like those found in the natural world. Scientists always have more to learn about the natural world, and using the scientific method is one way that they can follow the path of scientific investigation from one truth to another. Turn to Chapter 2 for more on the scientific method.

				Understanding the connection between atoms, energy, and life

				Studying the environment includes studying how matter, energy, and living things interact. This is where other fields of study, such as chemistry, physics, and biology, come into play. Here are just a few of the core ideas from these sciences that you need to understand as you study environmental science:

				[image: check.png] All matter is made of atoms.

				[image: check.png] Matter is never created or destroyed, but it does change form.

				[image: check.png] Living matter, or life, is made up of complex combinations of carbon, hydrogen, and oxygen atoms.

				[image: check.png] Most of the energy at Earth’s surface comes from the sun.

				[image: check.png] Energy transfers from one form to another.

				[image: check.png] Living things, or organisms, either capture the sun’s energy (through photosynthesis) or get their energy by eating other living things.

				Analyzing the Earth’s Physical  Systems and Ecosystems

				The environment consists of many different systems that interact with one another on various levels. Some systems are physical, such as the hydrologic system that transfers water between the atmosphere and the Earth’s surface. Other systems are built on interactions between living things, such as predator-prey relationships.

				Scientists recognize that systems can be either open or closed. An open system allows matter and energy to enter and exit. A closed system keeps matter and energy inside of it. Figure 1-1 illustrates both types of systems.

					

				
					Figure 1-1: Open and closed  systems.

				

					[image: 9781118167144-fg0101.eps]

					Illustration by Wiley, Composition Services Graphics 

				Very few systems in the natural world are truly closed systems. Scientists view the planet as a closed system in terms of matter (no matter enters or leaves the Earth), but they consider it an open system in terms of energy (energy enters the Earth from the sun). The following sections introduce you to a few of the Earth’s other systems that you need to be familiar with. (Part II goes into a lot more detail on the different systems on Earth.)

				Sorting the world into climate categories

				One of the most important and complex systems that scientists study is the climate. The climate system includes but is actually much larger than local weather systems. Climate scientists observe how different parts of the Earth are warmed by the sun to greater or lesser degrees, and they track how heat from the sun moves around the globe in atmospheric and ocean currents.

				The movement of heat and water around the Earth sets the scene for living things. Every living plant and animal has a preferred range of temperature and moisture conditions. The patterns of living communities on Earth are called biomes. Scientists define each biome according to its temperature and moisture levels and the types of plants and animals that have adapted to live within those limits. Understanding the complex link between climate factors and the distribution of life on Earth has become even more important as scientists document changes in the global climate and predict more dramatic changes to come. Turn to Chapter 7 for details on global climate patterns and biomes.

				Dividing the Earth into ecosystems

				Within every biome, scientists recognize various ecosystems, or communities of living organisms and the nonliving environment they inhabit. Studying how matter and energy move around ecosystems is at the core of environmental science. Specifically, scientists recognize that

				[image: check.png] Matter is recycled within the ecosystem.

				[image: check.png] Energy flows through an ecosystem.

				Whether they’re small or large, discrete or overlapping, ecosystems provide a handy unit of study for environmental scientists. Because plants are the energy base of most ecosystems (capturing energy from the sun), the type and number of plant species in an ecosystem determine the type and number  of animals that the ecosystem can support. See Chapter 6 for details on  ecosystems.

				Observing the interactions between  organisms within an ecosystem

				Scientists called ecologists are particularly interested in how living things interact within an ecosystem. Plants and animals compete with one another for access to water, nutrients, and space to live. Evolution by natural selection has resulted in a wide array of survival strategies. Here are some examples (see Chapter 8 for more details):

				[image: check.png] Resource partitioning: When two species, or types of animals, depend on the same resource, they may evolve behaviors that help them share the resource. This is called resource partitioning. An example is when one species hunts at night, while another hunts the same prey during the day.

				[image: check.png] Coevolution: Coevolution occurs when a species evolves in response to its interaction with other species. Scientists have documented multiple cases of insects and the plants they feed on (and help pollinate) evolving to become more and more suited to one another over time.

				[image: check.png] Symbiosis: Organisms that benefit from an interaction with another species live in what scientists call symbiosis. Symbiotic relationships between organisms may benefit both individuals, benefit only one while harming the other (such as with a parasite), or benefit one without harming the other.

				Supplies Limited! Natural Resources  and Resource Management

				Environmental scientists do a lot of research to find ways to meet the needs of human beings for food, water, and energy. The environment provides these natural resources, but if their users (namely humans) don’t care for them properly, they can be reduced, damaged, or destroyed. Managing natural resources for the use of human beings now while ensuring that the same resources will be available for humans in the future is called conservation.

				Factoring in food, shelter, and more

				People need food, water, air, and shelter to survive. But as human populations  have grown into the billions, they’ve tested the ability of the environment to provide enough food, fresh water, and shelter. In Part III, I describe methods of sustainable agriculture and water conservation that can help meet the needs of so many people. (So far, there’s still plenty of air to go around.)

				Other resources that people depend on are less obvious, such as the biological diversity, or biodiversity, found in certain regions. Human actions have reduced biodiversity around the world, particularly in biodiversity hotspots, or regions with a combination of high levels of diversity and increasing human impacts. In Chapter 12, I explain what biodiversity is and why it’s so important.

				Thinking about energy alternatives

				One of the most critical natural resources that modern living depends on is energy. Energy in most ecosystems streams from the sun every day, but to fuel modern life, humans have tapped into the stored energy of fossil fuels hidden deep in the Earth. Unfortunately, fossil fuel sources of energy are both limited in supply and damaging to the Earth’s environment when humans burn them as fuel.

				Searching for alternative sources of energy is an important part of environmental science research. Some of the current alternatives to fossil fuels include

				[image: check.png] Solar energy

				[image: check.png] Wind energy

				[image: check.png] Hydro (river) energy

				[image: check.png] Tidal and wave energy

				[image: check.png] Geothermal heat

				[image: check.png] Fuel cell electricity

				[image: check.png] Liquid biofuel energy

				I describe the pros and cons of these various options and explain how each one can help meet the energy needs of modern life in Chapter 14.

				Keeping Things Habitable

				Clean air, fresh water, food, and a safe place to live are critical to the survival of human beings. Unfortunately, in most parts of the world, decades of pollution have damaged environmental quality and endangered human health. How humans can repair the damage already done to air, water, and land resources is the focus of Part IV.

				Clearing the air (and water)

				You may be familiar with some of the problems caused by air pollution: smog, acid rain, ozone depletion, and lung disease. In Chapter 15, I describe all the ways air is polluted and the results of pollution on ecosystems and human health. Similarly, in Chapter 16, I describe the sources and effects of water pollution.

				In both cases, scientists classify the source of pollution as one of the following:

				[image: check.png] Point source pollution: Point source pollution flows directly out of a pipe or smokestack and is easy to locate and regulate.

				[image: check.png] Nonpoint source pollution: Nonpoint source pollution enters the air or water from a diluted or widespread area, such as when rainfall washes everything from city streets into nearby waterways via storm drains. This type of pollution is difficult to pinpoint and nearly impossible to regulate.

				Tracking toxins and garbage

				Toxic substances are all around you — in your home and in the environment. Many identified toxins today were once acceptable chemicals to use in agriculture or manufacturing. In some cases, scientists know the effects of a toxin, and as a result, it’s no longer allowed to be used. In other cases, however, research is still being done to determine the danger of chemicals found in many household products.

				In some places, toxins have entered the environment from improper waste disposal. Humans have to store (or burn) trash and other manmade garbage somewhere. All too often that garbage ends up in the oceans. I describe the problems related to waste disposal in Chapter 18.

				[image: remember.eps]	When toxins enter an ecosystem, whether directly or as a byproduct of trash and hazardous waste, they can disrupt the ecosystem and cause harm to living things. Toxins often bioaccumulate, or build up in the cells of an organism. In some cases, the toxic substance is present in the environment at harmless levels but becomes more and more concentrated as it moves through the food chain. By the time top predators feed on lower predators, they’ve been poisoned by the biomagnification of the toxin. See Chapter 17 for more details on toxins and the effects they can have on the health of living things.

				Influencing climate

				These days, few environmental issues appear in the media and politics as often as modern climate change, or global warming. In Chapter 19, I explain how the greenhouse effect on Earth is beneficial and how greenhouse gases, both natural and manmade, change the composition of the atmosphere and affect climate patterns around the globe.

				Some of the changes scientists expect with future climate warming include droughts in regions that are already water stressed, rising sea levels, and marine ecosystem disruption. The climate is definitely warming, so I also describe ways that humans can mitigate, or repair, the damage already done and adapt to a future climate that’s very different from anything modern human civilization has experienced before.

				Imagining the Future

				Managing the Earth’s resources so that human needs and desires today don’t reduce the planet’s ability to support future generations is called sustainability. The future is in your hands. The choices you make each day and the leaders you choose to create policies determine how people share, use, or abuse the Earth’s resources in the coming decades. Regardless of your religious, political, cultural, or national values, you have a stake in your right and the rights of your children to a healthy, clean environment.

				Realizing a sustainable economy

				Many people think the biggest challenge in making sustainable choices is the cost, and some politicians want you to believe that a sustainable economy will destroy the world. Neither of these views is true. In Chapter 20, I describe some basic economic ideas and offer ways to look at the economy more sustainably. The transition to a more sustainable economy will take time, but in the long run, it’ll be worth the effort!

				Putting it on the books:  Environmental policy

				In Chapter 21, I introduce you to some of the most important and effective international agreements on global stewardship. The Montreal Protocol is one international agreement that was created to protect the environment. Specifically, this agreement reduced the production of ozone-damaging molecules around the world and halted the destruction of the ozone layer.

				You may not have realized this, but 50 years ago many of the rivers, lakes, wetlands, and shorelines in the U.S. were much more polluted than they are today. After Congress amended the Clean Water Act in the 1970s, major cleanups began, improving water quality across the nation during the next few decades. These days new issues, such as climate change and environmental toxins, have taken a front seat in environmental science and policy. But no matter what issues are currently taking up the most attention on TV and in scientists’ labs, the choices you and I make every day will determine the future health of the global environment.

			

		

	
		
			
				Chapter 2

				Lab Coats and Microscopes: Thinking Scientifically

				In This Chapter

				[image: arrow] Getting to know the scientific method

				[image: arrow] Illustrating data with graphs

				[image: arrow] Measuring the unknown

				[image: arrow] Thinking critically about science in the media

				If you think of science as lab coats, microscopes, test tubes, pages and pages of data, and wild-haired scientists, you may be a little intimidated by the science part of environmental science. But in actuality, you perform acts of science every day; you just may not know it.

				In this chapter, I describe what scientific thinking is, and I explain how scientists look at the world by asking and answering questions in an organized way (ahem, anyone heard of the scientific method?). I also introduce the most common ways that scientists and environmental scientists, in particular, present what they’ve learned by using graphs and statistics. Finally, I explain what good scientific news reporting looks like so you can evaluate the science you read about or see in the news.

				Asking and Answering Questions  with the Scientific Method

				Scientists ask questions about the world around them just as you do. Is it cold outside today? Will a quarter of a tank of gas get me to work and back? Why do roses smell so good? Thinking scientifically simply means that when you ask a question, you go about answering that question in a methodical way, using logical reasoning. This way of asking and answering questions is often called the scientific method.

				In this section, I describe the two approaches to logical reasoning, and I walk you through the various steps in the scientific method, including the ins and outs of designing experiments and the added step that professional scientists take — having their peers review their work.

				Reasoning one way or another:  Inductive versus deductive

				Scientists construct their understanding of nature through logical reasoning, in which they follow a sequence of statements that are true to their conclusion. The two types of logical reasoning are

				[image: check.png] Inductive reasoning: Inductive reasoning begins with a detailed truth about something and uses that truth to construct a generalized understanding of how the greater system or phenomenon functions. Using inductive reasoning to understand complex systems can be tricky because a few small details may not accurately represent the entirety of the system. Inductive reasoning is the opposite of deductive reasoning.

				[image: check.png] Deductive reasoning: Deductive reasoning starts with broad generalizations and gradually focuses in on a specific statement of assumed truth. Deductive reasoning is most useful when you don’t understand all the details of something but you can observe some of its outcomes. On the path of deductive reasoning, a scientist rules out one option after another until she has narrowed the field of truth down to just one or a few reasonable explanations. When a scientist proceeds with testing her hypothesis (see the next section), she’s using deductive reasoning.

				Working through the scientific method

				Most students have encountered the scientific method at some point in their grade school education. For example, many teachers ask their students to write down each step they take while performing a lab experiment. In case you’ve forgotten a few things since grade school, I walk you through the main steps in the scientific method here:

					1.	Make an observation.

						An observation is just information you collect empirically (meaning that you collect the information by using your senses — sight, hearing, touch, taste, and smell) and objectively (meaning that anyone else in the same place, using the same methods, would observe the same information that you do).

				[image: remember.eps]		Empirical and objective observations are what scientists call data. Scientists use data to create new hypotheses that they can then test by collecting more information, or experimenting.

					2.	Create a hypothesis.

						Based on your observation and any prior knowledge you may have  from previous observations or experiences, you create a hypothesis, which is simply an inferred or assumed understanding based on your observations.

					3.	Design and conduct an experiment.

						After you have your hypothesis, you need to find a way to determine whether it’s correct. Testing your hypothesis requires that you conduct an experiment (see the next section for details on this step).

					4.	Analyze the results and draw a conclusion.

						After you perform an experiment, you have more observations or data to incorporate into your overall understanding of your hypothesis. At this point, you may want to create a new hypothesis (if the data you collected during your experiment proved your original one to be wrong) and perform further experiments, or you may have enough new information to draw a conclusion, expanding your understanding of what you initially observed.

				Although scientists use this method in their laboratories and in field settings where they collect scientific data on a daily basis, you use the scientific method every day without even realizing you’re doing so. Take for example your morning shower: You turn on the water by adjusting the dial to what you think will be the right temperature and then you wait a few minutes:

				[image: check.png] Observation: After a few minutes have passed, you observe steam forming around the flowing water.

				[image: check.png] Hypothesis: You propose a hypothesis: The water is just the right temperature now.

				[image: check.png] Experiment: Then you test the hypothesis with an experiment. You stick your hand in the water and observe the temperature.

				[image: check.png] Results and conclusion: After you’ve collected data about the temperature of the water, you determine whether your hypothesis is true: Eitherthe temperature is just right, or it isn’t just right. If it’s too hot, you infer that adding more cold water will make it the right temperature (and vice versa). Eventually, after you’ve collected enough data and made a number of inferences and adjustments, you’ll find the water temperature that’s just right for you to hop in the shower.

				The point of this example is to illustrate that the scientific method isn’t something magical or some kind of secret code. It’s simply a way of describing how human beings ask questions and collect information to answer those questions. Environmental scientists use this methodical approach over and over again to understand the natural world.

				Designing experiments

				Experimental design is an extremely important part of the scientific method. When a scientist seeks to prove or disprove her hypothesis, she must carefully design her experiment so that it tests only one thing, or variable. If the scientist doesn’t design the experiment carefully around that one variable, the results may be confusing.

				The two main types of experiments scientists use to test their hypotheses are

				[image: check.png] Natural experiments: Natural experiments are basically just observations of things that have already happened or that already exist. In these experiments, the scientist records what she observes without changing the various factors. This type of experiment is very common in environmental science when scientists collect information about an ecosystem or the environment.

				[image: check.png] Manipulative experiments: Other experiments are manipulative experiments, in which a scientist controls some conditions and changes other conditions to test her hypothesis. Sometimes manipulative experiments can occur in nature, but they’re easier to regulate when they occur in a laboratory setting.

						Most manipulative experiments have both a control group and a manipulated group. For example, if a scientist were testing for the danger of acertain chemical in mice, she would set up a control group of mice  that weren’t exposed to the chemical and a manipulated group of micethat were exposed to the chemical. By setting up both groups, the scientist can observe any changes that occur only in the manipulated group and be confident that those changes were the result of the chemical exposure.

						When designing manipulative experiments, scientists have to be careful to avoid bias. Bias occurs when a scientist has some preconceived ideas or preferences concerning what she’s testing. These ideas may influence how she sets up the experiment, how she collects the data, and how she interprets the data. To avoid this bias, a scientist can set up a blind experiment, in which other scientists set up a control group and a manipulated group and don’t inform the scientist who’s actually observing the experiment which one is which.

				Using scientific models to test hypotheses

				You may have heard your local weather reporter talk about weather models and model predictions for the weekend ahead. Or maybe you’ve heard about climate models and their predictions of future climate change (see Chapter 19 for details). In both cases, the models may seem like crystal balls that can predict the future. However, climate and weather models are powerful tools that scientists use to understand complex global systems and predict how those systems will act in the future.

				In some ways, a scientific model is very much like a model train or airplane in that it has parts that represent all the details of real life and some models are more detailed than others. Regardless of how detailed scientific models are, scientists can use them to test their hypotheses when studying the real thing is too difficult or, in some cases, impossible.

				Take for example a globe: The continents, national borders, and locations of water, mountains, and other features represent what scientists know about the Earth but couldn’t observe directly before satellite pictures were possible. A model of the Earth can be just one piece in a more complex model of the solar system, such as the one illustrated in Figure 2-1.

					

				
					Figure 2-1: A model of the solar system.

				

					[image: 9781118167144-fg0201.eps]

					 Illustration by Wiley, Composition Services Graphics

				These days many scientific models are computer models (rather than physical models like globes) because computers can combine and analyze huge amounts of data much faster than a human brain. In environmental science, you’re likely to encounter numerous detailed and complex models, such as climate models and ecosystem models. Scientists use these complex models to teach others (including you and me) about how large, intricate systems in the natural world function.

				[image: remember.eps]	Before any scientific model (especially a complex computer model) can be informative, scientists have to do a lot of research to make sure it accurately models interactions in the real world. As part of their research, scientists set up the model and input data about the real world that led to a known event, such as a hurricane. If the computer model, using the real-world data, creates wind patterns, temperatures, wind speeds, and rainfall that are similar to or the same as the conditions in the real hurricane that occurred, then the scientists can be confident that the model will accurately simulate real life.

				Asking peers for constructive criticism

				One major difference between your everyday use of the scientific method and the way professional scientists use it is that you don’t have to ask all your friends whether they agree that your shower water temperature is just right. Professional scientists, on the other hand, do have to ask for their peers’ opinions about their experiments and the conclusions they draw from them. They do this through a process called peer review.

				Any time a scientist completes a research project, she writes a paper or article about it, in which she describes her hypothesis, experiment, results, and conclusions. She sends this article to a peer-reviewed journal, where other scientists who are specialists in the same type of science review her work and determine whether the methods in the experiment make sense and whether the data she collected support the conclusions she made.

				If the scientist’s peers think she has done good work, then her article gets published in the journal so that the broader scientific community can learn from what she did. If her peers think her methods need improvement or her conclusions don’t make sense, then they tell her that she needs to improve, clarify, or otherwise revise her study to be more accurate.

				[image: remember.eps]	After a scientific study has passed the initial peer-review stage and has been published, it’s open for debate among the broader community of scientists and can be very helpful to other scientists who are asking similar questions. In this way, scientists across the globe build a large database of information gathered from all of their experiments.

				The careful approach to experimenting and collecting data that scientists have to take to be deemed credible, as well as the rigorous process of peer review they undergo after every major research project, results in scientific progress that appears to move at a snail’s pace. This seemingly slow progress can be extremely frustrating for the general public and policymakers, who want to make decisions now and don’t want to wait until scientists have studied everything scientifically from every angle. (In Chapter 20, I explain the different approaches some policymakers take in light of this.)

				Speaking scientifically

				Some words that you use in everyday conversation have a very different meaning when you use them to describe science. Here are a few words you may think you know the meaning of, along with what they mean when a scientist uses them:

				[image: check.png] Hypothesis: A hypothesis is based on observations and states an assumed fact in a way that it can be tested. When scientists are working to rule out incorrect ideas, they may propose a null hypothesis. A null hypothesis usually says something like this: There is no relationship between how much I turn the hot water knob and the temperature of my shower. Testing this hypothesis will prove the null hypothesis false because there is, indeed, a relationship between how much you turn the hot water knob and the temperature of your shower. In some cases, ruling out wrong ideas is an important part of the deductive reasoning process.

				[image: check.png] Theory: Scientifically speaking, nothing is ever “just a theory.” A theory in science is an explanation of a natural phenomenon that has been tested repeatedly and is currently accepted as a fact. Theories explain why things occur the way they  do or offer a mechanism behind what  scientists observe. Theories (like any scientific findings) are open to further testing, but a good theory continues to hold true through these tests.

						The scientific community isn’t quick to call something a theory, so when it uses the term, such as for the theory of evolution by natural selection in biology, the theory of gravity in physics, or the theory of plate tectonics in Earth science, whatever phenomenon the theory is describing is considered an accepted scientific fact to be improved upon with further testing and observation.

				[image: check.png] Law: A scientific law explains a process that has been observed, but it doesn’t explain why the process occurs. For example, the law of gravity explains how two objects are attracted to one another, such as how the moon is attracted to the Earth, but it doesn’t explain why the two objects are attracted to one another. To answer that question, you need to refer to the theory of gravity. Note: People often make the mistake of thinking that a scientific theory will someday become a law, thus making it more true or more factual. But that’s not the case. Theories never become laws; they’re two completely different things.



				Presenting Data Graphically

				One of the challenges that all scientists (especially environmental scientists) encounter is how to share the knowledge they gain from their research and experiments with other people in a way that’s easy to understand. Reading page after page of detailed scientific findings can be difficult or boring even for a scientist. So scientists often turn to more visual ways — namely,  graphs — to illustrate their discoveries, share their data, and explain what they’ve found out from their experiments. Scientists can choose from a number of different ways to present data as graphs depending on the type and amount of information they have. Here are three of the most common ones:

				[image: check.png] Pie charts: Pie charts are circles with pieces that represent different categories of some type of information. Each slice of pie may be smaller or larger than the others, but all together the slices equal 100 percent. Figure 2-2 shows a pie chart that presents the different items that compose the municipal solid waste (trash) recycled in the U.S. in 2008.

					

				
					Figure 2-2: An example of a pie chart.

				

					[image: 9781118167144-fg0202.eps]

					 Illustration by Wiley, Composition Services Graphics

				[image: check.png] Bar graphs: A bar graph illustrates categories of data across a numbered scale. Bar graphs are also called histograms or frequency distributions. One axis of a bar graph represents the categories, and the other axis quantifies the different categories. Figure 2-3 shows a bar graph of the amount of trash produced by U.S. households for three different years. Each bar represents the total amount of trash for a particular year (the category of data), and the axis on the left provides a numerical scale to quantify each category. The bar graph in Figure 2-3 also presents the breakdown within each category of where the trash ends up: landfill, energy production, recycling, or compost.

				[image: check.png] Line graphs: Scientists most often use line graphs to illustrate how measurements of a particular variable or data type change over time. The line graph illustrated in Figure 2-4 shows how the amount of recycling changed each decade from 1960 to 2006.

				[image: tip.eps]	Pie charts, bar graphs, and line graphs may be the most commonly used graph types, but they certainly aren’t the only ones. Regardless of the type of graph you’re dealing with, the most important thing to do anytime you encounter a graph is to take a few minutes to read the title and axis labels. That way, you can more clearly understand what the author of the graph is trying to illustrate.

					

				
					Figure 2-3: An example of a bar graph.

				

					[image: 9781118167144-fg0203.eps]

					Illustration by Wiley, Composition Services Graphics

					

				
					Figure 2-4: An example of a line graph.

				

					[image: 9781118167144-fg0204.eps]

					 Illustration by Wiley, Composition Services Graphics

				Quantifying Uncertainty

				Along with understanding the natural world, science also seeks to reduce the degree of uncertainty about what scientists know. Each scientific discovery through experimentation has some degree of uncertainty, meaning that some details are still unknown. By completing more studies and gathering more data, scientists gain more knowledge and reduce that uncertainty a little bit at a time.

				Scientists use statistics (a mathematical way of interpreting data) to help them quantify, or measure, the amount of uncertainty involved. Certain statistical methods can determine whether the results they see are likely to be random (in which case the uncertainty is high and they still have a lot of unknown information to collect) or likely to be the result of the studied interaction (in which case the uncertainty is low).

				[image: technicalstuff.eps]	One statistical tool to quantify the amount of uncertainty involved in a particular experiment is the probability value, or p-value. A p-value of 0.95, or 95 percent, means that scientists are 95 percent certain that the results of their experiment aren’t random — in other words, that the results are very likely to be the result of an interaction between the variables. A p-value of 95 percent is an excellent result for most experiments.

				Quantifying or measuring the uncertainty of scientific findings is important because before people use scientific knowledge to create policy or change the current way of doing things, they want to be as certain as possible that the data aren’t the result of random chance.

				Recognizing Good Science  When You See It

				In today’s culture of fast-paced media, blog posts, blurbs, sound bites, and talking heads, knowing how to spot good science when you see it is more important than ever. The ability to distinguish between reliable information and unreliable information in the media is called information literacy. As a global citizen and a citizen of your community, you can use your information literacy to assess environmental issues and the scientific data used to make policy decisions.

				To increase your information literacy, you need to be aware of the three types of sources for scientific information:

				[image: check.png] Primary sources: Primary sources have the most recent and newly acquired scientific knowledge, and they’ve been evaluated by multiple other scientists to ensure that their methods are appropriate and their conclusions are logical. Peer-reviewed journals are an example of primary sources (see the earlier section “Asking peers for constructive criticism” for details).

				[image: check.png] Secondary sources: Secondary sources explain the information from primary sources in a way that average readers can better understand it. Magazines, newspapers, and books are all examples of secondary sources. Articles in secondary sources aren’t peer reviewed and can contain bias from the author or editor of the publication. They may also contain mistakes in how they interpret or represent the results of the scientific article.

				[image: check.png] Tertiary sources: Even farther from the original source of information are tertiary sources, such as blogs and news commentary. These sources of information include a heavy dose of opinion by the writer or commentator. Tertiary sources can be a great place to learn the impact of new scientific knowledge on the cultural or political landscape, but often the scientific facts get lost in the heated debates and strong opinions. These are the least reliable sources of scientific information.

				Table 2-1 summarizes these three types of information sources so you can more easily see how they’re different.

				Table 2-1	Sources of Scientific Information

				
					
						
								
								Source Type

							
								
								Characteristics

							
								
								Examples

							
						

						
								
								Primary

							
								
								Peer reviewed and includes technical details

							
								
								Scientific journals

							
						

						
								
								Secondary

							
								
								Easier to understand for non-scientists and may have some errors in interpretation

							
								
								Magazines, newspapers, books

							
						

						
								
								Tertiary

							
								
								Includes opinion, is likely to have more errors, and is far removed from the original source

							
								
								Commentary, blogs,  editorials

							
						

					
				

				[image: tip.eps]	The best way to improve your information literacy and become more adept at recognizing bad science when you see it is to get out there and read. The next time you read a magazine, newspaper, or online article about any science-related issue, look for the following characteristics to know that your source is presenting you with good scientific information:

				[image: check.png] The author cites the primary source (scientific journal) for any data  presented.

				[image: check.png] The author of the article identifies people quoted by name and professional association (where they work, who they work for, and similar details).

				[image: check.png] At least some of the people quoted in the article are scientists or researchers in the field being discussed.

				If your source doesn’t include any of these characteristics, consider the information they present with a healthy dose of skepticism. Fortunately, these days so much knowledge is available on the Internet that if the topic really interests you, searching key words online may help you find primary or secondary sources that provide the scientific facts you’re looking for.

			

		

	
		
			
				Chapter 3

				What’s the Matter? Living  and Nonliving Material

				In This Chapter

				[image: arrow] Realizing that matter makes up everything

				[image: arrow] Diagramming the atom and tracking atomic bonds

				[image: arrow] Discovering important properties of water

				[image: arrow] Exploring acid-base chemistry

				[image: arrow] Linking biological molecules into organic compounds

				[image: arrow] Comparing plant and animal cells

				Before you can fully understand the interaction between visible things, such as plants and animals in the environment, you need to understand the very smallest bits of matter — the ones you can’t see — and the ways in which they interact with one another. After all, how these tiny bits of matter interact determines the structure and characteristics of the whole environment.

				In this chapter, you find out how fundamental interactions between atoms and molecules lay the foundation for everything you see around you. Specifically, you find out which characteristics distinguish living matter from nonliving matter in the environment.

				Changing States of Matter

				Matter, which makes up everything around you, exists in three basic forms or states: solid, liquid, and gas. Take water for example. At a wide range of temperatures on the Earth’s surface, water can exist as a solid (ice), a liquid (water), or a gas (steam). In each of these forms, the water itself contains the same matter; the matter just has different physical characteristics.

				Like water, other matter changes states when you heat it or cool it, but the temperatures at which these changes take place vary depending on the matter. For example, alcohol evaporates (turns into a gas) at normal room temperature and must be much, much colder than water in order to freeze (about 100 degrees colder). Rocks, on the other hand, are solid at the range of temperatures on Earth’s surface, but they melt into a liquid state deep beneath the surface, where temperatures are much hotter.

				[image: remember.eps]	Matter changes states, but it never disappears or is created. This idea is called the law of conservation of matter, and it applies in particular to a closed system like Earth’s environment (I describe closed systems in Chapter 6). In other words, every atom of matter that exists now on Earth has always existed and will always exist.

				Examining Atomic Structure

				All the matter in the universe is composed of small particles called atoms. An atom is the smallest bit of matter that represents one of the elements on the periodic table of elements. This table, illustrated in Figure 3-1, organizes all the known, naturally occurring (and some manmade) matter according to what characteristics its atoms have and how its atoms behave when reacting with other atoms.

					

				
					Figure 3-1: The periodic table of  elements.

				

					[image: 9781118167144-fg0301.eps]

					Illustration by Wiley, Composition Services Graphics

				Each atom is composed of subatomic particles. The nucleus (or center) of an atom is composed of subatomic particles called protons and neutrons, which are surrounded by at least one electron shell, where other subatomic particles called electrons are located. Figure 3-2 illustrates the parts of an atom.

				Protons have a positive or +1 electrical charge, neutrons have a neutral or zero charge, and electrons have a negative or –1 charge. Every atom has an equal number of protons and electrons so that the atom itself has a neutral charge (the +1 and –1 cancel each other out).

					

				
					Figure 3-2:  The structure of an atom.

				

					[image: 9781118167144-fg0302.eps]

					Illustration by Wiley, Composition Services Graphics

				[image: remember.eps]	During some chemical interactions, an atom may lose or gain electrons and become an atom with a plus or minus electrical charge. An atom with an electrical charge is called an ion.

				The number of electrons an atom has in its outer electron shell determines how the atom forms bonds with other atoms, a process that I describe in the next section.

				Making and Breaking Chemical Bonds

				In order for atoms to construct matter large enough for you to see or feel, they have to combine with other atoms to form molecules. In fact, very few atoms exist all by themselves; they usually link together to create larger molecules. Sometimes atoms simply pair up with other atoms of the same element (as is the case in O2, or oxygen gas), and other times they combine with atoms of other elements to form compounds (as is the case in H2O, or water, which is made up of two hydrogen atoms and one oxygen atom).

				To form molecules, atoms must exchange or share electrons from their outer electron shell to create atomic bonds. In the following sections, I describe the most common atomic bonds that you need to be familiar with when studying environmental science. As a bonus, I discuss a few ways atoms interact with one another without actually bonding, through the processes of oxidation and reduction.

				Ionic bonding

				An ionic bond occurs when one atom gives an electron to another atom. Atoms linked together in this way are called ionic compounds. The ionic compound you’re most familiar with is table salt, which forms as the result of an ionic bond between the elements sodium (Na) and chlorine (Cl). When a sodium atom and a chlorine atom bond ionically, an electron from the sodium atom jumps over to the chlorine atom. When the electron exchange takes place, the sodium atom becomes a positively charged ion, and the chlorine atom becomes a negatively charged ion. Just like magnets with opposite electrical charges, the sodium and chlorine atoms cling together. Figure 3-3 shows you what this ionic bond looks like.

				Understanding the basics of ionic bonding is important in environmental science because, although ionic bonds are strong, they’re easily broken in water. I explain why in the later section “Surveying the Properties of Water.”

					

				
					Figure 3-3: The ionic bond of NaCl.

				

					[image: 9781118167144-fg0303.eps]

					Illustration by Wiley, Composition Services Graphics

				Covalent bonding

				When two atoms join together in a covalent bond, they form a molecule  that shares electrons. Unlike in the ionic bond, neither of the atoms in a  covalent bond loses or gains an electron; instead, both atoms use a pair of shared electrons.

				The simplest covalent bonds form between atoms of the same element. For example, two oxygen atoms join together in a covalent bond to form a molecule of O2 gas (see Figure 3-4 for a visual of this molecule).

					

				
					Figure 3-4: Covalent bond between two oxygen atoms.

				

					[image: 9781118167144-fg0304.eps]

					Illustration by Wiley, Composition Services Graphics

				To help predict which atoms are likely to form covalent bonds, scientists use the octet rule. This rule states that atoms are most stable (and, thus, nonreactive) when their first electron shell has two electrons and any outer shells have eight electrons.

				Atoms that form covalent bonds are slightly unstable because they don’t have enough electrons in their outer electron shell. But when one slightly unstable atom combines with another slightly unstable atom and they share their unstable electrons with each other, they both become more stable. As a result, the molecule the two atoms created is unlikely to react with other atoms around it; in other words, it becomes less chemically reactive.

				Understanding covalent bonding is particularly important when you study organic matter, or matter that contains carbon (which I discuss later in this chapter). The element carbon has four electrons in its outer shell and can form covalent bonds with up to four other atoms at one time. By forming so many covalent bonds, carbon molecules can build large, complex shapes.

				Hydrogen bonding

				Another type of atomic bond you need to be familiar with when studying environmental science is the hydrogen bond. A hydrogen bond results when some of the atoms in a covalently bonded molecule pull the shared electrons to one side of the molecule, creating an electrical imbalance in the molecule. (Remember that electrons have a negative electric charge.)

				When an imbalance of electrical charge occurs within a molecule, the molecule is said to be polar or to exhibit polarity — in which case one end has a positive charge and the other has a negative charge (just like a magnet). A polar molecule acts a little like an atom in need of an electron. Its positively charged end is attracted to negatively charged things around it — most commonly the negatively charged sides of other polar molecules.

				The most common example of hydrogen bonding involves water molecules. Figure 3-5 illustrates how the covalent bond between oxygen and hydrogen creates an electrical imbalance in water molecules and how, as a result, the negative end of one water molecule is attracted to the positive ends of another water molecule.

				Hydrogen bonds are weak compared to the covalent and ionic bonds I describe earlier, but these weak bonds play an important role in the environment and in living things. They’re important in forming DNA chains, and they give liquid water some seemingly magical properties, which I describe in the later section “Surveying the Properties of Water.”

					

				
					Figure 3-5:  Water molecules with slight polarity form hydrogen bonds.

				

					[image: 9781118167144-fg0305.eps]

					Illustration by Wiley, Composition Services Graphics

				Oxidizing and reducing compounds

				Many chemical reactions in the environment occur because an atom takes electrons from another nearby atom. Scientists call this type of reaction oxidation because oxygen was the first element recognized to react this way with other atoms and molecules. In an oxidation reaction, the atom that loses the electrons is said to be oxidized.

				For example, rusted iron is the result of an oxidation reaction between oxygen (O) and iron (Fe) that produces the red-colored compound iron oxide (Fe2O3). Another example is when a carbon atom is oxidized as it combines with oxygen, forming carbon dioxide (CO2).

				Of course, sometimes the reverse reaction occurs, and an atom captures an electron from another one. The reverse of oxidation is called reduction. In a reduction reaction, the atom that receives the electron is said to be reduced.

				One of the most important oxidation-reduction reactions occurs in the cycles of photosynthesis and respiration, which I describe in detail in Chapter 4. When plants perform photosynthesis, they reduce carbon dioxide, releasing oxygen into the atmosphere. When animals breathe in oxygen through respiration, they use it to oxidize the carbon compounds they’ve eaten in food and release carbon dioxide.

				Surveying the Properties of Water

				As a small molecule made up of three covalently bonded atoms, water exhibits a few unique characteristics that quite simply make life possible. In this section, I explain how the details of molecular bonding within and between water molecules create conditions that help living things on Earth thrive.

				Taking a closer look at the water molecule

				You may take water for granted as you drink it, wash it down a drain, and carry a large amount of it around in your body, but water is something special. Similarly structured molecules (such as hydrogen sulfide, or H2S) exist only in gas form on Earth’s surface. But water can exist as a solid, liquid, or gas in the range of temperatures on Earth’s surface; this fact is what makes life on Earth possible.

				As I describe earlier in this chapter, water molecules commonly take part in hydrogen bonding as a result of being slightly polar. Although the hydrogen bonds between water molecules are weaker than covalent or ionic bonds, they help water do things like break apart other molecules and cling to one another or to other slightly polar materials. The following sections describe a few ways the polarity of water molecules shapes how water behaves in the environment.

				Acting as a solvent

				A solvent is a liquid that dissolves or breaks down a solid when it touches that solid. To be a solvent, the molecules in water create bonds with the solid material that are stronger than the bonds holding the solid material together; as a result, the water molecules break apart the solid.

				Because of its polarity, water is an excellent solvent for anything that’s held together with ionic bonds. Just think about the many times you’ve dissolved salt in water. When you add the solid salt compound to water, the polar water molecules attract the ions of sodium (Na+) and chlorine (Cl–) and split the salt (NaCl) molecule apart, or dissolve it.

				This characteristic of water is very useful to you when you’re cooking or sweetening your tea. However, the ability of water to act as a solvent also means that dangerous substances can dissolve in water — polluting it or making it poisonous — and then circulate throughout the environment.

				Creating surface tension

				Water molecules cling together as a result of hydrogen bonding due to their polarity. This creates surface tension, which is a layer of bonded molecules that form a barrier or sort of film around the edge of the water.

				You may have noticed that a drop of water on a tabletop often appears as a half-dome shape. This shape occurs because the water molecules cling together and create surface tension around them. The same property allows some insects to walk across the surface of water.

				Moving upward with capillary action

				Water exhibits a property called capillary action, in which its polarity leads it to be attracted to things around it that are also slightly polar, or charged. When you dip the corner of a paper towel in water, capillary action is what draws the water up into the towel. Similarly, when you walk outside on a rainy day, the hem of your jeans soaks water a few inches up your pants legs even though only the very bottom edge of your jeans was touching the wet street — capillary action again! The attraction of the water molecules to the new surface is so strong that it overcomes the pull of gravity, allowing the water to move upward into the paper towel or up the bottom of your pants legs.

				[image: tip.eps]	Capillary action is what allows trees to take up water through their roots and circulate it all the way up to the leaves at the very top. It also plays an important role in moving groundwater through small spaces in rock and soil. (Find out more about groundwater in Chapter 9.)

				The unbearable lightness of ice

				The relationship between an amount of matter and the space it occupies is called its density, and it’s usually measured in grams per cubic centimeter (g/cm3). In most cases, when matter changes from a liquid to a solid, the same amount of matter takes up less space in solid form and, thus, becomes denser in solid form. In other words, the same number of molecules fill less space in solid form than they do in liquid form.

				Water, however, doesn’t behave the way other types of matter do in this regard. When water changes from liquid to solid, it takes up more space, thereby becoming less dense. This property results from the orderly arrangement of water molecules as they stack together, leaving space between them, as shown in Figure 3-6.

				This property explains why an ice cube floats in your glass of water and why icebergs float in the ocean; the material with lower density (ice) floats in the material with more density (water).

					

				
					Figure 3-6:  Water molecules in a solid state(ice).

				

					[image: 9781118167144-fg0306.eps]

					Illustration by Wiley, Composition Services Graphics

				What’s pH Got to Do with  It? Acids and Bases

				Many of the interactions that environmental scientists study are the result of acid and base reactions. So in this section, I provide a brief overview of the aspects of acid-base chemistry that you need to know as you study environmental science.

				Defining acids and bases

				So what are acids and bases, anyway? Empirically speaking, acids and bases have the following characteristics:

				[image: check.png] Acids usually have a sour taste (like lemon juice) and will burn your skin.

				[image: check.png] Bases usually have a bitter taste and feel slippery (like detergent).

				Chemically speaking, an acid is a compound that gives away or releases a hydrogen ion (H+) during a chemical reaction, and a base is a compound that captures a hydrogen ion during a chemical reaction.

				The slight polarity of a water molecule, which I explain in the previous section makes it a powerful agent for dissolving acid and base compounds into liquid form, or solution. When water dissolves an acid compound, the compound releases positively charged ions of hydrogen (H+) into the solution.

				[image: remember.eps]	The number of available hydrogen ions in the solution determines how it will chemically react with other compounds. Scientists quantify the concentration of hydrogen ions in a solution by using the pH scale.

				Measuring reactivity with the pH scale

				The pH scale measures how acidic a solution is; it ranges from 1 to 14. Lower numbers on the pH scale indicate higher levels of acidity (more available hydrogen ions), while higher numbers indicate more basic solutions. A pH value of 7 is neutral, meaning that the solution is neither acidic nor basic.

				The liquids you encounter everyday range from pretty acidic (lemon juice ) to pretty basic (oven cleaner) and everything in between. Table 3-1 shows the approximate pH values of some common substances.

				Table 3-1	Approximate pH of Common Substances
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								Battery acid

							
						

					
				

				Environmental scientists need to understand pH because the acidity of a solution determines how that solution will react with the other matter it contacts. For example, when I discuss air pollution and acid rain in Chapter 15, I describe how it erodes and destroys limestone statues. This erosion is a result of the acid in the rain interacting with the limestone rock and dissolving part of it, ruining the statue in the process. In Chapter 19, I describe how increasing levels of carbon dioxide in the atmosphere lead to a lower pH of the oceans and how that lower pH affects marine life.

				It’s Alive! Organic Matter  and Compounds

				Biological molecules (or organic matter) make up a major component of the environment. Constructed of atoms and molecules, organic matter follows the same rules of chemical bonding as the inorganic matter I describe earlier in this chapter. However, what separates organic matter from inorganic matter is its ability to construct complex, living things, like you and me.

				Organic compounds, sometimes called carbon compounds, are the basis for all living matter on Earth. Organic compounds are molecules made of atoms of carbon and a few other elements. All organic compounds share the following basic characteristics:

				[image: check.png] The molecules are based on the unique ability of carbon atoms to create covalent bonds with multiple other atoms at the same time. (The complexity of carbon bonding is so vast that an entire scientific subdiscipline of chemistry, called organic chemistry, is devoted to studying it.)

				[image: check.png] The molecules are primarily composed of hydrogen, oxygen, carbon, and nitrogen with very small amounts (less than 2 percent) of elements like calcium, phosphorus, and sulfur.

				[image: check.png] The molecules are modular, meaning that a few different shapes can combine in multiple ways to create a wide variety of unique and complex results.

				[image: check.png] The geometry, or three-dimensional shape, of the basic molecules determines how they combine to form larger, more complex compounds.

				Scientists classify molecules that fit these descriptions into four main groups of organic compounds. These four groups, which I describe in the following sections, make up all living matter and control all the chemical processes  of organisms.

				Proteins

				Proteins are made up of smaller organic compounds called amino acids that are linked together in chains. Many different kinds of amino acids can be built with carbon atoms, but living organisms produce only 20 different amino acids. From these 20, all the proteins needed for life are constructed.

				[image: remember.eps]	Proteins play a variety of important roles in living organisms:

				[image: check.png] Proteins act as enzymes. Enzymes assist other molecules during chemical reactions by providing structure. Sometimes enzymes are molecular matchmakers because they bring two (or more) molecules together and help them connect to form something more complex. Other times they help break molecules apart.

				[image: check.png] Proteins form hormones. Hormones function as messengers between cells in an organism, signaling to different cells when to begin or end particular activities.

				[image: check.png] Proteins build antibodies. Antibodies are what your immune system (and the immune system of every living thing) uses to fight off illness and disease.

				[image: check.png] Proteins provide structural support. Proteins make up the structural components of organic matter (see the later section “Building Organisms One Cell at a Time” for details).

				Nucleic acids

				Nucleic acids are the organic molecules that contain instructions for cell reproduction and energy use. The most familiar nucleic acid is DNA, or deoxyribonucleic acid. DNA molecules link together to form genes, which are the blueprints for creating new cells with specific physical and functional characteristics.

				In Chapter 12, I explain how biological change occurs through the combination of DNA from two parents to create their offspring.

				Carbohydrates

				Carbohydrates are molecules that help organisms store and use energy, as well as provide structural material. The simplest carbohydrates are single sugar molecules, such as glucose. Two examples of more complex carbohydrates are cellulose, which forms structures such as plant fibers, and starch, which plants use to store energy. When an animal eats a plant that contains starch, the animal breaks down the starch into its component glucose molecules to use as energy. (I offer plenty of details on energy in Chapter 4.)

				Lipids

				Lipids are organic compounds that don’t dissolve in water; they include many greasy or oily substances, such as wax, butter, and oil. Lipids play two vital roles in living organisms:

				[image: check.png] To form watertight membranes: The fact that lipids don’t dissolve in water makes them very important in the structure of cell membranes (which I describe in the next section). Every cell needs a boundary to keep some things in and other things out. Lipids provide that boundary.

				[image: check.png] To store energy: Although carbohydrate and protein molecules also store energy for organisms, neither of them does so as effectively as a lipid with its long chain of molecules that resists dissolving in water.

				Building Organisms One Cell at a Time

				Just as an atom is the fundamental unit of matter, a cell is the fundamental unit of life. A cell performs all the functions necessary to maintain life and create new cells, including capturing, using, and storing energy.

				In the following sections, I describe living things at their most basic level, including organisms that consist of only one cell and others that consist of many different cells. I also explain the subtle but important differences between plant and animal cells and illustrate their internal components.

				Working together: Cell specialization

				The simplest organisms on Earth are single cells that function as a complete life form (using energy, growing, and reproducing) all by themselves. These single-celled organisms have been around for a long time and continue to thrive even though you can’t see most of them without a microscope.

				Most living organisms, and certainly most of the visible ones, are composed of many cells working together. The trick to these multicellular organisms is cell specialization.

				[image: remember.eps]	Cell specialization is when cells take on different jobs or assignments within the organism. For example, your hair cells perform different functions than your skin or liver or eye cells. Similarly, in a plant, some cells form leaves and others form the stem or trunk.

				Separating plant cells from animal cells

				Regardless of which specialized job a cell plays in the larger organism, all cells are fundamentally similar in structure. In fact, the cells of both plants and animals have the same basic internal components. Here’s a list of the parts, or organelles, common to every cell:

				[image: check.png] Cell membrane: The cell membrane, which is built of lipids, defines the outer boundary of the cell. Within the cell membrane, other organelles are protected. Cell membranes prevent some materials from passing through, but they allow other materials (such as energy and waste) to pass into and out of the cell.

				[image: check.png] Nucleus: The nucleus is where the genetic information (DNA) of the cell is stored.

				[image: check.png] Mitochondria: The mitochondria in a cell provide fuel for everything the cell does. I explain this process, called cellular respiration, in Chapter 4.

				In addition to these organelles, plant cells have a few other important parts that animal cells don’t have:

				[image: check.png] Cell wall: Along with the cell membrane, plant cells have a cell wall made of cellulose that helps the cell maintain a more rigid structure.

				[image: check.png] Chloroplasts: Chloroplasts are organelles inside plant cells that use a molecule called chlorophyll to capture sunlight and transform it into energy. (I explain this process, called photosynthesis, in Chapter 4.)

				Figure 3-7 illustrates a plant cell and an animal cell and includes the major components of each.

					

				
					Figure 3-7: A plant cell and an animal cell.

				

					[image: 9781118167144-fg0307.eps]

					Illustration by Lisa Reed

				[image: remember.eps]	The most significant difference between plant and animal cells is that animal cells don’t have chloroplasts, which means they can’t capture and convert energy from the sun the way plant cells do. Instead, animal cells must get their energy from outside of themselves.

				Living an extreme life

				For hundreds of years, scientists classified living things into one of two kingdoms: animal or plant. But as scientists recognized more diversity among living things, they added three more kingdoms to include bacteria (single-celled organisms with simple cells), fungi (molds, mushrooms, and so on), and protists (single-celled organisms with complex cells). Then in the 1970s, this five-kingdom classification system was turned on its head when researchers discovered a new life form — the archaea.

				Archaea are single-celled organisms usually found in extreme environments on Earth that scientists previously thought couldn’t support life. These single-celled organisms are similar to bacteria in appearance, but genetic studies indicate that they’re as different from bacteria as they are from plants and animals. As a result, scientists now use a three-domain classification scheme for living things: bacteria, archaea, and eukarya (complex-celled organisms, including plants, animals, fungi, and protists).

				Generally called extremophiles because they thrive in extreme environments, scientists label archaea according to the specific type of extreme environment they live in. Here are a few examples:

				[image: check.png] Hyperthermophiles live in places with high temperatures, up to and exceeding the boiling point of water, including hot springs and seafloor vents.

				[image: check.png] Acidophiles live in places with very low pH, or high acidity.

				[image: check.png] Alkaliphiles live in places with very high pH, or extremely low acidity.

				[image: check.png] Cryophiles live at temperatures below freezing, such as in glacier ice, in permafrost, and below winter snowpack.

				[image: check.png] Xerophiles live in extremely dry conditions, such as in deserts.

				[image: check.png] Halophiles live in environments with high concentrations of dissolved salt.

				Scientists have found other archaea in environments with high sugar concentrations and high pressure conditions and even inside rocks and oil below the Earth’s surface. In fact, as they continue their research, scientists are finding that archaea are everywhere on Earth, inhabiting environments from one extreme to the other and everything in between.

				One of the most interesting things archaea have taught scientists is that life can exist under some pretty strange conditions. For scientists who look for organisms in other parts of the solar system (called astrobiologists), the discovery of archaea on Earth opens up new possibilities of what may survive on other planets.
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Table 14-1 Alternative Energy Resources

Energy Source___Pro Con Emissions/Pollutants
Biofuel Easlygown  Competeswith  Particulates (small
anywhere food crops particles of solid or
liquid material

suspended in the air;
see Chapter 15)

Water Endlessly Some habitat None
renewable, destruction
clean
Geothermal Low costafter  Geographically  None
installation limited
Wind Low costto Geographically Potential danger to
install limited flying organisms (birds,
bats, and butterflies)
Solar Endlessly High initial None
renewable costs
Fuel cells Very efficient,  Difficult None iffossilfuels
0 pollution storage and aren'tneeded to
transport process and transport

them)
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Table 7-1 Terrestrial Biome Characteristics

Biome Plant Life Annual Annual Soil Uses.
Precipitation _Temperature _ Quality
Tundra Low- Low Cold Frozen
growing
plants, no
trees
Boreal Evergreen  Low Cold Poor  Logging
forest rees
Temperate  Grasses  Low Hotsummer, Highly Grazing,
grassland coldwinter  produc-  farming
tive
Woodland/  Woody Low Hotsummer, Lowin  Grazing,
chaparral  shrubs, coolwinter  nuti-  grape
oak ents agriculture
Temperate Deciduous  High Warm Richin Agriculture
deciduous  trees summer, nutri
forest cold winter ents
Temperate  Large High Mild year Logging
rainforest  conifers, round
ferns
Tropical  Large High Warmyear  Lowin  Logging,
rainforest  tropical round agriculture
trees
Savannah  Grasses,  Low Warm Agriculture,
shrubs, grazing
trees
Subtropical  Cact, Very low Hot
desert other

succulents
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“Take it easy evergone. Let’s just hope the wind.
currents carry this thing out of here.”





OEBPS/images/9781118167144-fg1601_fmt.png





OEBPS/images/9781118167144-fg0601_fmt.png
Open system

Input of matter Output of matter






OEBPS/images/9781118167144-fg1702_fmt.png
High degree - SONAchasogy
of myston o oo &
unkaowns swawina
Ontcomnes P S
e it
o r—
s " mottunen
=y
[
O I en—
[, [r——
Pr—
s
Low degree s
of mysteryor Low High
unknowns  amauntof <———————————————» gmount of
dread Key: o High sk perception 9162

= Medium risk perception
a Low riek perception





OEBPS/images/9781118167144-fg0402_fmt.png
Photosynthesis

Water  (oniyplantcells)  Oxygen

Carbon Glucose
dioyide

Celluar
respiration
Mitochondrion
{blant and animal cells)





OEBPS/images/9781118167144-pp0601_fmt.png
The 5th Wave

By Rich Tennant

14 GLACIER Movement Provct
UPDATE. THEIR WEBSITE

Camera veady? Wait 2 minvte,
Told it. Ready? Wait for the
ackion...steady...steady...nob
get...eeeasy. Hold it. Okay,
stay focused. Ready? Not
get...sbeeeady...ceeasy...






OEBPS/images/9781118167144-fg0905_fmt.png
Pure water

l Membrane l

— Direction of
water flow





OEBPS/images/9781118167144-fg1203_fmt.png
Sustainable
development

Transition zone — e
Buffer zone

Core area






OEBPS/images/9781118167144-fg0706_fmt.png





OEBPS/images/9781118167144-fg1901_fmt.png
‘The Greenhouse Effect

(@) Some sunshine
is reflcte






