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 The “blue marble,” our Earth, as seen from outer space. 

  “The fi rst day or so, we all pointed to our countries. The third or fourth day, we were 
pointing to our continents. By the fi fth day, we were aware of only one Earth.”  
  Prince Sultan   bin     Salman   Al   Sa’ud  ,   Astronaut  ,   Saudi Arabia  , 1985.  
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Only one Earth.  From the vantage point of outer space, the planet we call home is 
truly magnifi cent—a “blue marble” of water, land, and clouds. In 1972, the crew of 
the Apollo 17 spacecraft photographed the Earth at a distance of about 28,000 miles 
(45,000 kilometers). In the words of Soviet cosmonaut Aleksei Leonov, “The Earth was 
small, light blue, and so touchingly alone.” 
  Are we alone in the universe? Possibly. Clearly, though, we are not alone on our planet. 
We share it with other creatures large and small. Biologists estimate that upwards of 
1.5 million species exist in addition to our own. Some help to feed and sustain us. Others 
contribute to our well-being. Still others (like mosquitoes) annoy and perhaps even sicken us. 
  We also share the planet with more than 7 billion other people. Over the past century, 
the human population on Earth has more than tripled, an unprecedented growth spurt in 
the history of our planet. By 2050, the population may grow by another 2 to 3 billion. 
  Large and small, all of the species on our planet somehow connect. Exactly how this 
happens, however, may not be so obvious to us. For example, unseen microorganisms shut-
tle nitrogen from one chemical form to another, providing nutrients for green plants to grow. 
These plants harness the light energy of the Sun during the process of photosynthesis. Using 
this energy, they convert the compounds carbon dioxide and water to that of glucose. At the 
same time, they release the element oxygen into the air that we breathe. And we humans are 
host to countless microorganisms that have taken up residence in our skin and internal organs. 
  Large and small, these connections are breaking at an 
alarming rate. 
  A change has occurred in our perspective. Today, we are 
accustomed to reading reports of declining fi sh populations and 
of endangered species. Have you run across the term  shifting 
baselines?  This refers to the idea that what people expect as 
“normal” on our planet has changed over time, especially with 
regard to ecosystems .  The abundance of fi sh and wildlife that 
once was normal is no longer carried in the memories of those 
living today. Similarly, many of us no longer carry memories 
of cities unclogged by vehicles. Fewer people remember clear 
summer days when it really did seem that you could see forever. 
  Clearly we humans are industrious creatures. We grow 
crops, dam rivers, burn fuels, build structures, and jet across 
time zones. When we carry out such activities by the million, 
we change the quality of the air we breathe, the water we drink, 
and the land on which we live. Over time, our actions have changed the face of our 
planet. What was it once like? See what you can fi nd out by doing the next activity. 

 Chapter 6 describes the nitrogen cycle. 
Chapter 4 describes photosynthesis. 

 Consider This activities appear in all 
chapters. These activities give you a 
chance to use what you are learning to 
make informed decisions. For example, 
they may require you to consider 
opposing viewpoints or to make and 
defend a personal decision. They may 
require additional research. 

  Consider This 0.1   Shifting Baselines 

 Seek out one of the elders in your community. This person may be a friend, relative, or 
 possibly even a community historian. 

  a.  Think about the current price of a loaf of bread, a gallon of gas, or a candy bar. Then 
inquire about what things used to cost. How has what people expect as “normal” shifted? 

  b.  Now a more diffi cult task. Think about the local rivers, air quality, vegetation, and/or 
wildlife. In talking with an elder, see if you can identify at least one case in which the 
perception of what is “normal” has shifted. It may be that nobody remembers. 

  The bottom line? The things we perceive today as “normal” were not normal in 
the past. Although we cannot turn back the clock, we still can make choices that pro-
mote our health and the health of our planet today and in the future. A knowledge of 
chemistry can help. The global problems that we face—and their solutions—are inti-
mately linked with chemical expertise and good old human ingenuity. 
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 0.1 | The Choices We Make Today 
 Individually, it may seem that our actions have little effect on a system as large as our 
planet. After all, in comparison to a hurricane, a drought, or an earthquake, what we 
do on a daily basis can seem pretty inconsequential. What difference could it possibly 
make if we biked to work instead of driving, used a reusable cloth bag instead of 
discarding a plastic one, or ate foods grown locally instead of consuming those shipped 
from hundreds or even thousands of miles away? 
  Most human activities—including biking, driving, using bags of whatever sort, 
and eating—have two things in common:  They require the consumption of natural 
resources, and they result in the creation of waste.  Driving a car requires gasoline 
(refi ned from crude oil), and burning gasoline sends waste products out the exhaust pipe. 
Although riding a bike is a more ecological choice, all bicycles, just like automobiles, 
still require the manufacture and disposal of metals, plastics, synthetic rubbers, fabrics, 
and paints. Shopping bags, whether paper or plastic, require the materials to produce 
them. Later down the line, these bags become a waste product. And growing food 
requires water and energy to harvest and transport to market. In addition, food produc-
tion may require fertilizer and involve the use of insecticides and herbicides. 
  You can see where this is going. Any time we manufacture and transport things, 
we consume resources and produce waste. Clearly, though, some activities consume 
fewer resources and produce less waste than others. Biking produces less waste than 
driving; reusing cloth bags produces less waste than continually throwing plastic ones 
away. Although what you do may be negligible in the grand scheme of things, what 
7 billion people do clearly is not. Our collective actions not only cause local changes 
to our air, water, and soil but also hurt regional and global ecosystems. 
 We need to think by the billion. A single cooking fi re? No problem; well, unless 
it accidentally burns down a dwelling. But imagine a few billion people across the 
planet each tending an individual cooking fi re. Add in fi res from those who cook using 
stoves, brick ovens, and outdoor grills. Now you have a lot of fuel being burned! Each 
fuel releases waste products into the atmosphere as it is burned. Some of these waste 
products—better known as air pollutants—are  highly  unfriendly to our lungs, our eyes, 
and of course to our ecosystems. 

Today, the waste products we release are unprecedented in their scale and in their 
potential to lower our quality of life and even shorten it. For example, in a large city 
such as New York, New Delhi, Mexico City, or Beijing, you will fi nd that hospital 
admissions and death rates correlate with air pollution levels. Although the health risks 
are smaller than those caused by obesity or smoking, the issues of public health loom 
large because people are exposed to air pollutants both indoors and out over a lifetime. 

Also worrisome is that our actions (by the billion) release waste products that 
destroy the habitats of other species on the planet. Extinction, of course, is a natural 
phenomenon. But today the rate is many times faster than would be expected from 
natural causes. Our destruction of local specialized habitats, particularly those of 
plants, has led to these extinctions. 

 Underpinning much of our waste production is  energy . The 
need to fi nd energy sources that are both clean and sustainable 
arguably is the major challenge of our century. Currently we are 
both consuming renewable and nonrenewable resources and add-
ing waste to our air, land, and water at a rate that cannot be 
sustained. This should come as no surprise. Time is the key 
factor in determining if a resource is renewable or nonrenewable. 
Renewable resources are those that are replenished more 
quickly over time than they are being consumed. Examples of 
renewable resources include solar energy and biomass, such as 
trees and agricultural crops. Nonrenewable resources are those 
that have a limited supply or are consumed more quickly than 
they are produced. Metal ores and fossil fuels (coal, oil, and 
natural gas) are examples of nonrenewable resources. 

 Look for more about crude oil and 
how it is refi ned in Chapter 4. 

 Chapters 1, 3, 4, and 6 all explore the 
connections between fuels and the 

waste products they 
release when burned. 

 Look for more about what comes out 
a tailpipe in Chapter 1. 
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  With any problem comes the opportunity to fi nd cre-
ative solutions. We hope you are asking yourself “What can 
I do?” and “How can I make a difference in my commu-
nity?” As you ask questions such as these, remember to 
include chemistry in your deliberations. Indeed, chemistry is 
well named the “Central Science.” Today, chemists are at the 
center of the action when it comes to the sustainable use of 
resources. Chemists are challenged to use their knowledge 
responsibly to protect human health and the environment. 
The same, of course, is true for you. In this book, we will 
support you as you learn and encourage you to use what you 
learn to act responsibly in preserving our one Earth. 

 0.2 |  The Sustainable Practices 
We Need for Tomorrow 

 What does it mean to use the resources of our planet in a sustainable manner? We 
hope that you can answer this question—at least in part—from what you already have 
learned in other classes. People from many disciplines, including those from econom-
ics, political science, engineering, history, nursing, and agriculture, have a stake in 
developing sustainable practices. And, as you will learn in this text, those of us in 
chemistry play a major role in creating a sustainable world. 
  Because the term  sustainability  is used by so many groups of people, it has taken 
on different meanings. We have selected one that is frequently quoted: “Meeting the 
needs of the present without compromising the ability of future generations to meet 
their own needs.” This defi nition is drawn from a statement written in a 1987 report, 
Our Common Future,  by the World Commission on Environment and Development of 
the United Nations. In Table 0.1, we reprint excerpts from the foreword to  Our Com-
mon Future  so that you can read its challenging words in their original context. 

Our Common Future  is also called the 
Brundtland   Report . It was named after 
Gro Harlem Brundtland, the woman 
who chaired the commission. 

Table 0.1 Our Common Future (excerpts from the Foreword)

“A global agenda for change”—this was what the World Commission on Environment and Development 
was asked to formulate. It was an urgent call by the General Assembly of the United Nations.

In the fi nal analysis, I decided to accept the challenge. The challenge of facing the future, and of 
safeguarding the interests of coming generations.

After a decade and a half of a standstill or even deterioration in global co–operation, I believe the time 
has come for higher expectations, for common goals pursued together, for an increased political will to 
address our common future.

The present decade has been marked by a retreat from social concerns. Scientists bring to our 
attention urgent but complex problems bearing on our very survival: a warming globe, threats to the 
Earth’s ozone layer, deserts consuming agricultural land.

The question of population—of population pressure, of population and human rights—and the links 
between these related issues and poverty, environment, and development proved to be one of the 
more diffi cult concerns with which we had to struggle.

But fi rst and foremost our message is directed towards people, whose well being is the ultimate goal of 
all environment and development policies. In particular, the Commission is addressing the young. The 
world’s teachers will have a crucial role to play in bringing this report to them.

If we do not succeed in putting our message of urgency through to today’s parents and decision 
makers, we risk undermining our children’s fundamental right to a healthy, life–enhancing environment.

In the fi nal analysis, this is what it amounts to: furthering the common understanding and common spirit 
of responsibility so clearly needed in a divided world.

Gro Harlem Brundtland, Oslo, 1987.
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 Brundtland’s words carry a message to those who teach and 
learn. She writes: “In particular, the Commission is addressing the 
young. The world’s teachers will have a crucial role to play in 
bringing this report to them.” We agree. To this end, we hope that 
your chemistry course will stimulate conversations both inside and 
outside of the classroom. One such conversation is about practices 
that are  not  sustainable. For example, you will study fossil fuels 
and learn why their use is not sustainable (Chapter 4). But don’t 
stop there. You also need to discuss what you can do to  solve  the 
problems we face today. Use what you learn about air quality to 
act to improve local air quality  and  to make informed decisions 
as a citizen to improve it more widely (Chapter 1). Similarly, use 
what you learn about aqueous solubility and waste water to evalu-
ate public policies that relate to water quality (Chapter 5). 
 In 2000, the United Nations adopted the Millennium Devel-

opment Goals, which are targeted toward helping the world’s poor through such efforts 
as improving maternal and child health care and ending poverty and hunger. One of 
these eight goals focuses on environmental sustainability. The four targets identifi ed to 
ensure environmental sustainability are :

  1. Integrate the principles of sustainable development into country policies and 
programmes and reverse the loss of environmental resources. 

  2. Reverse biodiversity loss, achieving, by 2010, a signifi cant reduction in the rate 
of loss. 

  3. Halve, by 2015, the proportion of the population without sustainable access to 
safe drinking water and basic sanitation. 

  4. Achieve, by 2020, a signifi cant improvement in the lives of at least 100 million 
slum dwellers. 

 Signifi cant progress has been made in achieving these targets, and Target 3, with respect 
to drinking water, and Target 4 are on track. The biodiversity target has been missed, 
however. Science and technology continue to be essential in meeting the Millennium 
Development Goals and other sustainability efforts. 
  Scientifi c societies across the globe recognize the importance of mobilizing their 
members in applying their knowledge and expertise to the challenges of sustainability. 
The American Chemical Society’s “Sustainability and the Chemical Enterprise” policy 
statement notes: 

 Preserving the habitability of the Earth and its ability to provide the 
resources required for future generations to thrive is a basic human 
obligation. It is now necessary for society to address the challenges of 
limited resources, an expanding population, and the unintended impacts of 
technological achievements on human health and ecosystem viability. The 
best way to handle these challenges is by redirecting human development 
towards a path of sustainability, which would allow humanity “to meet 
current environmental and human health, economic, and societal needs 
without compromising the progress and success of future generations” 
(WCED, 1987; NRC, 1999; NRC, 2005). 

 The chemical enterprise—consisting of the chemical and allied 
industries, their trade associations, and the educational and professional 
organizations (schools, colleges, universities, research institutions, 
government laboratories, professional societies) that produce both the 
enabling scientifi c knowledge and the necessary scientifi c and engineering 
workforce—has a crucial role to play in advancing sustainable 
development. 

  In this text, we will explore the contributions of science and technology, espe-
cially chemistry, to a sustainable world. The next section describes the Triple Bottom 
Line, a paradigm that looks beyond profi t in assessing business success. 

 WCED, 1987,  Our Common Future  (the 
“Brundtland” Report), World Commission 

on Environment and Development, Oxford 
University Press, Oxford, UK. 

 NRC, 1999,  Our Common Journey: A 
Transition Toward Sustainability,  National 

Research Council, National Academy 
Press, Washington, D.C. 

 NRC, 2005,  Sustainability in the 
Chemical Industry , National Research 

Council, National Academy Press, 
Washington, D.C. 
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 0.3 | The Triple Bottom Line 
 Scientists aren’t the only ones responsible for a sustainable planet. If you are a business 
or economics major, you may be well aware that people in the business sector have put 
sustainability on the corporate agenda. In fact, sustainable practices can offer a com-
petitive advantage in the marketplace. 
  In the world of business, the bottom line always has included turning a profi t, 
preferably a large one. Today, however, the bottom line includes more than this. For 
example, corporations are judged to be successful when they are fair and benefi cial to 
workers and to the larger society. Another measure of their success is how well they 
protect the health of the environment, including the quality of the air, water, and land. 
  Taken together, this three-way measure of the success of a business based on its 
benefi ts to the economy, to society, and to the environment has become known as the 
Triple Bottom Line.  One way to represent the Triple Bottom Line is with the overlap-
ping circles shown in Figure 0.1. The economy must be healthy, that is, the annual 
reports need to show a profi t. But no economy exists in isolation; rather, it connects to 
a community whose members also need to be healthy. In turn, communities connect 
to ecosystems that need to be healthy. Hence the fi gure includes not one, but three 
connecting circles. At the intersection of these circles lies the “Green Zone.” This 
represents the conditions under which the Triple Bottom Line is met. 
  Harm that occurs in any of the circles of Figure 0.1 will ultimately translate into 
harm for the business. Conversely, achieving success can provide a competitive advan-
tage, both immediately and in the years to come. Businesses can turn a profi t; at the 
same time, they can get good publicity (and minimize any harm) by using less energy, 
consuming fewer resources, and creating less waste. A triple win! 
  Recent news articles document the changes that are occurring. For example, read 
this excerpt from a news article that explains how the use of compostable plastics is 
diverting organic waste from landfi lls to compost piles. The source is  Chemical & 
Engineering News (C&EN) , the weekly publication of the American Chemical Society. 

 Houston had a problem. The city’s composting program called for residents 
to put their lawn clippings and leaves in polyethylene bags and leave them 
curbside. The sanitation workers who collected the bags had to cut them 
open and dump the contents into the backs of their trucks. It was laborious 
and time-consuming. Overtime was piling up. 

 The city decided to end the program and stop composting yard 
waste, recalls Gary Readore, chief of staff and recycling manager for 
Houston’s Solid Waste Management Department. “Everything was going to 
the landfi ll.” That system wasn’t cheap either. Houston was collecting 
60,000 tons of clippings per year. With a $25-per-ton “tipping fee,” the 

 The Triple Bottom Line sometimes is 
shortened to the 3Ps: Profi ts, People, 
and the Planet. 

Healthy
ecosystems

Healthy
economies

Healthy
communities

Green zone

 Figure 0.1 
 A representation of the Triple Bottom Line. The “Green Zone” (where the Triple Bottom Line is achieved) lies 
at the intersection of these three circles. 
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charge for sending it to the landfi ll, yard waste cost the city $1.5 million 
per year. 

 In 2010, Houston resumed collecting yard waste for composting, but 
now residents leave it out in compostable plastic bags. The bags are 
translucent, allowing workers to peer inside to see if residents are cheating 
by commingling regular trash with the leaves. In addition to saving the 
tipping fee, the city gets $5.00 per ton for the material from its 
composting contractor, Living Earth Technology. The fi rm composts the 
bags right along with the rest of the waste; no special handling is required. 

 Houston’s experience illustrates the value of compostable plastics. 
Such materials aren’t meant to make the problem of plastic waste 
magically disappear. But they are intended to help municipalities and 
institutions divert organic waste away from the landfi ll and to the compost 
pile by making participation in composting programs convenient for 
consumers ( C&EN,  Mar. 19, 2012). 

  Consider This 0.2   Compostable vs. Recyclable 

 Plastics are often referred to as compostable or recyclable. But is there a difference? Explain, in 
your own words, the difference between a plastic that is compostable versus one that is recyclable. 
What are the benefi ts of composting and recycling with respect to the fate of plastics? 

 Donella Meadows (1941–2001) was a 
scientist and writer. Her books include 

 The Limits to Growth  and
The Global Citizen . 

 Look for more about batteries 
in Chapter 8 and more about plastics 

in Chapter 9. 

 Chapter 4 explains how and why 
crude oil is separated into fractions. 

 Chapter 9 explains how polyethylene 
is made from ethylene (and why). 

  The point? The debates over how to be “green” are likely to continue over your 
lifetime. The issues are not new; they are not likely to be resolved anytime soon. 
Chemistry in Context  will encourage you to explore these issues, arming you with the 
knowledge you need to formulate more creatively your own response. 

  “A sustainable society is one that is far-seeing enough, fl exible enough, and 
wise enough not to undermine either its physical or its social systems.”  

  Donella   Meadows, 1992

 0.4 | Cradle-to-Where? 
 You may have heard the expression  cradle-to-grave,  that is, an approach to analyzing 
the life cycle of an item, starting with the raw materials from which it came and end-
ing with its ultimate disposal someplace, presumably on Earth. This catchy phrase 
offers a frame of reference from which to ask questions about consumer items. Where 
did the item come from? And what will happen to the item when you are fi nished with 
it? More than ever, individuals, communities, and corporations are recognizing the 
importance of asking these types of questions. Cradle-to-grave means thinking about 
 every  step in the process. 
  Companies should take responsibility—as should you—for items from the 
moment the natural resources used to make them were taken out of the ground, air, or 
water to the point at which they were ultimately “disposed of.” Think of items such as 
batteries, plastic water bottles, T-shirts, cleaning supplies, running shoes, cell phones—
anything that you buy and eventually discard. 
  Cradle-to-grave thinking clearly has its limitations. As an illustration, let us fol-
low one of the plastic bags that supermarkets provide for your groceries. The raw 
material for these bags is petroleum. Accordingly, the “cradle” of this plastic bag most 
likely was crude oil somewhere on our planet, for example, the oil fi elds of Canada. 
Let’s assume that the oil was pumped from a well in Alberta and then transported to 
a refi nery in the United States. At the refi nery, the crude oil was separated into frac-
tions. One of the fractions was then cracked into ethylene, the starting material for a 
polymer. Ethylene next was polymerized and formed into polyethylene bags. These bags 
were packaged and then trucked (burning diesel fuel, another refi nery product) to your 
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grocery store. Ultimately, you purchased groceries and used one of the bags to carry 
them home. 
  As stated, this is not a cradle-to-grave scenario. Rather, it was cradle-to-your-
kitchen, defi nitely several steps short of any graveyard. So what happened to this plas-
tic bag after you used it? Did it go into the trash? The term  grave  describes wherever 
an item eventually ends up. One trillion plastic bags, give or take, are used each year 
in supermarkets. Only about 5% are recycled. The rest end up either in our cupboards, 
our landfi lls, or littered across the planet. As litter, these bags begin a 1000-year cycle, 
again give or take, of slow decomposition into carbon dioxide and water. 
  Cradle-to-a-grave-somewhere-on-the-planet is a poorly planned scenario for a 
supermarket bag. If each of the trillion plastic bags instead were to serve as the start-
ing material for a new product, we then would have a more sustainable situation. 
 Cradle-to-cradle,  a term that emerged in the 1970s, refers to a regenerative approach 
to the use of things in which the end of the life cycle of one item dovetails with the 
beginning of the life cycle of another, so that everything is reused rather than disposed 
of as waste. In Chapter 9, we will examine different recycle-and-reuse scenarios for 
plastic bottles. But right now, you can do your own cradle-to-cradle thinking in the 
next activity. 

 The term  cradle–to–cradle  caught on 
with the publication in 2002 of a 
book of this same title. 

 Although you may not know 
how much air you breathe in a 
day, Chapter 1 will help you 
to estimate this. 

 Your Turn activities appear in all 
chapters. They provide an 
opportunity for you to practice a new 
skill or calculation that was just 
introduced in the text. Answers are 
given either following the Your Turn 
activity or in Appendix 4. 

Your Turn 0.3   The Can That Holds Your Beverage 

 People tend to think of an aluminum can as starting on a supermarket shelf and ending in a 
recycling bin. There is more to the story! 

  a.  Where on the planet is aluminum ore (bauxite) found? 
  b.  Once removed from the ground, the ore usually is refi ned to alumina (aluminum oxide) near 

the mining site. The alumina is then transported to a production facility. What happens 
next to produce aluminum metal? 

  c.  What happens to the can after you recycle it? 

 Answers 
  a.  Bauxite is mined in several places, including Australia, China, Brazil, and India. 
  b.  The ore must be refi ned electrolytically to produce aluminum metal. This process is 

energy–intensive and carried out in many locations worldwide. 

  As you can tell from these examples, it is not just the decisions of manufactur-
ers that matter. Your decisions do as well. What you buy, what you discard, and how 
you discard it all warrant attention. The choices that we make—individually and 
collectively—matter. 
  At the risk of repeating ourselves, we remind you that the current state of affairs 
in which we consume the nonrenewable resources of our planet and add waste to our 
air, land, and water is  not  sustainable. In the next section, we explain why, setting the 
stage for the topics in chemistry that you will explore in this text. 

 0.5 | Your Ecological Footprint 
 You already may know how to estimate the gas mileage for a vehicle. Likewise, you 
can estimate how many calories you consume. How might you estimate how much of 
the Earth’s natural capital it takes to support the way in which you live? Clearly, this 
is far more diffi cult. Fortunately, other scientists already have grappled with how to do 
the math. They base the calculations on the way in which a person lives coupled with 
the available renewable resources needed to sustain this lifestyle. 
  Consider the metaphor of a footprint. You can see the footprints that you leave 
in sand or snow. You also can see the muddy tracks that your boots leave on the kitchen 
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fl oor. Similarly, one might argue that your life leaves a footprint on planet Earth. To 
understand this footprint, you need to think in units of hectares or acres. A hectare is 
a bit more than twice the area of an acre. The  ecological footprint  is a means of 
estimating the amount of biologically productive space (land and water) necessary to 
support a particular standard of living or lifestyle. 
  For the average U.S. citizen, the ecological footprint was estimated in 2007 to 
be about 8.0 hectares (20 acres). In other words, if you live in the United States, on 
average it requires 8.0 hectares of land to provide the resources to feed you, clothe 
you, transport you, and give you a dwelling with the creature comforts to which you 
are accustomed. The people of the United States have relatively big feet, as you can 
see in Figure 0.2. The world average in 2007 was estimated to be 2.7 hectares per 
person. 
  How much biologically productive land and water is available on our planet? We 
can estimate this by including regions such as croplands and fi shing zones, and omit-
ting regions such as deserts and ice caps. Currently, the value is estimated at about 
12 billion hectares (roughly 30 billion acres) of land, water, and sea surface. This turns 
out to be about a quarter of the Earth’s surface. Is this enough to sustain everybody 
on the planet with the lifestyle that people in the United States have? The next activity 
allows you to see for yourself. 

 A hectare is 10,000 square meters, 
or 2.471 acres. 

Your Turn 0.4   Your Personal Share of the Planet 

 As stated earlier, an estimated 12 billion hectares (~30 billion acres) of biologically productive 
land, water, and sea are available on our planet. 

  a.  Find the current estimate for the world population. Cite your source. 
  b.  Use this estimate together with the one for biologically productive land to calculate the 

amount of land theoretically available for each person in the world. 

 Answers 
  a.  In 2012, the population of the Earth was between 7.0 and 7.1 billion. 
  b.  About 1.7 hectares or ~4 acres per person. 

 Why is this important? We have been exceeding the Earth’s ability to meet our demands 
since the 1970s.   A nation whose people have an average footprint greater than about 
1.7 hectares is exceeding the “carrying capacity” of the Earth. Using the United States 
as an example, let’s do one more calculation to see by how much. 

USA

8.0

China

2.2

Mexico

3.0

France

5.0

Global
average

2.7

 Figure 0.2 
 A comparison of ecological footprints, in global hectares per person. 

  Source: The Ecological Footprint Atlas , 2010. 

Ecological footprints consider resource 
consumption based on land and water 
use; carbon footprints are based upon 

the release of greenhouse gases 
associated with the combustion of 

fossil fuels. Look for more about 
carbon footprints in Section 3.9.
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 Let’s now say that  everyone  on the planet lived like the average citizen in the United 
States. Here is the calculation based on the world population in 2012. 

7.0 billion people 3 8.0 hectares/person 3 1 planet
12 billion hectares

 5 4.7 planets

 Thus, to sustain this same standard of living for everybody on the planet we would 
need nearly 4 more Earths in addition to the one we currently have! 
  “ Only One Earth. ” On this Earth, the number of people has risen dramatically 
in the last few hundred years. So has economic development. As a result, the esti-
mated global ecological footprint is rising, as shown in Figure 0.3. In 2003, we 
estimate that humanity used the equivalent of 1.25 Earths. By the 2030s, the pro-
jection is that we will be using 2 Earths. Clearly this rate of consumption cannot 
be sustained. 
  Through your study of chemistry, we hope you will learn ways either to 
reduce your ecological footprint or to keep it low, if it already is. The next section 
describes how chemists can help make this process work in some ways you might 
not expect. 

Your Turn 0.5   How Many Earths? 

 In 2007, the United States had an ecological footprint of about 8.0 hectares (~20 acres) 
per person. 

  a.  Find an estimate of the current population of the United States. Cite your source. 
  b.  Calculate the amount of biologically productive land that the United States currently 

requires for this population. 
  c.  What percentage is this amount of the biologically productive space (about 12 billion 

hectares or ~30 billion acres) available on our planet? 

 Answer 
  b.  Estimating the U.S. population at 315 million and using the estimate of 8.0 hectares 

per person, the United States required about 2.5 billion hectares (6.2 billion acres). 

 Figure 0.3 
 The current and projected ecological footprint of humans. Current estimates place the footprint above 
1.0 Earths, that is, above what the Earth can sustain.  Note:  The upper projection assumes “moderate 
business as usual.” The lower projection assumes a change to sustainable practices. 

  Source:  Adapted from data provided by the Global Footprint Network. 
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 0.6 |  Our Responsibilities as Citizens 
and Chemists 

 We humans have a special responsibility to take care of our planet. Living out this 
responsibility, however, has proven to be no easy task. Each chapter in  Chemistry in 
Context  highlights an issue of interest such as air quality, water quality, or nutrition. 
These issues not only affect you personally, they also affect the health and well-being 
of the wider communities of which you are a part. For each issue, you will work on 
two related tasks: (1) learning about the issue and (2) fi nding ways to act constructively. 
  How do chemists meet the challenges of sustainability? The answer lies in part 
with “green chemistry,” a set of principles originally articulated by people at the Envi-
ronmental Protection Agency (EPA) and now actively pursued by the American Chem-
ical Society (ACS).  Green chemistry  is the design of chemical products and processes 
that reduce or eliminate the use and generation of hazardous substances. The desired 
outcome is to produce less waste, especially toxic waste, and to use fewer resources. 
  Recognize that green chemistry is a tool in achieving sustainability, not an end 
in itself. As stated in the article “Color Me Green” from an issue of  Chemical & 
Engineering News  published in 2000: “Green chemistry represents the pillars that hold 
up our sustainable future. It is imperative to teach the value of green chemistry to 
tomorrow’s chemists.” Actually, we believe that it is imperative to teach the value of 
green chemistry to citizens as well. This is why so many applications of green chem-
istry are woven throughout  Chemistry in Context.  
  To get you started, we list six key ideas about green chemistry (Table 0.2). They 
also are printed on the inside cover of this book. 
  Initiated under the EPA’s  Design for the Environment Program , green chemistry 
leads to cleaner air, water, and land, and the consumption of fewer resources. Chemists 
are now designing new processes (or retooling older ones) to make them more envi-
ronmentally friendly. We call this “benign by design.” Every green innovation does not 
necessarily have to be successful in achieving all six of these key ideas. But achieving 
several of them is an excellent step on the road to sustainability. 
  For example, an obvious way to reduce waste is to design chemical processes 
that don’t produce it in the fi rst place. One way is to have most or all of the atoms in 
the reactants end up as part of the desired product molecules. This “atom economy” 
approach, although not applicable to all reactions, has been used for the synthesis of 
many products, including pharmaceuticals, plastics, and pesticides. The approach saves 

 Look for green chemistry examples 
throughout this book, designated 

with this icon. 

Table 0.2  Key Ideas in Green Chemistry

 1. It is better to  prevent waste  than to treat or clean up waste after it is formed. 

 2. It is better to  minimize the amount of materials used  in the production of a product. 

 3. It is better to  use and generate substances that are not toxic.  

 4. It is better to  use less energy.  

 5. It is better to  use renewable materials  when it makes technical and economic sense. 

 6.  It is better to  design materials that degrade  into innocuous products  at the end of 
their useful life.  

  Source:  Adapted from  The Twelve Principles of Green Chemistry  by Paul Anastas and John Warner. 
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money, uses fewer starting materials, and minimizes waste. The connection between 
green chemistry and the Triple Bottom Line should be apparent! 
  Many chemical manufacturing processes now use innovative green chemical meth-
ods. For example, you will see applications of green chemistry that have led to cheaper, 
less wasteful, and less toxic production of low VOC paint (Chapter 1). You also will see 
the key ideas in green chemistry applied to processing raw cotton, dry-cleaning methods 
(Chapter 5), and economical and healthier ways to process vegetable oils (Chapter 11). 
  Green chemistry efforts have been rewarded! A select group of research chemists, 
chemical engineers, small businesses, large corporations, and government labs has 
received the Presidential Green Chemistry Challenge Award. Initiated in 1995, this 
presidential-level award recognizes chemists and the chemical industry for their innova-
tions aimed at reducing pollution. These awards recognize innovations in “cleaner, 
cheaper, and smarter chemistry.” 

 0.7 | Back to the Blue Marble 
 Before we send you off to Chapter 1, we revisit the 1987 United Nations document  Our 
Common Future.  Earlier, we drew from this document our defi nition of sustainability: 
“Meeting the needs of the present without compromising the ability of future genera-
tions to meet their own needs.” The foreword to this report was written by the chair, 
Gro Harlem Brundtland. She also wrote these words, ones that call us back to the 
image of Earth that opened this chapter: 

 In the middle of the 20th century, we saw our planet from space for the 
fi rst time. Historians may eventually fi nd that this vision had a greater 
impact on thought than did the Copernican revolution of the 16th century, 
which upset the human self-image by revealing that the Earth is not the 
centre of the universe. From space, we see a small and fragile ball 
dominated not by human activity and edifi ce but by a pattern of clouds, 
oceans, greenery, and soils. Humanity’s inability to fi t its activities into 
that pattern is changing planetary systems, fundamentally. Many such 
changes are accompanied by life-threatening hazards. This new reality, 
from which there is no escape, must be recognized—and managed. 

  We agree. The new reality must be recognized. There is no escape. And all of 
us—students and teachers alike—have important roles to play. With  Chemistry in Con-
text,  we will strive to provide you with the chemical information that can make a dif-
ference in your life and in the lives of others. We hope that you will use it to meet the 
challenges of today and tomorrow, equipped with a deeper understanding of chemistry. 

 VOC stands for volatile organic 
compound. Look for more about 
VOCs in connection with air pollution in 
Chapter 1, “The Air We Breathe.” 
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 Questions 

  1. This chapter opened 
with a famous quote 
from a Saudi astronaut, 
Prince Sultan. Later, in 
a 2005 interview, he 
remarked: “Being an 
astronaut has had an 
enormous impact on 
me. Looking at the 
planet from the 
perspective of the 
blackness of space, it 
makes you wonder, . . .” Prince Sultan went on to 
describe what he wondered about. We did not reprint his 
words. Rather, we hoped that you would write your own. 

 a. Write a three-paragraph essay. In the fi rst, introduce 
yourself briefl y. In the second, describe what is 
important to you as you begin your study of 
chemistry. And in the third, describe what you most 
wonder about that relates to planet Earth. 

 b. Share your self-introduction with others in your 
class, as indicated by your instructor. 

  2. When you look at a picture of Earth, “the blue marble,” 
what are your fi rst impressions? 

  3. Classify the following resources as renewable or 
nonrenewable: wind power, minerals, water, biofuel, 
and natural gas. 

  4. Read the full text of the Foreword to the  Brundtland   
Report , easily found by a web search. It is only a few 
pages in length and contains some of the most compelling 
language ever written. Pick a small section and write a 
short piece that connects it to something you care about. 
You may choose a stance of agreement or disagreement. 

  5. This chapter introduces the idea that the species on our 
planet are all connected, sometimes in ways that are not 
obvious. From your studies in other fi elds, give three 
examples of how organisms are linked or in some way 
depend on one another. 

  6. Energy is the focus of one of the key ideas in green 
chemistry, and this chapter notes that fi nding “energy 
sources that are both clean and sustainable arguably is 
the major challenge of our century.” 

 a. Why are our current sources of energy – fossil 
fuels – neither clean nor sustainable? 

 b. Why is it so important to replace our current sources 
of energy with ones that are clean and sustainable? 

  7. This chapter introduces the concept of “cradle-to-
grave,” one that you will encounter in subsequent 
chapters as well. 

 a. Explain what is meant by a “cradle.” 

 b. For each of these items, name the cradle: plastic bag, 
paper cup, cotton T-shirt. 

 c. Explain what is meant by a “grave.” 

 d. For the items listed in part  b , suggest possible 
“graves” for each. 

  8. Choose an item that you use at school and describe the 
cradle-to-grave approach for its resources. Describe how 
you could change the cycle of the resources to “cradle-to-
cradle.” 

  9. Figure 0.1 shows one possible representation of the 
Triple Bottom Line. Here is another. Comment on the 
similarities and differences between these two fi gures. 

Economy

Society

Environment

  10. Propose a business practice that could follow the Triple 
Bottom Line. 

  11. This chapter also introduces the concept of “shifting 
baselines.” 

 a. In your own words, explain what “shifting baselines” 
means. 

 b. Name an example of shifting baselines that has 
occurred in the past 20 years. 

  12. Calculate your ecological footprint. Feel free to use any 
of the websites available. 

  13. A bus serving a university campus had this sign painted 
on its side: “Reduce your footprints. Take the bus.” 
Explain the double meaning. 

  14. Based on your experiences, why do you think that 
chemistry is called “the central science”? 

  15. Consider the waste produced as a result of an activity 
that you enjoy.  

a. Describe the activity and the waste that accompanies it.

b. As more and more people participate in this activity, 
does the waste produced become a concern? Explain 
why or why not.

  16. Defi ne sustainability in your own words and describe 
two of your current activities that you can make more 
sustainable. 

  17. Describe the progress that has been made with regard 
to Target 4 in the Millennium Development Goals, 
“Achieve, by 2020, a signifi cant improvement in the 
lives of at least 100 million slum dwellers.” 
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  18. Propose some ways that you can personally lower your 
ecological footprint. 

  19. Which key idea in green chemistry do you think is most 
important? Why? 

  20. Select a corporation of your choice, visit its website, 
and look for the pages that describe its efforts in 
regards to sustainability and/or corporate responsibility. 
Possibilities include Coca-Cola, WalMart, ExxonMobil, 
and Burger King. Report on what you fi nd. 

  21. Mel George, a retired mathematics professor and one of 
the architects of  Shaping the Future :  New Expectations 
for Education in Undergraduate Science, Technology, 
Engineering, and Mathematics ( National Science 
Foundation), remarked: “Putting a man on the moon 
did not require me to do anything. In contrast, we all 
must do something to save the planet.” Describe fi ve 
things that you could do, given who you are and your 
fi eld of study. 

  22. Although the key ideas in green chemistry were written 
to guide chemists, you may fi nd that these concepts are 
relevant to you as well. Perhaps you are an economics 
major. Or you are planning to become a nurse or a 
teacher. Perhaps you spend time gardening or you like 
to commute by bike. Pick two of the key ideas in green 
chemistry and describe ways in which they connect to 
your life and/or intended profession. 

  23. Newspaper and magazine advertisements often proclaim 
how “green” a business or corporation is. Find one and 
read it closely. What do you think—is it a case of 
“greenwashing,” in which a corporation is trying to use 
as a selling point one tiny green drop in an otherwise 
wasteful bucket? Or is it a case of a real improvement 
that signifi cantly reduces the waste stream?  Note:  It may 
be diffi cult to tell. For example, eliminating 7 tons of 
waste may sound large unless you know that the actual 
waste stream is in the billions of tons. 

  24. The mission statement of the American Chemical 
Society, the world’s largest scientifi c society, is “Advance 
the broader chemistry enterprise and its practitioners for 
the benefi t of Earth and its people.” Explain how the fi nal 
six words of this statement connect to the defi nition of 
sustainability used in this chapter. 

ACS
Chemistry for LifeTM

  25. Thomas Berry, theologian and cultural historian (1914–
2009), described in his book  The Great Works  (1999) how 
humanity is faced with the job of moving from the present 
geological age, the Cenozoic, to the coming age. He names 
this age as “Ecozoic,” refl ecting the tremendous power of 
humans to shape the face of the world. “The universities 
must decide whether they will continue training persons 
for temporary survival in the declining Cenozoic Era or 
whether they will begin educating students for the 
emerging Ecozoic. . . . While this is not the time for 
continued denial by the universities or for attributing 
blame to the universities, it is the time for universities to 
rethink themselves and what they are doing.” 

 a. What do you see as the coming age? Describe it. If 
you don’t prefer the term  Ecozoic   Age,  suggest one 
of your own. 

 b. How have your studies to date been preparing you 
for the future world in which you will live? 

 c. In what ways do you think your study of chemistry 
might prepare you? 

  26. Select an idea in this chapter that caught your attention. 

 a. Which idea did you select? Expand upon it in a few 
sentences. 

 b. What was it about this idea that caught your 
attention? Explain.  
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