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What is the impact of 

population size during 

an environmental 

hazard, such as a global 

pandemic?
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ANCHORING PHENOMENON PROJECT Impacts of an Environmental Hazard 
Environmental hazards can be physical, chemical, social, and biological. Physical hazards include natural disasters, such as earthquakes, wildfires, tornadoes, and droughts. Chemical hazards occur when chemicals in the environment harm human health. Social hazards result from where we live, our jobs, or our lifestyle choices. Living 
next to a factory that is illegally releasing harmful chemicals into the air is a social hazard. Biological hazards occur when viruses, bacteria, and other pathogens harm human health. The flu virus and the bacterium that causes strep throat are biological hazards. Pandemics, such as the Zika virus and COVID-19, are also examples of biological hazards. Consider the different types of hazards. How do you think that population variables, such as size and density, affect the magnitude of the impact of the 

hazard as well as the response to the impact?  
In this activity, you will conduct research to learn more about how population variables can affect the impact of and response to environmental hazards. After choosing an environmental hazard, you will design a solution to reduce the impact of the hazard on social, economic, environmental, and human health based on population variables.  

Define the Problem: What solution can you design to reduce the impact of an 
environmental hazard on social, economic, environmental, and human health based on 
population variables? 

1. Describe  Explain the problem you will solve.  
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CLAIM-EVIDENCE-REASONING 

Impacts of an Environmental Hazard 

Think about the Anchoring Phenomenon question. What is the science behind the 

phenomenon? To help you build an understanding of the phenomenon, you will construct and 

revise a scientific argument.  

Build Your Argument Through Claim, Evidence, and Reasoning  

1. SEP Ask Questions  Write a question about the phenomenon or event that you 

would like to discuss with your classmates. (Your teacher may also provide you 

with one.) 

  

 

2. SEP Construct Written Arguments  Use the Claim-Evidence-Reasoning 

framework to build a scientific argument about the phenomenon. After stating 

your claim, support it with evidence and scientific reasoning. 

Make a Claim  Your claim should be a response 

to the stated question. Place only what you 

intend to argue. If appropriate, use relevant 

vocabulary you have learned in this course. 

 

Cite Evidence/Data  Provide at least 2 

observations or data points that can be used to 

justify your claim. Avoid “I” statements. If 

possible and appropriate, use multiple sources. 

 

 

Use Reasoning  If applicable, state the 

definition of the vocabulary word used in the 

claim in your own words. Then summarize the 

data and state how that aligns with the definition 

and verifies the claim. If there is a known 

relevant scientific principle that explains the 

phenomena, state that and use it to explain what 

causes your claim to be true. Be as detailed as 

possible. 

 

These questions will help you apply what you have learned in 

this Unit to the Anchoring Phenomenon. 

1. Develop and Use Models Choose a natural disaster and 

model the impact of the disaster in a densely populated area 

and a sparsely populated area. Your model should include 

advantages and disadvantages of being in each area during 

and after the event. How could you use the advantages to 

reduce the impacts?

2. Plan and Carry Out Investigations Design an investigation to 

determine how the variable of population size could impact the 

risk assessment of a chemical hazard. Develop a hypothesis, 

identify the independent and dependent variables, and write a 

procedure. 

For activities that will give you an opportunity to demonstrate 

what you have learned. 

CLAIM-EVIDENCE-REASONING Revisit your Anchoring 

Phenomenon CER with the information you have learned in  

this unit.

ANCHORING PHENOMENON PROJECT Design a solution to 

reduce the impact of population size when an environmental 

hazard occurs.

REVISIT

ANCHORING PHENOMENON

 GO ONLINE

ANSWERS
1.  Sample answer: Students’ mod-

els should show that an earth-

quake in a densely populated 

area will likely do more damage 

than the same magnitude earth-

quake in a sparsely populated 

area. 

• There are more buildings, roads, 

bridges, and other structures 

and they are closer together in 

the densely populated area. 

• There are more people who 

could be injured. This could 

impact emergency response 

because there is more damage 

and more people that need help. 

• The disadvantages of being 

in the densely populated area 

are that it will require a bigger 

response effort overall. The 

advantages are that there are 

a lot of people who can help 

and reach others more quickly. 

All first responder services are 

closer. 

• One advantage I would use to 

reduce the impact is that commu-

nication in the densely populated 

area may be easier. People are 

closer together and may get news 

faster. 

• The disadvantages in the sparsely 

populated area are that people 

are harder to reach. It may be 

a further distance to a hospital 

or for first responders to reach 

people. The advantages are that 

the damage may be less severe 

because structures are further 

apart. 

•  One advantage that I would use 

is that people in the sparsely pop-

ulated area may not depend on 

the city for water/sewer services. 

They may have intact wells and 

generators to help them through 

a power outage.

2. Sample answer: Hypothesis: As 

population increases, the risk to 

humans increases at every step 

of the assessment. The indepen-

dent variable is population size. 

The dependent  variables include 

the steps in the risk assessment 

process. The procedure would 

include examining each step 

in the assessment process and 

determining how each would be 

affected as population rose in 

increments of 1 million.

320

Anchoring Phenomena
An engaging Anchoring Phenomenon at the start of every unit introduces and unifies 
the upcoming concepts. Students ask questions and gather evidence about the 
phenomenon on their sense-making journey. 

Students build understanding with an 
Anchoring Phenomenon Project.

Students track their knowledge in a 
Claim-Evidence-Reasoning investigation 
or Modeling Activity as they learn more 
about the phenomenon.

Students solidify mastery and Revisit 
the Anchoring Phenomenon.

Phenomenal experiences for   student inquiry
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Urbanization
How can we balance the ways we use land with the 
needs of the environment?INVESTIGATIVE PHENOMENON

Green roofs are another 
way Portland, Oregon has 
remained an eco-friendly city.

290

Washington

Oregon

Portland

Lesson 1
Land Use and 
Urbanization

Lesson 2
Sprawl

Lesson 3
Sustainable Cities

Growing Pains in Portland, Oregon

GO ONLINE
• Take It Local • 3-D Geo Tour

IN 1973, Oregon governor Tom McCall 
challenged his state’s legislature to take action 
against runaway development. McCall echoed 
the growing concerns of many state residents that 
farms, forests, and open spaces on the boundaries 
of cities were being devoured by development that 
was growing ever outward from cities. So Oregon’s 
state legislature acted. They passed Senate Bill 100, 
a sweeping land use law. For years afterward, it was 
the focus of praise, criticism, and scrutiny by other 
states and communities trying to manage growth. 
Senate Bill 100 required every city and county in 
Oregon to draw up a land use plan. As part of its 
plan, boundaries had to be established around 
each city. Development for housing, businesses, 
and industry would be encouraged within these 
boundaries but severely restricted beyond them. 
The intent was to revitalize city centers and to 
protect farmland, forests, and other open areas from 
being consumed by suburban development.

Residents of the Portland area established a 
new regional government to help plan land use 
in the region. The Metropolitan Service District 
adopted the Portland-area boundary in 1979. The 
boundary largely worked as intended. Portland’s 
downtown and older neighborhoods thrived, 
regional city centers became denser and more 
community oriented, mass transit improved, 
and the countryside outside the boundary was 
protected. 

Many Portlanders, both within and beyond 
the boundary, began to feel that it was the key 
to maintaining livability in the area. To its critics, 
however, the boundary was an intrusive government 
tool. Still, most citizens had supported land use 
rules for 25 years. So many observers were surprised 
when, in November 2004, Oregon voters approved 
a ballot measure that threatened to destroy those 
rules. Measure 37 required the state to pay certain 
landowners if laws had decreased the value of their 
land. For example, laws prevented landowners 
outside the established boundaries from selling off 
parts of their property for housing development.

Under Measure 37, the state either had to pay 
landowners to make up for income lost because they 
were not allowed to sell their property or waive the 
rules and allow them to sell it. Eventually, more than 
7500 landowners, mostly real-estate developers, 
filed claims. Because the state did not have enough 
money to pay them, owners of land outside the 
boundary would have been allowed to develop it. 
Measure 37 would have basically canceled out the 
30-year-old land use rules that had helped make 
Portland a livable city. So the state legislature, under 
pressure from both supporters and opponents of 
Measure 37, decided the voters would have another 
chance to speak. They would vote on Measure 49, 
which would modify many of the policies in Measure 
37 and protect the rights of small landowners. In 
November 2007, Measure 49 passed easily. Many 
landowners outside the boundary are once again 
prevented from selling their land for residential 
development. 

The long, complicated, and unpredictable 
story of Portland’s struggles with growth will 
continue. And Portland is only one of many cities 
with that challenge. The stories that unfold in these 
cities will tell us much about the future of our cities 
and landscapes.

Urbanization 291

Urbanization 313

1. Describe Briefly describe how city planners use 

zoning, UGBs, smart growth, and new urbanism. 

2. Explain How is a successful mass transit system 

important to improving the quality of life in a city?

3. Infer Give two reasons why open space is impor-

tant to people who live in cities.

4. Review What are four possible features of a green 

building?

5. Infer Give two reasons why the progress toward 

sustainability in New York City and Curitiba is 

important to the rest of the world.

6. INVESTIGATIVE PHENOMENON  Explain 

how sprawl can contribute to the economic decline 

of a city. 

REVISIT

Urban Sustainability Successes 

Despite the challenges you have been reading about, there has been 

great success in creating sustainable cities. Many cities have managed 

to improve both their environmental sustainability and the standard of 

living of their residents. Curitiba, in Brazil, and New York City show how 

sustainability can succeed both in the developing world and in the devel-

oped world.

Curitiba, Brazil Curitiba, Brazil, shows the kind of success that can 

result when a city invests in well-planned infrastructure. 

Besides a highly efficient and well-used bus transit network, 

the city provides recycling, environmental education, job 

training for the poor, and free health care. Surveys show that 

its citizens are unusually happy and better off economically 

than people living in other Brazilian cities.

New York City Closer to home, on Earth Day 2007,  

Mayor Michael Bloomberg of New York City unveiled an 

extensive new plan to make New York “the first environ-

mentally sustainable 21st-century city.” OneNYC 2030 is  

a program that aims to reduce energy use and greenhouse 

gas emissions, improve mass transit, plant trees, clean up 

polluted land and rivers, and improve access to parks and 

greenways. The hope is that New York City will become a 

better place to live even as it gains 650,000 more people  

by 2030. In its first couple of years, OneNYC made  

significant progress, especially in encouraging alternatives  

to car transportation and in planting trees, as you can see  

in Figure 20.
Progress toward sustainability in places as different as 

Curitiba and New York City suggests that cities everywhere 

can be sustainable. Indeed, because they affect the environ-

ment in some positive ways and can use resources efficiently, 

cities can and should be a key element in the progress 

toward global sustainability.

FIGURE 20 Sustainable 

Cities Part of OneNYC 

2030 is an effort to plant 

1,000,000 new trees in New 

York City by 2030. By 2018, 

620,000 had already been 

planted.
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Lesson 3 Assessment For answers 

to the Lesson 3 Assessment, see page 

A–15 at the back of the book.
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Phenomena-Driven 
Instruction

Students build understanding with 
an Anchoring Phenomenon Project 
that accompanies every unit.

Revisit the Anchoring Phenomenon 
as more knowledge is uncovered.

Students track their knowledge in a Claim-
Evidence-Reasoning or Modeling Worksheet 
as they learn more about the phenomenon.

Chapter content  
ties back to the 
Central Case, 
providing a storyline 
for students to follow.

Assessment questions repeatedly encourage 
students to revisit the phenomenon. 

In Defend Your Case at the end 
of the chapter, students have the 
opportunity to gather evidence, 
analyze data, and use scientific 
reasoning to support their claim. 
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ANCHORING PHENOMENON PROJECT 

Costs of Excess Nutrients Reaching Aquatic 
Ecosystems 

When excess nutrients reach aquatic ecosystems, such as rivers, lakes, and oceans, it 
can set off a chain of events that impact the abiotic and biotic factors in the ecosystem, 
as well as people who depend on the ecosystem for income, food, or recreation. For 
example, large amounts of excess nutrients reach the Gulf of Mexico in spring each 
year. Algae take up the excess nutrients and reproduce in great numbers, resulting in 
an algal bloom. When the algae die, bacteria decompose their remains, using much or 
all of the oxygen in the water. An area of hypoxic, or low-oxygen, water called a dead 
zone is created. Fish, shellfish, and other aquatic organisms cannot survive in the 
hypoxic water and die in large numbers. Think about how these events affect people 
who rely on this ecosystem for income, whether it is from fishing or tourism; food; or 
recreation. These impacts are part of the external costs associated with excess 
nutrients in aquatic ecosystems.  
 
In this activity, you will conduct research to learn more about the costs of excess 
nutrients on aquatic ecosystems and people who depend on these ecosystems. Then 
you will design a solution to reduce these costs. 

Define the Problem: What solution can you design to reduce the external costs of 
excess nutrinets in aquatic ecosystems? 

1. Describe Explain the problem you will solve.  

Obtain Information 
Conduct research to learn more about the problem and possible solutions. Answer the 
following questions as you complete your research.  

 
2. Identify What are sources of excess nutrients? How do the nutrients reach 

aquatic ecosystems? 
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CLAIM-EVIDENCE-REASONING 

What is Causing the Fish to Die? 
Think about the Anchoring Phenomenon question. What is the science behind the 
phenomenon? To help you build an understanding of the phenomenon, you will construct and 
revise a scientific argument.  

Build Your Argument Through Claim, Evidence, and Reasoning  

1. SEP Ask Questions  Write a question about the phenomenon or event that you 
would like to discuss with your classmates. (Your teacher may also provide you 
with one.) 

2. SEP Construct Written Arguments  Use the Claim-Evidence-Reasoning 
framework to build a scientific argument about the phenomenon. After stating 
your claim, support it with evidence and scientific reasoning. 

Make a Claim  Your claim should be a response 
to the stated question. Place only what you 
intend to argue. If appropriate, use relevant 
vocabulary you have learned in this course. 

 

Cite Evidence/Data  Provide at least 2 
observations or data points that can be used to 
justify your claim. Avoid “I” statements. If 
possible and appropriate, use multiple sources. 

 

Use Reasoning  If applicable, state the 
definition of the vocabulary word used in the 
claim in your own words. Then summarize the 
data and state how that aligns with the definition 
and verifies the claim. If there is a known 
relevant scientific principle that explains the 
phenomena, state that and use it to explain what 
causes your claim to be true. Be as detailed as 
possible. 

 

 

Introduce every chapter with an Investigative Phenomenon Central Case Study. This engaging 
real-world case encourages students to draw connections between environmental science and 
their life. Interacting with the Central Case provides opportunities for students to gather the 
knowledge necessary to make sense of the Anchoring Phenomenon.

INVESTIGATIVE PHENOMENON

Launch every unit with an engaging Anchoring Phenomenon that introduces and unifies the 
upcoming environmental science concepts. Students ask questions and gather evidence about 
the phenomenon on their sense-making journey. At the end of the unit, students solidify their 
mastery of the concepts behind the Anchoring Phenomenon. 

ANCHORING PHENOMENON

Every lesson begins with an Everyday Phenomenon,  
setting the stage for inquiry. Teacher materials  
provide optional activities to extend students’ thinking. 

EVERYDAY PHENOMENON

Investigative Phenomena
Inquiry begins with an Investigative Phenomenon Central Case Study. The Central  
Case highlights environmental issues that motivate students to investigate and be part  
of the solution.

Chapter content ties back to 
the Central Case, providing a 
coherent storyline to connect  
ideas about the phenomenon.

Assessment questions 
repeatedly encourage students 
to revisit the phenomenon.

Phenomenal experiences for   student inquiry
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INVESTIGATIVE PHENOMENON

How can we balance the 
ways we use land with the 
needs of the environment?

LESSON 1 Land Use and Urbanization
•  Land cover refers to the vegetation and manufactured 

structures that cover land. Land use refers to the human 
activities that occur on land that are directly related to the 
land. Land cover influences land use, and humans change 
both when they build urban areas.

•  The shift of population from the countryside to an urban 
area is called urbanization. Urbanization occurs when peo-
ple move out of rural areas to an urban area that has more 
or better jobs.

•  Cities have both negative environmental impacts, such as 
pollution, and positive environmental impacts, such as 
land preservation.

land cover (292) 
land use (292) 
urban area (293) 
rural area (293) 
urbanization (294) 
infrastructure (296) 
heat island (296)

LESSON 2 Sprawl
•  Sprawl is the spread of low-density urban or suburban 

development outward from a city center. As people move 
out of cities, population growth and increased per capita 
land consumption contribute to sprawl. The degree of 
sprawl can be calculated as the increase in the number of 
people in an area multiplied by the amount of land the 
average person lives on.

•  Sprawl affects the transportation, pollution, public health, 
land use, and economics of an area.

sprawl (299)

LESSON 3 Sustainable Cities
•  City planners use tools such as zoning, urban growth 

boundaries, and principles of smart growth and the “new 
urbanism” to make cities more livable.

•  Transportation options are vital to livable cities.
•  Parks and open space are key elements of livable cities.
•  The goal of a green building is to save energy and other 

resources without sacrificing people’s comfort.
•  Cities as different as Curitiba, Brazil, and New York City 

have made progress toward sustainability, showing that 
cities can be a key element in progress toward global 
sustainability.

city planning (305) 
geographic information system (GIS) (305) 
zoning (306) 
urban growth boundary (UGB) (307) 
smart growth (308) 
ecological restoration (311) 
greenway (311)

INQUIRY LABS AND ACTIVITIES
•  Local Land Cover
  Use maps with satellite imagery on the USGS Web site 

to find the types of land cover in your area.
•  Patterns of Sprawl
  Compare maps of the Atlanta area from different years 

to analyze density and development.
•  Green Building Design
  Which green building features will you recommend 

for use in a local school building? Learn their costs and 
savings.

Lesson 2 
How can the effects of  

urbanization lead to sprawl?

Lesson 1 
How do we use the land  

we live on?

Lesson 3 
What are the characteristics  

of a sustainable city?
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Chapter 10 Self Test • Chapter 10 
Worksheets • Chapter 10 Overview 
Presentation (for PowerPoint)
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Encourage More Inquiry

Case Study Extension
The student Study Workbook  
supports and extends the investigative 
phenomenon case study with a deeper 
dive into the content and critical 
thinking question prompts. 

Teacher’s Guide To Fieldwork
Explore environmental science concepts 
at your own outdoor field site. Five field 
projects allow your students to practice 
field techniques, learn ecological science 
skills, and connect with their local 
environment.
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The hypoxic zone, or area of low oxygen, in 

the Gulf of Mexico varies in size from year to 

year. The National Oceanic and Atmospheric 

Administration (NOAA) supports research 

that measures and monitors the size of the 

dead zone in the Gulf of Mexico annually. 

The graph below shows the results of such 

research. This data help scientists determine 

which factors cause the dead zone to grow or 

shrink. 
Most analyses show that the biggest factor 

in the size of the dead zone is the amount of 

nitrogen and other nutrients that reaches the 

Gulf from the Mississippi River watershed 

each spring. The U.S. Geological Survey 

(USGS) measures the amount of nitrogen 

that reaches the Gulf each year and correlates 

that amount with the size of the dead zone. 

Its scientists have found that when the 

amount of nitrogen increases, the size of 

the dead zone increases. Currently there are 

several plans to reduce the size of the dead 

zone to an acceptable level, indicated by the 

Action Plan Goal line on the graph. 

Although the dead zone is fueled by 

nitrogen runoff, scientists know that short-

term weather patterns can also have an 

effect on the size of the hypoxic region. 

For example, when the region experiences 

periods of extreme weather, the heavy winds 

and wave activity cause more oxygen to 

infuse into the waters—counteracting the 

effects of nitrogen runoff and slowing the 

growth of the dead zone. Scientists feel it 

is important to track and account for these 

short-term effects, in the model they are 

developing to study the dead zone as well. 

This way, they will be able to establish a link 

between fertilizer runoff and size of the dead 

zone without having the data skewed due to 

weather effects. Establishing a good model 

with all the data available can help achieve 

the goals needed to reach acceptable levels. 

With the dead zone reduced in size, the Gulf 

of Mexico can then be restored for fishing 

and recreation.

The Changing Size of the Dead Zone

The Gulf of Mexico’s  

Dead Zone
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Online Lab 
Manual
This ecofriendly resource 
allows you to access and 
edit all of the student 
lab activities. Customize 
your student inquiry 
experiences to fit every 
scenario.

Distance Learning
In Your Neighborhood activities allow students to conduct lab research from 
anywhere. These are a perfect solution for encouraging student inquiry in 
an at-home learning environment.  
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Simplify Prep Time

Teacher Edition 
Your Teacher Edition provides full-size Student Edition pages with at-a-glance  
teaching notes for quick classroom reference. Look for:

•  Strategies to encourage student inquiry as they study phenomena

•  Answers located at point-of-use or in the back of the book

•  Connections to digital resources – making it easier to teach anytime, anywhere.

70 Lesson 1

▶ Cohesion Water sticks to itself. (Think of how water droplets 

on a surface join when you touch them to one another.) This 

property, called cohesion, allows the transport of materials, such 

as nutrients and waste, in plants and animals. Cohesion between 

water molecules is so strong that certain animals, such as the raft 

spider in Figure 8, can actually walk on water!

▶ Resistance to Temperature Change Heating weakens the 

hydrogen bonds in water, but it does not initially increase the 

molecular motion, which is what causes temperature to rise. As a 

result, water can absorb a large amount of energy with only small 

changes in its temperature. This resistance to temperature change 

helps stabilize aquatic environmental systems and the climates in 

which they exist. It also explains why people like to live and vaca-

tion on the coast. Because it takes bodies of water longer to heat 

up and cool down, coastal areas are cooler in hot weather and 

warmer in cold weather.

▶ Ice Density Water molecules in ice are farther apart than in 

liquid water (Figure 9), so ice is less dense than liquid water—

the reverse pattern of most other compounds, which become 

denser as they freeze. This is why ice floats on liquid water. 

Floating ice insulates bodies of water, preventing them from 

freezing solid in winter, allowing animals and plants to survive in 

the water at the bottom.

▶ Universal Solvent Water molecules bond well with other 

polar molecules, because the positive end of one molecule bonds 

easily to the negative end of another. As a result, water can hold 

in solution, or dissolve, many other molecules, including chemi-

cals vital for life. Because of this property, water is often called 

“the universal solvent.” 

FIGURE 9 Density of Ice Icebergs 

float on top of bodies of water because 

ice is less dense than liquid water.

FIGURE 8 Cohesion of Water  

Because cohesion between water molecules 

is so strong, insects such as this raft spider 

can actually walk across it.

How do “dead zones” affect the 

environment surrounding them?

Explanation Point out the statement: 

Water is a unique compound with 

several unusual properties that make it 

essential to life. Have students write a 

short paragraph explaining how the 

lack of oxygen in water affects the 

organisms that live in the water.

INVESTIGATIVE PHENOMENON
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1. Classify Is table salt (NaCl) a compound? How can 

you tell?

2. Review List the four types of macromolecules. 

What is one role played in the body by each?

3. Apply Concepts How would each of the four 

properties of water referred to in this lesson help a 

fish living in a pond?

4.  What would you say to 

a classmate who said that he wanted to fulfill his 

science requirement by taking environmental sci-

ence so he could avoid chemistry?

Acids, Bases, and pH In any water solution, a small number of water 

molecules separate into ions, or charged atoms. Each separation results 

in a hydrogen ion (H+) and a hydroxide ion (OH–). Pure water contains 

equal numbers of these ions, so we say that it has a neutral pH. Most 

water solutions, however, contain different concentrations of the two ions. 

Solutions in which the H+ concentration is greater than the OH– con-

centration are acidic, whereas solutions in which the OH– concentration 

exceeds the H+ concentration are basic, or alkaline.

The acidity or alkalinity of a solution is described by pH. The pH scale 

runs from 0 to 14. A pH of 7 is perfectly neutral—pure water has a pH of 

7. Solutions with a pH less than 7 are acidic, and those with a pH greater 

than 7 are basic. Each point on the scale represents a tenfold difference in 

hydrogen ion concentration. Thus, a substance with a pH of 6 is 10 times 

as acidic as a substance with a pH of 7, and a substance with a pH of 8 is 

one-tenth as acidic as one with a pH of 7. Figure 10 shows the a pH of 

several common substances. 

FIGURE 10 pH The pH scale describes how 

acidic or basic a substance is. Lemon juice is rather 

acidic and soap is rather basic.

1  Assessment

LE
SS

O
N

ANSWERS    

Lesson 1 Assessment For answers 

to the Lesson 1 Assessment, see page 

A–3 at the back of the book.

Editable  
Lesson Plans 
•  Rich lesson plans make it easy  

to customize based on your  
students’ needs.

•  Activities are identified as Real World, 
Inquiry, or Differentiated Instruction – 
giving you an at-a-glance resource  
to consult during classroom prep.

•  The editable format is available  
on Savvas Realize – making lesson 
planning even more flexible.

Visually Engaging 
Presentations
No matter if you’re creating a flipped 
classroom, teaching through distance 
learning, or in the classroom - the 
rich, visually-engaging slides help 
bring lesson content to life. These 
ready-to-use presentation tools are 
full of art from the Student Edition. 
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Matter and the Environment

EXAMINE ANY ENVIRONMENTAL ISSUE, and you will likely 
find chemistry at its core. Chemistry is crucial to understanding how 
pollutants cause acid rain; how gases such as carbon dioxide and methane 
contribute to global climate change; how pesticides and other manufac-
tured chemicals affect our health and the health of wildlife and the envi-
ronment; and how matter is cycled through the environment. Chemistry 
is central, too, in understanding water pollution and wastewater treat-
ment, hazardous waste and its cleanup and disposal, the atmospheric 
“ozone hole,” and most energy issues.

Chemistry is also central to many solutions to environmental prob-
lems. For example, some organisms can help clean up certain kinds of 
pollution. Bacteria and fungi that consume the harmful substances in 
gasoline can be used to clean up soil beneath leaky gasoline tanks that 
threaten drinking water supplies. Other microorganisms can be used to 
break down pesticide residue in soil. Plants as different as wheat, tobacco, 
water hyacinth, and cattails have helped clean up toxic waste sites, often 
by absorbing toxic metals into their roots. These are all instances of 
bioremediation, the reduction of chemical pollution using organisms that 
consume or neutralize the polluting substances. Using bioremediation 
requires both knowledge of the chemical makeup of the pollution and of 
the biological and chemical makeup of the organisms used. There is no 
escape from chemistry.

Building Blocks of Chemistry

To appreciate the chemistry involved in environmental science, we must 
begin with a basic fact. All material in the universe that has mass and 
occupies space is called matter. 

Atoms and Elements Atoms are the basic units of matter. An  
element is a chemical substance with a given set of properties that cannot 
be broken down into substances with other properties.  

Reading Strategy Before you read, create an outline using 
the dark blue, green, and light blue headings in this lesson. As 
you read, fill in key phrases or sentences about each heading. 

Vocabulary matter, atom, element, nucleus, molecule,  
compound, hydrocarbon, solution, macromolecule, protein, 
nucleic acid, carbohydrate, lipid, pH

•  Differentiate among an atom, an element, a  
molecule, and a compound.

•  Discuss how various macromolecules are essential 
to life.

•  Identify some unusual properties of water.

3.1 LESSON PLAN PREVIEW
Differentiated Instruction  
Struggling students fill in a 
two-column table of section 
vocabulary as they read.
Real World Students explore 
macromolecules as “the build-
ing blocks of life.”
Inquiry Students learn about 
the cohesion of water through 
a hands-on activity.

3.1 RESOURCES
Lesson 3.1 Worksheets • Lesson 3.1 
Assessment • Chapter 3 Overview 
Presentation

 GO ONLINE

FOCUS Show students a glass of 
water. Ask them to describe ways 
that water is important to living 
things. Then, ask students to identify 
other types of matter in the environ-
ment that living things rely on. Have 
students watch for information in 
the lesson about properties that 
make these types of matter impor-
tant to environmental systems.

EVERYDAY PHENOMENON
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Simplify Prep Time

Teacher Edition 
Your Teacher Edition provides full-size Student Edition pages with at-a-glance  
teaching notes for quick classroom reference. Look for:

•  Strategies to encourage student inquiry as they study phenomena

•  Answers located at point-of-use or in the back of the book

•  Connections to digital resources – making it easier to teach anytime, anywhere.
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▶ Cohesion Water sticks to itself. (Think of how water droplets 

on a surface join when you touch them to one another.) This 

property, called cohesion, allows the transport of materials, such 

as nutrients and waste, in plants and animals. Cohesion between 

water molecules is so strong that certain animals, such as the raft 

spider in Figure 8, can actually walk on water!

▶ Resistance to Temperature Change Heating weakens the 

hydrogen bonds in water, but it does not initially increase the 

molecular motion, which is what causes temperature to rise. As a 

result, water can absorb a large amount of energy with only small 

changes in its temperature. This resistance to temperature change 

helps stabilize aquatic environmental systems and the climates in 

which they exist. It also explains why people like to live and vaca-

tion on the coast. Because it takes bodies of water longer to heat 

up and cool down, coastal areas are cooler in hot weather and 

warmer in cold weather.

▶ Ice Density Water molecules in ice are farther apart than in 

liquid water (Figure 9), so ice is less dense than liquid water—

the reverse pattern of most other compounds, which become 

denser as they freeze. This is why ice floats on liquid water. 

Floating ice insulates bodies of water, preventing them from 

freezing solid in winter, allowing animals and plants to survive in 

the water at the bottom.

▶ Universal Solvent Water molecules bond well with other 

polar molecules, because the positive end of one molecule bonds 

easily to the negative end of another. As a result, water can hold 

in solution, or dissolve, many other molecules, including chemi-

cals vital for life. Because of this property, water is often called 

“the universal solvent.” 

FIGURE 9 Density of Ice Icebergs 

float on top of bodies of water because 

ice is less dense than liquid water.

FIGURE 8 Cohesion of Water  

Because cohesion between water molecules 

is so strong, insects such as this raft spider 

can actually walk across it.

How do “dead zones” affect the 

environment surrounding them?

Explanation Point out the statement: 

Water is a unique compound with 

several unusual properties that make it 

essential to life. Have students write a 

short paragraph explaining how the 

lack of oxygen in water affects the 

organisms that live in the water.
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1. Classify Is table salt (NaCl) a compound? How can 

you tell?

2. Review List the four types of macromolecules. 

What is one role played in the body by each?

3. Apply Concepts How would each of the four 

properties of water referred to in this lesson help a 

fish living in a pond?

4.  What would you say to 

a classmate who said that he wanted to fulfill his 

science requirement by taking environmental sci-

ence so he could avoid chemistry?

Acids, Bases, and pH In any water solution, a small number of water 

molecules separate into ions, or charged atoms. Each separation results 

in a hydrogen ion (H+) and a hydroxide ion (OH–). Pure water contains 

equal numbers of these ions, so we say that it has a neutral pH. Most 

water solutions, however, contain different concentrations of the two ions. 

Solutions in which the H+ concentration is greater than the OH– con-

centration are acidic, whereas solutions in which the OH– concentration 

exceeds the H+ concentration are basic, or alkaline.

The acidity or alkalinity of a solution is described by pH. The pH scale 

runs from 0 to 14. A pH of 7 is perfectly neutral—pure water has a pH of 

7. Solutions with a pH less than 7 are acidic, and those with a pH greater 

than 7 are basic. Each point on the scale represents a tenfold difference in 

hydrogen ion concentration. Thus, a substance with a pH of 6 is 10 times 

as acidic as a substance with a pH of 7, and a substance with a pH of 8 is 

one-tenth as acidic as one with a pH of 7. Figure 10 shows the a pH of 

several common substances. 

FIGURE 10 pH The pH scale describes how 

acidic or basic a substance is. Lemon juice is rather 

acidic and soap is rather basic.
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Matter and the Environment

EXAMINE ANY ENVIRONMENTAL ISSUE, and you will likely 
find chemistry at its core. Chemistry is crucial to understanding how 
pollutants cause acid rain; how gases such as carbon dioxide and methane 
contribute to global climate change; how pesticides and other manufac-
tured chemicals affect our health and the health of wildlife and the envi-
ronment; and how matter is cycled through the environment. Chemistry 
is central, too, in understanding water pollution and wastewater treat-
ment, hazardous waste and its cleanup and disposal, the atmospheric 
“ozone hole,” and most energy issues.

Chemistry is also central to many solutions to environmental prob-
lems. For example, some organisms can help clean up certain kinds of 
pollution. Bacteria and fungi that consume the harmful substances in 
gasoline can be used to clean up soil beneath leaky gasoline tanks that 
threaten drinking water supplies. Other microorganisms can be used to 
break down pesticide residue in soil. Plants as different as wheat, tobacco, 
water hyacinth, and cattails have helped clean up toxic waste sites, often 
by absorbing toxic metals into their roots. These are all instances of 
bioremediation, the reduction of chemical pollution using organisms that 
consume or neutralize the polluting substances. Using bioremediation 
requires both knowledge of the chemical makeup of the pollution and of 
the biological and chemical makeup of the organisms used. There is no 
escape from chemistry.

Building Blocks of Chemistry

To appreciate the chemistry involved in environmental science, we must 
begin with a basic fact. All material in the universe that has mass and 
occupies space is called matter. 

Atoms and Elements Atoms are the basic units of matter. An  
element is a chemical substance with a given set of properties that cannot 
be broken down into substances with other properties.  

Reading Strategy Before you read, create an outline using 
the dark blue, green, and light blue headings in this lesson. As 
you read, fill in key phrases or sentences about each heading. 

Vocabulary matter, atom, element, nucleus, molecule,  
compound, hydrocarbon, solution, macromolecule, protein, 
nucleic acid, carbohydrate, lipid, pH

•  Differentiate among an atom, an element, a  
molecule, and a compound.

•  Discuss how various macromolecules are essential 
to life.

•  Identify some unusual properties of water.

3.1 LESSON PLAN PREVIEW
Differentiated Instruction  
Struggling students fill in a 
two-column table of section 
vocabulary as they read.
Real World Students explore 
macromolecules as “the build-
ing blocks of life.”
Inquiry Students learn about 
the cohesion of water through 
a hands-on activity.

3.1 RESOURCES
Lesson 3.1 Worksheets • Lesson 3.1 
Assessment • Chapter 3 Overview 
Presentation

 GO ONLINE

FOCUS Show students a glass of 
water. Ask them to describe ways 
that water is important to living 
things. Then, ask students to identify 
other types of matter in the environ-
ment that living things rely on. Have 
students watch for information in 
the lesson about properties that 
make these types of matter impor-
tant to environmental systems.
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Award-Winning Digital Platform
Access all of your content and student data in ONE location. The Savvas Realize®  
digital platform includes offline capabilities, easy integration with all top learning 
management systems, and editable documents and assessments.

Editable Hands-On Inquiry
Students learn science when they 
DO science. They explore concepts 
and gather evidence to explain 
the phenomenon under study 
with activities  such as In Your 
Neighborhood labs, Modeling 
labs, and Claim-Evidence-
Reasoning documents. 

The Online Lab Manual is an 
eco-friendly resource that allows 
teachers to access and edit all of 
the student lab activities.  

Learn About Local Issues
Take It Local and 3D-Geo activities 
on Realize encourage students 
to find a similar situation in their 
local environment. This extension 
personalizes the Central Case and 
helps student sense-making and 
designing of solutions. 

Editable Lesson Plans
Rich, editable lesson plans make it easy to customize  
based on students’ needs, with strategies for differentiation 
and real-world inquiry activities. 

Next-generation e-learning   for class or home
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Google for Education
Partner

Google Partnership 
Realize seamlessly integrates  
Google Classroom™, so you can  
hit the ground running. Share 
content, assessments, and Google 
Classroom rosters. Log in once, 
access everything.

LMS Integration 
Savvas Realize® is a Thin Common 
Cartridge (TCC) certified provider,  
so content runs on all compliant 
LMS platforms. Access all your 
digital content, labs, assessments, 
and student data in ONE location. 
Use our LTI-Advantage (LTI-A) 
integration to make sharing content, 
assessments, and data easier 
between certified LMS systems. 

Next-generation e-learning   for class or home

LOG IN AND EXPLORE!

1. Go to SavvasRealize.com.
2. Select “Try a free demo today.”
3.  Follow the prompts to create a free demo account.
4. Explore the engaging digital content.
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Real Data 
Population Density vs. Carbon Emissions 
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302 Lesson 2

Impacts of Sprawl

Economists and city politicians have almost unanimously encouraged the 
unlimited expansion of cities and suburbs. Their assumption has been 
that all growth is good and that attracting business, industry, and resi-
dents will always increase a community’s economic well-being, political 
power, and cultural influence. The negative effects of sprawl, however, 
challenge this assumption. Growing numbers of people have begun to 
question the philosophy that all growth is good.

Transportation Most studies show that sprawl limits transportation 
options. A lack of mass transit options on the outskirts of cities means 
that people are essentially forced to buy and drive cars. This results 
in more traffic accidents and greater use of fossil fuels. As sprawl has 
increased across the United States, the average person’s commute to work 
has risen to 27 minutes one-way. The total miles driven in the nation 
increased at more than twice the rate of population growth. 

Pollution Sprawl’s effects on transportation give rise to increased pol-
lution. Carbon dioxide emissions from vehicles contribute to air pollu-
tion and global climate change. Motor oil and road salt from roads and 
parking lots pollute waterways, posing risks to ecosystems and human 
health. In fact, runoff of polluted water from paved areas is about 16 times 
greater than runoff from naturally vegetated areas.

Population Density and Carbon 
Emissions
In the accompanying graph, urban population density 
is used as an indicator of sprawl (lower density = more 
sprawl). Carbon emissions per person per year for 
transportation represents the environmental impact 
of the transportation system or preferences for each of 
the cities represented.
1. Describe What relationship between population 

density and carbon emissions for transportation 
does the graph show?

2. Form a Hypothesis Assuming that the rate of car 
ownership is similar in these cities, how would you 
explain the relationship in Question 1?

3. Predict If Houston were to pass laws limiting 
sprawl, resulting in a doubling of its population den-
sity, how would you predict its data would change?

ANSWERS
Real Data
1.  The higher the population density, 

the lower the carbon emissions per 
person

2.  People need to drive less in densely 
populated cities, so there are less 
carbon emissions per person.

3.  Carbon emissions per person 
would likely decrease.

Math Practice Opportunities Strengthen Comprehension
Real data in activities and graphs make the math problems relevant.  
The Skills Handbook and Graphing Tutorials are easy-to-use refreshers  
for “must-know” math concepts and applications. 

Reinforce Learning with the Study Workbook 
Reinforce knowledge with lesson-level vocabulary and activities such  
as Skill Builder, Think Visually, and 21st Century Skills.The workbook  
applies environmental concepts to students’ experiences and lifestyles.

Teacher’s Guide to Fieldwork
Explore environmental science concepts at your own outdoor field site. Five field 
projects allow your students to practice field techniques, learn ecological science 
skills, and connect with their local environment.

Accessible science for student  -centered learning
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CUSTOMIZABLE  
ASSESSMENT TOOLS

•  Lesson and chapter assessments 
require students to think critically, 
apply chapter concepts, and connect 
to the phenomena.

•  Differentiate with two levels  
of editable chapter assessments. 

 •  Chapter self-tests give students and 
teachers an opportunity to gauge 
knowledge before an exam.

•  ExamView® Assessment Suite  
lets teachers create custom tests  
to meet specific needs.

DATA-DRIVEN DECISIONS

•  Access data on standards mastery by 
student, small group, or whole class.

•  Monitor student progress with online 
quizzes and chapter tests.

•  Get real-time data on student activity 
and usage.



Real-world inquiry where  
students are part of the solution

Environmental issues such as climate change, clean energy, and  
food and water availability create public and sometimes controversial 
debate. Environmental Science: Your World, Your Turn immerses 
students in phenomena-based learning experiences to help them 
better understand the issues and be part of the solution.

Try It Online!
Experience the award-winning digital platform. 
Home to all of your Environmental Science content, 
assessments, and student data. Savvas Realize®  
is fully integrated with Google for Education™.

Request a demo or samples at:  
Savvas.com/EnvironmentalScience

Realize 
Integrates with 
your Learning 
Management 

System
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