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HAZARDOUS MATERIALS are found just about everywhere—
in your home, in schools and businesses, and in the environment. 
Hazardous materials can harm human health and environmental quality. 
They can damage ecosystems and pollute the atmosphere. Toxic wastes 
in lakes and rivers have caused fish to die off and have closed important 
domestic fisheries. And the scary part is, people are not always aware of 
what hazardous materials really are.

What Is Hazardous Waste? 
  Waste that is ignitable, corrosive, chemically reactive, or toxic is 

considered to be hazardous waste.

There are many harmful substances and chemicals that qualify as haz-
ardous wastes. These wastes may be liquid, solid, sludge, or gas. By EPA 
definition, hazardous waste is ignitable, corrosive, reactive, or toxic.

▶ Ignitable Ignitable substances are those that can easily catch fire 
under certain conditions. These substances include natural gas, gasoline, 
waste oils from automotive shops and restaurants, oil-based paints, sol-
vents (e.g. paint thinners), and alcohol.

▶ Corrosive Corrosive substances are those that can eat through or 
dissolve metal storage tanks and equipment. They are strong acids, such 
as sulfuric acid and hydrochloric acid. Or, they are strong bases, such as 
potassium hydroxide and sodium hydroxide. These wastes are particularly 
difficult and dangerous to dispose of because of their corrosive properties.

▶ Reactive Reactive substances are chemically unstable and can easily 
react with other compounds. When mixed with water, compressed, or 
heated, these substances can explode or produce toxic fumes. Examples 
include old ammunition or fireworks, lithium-sulfur batteries, wastes 
containing cyanides or sulfides, and chlorine bleach and ammonia.

▶ Toxic Toxic substances are harmful or fatal when inhaled, ingested, or 
absorbed through the skin. Toxic wastes can contaminate groundwater. 
Some toxins can also be highly reactive and corrosive. 

Reading Strategy As you read, stop after each paragraph. 
Write a quick summary of what you have just read.

Vocabulary e-waste, surface impoundment,  
deep-well injection, radioactive waste, Superfund

•  Define hazardous waste.
•  Describe some of the sources of hazardous wastes.
•  Describe current methods for hazardous waste 

disposal.
•  Describe the danger of radioactive wastes.
•  Identify agencies that regulate hazardous waste.

 Guiding Question: How can we best reduce the impact of hazardous 
waste?
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FOCUS Tell students that they will 
be studying hazardous wastes in 
this lesson. Then, ask them to pre-
dict what they think might make a 
substance hazardous. Use students’ 
responses to anticipate the defini-
tion of hazardous wastes, sources of 
hazardous wastes, and methods of 
hazardous waste disposal.

GUIDING QUESTION

19.3 LESSON PLAN PREVIEW
Differentiated Instruction  
Summarize lesson concepts 
in short sentences to support 
English language learners. 
Real World Students research 
local household hazardous 
waste disposal options.
Inquiry Students identify and 
research examples of illegal 
hazardous waste dumping.

19.3 RESOURCES
Real Data Online • Lesson 19.3 Work-
sheets • Lesson 19.3 Assessment • 
Chapter 19 Overview Presentation
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Sources of Hazardous Wastes
  Both industry and the private sector produce hazardous 

wastes.

Industry, mining, households, small businesses, agriculture, utilities, and 
building demolition all create hazardous waste. Industry produces the 
largest amounts of hazardous waste, but in most developed nations indus-
trial waste generation and disposal is highly regulated. This regulation 
has reduced the amount of hazardous waste entering the environment 
from industrial activities. As a result, households currently are the largest 
source of unregulated hazardous waste.

Household hazardous waste includes a wide range of items, such as 
paints, batteries, oils, solvents, cleaning agents, lubricants, and pesticides 
(Figure 15). American citizens generate tons of household hazardous 
waste annually. The average home contains close to 45 kilograms (100 
pounds) of it in sheds, basements, closets, and garages.

Although many hazardous substances become less hazardous as they 
degrade chemically over time, two classes of chemicals are particularly 
hazardous because their toxicity persists over time: organic compounds 
and heavy metals.

Organic Compounds In our day-to-day lives, we rely on synthetic 
organic compounds and petroleum-derived compounds to resist bacte-
rial, fungal, and insect activity. Items such as plastic containers, rubber 
tires, pesticides, solvents, and wood preservatives are useful to us pre-
cisely because they resist decomposition. We use these substances to pro-
tect our buildings from decay, kill pests that attack crops, and keep stored 
goods intact. However, the resistance of these compounds to decay also 
makes them persistent pollutants. Many synthetic organic compounds are 
toxic because they can be readily absorbed through the skin of humans 
and other animals and can act as mutagens, carcinogens, teratogens, and 
endocrine disruptors.

Figure 15 Hazardous Wastes in 
the Home Many items are considered 
hazardous by EPA definition, including 
paint, cleaning supplies, and even 
nail polish. These items should not be 
disposed of with your regular garbage.

How do our choices as consumers 
and waste producers affect our 
environment?
Perspective Have students relate 
the information about hazardous 
wastes to the Big Question. Point 
out that many household products 
that are hazardous also have ben-
efits. Have students explain how 
these substances can be examined 
from the perspective of their costs 
and benefits. 

BIG QUESTION
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Heavy Metals Heavy metals such as lead, chromium, mercury, arsenic, 
cadmium, tin, and copper are used widely in industry for wiring, electron-
ics, metal plating, metal fabrication, pigments, and dyes. Heavy metals 
enter the environment when paints, electronic devices, batteries, and other 
materials are disposed of improperly. Lead from fishing weights and from 
hunters’ lead shot has accumulated in many rivers, lakes, and forests. In 
older homes, lead remains a problem—from the pipes that contaminate 
drinking water to peeling paint. Heavy metals that are fat-soluble break 
down slowly and are prone to bioaccumulate in human and animal tissues.

E-waste When we first began to conduct much of our business, learn-
ing, and communication with computers and other electronic devices, 
many people predicted that our waste would decrease. But that has not 
happened. Instead, the proliferation of computers, printers, VCRs, fax 
machines, cell phones, MP3 players, and other gadgets has created a sub-
stantial new source of waste. People quickly judge these devices obsolete, 
and most are discarded after only a few years.

The amount of this electronic waste—called e-waste—is growing  
rapidly. More than 2 billion electronic devices have been sold in the United 
States since 1980. Of these, about 50% are still being used (or reused), 9% 
are in storage, and nearly 40% have been disposed of. The Consumer Elec-
tronics Association estimates that U.S. households discarded 304 million 
electronic devices in 2005—two thirds of them still in working order.

Most e-waste is disposed of in landfills as conventional solid waste. 
However, most electronic products contain heavy metals and toxic 
flame-retardants. Recent research suggests that e-waste should instead be 
treated as hazardous waste. The EPA and a number of states are now mov-
ing toward keeping e-waste out of conventional sanitary landfills.

In many North American cities, businesses, nonprofit organizations, 
or municipal services now collect used electronics for reuse or recycling. 
So next time you upgrade to a new computer, TV, DVD player, or cell 
phone, find out what opportunities exist in your area for recycling your 
old one (Figure 16).

FigurE 16 E-waste Discarded 
electronic waste is considered to be 
hazardous waste. As a result, many 
stores now offer drop-off locations 
where you can bring your outdated 
electronic equipment, including cell 
phones and computers.
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Disposal of Hazardous Waste
  There are three main ways to dispose of hazardous waste—

landfills, surface impoundments, and injection wells.

We have developed three primary means of hazardous waste disposal: 
landfills, surface impoundments, and injection wells. None of these meth-
ods lessen the hazards of the substances, but they do help keep the waste 
isolated from people, wildlife, and ecosystems. 

Hazardous wastes should not be disposed of with your regular trash. 
Since the 1980s, many communities have designated sites or special 
collection days to gather household hazardous waste (Figure 17). Some 
areas have special facilities for the exchange and reuse of substances. 

Once hazardous waste is gathered, it is transported for treatment and 
ultimate disposal. Transport, treatment, and disposal costs have encour-
aged responsible businesses to invest in reducing their hazardous waste. 

Landfills The most common method of dealing with hazardous waste 
is to dump it in a specially designed landfill. Construction standards for 
hazardous waste landfills are stricter than those for ordinary sanitary 
landfills. Hazardous waste landfills must have several solid and watertight 
liners and leachate removal systems. They also must be located far from 
aquifers. 

Dumping of hazardous waste in ordinary landfills has long been a 
problem. In New York City, Fresh Kills largely managed to keep hazard-
ous waste out. However, after the September 11, 2001, terrorist attacks, 
Fresh Kills was reopened temporarily. Almost two million tons of rubble 
from the collapsed World Trade Center towers was taken by barge to 
Fresh Kills. Part of this rubble was considered hazardous waste. Many 
older landfills are now considered hazardous waste sites because of past 
toxic waste dumping.

Figure 17 Community Collection 
of Hazardous Waste Many 
communities designate collection 
sites or collection days for household 
hazardous waste.
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Surface Impoundment The second method for 
managing hazardous waste disposal is surface impound-
ment. Surface impoundments are shallow pits lined 
with plastic and an impermeable material, such as clay. 
Water mixed with hazardous waste is placed in the pit. 
When the water evaporates, it leaves behind a residue 
of solid hazardous waste on the bottom. This process 
is repeated over and over. Eventually, the residue is 
removed and transported elsewhere for permanent dis-
posal. Surface impoundments are not ideal. The under-
lying layer can crack and leak waste. Some harmful 
substances may evaporate or get blown into surround-
ing areas. Rainstorms can cause waste to overflow and 
contaminate nearby areas. For these reasons, surface 
impoundments provide only a temporary storage solu-
tion. We rely on this strategy to reduce the volume of 
liquid hazardous waste.

Deep-Well Injection The third method of hazard-
ous waste disposal is intended for long-term disposal. In 
deep-well injection, a well is drilled deep beneath the 
water table, into porous rock. Wastes are then injected 
into it. The waste is meant to remain deep under-
ground, isolated from groundwater and human contact. 
However, wells can corrode and leak wastes into the  
soil, contaminating aquifers. Roughly 34 billion liters  
(9 billion gallons) of hazardous waste are pumped into 
U.S. injection wells each year.

Reading
Checkpoint 

  What are the three main ways to dispose of 
hazardous waste?

FIgure 18 Surface Impoundment Surface 
impoundments are a strategy for temporarily disposing 
of liquid hazardous waste. The waste, mixed with water, is 
poured into a shallow depression lined with plastic and clay 
to prevent leakage. When the water evaporates, leaving 
a crust of the hazardous substance, new liquid is poured 
in and the process repeated. This method alone is not 
satisfactory because waste can potentially leak, overflow, 
evaporate, or blow away.

FIgure 19 Deep-Well Injection Liquid hazardous 
waste may be pumped deep underground for long-
term disposal. The injection well must be drilled below 
aquifers, into porous rock separated by impermeable 
soil (usually clay). The technique is expensive and 
waste may leak from the well shaft into groundwater.

Injection
well

Injected 
hazardous waste

Uncon�ned aquifer
Impermeable soil

Impermeable soil
Porous rock

Con�ned aquifer

ANSWERS

reading Checkpoint Landfills, 
surface impoundment, deep-well 
injection

Real Data 

1. 1989
2. Belarus, 2002; Ukraine, 2001
3. The graph shows that cancer rates 
continued to increase 10–15 years 
after the accident.



Source: NCRP Report No. 93
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Data from The Chernobyl Forum. 2006. Chernobyl’s legacy: Health, environmental, 
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rev. version.
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Radioactive Waste
  Radioactive waste is particularly dangerous to human health 

and is persistent in the environment. 

Radioactive waste is waste that gives off radiation and is harmful to humans 
and the environment. Radioactive waste is often classified into one of two 
categories: high-level and low-level. Radioactive wastes that emit large 
amounts of radiation are called high-level wastes. High-level wastes include 
wastes from nuclear power plants. These wastes are very dangerous to 
handle and dispose of. Low-level wastes are not as radioactive as high-level 
wastes. Low-level radioactive wastes are produced by hospitals, laboratories, 
uranium mines, as well as contaminated clothing of nuclear power plant 
workers. Although low-level wastes pose less known 
danger, they are more common, and therefore may 
cause more danger than we know.

Because of the long half-life of many elements in 
radioactive waste, radioactive wastes are difficult to 
dispose of safely. They must be sealed in containers 
that will not corrode for thousands of years. They 
also must be stored deep under ground.

Almost all of the high-level radioactive waste that 
exists currently is stored in tanks outside nuclear 
power plants. Yucca Mountain in Nevada has been 
discussed as a possible single-site repository for all 
U.S. nuclear waste in the future. However, the federal 
government ended its support for this project in 2010.

FiguRe 20 Sources of Radiation  
Radiation in the environment comes 
from many sources. The largest source 
is radon. 

Radiation and Human Health
In 1986, an accident at the Chernobyl nuclear power 
plant in Ukraine caused the release of radiation into 
the atmosphere. Since then, scientists have studied 
how radiation exposure affects human health. The 
graph shows the rate of thyroid cancer in people 
who were children at the time of the accident.

1. interpret graphs In which year did the inci-
dence of thyroid cancer start increasing dramat-
ically in Belarus, a nation that borders Ukraine.

2. interpret graphs In which year did Belarus 
show the highest number of cases? In which year 
did Ukraine show the highest number of cases?

3. Apply Concepts Many cancers usually do not 
appear for at least 10–15 years after radiation 
exposure. How does that relate to the data in  
the graph?
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Hazardous Waste Regulation
  Hazardous waste is regulated and monitored, but illegal dump-

ing is a problem.

Current U.S. law makes disposing of hazardous waste quite costly. As 
a result, some companies illegally dump waste or ship their hazardous 
waste to developing nations. Either means of disposal endangers us all. 
Shipping hazardous waste creates health risks for everyone along the 
way.  The costs to local governments forced to deal with illegal dumping 
are very high. The hazardous waste contaminates groundwater and soil. 
Residents and farm animals become sick, and crops fail to thrive. 

Resource Conservation and Recovery Act (RCRA) The Resource 
Conservation and Recovery Act (RCRA) became law in 1976. Under 
the act the EPA sets standards by which states are to manage hazardous 
waste. The RCRA also requires industries that generate large amounts of 
hazardous waste to obtain permits and mandates that hazardous materi-
als be tracked “from cradle to grave.” As hazardous waste is generated, 
transported, and disposed of, the producer, carrier, and disposal facility 
must each report to the EPA the type and amount of material generated; 
its location, origin, and destination; and the way it is being handled. This 
process is intended to prevent illegal dumping and to encourage the use 
of reputable waste carriers and disposal facilities.

Fortunately, the high costs of disposal have encouraged businesses to 
invest in reducing their hazardous waste. Many biologically hazardous 
materials can be broken down by incineration. Some hazardous materials 
can be treated by exposure to bacteria that break down harmful compo-
nents and synthesize them into new compounds. 

Comprehensive Environmental Response Compensation 
and Liability Act (CERCLA) In 1980, the U.S. Congress passed the 
Comprehensive Environmental Response Compensation and Liability 
Act (CERCLA). This legislation established a federal program to clean 

up U.S. sites polluted with hazardous waste from 
past activities. The EPA administers this cleanup 
program, called the Superfund. With EPA sup-
port, experts identify sites polluted with hazardous 
chemicals. The EPA then takes action to protect 
groundwater near these sites, and clean up the 
pollution. Later laws also charged the EPA with 
cleaning up brownfields, lands whose reuse or 
development are complicated by the presence of 
hazardous materials.

FiguRE 21 Love Canal, New 
York Love Canal was a residential 
neighborhood in Niagara Falls, 
New York. Families were forced to 
evacuate their homes after toxic 
chemicals buried by a company and 
the city in past decades rose to the 
surface, contaminating homes and an 
elementary school.

ANSWERS

Lesson 3 Assessment 

1.  Any waste that is toxic, chemically 
reactive, ignitable, or corrosive

2.  Households
3.  Answers will vary, but should 

reflect an understanding of the 
methods of hazardous waste 
disposal.

4.  Radioactive waste is dangerous be-
cause it can be harmful to humans 
and it lasts in the environment for 
a long time.

5.  Sample answer: The businesses 
that owned or used to own areas 
that became brownfields should 
pay for the clean up.

6.  Sample answer: It is important that 
all people, regardless of which na-
tion they live in or their economic 
status, should be protected from 
the effects of hazardous waste.
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1. Review What is hazardous waste? 
2. Explain What is the largest source of unregulated 

hazardous waste in the United States?
3. Evaluate Of the three methods of hazardous waste 

disposal, which one do you believe is the  
safest? Explain. 

4. Apply Concepts Why is radioactive waste so 
dangerous?

5. Form an Opinion Who should be responsible for 
cleaning up brownfields? Explain. 

6. Explore the BIGQUESTION  In this lesson, you 
have learned about the issues of hazardous waste 
management. Why is it important to have a global 
approach to deal with hazardous waste? 

3

Two well-publicized events spurred the creation of the 
Superfund legislation. In Love Canal, a residential neighborhood 
in Niagara Falls, New York, families were evacuated after toxic 
chemicals buried by a company and the city in past decades rose 
to the surface, contaminating homes and an elementary school. 
In Missouri, the entire town of Times Beach was evacuated and 
its buildings demolished after being contaminated by dioxin 
from waste oil sprayed on its roads.

Once a Superfund site is identified, EPA scientists evaluate 
how close the site is to human habitation, whether wastes are 
currently confined or likely to spread, and whether the site 
threatens drinking water supplies. Sites that appear harm-
ful are placed on the EPA’s National Priority List, ranked 
according to the level of risk to human health that they 
pose. Cleanup proceeds on a site-by-site basis as funds 
are available. Throughout the process, the EPA is required to hold public 
hearings to inform area residents of its findings and to receive feedback.

The objective of CERCLA was to charge the polluting parties for 
cleanup of their sites. For many sites, however, the responsible parties 
cannot be found or held liable, and in such cases, Superfund activities 
have been covered by taxpayers’ funds and from a trust fund established 
by the government. As funding dwindles and the remaining cleanup jobs 
become more expensive, fewer cleanups are being completed.

As of 2007, 1354 of the 1569 Superfund sites on the National Priority 
List had been cleaned up. Many sites are contaminated with hazardous 
chemicals we have no effective way to deal with. In such cases, cleanups 
simply involve trying to isolate waste from human contact by two ways:  
(1) by excavating contaminated material or placing it in industrial-
strength containers, and (2) shipping it to a hazardous waste disposal 
facility. For all these reasons, the current emphasis in the United States 
and elsewhere is on preventing hazardous waste contamination in the 
first place.

FiguRE 22 Hazardous Waste 
Disposal Workers need to wear 
protective clothing when dealing with 
hazardous wastes.
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