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How to Use 
the Fact Files

Introduction to the 
Environmental Health Fact Files
This FACT FILE was created for use by teachers participating in the Integrated 
Environmental Health Middle School Project (IEHMSP). The IEHMSP is funded by the 
National Institute of Environmental Health Sciences (NIEHS). The project introduces 
middle school teachers and students in Washington State and New Mexico to the 
field of environmental health and facilitates the teaching of environmental health topics 
across the middle school (grades 6-8) curriculum.

Every FACT FILE produced for the project is designed to make it easy for teachers 
to team teach a specific environmental health-related topic. Teachers who are 
interested in teaching an environmental health topic across the curriculum can use 
these lesson plans and resources to help them integrate environmental health themes 
into their individual subject areas. By integrating these topics across subject areas, 
teaching teams demonstrate to students the interdisciplinary nature of the field of 
environmental health and help break down artificial barriers between subjects. Each 
lesson plan includes a Student Handout which encourages content-area reading. 
Many of the Student Handouts include Check Your Understanding questions to help 
assess your students’ reading comprehension skills.

Each FACT FILE provides subject area specific lesson plans to teachers of social 
studies, science, language arts, math and health and fitness. At least two lessons 
are provided for each subject. Additional resource materials are also included to help 
school librarians who are facilitating student research projects. A companion web page 
is available with annotated links to related web sites (see Resources for the Librarian 
section for the website address).

In order to provide students with a foundation of knowledge about the topic, every 
FACT FILE includes a Student Introduction section that introduces the basics of 
environmental health and shows how the specific topic relates to the field. This section 
should be given to students before they embark on any of the subject specific lesson 
plans. It can be used across disciplines and should be distributed by the first teacher 
in the team to introduce the topic. The science teacher can implement the second 
introductory activities titled Yeast and Household Substances: A Toxicology 
Experiment.

Teachers wishing to learn more background information about the topic should use the 
Resources for the Librarian section and the associated web page.

The lesson plans included in the FACT FILES are designed to be stand alone units 
– the only assumption is that the students will have been introduced to the information 
contained in the Student Introduction page. This allows teaching teams to mix and 
match lessons and present them in any order that is convenient to their particular 
situation and constraints.

We hope you find these lesson plans useful and that the experience of using 
environmental health as an integrating context for teaching is a rewarding one. Please 
feel free to contact us with your questions, comments, and suggestions. Contact 
information can be found on page 14.



2

Environmental Health Fact File: LEAD

Materials developed by the Integrated Environmental Health Middle School Project (NIEHS Grant #ES10738 and 
#ES07033).  Copyright 2005 University of Washington.

Special Note: Teaching about Lead

The most important environmental health topics to share with students are those that 
have a direct impact on them and the things that they have control over in their lives. 
By being aware of an environmental health issue in their own community, students can 
become empowered with that knowledge to reduce their personal risks and lessen 
their opportunities to come in contact with the hazard.

Lead poisoning is one of the most common childhood environmental health problems 
in the U.S. Lead can be found in drinking water, soil, air, paint and sometimes even 
in food. With an understanding of the sources of lead poisoning and the main routes 
of exposure, students can learn how to protect themselves and their family members 
from this health hazard. The widespread risk of lead exposure makes it an important 
topic for the middle school curriculum.

When teaching about a health issue such as lead exposure, it is important to keep in 
mind that some of the students in your class may have a higher risk of lead exposure 
than other students. Middle school students often want nothing more than to fit in with 
the crowd. Be sensitive to this by avoiding pointing out students in your class that may 
have higher risk factors. Rather, let them bring their experience to the discussion, if 
they choose to do so.

In addition, many of the lesson plans in the EH Fact File: LEAD relate lead poisoning 
as an environmental justice issue. By investigating this topic, students will find 
connections between lead poisoning, poverty, ethnicity, geography, cultural practices 
and occupation. References to these issues may cause some students to feel 
uncomfortable at first. For this reason, in your role as the teacher it is important that 
you moderate activities with basic classroom rules of respect. Emphasizing mutual 
respect will create an atmosphere that will allow students to share experiences and 
ideas on topics that may have impacted them personally.
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Each FACT FILE contains six sections. Icons clearly indicate the SUBJECT 
AREA for which the lesson plan was created:

This icon in the margin indicates points in the lesson plan that provide good 
Opportunities for Student Assessment.

This icon in the margin indicates a handout that should be Copied and 
Distributed to Students.

This icon in the margin indicates a Teacher’s Answer Key for a Student 
Handout.

This icon in the margin indicates content that relates to the core environmental 
health concept of Exposure.

This icon in the margin indicates content that relates to the core environmental 
health concept of Toxicity.

This icon in the margin indicates content that relates to the core environmental 
health concept of Dose/Response.

This icon in the margin indicates content that relates to the core environmental 
health concept of Individual Susceptibility.

This icon in the margin indicates content that relates to the core environmental 
health concept of Risks and Benefits.

This icon in the margin indicates content that relates to Environmental 
Justice.

This icon in the margin indicates content that relates to Community 
Resources and Action.

Key to Symbols

Teacher Key

Student Handout
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Lessons at a Glance

Social Studies LESSON ONE: 
A Time Travel Vacation to the Roman Empire
Lesson Overview: In this lesson, students learn about the many ways that ancient Romans 
came in contact with lead. After reading about lead in the Roman Empire, students answer 
questions to check their understanding. Then, students create a travel guide for a time 
travel vacation to the Roman Empire. The guide includes a health advisory to educate 
travelers about the risks of lead poisoning.
Suggested Grade Levels: 5-8
Curriculum Connections: Ancient Roman culture and geography
NM State Standards: I-C, I-D, II-A  (Additional subject standards met are on pages 9-12)

Social Studies LESSON TWO:
The Geography of Childhood Lead Exposure
Lesson Overview: This geography lesson investigates the geography of childhood lead 
exposure in New Mexico State. Students first read about lead poisoning as an environmental 
justice issue. Then, students use information from a data table to create a New Mexico 
state map that plots instances of childhood lead poisoning by county.
Suggested Grade Levels: 5-8
Curriculum Connections: Contemporary issues, geography & economics, mapping
NM State Standards: II-A, II-B, II-C, II-E, III-A, III-D, IV-A, IV-B  (Additional subject 
standards met are on pages 9-12)

STUDENT INTRODUCTION:
Environmental Health & Lead
The Student Introduction provides students with the background knowledge they need 
about environmental health and lead poisoning before proceeding with any of the discipline-
specific lessons in this curriculum. The Student Introduction should be presented by the 
first teacher in the team to introduce the topic. The reading is divided into three sections that 
are accompanied by Check Your Understanding questions that can be used to assess 
student understanding of the material. Enrichment activities are also provided for a more 
in-depth investigation of environmental health and lead poisoning.
Suggested Grade Levels: 5-8 
Curriculum Connections: Environmental health and lead poisoning
NM State Standards: Language Arts I-A, I-D, Science III.I.I, Social Studies II.C, II.F, III.D

Yeast & Household Substances: A Toxicology 
Experiment
Lesson Overview: Students expose yeast to different household substances and
determine if there are any effects on their growth by measuring the volume of carbon
dioxide gas (CO2) released by the yeast. This is a great hands-on experiment that illustrates 
the basic toxicology concepts introduced in the Student Introduction.
Suggested Grade Levels: 5-8
Curriculum Connections: Environmental Health, Data Collection, Observations
NM State Standards: Math Number & Operations, Algebra, Data Analysis & Probability. 
Science I.I.I, I.I.II, I.I.III, II.II.I, II.II.III
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Science LESSON ONE: 
Toxic Candies and Dangerous Cures
Lesson Overview: Students read a short passage about folk remedies and candies 
from around the world that commonly contain high levels of lead. Students interview four 
adults to learn about different folk remedies and their origins. Students work in groups to 
read case studies about Hispanic children who were exposed to lead from folk remedies 
and imported candies. They then complete case history reports for each child, including 
recommended treatment options.
Suggested Grade Levels: 5-8
Curriculum Connections: Body systems and diseases, health, interviewing, interpreting 
case studies, and science/geography connections
NM State Standards: I.I.II, II.II.I, III.I.I.  (Additional subject standards met are on pages 
9-12)

Science LESSON TWO:  
Four Lead Awareness Activities
Lesson Overview: This lesson focuses on the dangers of lead in household paint, dust, 
soil and drinking water. Students work in small groups to investigate four different ways 
that people commonly come in contact with lead in their homes. Each activity includes 
background reading, data collection and observation. Each group then makes a presentation 
to the rest of the class about its investigation.
Suggested Grade Levels: 5-8
Curriculum Connections: Environmental science, investigations, making predictions and 
observations, and collecting data
NM State Standards: I.I.I., I.I.II., II.II.I., III.I.I.  (Additional subject standards met are on 
pages 9-12)

Language Arts LESSON ONE:  
Beethoven’s Hair 
Lesson Overview: Students read a biographical sketch of Beethoven, who might have 
suffered from lead poisoning, and a historical narrative about a lock of his hair traveling 
through time. Students create a timeline from the historical narrative and then choose a time 
period described in the reading and conduct research on the art, music, and culture of that 
period. Students use their research to write a piece of historical fiction. 
Suggested Grade Levels: 5-8
Curriculum Connections: Non-fiction, biographical sketch, historical narratives and 
creative writing
NM State Standards: I-A, I-B, I-C, I-D; II-A, II-B; III-A, III-B  (Additional subject standards 
met are on pages 9-12)

Language Arts LESSON TWO:  
Eighteen Pence a Day
Lesson Overview: This lesson examines the working conditions in London’s white lead 
mills in the mid-1800s. Students first read biographical sketches of Charles Dickens and 
Jack London. Next, they read excerpts from Dickens’ The Uncommerical Traveller. Finally, 
each student chooses one young factory worker, described by Jack London in The People 
of the Abyss, and writes a journal entry from her point of view.
Suggested Grade Levels: 5-8
Curriculum Connections: Point of view, biographical sketch, reading history, word choice, 
journal writing, Charles Dickens and Jack London
NM State Standards:I-A, I-B, I-C, I-D; II-A, II-B; III-A, III-B  (Additional subject standards 
met are on pages 9-12)
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Math LESSON ONE (Washington State):  
Trumpeter Swan Math
Lesson Overview: Students work with data related to trumpeter swans suffering from 
lead poisoning in Skagit and Whatcom counties of Washington. Students first read two 
newspaper articles that include some statistics. They then work through calculations using 
those statistics. Students also work with a data chart to create a bar graph.
Suggested Grade Levels: 5-8
Curriculum Connections: Organizing data, percentages, bar graphs, reading for 
information and interpreting statistics
NM State Standards:Number & Operations, Benchmarks 1, 2, 3; Algebra, Benchmarks 1, 
2, 3, 4; Data Analysis & Probability, Benchmarks 1, 2, 3, 4

Math LESSON TWO:  
Childhood Blood Lead Levels
Lesson Overview: This lesson uses data from a U.S. Environmental Protection Agency 
report on the links between childhood lead poisoning, race, and income level. Students 
play the role of interns at the EPA who must create a series of graphs for an important 
presentation. The students take information from a complicated graph and table and 
present the information in several different formats.
Suggested Grade Levels:  5-8
Curriculum Connections: Percentages, samples and populations, making predictions, bar 
graphs, and interpreting statistics and graphs
NM State Standards: Number & Operations, Benchmarks 1, 2, 3; Algebra, Benchmarks 1, 
2, 3, 4; Data Analysis & Probability, Benchmarks 1, 2, 3, 4  (Additional subject standards 
met are on pages 9-12)

Math LESSON (New Mexico):
Lead in Then Left Out: Medicaid Math
Lesson Overview: Students work with data related to the number of children who are 
tested for lead in New Mexico. Students first read a short description that includes some 
statistics about childhood lead poisoning in New Mexico and testing rates. Students then 
work through calculations using those statistics and are asked to reach a conclusion about 
the data and write a paragraph about how they would respond to the issue of childhood 
lead poisoning and testing if they were the Governor of New Mexico.
Suggested Grade Levels: 5-8
Curriculum Connections: Organizing data, percentages, bar graphs, reading for
information and interpreting statistics
NM State Standards: I.I.I., I.I.II., I.I.III., II.II.III. (Additional subject standards met are on 
pages 9-12)

NM State Standards: 
Health & Fitness Lessons
 
This section provides lessons, activity ideas, and resources for Health and Fitness teachers 
to integrate the topic of lead into their curriculum.
Suggested Grade Levels:  5-8
Curriculum Connections: Diseases and disorders, growth and development, air, water and 
soil pollution, nutrition, community health, consumer and personal products, occupational 
exposure.
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IEHMSP Student Learning 
Outcomes 

1.  Students will understand the relationship between human health and the 
environment.

• Students will understand that the inherent properties of a substance 
(toxicity) and overall amount of that substance that gains entrance into 
the body (dose/response) are critical factors in determining whether the 
substance has an effect either positive or negative on health.

• Students will understand that duration, frequency and routes of exposure 
are critical factors in determining whether a substance has an effect either 
positive or negative on health. Students will also be able to describe the 
three ways in which a chemical can enter the human body: by inhalation 
(breathing), ingestion (swallowing), and dermal absorption (contact 
with skin). Students will also be able to identify which body systems 
(respiratory, nervous system, etc.) are impacted.

• Students will understand how individual factors (for example genetics, 
age, gender, and body size) can affect the overall impact of environmental 
exposures on health. 

2.  Students will investigate the roles that individuals, communities and 
governments play in decisions that can affect human health.

 
• Students will understand that we make decisions by weighing the risks 

and the benefits of a particular action. A student’s ability to critically ask 
the right questions (such as ‘what is the route of exposure?’, ‘what is the 
dose?’ and ‘are there specific individual susceptibilities to consider?’) and 
assess these factors is fundamental. 

• Students will acquire the skills to reduce their environmental health risks 
at home, school, work, and in the community.

• Students will recognize that some groups of people are exposed to more 
environmental pollution than others are, and may suffer higher rates of 
health problems. These groups often have less economic and political 
impact on the development of public policy and decision-making.

• Students will understand that it is important to consider ethical, legal 
and social implications of environmental health research and community 
health issues. 

• Students will recognize that different groups of people have different 
beliefs and opinions about environmental health issues depending upon 
their interests (economic, cultural, spiritual, etc.). 
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• Students will be able to effectively research an environmental health 
issue by gathering information and data from government agencies, 
community groups, businesses, scientists and scientific articles, and 
individual citizens with relevant knowledge.

• Students will be able to describe the information or data that already 
exists about an issue and identify what data or information still needs to 
be collected in order to address the problem.

• Students will identify appropriate local civic forums (community council, 
newspapers, etc.) that they may approach to address issues, present 
findings and seek change.

• Students will understand that problem solving and decision-making 
occurs at the personal, local, state, national and international level. 

• Students will be able to clearly and effectively communicate their findings 
to their peers and other audiences (teachers, parents, community 
members, etc.). 
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Connecting to New Mexico Education 
Standards

Environmental Health Fact File: 
LEAD
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Language Arts, 5-8
I-A: listen to, read, react to, and interpret information X X X X X X X X X X
I-B: Gather and use information for research and other 
purposes X X X X X X
I-C: Apply critical thinking skills to analyze information X X X X X X X X X
I-D: Demonstrate competence in the skills and strategies of 
the reading process X X X X X X X X
II-A: Use speaking as an interpersonal communication tool X X X X
II-B: Apply grammatical and language conventions to 
communicate X X X X X
II-C: Demonstrate competence in the skills and strategies of 
the writing process X X X X X
III-A: Use language, literature, and media to understand 
various social and cultural perspectives X X

III-B: Identify ideas and make connections among literary 
works. X X

Math, 5-8
Number & Operations
1: understand numbers, ways of representing numbers, 
relationships among numbers, and number systems

X X X X X

2: Understand the meaning of operations and how they 
relate to one another X X X
3: Compute fluently and make reasonable estimates X X X X
Algebra
1: Understand patterns, relations, and functions X X
2: Represent and analyze mathematical situations and 
structures using algebraic symbols X X
3: Use mathematical models to represent and understand 
quantitative relationships X X X
4: Analyze changes in various contexts X X
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Environmental Health Fact File: 
LEAD
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Geometry
1: Analyze characteristics and properties of two- and three- 
dimensional geometric shapes and develop mathematics 
arguments about geometric relationships

2: Specify locations and describe spatial relationships using 
coordinate geometry and other representational systems

3: Apply transformations and use symmetry to analyze 
mathematical situations

4: Use visualization, spatial reasoning, and geometric 
modeling to solve problems Measurement

1: Understand measurable attributes of objects and the 
units, systems, and processes of measurement X X
2: Apply appropriate techniques, tools, and formulas to 
determine measurements X
Data Analysis & Probability
1: Formulate questions that can be addressed with data 
and collect, organize, and display relevant data to answer 
them

X X X X

2: Select and use appropriate statistical methods to analyze 
data X X
3: Develop and evaluate inferences and predictions that are 
based on data X X
4: Understand and apply basic concepts of probability X
Science, 5-8
I. Scientific Thinking & Practice
I.I.I.: Use scientific methods to develop questions, design 
and conduct experiments using appropriate technologies, 
analyze and evaluate results, make predictions, and 
communicate findings.

X X X X

I.I.II: Understand the processes of scientific investigation 
and how scientific inquiry results in scientific knowledge X X X X X
II I.I.III: Use mathematical ideas, tools, and techniques to 
understand scientific knowledge. X X X X X
Content of Science:
I. Physical Science
I. Know the forms and properties of matter and how matter 
interacts.

II.I.II. Explain the physical processes involved in the 
transfer, change, and conservation of energy
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II.I.III: Describe and explain forces that produce motion in 
objects.
II. Life Science
II.II.I. Explain the diverse structures and functions of living 
things and the complex relationships between living things 
and their environments.

X X X X X

II.II.II. Understand how traits are passed from one 
generation to the next and how species evolve. X
II.II.III. Understand the structure of organisms and the 
function of cells in living systems. X X
III. Earth & Space Science
II.III.I. Describe how the concepts of energy, matter, and 
force can be used to explain the observed behavior of the 
solar system, the universe, and their structures.

II.III.II. Describe the structure of Earth and its atmosphere 
and explain how energy, matter, and forces shape Earth’s 
systems.

III. Science & Society
III.I.I. Explain how scientific discoveries and inventions have 
changed individuals and societies.

X X X

Social Studies, 5-8
History
I.I-A: New Mexico: Explore and explain how people and 
events have influenced the development of New Mexico up 
to the present day.

I.B: United States: Analyze and interpret major eras, 
events, and individuals from the periods of exploration and 
colonization through the Civil War and Reconstruction in 
United States history.

X

I-C: World: Compare and contrast major historical eras, 
events, and figures from ancient civilizations to the Age of 
Exploration.

X X X
I-D: Skills: Research historical events and people from a 
variety of perspectives. X X X X
Geography:
II-A: Analyze and evaluate the characteristics and purposes 
of geographic tools, knowledge, skills and perspectives and 
apply them to explain the past, present, and future in terms 
of patterns, events, and issues.

X X X

II.B: Explain the physical and human characteristics of 
places and use this knowledge to define regions, their 
relationships with other regions, and their patterns of 
change.

X



12

Environmental Health Fact File: LEAD

Materials developed by the Integrated Environmental Health Middle School Project (NIEHS Grant #ES10738 and 
#ES07033).  Copyright 2005 University of Washington.

Environmental Health Fact File: 
LEAD

In
tr

od
uc

tio
n:

 In
tro

du
ct

io
n 

to
 

E
nv

iro
nm

en
ta

l H
ea

lth

Ye
as

t a
nd

 H
ou

se
ho

ld
 S

ub
st

an
ce

s:
 A

 
To

xi
co

lo
gy

 E
xp

er
im

en
t

SS
 L

es
so

n 
1:

 A
 T

im
e 

Tr
av

el
 V

ac
at

io
n 

to
 th

e 
R

om
an

 E
m

pi
re

SS
 L

es
so

n 
2:

 T
he

 G
eo

gr
ap

hy
 o

f 
C

hi
ld

ho
od

 L
ea

d 
E

xp
os

ur
e

Sc
ie

nc
e 

Le
ss

on
 1

: T
ox

ic
 C

an
di

es
 a

nd
 

D
an

ge
ro

us
 C

ur
es

Sc
ie

nc
e 

Le
ss

on
 2

: F
ou

r L
ea

d 
Aw

ar
en

es
s 

A
ct

iv
iti

es

LA
 L

es
so

n 
1:

 B
ee

th
ov

en
’s

 H
ai

r

LA
 L

es
so

n 
2:

 E
ig

ht
ee

n 
P

en
ce

 a
 D

ay

M
at

h 
Le

ss
on

 2
: C

hi
ld

ho
od

 B
lo

od
 L

ea
d 

Le
ve

ls

M
at

h 
Le

ss
on

 S
up

pl
em

en
ta

l: 
Le

ad
 in

 
th

en
 L

ef
t O

ut
: M

ed
ic

ai
d 

M
at

h

II.C: Understand how human behavior impacts man-made 
and natural environments, recognizes past and present 
results, and predicts potential changes.

X X X X

II.D.: Explain how physical processes shape the Earth’s 
surface patterns and biosystems.

II-E: Understand how economic, political, cultural, and 
social processes interact to shape patterns of human 
populations, and their interdependence, cooperation, and 
conflict.

X X X

II-F: Understand the effects of interactions between human 
and natural systems in terms of changes in meaning, use, 
distribution, and relative importance of resources. 

X

Civics & Government
III-A: Understand the structure, functions, and powers of 
government (local, state, tribal and national).

X X

III-B: Explain the significance of symbols, icons, songs, 
traditions, and leaders of New Mexico and the United 
States that exemplify ideals and provide continuity and a 
sense of unity. 

X

III-C: Compare political philosophies and concepts of 
government that became the foundation for the American 
Revolution and the United States government.

III-D: Explain how individuals have rights and 
responsibilities as members of social groups, families, 
schools, communities, states, tribes, and countries. 

X X X X X

Economics:
IV-A: Explain and describe how individuals, households, 
businesses, governments, and societies make decisions, 
are influenced by incentives (economic as well as intrinsic) 
and the availability and use of scarce resources, and that 
their choices involve costs and varying ways of allocating. 

X X X

IV-B: Explain how economic systems impact the way 
individuals; households, businesses, governments 
and societies make decisions about resources and the 
production and distribution of goods and services. 

X X

IV-C: Describe the patterns of trade and exchange in early 
societies and civilizations and explore the extent of their 
continuation in today’s world.

X
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About the 
IEHMSP The Center for Ecogenetics and Environmental Health (CEEH) at the University of 

Washington, along with the New Mexico Center for Environmental Health Sciences 
at the University of New Mexico, received funding from the National Institute of 
Environmental Health Sciences (NIEHS) for a collaborative seven-year project. The 
Integrated Environmental Health Middle School Project (IEHMSP) trains middle school 
teachers in environmental health, giving them the expertise to help students identify 
and research environmental health issues in their communities. The IEHMSP is part of 
a national Environmental Health Sciences as an Integrating Context (EHSIC) program 
funded by the NIEHS. The IEHMSP involves teachers from a variety of subjects, as well 
as school librarians and technology coordinators. Students and teachers from several 
districts in Washington and from several schools in New Mexico are participating. 

Participants complete a training workshop and are given a set of detailed materials 
and resources to help them integrate environmental health topics into their teaching. 
All materials are being developed and evaluated with regional and cultural diversity in 
mind.

The University of Washington (UW) NIEHS Center for Ecogenetics and Environmental 
Health strives to understand and communicate how genetic factors influence human 
susceptibility to environmental health risks. Center researchers study the biochemical 
and molecular mechanisms underlying human variability in response to environmental 
exposures. The Center’s more than 50 core investigators hold appointments in 15 
departments within the UW Schools of Medicine, Public Health and Community 
Medicine, Law, and Pharmacy, as well as the Fred Hutchinson Cancer Research 
Center. The Center’s organizational structure encourages collaboration among these 
distinguished scientists. 

For more information, go to: http://depts.washington.edu/ceeh/

The New Mexico Center for Environmental Health Sciences is an NIEHS funded 
center at the University of New Mexico (UNM) Health Sciences Center and Lovelace 
Respiratory Research Institute. The Center addresses the needs and concerns of 
Southwestern communities relating to environmental health issues and conducts basic 
and translational research on regionally-relevant environmental public health issues.  
Many New Mexico and Tribal communities in the Southwest have historically borne 
a disproportionate share of exposure to a wide variety of environmental toxicants in 
the air, water and soil, and recent evidence raises concerns that members of many 
communities are suffering adverse health effects from environmental exposures. 
The theme of this NIEHS Center is “Environmental Disease and Health Promotion in 
Susceptible Southwestern Populations.” 

For more information, go to: http://hsc.unm.edu/pharmacy/iehms/

About the 
Sponsoring 

Centers
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As the organizers of the IEHMSP, we are here to serve as resources for students and 
teachers involved in the project. Please feel free to contact us with any questions, 
concerns, or comments you have about this Fact File. 

New Mexico IEHMSP Mailing Address:
Community Environmental Health Program
College of Pharmacy
MSC09 5360
1 University of New Mexico
Albuquerque, NM 87131-0001

IEHMSP Web Site:
http://hsc.unm.edu/pharmacy/IEHMS/

How to 
Contact Us
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Student Introduction: 
ENVIRONMENTAL 
HEALTH & LEAD

Introduction
Overview

ProcedureThe Student Introduction is divided into three sections along with Check Your 
Understanding questions. You can assign the entire reading and the questions, or 
assign one section at a time. The questions will help guide students’ reading and 
will help you to evaluate student understanding of the materials. The Teacher Key 
provides sample answers to all of the questions.

You may want to assign the Student Introduction as homework or as an in-class 
reading. Additionally, students can work in small groups to read aloud and discuss the 
questions. Alternatively, you may ask for student volunteers to each read aloud a short 
section of the reading to the entire class. You may want to approach the Check Your 
Understanding questions as a written assignment or a class discussion. Students 
may be able to check their own work after the class discusses the answers.

A PowerPoint presentation is available for introducing environmental health concepts 
to your student. The PowerPoint presentation can be presented along with the student 
reading. You can download the presentation at http://hsc.unm.edu/pharmacy/IEHMS/.

If you have time, you may want to involve students in one or more short activities 
related to the Student Introduction. A list of suggested activities is provided below. 
These activities will help your students to deepen their general understanding of lead 
and environmental health before you proceed to the subject-specific lesson plans.

The Student Introduction: Environmental Health and Lead provides students with 
the background knowledge they need about environmental health and lead poisoning 
before proceeding with any of the discipline-specific lessons in this curriculum.  The 
Student Introduction should be presented by the first teacher in the team to introduce 
the topic. The reading is divided into three sections that are accompanied by Check 
Your Understanding questions that can be used to assess student understanding of 
the material. Enrichment activities are also provided for a more in-depth investigation 
of environmental health and lead poisoning.

Suggested Grade Levels: 5-8 
Topics: Environmental health, lead poisoning and human biology

Student 
Assessment

25% Did students read the Student Introduction: Environmental Health and 
Lead?

50% Did students correctly answer the Check Your Understanding questions?

25% Did students view the PowerPoint Presentation: What is Environmental 
Health?

Student work can be assessed in the following ways, for a total of 100%.
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Classroom Speaker: Ask an environmental health professional from your community 
to visit your class to talk about his or her job.

Hazards in Your Community: Make a list of possible environmental hazards in your 
community. Discuss what students can do to protect themselves from the hazards. 
Explore how they might be able to reduce or eliminate the hazards.

Lead Poisoning Prevention Poster: Create a poster that provides tips on how to 
protect young children from lead poisoning.

Lead in the Body: Draw a life-size human body mural. Draw and label the body 
systems and organs that are affected by lead poisoning.

Lead Card Games: Create a deck of cards with “true or false” questions related to 
lead poisoning. Use the cards to play a simulated version of “Hollywood Squares.” 
You can also create cards with answers on them and play a round of “Jeopardy,” 
where students must provide the correct question to go along with the answer on 
the card. A card game (“Lead Rummy”) is also available commercially. This deck of 
cards has “true or false” questions related to lead poisoning lessons, effects, actions 
and dangers. Use the cards to quiz students, or to play a round of rummy. Ordering 
information is provided on page 156.

Student Assessment:
The extension activities provide 
for more in-depth assessment of 
student understanding.

Extension 
Activities

Environmental Health Collage: Using images from magazines, students create a 
collage of environmental hazards and environmental health-related jobs.

Lead and the Periodic Table: Locate lead on the periodic table of the elements. 
Compare it to other elements and describe lead’s basic properties.



Introduction

17Materials developed by the Integrated Environmental Health Middle School Project (NIEHS Grant #ES10738 and 
#ES07033). Copyright 2005 University of Washington.

Student Introduction:
ENVIRONMENTAL 
HEALTH & LEAD Teacher Key

What is Environmental Health?
Your health depends on the environment around you. Environmental health is the 
study of how the environment affects human health. It differs from the study of how 
humans affect the environment, because it focuses on people’s health. An environmental 
scientist might study how water pollution is hurting fish. An environmental health 
scientist would study what happens to the health of people when they catch and eat 
those fish. Environmental health is not just about the health of the environment – it 
always comes back to you and whether the environment you are part of is helping you 
stay healthy, or making you sick.

Every day, you come in contact with things in your environment that can help you or 
hurt you. Some of these things are important for keeping you healthy, such as oxygen 
or medications. However, some of these things may be harmful to your health, such as 
tobacco smoke or snake venom. Things in the environment that are harmful are called 
hazards and include things like chemicals, disease-causing bacteria, loud noises and 
even stress. Hazards can be natural or human-made.

People working in the fields of environmental health do many different jobs. They work 
to identify environmental hazards, and prevent people from being harmed by them. 
Some are scientists working in laboratories. Some work for the government writing 
regulations and studying pollution. Some work for corporations to help make sure that 
workplaces are safe and that the environment is kept as clean as possible. Most of 
these jobs require a solid understanding of science and math, knowledge about history 
and the law, and good communication skills.

To understand the field of environmental health, you need to understand seven core 
concepts: Toxicity, Exposure, Dose/Response, Individual Susceptibility, Risks & 
Benefits, Environmental Justice, and Community Resources & Action.

Toxicity 
Most people working in environmental health-related jobs have taken 
classes in the science of toxicology. Toxicology is the study of how 
environmental hazards, such as natural and human-made chemicals, 
can enter our bodies and make us sick.

When scientists study different chemicals in the environment to see if they might be 
dangerous to humans, they are trying to understand the toxicity of those chemicals. 
Toxicity is a measure of how dangerous a chemical is. The greater a chemical’s toxicity, 
the less it takes to make a person sick or even kill them. The Environmental Protection 
Agency, for example, uses the following scale to rate the toxicity of products commonly 
used in the home.

Environmental Health: 
How the environment affects 

human health.

Hazard: 
Something that can harm the 

health of humans or  
the environment.

Chemical: 
Any substance that is made 

from elements combined  
into molecules.

Toxicology:
The study of the harmful 

effects of chemicals on  
living things.

Toxicity: 
A measure of how  

dangerous a chemical is.



18

Environmental Health Fact File: LEAD

Materials developed by the Integrated Environmental Health Middle School Project (NIEHS Grant #ES10738 and 
#ES07033).  Copyright 2005 University of Washington.

Toxicity Rating Word and symbols that 
appear on product’s label

Approximate amount 
need to kill an average 
size adult

1 – Highly Toxic DANGER or POISON A few drops to one 
teaspoon

2 – Moderately Toxic WARNING One teaspoon to one 
ounce

3 – Slightly Toxic CAUTION More than one ounce
4 – Not Toxic none

A bottle of bleach, for example, will have the word DANGER on the label, because it is 
highly toxic if ingested (toxicity rating = 1). Borax powdered cleaner, however, is rated 
as slightly toxic (toxicity rating = 3) and will have the word CAUTION on the label. This 
is just one example of a system used to measure the toxicity of hazards. 

Exposure
We all know what it means to be “exposed” to something like a cold or 
a flu. Everyday our bodies are exposed to all sorts of environmental 
hazards, such as bacteria, viruses, and the sun’s ultra-violet (UV) 
rays. Some of these hazards exist naturally and some of them are 
the result of human activities. There are many possible sources of 

hazardous Exposure, such as cars, industry, even volcanic eruptions.  In order for us to 
be exposed, however, the hazard has to get from the source to us. To do this, it travels 
along an environmental pathway. Pathways include the air we breathe, the water we 
drink, the food we eat, and even the soil we work in, play in, and use to grow much of 
our food. 

Environmental health scientists use the term exposure to describe the total amount of 
a hazard that comes in direct contact with your body. Once you have come into contact 
with a hazard, it can get into your body through different routes. You can breathe it in 
(inhalation). You can eat or drink it (ingestion). You can get it directly on your skin or 
in your eyes (dermal absorption). You can also get it directly into your body through 
an injection. Inhalation, ingestion, and dermal absorption are the three main routes of 
exposure. Things that help us stay healthy, like vitamins, nutrients, and medications, 
enter the body through these routes of exposure, but hazards can use these same 
routes to enter the body and make us sick. 

Dose/Response
Imagine that someone has been exposed to a hazardous chemical 
through one of the three possible routes of exposure. They have now 
received a dose of that chemical. Dose is the amount of the hazard 
that actually enters your body. The amount someone gets into their 
body (their dose) depends on many factors, including how long you 

are exposed, how often you are exposed, and how big or small you are. For instance, 
if someone is exposed over a long period of time to a hazard, their dose will be larger. 
For example, 30 minutes spent under the bright summer sun would give you a much 
smaller dose of UV rays than 4 hours spent under the sun. This is called the duration 
of exposure. The frequency of exposure can also influence the dose. If someone 
works in a factory and is exposed to a chemical every day at work, their dose might be 
larger than someone who is only exposed once. 

Source of Hazardous Exposure:
A hazard’s point of origin, such 
as cars, industry, or a volcanic 
eruption.

Environmental Pathways:
How a hazard travels from its 
source to humans. These include 
air, water, food, and soil. 

Exposure: 
The total amount of a chemical 
that comes into direct contact with 
the body.

Inhalation:
Breathing. When chemicals enter 
the body through this route of 
exposure, they can get stuck in the 
lungs and/or be taken up into the 
bloodstream.

Ingestion:
Swallowing (usually by eating or 
drinking). When chemicals enter 
the body through this route of 
exposure, they can easily be taken 
up into the bloodstream.

Dermal Absorption:
Absorbing a chemical through any 
part of the skin, including the eyes. 
When chemicals come in contact 
with the skin, they can sometimes 
enter the bloodstream through this 
route of exposure. However, for 
many chemicals the skin provides 
good protection of your body.

Routes of Exposure:
The ways in which a chemical 
can enter the human body. The 
three main routes of exposure are 
inhalation, ingestion, and dermal 
absorption.

Dose:
The total amount of a chemical that 
gets into a human or other living 
thing, relative to the individual’s 
body weight.

Duration of Exposure:
The length of time you are in direct 
contact with a hazard. 

Frequency of Exposure:
How often you are in direct contact 
with a hazard.
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Dose can also depend on how big or small you are. When a doctor prescribes a 
medication for you, he or she calculates the amount of the medicine you should have 
based on your body size. The doctor can then give you the correct dose of the medicine 
for your body weight. While a teaspoon of medicine might be right for an adult, it may 
be far too large of a dose for an infant. 

The dose you receive can influence how your body responds to a hazard. For most 
hazards, the larger the dose, the more extreme the response will be. The smaller the 
dose, the more mild the response will be. Drinking one can of a caffeinated soda might 
be fine. Drinking three cans in a row may make you jittery. Drinking five cans of soda 
might make you feel light-headed and sick.

Individual Susceptibility
Some people are more likely than others to get sick when they are 
exposed to environmental hazards. This might be because of their 
genetics, body size, age, gender or general health. This is called their 
individual susceptibility. 

For example, some people are more likely than others to get sick when they are exposed 
to certain kinds of pesticides, just because of their genes. We all know that genes help 
determine things like hair color and eye color, but they also lead to some important 
(and invisible) differences in the way bodies work. It turns out that some people have a 
more extreme response to certain pesticides because of their genes. These people are 
said to be more “individually susceptible” to pesticide poisoning. Someone who lives or 
works on a farm where pesticides are sprayed might want to know how susceptible he 
or she is in order to avoid exposure and stay healthy. 

Risks and Benefits
We live in an industrial society that depends on the use of both natural 
and human-made chemicals to function. The use of these chemicals 
results in benefits to society as well as risks. Pesticides, for example, 
make it easier to grow fruit. Unfortunately, in some cases, pesticides 
can make people sick. Most of us have heard that we can reduce the 

risk of getting sick without giving up the health benefits that fruit offers by washing or 
peeling the fruit before we eat it. 

Scientific researchers and government officials measure the risks and benefits that 
we face when we manufacture or use certain products. They work to explain what 
they have learned to the public and create safety standards that help people protect 
themselves from unnecessary risk. Their goal is simple – to help us enjoy the greatest 
benefits from the products that we manufacture, while exposing ourselves to the least 
possible risk.  By understanding the risks and benefits that we face each day, we can 
make decisions that reduce our risk and keep us as safe and healthy as possible.

Environmental Justice
Everyone has the right to live in an environment that does not make 
them sick, regardless of their race, culture, or income. This is called 
environmental justice (EJ).

Unfortunately, some neighborhoods or communities are exposed to more environmental 
hazards than others, and may suffer higher rates of health problems. These communities 
often have less economic or political power in society when decisions are made. For

Response:
The reaction to an exposure or 
dose of a hazard. A response 
can be anywhere from mild (e.g. 
headaches, a rash) to severe (e.g. 
brain damage, cancer). 

Genetics:
Information that is contained in the 
genes (DNA) of a person’s cells. 
Genetic information is passed 
down from parents to their children.

Individual Susceptibility: 
Differences in the ways that 
individuals react after exposure 
to the same amount of a 
hazardous chemical. Differences 
in susceptibility can be caused 
by differences in body size, age, 
genetics, gender and general health.

Benefit: 
Something that results in increased 
well-being or good health.

Risk: 
The likelihood that a harmful 
consequence will occur as a result 
of exposure to a hazard.

Environmental Justice: 
The fair treatment of people 
regarding the development of 
environmental laws, regulations 
and policies.
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Check Your Understanding

1. Name one product that can be found in your home that might be considered 
to be highly or moderately toxic. Answers will vary, but may include bleach, 
ammonia, furniture polish, nail polish remover, weed killer, rat poison, motor 
oil, antifreeze, etc.

2. List the three routes of exposure. For each one, give an example of an 
environmental hazard to which you could be exposed through that route. Inhalation 
(e.g. tobacco smoke), ingestion (e.g. drug overdose), dermal absorption (e.g. 
acid).

3. Explain how the concept of “exposure” is different from the concept of “dose.”
Exposure is a measurement of how much of a hazard your body comes 
in contact with, while dose is a measurement of how much of the hazard 
actually enters your body.

4. Pick four vocabulary words from the margin on the previous pages and use 
each one in a complete sentence. Answers will vary.

Community Resources  
and Action: 
An individual’s ability to access 
resources and act on new 
information in order to create 
positive change in their own 
community.

example, toxic waste dumps, polluting factories, and busy highways are often built in 
lower-income neighborhoods or communities of color. Communities recognize this as 
an environmental health issue and work to seek environmental justice.

Community Resources and Action
Where can you go in your own community to collect information about 
an environmental health issue? You can learn more about specific 
issues, understand environmental laws or seek environmental justice 
by using community resources. Community resources include places 
like the library and city hall. You could search the Internet for local, 

state, or federal agencies that can give you information about your issue. You can also 
talk to environmental health scientists at local universities or health departments, and 
ask your teachers and family members what they know about the issue.

Once you have gathered your resources and studied the issue carefully, it is time 
to take action! First, ask yourself what you as an individual can do to help solve the 
problem. If you are concerned about air pollution, for example, you might decide to 
walk to school instead of getting a ride in a car. Next, ask yourself how you can share 
what you have learned with others so that they can help too. Maybe you could write 
a letter to the editor of your local newspaper or speak to your community council or 
school board. Maybe you could create a flyer to hand out in your neighborhood. There 
are many great ways to get the word out and make positive changes in the world – use 
your imagination and be creative!
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What is Lead Poisoning?
Lead is a naturally occurring dull-grey metal that is found within the earth’s crust. Lead 
is resistant to corrosion, has a low melting point and is easy to shape. These natural 
properties have made lead a popular resource for thousands of years. Today, lead can 
be found in drinking water, soil, air, paint and sometimes even in food. Lead is known 
on the periodic table of the elements as “Pb.” The Latin word for lead is plumbum. 
Even today, lead poisoning is also known as plumbism and household plumbing in 
old homes is sometimes made up of lead pipes and solder.

There is no safe level of lead in the human body. Lead poisoning can occur when lead 
is ingested, inhaled or absorbed into the body. Lead poisoning can affect intelligence, 
behavior and development. Lead poisoning affects about 434,000 children younger 
than six years old in the U.S. Fortunately, after years of education and prevention 
programs, rates of childhood lead poisoning are declining in the U.S.

How do people become lead poisoned? Lead can be found in many places in 
our everyday environments – in some paints, drinking water, dust, soil, air and food. 
However, many of our problems with lead come from products that are now banned in 
the U.S. These banned products include leaded automobile gasoline, residential lead 
paint and a particular type of insecticide (chemicals used to kill insect pests). Even 
though these products are now banned, lead continues to pollute air, soil, and water.

Today, lead is used in many industrial and hobby products. The list below includes 
some items that contain lead products:

What can people do to avoid lead poisoning? Children who live in homes built 
before 1978 have a potential risk for lead poisoning. If you live in an older home, here 
are a few easy things you can do to protect yourself and your family:

•   Always wash your hands before eating. Frequently wash children’s toys, 
including pacifiers (helps to keep lead dust from being ingested).

•   Eat nutritious low-fat meals that are high in calcium and iron to protect yourself 
from absorbing lead into your body (calcium and iron can decrease how much 
lead your body absorbs).

•   Flush water from your tap for 15-30 seconds, or until it runs cold, for drinking 
and cooking purposes (standing water can have more lead in it from lead pipes 
or solder).

•   Only use cold water for drinking, cooking and mixing infant formula (hot water 
can have higher levels of lead than cold water).

•   Frequently wipe dust from counters, tables, floors and windowsills with a wet 
cloth or mop (helps keep lead dust from being ingested or inhaled).

•   Use a doormat to wipe your feet, or remove shoes before entering your house 
(helps keep you from tracking lead contaminatd soil into the house).

What are the effects of lead poisoning? Once lead enters the body, it first becomes 
concentrated in the blood and soft tissues, then much of it is excreted in the urine. Of the 
lead that stays in the body, 95% of it will become concentrated in the body’s leg bones 

Lead Poisoning:
A health condition that occurs when 

lead that is ingested, inhaled or 
absorbed into the body reaches 
a harmful level. Lead poisoning 

affects many systems in the body, 
particularly the kidneys, red blood 

cells and brain.

• automobile batteries  
• some brands of hair-dye
• night vision equipment
• fishing weights
• some types of exterior paint
• some types of shotgun pellets
• some types of folk remedies

• some types of vinyl miniblinds
• high definition televisions (HDTVs)
• old plumbing 
• computer monitors
• stained glass windows
• some types of pottery glaze
• some types of candy from Mexico
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and teeth, since lead acts just like calcium within the body. The lead that is stored in the 
bones can slowly move back into the blood stream during times of body stress, such as 
a broken bone, pregnancy or old age. Lead poisoning can harm practically every system 
in the body, especially the kidneys, blood cells, heart, reproductive organs and the central 
nervous system. 

Lead poisoning is most harmful to children under six years old and unborn babies. 
While an adult will absorb 10% of the lead that he or she ingests, a child will absorb 
50% of the lead into his or her body. Young children absorb more lead into their growing 
bodies, excrete less lead from their bodies, and suffer from greater impacts to their 
organs. When a growing child ingests lead, the lead acts just like calcium. Growing 
bodies need a lot of calcium, so young children absorb more lead than adults. Lead 
poisoning impacts young children by interfering with brain development, impacting the 
nervous system, causing hearing and vision problems, and damaging the kidneys. Lead 
poisoning can also decrease IQ and cause behavior problems, hyperactivity and learning 
disabilities. At high levels, lead poisoning can cause seizures, comas and even death. 

The symptoms of lead poisoning include loss of appetite, tiredness, stomachaches and 
crankiness. Parents and doctors often do not suspect that a child is suffering from lead 
poisoning because their symptoms may point toward some other illness, such as the flu.

Adults who suffer from lead poisoning may have increased blood pressure, fertility problems, 
digestive problems, nerve disorders, and memory and concentration problems. 

Lead poisoning is usually detected using a blood test. The test gives the doctor the 
patient’s blood lead level (BLL), or the amount of lead in the patient’s bloodstream. A 
blood lead level test only tells the doctor about the patient’s recent exposure to lead. 
When a person stops being exposed to lead, their blood lead level will slowly decline. A 
blood lead level of over 10 micrograms per deciliter (µg/dL) causes concern, although 
some scientists believe that even this small level is too much for a young child. A doctor 
can determine a person’s past exposure to lead, also called their body burden, by using 
a special x-ray to analyze lead levels in bone. Since lead stays in bone for many years 
after exposure to lead, a bone test can tell a doctor more about the person’s history of 
lead poisoning. Similarly, some scientists also look at a child’s baby teeth to test lead 
levels. Hair analysis can also be used to show very recent exposure to lead.

A child who is diagnosed with lead poisoning may require a special kind of medicine 
called chelation therapy. This medicine chemically binds to the lead in the child’s body 
and helps the child to get rid of the lead through urination. This medicine can help 
lower the amount of lead in the child’s body, but there is no way to completely remove 
all of the lead. The most important thing is to find the source of lead and get rid of it to 
protect the child from further exposure.
Some important facts about lead poisoning:

•   About one in twenty-two children in the U.S. have elevated levels of lead in 
their blood.

•   52% of U.S. homes still contain lead paint, even though the sale of residential lead 
paint was banned in 1977.

•   Children from lower income families are eight times more likely to be poisoned 
than those from higher income families. 

•   African-American children are more than five times more likely to have potentially 
harmful levels of lead in their bodies than Caucasian children. Nationwide, about 
22% of African American children living in older housing have elevated lead levels.

•   In 1979, cars released 94.6 million kilograms (kg) of lead into the air in the United 
States. In contrast, after leaded gasoline was banned, in 1989 cars released only 
2.2 million kg into the air.

Blood Lead Level (BLL):
A measurement of the amount 
of lead in a person’s blood. BLL 
shows the individual’s exposure to 
lead over the past 2-3 weeks. After 
that time, lead is concentrated in 
the long bones. A BLL test provides 
a snapshot view of the individual’s 
lead exposure. A BLL of over 10 
µg/dL is considered elevated. 
“Micrograms per deciliter” (or 
µg/dL) is a measurement of the 
amount of lead in a person’s blood. 
The Greek symbol µ is pronounced 
“mew”.
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What Does Lead Have to Do with Environmental Health?

•   What does DOSE have to do with lead poisoning? People can suffer from 
acute or chronic lead poisoning. Acute lead poisoning occurs when a person 
comes in contact with a large amount of lead in a short period of time, such as 
ingesting a folk remedy that has a high lead content. Chronic lead poisoning 
occurs when a person repeatedly comes in contact with a small amount of 
lead over a long period of time, such as drinking water that has a low level of 
lead that comes from lead plumbing. Sometimes, animals such as eagles or 
coyotes suffer from secondary lead poisoning when they feed on the body 
of an animal that has died from lead poisoning.

•   What is the main ROUTE OF EXPOSURE for most cases of lead 
poisoning? The most common way that children come in contact with lead is 
through ingesting house dust containing particles of lead from old lead paint.  
Occasionally, a child might eat chips of lead-based paint because it tastes sweet. 
Young children frequently put their fingers or toys in their mouths. If their fingers 
or toys touched any dust or soil that was contaminated with lead, then the child 
will swallow some lead. This means that the main route of exposure for lead 
poisoning is ingestion. Lead can also be inhaled or, during pregnancy, absorbed 
by the developing baby from its mother’s exposure to lead. 

•   What does INDIVIDUAL SUSCEPTIBILITY have to do with lead? How old 
you are and how big you are has a lot to do with how susceptible you are to lead 
poisoning. A young child is more susceptible than an adult for several reasons. 
First, a young child is so small that a small exposure to lead represents a big 
dose. Second, the child absorbs more lead into their body because it acts just 
like calcium. Third, young children are more likely to swallow dust from lead 
paint because they frequently put their toys and fingers in their mouths and 
spend a lot of time crawling on the floor, where dust settles. Since children’s 
brains and other organs are still growing and developing, they will suffer more 
from the impacts of lead poisoning than full-grown adults. Pregnant women 
are also susceptible to lead poisoning because their bodies absorb more lead, 
since it acts like the calcium that their bodies need. Also, developing babies 
can absorb lead through the placenta, which can result in brain damage, low 
birth weight and even miscarriage. 

Check Your Understanding
1. Your four-year old cousin was just diagnosed with mild lead poisoning. What 
body systems and organs may be affected?  Answers may include: kidneys,  
brain development, and nervous system (hearing and vision).

2. List five possible ways that a young child may come in contact with lead.  
Answers may include: eating paint dust or paint chips; ingesting 
contaminated soil; parents bringing home lead particles from work; 
parent’s hobbies including lead-based products; drinking water from old 
plumbing; and polluted air.

Acute Lead Poisoning:
When a person comes in contact 

with a large amount of lead in a 
short period of time and absorbs 

enough to become ill.

Chronic Lead Poisoning:
When a person repeatedly 

comes in contact with a small 
amount of lead over a long 

period of time.

Secondary Lead Poisoning:
When an animal becomes lead 

poisoned from eating another 
lead poisoned animal.
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Check Your Understanding
1. Michael is a forty-five year old school librarian who likes to play soccer and 
golf. Miyoko is a twenty-nine year old woman who is pregnant with her first 
child. She makes and sells handmade ceramic bowls.  Jasper is a two-year old 
boy whose family lives in an older home that was just remodeled. Which two 
people do you think are more susceptible to lead poisoning? Why?  
Miyoko and Jasper are more susceptible to lead poisoning because age 
and pregnancy are two important factors in individual susceptibility. 
Miyoko is pregnant, which may cause her to absorb more lead into her 
body. She also works with ceramics and may come in contact with lead-
containing glazes, which increases her risk. Since Jasper is a young 
child, he is more susceptible to lead poisoning because he probably 
puts his hands and toys in his mouth. Also, he lives in an old home that 
may have contained lead paint. Recent renovations could stir us lead 
dust that Jasper might ingest.

2. Name one thing you can do to decrease your risk of lead poisoning.  
Answers may include: washing hands before eating; avoiding hobbies 
that involve lead-containing products; not seeking employment in an 
industry that uses lead products; not living in a mining community; eating 
a well-balanced diet; not using lead-containing folk remedies; using cold 
tap water for drinking and cooking; wiping feet before coming indoors; 
and wiping up dust at home.

•   What environments put people at RISK of getting lead poisoning?  Lead 
poisoning is often linked with poverty, although it affects people of all ethnicities 
and income levels. Children who live in homes built before 1978 are more likely to 
come in contact with lead paint. Adults who are exposed to lead at work (such as 
at an automobile battery factory) are more likely to suffer from lead poisoning. Also, 
children whose parents work with lead are more likely to suffer from lead poisoning, 
since their parents might bring home lead particles on their clothing, shoes or hair. 
Children who live in mining communities are at a higher risk. Children whose diet is 
low in calcium and iron and high in fat will absorb more lead into their bodies than 
children who eat a well-balanced diet. People who use lead-containing folk remedies 
are at a higher risk for lead poisoning. All of these things are called lead poisoning 
risk factors.

Student Assessment:
Did the students complete the 
reading and thoughtfully answer 
the questions? 

Risk Factor:
Something that increases and 
individual’s chance of becoming ill, 
hurt, or killed.
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Lesson 
Overview

Students expose yeast to different household substances and determine if there are 
any effects on their growth by measuring the volume of carbon dioxide gas (CO2) 
released by the yeast.

Time: Approximatly 60 minutes for basic experiment, additional time for extensions or 
full data analysis

New Mexico 
State Education  

Standards 

This lesson addresses the following New Mexico State Education Standards for Science 
in grades 5-8.

• I.I.I. – Use scientific methods to develop questions, design and conduct 
experiments using appropriate technologies, analyze and evaluate results, 
make predictions, and communicate findings

• I.I.II. – Understand the process of scientific investigation and how scientific 
inquiry results in scientific knowledge

• I.I.III. – Use mathematical ideas, tools and techniques to understand 
scientific knowledge.

• II.II.I. – Explain the diverse structures and functions of living things and the 
complex relationships between living things and their environments.

• II.II.III. – Understand the structure of organisms and the function of cells in 
living systems.

Teacher 
Background

Grade Level: 6-12, adaptations for different grade/experience levels are included.
Yeast Information:  Please refer to the following websites for specific information 
about yeast.  This experiment uses the production of carbon dioxide by yeast as 
a measure of the yeast’s health or well being after being exposed to a variety of 
household substances.

Biology of yeast cells simplified:  http://home.earthlink.net/~ggda/biology_of_yeast_
cells_simplified.htm 

What is yeast?:  http://www.yeastgenome.org/VL-what_are_yeast.html

Photos of yeast: http://www.yeastgenome.org/yeast_images.shtml

Basic Toxicology/Environmental Health:  This lesson helps students experience 
and understand the basic concepts in toxicology and environmental health presented 
in the IEHMSP “Introduction to Environmental Health” lesson.  In this experiment 
students should obtain a greater understanding of exposure, dose, response, and 
toxicity.  

Experimental results will vary depending on the substances chosen, however typical 
results for coffee and Comet Cleaner are shared here in order to highlight important 
points of the experiment.

YEAST AND HOUSEHOLD 
SUBSTANCES: A 
TOXICOLOGY EXPERIMENT
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COFFEE:  There is generally no significant difference between the size of the bags 
(i.e. carbon dioxide released) of the control and the low dose of coffee.  There may 
be a small, but often insignificant difference between the control and the medium 
coffee dose.  The high coffee dose often has less carbon dioxide compared to the 
control, but a minimal response compared to the comet.  The differences between 
the size of the control and coffee bags is lost over time because they all eventually 
fill up to capacity.  Students can conclude that coffee is not toxic to the yeast at the 
doses to which they are exposed here.

COMET CLEANER:  There is a strong dose-response relationship demonstrated 
by exposing the yeast to the Comet Cleaner (with bleach).  The yeast exposed to 
the low dose produce some carbon dioxide but typically significantly less than the 
control.  Each increase in dose results in a substantial decrease in the amount of 
carbon dioxide produced, thereby demonstrating that Comet Cleaner is toxic to yeast 
at these concentrations.

Scientific Method Considerations:  Any time students do an experiment they 
should be reminded of the scientific method and given the opportunity to complete 
the entire process – from hypothesis, to conclusion, to a new hypothesis or 
experiment based on results (or modification of design to address or prevent errors).  

This experiment is good for students to utilize both their observational and descriptive 
skills (i.e. What do they see happening inside each of the bags? What does the 
pressure in the bags feel like? Similarities and differences between the bags?), as 
well as, their quantitative analysis skills (i.e. measuring the height of the bags and 
calculating the class averages for bag height). Students can calculate volume by 
measuring length, height and width, then multiplying them together.

Students should be given the opportunity to fully analyze the results and write a lab 
report that discusses experimental design, the results, potential errors, and logical 
conclusions.  Students’ skills are best developed by having them participate in a 
multi-step revision process of their report.  By having students revise their report until 
it reaches a minimum satisfactory level, such 70% or 80%, they dramatically improve 
their writing, math skills, scientific and analytical skills.

Materials Per Group of 3-4 Students: 
• 1 Jar of active dry yeast (½ tablespoons per test bag)
• ¼ cup Sugar  (½ tablespoon per test bag)
• Warm distilled water (2 tablespoons per test bag)
• Measuring spoons (¼, ½, 1 teaspoons  & ½, 1 tablespoons)
• 12 Zip lock bags – snack size (larger sizes will take longer to fill with CO2)
• 1-2 Markers
• 1 Thermometer (meat thermometer works well)
• 1 Clock/timer
• 1 Desk lamp w/ 60 watt bulb (or a heat source, the sun on a warm day 

works)
• 4 strips of paper ~ ½” wide x 4” long (thick paper is better)
• Protective gear – gloves, goggles, apron, mask
• 3 Household substances (e.g. Windex/ammonia, instant coffee, powdered 

milk, powered laundry soap, bleach, Comet cleaner, rubbing alcohol, salt, etc.) 
(HIGH = 1 tsp, MEDIUM = ½ tsp, LOW = ¼ tsp)

Teacher 
Preparation
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• If using Comet as one of the substances, you may want the students to wear 
a mask because the dust can be inhaled.  Students with asthma especially 
should not inhale toxic fumes or dust.

• Determine three substances you want to test prior to the experiment.  You 
may want to have the class generate ideas and then vote on the three 
substances a day or two before the experiment.

• On the day of the experiment, have the materials listed above prepared for 
each group.  You may need to distribute substances (e.g. sugar) into labeled 
containers.

1. Break the students into groups with 3-4 students in each group.
2. Hand out Student Handout #1 and the Student Data Sheet.
3. Provide an overview of the experiment and discuss yeast and four primary 

needs of living things (oxygen/air, food, water, environment/temperature).
4. Introduce vocabulary as needed: expose/exposure, hazard, hypothesis, 

control, dose, routes of exposure, individual susceptibility, risk.
5. Have the students make a prediction/hypothesis, (when I expose the yeast to 

_____________ they will _____________ compared to the control).
6. Discuss why we need a control, (to have a “norm” to compare to and see if 

and how the variables affected the experiment.)
7. Review the steps of the experiment. Point out some important steps or 

precautions in the experiment, such as wearing safety gear, sealing the bags 
at the same time and sealing them completely to decrease error.

8. After the experiment is complete, have the students discuss the results and/
or analyze the data. Be sure to discuss the results using the vocabulary listed 
in #4 above and introduced the Student Introduction on environmental 
health. Specific teacher instructions are in the section titled Data Analysis 
Procedure. The table provides suggestions for different grade or experience 
levels.

Notes: 
• The control yeast should begin bubbling within 10 minutes of receiving the 

warm water and being placed under the heat lamp.
• If the control yeast is not bubbling within 15 minutes of being introduced 

to the warm water they may either be dead/too old or the water was too 
hot.

• The current instructions have students measuring the height of the baggie 
only.  If you want them to measure the volume multiply length, height and 
width.  Since height is the primary variable, we focused on it.

Procedure

Exposure:
The total amount of a chemical 

that comes into direct contact  
with the body.

Hazard:
Something that can harm 

the health of humans or the 
environment.

Hypothesis:
 An explanation for an observation, 
phenomenon, or scientific problem 

that can be tested by further 
investigation and modified based 

on that investigation.

Control:
A standard comparison for an 

experiment.  It often represents 
what is “normal.”

Dose:
The total amount of a chemical 
that gets into a human or other 

living thing, relative to the 
individual’s body weight and length 

of time and exposure.

Routes of Exposure:
The ways in which a chemical can 

enter the human body. The three 
routes of exposure are inhalation, 
ingestion, and dermal absorption.

Individual Susceptibility:
Differences in the ways that 

individuals react after exposure 
to the same amount of a 

hazardous chemical. Differences 
in susceptibility can be caused 

by differences in body size, age, 
genetics, gender and general 

health.

Risk:
The possibility of becoming ill, hurt 

or killed.
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Data Analysis 
Procedure 6-9 grade 10-12 grade

1. Have the students describe (verbally or in writing) 
visual observations of the yeast in 10-minute intervals.

2. Have students measure the height of the baggies 
after 30 minute growth time.  To measure the height 
they should: 

a. Lay a strip of paper on top of the baggie
b. Get a metric ruler and set the 0 cm end onto 

the table next to the baggie
c. Gently push the edge of the paper strip off 

the baggie so that it touches the ruler and the 
height of the baggie can be read.

3. Students should record their data on a data sheet.

4. Pass around the class data sheet and have each 
of the teams enter their data.  You can do this on an 
overhead or make copies of the data sheet so the 
class has access to all of the data.

5. Have students calculate the average for each 
column of data for the class (or combine multiple 
classes).

6. Students should then graph the data.

7. Using standard scientific report format, have the 
students report about the experiment and their results.  
If students have not already done so, have them read 
the IEHMSP Student Introduction and incorporate 
into their report the terminology and concepts 
introduced in that reading.

1. Do steps 1-3 of the data 
analysis procedures for 6-9 
grade.

2. Have each group enter 
their data into a single Excel 
spreadsheet.

3. Email or make multiple 
copies of the class-data 
spreadsheet so that each 
group and/or student can 
work with all of the data.

4. Using Excel, have the 
students calculate the 
averages and standard 
deviations of the data.

5. Have students graph the 
data.

6. Using standard scientific 
report format, have the 
students report about the 
experiment and their results.

· In your discussion about the results, refer back to the scientific method as much as 
possible.  For example, have the students list or describe possible errors that could affect 
the data or experimental outcome (such as sealing the bag properly, sealing the bags at 
the same time, measurement errors, age of yeast, etc.). An important step in the scientific 
process that often gets overlooked is thinking about how students would change the 
experiment to decrease error or to learn new information to build on what they learned 
from this experiment (e.g. try different substances, or change the amounts of the current 
substances, etc.)
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YEAST AND HOUSEHOLD 
SUBSTANCES: A 
TOXICOLOGY EXPERIMENT
Student Handout #1

Teacher Key

1. Write “CONTROL” on three of the zip lock snack bags.

2. Get three more zip lock snack bags and label them with the name of one of the 
 substances you are testing (e.g. coffee).  Along with the name of the 
  substance, write “LOW” on one bag, “MEDIUM” on the next bag, and “HIGH” 
 on the third bag.  An example using coffee is below. Repeat for any  
 substances you are testing.

3. Put on protective equipment (gloves, goggles, apron, mask) as instructed by your 
 teacher.

4. Place ½ of a tablespoon (TBSP) of yeast into each bag.

5. Place ½ of a tablespoon (TBSP) of sugar into each bag.

6. Place 1 teaspoon (tsp) of each of the substances you are testing in the  
 corresponding bag labeled “HIGH.”  Be sure to clean off the spoon between 
 substances.

7. Place ½ teaspoon (tsp) of each of the substances you are testing in the corresponding 
 bag labeled “MEDIUM.”  Be sure to clean off the spoon between substances.

8. Place ¼ teaspoon (tsp) of each of the substances you are testing in the 
  corresponding bag labeled “LOW.”  Be sure to clean off the spoon between  
 substances.

9. Place 2 tablespoons (TBSP) of warm water into each bag (temperature of 
 the water should be 100o  – 110o F).

10. Seal all of the bags tightly. You want to seal the bags as close to the same 
  time as possible. This is so the carbon dioxide from the yeast fills the bag 
  for the same length of time (minimizes error)
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1. Get your ruler and a small strip of paper (~ 4 inches long).

2. Lay the strip of paper on top of the baggie.

3. Get a metric ruler and set the 0 cm end onto the table next to the baggie

4. Gently push the edge of the paper strip off the baggie so that it touches 
 the ruler and the height of the baggie can be read (refer to diagram).

5. Record your data on the “Student Data Sheet.”

Collecting the 
Data
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1. After 30 minutes of exposure time, measure the height of each bag using a 
 ruler (in metric units) and the strip of paper. (Refer to the instructions on the 
 “Student Instructions” page).

2. Write the height of the bag in # of cm in the table below

Data

YEAST AND HOUSEHOLD 
SUBSTANCES: A 
TOXICOLOGY EXPERIMENT
Student Data Sheet

Teacher Key

Control
(height of bag 

in cm) Concentration
Substance:

(height of bag in cm)

Substance:

(height of bag in cm)

Substance:

(height of bag in cm)

LOW

MEDIUM

HIGH
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YEAST AND HOUSEHOLD SUBSTANCES: 
A TOXICOLOGY EXPERIMENT
Class Data Sheet

Group 1 2 3 4 5 6 Total Class 
Avg.

Control

Substance #1: 

Low

Substance #1: 

Medium

Substance #1: 

High

Substance #2: 

Low

Substance #2: 

Medium

Substance #2: 

High

Substance #3: 

Low

Substance #3: 

Medium

Substance #3: 

High
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Lesson One:  
A TIME TRAVEL 
VACATION TO THE 
ROMAN EMPIRE

Lesson 
Overview

New Mexico 
State Education 

Standards

Teacher 
Background

In this lesson, students learn about the many ways that ancient Romans came in 
contact with lead. After reading about lead in the Roman Empire, students answer 
questions to check their understanding. Then, students create a travel guide for a 
time travel vacation to the Roman Empire. The guide includes a health advisory to 
educate travelers about the risks of lead poisoning. Extension activities are included 
for additional classroom work or homework assignments. 

Suggested Grade Levels: 5-8
Curriculum Connections: Ancient Roman culture and geography

This lesson addresses the following New Mexico State Education Standards (NMSESs) 
for grades 5-8. Benchmarks: I-C, I-D, II-A

• History. Students are able to identify important people and events in order to 
analyze significant patterns, relationships, themes, ideas, beliefs, and turning 
points in New Mexico, United States, and world history in order to understand 
the complexity of the human experience.

• Geography. Students understand how physical, natural, and cultural processes 
influence where people live, the ways in which people live, and how societies 
interact  with one another and their environments.

For a more in-depth understanding of lead poisoning and the Roman Empire, consult 
the following resources that were used to prepare this lesson:

• Time Traveler’s Guide to the Roman Empire, a website written as a guidebook 
with information on culture, health, politics and more. The “Sex” section, however, 
is not appropriate for students.

 http://www.channel4.com/history/microsites/H/history/guide03/index.html

• Examples of travel advisories and health warnings are available at:

• National Center for Infectious Disease Traveler’s Health
 http://www.cdc.gov/travel/
• World Health Organization International Travel and Health
 http://www.who.int/ith/preface.html
• U.S. Department of State Travel Warning Information Sheets
 http://travel.state.gov/
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Teacher 
Preparation

Procedure
• Distribute the Student Handout as an introduction to this lesson. The reading, 

entitled The Time Traveler’s Guide to the Roman Empire, is divided into four 
major sections. Each section is followed by brief questions to help the students 
check their understanding of what they have read. The reading can be done in 
class in small groups, or individually as homework. One or more sections can be 
assigned at a time.

• Students can work in small groups or individually to conduct research on the 
daily life of ancient Romans. They then design a travel guide to ancient Rome 
that includes a map, must see tourist spots and general information. Students 
also include a health advisory on lead poisoning, that warns travelers about the 
many ways that they might come in contact with lead during their vacation to 
the Empire (e.g. drinking water, wine, preserved fruits, going on a mine tour, 
cookware and tableware). Students can use real government travel and health 
warnings as an example for their own health advisories.

• Each travel guide must include a map of the Roman Empire with major landmarks 
or travel destinations marked (such as major cities and must-see tourist spots). 
Students should include a key to their map. Travel guides should also include 
information about at least five of the following aspects of Roman culture:

• Must see tourist spots • Entertainment
• Money • Art and Music
• Hygiene and Health • Celebrations
• Religion • Fashion
• Politics • Weather and Climate
• Social Class System • Important Latin Words to Know
• Technology

MATERIALS:  Copies of Student Handout
  Art Supplies

• Make enough copies of the Student Handout for each student or group to have 
one. Master copies of the handouts are included at the back of this book.

• You may want to print out some examples of travel health warning sheets from 
the government web sites listed under Teacher Background. This will provide 
students with an understanding of the type of information that is conveyed in 
these publications.

• If you are the first teacher in your team to use this FACT FILE, make copies of 
the student handout entitled, Student Introduction: Environmental Health and 
Lead. Ensure that students have read the handout and mastered the content 
and vocabulary.
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10% Did students complete the Student Handout and correctly answer the 
Check Your Understanding questions?

20% Did students conduct research on life in the Roman Empire?
70% Did students create travel guides that include the required elements?

•     20% Health advisory that includes the following topics: sources of 
lead, ways to avoid getting sick, what you need to bring with you, 
after you have returned home.

•     10% Map with major landmarks, must-see tourist spot, and a key.
•     30% Cultural information that includes at least five aspects of        

Roman culture.
•     5% Did students use neatness and creativity in producing their 

travel guides?
•     5% Did students cite their sources in proper bibliography format?

Extension 
Activities

Student Assessment:
The extension activities provide 

for more in-depth assessment of 
student understanding.

Alternate Format Presentation: Instead of a travel brochure, challenge students to 
present their information in a variety of media including: a play, a news broadcast, a 
website, a newspaper, a speech, a travel scrapbook, or a mural.

A Roman Feast: Host an ancient Roman Empire feast! The following websites provide 
recipe ideas:

• Ancient Roman Recipes Website
 http://www.mit.edu:8001/people/wchuang/cooking/recipes/Roman/Ancient_

Roman.html

• Ancient Roman Cuisine Website
 http://www.realm-of-shade.com/sweetlady/cuisine/cookbook.html

• Social Position and Food in the Roman Empire
 http://www2.carthage.edu/outis/food.html

It’s How You Play the Game: Play some ball games and board games from the 
Roman Empire. Instructions are available on these two websites:

• Roman Ball Games Website
 http://www.personal.psu.edu/users/w/x/wxk116/romeball.html

• Roman Board Games Website
 http://www.personal.psu.edu/users/w/x/wxk116/roma/rbgames.html

Student work can be assessed in the following ways, for a total of 100%. Student 
Assessment
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Welcome!

Welcome to the Roman Empire in the year 85 A.D. You’ve come a long way during 
your travels here to the great Roman Empire, the strongest and most glorious empire 
in the world. During your stay, you are sure to enjoy yourself, for the Romans truly 
know how to have a good time. We have festivals and celebrations for almost every 
day of the year, and all of them include great feasts overflowing with food and wine. 
In fact, you are probably thirsty from all of your traveling. Here, I’ve laid out a goblet 
of wine for you and some preserved fruits. Feast, and when you have rested, we will 
begin our tour — I have some wonderful sites for us to visit over the next few days — a 
gladiator tournament at the great Colosseum, a visit to the public bathhouse, a tour of 
our largest lead mine, and so much more.

Those Drunken Romans
If there is one thing we Romans enjoy, it is a party. It seems like there is always some 
reason to celebrate and, at least for the aristocrats, the food is abundant and the wine 
is always flowing. We value our Emperor’s ability to throw lavish parties — and you 
should see how much he eats and drinks all day long. The average Roman ingests 
about 1-5 liters of wine per day. 

In order to keep up with our demand for wine, there are winemakers all over the 
Empire. We have one problem with our wine, though. We haven’t figured out how to 
stop the fermentation process, so often our wine becomes quite sour. We do know how 
to compensate for the sourness, however. We add a sweet syrup made from grapes 
called sapa. We follow a special recipe for creating sapa. The grapes are simmered 
slowly in a lead pot or lead-lined copper kettle until they turn into a thick syrup. The use 
of the leaden kettle results in “sugared lead,” or lead acetate, which seems to sweeten 
the wine and helps to preserve it. It’s not all that surprising that wine consumption 
counts for 50-60% of the daily lead intake by the aristocrats.

While the aristocrats enjoy our most superior kinds of wine, the lower classes – plebians 
and slaves – drink an inferior kind of wine that isn’t usually sweetened with sapa. The 
difference between lead intake by the aristocrats and the lower classes is significant. 
An average aristocrat probably consumes about 250 µg of lead each day, while the 
average plebian absorbs about 36 µg and a slave 15 µg per day.

Aristocrats:
The upper class in ancient Rome, 

made up of the senators and 
 the equestrians.

Sapa:
A grape syrup used to sweeten 
and preserve sour wine. It was 

made by boiling grapes in a lead 
kettle. Scientists believe that one 

teaspoon of the syrup would have 
been more than enough to cause 

lead poisoning. Sapa was also 
used to preserve fruit.

Plebians:
The urban poor of  

ancient Rome.

Slaves:
The lowest class in ancient Rome. 

Slaves often worked in the lead 
mines and had  

short, hard lives.

Teacher Key

A TIME TRAVEL 
VACATION TO THE 
ROMAN EMPIRE
Student Handout #1

Check Your Understanding
1. Describe the three social classes mentioned: aristocrats, plebians and slaves.  

Aristocrats are the highest social class and include the emperor, the 
senators and the equestrians. Plebians and slaves are from the lower 
class. Plebeians are the urban poor. Slaves mostly work in the mines and 
often have short, hard lives.
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Student Assessment:
Have students answer these 
questions individually or  
in pairs.

2. What was sapa and how was it made?  

Sapa was a sweet syrup added to sour wine. It helped sweeten the wine 
and also acted as a preservative. Sapa was made by boiling grapes in a 
lead kettle until it formed a thick syrup.

Gouty Aristocrats

Some of our physicians have noticed some common health problems among the 
aristocrats. Strangely, these health problems don’t seem to be affecting the lower 
classes. Many of our aristocrats are plagued by gout and colic.

We’ve noticed that married aristocrats are having a hard time having children and that 
many women are having miscarriages. There used to be a law that prohibited women 
from drinking wine, but now it is legally acceptable. These reproductive troubles are 
becoming a major problem because the aristocrats need to have heirs to inherit their 
property and fortunes, as well as to keep their blood lines going. This has been a 
particular problem among the senators, who need an heir to inherit their position in 
the government.

In some ways, it seems our emperors might suffer the worst. 
While many of our leaders through history have been known 
for their gluttony, many have also suffered from health 
problems such as gout, colic and dropsies. For example, 
one of our former emperors, Claudius, who reigned from 
41-54 A.D. had all sorts of health problems. Some poets 
and actors of the time liked to mimic his disturbed speech, 
weak limbs, tremors and the strange way he walked. They 
also poked fun at Claudius’ quick fits of temper and his 
often inappropriate fits of laughter. Claudius was known 
for being a bit absent-minded and dim-witted. He often 
complained of dry gripe, a terrible kind of stomachache. 
He even sometimes slobbered – in public! Our current 

emperor, Domitian, also enjoys wine in excess. I have heard rumors that he drinks 
from fountains that flow with wine.

A few people seem to think that the wine has something to do with these strange health 
problems. I don’t know for sure. Domitian certainly drinks excessive amounts of wine, 
and so did Claudius. Even if the lead is causing these problems, there is no way the 
aristocrats will give up their wine.

Some Lead with your Water?

We Romans are known throughout the world for our innovations in science and 
technology. See, look over there against the horizon. That stone structure stretching 
as far as you can see is part of our aqueduct system. The aqueducts bring fresh water 
from its source to the city of Rome and neighboring towns. Our water is fresh, sweet 
and clean. Some aristocrats even have indoor plumbing, but most people fill their water 
pitchers at the fountain in the town square. The public bathhouses are also filled with 
water from the aqueducts.

The aqueducts are tall structures with lead-lined pipes that carry the water. Some 
aqueducts in rural areas have earthenware pipes; these are less expensive and easier 

Senator:
The highest class in ancient 
Rome. Senators held government 
positions and were either appointed 
by the emperor or inherited their 
position.

Gout:
A painful condition where the joints 
become swollen. Gout often affects 
the foot, leaving the patient unable 
to walk. It is often a symptom of 
lead poisoning.

Colic:
An extremely painful stomachache, 
often caused by chronic lead 
poisoning.

Dropsies:
A condition caused by lead 
poisoning that makes the hands 
hang useless from the wrists.

Dry Gripe:
A particularly painful stomachache 
that feels like the bowels are being 
pinched. It is often a symptom of 
lead poisoning.

A Roman Wine Jug

Aqueduct:
A structure for carrying a large 
amount of water over long 
distances. The water pipes in 
aqueducts were either lead or 
earthenware. Lead pipes were 
more popular in the city while 
earthenware was more common in 
rural areas.
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to repair, but our engineers still 
prefer lead pipes.  In fact, the word 
plumbing comes from the Latin 
word for lead, plumbum. 

The architect and writer Vitruvius, 
who lived from 70-25 B.C., was 
critical of using lead pipes. He 
thought that earthenware pipes 
produce more “wholesome” water 
while water from lead pipes is 
“harmful to the human body.”  He 
seemed to think that lead pipes 
were a health risk. He might have 
been right, but at least in the city 
of Rome, lead is still the choice for 
water pipes.

Check Your Understanding
1. What were some of Claudius’ symptoms that might be attributed to lead 
poisoning?  Claudius was dim-witted and absent-minded. He suffered 
from disturbed speech, weak limbs, tremors, drooling, dry gripe and 
difficulty walking. He often acted inappropriately, was given to sudden 
fits of laughter, and had a short temper.

2. The word plumbism means lead poisoning. How is this word linked to the 
aqueducts in ancient Rome?  The Latin word for lead is plumbum, from 
which the words “plumbing” and “plumbism” are derived.

A Roman Aqueduct

Student Assessment:
Have students answer these 

questions individually  
or in pairs.

The Father of Metals

You seemed to really enjoy the preserved fruits I gave you!  One of our favorite snacks 
is preserved fruits like grapes, apples, figs, plums, pears and cherries. We preserve 
the fruit by using sapa as a preservative.

I’m glad that you noticed the tableware. Not only are they handmade by artisans, but 
the artwork is very important to us. The designs and borders on our plates, goblets, 
vases and other tableware depict scenes of everyday life in the Empire. Earthenware 
plates and goblets are painted with a lead-based glaze and then fired. Most of our 
cookware is made from lead. It is such a soft, malleable metal that we find so many 
different uses for it. Some cook pots are made from copper or bronze, but most people 
prefer lead or lead-lined copper pots.

Lead really is our most useful metal. We consider lead to be the father of all metals 
and associate it with the god Saturn. We use lead as an ingredient in some medicines, 
to make our metal coins, and for roofing, coffins, even writing tablets and toys. Our 
favorite paint color is a deep red called Pompeian red which is made with minium, a 
lead salt.

Minium:
A lead salt, often used as a 
pigment to create red paint.
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Women use many lead-containing products. It is 
a main ingredient in many cosmetics, including 
face powders and hair dyes. 

The Great Roman Mines

I thought you might enjoy a tour of one of our 
largest lead mines. When the Romans first 
began using lead, it was a by-product of silver 
production. Now we’ve found so many uses for 
lead, that we mine specifically for it. Lead has 
such a low melting point that it is easy to smelt. 
The lead mines are worked by slaves. It is hard 
work in the lead mines, and there are many 
dangers associated with it. Oftentimes, the slaves 
don’t live long.

A long time ago, the scientist and writer Pliny the Elder explained how white lead (used 
as a pigment) was created. “For medicinal purposes lead is melted in earthen vessels, 
a layer of finely powdered sulphur being put underneath it; on this thin plates are laid 
and covered with sulphur and stirred with an iron rod. Whilst it is being melted, the 
breathing passages should be protected...otherwise the noxious and deadly vapour of 
the lead furnace is inhaled.” 

We used to have lead smelting forges in every part of the city. The noxious fumes that 
come from the lead smelting forges are overwhelming, so now most forges seem to be 
located farther out from the cities in smaller towns.

Smelt:
To melt an ore in order to separate 
a particular metal. In ancient 
Rome, the ore galena was smelted 
to produce lead and silver.

Vase painting of a Roman woman 
looking in a mirror

Check Your Understanding
1. Name five ancient Roman household items that contained lead.  

Answers may include: dinnerware, cookware, medicines, coins, roofing 
material, coffins, writing tablets, toys, paint, and cosmetics.

2. Why did Pliny the Elder believe that the lead mines and smelters were 
dangerous?  

He believed that the noxious odors that came from the process of 
smelting lead could be deadly to those who inhaled them.

Student Assessment:
Have students answer these 
questions individually or  
in pairs.

Pliny’s Thoughts on Lead Poisoning

Pliny the Elder, who lived from 23-79 A.D., sometimes wrote about the impacts of lead 
on people’s health. I thought you might enjoy talking with his nephew, Pliny the Younger, 
who has studied many of his uncle’s manuscripts. Since you seem so interested in how 
we use lead here in the Empire, I asked him to describe his uncle’s opinions on the 
dangers of consuming lead. Here’s what Pliny the Younger has to say:
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Greetings, Time Traveler! My uncle noticed that colic from lead 
poisoning was a new disease that became widespread during his 
own days. He thought that it was interesting that while the wealthy 
suffer from many common health problems, the lower classes seem to 
almost completely avoid these troubles. While it is true that the slaves 
that work in the lead mines and forges often become sick or even die 
from the noxious fumes, most of the poor people do not seem to be as 
affected as the wealthy.

For one reason, the lower classes eat a simple diet, mostly a grain-
based porridge. They cannot afford delicacies like preserved fruit 
or expensive wine. My uncle once wrote that the practice of adding 
lead in one form or another to wine is so prevalent that ‘genuine, 
unadulterated wine is not to be had now, not even by the nobility.’ 
He noticed a connection between consumption of leaden wine and 
health issues, writing that ‘from the excessive use of such wines arises 
dangling...paralytic hands.’ Large doses of lead from food and wine 
seem to make people sick!

The poor have cookware and tableware made from earthenware 
instead of expensive lead kettles and pots. Also, the poor do not have 
luxuries like lead-containing cosmetics or paints. Finally, many of the 
lower classes live farther out from the cities, where the aqueducts 
have earthenware instead of lead pipes. Ironically, this makes the 
poor less at risk of getting sick from lead exposure.

Well, Pliny the Younger certainly had a lot to say about the possible dangers of lead. 
Between you and me, I think there is probably some truth to these ideas. However, 
lead is such a popular metal, and the aristocrats so love their wine, I cannot imagine 
that there will be any changes in the way we use lead, at least not anytime soon.

We have certainly seen a lot today. You look a little tired. Let me take you to one of 
Rome’s grandest bathhouses, The Baths of Caracalla, so that you can have a massage 
and take a dip in the pools there. Tomorrow, we’ll see a gladiator tournament at the 
Colesseum – you’ll want to be well rested for that event!

Check Your Understanding
1. How did the diet of the lower classes differ from that of the aristocrats?  
The lower classes had a simple diet mostly comprised of a grain-based 
porridge. They could not afford delicacies such as preserved fruit or 
leaden wine. 

2. Why did Pliny the Elder believe that the lower classes suffered less from lead 
poisoning than the aristocrats? Pliny the Elder believed that the lower classes 
had fewer opportunities to come in contact with lead than the aristocrats, 
since the lower classes couldn’t afford luxuries like preserved fruit, leaden 
wine, and lead cookware and dinnerware. He noticed that the health problems 
that he attributed to lead poisoning, such as gout, colic and dropsies, plagued 
the aristocrats, but not the lower classes.

Student Assessment:
Have students answer these 

questions individually or  
in pairs.

TEACHER NOTE:
Pliny the Elder’s writings on lead 
poisoning are paraphrased here 

in order to make them more 
accessible to students.
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Now that you have had a guided tour of the Roman Empire, it’s time to create a travel 
guide that includes some general information about the Roman Empire as well as what 
you have learned about the dangers of lead poisoning. You should include a health 
advisory on lead poisoning that warns travelers about the many ways that they might 
come in contact with lead during their vacation to the Empire. Your health advisory 
should include the following sections:

•    Sources of Lead (provide at least four).
•    To Avoid Getting Sick (provide at least four).
•    What You Need to Bring With You (provide at least one).
•      After You Have Returned Home (provide at least one). 

It’s a good idea to use real government travel and health warnings as examples when 
working on this project. Examples can be found at:

• National Center for Infectious Disease Traveler’s Health Pages
 http://www.cdc.gov/travel/
• World Health Organization International Travel and Health Pages
 http://www.who.int/ith/preface.html
• U.S. Department of State Travel Warning Information Sheets
 http://travel.state.gov/

In addition to a health advisory on lead poisoning, your travel guide should include a 
map of the Roman Empire with major landmarks or travel destinations marked (such 
as major cities and must-see tourist spots). The map of the Roman Empire included in 
this lesson can be used as a starting point for your travel guide.

Your travel guide should also include information about at least five of the following 
aspects of Roman culture:

• Must-see tourist spots • Entertainment
• Money • Art and Music
• Hygiene and Health • Celebrations
• Religion • Fashion
• Politics • Weather and Climate
• Social Class System • Important Latin Words to Know
• Technology

Student Assessment:
Did the students’ travel guides 
include the required elements?

Travel Guide 
Activity
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Sample Student Travel Health Warning for 
Lead Poisoning in the Roman Empire
Time travelers visiting the ancient Roman Empire are advised to take caution against 
lead poisoning. Lead is a heavy metal which can be toxic at any level, especially to 
young children and unborn babies. Lead can be ingested, inhaled or absorbed. Lead 
is one of the most popular metals in use in the Roman Empire. It can be found in food, 
water and many common household products. While it may be difficult to completely 
avoid this prevalent metal, travelers can exercise some precautions to help safeguard 
their health.

Sources of Lead
• Wine treated with sapa, a sweet grape syrup. Also called “leaden wine.”
• Preserved fruits such as grapes, apples, figs, plums, pears and cherries.
• Any food cooked or stored in solid lead, or lead-lined copper or bronze 

cookware.
• Any food or beverage cooked, stored or served in lead glazed earthenware.
• Water that has flowed through lead pipes in the aqueduct.
• Lead-containing cosmetics, especially face powders and hair dyes.
• Some common household objects contain lead, such as coins, roofing, writing 

tablets and toys.
• Pompeian red paint.
• Noxious fumes from lead smelting forges.
• Dust from lead mines or water coming from lead mines.

To Avoid Getting Sick
• Avoid drinking wine. 
• Avoid eating preserved fruits.
• Wash your hands before eating.
• Avoid eating foods cooked in lead pots as much as possible.
• Avoid consuming foods or beverages served or stored on glazed earthenware.
• Avoid using Roman cosmetics or medicines.
• Pass on the opportunity to tour a lead mine or lead smelting forge. There are 

many other safer tourist opportunities.

What You Need To Bring With You

• If your type of time travel allows, bring your own bottled water, especially if your 
visit will be within a major city.

• If you are planning to purchase souvenirs such as tableware, vases or toys, 
you might want to pack a lead test kit that uses a swab to test a surface for the 
presence of lead. By using the simple test kit, you’ll be able to know if the item 
contains any lead.

After You Have Returned Home
Ask your doctor to test your blood lead level. Even by following the suggested 
precautions, it is likely that you will come in contact with lead during your visit. A simple 
blood lead test can help you determine if you need to take any medical action to treat 
your lead exposure.

Student Assessment:
This sample is provided to help 
you evaluate student work. This 
is the kind of information that 
students might include in the 
Travel Health Warning section of 
their Travel Guide.

Teacher Key
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Lesson Two:  
THE GEOGRAPHY OF 
CHILDHOOD LEAD 
EXPOSURE

Lesson 
Overview

New Mexico
State Education

Standards

This geography lesson investigates the geography of childhood lead exposure in New 
Mexico. Students first read about lead poisoning as an environmental justice issue. 
Then, students use information from a data table to create a New Mexico State map 
that plots instances of childhood lead poisoning by county. Extension activities are 
included for additional classroom work or homework assignments.

Suggested Grade Levels: 5-8
Curriculum Connections: New Mexico contemporary issues, New Mexico geography 
& economics, mapping

This lesson addresses the following New Mexico State Education Standards (NMSESs) 
for grades 5-8. Benchmarks:II-A, II-B, II-C, II-E, III-A, III-D, IV-A, IV-B

• Geography. Students understand how physical, natural, and cultural processes 
influence where people live, the ways in which people live, and how societies 
interact with one another and their environments.

• Civics and Government. Students understand the ideals, rights, and 
responsibilities of citizenship and understand the content and history of the 
founding documents of the United States with particular emphasis on the United 
States and New Mexico constitutions and how governments function at local, 
state, tribal, and national levels.

• Economics. Students understand basic economic principles and use economic 
reasoning skills to analyze the impact of economic systems (including the 
market economy) on individuals, families, businesses, communities, and 
governments.

Teacher 
Background

For a more in-depth understanding of childhood lead poisoning in Washington State, 
consult the following resources that were used to prepare this lesson:

• CDC Childhood Lead Poisoning Prevention Program (http://www.cdc.gov/nceh/
lead/lead.htm)

• Lead Poisoning Prevention Outreach Program: A Project of the National Safety 
Council’s Environmental Health Center (http://www.nsc.org/ehc/lead.htm)

• Lead is all Around Us (National Institute of Environmental Health Sciences 
Center) (http://www.niehs.nih.gov/oc/factsheets/lyh/lyh.htm)

• FAQ – Lead Poisoning (U.S. Environmental Protection Agency) (http://www.
epa.gov/region02/faq/lead_p.htm)

This lesson deals with several sensitive issues of the environmental justice movement, 
including links between income level, ethnicity and environmental health. Environmental 
justice is a social movement that began in the early 1980s. Environmental justice 
activists believe that all people — regardless of race, country of origin, income level 
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Teacher 
Preparation

MATERIALS:  Copies of Student Handouts #1 and #2
  Colored pencils or pens

•   Make enough copies of the Student Handouts for each student or group to have 
a set. Master copies of the handouts are included at the back of this book.

•   If you are the first teacher in your team to use this FACT FILE, make copies of 
the student handout entitled, Student Introduction: Environmental Health and 
Lead. Ensure that students have read the handout and mastered the content 
and vocabulary.

•   You may want to review the math lesson Medicaid Math: Lead In Then Left Out 
and Coordinate with the math teacher to conduct these lessons simultentously. 
Doing thes will help students understand that the lead poisoning estimates for 
NM may not be accurate and why.

•   Distribute Student Handout #1 as an introduction to this lesson. The reading 
can be assigned as homework or read as a class activity.

•   Distribute Student Handout #2. Ask each student to neatly label his/her New 
Mexico map with the names of the thirty-three counties. You can use this part 
of the activity to test student’s knowledge of New Mexico counties, if you have 
already been studying this in class.

or education — have a right to clean air, water, and soil. The environmental justice 
movement looks at patterns between socioeconomic and environmental issues, such as 
placing an incinerator in a low-income neighborhood. While environmental justice is an 
important issue to teach young adults, it takes sensitivity when presenting information 
so as to not alienate students. Lead poisoning is considered an environmental justice 
issue since low-income, populations of color are at a greater risk of becoming lead 
poisoned than higher income, white populations. Environmental justice can bring up 
issues of race and class in a way that empowers students by focusing on awareness 
and action as instruments of social and environmental change. For a more in-depth 
understanding of the environmental justice movement, consult the following resources:

• Community Coalition for Environmental Justice http://www.ccej.org/
• Scorecard (http://scorecard.org/)
• Children’s Environmental Health Network http://www.cehn.org/
• KRWG Radio Landfills In New Mexico - Not in My Backyard http://www.

krwg-tv.org/Landfill_news_22/
• EPA National Priorities List http://www.epa.gov/superfund/sites/npl/npl.

htm
• Environmental Justice Resource Center with information on New Mexico 

http://www.ejrc.cau.edu/Welcome.html

 It is important to note that the average elevated blood lead levels in New Mexico 
are in line with the national average of around 2%. Instances of childhood lead 
poisoning have dropped considerably over time since leaded gasoline was 
banned in the early 1980s. With continued work in lead poisoning prevention 
education and lead abatement, these rates will hopefully continue to drop.

Procedure

Student Assessment:
Student work can be assessed in the 
following ways:
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•   Ask students to examine the data chart “Elevated Blood Lead Levels in Children 
1994-1999”and identify the lowest and highest percentages. You should also 
discuss why some of the counties might have 0% listed. It could mean that 
children that were tested had no blood lead levels above 10 micrograms per 
deciliter, but it could also mean that no data (or too little data) were collected, 
thus there was nothing to report.

•   Students will develop their own color and/or symbol key for representing the 
different percentages of children with elevated blood lead levels. Students 
should use the following data categories to make grading easier: 

•   The percentage of children with elevated blood lead levels can be 
grouped into the following categories: 0-1.9%, 2.0-3.9%, 4.0-5.9%, and 
6.0-10.9%. 

•   Students then plot the information from the data chart onto the New Mexico 
State map. Students should include a key for their maps.

Extension 
ActivitiesCounty Investigation: Choose one of the New Mexico counties with the highest 

rates of childhood lead poisoning. Use a variety of resources to research why that 
county may have higher rates than the rest of the state. Try to identify the potential risk 
factors for lead poisoning in that county. Potential risk factors may include: geography, 
industry, poverty, and ethnicity. Students can report on their findings in any of the 
following formats:

•   A written presentation to the county’s council members
•   An op-ed article for the county’s local newspaper
•   An oral presentation to the class
•   A web page to inform residents of the county about the risks of lead exposure
•   A video-taped news segment

Environmental Justice Speaker: Have a speaker come to your class to discuss 
the environmental justice movement and links to your own community. (see Teacher 
Background section for contact information).

Student Assessment:
The extension activities provide 

for more in-depth assessment of 
student understanding.

Student 
Assessment

10% Did students complete the Student Handout and correctly answer the 
Check Your Understanding questions?

90% Did students create a map including the required elements?
•     40% Correctly labeled with the county names.
•     5% Includes a key to the map.
•     5% Appropriate symbols or colors are marked on the Data Chart.
•     35% Data is correctly entered for each county.
•     5% Neatness

Student work can be assessed in the following ways, for a total of 100%.

Did the students complete 
the reading?

Did the students correctly 
label their maps with the 

county names?

Did the students develop 
clear keys to their maps? 

Is the data entered on the 
map correctly for each 

county?
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Lead Poisoning Awareness
Students are challenged to prepare a lead poisoning awareness campaign for use in 
New Mexico. Each student should identify who their audience is (adults, parents, young 
children, schools, etc.) and design their materials accordingly. Some possible ideas 
include: posters, news articles, bumper stickers, web pages, ads, or radio segments. 
The materials should include a description of what lead poisoning is, identify risk 
factors, describe how it is treated and how it can be prevented. The campaign should 
be visually appealing and make people want to learn more.

Leaded Gasoline Around the World
The phase-out of leaded gasoline in the U.S. began in the 1970s, at a time when 
88.2% of children age 1-5 had elevated blood lead levels. The phase-out of leaded 
gasoline is often called one of the most successful public health campaigns in the 
U.S. However, leaded gasoline is still used in most countries around the world. Most 
African countries, in particular, use gasoline that has the highest concentration of lead 
in the world. Ask students to investigate both the success story of the U.S. and the 
challenges and health effects faced by countries that still use leaded gasoline. Check 
out the Global Lead Network, available at:
http://www.globalleadnet.org/
Also, Princeton Environmental Institute’s website, Leaded Gasoline Phase-Out, is a 
good starting place, available at: http://www.princeton.edu/~vmthomas/pbgas.html
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THE GEOGRAPHY OF 
CHILDHOOD LEAD 
EXPOSURE
Student Handout #1

Teacher Key

Blood Lead Level (BLL):
A measurement of the amount of 

lead in a person’s blood. A BLL 
of over 10 µg/dL is considered 

dangerous.

µg/dL:
Micrograms per deciliter. A 

measurement of the amount of 
lead in a person’s blood. The 

Greek symbol “µ” is pronounced 
“mew.”.

Environmental Justice:
The belief that all people 

— regardless of race,  
country of origin, income  

level, or education —  
have a right to clean air,  

water, and soil.

Risk Factor:
Something that increases an 

individual’s chance of becoming 
ill, getting hurt, or being killed.

Background

Childhood lead poisoning is an important environmental health problem that affects 
children across America. The Centers for Disease Control estimate that about 434,000 
American children, ages 1-5, each year suffer from lead poisoning. That means about 
2.2 percent of all children ages 1-5 are affected by lead poisoning. Ever since leaded 
gasoline and lead-based paint were banned over twenty years ago, rates of childhood 
lead poisoning have been declining across the country. 

About 2 percent of the children in New Mexico who are screened for lead have elevated 
blood lead levels (greater than 10 µg/dL). But some counties, such as Grant and Eddy 
have a lead poisoning rate of 6-7%. The average NM rate of 2% is similar to national 
averages, but the national rates are based on much larger populations. Although even one 
child is too many, New Mexico does not appear to have some of the extreme exposures 
seen elsewhere in the nation. In Philadelphia 28 percent of the children have high blood 
lead levels!

The U.S. Health and Human Services mandates that all children under the age of 6 who 
are Medicaid recipients be tested for lead, but that does not always happen. In Bernalillo 
County 21.7 percent of children under six years of age are below poverty level, yet only 
1-3 percent of children are tested.

Childhood lead poisoning is considered to be an environmental justice issue. 
Environmental justice is a social and political movement that believes that all people 
– regardless of race, country of origin, income level or education – have a right to a 
clean environment, including clean air, water, and soil. Childhood lead poisoning is an 
environmental justice issue because certain groups of children are more likely to suffer 
from lead poisoning than the rest of the population. If we look at the United States as a 
whole, a child’s risk of lead poisoning increases if he or she:

•   Lives in a high risk community (geography)
•   Comes from a low-income family (poverty)
•   Is Black or Hispanic (ethnicity)

Other types of environmental justice issues include air pollution, water pollution, solid waste 
disposal, transportation, industry, human health and disease. “Environmental classism” 
refers to the fact that low-income people often live in less healthy environments than middle 
and high income people. “Environmental racism” refers to the fact that people of color are 
also more likely to live in neighborhoods where environmental health hazards are located, 
such as factories and hazardous waste sites.

Public health officials have examined many statistics to learn about the risk factors for 
childhood lead poisoning that are specific to this region. The more the health department 
understands about lead poisoning risk factors, the better they can educate families of 
young children. The risk factors that increase a child’s risk of having elevated blood lead 
levels include age of housing, poverty, geography, and Hispanic ethnicity.

Age of Housing: Lead-based interior house paint was banned in 1978, but many old 
homes still have paint that contains lead. It is estimated that in New Mexico, there are 
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about 15,000 homes with a high risk of lead hazards (built before 1950). Young children 
may INGEST or inhale paint dust that gets on their hands, food or toys. Also, old homes 
may have lead plumbing, which can contaminate drinking water with lead.

Poverty: Children who come from low-income families are more likely to live in older 
homes, which may have lead-based paint. Also, low-income children may not receive 
a proper, well-balanced diet. Children whose diets are high-fat and low in calcium are 
more susceptible to lead poisoning. In a child’s body, lead acts just like calcium. A child 
with a poor diet will absorb more lead than a child with a well-balanced diet.

Geography: Geography can play a role in childhood lead poisoning. Factors that can 
influence the rate of lead poisoning are the amount and types of industries in an area, the 
proximity to farming, the number of houses that were built before 1978 (after 1978 lead 
was no longer put into paint), and the poverty level. Geographic differences can be seen at 
a national level, within different counties in a state, or zip codes within a city. For example, 
23% (6 zip codes) of the 26 zip codes in Bernalillo County have a high risk for elevated 
blood lead levels.

Hispanic Ethnicity: Nationally, Hispanic children have a higher rate of lead poisoning than 
do non-Hispanic children (although African American children have some of the highest 
lead poisoning rates in the nation). Since diets low in calcium make people more vulnerable 
to lead uptake, this has affected Hispanic populations in an unusual way. Generally, 50% 
of Hispanics and 75% of Mexican Americans are lactose intolerant and therefore do not 
use dairy products as a calcium source.

Elevated lead levels in Hispanic populations may come from sources other than leaded 
paint. Many migrant farm workers are Hispanic. Farm workers that work in areas with 
contaminated soil may bring home lead particles on their clothing, shoes and hair. Other 
jobs, such as radiator repair, produce lead dust that can be carried home to children. Children 
may then INGEST or INHALE the lead dust when it gets on their hands, toys or food. In 
addition, several Mexican folk remedies and a specific type of Mexican candy sometimes 
contain lead. Two common folk remedies given to children to treat stomachaches, greta 
and azarcon, can contain up to 97% lead. Other possible lead sources in the Hispanic 
community include Mexican ceramic plates and containers used to serve or store food.

Rates of childhood lead poisoning continue to drop over time as people become more aware 
of the risks of lead poisoning. As a whole, lead poisoning rates have dropped considerably 
since household lead-based paint and leaded gasoline were banned. Hopefully in the 
future lead poisoning will rarely affect children.

Student Assessment:
Did the students complete the 
reading and thoughtfully answer 
the questions?

Check Your Understanding
1. How do rates of childhood lead poisoning in Washington State compare to 
those across the rest of the United States?  New Mexico lead poisoning rate 
is similar to the national average.
2. The banning of what two products had a tremendous impact on lowering 
rates of childhood lead poisoning across the United States?  The banning of 
leaded gasoline and household lead-based paint.
3. Why is lead poisoning an environmental justice issue?  Lead poisoning is 
an environmental justice issue because certain children (e.g. children of 
color and children living in poverty) are more likely to be exposed to lead 
than other children. 
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Data Mapping Activity

Examine the data chart below. This chart shows the percentage of children in various 
counties of New Mexico who have elevated levels of lead in their bodies. 

THE GEOGRAPHY OF 
CHILDHOOD LEAD 
EXPOSURE
Student Handout #2

Teacher Key

County

% of Children 
with BLLs 

above 10 μg/
dL

Symbol or 
Color County

% of Children 
with BLLs 

above 10 μg/
dL

Symbol or 
Color

Bernalillo 1.8 McKinley 5.0

Catron 0.0 Mora 2.7

Chaves 3.3 Otero 2.5
Cibola 3.8 Quay 0.0

Colfax 4.0 Rio Arriba 3.1

Curry 3.3 Roosevelt 1.0

De Baca 3.9 Sandoval 1.2

Dona Ana 2.7 San Juan 1.7

Eddy 6.6 San Miguel 0.9

Grant 7.4 Santa Fe 0.8

Guadalupe 3.3 Sierra 2.5

Harding 0.0 Socorro 2.5

Hidalgo 2.6 Taos 4.0

Lea 2.0 Torrance 1.3

Lincoln 1.6 Union 2.6

Los Alamos 2.4 Valencia 0.2

Luna 2.4

Source: New Mexico Department of Health

Elevated Blood Lead Levels in Children in New Mexico, 1994-1999*
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Now, it’s time to put the data set on a map to make it easier to visualize what is 
happening. Do the following:

•   Fill in the name of each county on the New Mexico state map below.

•   Using colored pencils or pens, decide on a combination of symbols or colors 
to represent the range of data shown in the data key on the map below. For 
example, you might use green for counties where 0-1.9% of children have BLLs 
above 10 µg/dL, and blue for counties where 2.0-3.9% of children have BLLs 
above 10 µg/dL. Fill in the key below to show what colors or symbols you have 
chosen.

•   On the data chart, complete the last column by indicating what symbol or color 
applies to that county. 

•   Locate the counties included in the data chart and color code each one based 
on the colors you have assigned on your data chart.

Student Assessment:
Did the students’ maps include the 
required elements?

% of Children above 
10µg/dL BLL

0-1.9%

2.0-3.9%

4.0-5.9%

6.0-10.9%
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Lesson One:  
TOXIC CANDIES AND 
DANGEROUS CURES

Lesson 
Overview

New Mexico 
State Education 

Standards

Students read a short passage about folk remedies and candies from around the 
world that commonly contain high levels of lead. Students interview four adults to learn 
about different folk remedies and their origins. Students work in groups to read case 
studies about Hispanic children who were exposed to lead from folk remedies and 
imported candies. They then complete case history reports for each child, including 
recommended treatment options. Extension activities are also included for additional 
classroom work or homework assignments.

Suggested Grade Levels: 5-8
Curriculum Connections: Body systems and diseases, health, interviewing, 
interpreting case studies, and science/geography connections

This lesson addresses the following New Mexico State Education Standards (NMSESs) 
for grades 5-8. Benchmarks: I.I.II, II.II.I, III.I.I.

•  Scientific Thinking and Practice. Students will understand the processes 
of scientific investigations and use inquiry and scientific ways of observing, 
experimenting, predicting, and validating to think critically; understand the 
processes of scientific investigation and how scientific inquiry results in scientific 
knowledge.

•  Content of Science, (Life Science): Students will understand the properties, 
structures, and processes of living things and the interdependence of living 
things and their environments.

•  Science and Society. Students will understand how scientific discoveries, 
inventions, practices, and knowledge influence, and are influenced by, individuals 
and societies; Explain how scientific discoveries and inventions have changed 
individuals and societies.

For the purposes of this lesson, we are defining a folk remedy as any method of treating 
injury or illness that is passed down through tradition and is related to a specific region 
or culture. 

For a more in-depth understanding of the risks of folk remedies and imported candies, 
consult the following resources that were used to prepare this lesson:For a more in-
depth understanding of the risks of folk remedies and imported candies, consult the 
following resources that were used to prepare this lesson:

• Centers for Disease Control and Prevention, “Childhood Lead Poisoning 
Associated with Tamarind Candy and Folk Remedies, California 1999-2000.” 
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5131a3.htm

Teacher 
Background
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Teacher 
Preparation

Procedure

MATERIALS:  Copies of Student Handouts
  Copies of Case Study Cards

• Make enough copies of the two Student Handouts for each student or group to 
have a set. Each student will need four copies of the Folk Remedy Interview 
Sheet. Master copies of the handouts are included at the back of this book.

• Make one copy of each of the Case Study Cards, and enough copies of the 
Blood Lead Level Chart and Patient Case History Sheet so that each group 
of students will have one.

• Optional: Print articles, slideshow, graphics, and a poster from the Orange 
County Register’s Toxic Treats website.

• If you are the first teacher in your team to use this FACT FILE, make copies of 
the student handout entitled, Student Introduction: Environmental Health and 
Lead. Ensure that students have read the handout and mastered the content 
and vocabulary.

• Distribute Student Handout #1: Toxic Candies and Dangerous Cures as an 
introduction to this lesson.

• Interview Activity: This activity provides a good introduction to the origins 
of folk remedies. Students interview four adults to learn about different folk 
remedies for common ailments. Students should interview at least one family 
member, but seek out adults of different generations and different ethnic 
backgrounds. Students should use the Folk Remedy Interview Sheet to record 
their answers.

• Once the interviews are complete, compile a class list of all of the different 
remedies suggested by the interview subjects. You may want to have students 
work together to group the different remedies into categories. Categories might 
include country of origin and type of remedy (exfoliant, massage, astringent, 
etc.). Students can also look for connections between folk remedies and current 
medical treatments for the same condition.

• Explain that different cultures around the world have their own remedies for 
illnesses that may differ from those on the students’ list. Some of these remedies 
may contain high levels of lead, which makes the remedy actually hazardous to 
human health, especially for young children. Many people in the U.S. also use 
folk remedies imported from other countries. Distribute Student Handout #2: 
Lead Levels in Folk Remedies. Review the information on the handout with 
the students.

• Case Study Activity: Divide students into small groups and distribute one Case 
Study Card, one Blood Lead Level Chart and one Patient Case History 
Sheet per group. Each group should read the case study and BLL chart and use 
that information to fill out their case history sheet, as if they were the physician 
treating the child. Then, each group should present their case study to the class, 
including reporting on what the likely sources of lead were and what treatment 
they recommended. An example case history sheet has been provided.

• Albuquerque Environmental Health Department Warning: FDA Alerts Public to 
Possible Health Risk Associated with Certain Tamarind Candy Lollipops from 
Mexico. http://www.cabq.gov/envhealth/candy.html

Student Assessment:
Student work can be 
assessed in the following 
ways: 

Did the students complete 
the reading?

Did the students interview 
four adults and take 
appropriate interview notes?

Did the students correctly 
complete the case history 
sheet?

Did the student groups 
clearly present their case 
studies to the rest of the 
class?
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Extension 
Activities

Student Assessment:
The extension activities provide 

for more in-depth assessment of 
student understanding.

Mapping Activity:  Using Student Handout #2: Lead Levels in Folk Remedies, ask 
students to group the folk remedies by region of origin. Using a world map, students 
can plot the origin of the folk remedies by assigning a different color to each region or 
country and marking it on the map. Students should create a key to the colors at the 
bottom of the map. In addition, students should create a key on the student handout 
by marking a color or symbol for each remedy on the list.

Health Warning: The students all work for the New Mexico State Department of 
Health, which has issued health warnings on the Mexican folk remedies greta and 
azarcon and certain imported candies. The students are challenged to create a media 
campaign designed to educate Hispanic populations about the dangers of these 
products. The students should consider:

• Who is their targeted audience? What language or cultural barriers might they 
need to consider?

• Where are the best places to reach the intended audience? (Cultural community 
centers, community newspapers, ethnic grocery stores, etc.).

• What form of media will be used? (Radio, television, newspaper articles, posters, 
etc.).

• For the FDA news release, see “FDA Alerts Public to Possible Health Risk 
Associated with Certain Tamarind Candy Lollipops from Mexico”.  http://www.
fda.gov/bbs/topics/ANSWERS/2001/ANS01079.html

Medicine Bags: Students explore medicine bags from different cultures and time 
periods. A medicine bag reflects the culture, climate, biology and medical knowledge 
of a particular place and time. Students consider what ingredients would be included 
in medicine bags from a variety of cultures (an Ancient Roman physician, a Native 
American medicine man at the time of Lewis and Clark, a Hispanic immigrant to 
the United States, etc.). Students will need to conduct some research on the specific 
culture and time period. In addition, students can create their own medicine bags 
including ingredients from their families’ own home remedies. For the lesson plan 
“Chemistry of Folk Remedies,” go to the  AEL Rural and Urban Images Project’s website. 
http://www.ael.org/nsf/voices/curric/folk.htm

Student 
Assessment

10% Did students complete Student Handouts #1 and #2 and correctly answer 
the Check Your Understanding questions?

40% Did students interview four adults and fill out one Folk Remedy Interview 
Sheet per person?

5% Did students participate in compiling a class list of folk remedies?

35% Did students work in a group to evaluate one Case Study Card and complete 
one Patient Case History Sheet?

10% Did students make effective group presentations about their case study?

Student work can be assessed in the following ways, for a total of 100%.
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Toxic Candies
Mexican candies—sweet and spicy lollipops, powders, jellies, wafers, rolls, suckers 
and chewing gum—are imported into the United States and sold in supermarkets, 
candy stores and on ice cream trucks. Many of these brightly wrapped sweets are 
actually toxic treats. Children in Washington, Oregon and California have suffered from 
lead poisoning traced to eating certain types of imported Mexican candy. 

Candies that are manufactured in Mexico often do not meet the same food safety laws 
that candies manufactured in the United States must meet.  When Mexican candies are 
imported into the United States, they are rarely inspected by regulators or tested by health 
officials. Candies are often brought over the border in suitcases and car trunks, to be 
shared with family members. This makes the challenge of regulating the flow of Mexican 
candies into the U.S. even more difficult.

The California Department of Health Services has conducted over 1,500 tests on 
Mexican candy since 1993, finding that one out of four candies tested high for lead. In 
the past decade, over 112 brands of imported candy—mostly from Mexico—have been 
found to contain dangerous levels of lead.  Some candies contain enough lead that a 
child could exceed the daily allowable lead limit by eating just one piece of candy.

These candies can become contaminated with lead from several different sources. 
Some candy wrappers and lollipop sticks are printed with ink that contains lead. The 
ink on the wrapper can be transferred onto the sticky candy. Children also ingest lead 
when they lick and chew the wrappers and sticks.

Many popular Mexican candies contain 
spicy chili powder or sticky tamarind pulp. 
When chili peppers are processed, they are 
harvested from the field, dried and ground 
up into powder. Usually, the peppers are not 
cleaned before drying, so soil, fertilizers and 
pesticides (all of which may contain lead) 
that are stuck to the peppers get ground 
up into the chili powder. Likewise, these 
contaminants also stick to tamarind pods 
and are not removed during processing.

Some Mexican candies are packaged in tiny handmade clay pots. In order to make 
the pots shiny, a pottery glaze is applied to them.  Many of these pots are made 

with a traditional glaze called greta that contains lead. The lead in the 
glaze can then get into the sticky candy jelly. The candy is made from a 
spicy-sweet mixture of tamarind pulp and chili powder. Mexican candy 
in handmade pots has three possible sources of lead contamination: 
the glaze on the pot, the tamarind pulp, and the chili powder.

The Mexican government, while aware of the problem with the contaminated candies, 

Tamarind candy from Mexico can contain 
high levels of lead

TOXIC CANDIES AND 
DANGEROUS CURES
Student Handout #1

Tamarind:
A bean-like fruit from the tamarind 

tree, often made into candies in 
Mexico.

Teacher Key
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has been unsuccessful in stopping the manufacture and export of these toxic treats. 
While some health officials have worked toward regulating candy makers, their 
resources are limited. Many candy manufacturers say that they do not believe 
that there is a problem with their candy. However, some candy manufactures have 
made changes to their manufacturing and packing processes in an effort to reduce 
lead contamination.

Health advisories have been issued by health departments in many states, the FDA 
and the CDC, warning about lead in imported candies. The U.S. Food and Drug 
Administration regulates the importation of candies while the Consumer Product Safety 
Commission regulates the candy wrappers.

Dangerous Cures
Folk remedies, also known as home remedies, are used to help treat a sickness or injury. 
You probably know of many folk remedies that your own family uses. For example, 
have you ever eaten chicken soup for a cold, gargled with salt water for a sore throat, 
or drank ginger ale or mint tea for a stomach ache? Folk remedies tend to be passed 
down through generations and many have their origins in other cultures.

Some folk remedies have been proven to work, while others are ineffective. Some folk 
remedies can even be harmful since they include dangerous ingredients, like lead. 
Some ancient folk remedies seem silly nowadays, such as treatments used by the 
Ancient Romans for lead poisoning. Ancient Roman physicians had some strange 
prescriptions for the stomach aches and cramps that went along with lead poisoning. 
For example, they might have the patient get a puppy to lie across his or her stomach. 
The thinking was that because dogs are such empathetic creatures, they would take 
the patient’s pain onto themselves. Another remedy involved placing buttered toast 
onto a sore stomach.

In the Pacific Northwest, Hispanic families are at a higher risk for becoming lead 
poisoned from folk remedies. Two particularly dangerous folk remedies are Mexican 
stomach ache treatments traditionally given to Hispanic children. These powdered 
medicines, known as greta and azarcon, are mixed with water and then swallowed 
(ingested). Both remedies can contain up to 97% lead. Oftentimes, Hispanic families 
will bring these Mexican remedies with them to the U.S.

Other Sources of Lead
Other common sources of lead poisoning include paint, miniblinds and pottery. Older 
homes built before 1978 may contain lead-based paint. Children are at risk from 
ingesting paint chips or inhaling paint dust, especially during renovations when paint is 
scraped or sanded. Some brands of imported vinyl miniblinds contain lead. The vinyl 
breaks down in sunlight, releasing lead-contaminated dust, which can be ingested or 
inhaled. Some types of glazes used on pottery and ceramics contain lead. When food 
and beverages are stored in or served on pottery or ceramic dishes treated with lead-
based glazes, the lead can get into the food or beverage and be ingested.

Source: McKim, J., Sharon, K., and Heisel, W. Hidden Threat, Orange County Register. April 25, 2004. 
Available at http://www.ocregister.com/investigations/2004/lead/index.shtml.

Folk Remedy:
Any method of treating injury or 
illness that is passed down through 
tradition and is related to a specific 
region or culture.

Student Assessment:
Did the students complete  
the reading?
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Check Your Understanding
1.  Name two sources of lead contamination found in some types of 

Mexican candies.
 Answers may include: lead-based ink on wrapper and/or stick; 

lead in chili powder; lead in tamarind pulp; lead-based glaze on 
clay pots.

2.  How could the manufacturing process be changed to reduce how 
much lead gets into some types of Mexican candies?

 Answers will vary, but may include using lead-free inks, washing 
chili peppers before processing, using pesticides and fertilizers 
that are lead-free, and using lead-free pottery glazes.

3.  Name one folk remedy that you or your family has used to treat an 
illness or injury.

 Answers will vary.

4.  Through what route of exposure are children exposed to the Mexican 
folk remedies greta and azarcon?

 Ingestion.
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Folk Remedy Interview Sheet

Select FOUR adults to interview for this activity. You should interview at least one 
family member, but seek out adults of different generations and different ethnic or 
cultural backgrounds. Use this page to take notes during the interview (one sheet per 
person interviewed). 

Your Name:     Date:

Name of Person Being Interviewed (Subject):

Subject’s Age:

Subject’s Ethnicity/Cultural Background:

Ask the interview subject what folk remedies he or she has used to treat the following 
conditions:

Student Assessment:
Did the students interview four 
adults and take appropriate 
interview notes?

Interview 
Activity

Folk Remedy:
Any method of treating injury 
or illness that is passed down 
through tradition and is related to 
a specific region  
or culture.

CONDITION FOLK REMEDY
Acne

Allergies

Asthma

Bites & Stings

Bleeding

Burns

Colds

Dandruff

Earache

Headache

Heartburn

Hiccups

Nosebleed

Snoring

Sore Throat

Sprains

Stomach Ache

Sunburn

Teething & Toothache

Other
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Name of 
product

Region of 
origin

Typical 
Lead level Medicinal use Route of 

Exposure

Albayalde or 
Albayaidle

Mexico and 
Central 
America

93% Empacho (vomiting, 
colic, fatigue) Ingestion

Alarcon, 
Azarcon,
Coral, Luiga, or 
Maria Luisa

Mexico 95% Empacho (see above) Ingestion

Alkohl Middle East 85%
Topical medical 
preparation; applied to 
umbilical stump

Absorption

Ba Bow Sen China Up to 
100%

Hyperactivity and 
nightmares in children Ingestion

Bint al dahab, 
Bint or Bent 
dahab

Oman, Saudi 
Arabia, India 98% Diarrhea, colic, 

constipation Ingestion

Cebagin Middle East 51% Teething powder Ingestion, 
absorption

Cordyceps China 2% Hypertension, 
diabetes, bleeding Ingestion

Deshi Dewa Asia, India 12% Fertility pill Ingestion
Ghasard India 2% Daily tonic Ingestion
Greta Mexico 97% Empacho Ingestion

Kohl, Surma, 
Saoott

Africa, 
Asia, India, 
Pakistan, 
Middle East

Up to 
86%

Cosmetic, astringent 
for eye injuries and 
umbilical stump, 
teething powder

Absorption, 
Ingestion

Kushta India, 
Pakistan 73%

Diseases of the 
heart, brain, liver, and 
stomach 

Ingestion

Pay-loo-ah Laos 
(Hmong) 90% High fever, rash Ingestion

Chart of Lead Levels in Folk Remedies from Around the World*

*Adapted from New South Wales EPA, “Traditional Remedies Reported to Contain Lead.”
http://www.epa.nsw.gov.au/leadsafe/remedies.htm

TOXIC CANDIES AND  
DANGEROUS CURES
Student Handout #2 Teacher Key
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Case Study 
Activity Blood Lead Level Chart*

BLOOD 
LEAD 

LEVELS
(BLL)

SEVERITY AND RECOMMENDED 
TREATMENT

LEVEL 1
Low Zone
< 10 μg/dL

Indicates a low blood lead level. Inform parents of 
potential lead hazards in child’s environment. Retest 
child at physician’s discretion or as parental concerns 
arise. 

LEVEL 2 
Border Zone
10 – 19 μg/dL

These children are in a border zone.  Adverse health 
effects will be subtle and children probably will not show 
symptoms. In order to identify and control the specific 
source of lead exposure, parents should be provided with 
family lead education. Conduct a home interview and 
environmental investigation in conjunction with local health 
department. Continue retesting at 2-3 month intervals 
until the child’s BLL has dropped below 10 μg/dL.

LEVEL 3 
Danger Zone
20 – 44 μg/dL

While symptoms still may not be apparent, the potential 
for adverse health effects is greatly increased.  The 
source of lead in the child’s environment must be indentified 
and controlled. A home interview and environmental 
investigation should be carried out in conjunction with the 
local health department. Other family members may also 
need to be tested. Continue retesting at regular intervals 
(weekly or monthly) until the child’s BLL drops below 
10 μg/dL.

LEVEL 4 
Emergency Zone
45 μg/dL or higher 

Hospitalize the child and begin medical treatment 
immediately.  Serious mental or nervous system damage 
can result. Provide family lead education. Conduct home 
interview and environmental investigation in conjunction 
with local health department. All members of the household 
need to be tested. Retest within 48 hours.

*Adapted from Washington State Department of Health, “Medical Management of Children with Elevated 
Blood Lead Levels.”  http://www.doh.wa.gov/Topics/MEDmgmt.doc

Blood Lead Level (BLL):
A measurement of the amount of 
lead in a person’s blood. A BLL 
of over 10 µg/dL is considered 
dangerous.

µg/dL:
Micrograms per deciliter. A 
measurement of the amount of 
lead in a person’s blood. The 
Greek symbol “µ” is pronounced 
“mew”.
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Patient Case History Sheet
Case Study # 1

Date: March 1999

Patient Name: José  Sex: Male  Age: 4 years old

BLL Lab Results: 88.0 µg/dL

Diagnosis and Severity:  Lead poisoning, medical emergency

Possible ROUTES OF EXPOSURE:

•   Inhalation:

 – Dust on miniblinds in child’s home tested positive for lead, possibly 
could have inhaled dust. 

•   Ingestion:
 
 Greta powder given as a folk remedy, tested at 770,000 ppm (or 77%).
 
 Imported Mexican candies, wrapper tested at 16,000 ppm (or 1.6%). Lead 

could have absorbed into candy or child could have licked wrapper. 

•   Absorption through Skin:

 No apparent risk

Recommended Treatment:

 Because of his high BLL, José needs immediate medical therapy. He should 
be hospitalized and begin treatment immediately. Serious mental or nervous 
system damage can result from such a high BLL.

Recommended Follow-up with Family:

 Family needs to be counseled to abstain from using greta powder as a home 
remedy. Instead, suggest safer, effective over-the-counter medications for 
stomachaches. Child should not be allowed to eat imported Mexican candies. 
All candies in the home need to be destroyed. Family can consider replacing 
miniblinds with PVC-free blinds, but this is of less concern. Other family members 
who may have eaten candy or ingested greta powder may need to be tested for 
lead poisoning.

Student Assessment:
This completed sample Case 

History Sheet is provided to help 
evaluate student work.

Student work can be assessed in 
the following ways:

Did the students correctly complete 
the case history sheet?

Did the student groups clearly 
present their case studies to the 

rest of the class?

Case Study 
Activity
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Lead Poisoning Case Study #1
In March 1999, two Hispanic children residing in the Central Valley of California were 
identified during routine lead poisoning screening.

José, a four year-old boy, had a blood lead level of 88.0 µg/dL. His six year-old sister, 
Carmen had a blood lead level of 69.0 µg/dL. Neither the children nor their parents had 
recently traveled outside of the United States.

Folk Remedies: The children had been given greta, a Mexican folk remedy used to 
treat stomachaches. Greta powder collected from the family’s home had a lead level 
of 770,000 ppm (or 77%). 

Pottery: No pottery in the home tested positive for lead.

Home Environment: Tests on paint and dust from their home did not indicate high 
lead levels. Miniblinds on the windows of the home tested positive for lead. 

Mexican Candies: Imported candies, including Dulmex-brand Bolirindo lollipops, were 
found in the home. Tests on imported candies collected from the home revealed a 
candy wrapper with a lead level of 16,000 ppm (or 1.6%).  

Lead Poisoning Case Study #2
In May 2000, a four year-old Hispanic boy named Carlos was identified during routine 
lead screening. Carlos had a blood lead level of 26 µg/dL. His family had recently 
moved to Fresno County, California from Oaxaca, Mexico.

Folk Remedies: It is not known if Carlos received any folk remedies while in Mexico 
or the U.S.

Pottery: In Mexico, the family had used a ceramic bean pot and water jug regularly. 

Home Environment: An environmental investigation did not reveal high lead levels in 
dust, paint, or soil.

Mexican Candies: Tests on imported candies collected from the home revealed a 
candy wrapper with a lead level of 16,000 ppm (or 1.6%). 

Case Study 
Cards
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Case Study 
Cards



Lead Poisoning Case Study #3
In June 2000, a Hispanic boy named Luis, aged 2 years, was identified through routine 
screening. Luis had a blood lead level of 26 µg/dL. He resides in Orange County, 
California. 

Folk Remedies: Luis had been given greta and azarcon to treat a stomachache, 
Mexican folk remedies that usually contains substantial amounts of lead.

Pottery: It is not known if the family uses any imported pottery at home for cooking, 
serving or storing food.

Home Environment: The family’s house was built in 1963 and had been renovated 
during early 2000. Tests on soil, paint, and dust in and around the child’s home did not 
reveal high lead levels. 

Mexican Candies: Luis had eaten various imported tamarind fruit candies purchased 
routinely by his family in Mexico. High lead levels were found in one of the three brands 
of imported candies the child had eaten. A Dulmex-brand Bolirindo lollipop had levels 
of 404 ppm (.04%) in the stick and 21,000 ppm (2.1%) of lead in the wrapper.

Lead Poisoning Case Study #4
In August 2000, a four year-old Hispanic boy named Daniel was identified through 
routine screening. Daniel, a resident of Los Angeles County, California had a blood 
lead level of 22 µg/dL. When the child was tested at age 1, he had an acceptable BLL 
of 5 µg/dL. Daniel was born in the United States and had not traveled to Mexico. 

Folk Remedies: Daniel’s family reported that they do not use folk remedies.

Pottery: Daniel’s family said that they do not use imported pottery.

Home Environment: An environmental investigation of their apartment, which was 
built in 1986, did not reveal high lead levels. 

Mexican Candies: Family members reported that Daniel had been eating Mexican 
candies regularly for 3 years. A Dulmex-brand Bolirindo lollipop found in the home had 
levels of 404 ppm (.04%) in the stick and 21,000 ppm (2.1%) of lead in the wrapper.
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Lead Poisoning Case Study #5
In June 2000, a two year-old Hispanic girl named Marie was brought to see a doctor. 
The physician recognized the symptoms of lead poisoning and tested her blood lead 
level. Marie, a resident of Walla Walla, Washington, had a blood lead level of 124 
µg/dL. This was the highest blood lead level seen in the State in seven years. Marie’s 
family had recently moved to Washington from Mexico.

Folk Remedies: Marie’s family told her physician that they had given her greta, a 
traditional Mexican folk remedy as a treatment for stomachaches. The state public 
health laboratory tested a sample of the remedy and found that it contained nearly 
80% lead. The family had purchased the medicine in Mexico and brought it with them 
to Washington State.

Pottery: It is not known if Marie’s family used imported pottery.

Home Environment: An environmental investigation of their apartment did not reveal 
high lead levels. 

Mexican Candies: It is not known if Marie ate imported candies.

Case studies adapted from: “Childhood Lead Poisoning Associated with Tamarind Candy and Folk 
Remedies: California, 1999-2000” and Washington State Department of Health News Release, “State 
Department of Health Warns About Dangerous Mexican Folk Remedies,” (June 15, 2000).



Case Study 
Cards
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Lesson Two:  
FOUR LEAD AWARENESS 
ACTIVITIES

Lesson 
Overview

Teacher 
Background

This lesson focuses on the dangers of lead in household paint, dust, soil and drinking 
water. Students work in small groups to investigate four different ways that people 
commonly come in contact with lead in their homes. Each activity includes background 
reading, data collection and observation. Each group then makes a presentation to 
the rest of the class about its investigation. Extension activities are also included for 
additional classroom work or homework assignments.

Suggested Grade Levels: 5-8
Curriculum Connections: Environmental science, investigations, making predictions 
and observations, and collecting data

This lesson addresses the following New Mexico State Education Standards (NMSESs) 
for grades 5-8. Benchmarks: I.I.I., I.I.II., II.II.I., III.I.I.

• Scientific Thinking and Practice. Students will understand the processes 
of scientific investigations and use inquiry and scientific ways of observing, 
experimenting, predicting, and validating to think critically; Use scientific 
methods to develop questions, design and conduct experiments using 
appropriate technologies, analyze and evaluate results, make predictions, and 
communicate findings; Understand the processes of scientific investigation and 
how scientific inquiry results in scientific knowledge; Use mathematical ideas, 
tools, and techniques to understand scientific knowledge.

• Content of Science, (Life Science): Students will understand the properties, 
structures, and processes of living things and the interdependence of living 
things and their environments.

• Science and Society. Students will understand how scientific discoveries, 
inventions, practices, and knowledge influence, and are influenced by, individuals 
and societies; Explain how scientific discoveries and inventions have changed 
individuals and societies.

For a more in-depth understanding of lead in paint, soil, dust, and water, consult the 
following resources that were used to prepare this lesson:

• Seattle & King County Public Health Department Lead Information Site
 http://www.metrokc.gov/health/tsp/arseniclead.htm 

• Fact Sheet on Lead produced by the EPA
 http://www.epa.gov/safewater/contaminants/dw_contamfs/lead.html

• EPA’s Lead in Paint, Dust and Soil Website
 http://www.epa.gov/opptintr/lead/index.html

• Tacoma Pierce County Health Department Hand Washing Website. Includes 
lesson plans, kid’s activities and more related to proper hand washing.

 http://www.gotsoap.net

New Mexico 
State Education 

Standards
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Teacher 
Preparation

Procedure

• Collect materials for each activity. Specific materials for each of the four different 
activities included in this lesson are listed in the procedure section below. Some 
materials may need to be ordered in advance.

• If you are the first teacher in your team to use this FACT FILE, make copies of 
the student handout entitled, Student Introduction: Environmental Health and 
Lead. Ensure that students have read the handout and mastered the content 
and vocabulary.

• Make enough copies of the Student Handouts for each student or group to have 
a set. Master copies of the handouts are included at the back of this book.

• Break students into at least four different work groups. Assign one activity (dust, 
soil, hand washing, and water) to each group.

 • There are four different activities suggested for this lesson. You may pick and 
choose from these activities and find your own way of setting up this lesson. 
One way to set up your classroom is to break your students into four groups and 
assign an activity to each group. Each group is responsible for conducting their 
own investigations using the supplied materials and their Student Handouts. 
Alternatively, you may want to focus on just one or two of the investigations.

• After completing the activities, each student group can prepare a report on 
what they learned during their activity. During a follow-up class period, have 
each group report on their findings to the rest of the class. You may want to 
encourage students to demonstrate a portion of their experiment or create some 
visual aids. For example, the group doing Activity #2 could show how much soil 
was tracked on the mat, demonstrate how to use a lead swab test and create 
a “Please Remove Your Shoes” sign to be posted by the front door in people’s 
homes.

Activity #1 – Lead Dust Cleanup:

• For each student group, you will need the following MATERIALS: 
   
   Student Handout #1
   Baby powder, flour or cornstarch
   Rubber gloves
   Access to water
   Liquid dishwashing detergent
   Three buckets or other large containers
   Hand whisk broom or duster
   Spray bottle filled with water
   Several rags or sponges. 

• In this activity, students will investigate the three-bucket cleaning technique 
for properly cleaning areas contaminated with lead dust. This technique is 
recommended by the EPA for cleaning areas that are known to be contaminated 
with lead dust from paint. The students will compare the effectiveness and safety 
of the three-bucket technique with two other cleaning methods.
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Activity #2 – Lead Underfoot:

• For each student group, you will need the following MATERIALS: 
   
   Student Handout #2
   A white or light colored piece of heavy fabric the size of a door mat. 
   Access to outside
   A sensitive lab scale
   A lead swab test kit

• If students have internet access, have them access the Public Health Department fact sheet 
below. If they do not have internet access, print it out and give it to them as a handout.

 Albuquerque Environmental Health Department Warning: FDA Alerts Public to 
Possible Health Risk Associated with Certain Tamarind Candy Lollipops from 
Mexico. http://www.cabq.gov/envhealth/candy.html

• In this activity, students need access to outside so they can track dirt in on their shoes 
and then wipe their shoes clean on a fabric mat. The students then weigh the amount of 
soil collected on the mat, make observations, and use a lead swab test kit to test for the 
presence of lead in the soil.

• You can purchase lead swab test kits at most paint and hardware stores. One example is the 
“Lead Check Household Lead Test Kit,” which includes two swabs and costs around $8.00. Be 
sure that the test kit you purchase can be used for testing soil and dust and follow the specific 
instructions that come with the test kit.

Activity #3 – Effective Hand Washing:

• For each student group, you will need the following MATERIALS: 
   
   Student Handout #3
   Access to a sink
   A bottle of Glo Germ Gel™
   A small black light 
   A bottle of antibacterial waterless hand washing gel
   A watch with a second hand
   Paper towels
   Hand soap

• In this activity, students discover the most effective method for washing hands. Proper 
hand washing techniques are important for protecting young children from ingesting lead 
paint dust.

• In this activity, the students are challenged to develop four different methods for washing 
hands, such as rinsing hands with water, using antibacterial hand washing gel, and 
scrubbing carefully with soap. They make a hypothesis about the effectiveness of each 
method. Then, using a special gel that glows underneath a UV light, they try out each 
of the four methods. Using the UV light, the students are able to see how much residue 
remains after washing their hands with the different methods. The students record their 
observations and estimate the percentage of the hand that still has gel on it.

• Glo Germ Gel™ can be purchased online. An 8 oz. bottle, good for 75-100 applications, 
will cost about $15.00. You can also purchase UV lights from this website or most large 
hardware stores. Glo Germ Powder™ can also be used to sprinkle on floors, countertops 
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and windowsills and see how much is picked up on your hands during daily 
activities. (http://www.glogerm.com or phone 1.800.842.6622)

Activity #4 – Pollution Dilution Investigation:
• For each student group, you will need the following MATERIALS: 

   Student Handout #4
   1 bottle of water
   1 bottle of dark colored food coloring (blue works well)
   8 plastic spoons; 1 eye dropper
   Color pencils the same color as the food coloring
   1 plastic cup

• If students have internet access, have them access the EPA fact sheet below. If 
they do not have internet access, print it out and give it to them as a handout.

 EPA’s Consumer Fact Sheet on Lead 
 http://www.epa.gov/safewater/contaminants/dw_contamfs/lead.html

• In this activity, students investigate lead in drinking water from public water 
systems. The students first read an EPA fact sheet on lead in drinking water and 
answer the questions on the Student Handout. Then, the students investigate 
the measurement of parts per billion through an activity. 

• If students have internet access, you can also challenge them to find the drinking 
water quality report for their local water supplier and investigate the local levels 
of lead in drinking water. For example, Seattle Public Utilities’ Drinking Water 
Quality Annual Report has a special section devoted to lead monitoring. During 
a 1997 survey of 390 households, SPU found that 14% of the homes had lead 
levels in drinking water above the EPA action level of 15 ppb due to corrosion 
from lead plumbing and solder.

Student work can be assessed in the following ways, for a total of 100%.

40% Did students (working in groups) complete the investigation as directed 
on the Student Handout, using proper lab protocol?

20% Did students completely and carefully record their predictions, 
observations, and data on their Data Chart?

10% Did students correctly answer the questions on the Student 
Handout?

20% Did students work together in their groups to prepare an effective 
group presentation about their investigation and observations?

10% Did students cooperate and actively participate within their groups?

Extension 
Activities

Lead in the Body: Have students create posters or 3-D models that display lead’s 
effects on human body systems (nervous, circulatory and digestive). Students can work 
individually or in teams. If working in teams, each group can choose a different body 
system. The students’ posters and models should include information on symptoms, 
physiology, long-term effects and information on prevention.
Unleaded Kids: Challenge students to create educational materials to teach people 
about how they can protect themselves from lead poisoning. Each student should 
define who their audience is (adults, parents, young children, schools, etc.) and design 
their materials accordingly. Some possible ideas include: a poster, article, bumper 
sticker, web page, or radio segment.

Student Assessment:
The extension activities provide 
for more in-depth assessment of 
student understanding 

Student 
Assessment
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Activity #1 – Lead Dust Cleanup

Older homes and apartments that were built before 1978 may have lead-based paint 
in them. As this paint ages, it may chip or flake. Also, the paint might be rubbed off 
as dust in areas where the surface rubs against another surface, such as a door jam 
or a window track. This lead-contaminated dust can collect on countertops, along 
windowsills, in carpets and on floors. Families with young children need to be especially 
careful to regularly clean their homes to make sure that children do not ingest dust 
that gets on their toys or their hands. However, common cleaning techniques, like 
sweeping with a broom or dusting with a feather duster, can actually make the problem 
worse by scattering the dust into the air where it can be inhaled The United States 
Environmental Protection Agency recommends a three-bucket cleaning method for 
cleaning areas with lead contaminated dust.

You can use an all-purpose cleaner for cleaning up lead dust, or there are special 
detergents with high phosphate contents designed specifically for cleaning up lead dust.

In this activity, you will compare the effectiveness and safety of cleaning up lead 
contaminated dust from a household surface using three different methods. For safety 
purposes, you will be using either flour, cornstarch or baby powder to represent dust 
that is contaminated with lead. Make sure to wear rubber gloves during your 
investigation in order to demonstrate proper safety techniques.

Investigation 
ProcedureDo the Following:

1.  First, sprinkle a fine layer of “dust” on a horizontal surface, such as a lab table 
or desk top.

2.  You will be using three different cleaning techniques and comparing them on 
levels of effectiveness and safety. Make a prediction about the effectiveness 
and safety of each cleaning method on your data chart.

3.  One person in your group should clean up the dust using a hand whisk broom or 
duster. Observe how well the dust is cleaned up and how much dust is scattered 
into the air and onto other surfaces. Write your observation on your data chart. 
If needed, scatter more dust for the next investigation.

4.  Now, one person in your group should use the spray bottle to mist water over the 
dust. Then, try sweeping the dust. Write your observations on your data chart. If 
needed, scatter more dust for the next investigation.

5.  This time, you will use a three-bucket cleaning technique. Fill one bucket with 
water and a small squirt of dish soap. Fill the second bucket with plain water. 
Leave the third bucket empty so that you can squeeze dirty water from a rag or 
sponge into it. Clean up the dust using the following procedure:

Teacher Key

FOUR LEAD AWARENESS 
ACTIVITIES
Student Handout #1
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Dry Sweeping or 
Dusting

Wet Sweeping or 
Dusting

Three-Bucket 
System

Prediction:
Effectiveness

Prediction: 
Safety

Observation: 
Effectiveness

Observation: 
Safety

Data Chart

• Wet a clean rag or sponge with the cleaning mixture in Bucket 1.
• Wipe the dusty surface with the damp rag or sponge.
• Rinse the rag or sponge in the plain water in Bucket 2.
• Squeeze extra water out of the rag or sponge into the empty Bucket 3.
• Continue this process until the entire surface is clean.

1.  Which cleaning method seemed to be the most effective at cleaning the dust? 

2.  Which cleaning method seemed to be the safest when cleaning up lead 
contaminated dust?

3.  What are the possible routes of exposure that lead can get into the body when 
someone is cleaning up an area with lead contaminated dust?

4.  What should be done with cleaning rags or sponges after they have been used 
to clean up lead contaminated dust?

Student Assessment:
Did the students thoughtfully record 
their predictions, observations, and 
data on the data chart and then 
answer the follow-up questions? 
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Teacher Key

FOUR LEAD AWARENESS 
ACTIVITIES
Student Handout #2

Investigation 
Procedure

Activity #2 – Lead Underfoot

Although lead can occur naturally in soil, there are sources that can increase lead soil 
concentrations. Dust from the flaking and chipping of deteriorated lead-based paint is 
often found in soil around older homes. Smelters and agricultural pesticides are other 
common lead sources. Smelters and pesticides can also put other toxic elements like 
arsenic into the environment. Historically lead was put into gasoline, and then vehicles 
emitted lead into the air, which quickly settled into soil. Although lead is no longer in 
gasoline, it will always be in the soils in which it settled, especially along highways.

The U.S. Environmental Protection Agency has set limit for lead in soils at 400 ppm 
(parts per million). This level is currently regarded as “safe” under normal exposure, like 
walking around. However, children are more susceptible because they play in the dirt, 
which they breathe in and ingest by putting their fingers in their mouth before washing 
them. The New Mexico Department of Health has records of children with high blood 
lead levels from ingesting soils containing as low as 100 ppm of lead in the soil.

First, read the handout entitled Soil Safety Guidelines to Reduce Your Risk from 
Contaminated Soil. Then, conduct the following investigation to learn about how 
much soil can be tracked into a home. You will also use a simple lead swab test kit 
to learn how to test for the presence of lead. It is important to note that the lead swab 
test kit only tells you whether or not lead is present in the soil. It does not provide 
any information about the amount of lead in the soil. Remember that lead can occur 
naturally in soil.

Parts per Million (ppm):
A measurement of the amount 

of a substance within a solution. 
Represents a dilution of 

1/1,000,000.

Smelter:
An industrial process of using high 

temperatures to melt (or “smelt”) 
a metal from an ore. Smelting 

processes often release hazardous  
substances into the air.

Arsenic:
A naturally occurring chemical 
element that is toxic to human 

health. At one time, it was used 
as in ingredient in lead arsenate 

pesticides applied to orchards. 
Arsenic can be emitted as a 

by-product of copper smelting. Its 
chemical symbol is “Ar”.

Do the following:

1.  First, weigh the clean fabric mat to determine its weight. Record this information 
on your data chart.

2.  With your teacher’s permission, one person from your group should go outside 
and walk around in areas where the soil is exposed. Before this person comes 
back inside the building, have them carefully wipe their feet on the fabric mat 
until their shoes are relatively clean.

3.  Record some observations about the condition of the soil outside and about how 
you collected the soil. Some observations you might want to include: How wet 
was the soil? Has it rained recently? How long and how far did the person walk 
while collecting soil on their shoes? What kind of tread was on their shoes? Also 
make some observations about the soil collected on the fabric mat. 

4.  Then, re-weigh the mat and calculate the weight of the soil that has been 
collected on it.

5.  Use the lead swab test kit to test a small sample of soil taken from the fabric mat. 
Carefully follow the directions that came with the test kit for testing soil samples. 
Record your findings on the data chart.
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Data Chart

Student Assessment:
Did the students thoughtfully 
record their data and 
observations on the data chart 
and answer the
follow-up questions? 

Weight of Clean Mat:

Weight of Mat with Soil:

Total Weight of Collected Soil: 

Observations 
of Outside Soil 
Conditions 
and How Soil 
was Collected

Observations 
of Soil 
Collected on 
Mat

Results of 
Lead Swab 
Test

1.  How would your results differ if the outside soil had been muddier or drier?

2.  Do you think that you would get different results if you tried shoes with different 
kinds of treads on the soles? How would the results differ?

3.  List three things that people can do to protect themselves from lead contaminated 
soil.
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Teacher Key

FOUR LEAD AWARENESS 
ACTIVITIES
Student Handout #3

Activity #3 – Effective Handwashing

One common way that young children become exposed to lead is by getting dust from 
lead paint on their hands or toys. Young children naturally put their hands and toys in 
their mouths, which causes them to ingest the lead dust. Also, children might come in 
contact with lead contaminated soil when playing outside. It is important for children to 
learn to properly wash their hands before eating or drinking and after playing outside.

You are challenged to design an experiment to determine the best hand washing 
method. You will use a product called Glo Germ Gel™ to represent lead dust. This 
product glows when held underneath a UV light. This product only represents lead 
dust; it does not contain any lead. In real life, you cannot see or smell lead in dust.

Investigation 
ProcedureDo the following:

1.  First, decide on four different hand washing methods. The methods may use 
soap or no soap, cold water or warm water, and differing amounts of time spent 
washing. You can also use antibacterial hand gel. Describe each of your four 
hand washing methods on the data sheet. 

2.  Then, come up with a hypothesis for how well each method will work. Record 
what percentage of the hands you think will still remain dirty after using each 
method.

3.  Next, have one person in your group place a quarter-sized amount of Glo Germ 
Gel™ in their hand and rub it all around. The Glo Germ is safe but is being used 
to represent lead-contaminated dust. Now, proceed to try out your first hand 
washing method. One person should keep track of the amount of time spent on 
hand washing on the data sheet. 

4.  When you have finished washing, hold your hands under the UV light. If there is 
any “lead” (Glo Germ) still remaining on your hands, it will glow brightly. Record 
on your data sheet an estimate of the percentage of your hands that are still 
dirty.  You might also want to trace your hand print on another piece of paper 
and draw where there was lead remaining. Also record any observations. 

5.  When you are finished, make sure to wash your hands well until no “lead” dust 
remains (check with UV light) and dry them before starting your next trial.

6.  Repeat this process for each trial, beginning with clean hands and using the 
same amount of gel each time.
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Data Chart

Student Assessment:
Did the students thoughtfully 
record their data and 
observations on the data chart 
and answer the
follow-up questions? 

Trial Hand Washing 
Method

Time 
(seconds)

Prediction:
% of Hand 
Still Dirty

Actual 
Result:   % 
of Hand 
Still Dirty

Observations

#1

#2

#3

#4

1. Which hand washing method was the most effective? What percentage of the 
hands were still dirty after using this method?

2.  Explain how you would teach a young child to wash their hands using this 
method.
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Teacher Key

FOUR LEAD AWARENESS 
ACTIVITIES
Student Handout #4

Activity #4 – Pollution Dilution Investigation

The U.S. Environmental Protection Agency (EPA) sets the action level for lead in 
drinking water using the measurement parts per billion (ppb). What exactly is parts per 
billion? In the following activity, you will use food coloring to represent a small amount of 
lead in a drinking water supply.

In the world of water quality testing, a pollutant is measured in parts per million (ppm) or 
parts per billion (ppb) – but what do these measurements really mean? In this activity, 
you will use food coloring to represent lead in drinking water, which in real life cannot 
be seen. At what point does the color disappear? Does this mean the pollutant is gone? 
Is any level of lead acceptable in your drinking water? 

Before conducting the dilution activity, read the EPA Consumer Fact Sheet on Lead 
given to you by your teacher. Answer the following questions about the reading:

1. What is the Maximum Contaminant Level Goal (MCLG) for lead in drinking water 
and how is this level set? The MCLG for lead in drinking water is zero because 
EPA believes that any lead in drinking water may cause some potential 
health problems.

2. What is the Action Level for lead in drinking water? How are public water supplies 
monitored for lead? The Action Level for lead in drinking water is 15 ppb. All 
public water supplies must follow these regulations by collecting water 
samples from household taps twice a year and analyzing them. If it is found 
to be more than 15 ppb in more than 10 percent of all homes tested, then the 
system must continue to monitor for lead twice per year.

3. What are two ways that lead might get in drinking water? Lead can get in 
drinking water either from a contamination of the source water used by 
the system – such as from lead mining or smelting operations – or from 
corrosion of lead plumbing sauder or fixtures.

Parts per Million (ppm):
A measurement of the amount 

of a substance within a solution. 
Represents a dilution of

1/1,000,000.

Parts per Billion (ppb):
Represents a dilution of  

1/1,000,000,000.

Student Assessment:
Did the students correctly answer 

the follow-up questions?

U.S. Environmental 
Protection Agency:

Established in 1970, this 
government agency protects 

human health by safeguarding the 
air, water and land upon which life 

depends.

Now you are ready to begin your investigation activity. The dilution of the lead 
(represented by food coloring) is shown on the data chart, assuming that the food 
coloring begins with a dilution of dye-to-water of 1/10. Do the following:

1. Line up 8 plastic spoons in a row and fill the plastic cup with water. Using an 
eyedropper, place 9 drops of water into each of the spoons. 

2. Add one drop of food coloring (dark colors work best) to the spoon on the far left 
(spoon #1). 

3. On the data chart, in the column labelled “prediction,” record your prediction of 
how much lead will be in each spoon at the different concentrations. To do this, 
use a colored pencil to carefully shade the ovals representing each spoon. Do 

Investigation 
Procedure
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Student Assessment:
Did the students thoughtfully 
record their data and 
observations on the data chart 
and answer the
follow-up questions?

Data Chart
Spoon Dilution Prediction of 

Appearance
Actual 
Appearance

#1 1/100

#2 1/1,000

#3 1/10,000

#4 1/100,000

#5 1/1,000,000  (1 ppm)

#6 1/10,000,000

#7 1/100,000,000

#8 1/1,000,000,000  (1 ppb)

1. At what point did the food coloring seem to disappear?

2. Even if you cannot see the food coloring in some of the spoons, does this mean 
that there is no longer any “lead” in the water? Explain your answer.

3. Lead often gets into drinking water when the water sits in lead pipes overnight. 
If the water is acidic, the lead in the pipes might corrode into the water. One 
way you can protect yourself from lead in drinking water is to flush your water 
before using it for drinking or cooking, especially if the water has been sitting in the 
pipes for six or more hours. All you have to do is flush the water until it runs cold, 
approximately 15-30 seconds. What is one way that you can teach your family 
how to flush their drinking water?

Corrode:
To weaken or destroy, usually 
slowly, as the result of a chemical 
reaction.

you think that the lead will disappear at some point? If so, by which spoon will it 
seem to disappear?

4. Then, use the eyedropper to pick up some water from spoon #1. Carefully add 
ONE drop to spoon #2. Then, empty the remaining water in the eyedropper back 
into spoon #1. Rinse out the eyedropper in the cup of water. Next, take one 
drop from Spoon #2 and add it to Spoon #3, and so on down the line of spoons, 
following the same procedure: pick up, one drop, empty, rinse. 

5. Record on your data sheet the amount of lead in each spoon using a colored 
pencil to carefully shade the oval representing each spoon.
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Lesson One:  
BEETHOVEN’S HAIR

Lesson 
Overview

Teacher 
Background

Students read a biographical sketch of Beethoven, who may have suffered from lead 
poisoning, and a historical narrative about a lock of his hair traveling through time. 
Students create a timeline from the historical narrative and then choose a time period 
described in the reading and conduct research on the art, music, and culture of that 
period. Students use their research to write a piece of historical fiction. Extension 
activities are also included for additional classroom work or homework assignments.

Suggested Grade Levels: 5-8
Curriculum Connections: Non-fiction, biographical sketch, historical narratives and 
creative writing

This lesson addresses the following New Mexico State Education Standards (NMSESs) 
in Language Arts for grades 5-8. Benchmarks:

• Reading and Listening for Comprehension. Students will apply strategies and 
skills to comprehend information that is read, heard, and viewed. They will listen 
to, read, react to, and interpret information; Gather and use information for 
research and other purposes; Apply critical thinking skills to analyze information; 
Demonstrate competence in the skills and strategies of the reading process. IA, 
I-B, I-C, I-D

• Writing and Speaking for Expression. Students will communicate effectively 
through speaking and writing. They will use speaking as an interpersonal 
communication tool; Use speaking as an interpersonal communication tool. 
Demonstrate competence in the skills and strategies of the writing process. IIA, 
II-B

• Literature and Media. Students will use literature and media to develop an 
understanding of people, societies, and the self. They will use language, 
literature, and media to understand various social and cultural perspectives. 
Identify ideas and make connections among literary works. III-A, III-B

Review the Student Handouts. For a more in-depth understanding of Beethoven’s 
life and the story of his lock of hair, consult the following resources that were used to 
prepare this lesson:

• Beethoven’s Hair, by Russell Martin. Broadway Books, New York: 2000.

• Text from Press Conference Held by William J. Walsh, October 17, 2000 in 
Naperville, Illinois.

 http://www.sjsu.edu/depts/beethoven/hair/hairtestpc.html

• The Beethoven Reference Site. A great source of information, including a 
timeline, an extensive picture gallery, and audio files to download.

 http://www.kingsbarn.freeserve.co.uk/index.html

New Mexico 
State Education 

Standards
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Teacher 
Preparation

MATERIALS:  Copies of Student Handouts
  Computer access (optional)
  Research materials
  Colored pencils or markers (for timeline activity)
  Rulers (for timeline activity)

• Make enough copies of the Student Handouts for each student or group to have 
a set. Master copies of the handouts are included at the back of this book.

• If you are the first teacher in your team to use this FACT FILE, make copies of 
the student handout entitled, Student Introduction: Environmental Health and 
Lead. Ensure that students have read the handout and mastered the content 
and vocabulary.

• Have students read Handout #1: A Biography of Beethoven. The reading 
can be done in class in small groups, or individually as homework. Discuss the 
reading as a class. Consider listening to some of Beethoven’s music as a way 
of introducing the topic (see Extension Activities). 

• Next, assign Handout #2: Beethoven’s Hair, a Historical Narrative. The 

An interesting element of the story of Beethoven’s hair is that the true cause of his 
illness still remains a mystery. In the book, Beethoven’s Hair, Russell Martin chronicles 
how a lock of Beethoven’s hair recently underwent hair analysis. The scientists 
determined that the hair contained up to 100 times more lead than a sample of control 
hairs. The book concludes that Beethoven suffered from lead poisoning, which led to 
the numerous illnesses from which he suffered and even contributed to his early death. 
While the book’s author is comfortable making this assertion, it has been criticized by 
some scientists for not being a scientifically sound conclusion.

Hair analysis only indicates short-term lead exposure during the last few months of 
Beethoven’s life. Hair analysis does not tell us anything about Beethoven’s exposure 
to lead over his lifetime, nor does it prove that his illnesses and death were lead related. 
Given current technology, the only way to accurately assess Beethoven’s long-term 
exposure to lead and the amount of lead that was stored in his body (his “body burden”) 
would be to conduct a special x-ray test on a piece of his bone. Since lead acts like 
calcium within the human body, it is absorbed and stored within the bones.

One of the scientists working on this project has announced plans to study some skull 
fragments that were stored after Beethoven’s body was exhumed in the mid-1800s. 
Perhaps if the bone is analyzed for lead content, the mystery of Beethoven’s history of 
illness – and perhaps even his untimely death – will be solved.

Scientists have different opinions about how to interpret data such as hair analysis for 
lead exposure. This can be a good starting point for a classroom discussion about the 
process of scientific inquiry and communication. Some discussion points to consider:

• How do scientists share their research findings with their peers? With the public?

• What process do scientists go through before their findings can be published in 
a scientific journal?

• What are some forums that scientists use to communicate their thoughts about 
a research finding?

• How can non-scientists evaluate the scientific validity of a source of information?

Procedure
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Extension 
Activities

Student Assessment:
The extension activities provide 

for more in-depth assessment of 
student understanding.

Music Appreciation: Play some of Beethoven’s musical works for the students, 
perhaps during class when students are working on their creative writing. You can 
check out CDs or audio tapes from your local library. Some of his more familiar pieces 
include Symphony No. 9, Fur Elise, and the Moonlight Sonata.

Newspaper Article: Have students write newspaper articles explaining new scientific 
studies that suggest that Beethoven suffered from lead poisoning. For example articles, 
see the following websites:

• CNN Health Website
 http://www.cnn.com/2000/HEALTH/10/17/beethoven.hair/index.html

• Public Communications Inc. Website
 http://www.pcipr.com/newsroom_archive/pfeiffer/20001017_beethoven.asp

reading is divided into five major sections. Each section is followed by brief 
questions to help the students check their understanding of what they have read. 
The reading can be done in class in small groups, or individually as homework. 
One or more sections can be assigned at a time.

• If computer access is available, students can explore an interactive map that 
places the story of Beethoven’s hair in a geographical and historical context. 
This website features Russell Martin’s book, Beethoven’s Hair, and includes an 
excerpt from the book as well as information on forensic testing. 

• Interactive Map of the Journey of Beethoven’s Hair
 http://www.randomhouse.com/features/beethovenshair/mapflash.html

• Ask each student to choose one moment in time that is described in the historical 
narrative. Students then write a piece of creative writing set in that time period. 
Students can write from the point of view of a particular person, real or fictional. 
For example, a student could write about the refugees in Denmark from the 
point of view of Dr. Kay Flemming or a young girl hiding in the church, or even 
through the eyes of a bird perched in the church rafters. The story should include 
some reference to Beethoven’s lock of hair. You might assign a minimum  length 
for the story, such as 500 words. As part of their assignment, students should 
conduct some research on the art, music, and culture of the time period, and 
incorporate that research into their writing.

Student 
Assessment

Student work can be assessed in the following ways, for a total of 100%.

10% Did students complete Student Handout #1 and #2 and correctly 
answer the Check Your Understanding questions?

30% Did students correctly complete the Timeline Activity?
•  10% Includes events in correct order.
•  10% Includes dates in correct order.
•  10% Uses neatness and color.

10% Did students conduct research on the art, music and culture of their 
chosen time period and incorporate this information into their writing?

50% Did students write a creative story that includes the required elements?
•    5% Reference to Beethoven’s hair.
•  10% Information on art, music and culture.
•  10% Proper writing conventions.
•  10% Point of view.
•  15% Shows creativity.
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A Biography of Beethoven
Ludwig van Beethoven was a famous classical music composer who was considered  
a child genius. Born in 1770 in Bonn, Germany, he began performing publicly at the 
age of six and left school when he was thirteen to begin touring full-time. He went on 
to compose many famous works that are still widely performed today, including his 
Symphony No. 9, Fur Elise and Moonlight Sonata. Beethoven’s compositions were 
passionate, dramatic and full of emotion. While his music has withstood time, he wasn’t 
always accepted by his peers.

While Beethoven’s beautiful music seems to rise above the drudgery of daily life, he 
suffered greatly from physical illness and depression. Though only a teenager at 
the time, he took on the guardianship of his two younger brothers due to his father’s 
alcoholism. Beethoven traveled to Vienna to study with Hayden and Bach, two other 
well known classical musicians. While in Vienna, Beethoven took on a paid position as 
a court musician to support his family back home in Bonn.

Unlucky in Love
Beethoven never married, but was often falling in and out of love. While he often 
fell deeply in love, the women rarely felt the same way, causing him much pain. His 
famous Moonlight Sonata is said to have been written as he sat at his piano one 
evening, bathed in moonlight, after his marriage proposal to Countess Giulietta had 
been turned down. Beethoven was a frail, sickly man, and his moodiness and violent 
temper often frightened away the women he loved. 

Although single, Beethoven did assume the guardianship of his nine-year-old nephew, 
Karl, when his brother Casper Carl died. Although the boy’s mother was still alive, 
Beethoven thought her to be unfit, and underwent a costly legal battle for custody of his 
nephew. Unfortunately, Beethoven did not make the best parent, and the two frequently 
fought. When Karl attempted suicide in 1826, Beethoven was greatly saddened to 
discover that his volatile relationship with Karl contributed to Karl’s unhappiness.

A Lifetime of Illness
It was well known by Beethoven’s friends that as time wore on, his anti-social 
behavior and depression deepened. Beethoven began noticing trouble with 
his hearing and by 1818 he was virtually deaf at age forty-eight. However, he 
tried to keep his hearing loss a secret at first. In an unsent letter written to 
his brothers in 1802, considered to be a confession of his secret deafness, 
Beethoven explained his self-imposed seclusion, 

“From childhood on, my heart and soul were full of the tender feeling 
of goodwill, and I was always inclined to accomplish great deeds. But 
just think, for six years now I have had an incurable condition...Though 
born with a fiery, lively temperament, susceptible to the diversions of 
society, I soon had to withdraw myself, to spend my life alone. And yet 
if I wished at times to ignore all this, oh how harshly was I pushed back 
by the doubly sad experience of my bad hearing...” 

Composer:
A person who writes music.

Teacher Key

BEETHOVEN’S HAIR
Student Handout #1
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Beethoven made his last public performance in 1814, although he continued to compose 
right up until his death. As Beethoven’s hearing worsened, he relied on “conversation 
notebooks,” within which his guests wrote down their questions or thoughts for the 
deaf composer.

Beethoven suffered greatly from a number of physical ailments, which grew worse up 
until his painful death in 1827 at age fifty-six. It seemed that just when he recovered 
from one illness, another more painful sickness took over. Beginning in his early 
twenties, Beethoven was plagued with severe abdominal pain, gastrointestinal distress, 
persistent headaches, infections, pneumonia, bronchitis, jaundice and depression. 
He saw over thirty doctors in hope of finding relief from his constant illness. In a letter 
written to his brothers Carl and Johann in 1802, yet never mailed, Beethoven pleaded, 

“...as soon as I am dead, if Dr. Schmidt is still alive, ask him in my name to describe my 
disease, and attach this written document to his account of my illness, so that at least 
as much as possible the world may be reconciled to me after my death...” 

Beethoven received over 75 different medications during the months leading up to 
his death, however it is important to note that he refused morphine, a common pain 
killer at the time. Although he was in great pain from his illness, it appears that 
Beethoven preferred to keep his mind clear and unclouded by mind-altering drugs 
so that he could continue composing rather than numb his pain and be without an 
outlet for his creativity.

Heavy Metal Musician

Beethoven died after spending more than 
four painful months bedridden by a variety 
of illnesses. His actual death was caused 
by failure of his liver. Upon his death, 
many friends, and even some strangers, 
cut locks of Beethoven’s hair to keep as 
mementos of the great composer. This was 
fashionable at the time, since photographs, 
which help people remember their loved 
ones, had not yet been invented. So many 
people took locks of hair that by the time 
Beethoven was buried, his head was 
almost completely bald. Tens of thousands 
of people witnessed Beethoven’s funeral 
procession in 1827.

In 1994, a lock of Beethoven’s hair — cut 
from his head the day after his death by 
a fifteen-year-old musician — was offered 
for sale by Sotheby’s auction house and 
purchased by a small group of Beethoven 
enthusiasts from America for $7,300. A portion of the hair underwent intense scientific 
experiments revealing a startling finding. Beethoven’s hair showed extremely high 
levels of the heavy metal lead, finally offering a possible explanation for some of his 
chronic illnesses and strange behavioral traits. Many of Beethoven’s complaints are 
consistent with chronic plumbism. Common symptoms of plumbism include severe 
gastrointestinal distress, jaundice, gout, headaches, irritability and erratic behavior. It is 
even remotely possible that Beethoven’s deafness was also caused by lead poisoning, 
but it is thought his deafness may have been caused by another disease, or from the 

Ludwig van Beethoven, 1770–1827

Plumbism:
Lead poisoning.

Jaundice:
A condition in which there is 
yellowing of the whites of the eyes, 
skin, and mucous membranes, 
caused by bile pigments in the 
blood. It is a symptom of liver 
disease or of a blocked bile duct.
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frequent thrashings his father gave him as a child, which included boxing his ears.

While we will never know for sure how Beethoven came in contact with lead, it is 
possible that he was exposed by eating food that was prepared in lead cooking pots 
and served on earthenware plates with leaden glazes. He might also have been 
exposed to lead by drinking ever increasing amounts of wine, which at that time was 
often “plumbed,” or treated with lead to sweeten bitter or sour flavors.

Student Assessment:
Did students read the handout?  

Can they summarize the content in 
their own words?
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Beethoven’s Hair: A Historical Narrative
(Inspired by the book Beethoven’s Hair by Russell Martin)

A Rare Encounter
The story of Beethoven’s hair begins in the spring of 1827. Johann Hummel, a well-
known German musician, heard that his esteemed friend, Ludwig van Beethoven was 
dying. Hummel and his wife, along with a fifteen-year-old musician named Ferdinand 
Hiller, traveled to Vienna, Austria to see Beethoven. Ferdinand was a young musician 
whose talent had received much attention. As was common in that time, Hiller was living 
with Hummel and his wife in order to receive instruction in piano and composition.

When they arrived in Vienna, Beethoven had already been bedridden for four miserable 
months by a variety of illnesses. His doctors tried every treatment they knew, including 
prescribing over 75 different medications, but Beethoven only grew weaker. Beethoven 
was also completely deaf and relied on “conversation notebooks,” in which his guests 
wrote down their side of the conversation for the deaf composer.

Over the next two weeks, Hummel and Hiller visited Beethoven four times. Hiller later 
wrote this description of their first encounter,

“Through a spacious anteroom in which high cabinets were piled with 
thick, tied-up parcels of music, we reached — how my heart beat! 
— Beethoven’s living room, and were not a little astonished to find the 
master sitting in apparent comfort at the window. He wore a long, gray 
sleeping-robe and high boots reaching his knees. Emaciated by long 
and severe illness, he seemed to me, when he arose, of tall stature; he 
was unshaven, his thick, half-gray hair fell in disorder over his temples.”

When Hummel and Hiller heard that Beethoven had died, they hurried back to his home. 
Now, Beethoven lay in a coffin with a white crown of roses on his head. At the time, it 
was common for people to cut a lock of hair from a deceased person to remember them 
by. Young Hiller asked permission from his tutor to cut a lock of Beethoven’s hair. By the 
time Beethoven was buried, so many people had cut locks from his head, that he was 
almost completely bald. Shortly afterwards, Hiller had a locket made for the hair. The 
wooden locket held the precious lock of hair between two plates of glass.

Source: Martin, R., Beethoven’s Hair. Broadway Books, NY. (2000).

Teacher Key

BEETHOVEN’S HAIR
Student Handout #2

Check Your Understanding
1. Why did Ferdinand Hiller go to visit Beethoven? His music teacher, Johann 
Hummel, had heard that Beethoven was very sick and wanted to visit him 
one last time. Hummel brought Hiller with him to visit Beethoven.

2. How did Beethoven, who was completely deaf, communicate with his 
visitors? Beethoven used “conversation notebooks,” small notebooks 
that visitors could write their remarks in for Beethoven to read.

Student Assessment:
Did students correctly answer the 

questions?
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A Well Traveled Lock

While Beethoven had not traveled much in his lifetime, Hiller enjoyed constantly changing 
his surroundings as a young adult. In Hiller’s possession, the lock of Beethoven’s hair 
traveled extensively through Europe, 
including Germany, France, and Italy.

In May of 1883, Ferdinand Hiller began 
preparing for his own death. He chose 
to pass the lock of hair onto his son, 
Paul Hiller, as a 30th birthday present. 
Ferdinand had safeguarded the locket 
for 56 years and now left it in the hands 
of his son.

In 1911, when Paul Hiller was 58 years 
old, he asked an art dealer in Cologne, 
Germany to refurbish the locket that 
had held Beethoven’s hair for the last 
84 years. Paul wrote an inscription on a 
piece of paper and pasted it onto the back 
of the locket. The inscription read, “This 
hair was cut off of Beethoven’s corpse by 
my father, Dr. Ferdinand v. Hiller on the 
day after Ludwig van Beethoven’s death, 
that is on 27 March 1827, and was given 
to me as a birthday present in Cologne 
on May 1, 1883.”

Paul Hiller died at age 81 in 1934, survived by his wife Sophie and three sons. For the 
next nine years, there remains no historical account of the lock of Beethoven’s hair. 
Some people believe that Hiller may have donated the locket to a local museum, while 
others suspect that he may have given it to one of his sons. The most mysterious part 
of the story is where and when Beethoven’s hair next appears in history.

Check Your Understanding
1. How did the lock of hair come into Paul Hiller’s possession?  Paul was 
given the locket by his father, Ferdinand Hiller, on Paul’s 30th birthday. 

2. What happened to Beethoven’s hair after Paul Hiller died?  No one knows 
for sure what happened to the locket. Some people believe that Paul 
Hiller donated it to a local museum, while others think he may have given 
it to one of his sons.

Midnight in a Dark Church Loft

During World War II, the German Nazis, under Adolf Hitler’s command, swept across 
Europe, invading neighboring countries and engaging in battles with Allied troops. 
Jewish citizens were forced to flee their homes to seek refuge in sympathetic nations. 

Nazis:
During WWII, Germany was 
under the control of Adolph Hitler 
and his Nazi party. The Nazis 
took control of many neighboring 
countries before being defeated by 
Allied forces (including the United 
States).

Student Assessment:
Did students correctly answer the 
questions?

The locket containing Beethoven’s hair
(Reproduced with permission of the 

Ira F. Brilliant Center for Beethoven Studies, 
San Jose State University)
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Concentration Camps:
Camps in Europe where people, 
mostly of Jewish ancestry, were 

sent during WWII under the 
orders of Adolph Hitler. Many 

of those sent to concentration 
camps were tortured and killed.

Refugee:
A person who flees to a foreign 

country to avoid persecution  
or danger.

Check Your Understanding
1. Why did Jewish refugees suddenly arrive in Gilleleje in 1943? The Nazis 
had invaded Denmark and were trying to capture Jewish people to send 
them to concentration camps. The refugees arrived in Gilleleje hoping to 
be able to get transported to nearby Sweden.

2. How did Danish Jews fare in the concentration camps, compared to other 
Jews? Why? Danish Jews fared much better than other Jews. The Danish 
government put pressure on the Nazis, hoping to protect their citizens 
from the Nazi death camps. Most of the Danish Jews sent to concentration 
camps did not get sent to the death camps and were later released.

Many of those who couldn’t flee were captured by the Gestapo, the Nazi’s secret police 
troops, and sent to concentration camps. In Germany and Austria, many Jews flee to 
Denmark in hopes of escaping the terror of the Nazis.

In April 1940, Denmark falls under the control of Germany. Many Jews attempt to flee 
to Sweden in hopes of escaping the concentration camps. And so our story takes us to 
Gilleleje, a small fishing port in Denmark, in the chilly month of October 1943.

Word was leaked that the Gestapo were about to descend on Denmark, so Danish 
citizens across the country mobilized to protect their Jewish neighbors. Hospitals sent 
out their ambulances to pick up Jews with no place to hide, registering them as patients 
with changed last names to conceal their identities. Trains and buses were packed 
with Jews traveling throughout the night to small port towns, where fishing boats would 
transport them to the safety of Sweden.

On October 6, 1943, hundreds of Jews arrived by train in the small town of Gilleleje. 
The townspeople agreed it was their duty to help these troubled refugees, and hide 
them in their homes, attics, and the town church. The townspeople crafted a plan, 
convincing the captain of a large fishing vessel to allow passage for several hundred 
Jews across the channel to Sweden. However, while the ship was being boarded, a 
mass panic was caused when someone mistakenly heard a shout, “the Gestapo are 
here!” The ship set sail with only a handful of Jews onboard, leaving many refugees 
stranded on the shore. The townspeople hid the Jews in the loft of the church that 
night, planning to make another attempt the next day. And it is here, in the frigid, pitch-
black church that the locket of Beethoven’s hair mysteriously reappears.

Shortly before midnight, the town’s physician, Dr. Kay Fremming, was called to the 
church to attend to an ill refugee. Later, he said that he had been given something 
special as a gift that night. Unfortunately, at midnight, the Gestapo descended on the 
church, arresting 120 Jews. Ultimately, most of them were sent to a concentration 
camp called Theresienstadt in Czechoslovakia. Due to unrelenting pressure from the 
Danish government, most of the Danish Jews were not transferred to the Nazi death 
camps, and were later released. Upon returning home, they were welcomed by their 
Danish neighbors, who had tended their homes and gardens in their absence.

Student Assessment:
Did students correctly answer the 

questions?
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Into the Hands of an Orphan

Sometime during that chaotic night, a stranger gave Dr. Fremming the locket of hair, 
perhaps as repayment for helping the Jewish refugees. But no one knows how the locket 
made its way to the small fishing village. Some believe that Paul Hiller had donated 
the locket to a museum, but that it was later stolen out of fear that it would come under 
control of the Nazis. Perhaps, in the fear of the night spent in the church loft, someone 
chose to leave it with a sympathetic doctor, hoping it would be safeguarded.

After WWII ended, a group of thirty French war orphans arrived in Denmark for adoption. 
A six-year-old girl named Michèle de Rybel arrived in Gilleleje and was adopted by a 
county administrator and his wife. Michèle felt that her adoptive parents were cruel, 
so one day, she planted herself on the front steps of Dr. Kay and Marta Fremming’s 
house and asked them if she could be their daughter. Surprisingly, the childless couple 
agreed.

Dr. Kay Fremming died in 1969 at age 64. Upon his death, Marta showed Michèle the 
precious locket of Beethoven’s hair, which Kay had kept secretly stashed in his desk 
drawer. Marta later gave the locket to Michèle in the late 1970s. Michèle was very 
attached to the locket, a reminder of her adoptive father.

In 1994, Michèle and her son Thomas were having some financial troubles and 
considered selling the locket. They inquired with Sotheby’s, one of the largest auction 
houses in the world and decided to put it up for sale in December. 

Check Your Understanding
1. Who gave Dr. Fremming the locket? Why? No one knows for sure who 
gave Dr. Fremming the locket, but it is suspected that one of the Jewish 
refugees gave it to him when he came to the church to treat an ill refugee. 
Perhaps the locket was given to him as a sign of appreciation for helping 
the refugees.

2. How did Michèle come to be adopted by Kay and Marta Fremming? Michèle 
did not like her adoptive parents, whom she found to be unusually cruel. 
She planted herself on the front steps of the Fremming house, asking if 
she could be their daughter. Michèle had found the doctor and his wife 
to be kind. They agreed and later adopted her.

3. What did Michèle and her son decide to do with the locket? Would you have 
made the same decision? Explain. Michèle and her son decided to sell the 
locket to Sotheby’s. Student opinions and explanations will vary.

Student Assessment:
Did students correctly answer the 
questions?

Two Americans and a Forensics Discovery

When Beethoven enthusiast Ira Brilliant spotted the listing in the Sotheby catalog in 
1994, he could barely believe it. Brilliant collected first edition Beethoven compositions 
and other relics, but the wooden locket caught his attention. He called his friend and 
fellow Beethoven enthusiast Dr. Alfredo “Che” Guevera, and together with a small 
group of investors, they pooled together enough money to buy the hair. The locket sold 
for $7,300, and soon it arrived in a package mailed to Brilliant’s home.
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Brilliant and Guevera decide to open the locket and submit a sample of hair for scientific 
testing, with hopes of gaining some insight into Beethoven’s life and his countless 
illnesses. On December 12, 1995, the locket was opened by Dr. Guevera in front of 
an anxious crowd at the University of Arizona Medical Center. As the surgeon used 
a scalpel to break the seal between the glass plates, he remarked, “Wow, could you 
hear that? I heard a rush of air like a vacuum when I started to separate the glass.” 
For the first time in at least eight decades, the lock of Beethoven’s hair was exposed. 
Among the lock of brown and gray hairs, there were 582 total hair strands. The hair 
was divided, with most of it being returned to the locket and given to the Ira F. Brilliant 
Center for Beethoven Studies at San Jose State University. The remaining hair was 
given to Guevera, who curled it into a petri dish and locked it in his office safe, happy 
to go about his daily work knowing a piece of his mentor, Beethoven, remained so 
close.

In May 1996, Guevera sent 20 hairs from his bundle to Los Angeles for drug analysis 
and then off to Illinois for further scientific analysis. After several years of careful testing 
by some of the world’s top hair analysts and forensic chemists, an exciting discovery 
was announced in the year 2000. Beethoven’s hair showed elevated levels of lead. 
His hair had forty-times the lead average that was contained in control hairs that were 
tested (hair samples taken from living people). Another separate test showed lead 
levels that were 100 times the lead levels found in control hairs!

Hair analysis only provides information on recent 
exposure to lead. The hair samples from Beethoven 
help tell the story of the last few months of his life. 
The results from the hair analysis suggest that 
Beethoven was suffering from lead poisoning at 
the time of his death. But what does this tell us 
about the illnesses that plagued Beethoven for 
most of his adult life? Unfortunately, it doesn’t tell 
us anything for certain. The scientists who did the 
hair analysis suggested that since Beethoven was 
sick for so much of his life, it is possible that lead 
poisoning was the cause of his various illnesses. 
They believe that his illnesses were similar to the 
common symptoms of lead poisoning, such as 
severe stomachaches, jaundice, gout, headaches, 
irritability and moodiness.

Hair analysis only tells us for sure about Beethoven’s exposure to lead during the 
months leading up to his death. The only way to determine Beethoven’s exposure to 
lead over his lifetime would be to test a sample of his bone for the presence of lead. 
Since lead acts like calcium, the body stores lead in bones. A special x-ray of a piece of 
bone could determine the amount of lead that was stored in Beethoven’s body over his 
lifetime. Fortunately, one of the scientists working on this project has announced plans 
to study some skull fragments that were stored after Beethoven’s body was exhumed 
in the mid-1800s. This would give us more information about long-term lead exposure 
and the effects it might have had on Beethoven’s health.

Over 170 years after Beethoven’s death, his illness remains a mystery. Although some 
people believe that Beethoven’s lengthy illness was due to lead poisoning, we do 
not know for sure. Perhaps future testing of Beethoven relics will solve this historical, 
scientific mystery once and for all!

Forensic:
A type of scientific analysis used 
to examine evidence, often from 

a deceased person, to solve a 
crime or a mystery.

Lead acts like calcium in the body 
and is stored in bones. Special x-
rays of bones can help determine 

how much lead a person was 
exposed to during their lifetime.
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Now that you have read about Beethoven’s hair, it’s time to try your hand at some 
creative writing. Writers of historical fiction combine historical facts (people, places, 
events) with fictional, or made-up, elements. In this activity, you will choose a time 
period mentioned in the narrative of Beethoven’s hair and create a short historical 
fiction story.

Choose a distinct time period described in the narrative above. For the period you 
have chosen, write a creative story set at that moment in history. You can write from 
the point of view of a real character mentioned in the narrative (Beethhoven, Ferdinand 
Hiller, Michèle de Rybel, etc.), or a character from your imagination. It doesn’t have to 
be a person. The story could be told through the eyes of a bird perched in the rafters of 
the church of Gilleleje. Your story should include at least one reference to Beethoven’s 
lock of hair. To make your story more believable, you should conduct some research 
on the art, music, and culture of the time period you have chosen and incorporate that 
research into your writing.

Creative Writing 
Activity

Student Assessment:
Did students write a thoughtful, 
creative piece set in a time period 
from the narrative, making mention 
of Beethoven’s hair? 

Check Your Understanding
1. What scientific discovery was made about Beethoven by testing his hair?
Scientific analysis showed that Beethoven’s hair had as much as 100 
times the level of lead in control hairs. This tells us that Beethoven was 
exposed to lead in the last few months of his life.

2. What test is needed to determine Beethoven’s exposure to lead over his 
lifetime?  Scientists would need to test a piece of his bone, using a special 
x-ray, to determine the amount of lead his body stored over his lifetime.

Student Assessment:
Did students correctly answer the 
questions? 

Timeline Activity
The story of Beethoven’s hair is an exciting scientific mystery that covers over 170 
years of history. In this activity, you will create a timeline that plots important dates and 
events from the story. Use colored pencils or pens to create a colorful and informative 
timeline that plots the events in chronological order. Be sure to include the date and 
location for each event. Your timeline should begin with the year Beethoven died and 
end with the year that the forensic test results were announced. Include the following 
events in your timeline (they are not listed in chronological order):

• The locket is opened and the hairs are counted (1995, USA)
• A Jewish refugee gives the locket to Dr. Fremming in a church loft (1943, 

Denmark)
• Ferdinand Hiller cuts a lock of Beethoven’s hair after his death (1827, Austria)
• Paul Hiller has the locket refurbished and adds an inscription (1911, Germany)
• Scientists announce results of forensic tests on the hair (2000, USA)
• After Paul Hiller dies, there is no record of the locket for 9 years (1934-43, 

location unknown)
• Ferdinand Hiller gives the locket to his son, Paul, as a birthday gift (1883, 

Germany)
• Ira Billiant, Dr. Guevara, and a group of investors buy the locket (1994, USA)

Student Assessment:
The location and date for each 
event is provided in parentheses 
to help you check the accuracy 
of your students’ timelines.
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Lesson Two:  
EIGHTEEN PENCE  
A DAY

Lesson 
Overview

Teacher 
Background

This lesson examines the working conditions in London’s white lead mills in the mid-
1800s. Students first read biographical sketches of Charles Dickens and Jack London. 
Next, they read excerpts from Dickens’ The Uncommercial Traveller. Finally, each 
student chooses one young factory worker, described by Jack London in The People 
of the Abyss, and writes a journal entry from her point of view. Extension activities are 
also included for additional classroom work or homework assignments.

Suggested Grade Levels: 7 & 8
Curriculum Connections: Point of view, biographical sketch, reading history, word 
choice, journal writing, Charles Dickens and Jack London

This lesson addresses the following New Mexico State Education Standards (NMSESs) 
for grades 5-8.

• Reading and Listening for Comprehension. Students will apply strategies and 
skills to comprehend information that is read, heard, and viewed. They will listen 
to, read, react to, and interpret information; Gather and use information for 
research and other purposes; Apply critical thinking skills to analyze information; 
Demonstrate competence in the skills and strategies of the reading process. I-A, 
I-B, I-C, I-D

• Writing and Speaking for Expression. Students will communicate effectively 
through speaking and writing. They will use speaking as an interpersonal 
communication tool; Use speaking as an interpersonal communication tool; 
Demonstrate competence in the skills and strategies of the writing process. II-A, 
II-B

• Literature and Media. Students will use literature and media to develop an 
understanding of people, societies, and the self. They will use language, 
literature, and media to understand various social and cultural perspectives; 
Identify ideas and make connections among literary works. III-A, III-B

During the nineteenth century, the artificial production of lead carbonate by using the 
“Dutch method” was a thriving commercial enterprise in the United States and England. 
Lead carbonate, or white lead, was used in high-quality opaque paint. To make the 
white lead, earthen pots were filled with vinegar and covered with sheet lead or with 
cast lead waffles. The pots were stacked and then covered with a mound of tan – the 
bark from oak trees. The tan decomposed and heated the pots to about 180 degrees 
Fahrenheit. In about three months, the pots were removed along with the dense white 
powder into which the lead had been transformed.

White lead mills were very dangerous places to work. They tended to employ mostly 
young women, many of whom would suffer severe lead poisoning and sicken or die. 

New Mexico 
State Education 

Standards
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Reading the Student Handouts will provide a good background for this lesson. For a 
more in-depth understanding of the white lead industry, consult the following resources 
that were used to prepare this lesson:

• Some Views on Dirt and Drudgery Website. You can access excerpts of The 
Uncommercial Traveller from this website.          
http://www.st-and.ac.uk/~jfec/ge/drudgery.html

• The essays can also be found in Charles Dicken’s book, The Uncommercial 
Traveller and Reprinted Pieces Etc., originally published in 1860. See Chapter 1 
“His General Line of Business,” Chapter 25 “On an Amateur Beat” and Chapter 
32 “A Small Star in the East.”

Teacher 
Preparation

Procedure

MATERIALS:  Copies of Student Handouts

• Make enough copies of the two Student Handouts for each student or group to 
have a set. Master copies of the handouts are included at the back of this book.

• If you are the first teacher in your team to use this FACT FILE, make copies of 
the student handout entitled, Student Introduction: Environmental Health and 
Lead. Ensure that students have read the handout and mastered the content 
and vocabulary.

• Distribute Handout #1, Biographical Sketches of Charles Dickens and Jack 
London, to students. The reading can be done in class in small groups, or 
individually as homework. One or both biographies can be assigned at a time. 
Follow-up the reading with an in-class discussion of the lives of the two authors. 
The handout also includes an activity in which students create a Venn diagram 
showing the similarities and differences between Dickens’ and London’s life 
experiences. These diagrams can be used to prompt a discussion of how the 
two authors’ life experiences might have influenced their writing.

• Distribute Handout #2, The Literature of the White Lead Mills, to students. 
This reading includes excerpts from two works of literature. The first excerpt is 
from Dickens’ The Uncommercial Traveller (1860). The reading is divided into two 
major sections. Each section is followed by short questions to help the students 
check their understanding of what they have read. These readings can be done 
in class in small groups, or individually as homework. Given the difficulty of the 
diction and some of the vocabulary in the selections, you might also choose to 
read through them aloud in class while your students follow along.

• Lead a discussion focused on Dicken’s style of writing. Consider how his word 
choice and spelling illustrate his time period and captures the way in which his 
subjects used language. The speech pattern represented in the excerpt is called 
“cockney,” a dialect of East London’s working class people.

• You might also lead a brief discussion about factory labor laws in 19th century 
England. With the industrial revolution in full swing, the British parliament 
began to pass legislation regulating factories. Early factory laws were aimed 
at improving working conditions for children and women, limiting the number of 
hours worked in a day, and making factories safer for the workers.

• Assign students the second reading on Handout #2, the excerpt from Jack 
London’s People of the Abyss (1903). This reading can be done in class in small 
groups, or individually as homework. 
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Extension 
Activities

Student Assessment:
The extension activities provide 

for more in-depth assessment of 
student understanding.

• Journal Writing Activity: After students have read and discussed the London 
and Dickens passages, they are asked to create a journal entry written from 
the point of view of a young woman working in one of East London’s white lead 
factories. Students can choose one woman from the list of descriptions written by 
Jack London of actual women who worked in the white lead factories. Challenge 
students to consider the way she might talk/write (cockney dialect) and her word 
choice. Students may want to consider some of the following questions:

• What is her job in the factory?
• How much is she paid for a day’s work?
• How is the job affecting her health? What are her symptoms of lead 

poisoning?
• How does her family benefit and suffer from her job at the factory?

Student work can be assessed in the following ways, for a total of 100%.

10% Did students read Student Handout #1?
20% Did students complete the Venn Diagram Activity on Student 

Handout #1, including at least four items in each section of the 
diagram.

10% Did students complete Student Handout #2 and correctly 
answer the Check Your Understanding questions?

60% Did students create a thoughtful journal entry that includes 
the required elements?

•   10% Information on the character: how much she 
is  paid; how her job affects her health; and why 
she is willing to accept those risks.

•    10% Chooses words and phrasing that reflect the        
character’s background.

•    10% Proper writing conventions.
•    10% Point of view.
•    20% Shows creativity.

Journalism Activity: Students write newspaper articles or create political cartoons 
to be printed in an 1860 London Times newspaper. The articles and cartoons should 
focus on the health risks encountered by workers in the white lead industry. 

Dramatic Interpretation: Students turn their journal entries into dramatic monologues 
and present them to the class. Male students can write their monologues from the 
perspective of the son, husband, or brother of a woman factory worker. Costumes and 
simple props can be used to enhance the presentations. The monologues can also be 
video-taped and edited as part of a technology activity. 

Student 
Assessment
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Biographical Sketches of Charles Dickens and Jack 
London

The Life of Charles Dickens

Charles John Huffham Dickens was born on February 7, 1812 in England. In 1814, his 
family moved to London and later to Chatham, England.

At age 12, he was sent to work at Warren’s Blacking Factory, a shoe dye warehouse, 
when his father was imprisoned for debt. This was one of the worst times in Dickens’ 
life, and he rarely spoke of it. However, his experiences in the factory influenced his 
later writings about working class Londoners. Dickens briefly returned to school for three 
years, but at age 15 was forced to work to help support the family. He worked as a clerk 
for a law office and then became a court reporter.

In 1833, Dickens began contributing essays and 
short stories to magazines and quickly acquired a 
large following. Dickens had a busy writing career, 
including publishing well known works such as: 
A Christmas Carol (1843), David Copperfield 
(1850), Hard Times (1854), A Tale of Two Cities 
(1859) and Great Expectations (1861).

In 1836, Dickens married Catherine Hogarth. 
The couple had ten children over the next 16 
years. While they were happy in the early years 
of their marriage, Catherine quickly became 
overwhelmed with the pressures of being the 
wife of a famous writer and the responsibility 
of caring for ten young children. Charles also 
became discontent in the marriage. Catherine 
and Charles were legally separated in 1858. 

In 1865, Dickens survived a frightening train accident on a return trip from Paris. The 
train jumped a 42 foot long gap in the tracks over a bridge. All but one first-class coach, 
the one carrying Dickens, fell into the ravine below. As the train was being evacuated, 
Dickens remembered something he had left behind. He climbed back into the wrecked 
train to retrieve the manuscript for Our Mutual Friend, the novel he was writing at the 
time.

Through his writings and lectures, Dickens addressed important social issues such 
as education reform, public health improvements, and workers’ rights. His book, The 
Uncommercial Traveller, was a work of journalism based on his experiences traveling 
through the neighborhoods of East London. In two chapters of the book, he focused on 
the white lead mills in London that employed mostly poor, young women. 

Dickens died in 1870 at age 58. 

Charles Dickens, 1812-1870

EIGHTEEN PENCE 
A DAY
Student Handout #1

Uncommercial Traveller:
Dickens uses this nickname for 

himself. In this book, he observes 
and reports on the everyday lives 

of the working class of  
East London.

Public Health:
The science of protecting 

community health by preventing 
illness, controlling disease, and 
educating people about how to 

lead healthier lives.

White Lead:
A white pigment that contains 

lead, marketed as a powder or 
paste and used as an  

exterior paint.

Teacher Key
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The Life of Jack London

John Griffith London was born in 1876 in San 
Francisco, California to an unmarried woman named 
Flora Wellman who came from a wealthy family. His 
mother was ill, so London was mostly raised by an ex-
slave named Virginia Prentiss. Jack’s mother married 
John London and the family later settled in Oakland, 
California.

London took on the name “Jack” as a teenager. He 
worked in a variety of odd jobs as a young man, 
including pirating oysters, being a member of a “fish 
patrol” to catch poachers, and sailing on a sealing 
ship. He even travelled around the country as a 
hobo.

In 1900, London married Bess Madden. The couple 
had two daughters. Bess and Jack later divorced, and 
Jack remarried in 1905.

London was a prolific writer, producing over fifty 
volumes of stories, novels and essays. He considered 
himself to be a socialist and argued in support of 
women’s suffrage and prohibition. His novel, The 
People of the Abyss (1903), described the underworld 
of London and was a critique of capitalism and poverty. 
London traveled extensively, including a winter spent 
in the Yukon and a trip by small boat to Hawaii.

London’s well known books include: The Call of the 
Wild (1903), The Sea-Wolf (1904) and White Fang 
(1906). He was one of the first writers to work with 
the film industry; many of his novels were made into 
major motion pictures.

Jack London died in 1916 at age 40 from kidney failure.

Jack London, 1876-1916

Prolific:
Producing an abundance of fruit, 
work, or results.

Socialist:
Belonging to the socialist party, 
which believed that the means of 
producing and distributing goods 
should be owned collectively or by 
a centralized government.

Women’s Suffrage:
A movement to give women the 
right to vote. American women 
were finally granted the right to 
vote in 1893.

Prohibition:
The period 1920-33, during which 
alcoholic beverages were illegal in 
the United States.

Venn Diagram Activity A Venn diagram is a great way to record information when reading about two subjects 
that share some similarities. On a separate piece of paper, draw two large circles that 
slightly overlap. Label one circle “Charles Dickens” and the other one “Jack London.” 
After you have read the two biographical sketches about Dickens and London, record 
information about the two writers on your Venn diagram. Place information that is 
unique to only one of the writers in his circle. An example of something that is unique 
to Dickens might be that he was born in London. Place information that is common to 
both in the area where the two circles overlap. An example of a commonality between 
the two writers is that they both had children. Try to find at least four unique things for 
each writer and four things they have in common. 
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Student Assessment:
Student work can be assessed in 

the following ways:

Did students read  
the handout?

Did students accurately complete 
their Venn diagrams, including at 

least four items in each section of 
the diagram? We have included an 

example of a completed diagram  
to help you evaluate your  

students’ work.

Charles Dickens Jack London
• Born in England
• From poor family
• Left school to work
• Survived a train            
accident

• Started work as 
  teenagers
• Married & Divorced
• Had children
• Wrote stories & novels
• Wrote about social 
  issues
• Wrote about the  
  London slums

• Born in California
• From rich family
• Worked many odd    
jobs
• Traveled extensively
• Worked in film industry

BOTH



Language Arts: Lesson 2

101Materials developed by the Integrated Environmental Health Middle School Project (NIEHS Grant #ES10738 and 
#ES07033). Copyright 2005 University of Washington.

Uncommercial Traveller:
Dickens uses this nickname for 

himself. In this book, he observes 
and reports on the everyday 

lives of the working class of East 
London.

White Lead:
A white pigment that contains lead, 

marketed as a powder or paste 
and used as an exterior paint.

The Literature of the White Lead Mills

Excerpts from The Uncommercial Traveller, by Charles Dickens 
from Chapter 32, “A Small Star in the East”

... It was a dark street with a dead wall on one side. Nearly all the outer doors of the 
houses stood open. I took the first entry, and knocked at a parlour door. Might I come 
in? I might, if I plased, sur.

The woman of the room (Irish) had picked up some long strips of wood, about some 
wharf or barge; and they had just now been thrust into the otherwise empty grate to 
make two iron pots boil. There was some fish in one, and there were some potatoes in 
the other. The flare of the burning wood enabled me to see a table, and a broken chair 
or so, and some old cheap crockery ornaments about the chimney piece. It was not 
until I had spoken with the woman a few minutes, that I saw a horrible brown heap on 
the floor in the corner, which, but for previous experience in this dismal wise, I might 
not have suspected to be “the bed.” There was something thrown upon it; and I asked 
what that was.

“Tis the poor craythur that stays here, sur; and ‘tis very bad she is, and ‘tis very bad 
she’s been this long time, and ‘tis better she’ll never be, and ‘tis slape she does all day, 
and ‘tis wake she does all night, and ‘tis the lead, sur.” 

“The what?” 

“The lead, sur. Sure ‘tis the lead-mills, where the women gets took on at eighteen-
pence a day, sur, when they makes application early enough, and is lucky and wanted; 
and ‘tis lead-pisoned she is, sur, and some of them gets lead-pisoned soon, and some 
of them gets lead-pisoned later, and some, but not many, niver; and ‘tis all according 
to the constitooshun, sur, and some constitooshuns is strong, and some is weak,  
and her constitooshun is lead-pisoned, bad as can be, sur; and her brain is coming out 
at her ear, and it hurts her dreadful; and that’s what it is, and niver no more, and niver 
no less, sur.” 

The sick young woman moaning here, the speaker bent over her, took a bandage from 
her head, and threw open a back door to let in the daylight upon it, from the smallest 
and most miserable back-yard I ever saw. 

“That’s what cooms from her, sur, being lead-pisoned; and it cooms from her night and 
day, the poor, sick craythur; and the pain of it is dreadful; and God he knows that my 
husband has walked the streets these four days, being a labourer, and is walking them 
now, and is ready to work, and has no work for him, and no fire and no food but the bit 
in the pot, and no more than ten shillings in a fortnight ...” 

EIGHTEEN PENCE  
A DAY
Student Handout #2

Pence:
A coin that was once used in 
England, equal to one penny.

Constitooshun:
Here, Dickens spells the word 
“constitution” the way it would 
sound in the Cockney dialect. 

Constitution refers to the physical 
makeup of a person, including 

his or her overall health and 
susceptibility to illness.

Shilling:
A coin that was once used in 

England, equal to 
twelve pence.

Fortnight:
A period of two weeks.

Teacher Key
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The woman’s married daughter had by this time come down from her room on the floor 
above, to join in the conversation. She herself had been to the lead-mills very early 
that morning to be “took on,” but had not succeeded. She had four children; and her 
husband, also a waterside-labourer, and then out seeking work, seemed in no better 
case as to finding it than her father. She was English, and by nature of a buxom figure 
and cheerful. Both in her poor dress and in her mother’s there was an effort to keep up 
some appearance of neatness. She knew all about the sufferings of the unfortunate 
invalid, and all about the lead-poisoning, and how the symptoms came on, and how 
they grew, – having often seen them. The very smell when you stood inside the door of 
the works was enough to knock you down, she said: yet she was going back again to 
get “took on:” What could she do? Better to be ulcerated and paralyzed for eighteen-
pence a day, while it lasted, than see the children starve.

Student Assessment:
Did students correctly answer 
the “Check Your Understanding” 
questions?

Check Your Understanding
1. What is wrong with the young woman lying in a corner of the room? She has 
lead poisoning from working in a lead mill.

2. What are some symptoms of lead poisoning? The young woman lies in a 
heap in the corner of the room, sleeping all day and lying awake all night. 
She feels like her brain is coming out of her ears and moans with pain 
constantly. She may be paralyzed.

3. Why are the women willing to work at the lead mills, even though they know 
they will become poisoned by the lead? If a woman has children, she feels 
that it is better to work in the lead mills and bring home some money, 
even if it is a small amount, than to let her children starve. To a mother, 
it is worth the risk.

from Chapter 35, “On an Amateur Beat”

... I found myself near to certain “Lead Mills.” Struck by the name, which was fresh in my 
memory, and finding, on inquiry, that these same lead-mills were identified with those 
same lead-mills of which I made mention when I first visited ... [the neighbourhood] as 
Uncommercial Traveller, I resolved to have a look at them.

Received by two very intelligent gentlemen, brothers, and partners with their father in 
the concern, and who testified every desire to show their works to me freely, I went 
over the lead-mills. The purport of such works is the conversion of pig-lead into white-
lead. This conversion is brought about by the slow and gradual effecting of certain 
successive chemical changes in the lead itself. The processes are picturesque and 
interesting,--the most so, being the burying of the lead, at a certain stage of preparation, 
in pots, each pot containing a certain quantity of acid besides and all the pots being 
buried in vast numbers, in layers, under tan, for some ten weeks. 

Hopping up ladders, and across planks, and on elevated perches, until I was uncertain 
whether to liken myself to a bird or a bricklayer, I became conscious of standing 
on nothing particular, looking down into one of a series of large cocklofts, with the 
outer day peeping in through the chinks in the tiled roof above. A number of women 

Tan:
The bark from oak trees which 
would decompose and heat 
the pots to about 180 degrees 
Fahrenheit.

Cocklofts:
A loft or room, just under the roof of 
a building.

Ulcerated:
Covered in lesions  
or sores.
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were ascending to, and descending from, this cockloft, each carrying on the upward 
journey a pot of prepared lead and acid, for deposition under the smoking tan. When 
one layer of pots was completely filled, it was carefully covered with planks, and those 
were carefully covered with tan again, and then another layer of pots was begun above; 
sufficient means of ventilation being preserved through wooden tubes. Going down into 
the cockloft then filling, I found the heat of the tan to be surprisingly great, and also the 
odour of the lead and acid to be not absolutely exquisite, though I believe not noxious 
at that stage. In other cocklofts, where the pots were being exhumed, the heat of the 
steaming tan was much greater, and the smell was penetrating and peculiar. There were 
cocklofts in all stages; full and empty, half filled and half emptied; strong, active women 
were clambering about them busily...

As is the case with most pulps or pigments, so in the instance of this white-lead, 
processes of stirring, separating, washing, grinding, rolling, and pressing succeed. Some 
of these are unquestionably inimical to health, the danger arising from inhalation of 
particles of lead, or from contact between the lead and the touch, or both. Against these 
dangers, I found good respirators provided (simply made of flannel and muslin, so as 
to be inexpensively renewed, and in some instances washed with scented soap), and 
gauntlet gloves, and loose gowns. Everywhere, there was as much fresh air as windows, 
well placed and opened, could possibly admit. And it was explained that the precaution 
of frequently changing the women employed in the worst parts of the work (a precaution 
originating in their own experience or apprehension of its ill effects) was found salutary. 
They had a mysterious and singular appearance, with the mouth and nose covered, and 
the loose gown on...

At last this vexed white-lead, having been buried and resuscitated, and heated and cooled 
and stirred, and separated and washed and ground, and rolled and pressed, is subjected 
to the action of intense fiery heat. A row of women, dressed as above described, stood, 
let us say, in a large stone bake house, passing on the baking-dishes as they were 
given out by the cooks, from hand to hand, into the ovens. The oven, or stove, cold as 
yet, looked as high as an ordinary house, and was full of men and women on temporary 
foot-holds, briskly passing up and stowing away the dishes. The door of another oven, or 
stove, about to be cooled and emptied, was opened from above, for the uncommercial 
countenance to peer down into. The uncommercial countenance withdrew itself, with 
expedition and a sense of suffocation, from the dull-glowing heat and the overpowering 
smell. On the whole, perhaps the going into these stoves to work, when they are freshly 
opened, may be the worst part of the occupation. 

But I made it out to be indubitable that the owners of these lead-mills honestly and 
sedulously try to reduce the dangers of the occupation to the lowest point. 

A washing-place is provided for the women (I thought there might have been more 
towels), and a room in which they hang their clothes, and take their meals, and where 
they have a good fire-range and fire, and a female attendant to help them, and to watch 
that they do not neglect the cleansing of their hands before touching their food. An 
experienced medical attendant is provided for them, and any premonitory symptoms 
of lead-poisoning are carefully treated. Their teapots and such things were set out on 
tables ready for their afternoon meal, when I saw their room; and it had a homely look. 
It is found that they bear the work much better than men: some few of them have been 
at it for years, and the great majority of those I observed were strong and active. On 
the other hand, it should be remembered that most of them are very capricious and 
irregular in their attendance. 

American inventiveness would seem to indicate that before very long white-lead may 

Countenance:
The face or facial features. Here 
Dickens refers to himself as the 

“uncommercial countenance”.

Indubitable:
Too obvious to be doubted, 

unquestionable.

Sedulously:
Very carefully, painstakingly.

Premonitory:
Warning, foreboding.

Exhume:
To dig up or bring to light. To 

remove from a grave.

Inimical:
Hostile or unfriendly, having 

harmful effects.

Capricious:
Unpredictable, on a whim.
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be made entirely by machinery. The sooner, the better. In the meantime, I parted from 
my two frank conductors over the mills, by telling them that they had nothing there to be 
concealed, and nothing to be blamed for. As to the rest, the philosophy of the matter of 
lead-poisoning and workpeople seems to me to have been pretty fairly summed up by 
the Irish woman whom I quoted in my former paper: “Some of them gets lead-pisoned 
soon, and some of them gets lead-pisoned later, and some, but not many, niver; and 
‘tis all according to the constitooshun, sur; and some constitooshuns is strong and 
some is weak.” Student Assessment:

Did students correctly answer 
the “Check Your Understanding” 
questions?

Check Your Understanding
1. What are some of the steps in the process of creating white lead? The lead is 
placed in pots along with different kinds of acids. The pots are then buried 
in layers underneath smoking tan and left for about ten weeks. The layers of 
pots create high towers, which the workers reach from high cocklofts and 
ladders. Then, the pots are exhumed and the lead is heated, cooled, stirred, 
separated, washed, ground, rolled and pressed. Lastly, the lead is subjected 
to intense heat in large ovens.

2. What are some ways that the workers come in contact with the lead? The 
workers come in contact with lead by inhaling small particles of lead in 
the air or inhaling the fumes from the large ovens. They also might touch 
the lead and absorb it through the skin, or forget to wash their hands and 
get lead on their food, thereby ingesting it.

3. What are Dickens’ thoughts about the safety of the lead mill? Dickens seems 
to think that this particular mill had adequate safety precautions, including 
flannel and muslin masks, gloves and loose gowns, as well as having 
workers wash their hands before eating. His reaction might be due in part to 
the fact that he was escorted on his tour by the two mill owners, who surely 
painted a favorable picture of their operation. However, Dickens seems to 
understand the inherent dangers of the mills, particularly from sustained 
work over several years or from holding some of the more dangerous jobs 
at the mills.

A Description of the Effects of Lead Poisoning. 
An excerpt from The People of the Abyss, “The Precariousness of 
Life” by Jack London

“... Worst of all is the lead dust in the white lead trades. Here is a description of the 
typical dissolution of a young, healthy, well-developed girl who goes to work in a white 
lead factory:

Here, after a varying degree of exposure, she becomes anemic. It may be that her 
gums show a very faint blue line, or perchance her teeth and gums are perfectly 
sound, and no blue line is discernible. Coincidentally with the anemia she has been 
getting thinner, but so gradually as scarcely to impress itself upon her or her friends. 
Sickness, however, ensues, and headaches, growing in intensity, are developed. 
These are frequently attended by obscuration of vision or temporary blindness. Such a 
girl passes into what appears to her friends and medical adviser as ordinary hysteria. 

Blue Line:
A telltale sign of severe lead 
poisoning is a blue line along the 
gums near the teeth.

Dissolution:
Termination, extinction, 
or death.
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Journal Writing 
Activity

After reading the excerpts from the work of Charles Dickens and Jack London, you 
should be very familiar with the plight of the young women who worked in the white 
lead mills of 19th century London. Now do the following:

• Read the short descriptions below of the lives of four real women who worked in 
the mines. 

• Choose ONE young woman and write a journal entry as if you were that 
character.

• Your entry should include the following information: How much is she paid for 
a day’s work at the lead mill? How is the job affecting her health? Why is she 
willing to do such terrible work?

• Write the way you imagine the character would speak. Use slang, Cockney 
dialect, and non-traditional spelling where appropriate, as in the reading.

Charlotte Rafferty, a fine, well-grown young woman with a splendid constitution who 
had never had a day’s illness in her life became a white lead worker. Convulsions 
seized her at the foot of the ladder in the works. Dr. Oliver examined her, found the 
blue line along her gums, which shows that the system is under the influence of the 
lead. He knew that the convulsions would shortly return. They did so, and she died.

Mary Ann Toler a girl of seventeen, who had never had a fit in her life three times 
became ill and had to leave off work in the factory. Before she was nineteen she 
showed symptoms of lead poisoning had fits, frothed at the mouth, and died. 

Mary A., an unusually vigorous woman, was able to work in the lead factory for twenty 
years, having colic once only during that time. Her eight children all died in early infancy 
from convulsions. One morning, whilst brushing her hair, this woman suddenly lost all 
power in both her wrists. 

Eliza H., aged twenty-five, after five months at lead works, was seized with colic. 
She entered another factory (after being refused by the first one) and worked on 
uninterruptedly for two years. Then the former symptoms returned, she was seized 
with convulsions, and died in two days of acute lead poisoning. 

 — The above descriptions are from Jack London’s The People of the Abyss.

This gradually deepens without warning, until she is suddenly seized with a convulsion, 
beginning in one-half of the face, then involving the arm, next the leg of the same side 
of the body, until the convulsion, violent and purely epileptic in character, becomes 
universal. This is attended by loss of consciousness, out of which she passes into 
a series of convulsions, gradually increasing in severity, in one of which she dies or 
consciousness, partial or perfect, is regained, either, it may be, for a few minutes, a 
few hours, or days, during which violent headache is complained of, or she is delirious 
and excited, as in acute mania, or dull and sullen as in melancholia, and requires to 
be roused, when she is found wandering, and her speech is somewhat imperfect.  
Without further warning, save that the pulse, which has become soft, with nearly the 
normal number of beats, all at once becomes low and hard; she is suddenly seized 
with another convulsion, in which she dies, or passes into a state of coma from which 
she never rallies. In another case the convulsions will gradually subside, the headache 
disappears and the patient recovers, only to find that she has completely lost her 
eyesight, a loss that may be temporary or permanent.”

Student Assessment:
Student work can be assessed in 

the following ways:

Did students create a thoughtful 
journal entry from the point of view 

of a young woman working in a 
white lead factory?

Did students choose words and 
phrasing that reflect the character’s 

background?



Math: Lesson 1

107Materials developed by the Integrated Environmental Health Middle School Project (NIEHS Grant #ES10738 and 
#ES07033). Copyright 2005 University of Washington.

Lesson One:  
TRUMPETER  
SWAN MATH

Lesson 
Overview

Teacher 
Background

This lesson addresses the following New Mexico State Education Standard (NMSESs) 
for grades 5-8. Benchmarks:

• NUMBER AND OPERATIONS. Students will understand numerical concepts and 
mathematical operations. They will understand numbers, ways of representing 
numbers, relationships among numbers, and number systems; understand the 
meaning of operations and how they relate to one another; Compute fluently 
and make reasonable estimates. Number & Operations, Benchmarks 1, 2, 3

• ALGEBRA. Students will understand algebraic concepts and applications. 
They will understand patterns, relations, and functions; Represent and 
analyze mathematical situations and structures using algebraic symbols; Use 
mathematical models to represent and understand quantitative relationships; 
Analyze changes in various contexts. Algebra, Benchmarks 1, 2, 3, 4

• DATA ANALYSIS AND PROBABILITY. Students will understand how to 
formulate questions, analyze data, and determine probabilities. They will 
formulate questions that can be addressed with data and collect, organize, and 
display relevant data to answer them; Select and use appropriate statistical 
methods to analyze data; Develop and evaluate inferences and predictions that 
are based on data; Understand and apply basic concepts of probability. Data 
Analysis & Probability, Benchmarks 1, 2, 3, 4

Lead poisoning has posed a problem to waterfowl since the early 1900s. Waterfowl 
can suffer from lead poisoning when they eat lead shot. The bird species that are 
most commonly poisoned by lead shot are Mallards, Black Ducks, Northern Pintails, 
Canada Geese, Snow Geese, Trumpeter Swans and Tundra Swans.

Lead shot was used for decades for hunting waterfowl (such as ducks, geese and 
swans) and upland birds (such as pheasants, wild turkey and quail). Hunters use 

Note: A New Mexico specific math lesson, called Lead in Then Left Out: Medicaid 
Math, is also in the Math Section.

In this lesson, students work with data related to trumpeter swans suffering from lead 
poisoning in Skagit and Whatcom counties of Washington. Students first read two 
newspaper articles that include some statistics. They then work through calculations 
using those statistics. Students also work with a data chart to create a bar graph. 
Extension activities are included for additional classroom work or homework 
assignments.

Suggested Grade Levels: 5-8
Curriculum Connections: Organizing data, percentages, bar graphs, reading for 
information and interpreting statistics

New Mexico 
State Education 

Standards
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shotgun shells filled with several hundred small pellets. These pellets, or shot, shower 
out in a wide distribution pattern, increasing the likeliness that the hunter will hit a 
bird in flight. On average, about 732 million pellets enter the environment each year in 
upland bird hunting. These pellets can become concentrated in certain areas, such as at 
a pheasant release sites or at shooting ranges. Lead shot sinks to the bottom of wetlands, 
which are common feeding grounds for many species of ducks, geese and swans.

Waterfowl, like trumpeter swans, ingest lead shot while feeding in lakes or ponds. They 
use their long necks to probe deep into the mud for food. Swans may mistake a lead 
shot for a seed or snail, or may purposefully swallow it along with pebbles to help grind 
their food. When a bird ingests lead shot, it usually becomes trapped in the gizzard, 
which is the muscular part of the stomach that grinds food. As the gizzard works to 
grind the food, it also wears down lead shot into small pieces, allowing the lead to 
absorb into the bird’s bloodstream.

Lead accumulates in the bones and vital organs, such as the kidneys, brain and liver. 
If a bird swallows a small number of pellets, it will gradually become weak and die of 
starvation or from predation. This is called chronic lead poisoning. If a bird ingests a 
large number of lead shot, such as six or more pellets, it will die within a few days. This 
is called acute lead poisoning. Lead poisoning also affects birds of prey (eagles and 
hawks) and scavengers (vultures) when they eat a bird that has been lead poisoned or 
if they eat an animal that has lead shot embedded in its flesh (shot by a hunter). This 
is called secondary lead poisoning.

Humans can also be at risk for secondary lead poisoning when they consume game 
birds that have been hunted with lead shot. People may be exposed to lead when they 
ingest tissue embedded with lead pellets or fragments. There is no significant human 
health risk posed by eating the meat of game birds that have lead poisoning from 
ingesting lead objects. The liver, kidney and bone marrow of birds will contain higher 
levels of lead than the meat and should be avoided.

A lead poisoned bird shows characteristic symptoms, such as staggering, crash 
landing, or an inability to fly or walk. It eats very little and may lose up to half its body 
weight. The bird may have droopy wings and have green diarrhea. A bird can die from 
lead poisoning after ingesting only one or two pellets.

In Washington State, a ban was placed on the use of lead shot for waterfowl hunting 
in 1986. A U.S. ban was placed in 1991. However, lead shot is still allowed for hunting 
upland birds, such as pheasant, wild turkey and quail. Lead shot is also allowed for 
trap and skeet shooting. While many non-toxic shots are available for both upland and 
waterfowl hunting, some hunters prefer to use lead shot. Hunters prefer lead shot over 
the alternatives because it is the cheapest choice, they are most familiar with it, they 
fear that alternative shot will harm their guns, and they prefer the way that lead shot 
performs. Today, there are many lead-free shotgun shells available, including steel, 
tungsten, bismuth, tin and alloys.  Some ammunition manufacturers believe that the 
new breed of lead-free shot actually improves upon the performance of lead shot. The 
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Teacher 
Preparation

Procedure• Introduce the activity by discussing the Trumpeter Swan Distribution Map 
on the Student Handout and pointing out the winter feeding grounds of the 
trumpeter swans in Whatcom and Skagit Counties in Washington State, as 
featured in the news articles. 

• Assign the articles and related math problems to individual students or to small 
student groups. The readings and problems can also make a good homework 
assignment. The graphing activity can be done in-class or in a computer lab.

table below offers a comparison between lead shot and some lead-free alternatives.*

Shot Material Cost per Box 
of 25 Shells Performance Comments

Lead $5.00 per box Lead is the standard to which all other types of 
shot are compared.

Bismuth $37.50 to $62.50
per box

Very similar to lead. However, there is a limited 
supply of bismuth in the world.

Steel $8.00 to $12.95
per box

Steel is lighter than lead, so hunters have to 
adjust. Steel may harm older guns and bullets 
may ricochet.

Tungsten/Iron $62.50 per box Very similar performance, however there is less 
shot in each shell as compared to lead shells. It 
can cause damage to older guns.

*From: “Best Management Practices for Lead at Outdoor Shooting Ranges,” U.S. EPA, Region 2 
http://www.epa.gov/region2/waste/leadshot

For a more in-depth understanding of the relationship between lead poisoning and local 
swan populations, consult the following resources that were used to prepare this lesson:

• The Washington Swan Working Group Website
 http://www.swansociety.org/washington.htm

• The Trumpeter Swan Society Website
 http://www.trumpeterswansociety.org

MATERIALS:  Copies of the Student Handout
  Graph paper
  Rulers
  Colored pencils or pens
  Calculators (optional)
  Computer access (optional)

• Make enough copies of the Student Handout for each student or group to have 
a set. Master copies of the handouts are included at the back of this book.

• If you are the first teacher in your team to use this FACT FILE, make copies 
of the student handout entitled, Student Introduction: Environmental Health 
and Lead. Ensure that students have read the handout and mastered the 
content and vocabulary.

• The graphing activity can be done on graph paper or in a computer lab, if 
students have access to a spreadsheet software with graphing abilities, such as 
Microsoft Excel. 

• If students will be doing the graphing activity by hand, distribute graphing paper, 
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Extension 
Activities

Student Assessment:
The extension activities provide 
for more in-depth assessment of 
student understanding.

Shadow A Swan: You can use swans to help teach the concepts of chance and 
probability using the curriculum offered at the Shadow a Swan Project website (http://
www.uen.org/swan/). This program allows teachers and students to register online 
and have access to satellite tracking maps that track the movement of swans fitted 
with radio collars. The website also offers math curriculum for grades 4-6 and 10-12. 
This curriculum was selected by the National Science Teachers Association’s SciLinks 
program. While some of the lessons do not require the use of a computer, the satellite 
map activities do require computer access.

Fly Away Home: Show students a slideshow about the fate of trumpeter swans today. 
The Defenders of Wildlife website offers a Trumpeter Swan Reintroduction Slideshow 
(http://www.defenders.org/trmpth01.html). This slideshow demonstrates how scientists 
are teaching some populations of swans to migrate again. Have students access the 
slideshow in a computer lab, or show it to the entire class using a projector.

Education Campaign: Challenge students to create posters to educate a specific 
audience about the dangers of lead poisoning for swan populations. The posters 
should include statistics, charts, or graphs to illustrate information. Target audiences 
may include hunters, farmers, or ammunition retailers.

• See the Teacher Key of the Student Handout for correct answers and 
examples of how students might complete their calculations. For several 
problems, there is more than one correct way to solve the problem

Student 
Assessment 10% Did student read Article #1 and complete the Check Your Understanding 

questions?
10% Did students read Article #2 and complete the Check Your Understanding 

questions?
10% Did students read Article #3 and complete the Check Your Understanding 

questions?
15% Did students complete the four data tables, rounding their answers to one 

decimal place?

50% Did students create a bar graph that includes the required elements?
•  25% Data is correctly represented 
•  5% Information on the four flyways is on the x-axis and information on     
  the percentage of duck with lead shot is on the y-axis.

•  5% Uses a different color to represent each duck species.
•  5% Uses a key to the colors.
•  5% Axes are labeled and graph is titled.
•  5% Neatness.

5% Did student complete the Check Your Understanding questions following 
the Graphing Activity?

Student work can be assessed in the following ways for a total of 100%.

Student Assessment:
Student work can be assessed in
the following ways:

Did students complete the reading
and provide correct answers to the
math problems?

Did students correctly design a bar
graph and answer the follow-up
questions?
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TRUMPETER  
SWAN MATH
Student Handout #1

Trumpeter Swan:
A large white swan with an eight 
foot wing span that mates for life 

and returns to the same nest each 
year. The Pacific Coast population 
spends the winter in Northwestern 
Washington and British Columbia 

and has mating grounds in Alaska. 
Trumpeter swans have a loud call 
that sounds like bugling trumpets.

In this lesson, you will learn about how trumpeter swans are being poisoned by years 
of accumulated lead shot from hunting. First, look at the map below. It shows where 
the Pacific Coast population of trumpeter swans breeds and spends the winter. 

ReadingsARTICLE #1

Decades of old lead shot linked to massive swan die-offs: 
State biologists seek mystery site feeding decline of trumpeter 
population

— by M.L. Lyke, from the Seattle Post-Intelligencer (1/23/03)

WHATCOM COUNTY – A bitter Fraser Valley wind ruffles the water of the unlikely 
lake, a rain-filled gravel pit surrounded by skeletal trees and heaps of excavated dirt. 
The dozen trumpeter swans bobbing on the water’s surface add the only touch of 
beauty to the barren scene.

The elegant white birds shouldn’t be here. This is a night roosting area. It’s 10 a.m. 
The birds are supposed to be off feeding. Binoculars reveal more irregularities. Some 

In the following activities, you will read three articles about lead poisoning among 
trumpeter swans. Each article includes several math problems based on the information 
contained in the article. You will also work with a data chart to create your own bar 
graph with information about lead poisoning in waterfowl.

Lead Shot:
Tiny lead pellets used in a  

shotgun cartridge.

Teacher Key

Roosting Area:
An area in which birds settle down 
to rest. Oftentimes groups of birds 

will roost together at night.

Introduction
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of the birds’ proud long necks hang limp. A few loners straggle off by themselves – a 
bad sign.

A somber Mike Davison surveys the scene from the shore. The flock at this pit lake 
near the tiny town of Everson is in trouble. “Ninety percent of these birds are already 
dead,” says Davison, the Washington Department of Fish and Wildlife biologist leading 
an investigation into the massive die-off of trumpeter swans in Whatcom County.

Last year, 229 of the 2,400 trumpeter swans that wintered in Whatcom County died of 
lead poisoning, the result of birds ingesting  lead pellets from hunters’ spent shotgun 
shells. This year’s unseasonably warm, dry winter seems to have delayed migration – 
a midwinter count on Tuesday showed roughly 827 trumpeter swans in Whatcom. The 
odd weather may have also delayed mass deaths seen in years prior. As of Tuesday, 
the department had tagged 75 dead birds. 

Davison and other wildlife professionals working on the project suspect the source 
of the problem may be a deadly “hot spot,” a body of water or agricultural field in the 
county containing very high levels of lead left by bird hunters. “We are pretty well 
convinced that this site will have a 60-year history of hunting, and this lead will have 
accumulated year after year after year,” says Davison. The lead is likely old shot.

Use of lead shot to hunt waterfowl was outlawed in Washington in 1986, although it still 
is legal for shooting other game birds. However, hundreds of tons of old lead pellets 
have settled into lakes, marshes, wetlands, fields and other hunter haunts over the 
decades. But the toxic lead could also be new shot -- from hunting scofflaws. “Just 
because there’s a law, doesn’t mean that people are complying with it,” says Davison, 
who has studied swan mortality in the county for 15 years.

He suspects the lethal site is a field with “sheet water,” water that spreads across 
agricultural lands in wet winters. And he has a hunch crops on the hot spot may 
have been rotated from swan-friendly food such as corn or potatoes to undesirable 
strawberries, raspberries or ornamental plants during a seven-year stretch in the ‘90s 
when no swan die-offs were recorded.

Like hard-boiled street detectives with a drawerful of clues, Davison is not ruling out 
any possibilities in the hunt for the Whatcom County’s mystery site.

Last winter, for the first time, the Department of Fish and Wildlife captured 18 trumpeter 
swans and fitted them with radio transmitter collars. This season, crews collared 
another 23 swans. This has allowed researchers to track flocks, pinpoint their locations 
and connect the dots on a map, narrowing their focus to a central chunk of the 
county. 

Fortunately for the search, a number of the collared birds have died of lead poisoning. 
Davison notes the irony. “In our business, when you go to all the expense to capture 
animals and put radio collars on them, the normal scenario is you want them to live 
forever. That’s how you get information. in this scenario, for us to be successful, these 
birds that we collar have to die. 

The death of a collared bird allows researchers to track all the areas the animal visited. 
If five or six of them die, investigators can determine whether the birds use particular 
areas in common. Such clues could break this case.

It’s a staggering investigation. The county spreads across 1,356,864 acres. The 
majestic birds, with 8-foot wingspans, range over a large part of it. “This is a virtual 
needle in the haystack situation,” the biologist says. 

Scofflaw:
Someone who regularly breaks  
the law.

Radio Transmitter Collar:
A collar that scientists attach to an 
animal to track its movements by 
satellite.
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Check Your Understanding
1. In 2002, 229 of the 2,400 trumpeter swans that wintered in Whatcom County 
died of lead poisoning. What percentage of the total population of trumpeter 
swans wintering in Whatcom County died from lead poisoning in 2002?

Total number of swans = 2,400
Number of swans poisoned = 229 
100 (229 / 2,400) = 9.54% 
Answer: 9.54% of the Whatcom County trumpeter swans died from 
lead poisoning

2. Hunters use ammunition called “shells” to hunt waterfowl. Each shell contains 
a large number of small pellets which, when shot, scatter in a wide pattern to 
increase the likelihood of hitting a bird. We can assume that one shell has an 
average of 250 pellets.  On average, a hunter shoots 6 shells for each bird that 
is bagged. This means that up to 732 million pellets may be fired each year 
to harvest the average of 488,000 upland birds (pheasants, quail, doves, etc.) 
that are taken annually in Washington state.

a. On average, how many pellets are shot for each bird that is actually   
harvested?

Solution #1:
Number of shells shot per harvested bird = 6
Number of pellets per shell = 250
250 * 6 = 1,500 pellets
Answer: 1,500 pellets are shot for each bird that is harvested 

 
Solution #2: 
Number of pellets fired = 732,000,000
Number of birds harvested = 488,000
732,000,000 / 488,000 = 1,500
Answer: 1,500 pellets are shot for each bird that is harvested 

b. How many shotgun shells are shot each year, on average?

Solution #1:
Number of shells shot per harvested bird = 6
Number of birds harvested each year = 488,000
488,000 * 6 = 2,928,000
Answer: 2,928,000 shells are shot each year in upland bird hunting

Solution #2: 
Number of pellets fired = 732,000,000
Number of pellets per shell = 250
732,000,000/250 = 2,928,000
Answer: 2,928,000 shells are shot each year in upland bird hunting 

Student Assessment:
Did students complete the 
reading and provide correct 
answers to the math problems?
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Check Your Understanding
1. It is estimated that the total population of trumpeter swans in the U.S. is 
about 16,000 swans. If the Pacific Northwest draws an estimated 80% of the 
country’s swans, how many swans can be found in this region?

Total number of swans = 16,000
Percentage of swans in Pacific Northwest = 80%
16,000 * .80 = 12,800
Answer: About 12,800 swans can be found in the Pacific Northwest.

Student Assessment:
Did students complete the 
reading and provide correct 
answers to the math problems? 

Capturing sick swans
At the gravel pit lake, wildlife technician Erin Schneider, running a 14-foot Lund skiff, 
has already picked up one dead trumpeter by 10 a.m. She has also hauled in a sick 
juvenile, a listless lump of a bird whose gums have turned from healthy pink a telling 
ghostly white.

Volunteers at the site on private land -- ironically dubbed Wilder Ponds -- use a large fish 
net, bent from pulling dying birds from the water, to capture two more sick swans over 
the course of an hour. The gasping, 20-pound birds don’t even struggle as Schneider 

Drawn by abundant food
In winter, the Pacific Northwest draws an estimated 80 percent of the country’s trumpeter 
swans, known scientifically as Cygnus buccinator. The handsome white birds, which 
look like long white arrows in flight and bugle a mean Miles Davis chorus overhead, 
mate for life and tend to return to the same nest year after year.

They are drawn here by a mild climate, productive estuaries and rivers, and abundant 
agricultural lands with after-harvest pickings of corn, potatoes and grains. Flocks 
usually arrive in October and leave by March, heading back to Alaska and points north. 
The largest concentration is in the Skagit Valley, which last year had about 5,000 birds, 
and Snohomish County, which had close to 600. 

In addition to the die-off in Whatcom County, lead deaths in Skagit and Snohomish 
are on the rise this year, according to Martha Jordan, a Northwest trumpeter swan 
expert.

Susan Murphy, with the Pilchuck Wildlife Rehabilitation Center, says some swans have 
been migrating from Whatcom County to Snohomish and Skagit counties to roost this 
year. Of the 20 dead birds picked up in Skagit County and the 26 picked up in Snohomish 
County so far this season, more than 50 percent apparently died of lead poisoning. 

Trumpeter swan populations, which have rebounded since the species was hunted 
nearly to extinction for feathers and skin earlier in the century, are particularly 
susceptible to lead shot. With their long necks, the swans can easily reach deep into 
the mud, where they ingest pebbles and grit — and lethal shot pellets — to help them 
grind and digest their food.

Symptoms can develop as soon as 10 days after they ingest a pellet. One pellet can 
be a large enough dose to kill a bird. Many of the Whatcom County carcasses have 
contained hundreds.

Miles Davis:
One of the most famous jazz 
trumpet players of all time.

Estuary:
An ecosystem where a river meets 
an ocean so that there is a mix of 
fresh water and salt water.
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and volunteer Sean Donalty put them in burlap bags, holding their heads and talking 
softly to them.

The birds are to be euthanized. No one can save them, says Davison. “There is no 
going back. When we get it, it’s a dead bird.” Taking sick and dying swans out of the 
environment quickly is critical. Eagles, coyotes and other predators could feast on the 
poisoned birds and themselves sicken and die. 

The euthanization is also an act of mercy. The lead shuts a bird’s system down, making 
them weak and reluctant to fly. As the poison progresses, the animals lose muscle 
control and coordination. Blocked organs can swell until the birds aren’t able to process 
food.

The swans usually die within 17 to 21 days after ingesting a pellet -- although Davison 
theorizes large quantities of pellets found inside Whatcom County’s swans may shorten 
that to as little as 10 days. “That’s a relatively short period,” he says, “unless you’re the 
one dying.”

‘Catastrophic die-off’
The 2002-2003 season marks the fourth consecutive year of swan mortality in Whatcom 
County. Davison calls the losses, the largest in North America, a “catastrophic die-off.”  
Last year’s midwinter death toll represented almost 10 percent of the population. 

Any additional stress -- a bad hatch year or a year of reproductive failure -- could cause 
a serious crash in the population over time. “229 out of 2,400 -- that’s way too many 
birds. You can’t tolerate that level,” says Davison, known as “The Goose God.”

The statistics add urgency to the work at hand -- locating the mysterious hot spot with 
the toxic lead load. Davison describes the investigation as tangled, labor-intensive and 
costly. It relies on help from state, federal and Canadian wildlife biologists, members 
of the Trumpeter Swan Society and Whatcom County’s Audubon Society, the Pilchuck 
Valley Rehabilitation Clinic and volunteers, including waterfowl hunters.

The project’s $35,000 annual budget comes from state and federal funds. Davison 
says it’s already running at a slight deficit. And the work has just begun. Once wildlife 
investigators can narrow their search to four to six acres, intensive sampling will begin. 
Crews will use clam guns to pull plugs of soil from suspected sites and check these 
core samples for lead pellets. “One site could require thousands of core samples,” 
says Davison.

After the “hot spot” is located, costs could escalate dramatically. If the mystery site is a 
lake or slough, cleanup could involve dredging out the lead. If the site is an agricultural 
field, with a large amount of standing water, it could involve diking and draining the land, 
as well as chasing off birds with cannons and electrical alarms. That’s expensive. But 
so is the alternative. “If we don’t solve this soon, we’ll have to cycle through the money 
again next year,” says Davison as he checks other swan haunts.

He pulls up at a favorite roosting site, little Wiser Lake, southwest of Lynden. It’s a 
postcard-perfect suburban scene, with ducks cutting “V’s” on the lake’s silver surface 
in front of waterfront homes with manicured lawns. 

The veteran wildlife biologist quickly spots the white hump hauled out in the lakeside 
brush. He gets out of the truck and moves in slowly.  It raises its long neck in a tired 
question mark and waddles away.  The sickness, says Davison, is just beginning. The 
bird will be dead by month’s end.

Euthanized: 
When a hopelessly sick animal 

has been put to death in a 
relatively painless way as an act 

of mercy.
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HOW TO HELP

If you find a trumpeter swan in distress in Whatcom County, call the Wildlife Rescue 
Network toll-free at 877-953-7377. Do not attempt to pick up or rescue the animal on 
your own.

The Pilchuck Wildlife Rehabilitation Center can be contacted at 360-387-8299.
-----------------------------------------------------------------------
P-I reporter M.L. Lyke can be reached at 425-252-2215 or m.l.lyke@seattlepi.com

Reprinted with permission from the Seattle Post-Intelligencer. Available at : 
http://seattlepi.nwsource.com/local/105452_swans23.shtml

ARTICLE #2
Searching For Sources of Lead Poisoning in 
Swans
— by Doug Williams, from Fish & Wildlife Magazine

While it has been banned in the United States for more than a decade, the toxic legacy 
of lead birdshot continues to take a grim toll on visiting northern trumpeter and tundra 
swans in Skagit and Whatcom counties. “Research has shown that from the day a swan 
picks up lead shot, it will take about three weeks for that bird to die,” said Mike Davison, 
wildlife biologist for the Washington Department of Fish and Wildlife (WDFW), who is 
spearheading the Department’s efforts to end the poisoning of swans.

The winter of 2001-02 was the deadliest on record, with an estimated 247 swans — 
95 percent of them trumpeters — dying from lead poisoning in the two counties and 
adjacent portions of British Columbia. About 4,000 swans over-winter in Skagit County, 
with another 1,000 or so in Whatcom County.

The birds aren’t being shot. Instead, the long-necked swans are ingesting spent lead 
shot that has settled onto the bottom of shallow lakes and ponds where the birds feed. 
The lead shot ends up in the bird’s gizzard where the soft metal is ground up and slowly 
leaches into the swan’s bloodstream. 

The Department has teamed with Canadian fish and wildlife biologists, the U.S. Fish and 
Wildlife Service, the Trumpeter Swan Society, the Bellingham Chapter of the Audubon 
Society, and the Pilchuck Valley Rehabilitation Clinic to identify the places where swans are 
ingesting spent lead shot, and finding ways of removing the poisonous material from the 
environment.

The main thrust of the work has been to collect more data on the birds’ movements. A 
total of 26 swans — 19 in Whatcom County, plus seven in British Columbia — have been 
fitted with radio-transmitting collars that allow biologists and volunteers to track the birds’ 
movements throughout the region, and possibly pinpoint the places where they’re picking 
up spent shot.

Davison said the 26 collared birds were tracked to 50 different sites. Two of the collared birds died 
from lead poisoning, and their deaths led the biologists and volunteers to focus in on about 12 
specific locations. The team has done preliminary core sampling at some of the sites of interest, 
and early analysis is beginning to reveal lead shot sources, Davison said.

“Based on our early analysis, there appears to be a window of time when the birds are 

Gizzard:
Part of a bird’s digestive system 
which has strong muscles and a 
tough lining to grind down food.

Core Sampling:
A cylindrical tube is inserted into 
the ground and the contents are 
examined to see what lies beneath 
the surface at various depths.
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becoming exposed to the lead shot, so we’ll focus our future research on the locations that 
the birds are visiting earlier during the time frame that they’re in the area,” he said. “Our goal 
for this coming winter is to try to get more collars on birds earlier in the season.”

Davison said an intensive sampling effort of suspected lead-poisoning sites is outside 
WDFW’s ability, given current budget and staffing levels. “We’re looking to take the lead 
on all of the research work, while another agency or group could come in and facilitate the 
more-intensive core sampling effort,” he said.

Non-toxic shot requirements were phased in over time, beginning in 1986, and ending 
in 1991 throughout the United States. Non-toxic shot has been required for all waterfowl 
hunting in Canada since 1999 but has been required in parts of British Columbia for almost 
10 years. Non-toxic shot is also required for public hunting areas that are used for both pheasant 
and waterfowl hunting, and includes all of the pheasant release sites in northern Puget Sound. 
Hunters are encouraged to convert to non-toxic shot for all upland bird hunting. 

Lead-poisoned swans pose a health threat to other wildlife, including bald eagles, which 
feed on swan carcasses and can get secondary lead poisoning. Davison said two 
dead eagles found this year in the area are being tested for lead poisoning. “Potential 
secondary mortalities point out the importance of collecting sick or dead swans as soon as 
possible,” Davison said. “The value of the rescue and recovery work that our partners do is 
immense.”

Secondary Lead Poisoning:
When a bird of prey or scavenger 

bird becomes lead poisoned by 
eating an animal or bird with lead 

shot embedded in its flesh.

Mortality:
A measurement of the number of 
deaths in a particular time or at a 

particular place.

Check Your Understanding
1. In 2001-2002, 247 swans died from lead poisoning in Skagit and Whatcom 
counties and adjacent portions of British Columbia. Ninety-five percent of these 
were trumpeter swans. About 4,000 swans over-wintered in Skagit county and 
another 1,000 over-wintered in Whatcom county and adjacent areas in B.C.
 a. What percentage of the total population of swans over-wintering in 

Skagit County, Whatcom County, and BC died from lead poisoning?
 Total population of overwintering swans = 5,000
 Number of swans that died = 247
 100 (247 /  5,000)= 4.94%
 Answer: 4.94% of the total swan population died from lead 

poisoning.

 b. How many trumpeter swans died from lead poisoning in 2001-2002? 
Round your answer to a whole number. 

 Number of swans  that died = 247
 Percentage that were trumpeter swans = 95%
 247 * .95 = 234.65
 Answer: 235 trumpeter swans died from lead poisoning.

2.  A total of 26 swans--19 in Whatcom county plus 7 in British Columbia--
have been fitted with radio-transmitting collars. The 26 birds were tracked 
to 50 different sites. Two of the collared birds died from lead poisoning.

 a. What percentage of collared birds survived during the survey?
 Solution #1
 Number of birds with collars: 26
 Number of birds  that died : 2
 100 (2 / 26) = 7.69% died from poisoning
 100% - 7.69% =  92.31% survived
 Answer: 92.31% of the swans did not die from lead poisoning.
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 Solution #2
 26 - 2 = 24 birds survived
 100 (24 / 26) =  92.31% survived
 Answer: 92.31% of the swans did not die from lead poisoning.

3. Before lead shot was banned, biologists were able to estimate the amount of 
lead pellets entering the environment each year. They call this a “distribution 
rate.” In order to come up with this figure, they had to assume that pellets 
are distributed evenly across all the huntable land in Washington State. 
This is not true, since some areas (like shooting ranges) have a higher 
concentration of hunting activity than other areas. However, if we assume 
that the distribution of pellets on huntable land in Washington is equal, 
then approximately 21 pellets are distributed per acre per year.

 a. How many pellets would be deposited on one acre after 20 years?
 Amount of pellets per acre per year = 21 
 21 pellets * 20 years = 420 pellets
 Answer: There would be approximately 420 pellets on the acre   

of land after 20 years of hunting.

 b. Lead shot was banned in Washington State in 1986 for waterfowl   
hunting. Hunters are now required to use non-toxic ammunition   
instead of lead shot. Calculate how much lead shot would have been  
deposited on a typical acre of huntable land in Washington state   
between January 1986 and January 2003 if lead shot had NOT been  
banned. 

 Number of years between 1/1986 and 1/2003: 17 years
 Number of pellets per acre per year: 21
 21 pellets * 17 years = 357 pellets
 Answer: On one acre of land, approximately 357 lead pellets   

would have entered the environment if the lead shot ban had 
 not been in effect.

ARTICLE #3
Swans Dying of Lead Poisoning  in  Washington 
State and British Columbia, Canada
— Washington Swan Working Group and The Trumpeter Swan Society

After six deadly winters, no one yet knows where the swans are getting the lead shot 
that is killing so many of them. The Trumpeter Swan Society has been working hard 
to assist Canadian and U.S. wildlife agencies with research to find the source of lead 
shot, so that it can be cleaned up.

As of late April 2005, the total count of swan deaths since 1999 is around 1,900 
swans, with about 97% trumpeter swans and the remaining tundra swans. Most of 
the birds have been picked up dead or dying on the ponds they use for night roosts 
on the U.S. side and, to a lesser extent, in Canada. There is no way to estimate the 
number of additional dead birds that have escaped detection in the wintering grounds 
or that may have died as they tried to migrate north in the spring.

The die-off has now happened for six years in a row in the same geographical area. 
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Student Assessment:
Did students complete the 

reading and provide correct 
answers to the math problems?

Graphing
Activity

Flyway:
An established air route that 

migratory birds follow during their 
migration.

Waterfowl:
A water bird, especially a 

swiimming bird.

During the 2004-2005 winter about 400 dead trumpeter swans were picked up, similar to 
winter 2003-2004, and considerably more than in previous winters.

You can help! If you choose to hunt, please use non-toxic ammunition. Tell the store why 
you are buying non-toxic shot and urge them to promote its use. If you allow hunters 
to use your land, require them to use non-toxic shot only on your property. Voluntarily 
switching to non-toxic shot is something we all can do—without wasting one more day—
to help reduce the needless deaths of swans and other wildlife.

Reprinted with permission from the Trumpeter Swan Society. Available at: 

http://www.swansociety.org/washington/lead.htm.

Lead Poisoning in Waterfowl, 1973-1984
Swans are not the only birds being hurt by lead shot. Many different species of waterfowl 
are equally susceptible to lead poisoning, including trumpeter swans, snow geese, and 
many species of ducks. The birds accidentally ingest lead shot that is embedded in 
mud at the bottoms of lakes or ponds. The use of lead shot in hunting waterfowl was 
banned in the U.S. in 1991. Before the ban, biologists completed an eleven year study 
of ducks’ susceptibility to ingesting lead shot.*

The biologists looked at the four migratory bird flyways, existing flight paths used by 
birds during their migration. During the study, the scientists examined over 95,000 
ducks that had been shot by hunters. The scientists dissected the ducks’ gizzards 
to see if they had ingested any lead shot prior to being shot. The data table below 
shows the results of four species of ducks that were found to have ingested one or 
more lead pellets.

* From: “A Review of the Problem of Lead Poisoning in Waterfowl.” Northern Prairie Wildlife Research Center, 1986.  

http://npwrc.usgs.gov/resource/othrdata/pbpoison/abstract.htm

Check Your Understanding

1. Between 1999 and April 2005, around 1,9000 swans have died of lead 
poisoning. Ninety-seven percent of those were trumpeter swans and the 
rest were tundra swans. How many of the dead swans were trumpeter 
swans and how many were tundra swans?

Solution #1
Number of swans that died = 1,900
Percentage that were trumpeter swans = 97%
1,900 * .97 = 1,843 trumpeter swans
1,900 – 1,843 = 57 tundra swans
Answer: 1,843 trumpeter swans and 57 tundra swans

Solution #2
Number of swans that died = 1,900
Percentage that were trumpeter swans = 97%
1,900 * .97 = 1,843 trumpeter swans
Percentage that were tundra swans = 3%
1,900 * .03 = 57
Answer: 1,843 trumpeter swans and 57 tundra swans
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Directions: Fill in the missing information on the four data tables. The tables have 
information about the total number of ducks caught in each flyway, and the number 
of those caught that had ingested lead shot. Use those two numbers to calculate 
percentages to complete the final column. Round your answers to one decimal place.

Next, use the completed data tables to create a bar graph. Your graph should group 
information by the four flyways. Place information for the four flyways on the x-axis. 
Use a different color to represent each species of duck and include a key to the colors 
that you used. Make sure to label the axes and to title your graph. Once you have 
completed your graph, answer the Check Your Understanding questions.

North American Migratory Bird Flyways
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M
A
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Flyway Total # w/shot % w/shot
Atlantic 8,602 1,058 12.3%

Mississippi 45,448 3,681 8.1%
Central 11,092 288 2.6%
Pacific 16,338 1,585 9.7%
TOTAL 81,480 6,613 8.2%

G
A

D
W

EL
L

Flyway Total # w/shot % w/shot
Atlantic 469 5 1.1%

Mississippi 949 17 1.8%
Central 998 5 0.5%
Pacific 1,223 9 0.7%
TOTAL 3,639 36 1.0%

B
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Flyway Total # w/shot % w/shot
Atlantic 3,084 71 2.3%

Mississippi 3,428 151 4.4%
Central 528 10 1.9%
Pacific 592 14 2.4%
TOTAL 7,632 246 2.8%

SH
O

VE
LE

R

Flyway Total # w/shot % w/shot
Atlantic 831 8 1.0%

Mississippi 295 5 1.6%
Central 231 10 4.3%
Pacific 1,302 104 8.0%
TOTAL 2,659 127 4.8%
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LEAD POISONING IN DUCKS, 1973-84

Atlantic Mississippi Central Pacific
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Draw or attach your bar graph here:
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Check Your Understanding
1. Which species of duck seems to be the most susceptible to ingesting lead 
shot overall? Mallard

2. Which species seems to be the least susceptible to ingesting lead shot 
overall? Gadwall

3. For each of the four species of ducks, in which flyway are they most likely 
to ingest shot?

a. Mallard: Atlantic

b. Gadwall: Mississippi

c. Blue-winged Teal: Mississippi

d. Shoveler: Pacific

Student Assessment:
Did students correctly complete the 
data tables, design a bar  
graph, and answer the  
follow-up questions?
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Lesson Two:  
CHILDHOOD BLOOD  
LEAD LEVELS

Lesson 
Overview

Teacher 
Background

This lesson uses data from a U.S. Environmental Protection Agency report on the links 
between childhood lead poisoning, race, and income level. Students play the role of 
interns at the EPA who must create a series of graphs for an important presentation. 
The students take information from a complicated graph and table and present the 
information in several different formats. An extension activity is also included for 
additional classroom work or homework assignments.

Suggested Grade Levels: 5-8
Curriculum Connections: Percentages, samples and populations, making predictions, 
bar graphs, and interpreting statistics and graphs

This lesson addresses the following New Mexico State Education Standards (NMSESs) 
for grades 5-8. Benchmarks:

• NUMBER AND OPERATIONS. Students will understand numerical concepts and 
mathematical operations. They will understand numbers, ways of representing 
numbers, relationships among numbers, and number systems; Understand the 
meaning of operations and how they relate to one another; Compute fluently 
and make reasonable estimates. Benchmarks 1, 2, 3

• ALGEBRA. Students will understand algebraic concepts and applications. 
They will understand patterns, relations, and functions; Represent and 
analyze mathematical situations and structures using algebraic symbols; Use 
mathematical models to represent and understand quantitative relationships; 
Analyze changes in various contexts. Benchmarks 1, 2, 3, 4

• DATA ANALYSIS AND PROBABILITY. Students will understand how to 
formulate questions, analyze data, and determine probabilities. They will 
formulate questions that can be addressed with data and collect, organize, and 
display relevant data to answer them; Select and use appropriate statistical 
methods to analyze data; Develop and evaluate inferences and predictions that 
are based on data; Understand and apply basic concepts of probability. Data 
Analysis & Probability, Benchmarks 1, 2, 3, 4

For a more in-depth understanding of blood lead levels, consult the following resource 
that was used to prepare this lesson:

• U.S. Environmental Protection Agency, “America’s Children and the Environment, 
2003.” Consult the “Body Burdens” section for information on blood lead levels 
in children.http://www.epa.gov/envirohealth/children/

• U.S. Census Bureau’s Poverty Thresholds
 http://www.census.gov/hhes/poverty/threshld.html

New Mexico 
State Education 

Standards
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Teacher 
Preparation

Procedure

MATERIALS:  Copies of the Student Handouts in manila folders
  Graph paper, rulers, and colored pencils or pens
  Computer access (optional)

• Make enough copies of the Student Handouts for each student or group to 
have a set. Master copies of the handouts are included at the back of this book. 
If possible, place each set of Student Handouts into a manila folder marked 
“Research Notes.”

• If you are the first teacher in your team to use this FACT FILE, make copies of 
the student handout entitled, Student Introduction: Environmental Health and 
Lead. Ensure that students have read the handout and mastered the content 
and vocabulary.

• The graphing activity can be done on graph paper or in a computer lab using 
spreadsheet software with graphing abilities, such as Microsoft Excel. If students 
will be doing the graphing activity by hand, collect graph paper, rulers and 
colored pencils or pens. 

• The activity can be done in class or assigned as homework. Students can work 
in small groups or individually on the activity. You can use the teacher’s version 
of the math problems to see examples of how students might complete the 
calculations, answer questions and draw graphs. 

 Begin the activity by reading the scenario below to the class. Then, hand out the 
Research File Folders containing copies of the Student Handouts. If students 
are working in groups, hand out one folder to each group to share. Encourage 
students to cooperatively work through the process of creating the three graphs. 
However, each student should create their own graphs to turn in for credit. 

• READ THE FOLLOWING ALOUD TO THE CLASS: “You are working for the 
U.S. Environmental Protection Agency as part of a summer internship program. 
The EPA is a government agency founded in 1970 that protects human health 
by keeping the air, water and land safe for all living things. You have just 
received an urgent email from your manager, Celia Summers. She needs your 
help creating some graphs for an important presentation. She has given you a 
research file containing all the information you will need to complete the project 
in time for the presentation. Celia is depending on your graphs to make her 
presentation a success.”



Math: Lesson 2

125Materials developed by the Integrated Environmental Health Middle School Project (NIEHS Grant #ES10738 and 
#ES07033). Copyright 2005 University of Washington.

Student Assessment:
The extension activity provides 

for more in-depth assessment of 
student understanding.

Extension 
ActivityPress Conference: Using presentation software such as Microsoft Powerpoint, 

students can turn their graphs into part of a complete presentation and then hold a 
mock press conference in the classroom. The students can play the role of reporters. 
The teacher or an adult volunteer can play the role of Celia Summers, making the 
presentation using the students’ slides. Allow time for the reporters to ask questions. 
Then, each student group can work together to write a brief newspaper article that 
reports on the findings of the EPA report. This activity would be a particularly good 
team teaching activity for a language arts and math teacher.

10% Did students read Student Handout #1 and #2 and complete the Check 
Your Understanding questions?

30% Did students create Graph #1 that includes the required elements?
•  15% Data is correctly represented.
•  5% Information on race is on the x-axis and information

on median blood lead levels is on the y-axis.
•  5% Axes are labeled and graph is titled.
•  5% Neatness and color.

30% Did students create Graph #2 that includes the required elements?
•  15% Data is correctly represented.
•  5% Information on race is on the x-axis and information

on median blood lead levels is on the y-axis.
•  5% Axes are labeled and graph is titled.
•  5% Neatness and color.

30% Did students create Graph #3 that includes the required elements?
•  15% Data is correctly represented on the Data Table and the 
 Bar Graph.
•  5% Information on race is on the x-axis and information

on median blood lead levels is on the y-axis.
•  5% Axes are labeled and graph is titled and a key is included.
•  5% Neatness and color.

Student work can be assessed in the following ways for a total of 100%: Student 
Assessment
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U.S. Environmental  
Protection Agency:

Established in 1970, this 
government agency protects 

human health by safeguarding the 
air, water and land upon which  

life depends.

Blood Lead Level (BLL):
A measurement of the amount of 

lead in a person’s blood. A BLL 
of over 10 µg/dL is considered 

dangerous.

Teacher Key

CHILDHOOD BLOOD 
LEAD LEVELS
Student Handout #1

Email Sent on: Today, 9:00 AM
From: Celia Summers 
Subject: Lead Poisoning Project – URGENT!

Hi. I hope you had a good weekend. I have a new project for you to begin 
working on right away. I just received a report from our researchers entitled 
“America’s Children and the Environment.” One section of the report focuses 
on childhood lead poisoning. Since I remember you saying that you studied 
lead poisoning in school, I could really use your help.

I have a big press conference in two days. I will be sharing the information in 
the report with a group of reporters from across the country. I need to be able 
to clearly explain to them the relationship between childhood lead poisoning, 
race and income.

I need you to develop three graphs for me to use during my presentation at the 
press conference. The graphs should demonstrate:

1. Blood lead levels by income
2. Blood lead levels by race
3. Changes in blood lead levels over time

Make sure that the graphs are clear and easy to read. Please use colors and 
make sure to put a title on each graph. Also, place “Blood Lead Levels” along 
the y-axis for each graph.

I left a research file on your desk. You should find all the information that you 
need for this project in the file.

Thanks!

Celia Summers
U.S. Environmental Protection Agency (EPA)

TEACHER NOTE:
This handout should be clipped or 
stapled to the front of a file folder 

that contains Student Handout #2.
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Teacher Key

CHILDHOOD BLOOD 
LEAD LEVELS
Student Handout #2

Hi. Here is some background 

information for you about lead 

poisoning and its connections to 

race and income. These are some 

research  notes that I took while 

reading through the full report. I 

plan on using these notes when 

I write my speech for the press 

conference. 

                                       - Celia

Research Notes from “America’s Children and the Environment”

The United States Environmental Protection Agency 
(EPA) released a report in 2003 about the health 
of America’s children. The report focused on 
environmental health issues affecting children, such 
as asthma, lead poisoning, and childhood cancer. 

One important finding in the report is that childhood 
lead poisoning is on the decline across the country. 
Scientists believe that the decline can be traced to 
the banning of lead-based paint in the late 1970s and 
the banning of leaded gasoline in the early 1980s. 
For example, the number of U.S. homes with lead-
based paint dropped from 64 million in 1990 to 38 
million in 2000. Less lead in the environment means 
fewer instances of childhood lead poisoning.

The report attempts to address this question: What 
are the connections between childhood lead poisoning, poverty and race? 

First of all, how is poverty measured? Each year, the U.S. Census Bureau sets a 
number as the poverty threshold. If a family’s total income is less than the poverty 
threshold, then the family is considered to be living below the poverty level (or low-
income). If the family’s income is right around the poverty threshold, then they are 
middle-income. If the family’s income is much more than the threshold, then they are 
high-income. 

For example, the poverty threshold for the year 2000 was $17,463 for a family of four 
(including two adults and two children. So across the country, if a family’s income 
was below $17,463, they were considered to be living below the poverty level. The 
poverty threshold changes each year to account for inflation. For example, the poverty 
threshold increased from $17,463 in the year 2000 to $19,157 for 2004.

Researchers have discovered that a child’s risk for lead poisoning depends on his or 
her race and family’s income level. For instance, a black child living below the poverty 
level is at a higher risk for lead poisoning than a black child living well above the 
poverty level. One assumption is that low-income children and children of color more 
often live in older housing, therefore putting them at higher risk of coming in contact 
with lead paint or lead in drinking water. 

Measuring blood lead level by race and family income can help researchers identify 
populations that might be at greater risk for lead poisoning. This can help focus 
education, screening and clean-up efforts.

Blood Lead Level (BLL):
A measurement of the amount of 

lead in a person’s blood. A BLL 
of over 10 µg/dL is considered 

dangerous.

Background 
Reading
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Median:
The middle value in a distribution of 
numbers.

Here’s the bar graph with all the 

information on it. This comes from 

the report that I mentioned in the 

email. You can use this data to 

create the three graphs that I need 

for my presentation. This graph is 

packed with information, but it is too 

complicated for me to be able to use 

with the reporters. Your graphs need 

to present the data in a clearer and 

simpler format. 

                                       - Celia

*From “America’s Children and the Environment.” Environmental Protection Agency, 2003.
http://www.epa.gov/environhealth/children/ace_2003.pdf
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I took this table directly from the 

report. This is the data that was 

used to make the big bar graph 

with all the information on it. It 

will help you create the three graphs 

I need. 

                                       - Celia

Ethnicity All Incomes Low Income Middle 
Income

High Income

All Races 2.2 2.8 1.9 1.9
White 2.1 2.8 1.7 2.0
Black 2.8 3.6 2.6 2.2
Hispanic 2.0 2.4 1.7 1.6

Median Concentrations of Lead in Blood of Children,
Ages 1-5, 1999-2000*

Numbers represent blood lead levels measured in µg/dL.

*From: *From “America’s Children and the Environment.” Environmental Protection Agency, 2003.
http://www.epa.gov/environhealth/children/ace_2003.pdf

Statistics from “America’s Children and the Environment.”

• In 1992-1994, Black children ages 1-5 had a median blood lead level of  
3.9 µg/dL and in 1999-2000 they had a median blood lead level of 2.8 µg/dL.

• In 1992-1994, Hispanic children ages 1-5 had a median blood lead level of  
2.6 µg/dL and in 1999-2000 they had a median blood lead level of 2.0 µg/dL.

• In 1999-2000, White children ages 1-5 had a median blood lead level of  
2.1 µg/dL, unchanged from the level in 1992-1994.

I found these statistics in the 

report. They provide information 

on blood lead levels during two 

different time periods. You will 

need these statistics to create one of 

the graphs for my presentation.  

                                       - Celia
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Check Your Understanding
1. What three income levels are represented in the graphs?  
Low income, middle income and high income.

2. What three races are represented in the graphs?  
Hispanic, black and white.

3. What race is at the highest risk for lead poisoning?  
Black children have the highest risk for lead poisoning.

4. What income level is at the highest risk for lead poisoning?  
Low income children have the highest risk for lead poisoning.

5. Between 1992-1994 and 1999-2000, which race group saw the largest 
decrease in blood lead levels?  
The largest decrease in blood lead levels was with black children.

6. What are two possible reasons for this decrease?  
Student answers will vary, but may include: increased education about 
childhood lead poisoning; overall decrease in the amount of lead in the 
environment; less lead paint in houses, drinking, water, etc.

Student Assessment:
Did students answer the Check 
Your Understanding questions 
correctly? 

Email Sent on: Today, 12:30 PM
From: Celia Summers 
Subject: Lead Poisoning Project - Additional Questions

Hi. I know that you have been working on the lead poisoning presentation all 
morning. I’ve been writing my speech for the press conference and I thought 
of a few questions that I need answered. I’ll use your answers as part of my 
presentation.

Thanks so much for all your help and hard work on this!

Celia Summers
U.S. Environmental Protection Agency (EPA)
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Graphing 
ActivityNow that you have read the background reading and answered some questions, you 

are ready to create the graphs that Celia needs for her presentation. You can draw the 
graphs below or attach them as separate pages.

GRAPH #1: Create a bar graph that shows blood lead levels by income level. Use 
only the information for “All Races Combined” from the data table. The x-axis should 
show income levels. The y-axis should show median blood lead levels. Make sure to 
label the axes, title your graph and use color.

GRAPH #2: Create a bar graph that shows blood lead levels by race. Use only the 
information for “All Incomes Combined” from the data table. The x-axis should show 
race. The y-axis should show median blood lead levels. Make sure to title your graph, 
label the axes, and use color.
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Student Assessment:
Did students correctly draw their 

graphs, label the axes, and include 
titles?
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GRAPH #3: Create a bar graph that shows how median blood lead levels have 
changed over time for different racial groups. To do this, first complete the data 
table below based on the statistics from “America’s Children and the Environment” 
that Celia included in her report. This table will make it easier for you to create the final 
graph that Celia needs. 

Now, create a bar graph with median blood lead levels on the y-axis and race on the 
x-axis. For each of the three races you should have two bars, one for each period of 
time. Make sure to title your graph, label the axes, use color and include a key.

RACE 1992-1994
Median BLLs

1999-2000
Median BLLs

Black 3.9 2.8

Hispanic 2.6 2.0

White 2.1 2.1

Student Assessment:
Did students correctly complete the 
table, draw their graph, label the 
axes, and include a title and a key? 
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Lead In then Left Out:
Medicaid Math

Lesson 
Overview

Teacher 
Background

In this lesson, students’ work with data related to the number of children who are 
tested for lead in New Mexico. Students first read a short description that includes 
some statistics about childhood lead poisoning in New Mexico and testing rates. 
Students then work through calculations using those statistics and are asked to reach 
a conclusion about the data and write a paragraph about how they would respond to 
the issue of childhood lead poisoning and testing if they were the Governor of New 
Mexico.

Suggested Grade Levels: 5-8
Curriculum Connections: Organizing data, percentages, reading for information and 

This lesson addresses the following New Mexico State Education Standards (NMSESs) 
for grades 5-8. Benchmarks:

• NUMBER AND OPERATIONS. Students will understand numerical concepts and 
mathematical operations. They will understand numbers, ways of representing 
numbers, relationships among numbers, and number systems; understand the 
meaning of operations and how they relate to one another; Compute fluently 
and make reasonable estimates.

• ALGEBRA. Students will understand algebraic concepts and applications. 
They will understand patterns, relations, and functions; Represent and 
analyze mathematical situations and structures using algebraic symbols; Use 
mathematical models to represent and understand quantitative relationships; 
Analyze changes in various contexts.Students will understand algebraic concepts 
and applications. They will understand patterns, relations, and functions; 
Represent and analyze mathematical situations and structures using algebraic 
symbols; Use mathematical models to represent and understand quantitative 
relationships; Analyze changes in various contexts.

• DATA ANALYSIS AND PROBABILITY. Students will understand how to 
formulate questions, analyze data, and determine probabilities. They will 
formulate questions that can be addressed with data and collect, organize, and 
display relevant data to answer them; Select and use appropriate statistical 
methods to analyze data; Develop and evaluate inferences and predictions that 
are based on data; Understand and apply basic concepts of probability.

• LANGUAGE ARTS. Benchmarks: I-A Listen to, read, react to, and interpret 
information. II-B Apply grammatical and language conventions to communicate. 
II-C Demonstrate competence in the skills and strategies of the writing 
process.

For a more in-depth understanding of blood lead levels, consult the following resource 
that was used to prepare this lesson:

• U.S. Environmental Protection Agency, “America’s Children and the Environment, 
2003.” Consult the “Body Burdens” section for information on blood lead levels 
in children. http://www.epa.gov/envirohealth/children/

New Mexico 
State Education 

Standards

Teacher Key
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• U.S. Census Bureau’s Poverty Thresholds
 http://www.census.gov/hhes/poverty/threshld.html

Gasoline and lead-based paint were banned over twenty years ago, rates of childhood 
lead poisoning have been declining across the country. About 2 percent of the children 
in New Mexico who are screened for lead have elevated blood lead levels (greater 
than 10 μg/dL). This percentage is similar to national averages, but the national 
averages are based on much larger populations. Although even one child is too many, 
New Mexico does not appear to have some of the extreme exposures seen elsewhere 
in the nation. In Philadelphia 28 percent of the children have high blood lead levels!

The U.S. Health and Human Services mandates that all children under the age of 6 
who are Medicaid recipients be tested for lead, but that does not always happen. In 
Bernalillo County 21.7 percent of children under six years of age are below poverty 
level, yet only 1-3 percent of children are tested.

Childhood lead poisoning is considered to be an environmental justice issue.
Environmental justice is a social and political movement that believes that all people 
– regardless of race, country of origin, income level or education – have a right to a 
clean environment, including clean air, water, and soil. Childhood lead poisoning is an 
environmental justice issue because certain groups of children are more likely to suffer 
from lead poisoning than the rest of the population. If we look at the United States as 
a whole, a child’s RISK of lead poisoning increases if he or she:

• Lives in a high risk community (geography)
• Comes from a low-income family (poverty)
• Is Black or Hispanic (ethnicity)

Other types of environmental justice issues include air pollution, water pollution, solid 
waste disposal, transportation, industry, human health and disease. “Environmental 
classism” refers to the fact that poor people often live in less clean and healthy 
environments than middle and high-income people. “Environmental racism” refers to 
the fact that people of color are also more likely to live in unhealthy environments, for 
example in big cities near factories and hazardous waste sites.  Public health officials 
have examined many statistics to learn about the risk factors for childhood lead 
poisoning that are specific to this region. The more the health department understands 
about lead poisoning risk factors, the better they can educate families of young children. 
The risk factors that increase a child’s risk of having elevated blood lead levels include 
age of housing, poverty, geography, and Hispanic ethnicity.

Blood Lead Level (BLL):
A measurement of the amount 
of lead in a person’s blood. 
A BLL of over 10 μg/dL is 
considered dangerous

μg/dL (ug/dL):
Micrograms per deciliter. A 
measurement of the amount 
of lead in a person’s blood. 
The Greek symbol “μ” is 
pronounced “mew.” 

Environmental Justice:
The belief that all people 
— regardless of race, country 
of origin, income level, or 
education — have a right to 
clean air, water, and soil.

Risk Factor:
Something that increases 
an individual’s chance of 
becoming ill, getting hurt, or 
being killed.

Teacher 
Preparation

MATERIALS:  Copies of the Student Handouts 
  Calculators

• Make enough copies of the Student Handouts for each student or group to 
have a set. Master copies of the handouts are included at the back of this book. 
If possible, place each set of Student Handouts into a manila folder marked 
“Research Notes.”

• If you are the first teacher in your team to use this FACT FILE, make copies of 
the student handout entitled, Student Introduction: Environmental Health and 
Lead. Ensure that students have read the handout and mastered the content 
and vocabulary.
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Extension 
Activity

Proceedure
• Make sure that students have already been introduced to the topic through 

the handout entitled, Student Introduction: Environmental Health and 
Lead. They should have mastered the information and vocabulary on that 
handout before beginning this lesson.

• Begin the activity by having the students read the Student Handout. 
Discuss the main points of the reading and the questions that need to be 
answered by doing the calculations.

• Assign the math problems to individual students or to small student 
groups. Depending on the level of your students, you may want to do the 
first problem with the class. The readings and problems can also make a 
good homework assignment.

• See the Teacher Key of the Student Handout for correct answers and 
examples of how students might complete their calculations. For several 
problems, there is more than one correct way to solve the problem.

Student Assessment:
Student work can be assessed in 

the following ways:

• Did students complete the reading 
and provide correct answers to the 

math problems?

Did students interpret the data 
correctly and present a good 
argument (using the data as 
support) for how they would 

respond to the lead testing issue?

The Great Manipulation: (Language Arts, Math) You can find newspaper articles 
related to lead in New Mexico and analyze how the data is presented to the general 
public. Sometimes data is manipulated to support different viewpoints. Have the students 
identify the “view point” of several articles and describe how the data is presented 
to support that view point. Students could also look at multiple media formats (like 
television, newspapers, and government reports) and describe how data and statistics 
are presented in each and why they may be different from each other.

Low Lead Testing: An Environmental Injustice?: (Social Studies, Math) After the 
students complete the supplementary math lesson “Lead In then Left Out” they can take 
the data to their social studies class and have a debate or discussion about whether 
the childhood lead testing rates would be considered an environmental justice issue.

Student Assessment:
The extension activity provides 

more in-depth assessment of 
student understanding.
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Lesson 
Overview

In this lesson, students work with data related to the number of children who are tested for 
lead in New Mexico. Students first read a short description that includes some statistics 
about childhood lead poisoning in New Mexico and testing rates. Students then work 
through calculations using those statistics and are asked to reach a conclusion about 
the data and write a paragraph about how they would respond to the issue of childhood 
lead poisoning and testing if they were the Governor of New Mexico.

ReadingNew Mexico children are tested for lead in very low numbers. In fact, only 1-2 % of 
children under the age of six are tested. The United States Health and Human Services 
mandates that all children under the age of 6 who are Medicaid recipients be tested 
for lead, but that does not always happen. Consider that in Bernalillo County 21.7 % 
of children under six years of age are below poverty level (which means they are likely 
Medicaid recipients).

In order to understand what these numbers mean, we must put them in a “context.” 
Putting something in a “context” is when you provide enough information about the 
surroundings to help you understand the situation. For example, if someone told you 
that she had “5”, you would probably ask “5 what?”. The number 5 has to be placed in 
a context for it to have meaning. Let’s say the person responded “5 cars.” At that point 
you might think, “Whoa! That person is rich” or, “Dang! What does she run, a junk yard?” 
By adding the word “cars” we have provided better definition and understanding through 
context. We could clarify the situation even more if the woman said, “I have 5 wooden 
derby cars.”

In the case of the New Mexico childhood lead poisoning data, you need more information 
to make these numbers “real” or “more understandable.” Below is some additional 
information you are going to use to help you answer the following questions:

• How many children in New Mexico are really being tested for lead?
• How many children should be tested for lead?
• How many children may be lead poisoned and not even know it? 
• Then you will be asked to form an opinion based on your answers. 

Please show how you set up each problem.

Medicaid:
A program that pays for medical 

assistance for people with low 
income and resources.

1. There are about 155,000 children under the age of 6 in New Mexico and approximately 
2% of those have lead poisoning. How many children in New Mexico may have lead 
poisoning?

0.02 x 155,000 children = 3,100 children

2. In New Mexico, the average percentage of children tested for lead in the year 2000 was 
1.6%. About how many children were tested?

155,000 children x 0.016 = 2,480 children

Lead In then Left Out:
Medicaid Math

Teacher Key
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3. Of the children who were actually tested, estimate how many would have 
lead poisoning. Assume the state lead poisoning average of 2%. 

2,480 children x 0.02 = 49.6, so almost 50 children would have been 
identified as having lead poising.

4. If only 50 children were actually identified with lead poisoning, how many 
children in New Mexico may have lead poisoning and don’t know it?

3,100 children – 50 children = 3,050 children

5. The introduction points out that poverty is a risk factor for lead poisoning. 
So, potentially many of the children in New Mexico with lead poisoning are 
below poverty level. Using the data below calculate the average percent of 
children under 6 years of age below poverty level in New Mexico.

County
Percent of 

Children Under 
Six Years Below 

Poverty Level
County

Percent of 
Children Under 
Six Years Below 

Poverty Level
Bernalillo 21.7 McKinley 52.1
Catron 30.4 Mora 57.4
Chaves 36.3 Otero 26.5
Cibola 52.5 Quay 44.8
Colfax 36.5 Rio Arriba 33.9
Curry 30.5 Roosevelt 38.2
De Baca 28.5 Sandoval 36.5
Dona Ana 35.2 San Juan 40.7
Eddy 31.3 San Miguel 20.3
Grant 35.1 Santa Fe 20.8
Guadalupe 45.5 Sierra 41.2
Harding 30.2 Socorro 46.8
Hidalgo 26.3 Taos 42.2
Lea 33.2 Torrance 28.4
Lincoln 24.1 Union 39
Los Alamos 2.1 Valencia 27.5
Luna 48.1 TOTAL 1144

AVERAGE 34.6

Source: NM Department of Health, Office of Epidemiology, Lead Poisoning Prevention Program.
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6. Recall that the U.S. Health and Human Services requires that that all 
children under the age of 6 who are Medicaid recipients be tested for lead. If 
all children in New Mexico 6 years of age or less who are below poverty level 
are on Medicaid, how many children should have been tested by law?

155,000 children x 0.346 = 53,768 children should have been tested for 
lead poisoning

7. The average cost of a blood lead test is $60. Calculate the cost of providing 
a test to every Medicaid-eligible child in New Mexico.

53,768 x $60 = $3,226,080

8. Summarize your answers into the table below: 
NOTE: The table is not in the same order as the above questions. 

9. Pretend you are the Governor of New Mexico. The Director of the Department 
of Health just presented you with the information in the table above (Question 
7). Write a paragraph about how you would respond to the issue of childhood 
lead poisoning and testing children for lead. Be sure to include your data 
from the table above to support your answer. Use information you have 
learned about lead from your other classes (social studies, language arts, 
and science).

The students may give a variety of answers either in support of increased 
testing for lead in children less than 6 years of age or keeping the testing 

Blood Lead Level 
(BLL):

A measurement of the 
amount of lead in a 

person’s blood. A BLL 
of over 10 μg/dL is 

considered dangerous 

μg/dL (ug/dL):
Micrograms per deciliter. 

A measurement of the 
amount of lead in a 
person’s blood. The 
Greek symbol “μ” is 
pronounced “mew.”

Question Answer

Number of children in New Mexico that MAY HAVE 
LEAD POISONING? 3,100

Number of children who have been IDENTIFIED WITH 
LEAD POISONING? 50

Number of children who DO NOT KNOW they have 
lead poisoning? 3,050

Number of children under the age of 6 below poverty 
level whom SHOULD HAVE BEEN TESTED for lead? 53,768

Number of children who were TESTED FOR LEAD? 2,480

Cost to provide a blood lead test to every Medicaid-
eligible child in New Mexico? $3,226,080
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levels at the current rate of 1-2%. Their answers need to include the data they 
calculated and they need to give a logical response with respect to that data. 
A sample answer is provided below. The answer below includes additional 
information the students should have gotten or will get through their social 
studies, language arts and science classes from the IEHMSP Lead Fact File.

Sample Answer:

When the Director of the New Mexico Department of Health informed me 
of the status of lead testing and lead poisonings in children under the 
age of six in New Mexico, I was appalled. We have over 155,000 young 
children in New Mexico who depend on us for their well being. They are 
the future of New Mexico – a brain-damaged future is not a bright one. 
According to the statistics approximately 3,100 children in New Mexico 
under the age of 6 are lead poisoned. At our current testing rate of only 
2%, only 50 of those 3,100 children have actually been identified as being 
lead poisoned!

Since at least 60% of lead poisoning cases are in children below poverty 
level, and since the U.S. government requires that all children on Medicaid 
be tested for lead, we must provide testing for the 53,768 children under 
the age of 6 who are below poverty level in New Mexico. The current 
testing of only approximately 2,480 children per year is unacceptable. I 
estimate that it would take $3.2 million dollars to ensure New Mexico’s 
impoverished children are tested for lead poisoning. This would be money 
well spent to help maximize the future health, emotional, educational, 
and working potential of New Mexico’s children.

Student Assessment:
Student work can be assessed in 
the following ways:

• Did students complete the 
reading and provide correct 
answers to the math problems?

• Did students interpret the data 
correctly and present a good 
argument (using the data as 
support) for how they would 
respond to the lead testing issue?
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Why is lead an important topic for the Health & Fitness 
curriculum?
The most important environmental health topics to share with students are those that 
have a direct impact on them and the things that they have control over in their lives. 
By being aware of an environmental health issue in their own community, students 
can become empowered with that knowledge to reduce their personal risks and lessen 
their opportunities to come in contact with the hazard.

As one of the most common childhood environmental health problems in the U.S., 
lead poisoning is a relevant topic for the Health & Fitness curriculum. People can 
be exposed to lead through a variety of environmental pathways, including drinking 
water, soil, air, paint and sometimes even in food. With an understanding of the 
environmental pathways and the main routes of exposure, students can learn how to 
protect themselves and their family members from this health hazard.  

The topic of lead poisoning has links to content already covered in the Health & Fitness 
curriculum. In addition, the topic of lead poisoning offers many opportunities for exploring 
the issue from multiple angles and connecting the content to other disciplines. 

The Environmental Health Fact File: LEAD provides lesson plans, activities and 
resources to introduce the concept of lead poisoning to your students. By using these 
resources, lead can be taught in the context of:

• Diseases and disorders
• Growth and development
• Environmental health
• Air, water and soil pollution
• Nutrition
• Community health
• Consumer and personal health products
• Occupational exposure

What is Environmental Health?
Your health depends on the environment around you. Environmental health is how the 
environment affects human health. Every day, you come in contact with things in your 
environment that can help you or hurt you. While lead is naturally occurring, people 
come in contact with lead from a variety of human-made sources. 

What is lead?
Lead is a naturally occurring dull-grey metal that is found within the earth’s crust. Lead 
is resistant to corrosion, has a low melting point and is easy to shape. These natural 
properties have made lead a popular resource for thousands of years. Today, lead can 
be found in drinking water, soil, air, paint and sometimes even in food. 

Lead in your Health  
& Fitness Curriculum

HEALTH
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There is no safe level of lead in the human body. Lead poisoning can harm practically 
every system in the body, especially the kidneys, blood cells, heart, reproductive 
organs and the central nervous system. Lead poisoning affects about 310,000 children 
aged one to six years old in the U.S. (Centers for Disease Control and Prevention, 
May 2005). Fortunately, after years of education and prevention programs, rates of 
childhood lead poisoning are declining in the U.S.

What are the sources of lead in our everyday environment?
An awareness of the sources of lead can help lessen lead exposure in children and 
adults. Lead can be found in many places in our everyday environments—in some 
paints, drinking water, dust, soil, air and food. However, many of our problems with 
lead come from products that are now banned in the U.S. These banned products 
include leaded automobile gasoline, residential lead paint and a particular type of 
insecticide (chemicals used to kill insect pests). Even though these products are now 
banned, lead continues to pollute air, soil, water and food.

Today, lead is used in many industrial, consumer and hobby products. The list below 
includes some items that contain lead:

• Automobile batteries   
• Night vision equipment   
• Some types of exterior paint
• Some types of ammunition (bullets and shotgun pellets)  
• Old plumbing 
• Computer monitors
• Some brands of Mexican candies  
• Some types of pottery glaze
• Mexican remedies (azarcon, greta)
• Some brands of hair-dye
• Fishing weights
• Some types of vinyl miniblinds.
• High definition televisions (HDTVs)
• Stained glass windows
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Overview
This section provides lesson plans, activity ideas and resources for the Health & Fitness 
teacher. The topic of “environmental health and lead” has natural connections to the 
Health & Fitness curriculum. Many of the lesson plans in this Environmental Health 
Fact File, while focused on science, math, language arts, and social studies content, 
are also relevant to the Health & Fitness curriculum.Through the lens of Health & 
Fitness, New Mexico State Education Standards in reading, writing, math, science, 
and social studies can also be addressed.

The “What is Environmental Health?” Student Reading introduces key environmental 
health concepts and vocabulary.

The lesson plans and activity ideas in this section focus mainly on the following 
Washington State Essential Academic Learning Requirements for Health & Fitness:

• Recognize patterns of growth and development (2.1).
• Understand the concept of control and prevention of disease (2.2).
• Acquire skills to live safely and reduce health risks (2.3).
• Understand how environmental factors affect one’s health (air, water, noise, 

chemicals) (3.1).
• Gather and analyze health information (3.2).
• Use social skills to promote health and safety in a variety of settings (3.3).

Diseases & Disorders; Growth & Development
What is Environmental Health and Lead?
Environmental Health Fact File: LEAD
This reading provides students with the background knowledge they need about 
environmental health and lead poisoning before proceeding with other activities or 
lessons. (EH Fact File: LEAD Student Introduction).
 Suggested Grade Levels: 6-8
 Topics: Lead, environmental health
 Subject Links: Health, science, reading, writing

Lead in the Body
Environmental Health Fact File: LEAD
Challenge students to create posters or 3-D models that display lead’s effects on human 
body systems (nervous, circulatory and digestive). Students can work individually or 
in teams. If working in teams, each group can choose a different body system. The 
students’ posters and models should include information on symptoms, physiology, 
long-term effects, and information on prevention. (EH Fact File: LEAD Science Lesson 
Two extension activity).
 Suggested Grade Levels: 6-8
 Topics: Lead poisoning, human biology, body systems
 Subject Links: Health, science, biology

Lead Activities for 
the Health & Fitness 
Teacher
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Lead Card Games
Rutgers University
Create a deck of cards with “true or false” questions related to lead poisoning. Use the 
cards to play a simulated version of Hollywood Squares or Jeopardy. A Lead Rummy 
card game is also available from Rutgers University. This deck of cards has “true or 
false” questions related to lead poisoning effects, actions, and dangers. Use the cards 
to quiz students, or play a round of gin rummy. Available from The Resource Center 
of the Environmental and Occupational Health Sciences Institute. Contact rc@eohsi.
rutgers.edu or http://www.eohsi.rutgers.edu/rc. 
 Suggested Grade Levels: 6-8
 Topics: Lead poisoning, human biology, body systems
 Subject Links: Health, science, biology

Lead and Environmental Health
Four Lead Awareness Activities
Environmental Health Fact File: LEAD
This lesson focuses on the dangers of lead in household paint, dust, soil and drinking 
water. Students work in small groups to investigate four different ways that people 
commonly come in contact with lead in their homes. Each activity includes background 
reading, data collection and observation. Each group makes a presentation to the rest 
of the class about their investigation. (EH Fact File: LEAD Science Lesson Two).

• Activity #1 Lead Dust Cleanup: This activity compares the effectiveness 
and safety of cleaning up lead-contaminated dust from a household surface 
using three different methods.

• Activity #2 Lead Underfoot: This activity investigates how much soil can 
be tracked into a home and involves using a lead swab kit to test for the 
presence of lead.

• Activity #3 Effective Handwashing: This activity challenges students to 
design an experiment to determine the best hand washing method to protect 
their family members from ingesting lead-contaminated dust.

• Activity #4 Pollution Dilution Investigation: This activity engages students 
in modeling the measurements of parts per million and parts per billion, both 
which are used for monitoring and regulating lead in drinking  water.

 Suggested Grade Levels: 7-8
Topics: Lead, investigations, making predictions and observations,  
collecting data

 Subject Links: Health, science, environmental science, communication

A Time Travel Vacation to the Roman Empire
Environmental Health Fact File: LEAD
Ancient Romans came in contact with lead from a variety of environmental exposures. In 
this lesson, students learn about the many ways that ancient Romans came in contact 
with lead. Then, students create a travel guide for a time travel vacation to the Roman 
Empire. The guide includes a health advisory to educate travelers about the health risks 
of lead poisoning. (EH Fact File: LEAD Science Lesson One).
 Suggested Grade Levels: 6-7

Topics: Lead, Ancient Roman culture, geography
Subject Links: Health, history, geography, social study skills, reading, writing
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Community Health and Lead Poisoning

The Geography of Childhood Lead Exposure
Environmental Health Fact File: LEAD
This lesson investigates the geography of childhood lead exposure in New Mexico. 
Students first read about lead poisoning as an environmental justice issue. Then, 
students use information from a data table to create a New Mexico State map that 
plots instances of childhood lead poisoning by county. The lesson can be extended 
to include discussions about environmental justice, risk factors, and how community 
health programs can monitor, educate, prevent and treat childhood diseases and 
disorders such as lead poisoning. (EH Fact File: LEAD Social Studies Lesson Two).
 Suggested Grade Levels: 7-8

Topics: Lead, WNew Mexico contemporary issues, New Mexico State 
geography, mapping

 Subject Links: Health, geography, New Mexico State history

County Investigation
Environmental Health Fact File: LEAD
Students choose one of the New Mexico counties that have a higher rate of childhood 
lead poisoning and use a variety of resources to research reasons why that county 
may have higher rates than the rest of the state. Students try to identify potential risk 
factors for lead poisoning in that county, including geography, industry, poverty, and 
ethnicity. Students can report their findings in a variety of formats, including:

• A written presentation to the county’s council members
• An op-ed article for the county’s local newspaper
• An oral presentation to the class
• A web page to inform residents of the county about the risks of lead exposure
• A video-taped news segment

(EH Fact File: LEAD Social Studies Lesson Two extension activity).
Suggested Grade Levels: 7-8
Topics: Lead, Washington State contemporary issues, health communication

 Subject Links: Health, New Mexico State history, writing, communication

Childhood Blood Lead Levels
Environmental Health Fact File: LEAD
This lesson uses data from a U.S. Environmental Protection Agency report on the 
links between childhood lead poisoning, race, and income level. Students play 
the role of interns at the EPA who must create a series of graphs for an important 
presentation. The students take information from complicated graphs and a data 
table, and present the information in several different formats. To extend the activity, 
you can hold a mock press conference in the classroom. Using presentation software 
such as Microsoft PowerPoint, students can incorporate their graphs into a complete 
presentation. Some students can play the role of presenters, others as reporters. 
Allow time for the reporters to ask questions. Then, challenge student groups to work 
together to write a brief newspaper article that reports on the findings of the EPA 
report. (EH Fact File: LEAD Math Lesson Two).

Suggested Grade Levels: 7-8
Topics: Lead, making predictions, graphing, interpreting statistics, making 
presentations

 Subject Links: Health, math, writing, communication
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Environmental Justice Speaker
Environmental Health Fact File: LEAD
Invite a speaker to come to your class to discuss the environmental justice movement 
and links to your own community. The Northwest Environmental and Economic Justice 
Alliance (http://www.ccej.org) and the Community Coalition for Environmental Justice 
(http://www.nejanw.org/) both have speakers bureau programs. (EH Fact File: LEAD 
Social Studies Lesson Two extension activity).

Suggested Grade Levels: 7-8
Topics: Environmental justice

 Subject Links: Health, social studies

Lead Poisoning Awareness
Environmental Health Fact File: LEAD
Students are challenged to prepare a lead poisoning awareness campaign for use in 
Washington. Each student should identify who their audience is (adults, parents, young 
children, schools, etc.) and design their materials accordingly. Some possible ideas 
include: posters, news articles, bumper stickers, web pages, ads, or radio segments. 
The materials should include a description of what lead poisoning is, identify risk 
factors, describe how it is treated and how it can be prevented. The campaign should 
be visually appealing and make people want to learn more.  (EH Fact File: LEAD 
Science Lesson Two extension activity).

Suggested Grade Levels: 6-8
Topics: Lead poisoning, media studies

 Subject Links: Health, writing, media studies

Leaded Gasoline Around the World
Environmental Health Fact File: LEAD
The phase-out of leaded gasoline in the U.S. began in the 1970s, at a time when 
88.2% of children age 1-5 had elevated blood lead levels. The phase-out of leaded 
gasoline is often called one of the most successful public health campaigns in the 
U.S. However, leaded gasoline is still used in most countries around the world. Most 
African countries, in particular, use gasoline that has the highest concentration of lead 
in the world. Ask students to investigate both the success story of the U.S. and the 
challenges and health effects faced by countries that still use leaded gasoline. Check 
out the Global Lead Network, available at:
http://www.globalleadnet.org/
Also, Princeton Environmental Institute’s website, Leaded Gasoline Phase-Out, is a 
good starting place, available at: http://www.princeton.edu/~vmthomas/pbgas.html
(EH Fact File: LEAD Social Studies Lesson Two extension activity).

Suggested Grade Levels: 7-8
Topics: Geography, leaded gasoline, policy

 Subject Links: Health, social studies

Lead in Consumer and Personal Health Products
Toxic Candies and Dangerous Cures
Environmental Health Fact File: LEAD
In this lesson, students read a short passage about folk remedies and candies from 
around the world that commonly contain high levels of lead. Students interview four 
adults to learn about different folk remedies and their origins. Students then work in 
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groups to read case studies about Hispanic children who were exposed to lead from 
Mexican folk remedies and imported candies. They then complete case history reports 
for each child, including recommended treatment options. (EH Fact File: LEAD Science 
Lesson One).
 Suggested Grade Levels: 6-8

Topics: Lead, body systems, interviewing, interpreting case studies, 
consumer products

 Subject Links: Health, science, social studies skills, reading

Health Warning
Environmental Health Fact File: LEAD
As a follow-up activity to the Toxic Candies and Dangerous Cures lesson, students 
are challenged to create a media campaign designed to educate Hispanic populations 
about the dangers of the Mexican folk remedies greta and azarcon, and certain imported 
Mexican candies. The students should consider: targeted audience; language and 
cultural barriers; where to reach the intended audience; media formats. For an example 
of a Washington State Department of Health news release, see the bulletin entitled “State 
Department Warns About Dangers of Mexican Folk Remedies” at:
http://www.doh.wa.gov/Publicat/2000_News/00-59.html  
(EH Fact File: LEAD Science Lesson One extension activity).
 Suggested Grade Levels: 6-8
 Topics: Lead, consumer products, health communication, media studies
 Subject Links: Health, writing, reading

Medicine Bags
AEL Rural and Urban Images Project
As a follow-up to the Toxic Candies and Dangerous Cures lesson, students can 
explore medicine bags from different cultures and time periods. A medicine bag reflects 
the culture, climate, biology and medical knowledge of a particular place and time. 
Students consider what ingredients would be included in a medicine bag from a variety 
of cultures. For a complete lesson plan for “The Chemistry of Folk Remedies,” go to the 
AEL Rural and Urban Images Project’s website:
http://www.ael.org/nsf/voices/curric/folk.htm
 Suggested Grade Levels: 6-8
 Topics: Lead, folk remedies, research
 Subject Links: Health, social studies, science

Occupational Exposure to Lead

Eighteen Pence a Day
Environmental Health Fact File: LEAD
This lesson examines the working conditions in London’s white lead mills in the mid-
1800s. Students first read biographical sketches of Charles Dickens and Jack London. 
Next, they read excerpts from Dickens’ The Uncommercial Traveller. Finally, each 
student chooses one young factory worker, described by Jack London in The People 
of the Abyss, and writes a journal entry from her point of view. (EH Fact File: LEAD 
Language Arts Lesson Two).

Suggested Grade Levels: 7-8
Topics: Lead, occupational exposure, writing about literature, point of view, 
reading history, journal writing

 Subject Links: Health, reading, writing

Charles Dickens
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Lead Resources for 
Health & Fitness 
Teachers

Lead Statistics and Facts
• Lead poisoning affects about 310,000 children age one to six years old in the U.S.  

(Centers for Disease Control and Prevention, May 2005. Available at  
http://www.cdc.gov/lead/).

• In the 1970s, 88.2% of U.S. children age 1-5 had elevated blood lead 
levels. By 1995, the levels had dropped to 4.4%, due largely to the phase-
out of leaded gasoline. The phase-out of leaded gasoline is considered by 
some to be one of the most successful public health campaigns in the U.S. 
(Environmental Defense Fund. Data compiled from CDC/National Health and 
Nutrition Examination Surveys I and II).

• Approximately 24 million housing units in the U.S. contain deteriorated lead 
paint and lead-contaminated dust, even though the sale of residential lead 
paint was banned in 1978. More than 4 million of these homes are home to one 
or more young children.  
(Centers for Disease Control and Prevention, May 2005).

• Lead poisoning disproportionately affects U.S. children from low-income 
homes and households of color. African-American children are four times 
more likely to have elevated blood levels than white children, and low-income 
children are four times more likely to have elevated blood levels than children 
from wealthier families.  
(Mares, R. Enforcement of the Massachusetts Lead Law and Its Effect on 
Rental Prices and Abandonment. Journal of Affordable Housing. Spring 2003; 
Vol 12: No 3).

General Lead Resources

Washington State Department of Health Fact Sheet on Lead Poisoning
http://www.doh.wa.gov/topics/lead.htm

National Center for Environmental Health Lead Fact Sheet
Includes a kid’s page with a lead crossword puzzle and word search.
http://www.cdc.gov/nceh/lead/about/about.htm

Environmental Protection Agency Lead Website
Includes “Lead in the News” section, fact sheets and more.
http://www.epa.gov/lead/

EPA’s Fact Sheet on Lead
http://www.epa.gov/safewater/contaminants/dw_contamfs/lead.html

EPA’s Lead in Paint, Dust and Soil Website
http://www.epa.gov/opptintr/lead/index.html
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The National Lead Information Center
http://www.epa.gov/lead/nlic.htm

U.S. Consumer Products Safety Commission
Includes information on products with lead content.
http://www.cpsc.gov/

U.S. Department of Housing and Urban Development
Office of Healthy Homes and Lead Hazard Control
http://www.hud.gov/offi ces/lead/index.cfm

U.S. HUD’s Community Outreach and Education Materials
http://www.hud.gov/offi ces/lead/outreach/communityoutreach.cfm

Environmental Health Watch
Includes many resources on lead, including a Lead/Asthma Project that shows the 
links between these two environmental health topics.
http://www.ehw.org/

Lead Poisoning Prevention Curriculum Project
The Kansas Department of Health and Environment offers lead poisoning curriculum 
(Preschool - 8th grade) resources on their website.
http://www.unleadedks.com/lead_curriculum.html

Seattle & King County Public Health Department Lead Information
http://www.metrokc.gov/health/tsp/arseniclead.htm

Dangers of Lead Still Linger
FDA Consumer article
http://www.cfsan.fda.gov/~dms/fdalead.html

A Small Dose of Toxicology—Lead Information
http://www.asmalldoseof.org/news/lead_schools.php

Living on Earth Radio Show: The Silent Epidemic
http://www.loe.org/series/lead.htm

Living on Earth Radio Show: The Secret Life of Lead
http://www.loe.org/series/lead2003/

Childhood Lead Poisoning Resources

The Alliance to End Childhood Lead Poisoning
Includes posters, brochures and fact sheets, as well as a community tool kit.
http://www.aeclp.org/

Coalition to End Childhood Lead Poisoning
Includes a lead history timeline and other interesting resources.
http://www.leadsafe.org/index.htm

Washington State Childhood Blood Lead Screening Recommendations
Washington State Department of Health report, November 2000
http://fi nd-it.wa.gov/default.htm
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Washington State DOH’s Childhood Lead Poisoning Prevention Program
http://www.doh.wa.gov/EHSPHL/Epidemiology/NICE/Lead/default.htm

America’s Children and the Environment, 2003
Published by EPA. Consult the “Body Burdens” section for information on blood 
levels in children.
http://www.epa.gov/environhealth/children/

National Safety Council’s Lead Poisoning and Nutrition Information
http://www.nsc.org/issues/lead/leadnutrition.htm

EPA Lead Educational Materials
http://www.epa.gov/lead/leadpbed.htm

Resources for Students

Lead Poisoning Prevention CD-ROM
An interactive CD-Rom for middle school students available for free from the 
University of Michigan School of Public Health. To order, call 1-800-292-1606 or 
email rbayer@umich.edu.

National Institute of Environmental Health Sciences (NIEHS) Kid’s Pages
A whole section on lead, with many website links and activities.
http://www.niehs.nih.gov/kids/lead.htm
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LEAD RESOURCES  
FOR THE LIBRARIAN

Internet Resources

General  Background 
Resources on Lead

The following resources are intended to provide additional information and in-depth 
research opportunities for teachers and students studying environmental health and lead. 

Integrated Environmental Health Middle School Project Website 
http://hsc.unm.edu/pharmacy/IEHMS/
Materials and resources for teachers, students and the community.

Washington State Department of Health Fact Sheet on Lead 
Poisoning
http://www.doh.wa.gov/topics/lead.htm

U.S. CDC Childhood Lead Poisoning Prevention Program
http://www.cdc.gov/nceh/lead/lead.htm

The Alliance to End Childhood Lead Poisoning
http://www.aeclp.org/
Includes posters, brochures and fact sheets, as well as a community tool kit.

Environmental Protection Agency Lead Website
http://www.epa.gov/lead/index.html
Includes “Lead in the News” section, fact sheets and more.

The National Lead Information Center
http://www.epa.gov/lead/nlic.htm

U.S. Consumer Products Safety Commission
http://www.cpsc.gov/
Includes information on products with lead content.

U.S. Department of Housing and Urban Development
Office of Healthy Homes and Lead Hazard Control
http://www.hud.gov/offices/lead/index.cfm

U.S. HUD’s Community Outreach and Education Materials
http://www.hud.gov/offices/lead/outreach/communityoutreach.cfm

Coalition to End Childhood Lead Poisoning
http://www.leadsafe.org/index.htm
Includes a lead history timeline and other interesting resources.
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The Secret Life of Lead
http://www.loe.org/series/lead2003/
An hour long audio feature about the lifelong impacts of lead poisoning on 
children.

Benjamin Franklin Letter on Lead Poisoning
http://www.leadsafe.org/international_issues/franklins_letter.html
A letter written by Ben Franklin that shows his understanding of the 
sources and effects of lead poisoning.

Environmental Health Watch
http://www.ehw.org/
Includes many resources on lead, including a Lead/Asthma Project that 
shows the links between these two environmental health topics.

National Institute of Environmental Health Sciences (NIEHS) Kid’s 
Pages
http://www.niehs.nih.gov/kids/lead.htm
A whole section on lead, with many website links and activities.

Lead Poisoning Prevention Curriculum Project
http://www.unleadedks.com/lead_curriculum.html
The Kansas Department of Health and Environment offers lead poisoning 
curriculum (Preschool - 8th grade) resources on their website.

Other Resources

Lead Rummy Card Deck
This fun card deck can be used as a quick way to quiz students or can 
be played as traditional gin rummy. It is described as a childhood lead 
poisoning prevention education tool for parents and caregivers of young 
children. Available from The Resource Center of the Environmental and 
Occupational Health Sciences Institute. Contact rc@eohsi.rutgers.edu, or 
http://www.eohsi.rutgers.edu/rc.

Jimmy’s Getting Better
A powerful theatrical performance designed to give dramatic emphasis to 
the problem of childhood lead poisoning. Performed by Seattle youth ages 
8-18, the 40 minute play is designed to be presented to middle and high 
school audiences with a follow-up curriculum in the classroom. 
http://www.clearcorps.org/theater/

Lead Poisoning Prevention CD-ROM
An interactive CD-ROM for middle school students available for free. 
Available from the University of Michigan School of Public Health. To 
order, call 1-800-292-1606 or email rbayer@umich.edu

Mystery Illness Strikes the Sanchez Household
A simulated health hazard investigation that guides students to the 
discovery of lead-based paint dust and its effects on a family. Order the 
ToxRap™ curriculum at: 
http://www.eohsi.rutgers.edu/rc/toxrap/
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Resources for Social 
Studies Lessons

The following resources are intended to provide additional information specific to the 
two SOCIAL STUDIES lessons on lead and environmental health.

1 LESSON 1: A Time Travel Vacation to the  
Roman Empire

Time Traveler’s Guide to the Roman Empire
http://www.channel4.com/history/microsites/H/history/guide03/index.html
Excellent resource with information on culture, health, politics and more. 
The “Sex” section is not appropriate for students.

Journey Back in Time to the Ancient Romans
http://oncampus.richmond.edu/academics/as/education/projects/
webquests/rome/
This web-based lesson plan asks students to create travel logs about 
ancient Rome.

The Roman Empire in the First Century
http://www.pbs.org/empires/romans/empire/index.html
PBS Website that accompanies a film. Check out the Classroom Resources 
section for great lesson plans and the Life in Roman Times section. 
Includes an online game testing your decision making power when ruling 
the Empire. The 240-minute film is available from PBS.

BBC – The Romans Website
http://www.bbc.co.uk/schools/romans/
Great research site for kids introducing them to life in the Roman Empire. 
Check out the Activities section and Lesson Plans section.

Roman Ball Games
http://www.personal.psu.edu/users/w/x/wxk116/romeball.html

Roman Board Games
http://www.personal.psu.edu/users/w/x/wxk116/roma/rbgames.html

The Roman Empire Children’s Section
http://www.roman-empire.net/children/index.html
Check out the virtual Roman tour, interactive timeline maps, and so 
much more.

Ancient Roman Recipes
http://www.mit.edu:8001/people/wchuang/cooking/recipes/Roman/
Ancient_Roman.html

Ancient Roman Cuisine
http://www.realm-of-shade.com/sweetlady/cuisine/
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Lead Poisoning: A Historical Perspective
http://www.epa.gov/history/topics/perspect/lead.htm

National Center for Infectious Disease Traveler’s Health
http://www.cdc.gov/travel/
See sample travel health advisories to help students with their projects.

World Health Organization International Travel and Health
http://www.who.int/ith/preface.html
Information on world travel, including vaccine requirements, world disease 
maps, and environmental health risks.

U.S. Department of State Travel Warning Information Sheets
http://travel.state.gov
Travel warnings including security, safety, crime and health. 

LESSON 2: The Geography of Childhood  
Lead Exposure2
New Mexico
Refer to the section titled: New Mexico related Resources on pages 45-
46 for resources used to make the New Mexico version of the lesson.

Washington State Childhood Blood Lead Screening 
Recommendations
http://www.doh.wa.gov/Topics/WALeadScreenRecommend.doc
Washington State Department of Health report, November 2000

Washington State DOH’s Childhood Lead Poisoning Prevention 
Program
http://www.doh.wa.gov/EHSPHL/Epidemiology/NICE/Lead/default.htm

Environmental Protection Agency Environmental Justice Homepage
http://www.epa.gov/compliance/environmentaljustice/
Try their Environmental Justice EnviroMapper.

Community Coalition for Environmental Justice (CCEJ)
http://www.ccej.org/

Northwest Environmental and Economic Justice Alliance
http://www.nejanw.org/
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Resources for 
Science Lessons

The following resources are intended to provide additional information specific to the 
two SCIENCE lessons on lead and environmental health.

LESSON 1: Toxic Candies and Dangerous Cures1

LESSON 2: Four Lead Awareness Activities2

Childhood Lead Poisoning Associated with Tamarind Candy and 
Folk Remedies, California 1999-2000
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5131a3.htm
An article published on the Centers for Disease Control and Prevention 
website.

State Department Warns About Dangers of Mexican Folk Remedies
http://www.doh.wa.gov/Publicat/2000_News/00-59.html
A news release from the Washington State Department of Health.

Lead in Home Remedies Poster
http://www.doh.wa.gov/Topics/HomeRemedies.pdf
From the Washington State Department of Health.

Chemistry of Folk Remedies Website
http://ael.org/nsf/voices/curric/folk.htm
Creative lesson plans about folk remedies from the AEL Rural and Urban 
Images Project’s website.

Special Investigation: Toxic Treats
http://www.ocregister.com/investigations/2004/lead/index.shtml
This six-part Orange County Register investigation follows the dangers 
of lead in candy imported from Mexico. Includes poster, slide show and 
government documents (Spanish and English).

Seattle & King County Public Health Department Lead Information
http://www.metrokc.gov/health/tsp/arseniclead.htm

EPA’s Fact Sheet on Lead
http://www.epa.gov/safewater/contaminants/dw_contamfs/lead.html

EPA’s Lead in Paint, Dust and Soil Website
http://www.epa.gov/opptintr/lead/index.html

Tacoma Pierce County Health Department Hand Washing Website
http://www.gotsoap.net
Lesson plans, kid’s activities and more related to proper hand washing.
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Resources for 
Language Arts 
Lessons

The following resources are intended to provide additional information specific to the 
two LANGUAGE ARTS lessons on lead and environmental health.

LESSON 1: Beethoven’s Hair1
Interactive Map of the Journey of Beethoven’s Hair
http://www.randomhouse.com/features/beethovenshair/mapflash.html
Use this fantastic map to track the travels of Beethoven’s hair through 
history and geography. This website features Russell Martin’s book, 
Beethoven’s Hair and includes an excerpt from the book.

Say Yes Quickly Website featuring Beethoven’s Hair
http://www.sayyesquickly.net/syq-bhair.html
Includes a fascinating Public Radio International interview with Russell 
Martin, author of Beethoven’s Hair and a timeline of the hair’s journey 
through time.

The Beethoven Reference Site
http://www.kingsbarn.freeserve.co.uk/index.html
Great source of information including a timeline, an extensive picture 
gallery, and audio files to download.

Beethoven’s Hair
A book by Russell Martin. Broadway Books, New York: 2000.
This historical narrative unravels the story of how a lock of Beethoven’s 
hair traveled through time to solve the mystery of Beethoven’s illnesses.

Lead Poisoning and Beethoven
http://www.sjsu.edu/depts/beethoven/hair/hairtestpc.html
Text from Press Conference held by William J. Walsh, October 17, 2000 
in Naperville, Illinoise, announcing the results of forensics testing on a lock 
of Beethoven’s hair.

The Ira F. Brilliant Center for Beethoven Studies
http://www.sjsu.edu/depts/beethoven/index.html
Includes a guide for an exhibit on Beethoven’s hair, including a photograph 
of the locket.

Ludwig van Beethoven Site
http://www.lvbeethoven.com/index_En.html
A comprehensive resource full of colorful portraits, audio files, and other 
resources.
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LESSON 2: Eighteen Pence a Day2
Charles Dickens Page Website
http://www.fidnet.com/~dap1955/dickens/index.html
A plethora of resources, including an online glossary of terms used in 
Dickens’ books.

Charles Dickens’ Map of London
http://www.fidnet.com/~dap1955/dickens/dickens_london_map.html#top
An 1859 map of London with specific information about places mentioned 
in Dickens’ books.

Some Views on Dirt and Drudgery Website
http://www.st-and.ac.uk/~jfec/ge/drudgery.html
You can access excerpts of The Uncommercial Traveller from this 
website.

A.P. European History Web Links
http://www.historyteacher.net/APEuroCourse/APEuro_Main_Weblinks_
Page.htm
The “Industrial Revolution” page includes many links to primary source 
documents.

Jack London Collection
http://sunsite.berkeley.edu/London/
A comprehensive collection of resources related to Jack London, including 
a timeline, biography, audio clips, documents and images.
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Resources for 
Math Lessons The following resources are intended to provide additional information specific to the 

two MATH lessons on lead and environmental health.

LESSON 1: Trumpeter Swan Math1
The Washington Swan Working Group Website
http://www.swansociety.org/washington.htm

The Trumpeter Swan Society Website
http://www.trumpeterswansociety.org

Shadow a Swan Project Website
http://www.uen.org/swan/
Provides opportunities for students to track swans wearing 
radio-transmitting collars.

The Defenders of Wildlife Website
http://www.defenders.org/trmpth01.html
Provides a Trumpeter Swan Reintroduction Slideshow.

LESSON 2: Childhood Blood Lead Levels2
America’s Children and the Environment, 2003
http://www.epa.gov/environhealth/children/
Published by EPA. Consult the “Body Burdens” section for information on 
blood levels in children.

LESSON 3: Lead In Then Left Out: Medicaid 
Math3
CDC Childhood Lead Poisoning Prevention Program
(http://www.cdc.gov/nceh/lead/lead.htm)

Lead is all Around Us (National Institute of Environmental Health 
Sciences Center) 
http://www.niehs.nih.gov/oc/factsheets/lyh/lyh.htm

Lead Poisoning (U.S. Environmental Protection Agency) - FAQ 
http://www.epa.gov/region02/faq/lead_p.htm 

Lead Poisoning Prevention Outreach Program: A Project of the 
National Safety Council’s Environmental Health Center 
http://www.nsc.org/ehc/lead.htm

Tollestrup, K. and M. Eidson. “Soil-related Lead Poisoning in New Mexico 
(Pilot and Epi)”. Final Report to the Agency for Toxic Substances and 
Disease Registry. January 1993. 61 p.
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Master Copies 
of Student Handouts

To download the English and/or Spanish Version, go to: http://hsc.unm.
edu/pharmacy/iehms/
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Student Introduction: 
ENVIRONMENTAL  
HEALTH & LEAD

Student Handout
Name
Date

What is Environmental Health?
Your health depends on the environment around you. Environmental health is the 
study of how the environment affects human health. It differs from the study of how 
humans affect the environment, because it focuses on people’s health. An environmental 
scientist might study how water pollution is hurting fish. An environmental health 
scientist would study what happens to the health of people when they catch and eat 
those fish. Environmental health is not just about the health of the environment – it 
always comes back to you and whether the environment you are part of is helping you 
stay healthy, or making you sick.

Every day, you come in contact with things in your environment that can help you or 
hurt you. Some of these things are important for keeping you healthy, such as oxygen 
or medications. However, some of these things may be harmful to your health, such as 
tobacco smoke or snake venom. Things in the environment that are harmful are called 
hazards and include things like chemicals, disease-causing bacteria, loud noises and 
even stress. Hazards can be natural or human-made.

People working in the fields of environmental health do many different jobs. They work 
to identify environmental hazards, and prevent people from being harmed by them. 
Some are scientists working in laboratories. Some work for the government writing 
regulations and studying pollution. Some work for corporations to help make sure that 
workplaces are safe and that the environment is kept as clean as possible. Most of 
these jobs require a solid understanding of science and math, knowledge about history 
and the law, and good communication skills.

To understand the field of environmental health, you need to understand seven core 
concepts: Toxicity, Exposure, Dose/Response, Individual Susceptibility, Risks & 
Benefits, Environmental Justice, and Community Resources & Action.

Toxicity 
Most people working in environmental health-related jobs have taken 
classes in the science of toxicology. Toxicology is the study of how 
environmental hazards, such as natural and human-made chemicals, 
can enter our bodies and make us sick.

When scientists study different chemicals in the environment to see if they might be 
dangerous to humans, they are trying to understand the toxicity of those chemicals. 
Toxicity is a measure of how dangerous a chemical is. The greater a chemical’s toxicity, 
the less it takes to make a person sick or even kill them. The Environmental Protection 
Agency, for example, uses the following scale to rate the toxicity of products commonly 
used in the home.

Environmental Health: 
How the environment affects 

human health.

Hazard: 
Something that can harm the 

health of humans or  
the environment.

Chemical: 
Any substance that is made 

from elements combined  
into molecules.

Toxicology:
The study of the harmful 

effects of chemicals on  
living things.

Toxicity: 
A measure of how  

dangerous a chemical is.
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Toxicity Rating Word and symbols that 
appear on product’s label

Approximate amount 
need to kill an average 
size adult

1 – Highly Toxic DANGER or POISON A few drops to one 
teaspoon

2 – Moderately Toxic WARNING One teaspoon to one 
ounce

3 – Slightly Toxic CAUTION More than one ounce
4 – Not Toxic none

A bottle of bleach, for example, will have the word DANGER on the label, because it is 
highly toxic if ingested (toxicity rating = 1). Borax powdered cleaner, however, is rated 
as slightly toxic (toxicity rating = 3) and will have the word CAUTION on the label. This 
is just one example of a system used to measure the toxicity of hazards. 

Exposure
We all know what it means to be “exposed” to something like a cold or 
a flu. Everyday our bodies are exposed to all sorts of environmental 
hazards, such as bacteria, viruses, and the sun’s ultra-violet (UV) 
rays. Some of these hazards exist naturally and some of them are 
the result of human activities. There are many possible sources of 

hazards, such as cars, industry, even volcanic eruptions.  In order for us to be exposed, 
however, the hazard has to get from the source to us. To do this, it travels along an 
environmental pathway. Pathways include the air we breathe, the water we drink, the 
food we eat, and even the soil we work in, play in, and use to grow much of our food. 

Environmental health scientists use the term exposure to describe the total amount of 
a hazard that comes in direct contact with your body. Once you have come into contact 
with a hazard, it can get into your body through different routes. You can breathe it in 
(inhalation). You can eat or drink it (ingestion). You can get it directly on your skin or 
in your eyes (dermal absorption). You can also get it directly into your body through 
an injection. Inhalation, ingestion, and dermal absorption are the three main routes of 
exposure. Things that help us stay healthy, like vitamins, nutrients, and medications, 
enter the body through these routes of exposure, but hazards can use these same 
routes to enter the body and make us sick. 

Dose/Response
Imagine that someone has been exposed to a hazardous chemical 
through one of the three possible routes of exposure. They have now 
received a dose of that chemical. Dose is the amount of the hazard 
that actually enters your body. The amount someone gets into their 
body (their dose) depends on many factors, including how long you 

are exposed, how often you are exposed, and how big or small you are. For instance, 
if someone is exposed over a long period of time to a hazard, their dose will be larger. 
For example, 30 minutes spent under the bright summer sun would give you a much 
smaller dose of UV rays than 4 hours spent under the sun. This is called the duration 
of exposure. The frequency of exposure can also influence the dose. If someone 
works in a factory and is exposed to a chemical every day at work, their dose might be 
larger than someone who is only exposed once. 

Source of Exposure:
A hazard’s point of origin, such 
as cars, industry, or a volcanic 
eruption.

Environmental Pathways:
How a hazard travels from its 
source to humans. These include 
air, water, food, and soil. 

Exposure: 
The total amount of a chemical 
that comes into direct contact with 
the body.

Inhalation:
Breathing. When chemicals enter 
the body through this route of 
exposure, they can get stuck in the 
lungs and/or be taken up into the 
bloodstream.

Ingestion:
Swallowing (usually by eating or 
drinking). When chemicals enter 
the body through this route of 
exposure, they can easily be taken 
up into the bloodstream.

Dermal Absorption:
Absorbing a chemical through any 
part of the skin, including the eyes. 
When chemicals come in contact 
with the skin, they can sometimes 
enter the bloodstream through this 
route of exposure. However, for 
many chemicals the skin provides 
good protection of your body.

Routes of Exposure:
The ways in which a chemical 
can enter the human body. The 
three main routes of exposure are 
inhalation, ingestion, and dermal 
absorption.

Dose:
The total amount of a chemical that 
gets into a human or other living 
thing, relative to the individual’s 
body weight.

Duration of Exposure:
The length of time you are in direct 
contact with a hazard. 

Frequency of Exposure:
How often you are in direct contact 
with a hazard.
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Dose can also depend on how big or small you are. When a doctor prescribes a 
medication for you, he or she calculates the amount of the medicine you should have 
based on your body size. The doctor can then give you the correct dose of the medicine 
for your body weight. While a teaspoon of medicine might be right for an adult, it may 
be far too large of a dose for an infant. 

The dose you receive can influence how your body responds to a hazard. For most 
hazards, the larger the dose, the more extreme the response will be. The smaller the 
dose, the more mild the response will be. Drinking one can of a caffeinated soda might 
be fine. Drinking three cans in a row may make you jittery. Drinking five cans of soda 
might make you feel light-headed and sick.

Individual Susceptibility
Some people are more likely than others to get sick when they are 
exposed to environmental hazards. This might be because of their 
genetics, body size, age, gender or general health. This is called their 
individual susceptibility. 

For example, some people are more likely than others to get sick when they are exposed 
to certain kinds of pesticides, just because of their genes. We all know that genes help 
determine things like hair color and eye color, but they also lead to some important 
(and invisible) differences in the way bodies work. It turns out that some people have a 
more extreme response to certain pesticides because of their genes. These people are 
said to be more “individually susceptible” to pesticide poisoning. Someone who lives or 
works on a farm where pesticides are sprayed might want to know how susceptible he 
or she is in order to avoid exposure and stay healthy. 

Risks and Benefits
We live in an industrial society that depends on the use of both natural 
and human-made chemicals to function. The use of these chemicals 
results in benefits to society as well as risks. Pesticides, for example, 
make it easier to grow fruit. Unfortunately, in some cases, pesticides 
can make people sick. Most of us have heard that we can reduce the 

risk of getting sick without giving up the health benefits that fruit offers by washing or 
peeling the fruit before we eat it. 

Scientific researchers and government officials measure the risks and benefits that 
we face when we manufacture or use certain products. They work to explain what 
they have learned to the public and create safety standards that help people protect 
themselves from unnecessary risk. Their goal is simple – to help us enjoy the greatest 
benefits from the products that we manufacture, while exposing ourselves to the least 
possible risk.  By understanding the risks and benefits that we face each day, we can 
make decisions that reduce our risk and keep us as safe and healthy as possible.

Environmental Justice
Everyone has the right to live in an environment that does not make 
them sick, regardless of their race, culture, or income. This is called 
environmental justice (EJ).

Unfortunately, some neighborhoods or communities are exposed to more environmental 
hazards than others, and may suffer higher rates of health problems. These communities 
often have less economic or political power in society when decisions are made. For

Response:
The reaction to an exposure or 
dose of a hazard. A response 
can be anywhere from mild (e.g. 
headaches, a rash) to severe (e.g. 
brain damage, cancer). 

Genetics:
Information that is contained in the 
genes (DNA) of a person’s cells. 
Genetic information is passed 
down from parents to their children.

Individual Susceptibility: 
Differences in the ways that 
individuals react after exposure 
to the same amount of a 
hazardous chemical. Differences 
in susceptibility can be caused 
by differences in body size, age, 
genetics, gender and general health.

Benefit: 
Something that results in increased 
well-being or good health.

Risk: 
The likelihood that a harmful 
consequence will occur as a result 
of exposure to a hazard.

Environmental Justice: 
The fair treatment of people 
regarding the development of 
environmental laws, regulations 
and policies.
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Check Your Understanding

1. Name one product that can be found in your home that might be considered to 
be highly or moderately toxic. 

2. List the three routes of exposure. For each one, give an example of an 
environmental hazard to which you could be exposed through that route. 

3. Explain how the concept of “exposure” is different from the concept of “dose.”

4. Pick four vocabulary words from the margin on the previous pages and use 
each one in a complete sentence. 

Community Resources  
and Action: 
An individual’s ability to access 
resources and act on new 
information in order to create 
positive change in their own 
community.

example, toxic waste dumps, polluting factories, and busy highways are often built in 
lower-income neighborhoods or communities of color. Communities recognize this as 
an environmental health issue and work to seek environmental justice.

Community Resources and Action
Where can you go in your own community to collect information about 
an environmental health issue? You can learn more about specific 
issues, understand environmental laws or seek environmental justice 
by using community resources. Community resources include places 
like the library and city hall. You could search the Internet for local, 

state, or federal agencies that can give you information about your issue. You can also 
talk to environmental health scientists at local universities or health departments, and 
ask your teachers and family members what they know about the issue.

Once you have gathered your resources and studied the issue carefully, it is time 
to take action! First, ask yourself what you as an individual can do to help solve the 
problem. If you are concerned about air pollution, for example, you might decide to 
walk to school instead of getting a ride in a car. Next, ask yourself how you can share 
what you have learned with others so that they can help too. Maybe you could write 
a letter to the editor of your local newspaper or speak to your community council or 
school board. Maybe you could create a flyer to hand out in your neighborhood. There 
are many great ways to get the word out and make positive changes in the world – use 
your imagination and be creative!
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What is Lead Poisoning?

Lead is a naturally occurring dull-grey metal that is found within the earth’s crust. Lead 
is resistant to corrosion, has a low melting point and is easy to shape. These natural 
properties have made lead a popular resource for thousands of years. Today, lead can 
be found in drinking water, soil, air, paint and sometimes even in food. Lead is known 
on the periodic table of the elements as “Pb.” The Latin word for lead is plumbum. 
Even today, lead poisoning is also known as plumbism and household plumbing in 
old homes is sometimes made up of lead pipes and solder.

There is no safe level of lead in the human body. Lead poisoning can occur when lead 
is ingested, inhaled or absorbed into the body. Lead poisoning can affect intelligence, 
behavior and development. Lead poisoning affects about one million children younger 
than six years old in the U.S. Fortunately, after years of education and prevention 
programs, rates of childhood lead poisoning are declining in the U.S.

How do people become lead poisoned? Lead can be found in many places in 
our everyday environments – in some paints, drinking water, dust, soil, air and food. 
However, many of our problems with lead come from products that are now banned in 
the U.S. These banned products include leaded automobile gasoline, residential lead 
paint and a particular type of insecticide (chemicals used to kill insect pests). Even 
though these products are now banned, lead continues to pollute air, soil, and water.

Today, lead is used in many industrial and hobby products. The list below includes 
some items that contain lead products:

• automobile batteries  
• some brands of hair-dye
• night vision equipment
• fishing weights
• some types of exterior paint
• some types of shotgun pellets
• some types of folk remedies

• some types of vinyl miniblinds.
• high definition televisions (HDTVs)
• old plumbing 
• computer monitors
• stained glass windows
• some types of pottery glaze
• some brands of Mexican candy

What can people do to avoid lead poisoning? Children who live in homes built 
before 1978 have a potential risk for lead poisoning. If you live in an older home, here 
are a few easy things you can do to protect yourself and your family:

•   Always wash your hands before eating. Frequently wash children’s toys, 
including pacifiers (helps to keep lead dust from being ingested).

•   Eat nutritious low-fat meals that are high in calcium and iron to protect yourself 
from absorbing lead into your body (calcium and iron can decrease how much 
lead your body absorbs).

•   Flush water from your tap for 15-30 seconds, or until it runs cold, for drinking 
and cooking purposes (standing water can have more lead in it from lead pipes 
or solder).

•   Only use cold water for drinking, cooking and mixing infant formula (hot water 
can have higher levels of lead than cold water).

•   Frequently wipe dust from counters, tables, floors and windowsills with a wet 
cloth or mop (helps keep lead dust from being ingested and inhaled).

•   Use a doormat to wipe your feet, or remove shoes before entering your house 
(helps keep you from tracking lead-contaminated soil into the house).

What are the effects of lead poisoning? Once lead enters the body, it first becomes 
concentrated in the blood and soft tissues, then much of it is excreted in the urine. Of the 
lead that stays in the body, 95% of it will become concentrated in the body’s leg bones 
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and teeth, since lead acts just like calcium within the body. The lead that is stored in the 
bones can slowly move back into the blood stream during times of body stress, such 
as a broken bone, pregnancy or old age. Lead poisoning can harm practically every 
system in the body, especially the kidneys, blood cells, heart, reproductive organs and 
the central nervous system. 

Lead poisoning is most harmful to children under six years old and unborn babies. 
While an adult will absorb 10% of the lead that he or she ingests, a child will absorb 
50% of the lead into his or her body. Young children absorb more lead into their growing 
bodies, excrete less lead from their bodies, and suffer from greater impacts to their 
organs. When a growing child ingests lead, the lead acts just like calcium. Growing 
bodies need a lot of calcium, so young children absorb more lead than adults. Lead 
poisoning impacts young children by interfering with brain development, impacting the 
nervous system, causing hearing and vision problems, and damaging the kidneys. 
Lead poisoning can also decrease IQ and cause behavior problems, hyperactivity and 
learning disabilities. At high levels, lead poisoning can cause seizures, comas and 
even death. 

The symptoms of lead poisoning include loss of appetite, tiredness, stomachaches 
and crankiness. Parents and doctors often do not suspect that a child is suffering from 
lead poisoning because their symptoms may point toward some other illness, such as 
the flu.

Adults who suffer from lead poisoning may have increased blood pressure, fertility 
problems, digestive problems, nerve disorders, and memory and concentration 
problems. 

Lead poisoning is usually detected using a blood test. The test gives the doctor the 
patient’s blood lead level (BLL), or the amount of lead in the patient’s bloodstream. A 
blood lead level test only tells the doctor about the patient’s recent exposure to lead. 
When a person stops being exposed to lead, their blood lead level will slowly decline. A 
blood lead level of over 10 micrograms per deciliter (µg/dL) causes concern, although 
some scientists believe that even this small level is too much for a young child. A doctor 
can determine a person’s past exposure to lead, also called their body burden, by using 
a special x-ray to analyze lead levels in bone. Since lead stays in bone for many years 
after exposure to lead, a bone test can tell a doctor more about the person’s history of 
lead poisoning. Similarly, some scientists also look at a child’s baby teeth to test lead 
levels. Hair analysis can also be used to show very recent exposure to lead.

A child who is diagnosed with lead poisoning may require a special kind of medicine 
called chelation therapy. This medicine chemically binds to the lead in the child’s body 
and helps the child to get rid of the lead through urination. This medicine can help 
lower the amount of lead in the child’s body, but there is no way to completely remove 
all of the lead. The most important thing is to find the source of lead and get rid of it to 
protect the child from further exposure.

Some important facts about lead poisoning:

•   About one in twenty-two children in the U.S. have elevated levels of lead in 
their blood.

•   52% of U.S. homes still contain lead paint, even though the sale of residential 
lead paint was banned in 1977.

•   Children from lower income families are eight times more likely to be poisoned 
than those from higher income families. 

•   African-American children are more than five times more likely to have 

Blood Lead Level (BLL):
A measurement of the amount 
of lead in a person’s blood. BLL 
shows the individual’s exposure to 
lead over the past 2-3 weeks. After 
that time, lead is concentrated in 
the long bones. A BLL test provides 
a snapshot view of the individual’s 
lead exposure. A BLL of over 10 
µg/dL is considered elevated. 
“Micrograms per deciliter” (or 
µg/dL) is a measurement of the 
amount of lead in a person’s  
blood. The Greek symbol µ is  
pronounced “mew”.
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potentially harmful levels of lead in their bodies than Caucasian children. 
Nationwide, about 22% of African American children living in older housing 
have elevated lead levels.

•   In 1979, cars released 94.6 million kilograms (kg) of lead into the air in the 
United States. In contrast, after leaded gasoline was banned, in 1989 cars 
released only 2.2 million kg into the air.

Acute Lead Poisoning:
When a person comes in contact 

with a large amount of lead in a 
short period of time and absorbs 

enough to become ill.

Chronic Lead Poisoning:
When a person repeatedly comes 
in contact with a small amount of 

lead over a long period of time.

Secondary Lead Poisoning:
When an animal becomes lead 

poisoned from eating another lead 
poisoned animal.

What Does Lead Have to Do with Environmental Health?

•   What does DOSE have to do with lead poisoning? People can suffer from 
acute or chronic lead poisoning. Acute lead poisoning occurs when a person 
comes in contact with a large amount of lead in a short period of time, such as 
ingesting a folk remedy that has a high lead content. Chronic lead poisoning 
occurs when a person repeatedly comes in contact with a small amount of lead 
over a long period of time, such as drinking water that has a low level of lead 
that comes from lead plumbing. Sometimes, animals such as eagles or coyotes 
suffer from secondary lead poisoning when they feed on the body of an animal 
that has died from lead poisoning.

•   What is the main ROUTE OF EXPOSURE for most cases of lead poisoning? 
The most common way that children come in contact with lead is through ingesting 
house dust containing particles of lead from old lead paint.  Occasionally, a child 
might eat chips of lead-based paint because it tastes sweet. Young children 
frequently put their fingers or toys in their mouths. If their fingers or toys touched 
any dust or soil that was contaminated with lead, then the child will swallow some 
lead. This means that the main route of exposure for lead poisoning is ingestion. 
Lead can also be inhaled or, during pregnancy, absorbed by the developing 
baby from its mother’s exposure to lead. 

•   What does INDIVIDUAL SUSCEPTIBILITY have to do with lead? How old 
you are and how big you are has a lot to do with how susceptible you are to lead 
poisoning. A young child is more susceptible than an adult for several reasons. 
First, a young child is so small that a small exposure to lead represents a big 
dose. Second, the child absorbs more lead into their body because it acts just 

Check Your Understanding
1. Your four-year old cousin was just diagnosed with mild lead poisoning. What 
body systems and organs may be affected?  

2. List five possible ways that a young child may come in contact with lead.  
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Check Your Understanding
1. Michael is a forty-five year old school librarian who likes to play soccer and 
golf. Miyoko is a twenty-nine year old woman who is pregnant with her first child. 
She sells handmade ceramic bowls.  Jasper is a two-year old boy whose family 
lives in an older home that was just remodeled. Which two people do you think 
are more susceptible to lead poisoning? Why? 

2. Name one thing you can do to decrease your risk of lead poisoning.

Risk Factor:
Something that increases and 
individual’s chance of becoming ill, 
hurt, or killed.

like calcium. Third, young children are more likely to swallow dust from lead paint 
because they frequently put their toys and fingers in their mouths and spend a lot 
of time crawling on the floor, where dust settles. Since children’s brains and other 
organs are still growing and developing, they will suffer more from the impacts of 
lead poisoning than full-grown adults. Pregnant women are also susceptible to lead 
poisoning because their bodies absorb more lead, since it acts like the calcium that 
their bodies need. Also, developing babies can absorb lead through the placenta, 
which can result in brain damage, low birth weight and even miscarriage. 

•   What environments put people at RISK of getting lead poisoning?  Lead 
poisoning is often linked with poverty, although it affects people of all ethnicities 
and income levels. Children who live in homes built before 1978 are more likely 
to come in contact with lead paint. Adults who are exposed to lead at work (such 
as at an automobile battery factory) are more likely to suffer from lead poisoning. 
Also, children whose parents work with lead are more likely to suffer from lead 
poisoning, since their parents might bring home lead particles on their clothing, 
shoes or hair. Children who live in mining communities are at a higher risk. 
Children whose diet is low in calcium and iron and high in fat will absorb more lead 
into their bodies than children who eat a well-balanced diet. People who use lead-
containing folk remedies are at a higher risk for lead poisoning. All of these things 
are called lead poisoning risk factors.
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1. Write “CONTROL” on three of the zip lock snack bags.

2. Get three more zip lock snack bags and label them with the name of one of the 
 substances you are testing (e.g. coffee).  Along with the name of the 
  substance, write “LOW” on one bag, “MEDIUM” on the next bag, and “HIGH” 
 on the third bag.  An example using coffee is below. Repeat for any  
 substances you are testing.

3. Put on protective equipment (gloves, goggles, apron, mask) as instructed by your 
 teacher.

4. Place ½ of a tablespoon (TBSP) of yeast into each bag.

5. Place ½ of a tablespoon (TBSP) of sugar into each bag.

6. Place 1 teaspoon (tsp) of each of the substances you are testing in the  
 corresponding bag labeled “HIGH.”  Be sure to clean off the spoon between  
 substances.

7. Place ½ teaspoon (tsp) of each of the substances you are testing in the 
 corresponding  bag labeled “MEDIUM.”  Be sure to clean off the spoon between 
  substances.

8. Place ¼ teaspoon (tsp) of each of the substances you are testing in the 
  corresponding bag labeled “LOW.”  Be sure to clean off the spoon between  
 substances.

9. Place 2 tablespoons (TBSP) of warm water into each bag (temperature of 
 the water should be 100o  – 110o F).

10. Seal all of the bags tightly. You want to seal the bags as close to the same 
  time as possible. This is so the carbon dioxide from the yeast fills the bag 
  for the same length of time (minimizes error)

YEAST AND HOUSEHOLD 
SUBSTANCES: A 
TOXICOLOGY EXPERIMENT
Student Handout #1

Student Handout
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1. Get your ruler and a small strip of paper (~ 4 inches long).

2. Lay the strip of paper on top of the baggie.

3. Get a metric ruler and set the 0 cm end onto the table next to the baggie

4. Gently push the edge of the paper strip off the baggie so that it touches 
 the ruler and the height of the baggie can be read (refer to diagram).

5. Record your data on the “Student Data Sheet.”

Collecting the 
Data
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Student Handout

1. After 30 minutes of exposure time, measure the height of each bag using a 
 ruler (in metric units) and the strip of paper. (Refer to the instructions on the 
 “Student Instructions” page).

2. Write the height of the bag in # of cm in the table below

Data

YEAST AND HOUSEHOLD 
SUBSTANCES: A 
TOXICOLOGY EXPERIMENT
Student Data Sheet

Control
(height of bag 

in cm) Concentration
Substance:

(height of bag in cm)

Substance:

(height of bag in cm)

Substance:

(height of bag in cm)

LOW

MEDIUM

HIGH
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YEAST AND HOUSEHOLD SUBSTANCES: 
A TOXICOLOGY EXPERIMENT
Class Data Sheet

Group 1 2 3 4 5 6 Total Class 
Avg.

Control

Substance #1: 

Low

Substance #1: 

Medium

Substance #1: 

High

Substance #2: 

Low

Substance #2: 

Medium

Substance #2: 

High

Substance #3: 

Low

Substance #3: 

Medium

Substance #3: 

High
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Welcome!

Welcome to the Roman Empire in the year 85 A.D. You’ve come a long way during 
your travels here to the great Roman Empire, the strongest and most glorious empire 
in the world. During your stay, you are sure to enjoy yourself, for the Romans truly 
know how to have a good time. We have festivals and celebrations for almost every 
day of the year, and all of them include great feasts overflowing with food and wine. 
In fact, you are probably thirsty from all of your traveling. Here, I’ve laid out a goblet 
of wine for you and some preserved fruits. Feast, and when you have rested, we will 
begin our tour — I have some wonderful sites for us to visit over the next few days — a 
gladiator tournament at the great Colosseum, a visit to the public bathhouse, a tour of 
our largest lead mine, and so much more.

Those Drunken Romans

If there is one thing we Romans enjoy, it is a party. It seems like there is always some 
reason to celebrate and, at least for the aristocrats, the food is abundant and the wine 
is always flowing. We value our Emperor’s ability to throw lavish parties — and you 
should see how much he eats and drinks all day long. The average Roman ingests 
about 1-5 liters of wine per day. 

In order to keep up with our demand for wine, there are winemakers all over the 
Empire. We have one problem with our wine, though. We haven’t figured out how to 
stop the fermentation process, so often our wine becomes quite sour. We do know how 
to compensate for the sourness, however. We add a sweet syrup made from grapes 
called sapa. We follow a special recipe for creating sapa. The grapes are simmered 
slowly in a lead pot or lead-lined copper kettle until they turn into a thick syrup. The use 
of the leaden kettle results in “sugared lead,” or lead acetate, which seems to sweeten 
the wine and helps to preserve it. It’s not all that surprising that wine consumption 
counts for 50-60% of the daily lead intake by the aristocrats.

While the aristocrats enjoy our most superior kinds of wine, the lower classes – plebians 
and slaves – drink an inferior kind of wine that isn’t usually sweetened with sapa. The 
difference between lead intake by the aristocrats and the lower classes is significant. 
An average aristocrat probably consumes about 250 µg of lead each day, while the 
average plebian absorbs about 36 µg and a slave 15 µg per day.

A TIME TRAVEL VACATION 
TO THE ROMAN EMPIRE
Student Handout #1

Check Your Understanding
1. Describe the three social classes mentioned: aristocrats, plebians and 
slaves. 

Student Handout
Name
Date

Aristocrats:
The upper class in ancient Rome, 

made up of the senators and 
 the equestrians.

Sapa:
A grape syrup used to sweeten 
and preserve sour wine. It was 

made by boiling grapes in a lead 
kettle. Scientists believe that one 

teaspoon of the syrup would have 
been more than enough to cause 

lead poisoning. Sapa was also 
used to preserve fruit.

Plebians:
The urban poor of  

ancient Rome.

Slaves:
The lowest class in ancient Rome. 

Slaves often worked in the lead 
mines and had  

short, hard lives.
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2. What was sapa and how was it made?

Gouty Aristocrats

Some of our physicians have noticed some common health problems among the 
aristocrats. Strangely, these health problems don’t seem to be affecting the lower 
classes. Many of our aristocrats are plagued by gout and colic.

We’ve noticed that married aristocrats are having a hard time having children and that 
many women are having miscarriages. There used to be a law that prohibited women 
from drinking wine, but now it is legally acceptable. These reproductive troubles are 
becoming a major problem because the aristocrats need to have heirs to inherit their 
property and fortunes, as well as to keep their blood lines going. This has been a 
particular problem among the senators, who need an heir to inherit their position in 
the government.

In some ways, it seems our emperors might suffer the worst. 
While many of our leaders through history have been known 
for their gluttony, many have also suffered from health 
problems such as gout, colic and dropsies. For example, 
one of our former emperors, Claudius, who reigned from 
41-54 A.D. had all sorts of health problems. Some poets 
and actors of the time liked to mimic his disturbed speech, 
weak limbs, tremors and the strange way he walked. They 
also poked fun at Claudius’ quick fits of temper and his 
often inappropriate fits of laughter. Claudius was known 
for being a bit absent-minded and dim-witted. He often 
complained of dry gripe, a terrible kind of stomachache. 
He even sometimes slobbered – in public! Our current 

emperor, Domitian, also enjoys wine in excess. I have heard rumors that he drinks 
from fountains that flow with wine.

A few people seem to think that the wine has something to do with these strange health 
problems. I don’t know for sure. Domitian certainly drinks excessive amounts of wine, 
and so did Claudius. Even if the lead is causing these problems, there is no way the 
aristocrats will give up their wine.

Some Lead with your Water?

We Romans are known throughout the world for our innovations in science and 
technology. See, look over there against the horizon. That stone structure stretching 
as far as you can see is part of our aqueduct system. The aqueducts bring fresh water 
from its source to the city of Rome and neighboring towns. Our water is fresh, sweet 
and clean. Some aristocrats even have indoor plumbing, but most people fill their water 
pitchers at the fountain in the town square. The public bathhouses are also filled with 
water from the aqueducts.

The aqueducts are tall structures with lead-lined pipes that carry the water. Some 

Senator:
The highest class in ancient 
Rome. Senators held government 
positions and were either appointed 
by the emperor or inherited their 
position.

Gout:
A painful condition where the joints 
become swollen. Gout often affects 
the foot, leaving the patient unable 
to walk. It is often a symptom of
lead poisoning.

Colic:
An extremely painful stomachache, 
often caused by chronic lead 
poisoning.

Dropsies:
A condition caused by lead 
poisoning that makes the hands 
hang useless from the wrists.

Dry Gripe:
A particularly painful stomachache 
that feels like the bowels are being 
pinched. It is often a symptom of  
lead poisoning.

A Roman Wine Jug

Aqueduct:
A structure for carrying a large 
amount of water over long 
distances. The water pipes in 
aqueducts were either lead or 
earthenware. Lead pipes were 
more popular in the city while 
earthenware was more common in 
rural areas.



179

Student Handouts

Materials developed by the Integrated Environmental Health Middle School Project (NIEHS Grant #ES10738 and 
#ES07033). Copyright 2005 University of Washington.

aqueducts in rural areas have 
earthenware pipes; these are less 
expensive and easier to repair, 
but our engineers still prefer lead 
pipes.  In fact, the word plumbing 
comes from the Latin word for 
lead, plumbum. 

The architect and writer Vitruvius, 
who lived from 70-25 B.C., was 
critical of using lead pipes. He 
thought that earthenware pipes 
produce more “wholesome” water 
while water from lead pipes is 
“harmful to the human body.”  He 
seemed to think that lead pipes were a health risk. He might have been right, but at 
least in the city of Rome, lead is still the choice for water pipes.

Check Your Understanding
1. What were some of Claudius’ symptoms that might be attributed to lead 
poisoning?  

2. The word plumbism means lead poisoning. How is this word linked to the 
aqueducts in ancient Rome? 

A Roman Aqueduct

The Father of Metals

You seemed to really enjoy the preserved fruits I gave you!  One of our favorite snacks 
is preserved fruits like grapes, apples, figs, plums, pears and cherries. We preserve 
the fruit by using sapa as a preservative.

I’m glad that you noticed the tableware. Not only are they handmade by artisans, but 
the artwork is very important to us. The designs and borders on our plates, goblets, 
vases and other tableware depict scenes of everyday life in the Empire. Earthenware 
plates and goblets are painted with a lead-based glaze and then fired. Most of our 
cookware is made from lead. It is such a soft, malleable metal that we find so many 
different uses for it. Some cook pots are made from copper or bronze, but most people 
prefer lead or lead-lined copper pots.

Lead really is our most useful metal. We consider lead to be the father of all metals 
and associate it with the god Saturn. We use lead as an ingredient in some medicines, 
to make our metal coins, and for roofing, coffins, even writing tablets and toys. Our 
favorite paint color is a deep red called Pompeian red which is made with minium, a 
lead salt.

Minium:
A lead salt, often used as a 
pigment to create red paint.
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Women use many lead-containing products. It is a main ingredient in many cosmetics, 
including face powders and hair dyes. 

The Great Roman Mines

I thought you might enjoy a tour of one of our 
largest lead mines. When the Romans first 
began using lead, it was a by-product of silver 
production. Now we’ve found so many uses for 
lead, that we mine specifically for it. Lead has 
such a low melting point that it is easy to smelt. 
The lead mines are worked by slaves. It is hard 
work in the lead mines, and there are many 
dangers associated with it. Oftentimes, the slaves 
don’t live long.

A long time ago, the scientist and writer Pliny 
the Elder explained how white lead (used as a pigment) was created. “For medicinal 
purposes lead is melted in earthen vessels, a layer of finely powdered sulphur being 
put underneath it; on this thin plates are laid and covered with sulphur and stirred with 
an iron rod. Whilst it is being melted, the breathing passages should be protected...
otherwise the noxious and deadly vapour of the lead furnace is inhaled.” 

We used to have lead smelting forges in every part of the city. The noxious fumes that 
come from the lead smelting forges are overwhelming, so now most forges seem to be 
located farther out from the cities in smaller towns.

Smelt:
To melt an ore in order to separate 
a particular metal. In ancient 
Rome, the ore galena was smelted 
to produce lead and silver.

Vase painting of a Roman woman 
looking in a mirror

Check Your Understanding
1. Name five ancient Roman household items that contained lead.  

2. Why did Pliny the Elder believe that the lead mines and smelters were 
dangerous? 

Pliny’s Thoughts on Lead Poisoning

Pliny the Elder, who lived from 23-79 A.D., sometimes wrote about the impacts of 
lead on people’s health. I thought you might enjoy talking with his nephew, Pliny 
the Younger, who has studied many of his uncle’s manuscripts. Since you seem 
so interested in how we use lead here in the Empire, I asked him to describe his 
uncle’s opinions on the dangers of consuming lead. Here’s what Pliny the Younger 
has to say:
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Greetings, Time Traveler! My uncle noticed that colic from lead 
poisoning was a new disease that became widespread during his 
own days. He thought that it was interesting that while the wealthy 
suffer from many common health problems, the lower classes seem to 
almost completely avoid these troubles. While it is true that the slaves 
that work in the lead mines and forges often become sick or even die 
from the noxious fumes, most of the poor people do not seem to be as 
affected as the wealthy.

For one reason, the lower classes eat a simple diet, mostly a grain-
based porridge. They cannot afford delicacies like preserved fruit 
or expensive wine. My uncle once wrote that the practice of adding 
lead in one form or another to wine is so prevalent that ‘genuine, 
unadulterated wine is not to be had now, not even by the nobility.’ 
He noticed a connection between consumption of leaden wine and 
health issues, writing that ‘from the excessive use of such wines arises 
dangling...paralytic hands.’ Large doses of lead from food and wine 
seem to make people sick!

The poor have cookware and tableware made from earthenware 
instead of expensive lead kettles and pots. Also, the poor do not have 
luxuries like lead-containing cosmetics or paints. Finally, many of the 
lower classes live farther out from the cities, where the aqueducts 
have earthenware instead of lead pipes. Ironically, this makes the 
poor less at risk of getting sick from lead exposure.

Well, Pliny the Younger certainly had a lot to say about the possible dangers of lead. 
Between you and me, I think there is probably some truth to these ideas. However, 
lead is such a popular metal, and the aristocrats so love their wine, I cannot imagine 
that there will be any changes in the way we use lead, at least not anytime soon.

We have certainly seen a lot today. You look a little tired. Let me take you to one of 
Rome’s grandest bathhouses, The Baths of Caracalla, so that you can have a massage 
and take a dip in the pools there. Tomorrow, we’ll see a gladiator tournament at the 
Colesseum – you’ll want to be well rested for that event!

Check Your Understanding
1. How did the diet of the lower classes differ from that of the aristocrats? 

2. Why did Pliny the Elder believe that the lower classes suffered less from lead 
poisoning than the aristocrats?
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Now that you have had a guided tour of the Roman Empire, it’s time to create a travel 
guide that includes some general information about the Roman Empire as well as what 
you have learned about the dangers of lead poisoning. You should include a health 
advisory on lead poisoning that warns travelers about the many ways that they might 
come in contact with lead during their vacation to the Empire. Your health advisory 
should include the following sections:

•  Sources of Lead (provide at least four).
•  To Avoid Getting Sick (provide at least four).
•  What You Need to Bring With You (provide at least one).
•  After You Return Home (provide at least one).

It’s a good idea to use real government travel and health warnings as examples when 
working on this project. Examples can be found at:

• National Center for Infectious Disease Traveler’s Health Pages
 http://www.cdc.gov/travel/
• World Health Organization International Travel and Health Pages
 http://www.who.int/ith/preface.html
• U.S. Department of State Travel Warning Information Sheets
 http://travel.state.gov/travel_warnings.html#f

In addition to a health advisory on lead poisoning, your travel guide should include a 
map of the Roman Empire with major landmarks or travel destinations marked (such as 
major cities and must-see tourist spots). The map of the Roman Empire included in this 
lesson can be used as a starting point for your travel guide. 

Your travel guide should also include information about at least five of the following 
aspects of Roman culture:

• Must-see tourist spots • Entertainment
• Money • Art and Music
• Hygiene and Health • Celebrations
• Religion • Fashion
• Politics • Weather and Climate
• Social Class System • Important Latin Words to Know
• Technology

Travel Guide 
Activity
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THE GEOGRAPHY OF 
CHILDHOOD LEAD EXPOSURE
Student Handout #1

Blood Lead Level (BLL):
A measurement of the amount 

of lead in a person’s blood. 
A BLL of over 10 µg/dL is 

considered dangerous.

µg/dL:
Micrograms per deciliter. A 

measurement of the amount 
of lead in a person’s blood. 

The Greek symbol “µ” is 
pronounced “mew.”.

Environmental Justice:
The belief that all people 

— regardless of race, country 
of origin, income level, or 

education — have a right to 
clean air, water, and soil.

Risk Factor:
Something that increases 
an individual’s chance of 

becoming ill, getting hurt, or 
being killed.

Background

Childhood lead poisoning is an important environmental health problem that affects children 
across America. The Centers for Disease Control estimate that about 434,000 American 
children, ages 1-5, each year suffer from lead poisoning. That means about 2.2 percent of 
all children ages 1-5 are affected by lead poisoning. Ever since leaded gasoline and lead-
based paint were banned over twenty years ago, rates of childhood lead poisoning have 
been declining across the country. 

About 2 percent of the children in New Mexico who are screened for lead have elevated 
blood lead levels (greater than 10 µg/dL). But some counties, such as Grant and Eddiy have 
a lead poisoning rate of 6-7%. The average NM rate of 2% is similar to national averages, 
but the national rates are based on much larger populations. Although even one child is too 
many, New Mexico does not appear to have some of the extreme exposures seen elsewhere 
in the nation. In Philadelphia 28 percent of the children have high blood lead levels!

The U.S. Health and Human Services mandates that all children under the age of 6 who 
are Medicaid recipients be tested for lead, but that does not always happen. In Bernalillo 
County 21.7 percent of children under six years of age are below poverty level, yet only 1-3 
percent of children are tested.

Childhood lead poisoning is considered to be an environmental justice issue. Environmental 
justice is a social and political movement that believes that all people – regardless of 
race, country of origin, income level or education – have a right to a clean environment, 
including clean air, water, and soil. Childhood lead poisoning is an environmental justice 
issue because certain groups of children are more likely to suffer from lead poisoning than 
the rest of the population. If we look at the United States as a whole, a child’s risk of lead 
poisoning increases if he or she:

•   Lives in a high risk community (geography)
•   Comes from a low-income family (poverty)
•   Is Black or Hispanic (ethnicity)

Other types of environmental justice issues include air pollution, water pollution, solid waste 
disposal, transportation, industry, human health and disease. “Environmental classism” 
refers to the fact that low-income people often live in less healthy environments than middle 
and high income people. “Environmental racism” refers to the fact that people of color are 
also more likely to live in neighborhoods where environmental health hazards are located, 
such as factories and hazardous waste sites.

Public health officials have examined many statistics to learn about the risk factors for 
childhood lead poisoning that are specific to this region. The more the health department 
understands about lead poisoning risk factors, the better they can educate families of 
young children. The risk factors that increase a child’s risk of having elevated blood lead 
levels include age of housing, poverty, geography, and Hispanic ethnicity.

Age of Housing: Lead-based interior house paint was banned in 1977, but many old homes 
still have paint that contains lead. In Washington, there are 1.5 million homes that were built 
before 1978 and 80% of them probably still have some lead-based paint. Young children 
may ingest paint dust that gets on their hands, food or toys. Also, old homes may have lead 
plumbing, which can contaminate drinking water with lead.

Student Handout
Name
Date



Environmental Health Fact File: LEAD

186 Materials developed by the Integrated Environmental Health Middle School Project (NIEHS Grant #ES10738 and 
#ES07033).  Copyright 2005 University of Washington.

Poverty: Children who come from low-income families are more likely to live in older homes, 
which may have lead-based paint. Also, low-income children may not receive a proper, well-
balanced diet. Children whose diets are high-fat and low in calcium are more susceptible to lead 
poisoning. In a child’s body, lead acts just like calcium. A child with a poor diet will absorb more 
lead than a child with a well-balanced diet.

Geography: There is a higher rate of childhood lead poisoning in Central Washington than the 
rest of the state. There are several possible reasons for this risk factor. First of all, some counties 
in these regions might have industries that use lead products, such as a factory that releases 
lead-rich ash from its smokestacks. Even if the factory is now shut down, the soil downwind of the 
factory’s location may still have high levels of lead.

Central Washington is known for its agriculture. Between 1905 and 1947, many Washington fruit 
orchards used a pesticide that contained lead arsenate, a combination of lead and arsenic. Most 
orchard soils still have elevated levels of lead and arsenic today. Some communities have built 
developments on land that used to be orchards. A sub-division, school or playground may now be 
located on soil that still contains lead and arsenic. People come in contact with the contaminated 
soil by tracking soil into their homes on their shoes, playing in the dirt, or eating vegetables grown 
in the contaminated soil.

Hispanic Ethnicity: In Washington State, Hispanic children have a higher rate of lead poisoning 
than do non-Hispanic children. About 0.9% of all children between the ages of one and two in 
Washington have elevated blood levels. If you look at Hispanic children between the ages of one 
and two, however, about 3.8% have elevated blood levels.

Many farm workers in Central Washington are Hispanic. Farm workers that work in areas with 
contaminated orchard soil may bring home lead particles on their clothing, shoes and hair. Many 
farm workers and their families live near agriculture fields and orchards. Their children may ingest 
the lead dust when it gets on their hands, toys or food. In addition, several Mexican folk remedies 
and some types of Mexican candy sometimes contain lead. Two common folk remedies given to 
children to treat stomachaches, greta and azarcon, can contain up to 97% lead.

Rates of childhood lead poisoning continue to drop over time as people become more aware of 
the risks of lead poisoning. As a whole, lead poisoning rates have dropped considerably since 
household lead-based paint and leaded gasoline were banned. Hopefully in the future lead 
poisoning will rarely affect children.

Source: New Mexico Department of Health, Office of Epidemiology, Lead Poisoning Prevention Program
National statistics from NHANES III study http://www.nicholas.duke.edu/cehi/health/lead.htm

Check Your Understanding
1. How do rates of childhood lead poisoning in Washington State compare to those 
across the rest of the United States?  

2. The banning of what two products had a tremendous impact on lowering rates of 
childhood lead poisoning across the United States? 

3. Why is lead poisoning an environmental justice issue?
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Data Mapping Activity

Examine the data chart below. This chart shows the percentage of children in various counties of New Mexico 
who have elevated levels of lead in their bodies. 

THE GEOGRAPHY OF 
CHILDHOOD LEAD EXPOSURE
Student Handout #2 Student Handout
Name
Date

County

% of Children 
with BLLs 

above 10 μg/
dL

Symbol or 
Color County

% of Children 
with BLLs 

above 10 μg/
dL

Symbol or 
Color

Bernalillo 1.8 McKinley 5.0

Catron 0.0 Mora 2.7

Chaves 3.3 Otero 2.5
Cibola 3.8 Quay 0.0

Colfax 4.0 Rio Arriba 3.1

Curry 3.3 Roosevelt 1.0

De Baca 3.9 Sandoval 1.2

Dona Ana 2.7 San Juan 1.7

Eddy 6.6 San Miguel 0.9

Grant 7.4 Santa Fe 0.8

Guadalupe 3.3 Sierra 2.5

Harding 0.0 Socorro 2.5

Hidalgo 2.6 Taos 4.0

Lea 2.0 Torrance 1.3

Lincoln 1.6 Union 2.6

Los Alamos 2.4 Valencia 0.2

Luna 2.4

Source: New Mexico Department of Health

Elevated Blood Lead Levels in Children in New Mexico, 1994-1999*
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Now, it’s time to put the data set on a map to make it easier to visualize what is 
happening. Do the following:

•   Fill in the name of each county on the Washington state map below.

•   Using colored pencils or pens, decide on a combination of symbols or colors 
to represent the range of data shown in the data key on the map below. For 
example, you might use green for counties where 0-1.9% of children have BLLs 
above 10 µg/dL, and blue for counties where 2.0-3.9% of children have BLLs 
above 10 µg/dL. Fill in the key below to show what colors or symbols you have 
chosen.

•   On the data chart, complete the last column by indicating what symbol or color 
applies to that county. 

•   Locate the counties included in the data chart and color code each one based 
on the colors you have assigned on your data chart.

% of Children above 
10µg/dL BLL

0-1.9%

2.0-3.9%

4.0-5.9%

6.0-10.9%
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Student Handout

Toxic Candies
Mexican candies—sweet and spicy lollipops, powders, jellies, wafers, rolls, suckers 
and chewing gum—are imported into the United States and sold in supermarkets, 
candy stores and on ice cream trucks. Many of these brightly wrapped sweets are 
actually toxic treats. Children in Washington, Oregon and California have suffered 
from lead poisoning traced to eating certain types of imported Mexican candy. 

Candies that are manufactured in Mexico often do not meet the same food safety laws 
that candies manufactured in the United States must meet.  When Mexican candies 
are imported into the United States, they are rarely inspected by regulators or tested 
by health officials. Candies are often brought over the border in suitcases and car 
trunks, to be shared with family members. This makes the challenge of regulating the 
flow of Mexican candies into the U.S. even more difficult.

The California Department of Health Services has conducted over 1,500 tests on 
Mexican candy since 1993, finding that one out of four candies tested high for lead. In 
the past decade, over 112 brands of imported candy—mostly from Mexico—have been 
found to contain dangerous levels of lead.  Some candies contain enough lead that a 
child could exceed the daily allowable lead limit by eating just one piece of candy.

These candies can become contaminated with lead from several different sources. 
Some candy wrappers and lollipop sticks are printed with ink that contains lead. The 
ink on the wrapper can be transferred onto the sticky candy. Children also ingest lead 
when they lick and chew the wrappers and sticks.

Many popular Mexican candies contain 
spicy chili powder or sticky tamarind pulp. 
When chili peppers are processed, they are 
harvested from the field, dried and ground 
up into powder. Usually, the peppers are not 
cleaned before drying, so soil, fertilizers and 
pesticides (all of which may contain lead) 
that are stuck to the peppers get ground 
up into the chili powder. Likewise, these 
contaminants also stick to tamarind pods and 
are not removed during processing.

Some Mexican candies are packaged in tiny handmade clay pots. In order to make 
the pots shiny, a pottery glaze is applied to them.  Many of these pots are made 

with a traditional glaze called greta that contains lead. The lead in the 
glaze can then get into the sticky candy jelly. The candy is made from a 
spicy-sweet mixture of tamarind pulp and chili powder. Mexican candy 
in handmade pots has three possible sources of lead contamination: 
the glaze on the pot, the tamarind pulp, and the chili powder.

The Mexican government, while aware of the problem with the contaminated candies, 
has been unsuccessful in stopping the manufacture and export of these toxic treats. 

TOXIC CANDIES AND 
DANGEROUS CURES
Student Handout #1

Tamarind:
A bean-like fruit from the tamarind 

tree, often made into candies in 
Mexico.

Tamarind candy from Mexico can contain 
high levels of lead

Name
Date
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While some health officials have worked toward regulating candy makers, their 
resources are limited. Many candy manufacturers say that they do not believe that 
there is a problem with their candy. However, some candy manufactures have 
made changes to their manufacturing and packing processes in an effort to reduce 
lead contamination.

Health advisories have been issued by health departments in many states, the FDA 
and the CDC, warning about lead in imported candies. The U.S. Food and Drug 
Administration regulates the importation of candies while the Consumer Product Safety 
Commission regulates the candy wrappers.

Dangerous Cures
Folk remedies, also known as home remedies, are used to help treat a sickness or injury. 
You probably know of many folk remedies that your own family uses. For example, 
have you ever eaten chicken soup for a cold, gargled with salt water for a sore throat, 
or drank ginger ale or mint tea for a stomach ache? Folk remedies tend to be passed 
down through generations and many have their origins in other cultures.

Some folk remedies have been proven to work, while others are ineffective. Some folk 
remedies can even be harmful since they include dangerous ingredients, like lead. 
Some ancient folk remedies seem silly nowadays, such as treatments used by the 
Ancient Romans for lead poisoning. Ancient Roman physicians had some strange 
prescriptions for the stomach aches and cramps that went along with lead poisoning. 
For example, they might have the patient get a puppy to lie across his or her stomach. 
The thinking was that because dogs are such empathetic creatures, they would take 
the patient’s pain onto themselves. Another remedy involved placing buttered toast 
onto a sore stomach.

In the Pacific Northwest, Hispanic families are at a higher risk for becoming lead 
poisoned from folk remedies. Two particularly dangerous folk remedies are Mexican 
stomach ache treatments traditionally given to Hispanic children. These powdered 
medicines, known as greta and azarcon, are mixed with water and then swallowed 
(ingested). Both remedies can contain up to 97% lead. Oftentimes, Hispanic families 
will bring these Mexican remedies with them to the U.S.

Other Sources of Lead
Other common sources of lead poisoning include paint, miniblinds and pottery. Older 
homes built before 1978 may contain lead-based paint. Children are at risk from 
ingesting paint chips or inhaling paint dust, especially during renovations when paint is 
scraped or sanded. Some brands of imported vinyl miniblinds contain lead. The vinyl 
breaks down in sunlight, releasing lead-contaminated dust, which can be ingested or 
inhaled. Some types of glazes used on pottery and ceramics contain lead. When food 
and beverages are stored in or served on pottery or ceramic dishes treated with lead-
based glazes, the lead can get into the food or beverage and be ingested.

Source: McKim, J., Sharon, K., and Heisel, W. Hidden Threat, Orange County Register. April 25, 2004. 
Available at http://www.ocregister.com/investigations/2004/lead/index.shtml.

Folk Remedy:
Any method of treating injury or 
illness that is passed down through 
tradition and is related to a specific 
region or culture.

Student Assessment:
Did the students complete  
the reading?
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Check Your Understanding
1.  Name two sources of lead contamination found in some types of Mexican 

candies.

2.  How could the manufacturing process be changed to reduce how much 
lead gets into some types of Mexican candies?

 

3.  Name one folk remedy that you or your family has used to treat an 
illness or injury.

4.  Through what route of exposure are children exposed to the Mexican 
folk remedies greta and azarcon?
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Folk Remedy Interview Sheet

Select four adults to interview for this activity. You should interview at least one family 
member, but seek out adults of different generations and different ethnic or cultural 
backgrounds. Use this page to take notes during the interview (one sheet per person 
interviewed). 

Your Name:     Date:

Name of Person Being Interviewed (Subject):

Subject’s Age:

Subject’s Ethnicity/Cultural Background:

Ask the interview subject what folk remedies he or she has used to treat the following 
conditions:

Interview 
Activity

CONDITION FOLK REMEDY
Acne

Allergies

Asthma

Bites & Stings

Bleeding

Burns

Colds

Dandruff

Earache

Headache

Heartburn

Hiccups

Nosebleed

Snoring

Sore Throat

Sprains

Stomach Ache

Sunburn

Teething & Toothache

Other

Folk Remedy:
Any method of treating injury  
or illness that is passed 
down through tradition and is
related to a specific region  
or culture.
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Name of product Region of origin Typical Lead 
level Medicinal use Route of 

Exposure

Albayalde or 
Albayaidle

Mexico and 
Central America 93% Empacho (vomiting, 

colic, fatigue) Ingestion

Alarcon, Azarcon,
Coral, Luiga, or 
Maria Luisa

Mexico 95% Empacho (see 
above) Ingestion

Alkohl Middle East 85%
Topical medical 
preparation; applied 
to umbilical stump

Absorption

Ba Bow Sen China Up to 100%
Hyperactivity and 
nightmares in 
children

Ingestion

Bint al dahab, Bint 
or Bent dahab

Oman, Saudi 
Arabia, India 98% Diarrhea, colic, 

constipation Ingestion

Cebagin Middle East 51% Teething powder Ingestion, 
absorption

Cordyceps China 2% Hypertension, 
diabetes, bleeding Ingestion

Deshi Dewa Asia, India 12% Fertility pill Ingestion
Ghasard India 2% Daily tonic Ingestion
Greta Mexico 97% Empacho Ingestion

Kohl, Surma, Saoott
Africa, Asia, India, 
Pakistan, Middle 
East

Up to 86%

Cosmetic, 
astringent for 
eye injuries and 
umbilical stump, 
teething powder

Absorption, 
Ingestion

Kushta India, Pakistan 73%
Diseases of the 
heart, brain, liver, 
and stomach 

Ingestion

Pay-loo-ah Laos (Hmong) 90% High fever, rash Ingestion

Chart of Lead Levels in Folk Remedies from Around the World*

*Adapted from New South Wales EPA, “Traditional Remedies Reported to Contain Lead” 
http://www.epa.nsw.gov.au/leadsafe/remedies.htm

TOXIC CANDIES AND 
DANGEROUS CURES
Student Handout #2 Student Handout

Name
Date
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Case Study 
Activity Blood Lead Level Chart*

BLOOD LEAD 
LEVELS

(BLL)

SEVERITY AND RECOMMENDED 
TREATMENT

LEVEL 1
Low Zone
< 10 μg/dL

Indicates a low blood lead level. Inform parents of 
potential lead hazards in child’s environment. Retest 
child at physician’s discretion or as parental concerns 
arise. 

LEVEL 2 
Border Zone
10 – 19 μg/dL

These children are in a border zone.  Adverse health 
effects will be subtle and children probably will not show 
symptoms. In order to identify and control the specific 
source of lead exposure, parents should be provided with 
family lead education. Conduct a home interview and 
environmental investigation in conjunction with local health 
department. Continue retesting at 2-3 month intervals 
until the child’s BLL has dropped below 10 μg/dL.

LEVEL 3 
Danger Zone
20 – 44 μg/dL

While symptoms still may not be apparent, the potential 
for adverse health effects is greatly increased.  The 
source of lead in the child’s environment must be indentified 
and controlled. A home interview and environmental 
investigation should be carried out in conjunction with the 
local health department. Other family members may also 
need to be tested. Continue retesting at regular intervals 
(weekly or monthly) until the child’s BLL drops below 
10 μg/dL.

LEVEL 4 
Emergency Zone
45 μg/dL or higher 

Hospitalize the child and begin medical treatment 
immediately.  Serious mental or nervous system damage 
can result. Provide family lead education. Conduct home 
interview and environmental investigation in conjunction 
with local health department. All members of the household 
need to be tested. Retest within 48 hours.

*Adapted from Washington State Department of Health, “Medical Management of Children with Elevated 
Blood Lead Levels.” 
http://www.doh.wa.gov/Topics/MEDmgmt.doc

Blood Lead Level (BLL):
A measurement of the amount of 
lead in a person’s blood. A BLL 
of over 10 µg/dL is considered 
dangerous.

µg/dL:
Micrograms per deciliter. A 
measurement of the amount of 
lead in a person’s blood. The 
Greek symbol “µ” is pronounced 
“mew”.



195

Student Handouts

Materials developed by the Integrated Environmental Health Middle School Project (NIEHS Grant #ES10738 and 
#ES07033). Copyright 2005 University of Washington.

Patient Case History Sheet
Case Study #

Date: 

Patient Name:   Sex:   Age: 

BLL Lab Results: 

Diagnosis and Severity: 

Possible ROUTES OF EXPOSURE:

•   Inhalation:

 

•   Ingestion:
 
 

•   Absorption through Skin:

 

Recommended Treatment:

Recommended Follow-up with Family:

Case Study 
Activity
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Lead Poisoning Case Study #1
In March 1999, two Hispanic children residing in the Central Valley of California were 
identified during routine lead poisoning screening.

José, a four year-old boy, had a blood lead level of 88.0 µg/dL. His six year-old sister, 
Carmen had a blood lead level of 69.0 µg/dL. Neither the children nor their parents had 
recently traveled outside of the United States.

Folk Remedies: The children had been given greta, a Mexican folk remedy used to 
treat stomachaches. Greta powder collected from the family’s home had a lead level 
of 770,000 ppm (or 77%). 

Pottery: No pottery in the home tested positive for lead.

Home Environment: Tests on paint and dust from their home did not indicate high 
lead levels. Miniblinds on the windows of the home tested positive for lead. 

Mexican Candies: Imported candies, including Dulmex-brand Bolirindo lollipops, were 
found in the home. Tests on imported candies collected from the home revealed a 
candy wrapper with a lead level of 16,000 ppm (or 1.6%).  

Lead Poisoning Case Study #2
In May 2000, a four year-old Hispanic boy named Carlos was identified during routine 
lead screening. Carlos had a blood lead level of 26 µg/dL. His family had recently 
moved to Fresno County, California from Oaxaca, Mexico.

Folk Remedies: It is not known if Carlos received any folk remedies while in Mexico 
or the U.S.

Pottery: In Mexico, the family had used a ceramic bean pot and water jug regularly. 

Home Environment: An environmental investigation did not reveal high lead levels in 
dust, paint, or soil.

Mexican Candies: Tests on imported candies collected from the home revealed a 
candy wrapper with a lead level of 16,000 ppm (or 1.6%). 

Case Study 
Cards
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Case Study 
Cards



Lead Poisoning Case Study #3
In June 2000, a Hispanic boy named Luis, aged 2 years, was identified through routine 
screening. Luis had a blood lead level of 26 µg/dL. He resides in Orange County, 
California. 

Folk Remedies: Luis had been given greta and azarcon to treat a stomachache, 
Mexican folk remedies that usually contains substantial amounts of lead.

Pottery: It is not known if the family uses any imported pottery at home for cooking, 
serving or storing food.

Home Environment: The family’s house was built in 1963 and had been renovated 
during early 2000. Tests on soil, paint, and dust in and around the child’s home did not 
reveal high lead levels. 

Mexican Candies: Luis had eaten various imported tamarind fruit candies purchased 
routinely by his family in Mexico. High lead levels were found in one of the three brands 
of imported candies the child had eaten. A Dulmex-brand Bolirindo lollipop had levels 
of 404 ppm (.04%) in the stick and 21,000 ppm (2.1%) of lead in the wrapper.

Lead Poisoning Case Study #4
In August 2000, a four year-old Hispanic boy named Daniel was identified through 
routine screening. Daniel, a resident of Los Angeles County, California had a blood 
lead level of 22 µg/dL. When the child was tested at age 1, he had an acceptable BLL 
of 5 µg/dL. Daniel was born in the United States and had not traveled to Mexico. 

Folk Remedies: Daniel’s family reported that they do not use folk remedies.

Pottery: Daniel’s family said that they do not use imported pottery.

Home Environment: An environmental investigation of their apartment, which was 
built in 1986, did not reveal high lead levels. 

Mexican Candies: Family members reported that Daniel had been eating Mexican 
candies regularly for 3 years. A Dulmex-brand Bolirindo lollipop found in the home had 
levels of 404 ppm (.04%) in the stick and 21,000 ppm (2.1%) of lead in the wrapper.
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Lead Poisoning Case Study #5
In June 2000, a two year-old Hispanic girl named Marie was brought to see a doctor. 
The physician recognized the symptoms of lead poisoning and tested her blood lead 
level. Marie, a resident of Walla Walla, Washington, had a blood lead level of 124 
µg/dL. This was the highest blood lead level seen in the State in seven years. Marie’s 
family had recently moved to Washington from Mexico.

Folk Remedies: Marie’s family told her physician that they had given her greta, a 
traditional Mexican folk remedy as a treatment for stomachaches. The state public 
health laboratory tested a sample of the remedy and found that it contained nearly 
80% lead. The family had purchased the medicine in Mexico and brought it with them 
to Washington State.

Pottery: It is not known if Marie’s family used imported pottery.

Home Environment: An environmental investigation of their apartment did not reveal 
high lead levels. 

Mexican Candies: It is not known if Marie ate imported candies.

Case studies adapted from: “Childhood Lead Poisoning Associated with Tamarind Candy and Folk Remedies: 
California, 1999-2000” and Washington State Department of Health News Release, “State Department of 
Health Warns About Dangerous Mexican Folk Remedies,” (June 15, 2000).



Case Study 
Cards
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Activity #1 – Lead Dust Cleanup

Older homes and apartments that were built before 1978 may have lead-based paint 
in them. As this paint ages, it may chip or flake. Also, the paint might be rubbed off 
as dust in areas where the surface rubs against another surface, such as a door jam 
or a window track. This lead-contaminated dust can collect on countertops, along 
windowsills, in carpets and on floors. Families with young children need to be especially 
careful to regularly clean their homes to make sure that children do not ingest dust 
that gets on their toys or their hands. However, common cleaning techniques, like 
sweeping with a broom or dusting with a feather duster, can actually make the problem 
worse by scattering the dust into the air where it can be inhaled. The United States 
Environmental Protection Agency recommends a three-bucket cleaning method for 
cleaning areas with lead contaminated dust.

You can use an all-purpose cleaner for cleaning up lead dust, or there are special 
detergents with high phosphate contents designed specifically for cleaning up lead dust.

In this activity, you will compare the effectiveness and safety of cleaning up lead 
contaminated dust from a household surface using three different methods. For safety 
purposes, you will be using either flour, cornstarch or baby powder to represent dust 
that is contaminated with lead. Make sure to wear rubber gloves during your 
investigation in order to demonstrate proper safety techniques.

Investigation 
Procedure

Do the Following:

1.  First, sprinkle a fine layer of “dust” on a horizontal surface, such as a lab table 
or desk top.

2.  You will be using three different cleaning techniques and comparing them on 
levels of effectiveness and safety. Make a prediction about the effectiveness 
and safety of each cleaning method on your data chart.

3.  One person in your group should clean up the dust using a hand whisk broom or 
duster. Observe how well the dust is cleaned up and how much dust is scattered 
into the air and onto other surfaces. Write your observation on your data chart. 
If needed, scatter more dust for the next investigation.

4.  Now, one person in your group should use the spray bottle to mist water over the 
dust. Then, try sweeping the dust. Write your observations on your data chart. If 
needed, scatter more dust for the next investigation.

5.  This time, you will use a three-bucket cleaning technique. Fill one bucket with 
water and a small squirt of dish soap. Fill the second bucket with plain water. 
Leave the third bucket empty so that you can squeeze dirty water from a rag or 
sponge into it. Clean up the dust using the following procedure:

FOUR LEAD AWARENESS 
ACTIVITIES
Student Handout #1 Student Handout
Name
Date
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Dry Sweeping or 
Dusting

Wet Sweeping or 
Dusting

Three-Bucket 
System

Prediction:
Effectiveness

Prediction: 
Safety

Observation: 
Effectiveness

Observation: 
Safety

Data Chart

• Wet a clean rag or sponge with the cleaning mixture in Bucket 1.
• Wipe the dusty surface with the damp rag or sponge.
• Rinse the rag or sponge in the plain water in Bucket 2.
• Squeeze extra water out of the rag or sponge into the empty Bucket 3.
• Continue this process until the entire surface is clean.

1.  Which cleaning method seemed to be the most effective at cleaning the dust? 

2.  Which cleaning method seemed to be the safest when cleaning up lead 
contaminated dust?

3.  What are the possible routes of exposure that lead can get into the body when 
someone is cleaning up an area with lead contaminated dust?

4.  What should be done with cleaning rags or sponges after they have been used 
to clean up lead contaminated dust?
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FOUR LEAD AWARENESS 
ACTIVITIES
Student Handout #2

Investigation 
Procedure

Activity #2 – Lead Underfoot

Although lead can occur naturally in soil, there are sources that can increase lead soil 
concentrations. Dust from the flaking and chipping of deteriorated lead-based paint is 
often found in soil around older homes. Smelters and agricultural pesticides are other 
common lead sources. Smelters and pesticides can also put other toxic elements like 
arsenic into the environment. Historically lead was put into gasoline, and then vehicles 
emitted lead into the air, which quickly settled into soil. Although lead is no longer in 
gasoline, it will always be in the soils in which it settled, especially along highways.

The U.S. Environmental Protection Agency has set limit for lead in soils at 400 ppm 
(parts per million). This level is currently regarded as “safe” under normal exposure, like 
walking around. However, children are more susceptible because they play in the dirt, 
which they breathe in and ingest by putting their fingers in their mouth before washing 
them. The New Mexico Department of Health has records of children with high blood 
lead levels from ingesting soils containing as low as 100 ppm of lead in the soil.

First, read the handout entitled Soil Safety Guidelines to Reduce Your Risk from 
Contaminated Soil. Then, conduct the following investigation to learn about how 
much soil can be tracked into a home. You will also use a simple lead swab test kit 
to learn how to test for the presence of lead. It is important to note that the lead swab 
test kit only tells you whether or not lead is present in the soil. It does not provide 
any information about the amount of lead in the soil. Remember that lead can occur 
naturally in soil.

Arsenic:
A naturally occurring chemical 
element that is toxic to human 

health. At one time, it was used 
as in ingredient in lead arsenate 

pesticides applied to orchards. 
Arsenic can be emitted as a 

by-product of copper smelting. Its 
chemical symbol is “Ar”.

Do the following:

1.  First, weigh the clean fabric mat to determine its weight. Record this information 
on your data chart.

2.  With your teacher’s permission, one person from your group should go outside 
and walk around in areas where the soil is exposed. Before this person comes 
back inside the building, have them carefully wipe their feet on the fabric mat 
until their shoes are relatively clean.

3.  Record some observations about the condition of the soil outside and about how 
you collected the soil. Some observations you might want to include: How wet 
was the soil? Has it rained recently? How long and how far did the person walk 
while collecting soil on their shoes? What kind of tread was on their shoes? Also 
make some observations about the soil collected on the fabric mat. 

4.  Then, re-weigh the mat and calculate the weight of the soil that has been 
collected on it.

5.  Use the lead swab test kit to test a small sample of soil taken from the fabric mat. 
Carefully follow the directions that came with the test kit for testing soil samples. 
Record your findings on the data chart.

Student Handout

Parts per Million (ppm):
A measurement of the amount 

of a substance within a solution. 
Represents a dilution of  

1/1,000,000.

Smelter:
An industrial process of using high 

temperatures to melt (or “smelt”) 
a metal from an ore. Smelting 

processes often release hazardous  
substances into the air.
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Data Chart
Weight of Clean Mat:

Weight of Mat with Soil:

Total Weight of Collected Soil: 

Observations 
of Outside Soil 
Conditions 
and How Soil 
was Collected

Observations 
of Soil 
Collected on 
Mat

Results of 
Lead Swab 
Test

1.  How would your results differ if the outside soil had been muddier or drier?

2.  Do you think that you would get different results if you tried shoes with different 
kinds of treads on the soles? How would the results differ?

3.  List three things that people can do to protect themselves from lead contaminated 
soil.
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FOUR LEAD AWARENESS 
ACTIVITIES
Student Handout #3

Activity #3 – Effective Handwashing

One common way that young children become exposed to lead is by getting dust from 
lead paint on their hands or toys. Young children naturally put their hands and toys in 
their mouths, which causes them to ingest the lead dust. Also, children might come in 
contact with lead contaminated soil when playing outside. It is important for children to 
learn to properly wash their hands before eating or drinking and after playing outside.

You are challenged to design an experiment to determine the best hand washing 
method. You will use a product called Glo Germ Gel to represent lead dust. This product 
glows when held underneath a UV light. This product only represents lead dust; it does 
not contain any lead. In real life, you cannot see or smell lead in dust.

Investigation 
ProcedureDo the following:

1.  First, decide on four different hand washing methods. The methods may use 
soap or no soap, cold water or warm water, and differing amounts of time spent 
washing. You can also use antibacterial hand gel. Describe each of your four 
hand washing methods on the data sheet. 

2.  Then, come up with a hypothesis for how well each method will work. Record 
what percentage of the hands you think will still remain dirty after using each 
method.

3.  Next, have one person in your group place a quarter-sized amount of Glo Germ 
Gel™ in their hand and rub it all around. The Glo Germ is safe but is being used 
to represent lead-contaminated dust. Now, proceed to try out your first hand 
washing method. One person should keep track of the amount of time spent on 
hand washing on the data sheet. 

4.  When you have finished washing, hold your hands under the UV light. If there is 
any “lead” (Glo Germ) still remaining on your hands, it will glow brightly. Record 
on your data sheet an estimate of the percentage of your hands that are still 
dirty.  You might also want to trace your hand print on another piece of paper 
and draw where there was lead remaining. Also record any observations.

5.  When you are finished, make sure to wash your hands well until no “lead” dust 
remains (check with UV light) and dry them before starting your next trial.

6.  Repeat this process for each trial, beginning with clean hands and using the 
same amount of gel each time.

Student Handout
Name
Date
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Data Chart

Trial Hand Washing 
Method

Time 
(seconds)

Prediction:
% of Hand 
Still Dirty

Actual 
Result:   % 
of Hand 
Still Dirty

Observations

#1

#2

#3

#4

1. Which hand washing method was the most effective? What percentage of the 
hands were still dirty after using this method?

2.  Explain how you would teach a young child to wash their hands using this 
method.
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FOUR LEAD AWARENESS 
ACTIVITIES
Student Handout #4

Activity #4 – Pollution Dilution Investigation

The U.S. Environmental Protection Agency (EPA) sets the action level for lead in 
drinking water using the measurement parts per billion (ppb). What exactly is parts 
per billion? In the following activity, you will use food coloring to represent a small 
amount of lead in a drinking water supply.

In the world of water quality testing, a pollutant is measured in parts per million (ppm) 
or parts per billion (ppb) – but what do these measurements really mean? In this 
activity, you will use food coloring to represent lead in drinking water, which in real life 
cannot be seen. At what point does the color disappear? Does this mean the pollutant 
is gone? Is any level of lead acceptable in your drinking water? 

Before conducting the dilution activity, read the EPA Consumer Fact Sheet on Lead 
given to you by your teacher. Answer the following questions about the reading:

1. What is the Maximum Contaminant Level Goal (MCLG) for lead in drinking water 
and how is this level set?  

2. What is the Action Level for lead in drinking water? How are public water supplies 
monitored for lead? 

3. What are two ways that lead might get in drinking water? 

U.S. Environmental  
Protection Agency:

Established in 1970, this 
government agency protects 

human health by safeguarding the 
air, water and land upon  

which life depends.

Now you are ready to begin your investigation activity. The dilution of the lead 
(represented by food coloring) is shown on the data chart, assuming that the food 
coloring begins with a dilution of dye-to-water of 1/10. Do the following:

1. Line up 8 plastic spoons in a row and fill the plastic cup with water. Using an 
eyedropper, place 9 drops of water into each of the spoons. 

2. Add one drop of food coloring (dark colors work best) to the spoon on the far left 
(spoon #1). 

3. On the data chart, in the column labelled “prediction,” record your prediction of 
how much lead will be in each spoon at the different concentrations. To do this, 
use a colored pencil to carefully shade the ovals representing each spoon. Do 
you think that the lead will disappear at some point? If so, by which spoon will it 
seem to disappear?

Investigation 
Procedure

Student Handout

Parts per Million (ppm):
A measurement of the amount 

of a substance within a solution. 
Represents a dilution  

of 1/1,000,000.

Parts per Billion (ppb):
Represents a dilution of  

1/1,000,000,000.
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Date
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Data Chart
Spoon Dilution Prediction of 

Appearance
Actual 
Appearance

#1 1/100

#2 1/1,000

#3 1/10,000

#4 1/100,000

#5 1/1,000,000  (1 ppm)

#6 1/10,000,000

#7 1/100,000,000

#8 1/1,000,000,000  (1 ppb)

1. At what point did the food coloring seem to disappear?

2. Even if you cannot see the food coloring in some of the spoons, does this mean 
that there is no longer any “lead” in the water? Explain your answer.

3. Lead often gets into drinking water when the water sits in lead pipes overnight. If 
the water is acidic, the lead in the pipes might corrode into the water. One way you 
can protect yourself from lead in drinking water is to flush your water before using 
it for drinking or cooking, especially if the water has been sitting in the pipes for six 
or more hours. All you have to do is flush the water until it runs cold, approximately 
15-30 seconds. What is one way that you can teach your family how to flush their 
drinking water?

Corrode:
To weaken or destroy, usually 
slowly, as the result of a chemical 
reaction.

4. Then, use the eyedropper to pick up some water from spoon #1. Carefully add 
ONE drop to spoon #2. Then, empty the remaining water in the eyedropper back 
into spoon #1. Rinse out the eyedropper in the cup of water. Next, take one drop 
from Spoon #2 and add it to Spoon #3, and so on down the line of spoons, following 
the same procedure: pick up, one drop, empty, rinse. 

5. Record on your data sheet the amount of lead in each spoon using a colored pencil 
to carefully shade the oval representing each spoon.
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A Biography of Beethoven
Ludwig van Beethoven was a famous classical music composer who was considered 
a child genius. Born in 1770 in Bonn, Germany, he began performing publicly at the 
age of six and left school when he was thirteen to begin touring full-time. He went on 
to compose many famous works that are still widely performed today, including his 
Symphony No. 9, Fur Elise and Moonlight Sonata. Beethoven’s compositions were 
passionate, dramatic and full of emotion. While his music has withstood time, he wasn’t 
always accepted by his peers.

While Beethoven’s beautiful music seems to rise above the drudgery of daily life, 
he suffered greatly from physical illness and depression. Though only a teenager at 
the time, he took on the guardianship of his two younger brothers due to his father’s 
alcoholism. Beethoven traveled to Vienna to study with Hayden and Bach, two other 
well known classical musicians. While in Vienna, Beethoven took on a paid position as 
a court musician to support his family back home in Bonn.

Unlucky in Love
Beethoven never married, but was often falling in and out of love. While he often fell 
deeply in love, the women rarely felt the same way, causing him much pain. His famous 
Moonlight Sonata is said to have been written as he sat at his piano one evening, 
bathed in moonlight, after his marriage proposal to Countess Giulietta had been turned 
down. Beethoven was a frail, sickly man, and his moodiness and violent temper often 
frightened away the women he loved. 

Although single, Beethoven did assume the guardianship of his nine-year-old nephew, 
Karl, when his brother Casper Carl died. Although the boy’s mother was still alive, 
Beethoven thought her to be unfit, and underwent a costly legal battle for custody of his 
nephew. Unfortunately, Beethoven did not make the best parent, and the two frequently 
fought. When Karl attempted suicide in 1826, Beethoven was greatly saddened to 
discover that his volatile relationship with Karl contributed to Karl’s unhappiness.

A Lifetime of Illness
It was well known by Beethoven’s friends that as time wore on, his anti-social behavior and 
depression deepened. Beethoven began noticing trouble with his hearing and by 1818 he 
was virtually deaf at age forty-eight. However, he tried to keep his hearing loss a secret at 
first. In an unsent letter written to his brothers in 1802, considered to be a confession of his 
secret deafness, Beethoven explained his self-imposed seclusion, 

“From childhood on, my heart and soul were full of the tender feeling 
of goodwill, and I was always inclined to accomplish great deeds. But 
just think, for six years now I have had an incurable condition...Though 
born with a fiery, lively temperament, susceptible to the diversions of 
society, I soon had to withdraw myself, to spend my life alone. And yet 
if I wished at times to ignore all this, oh how harshly was I pushed back 
by the doubly sad experience of my bad hearing...” 

Composer:
A person who writes music.

BEETHOVEN’S HAIR
Student Handout #1
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Beethoven made his last public performance in 1814, although he continued to compose 
right up until his death. As Beethoven’s hearing worsened, he relied on “conversation 
notebooks,” within which his guests wrote down their questions or thoughts for the deaf 
composer.

Beethoven suffered greatly from a number of physical ailments, which grew worse up 
until his painful death in 1827 at age fifty-six. It seemed that just when he recovered 
from one illness, another more painful sickness took over. Beginning in his early 
twenties, Beethoven was plagued with severe abdominal pain, gastrointestinal distress, 
persistent headaches, infections, pneumonia, bronchitis, jaundice and depression. He 
saw over thirty doctors in hope of finding relief from his constant illness. In a letter 
written to his brothers Carl and Johann in 1802, yet never mailed, Beethoven pleaded, 
“...as soon as I am dead, if Dr. Schmidt is still alive, ask him in my name to describe my 
disease, and attach this written document to his account of my illness, so that at least 
as much as possible the world may be reconciled to me after my death...” 

Beethoven received over 75 different medications during the months leading up to his 
death, however it is important to note that he refused morphine, a common pain killer 
at the time. Although he was in great pain from his illness, it appears that Beethoven 
preferred to keep his mind clear and unclouded by mind-altering drugs so that he 
could continue composing rather than numb his pain and be without an outlet for his 
creativity.

Heavy Metal Musician

Beethoven died after spending more than four painful months bedridden by a variety 
of illnesses. His actual death was caused 
by failure of his liver. Upon his death, 
many friends, and even some strangers, 
cut locks of Beethoven’s hair to keep as 
mementos of the great composer. This was 
fashionable at the time, since photographs, 
which help people remember their loved 
ones, had not yet been invented. So many 
people took locks of hair that by the time 
Beethoven was buried, his head was 
almost completely bald. Tens of thousands 
of people witnessed Beethoven’s funeral 
procession in 1827.

In 1994, a lock of Beethoven’s hair — cut 
from his head the day after his death by a 
fifteen-year-old musician — was offered 
for sale by Sotheby’s auction house and 
purchased by a small group of Beethoven 
enthusiasts from America for $7,300. 
A portion of the hair underwent intense 
scientific experiments revealing a startling 
finding. Beethoven’s hair showed extremely 
high levels of the heavy metal lead, finally offering a possible explanation for some of 
his chronic illnesses and strange behavioral traits. Many of Beethoven’s complaints are 
consistent with chronic plumbism. Common symptoms of plumbism include severe 
gastrointestinal distress, jaundice, gout, headaches, irritability and erratic behavior. It is 
even remotely possible that Beethoven’s deafness was also caused by lead poisoning, 

Ludwig van Beethoven, 1770–1827

Plumbism:
Lead poisoning.

Jaundice:
A condition in which there is 
yellowing of the whites of the eyes, 
skin, and mucous membranes, 
caused by bile pigments in the 
blood. It is a symptom of liver 
disease or of a blocked bile duct.
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but it is thought his deafness may have been caused by another disease, or from the 
frequent thrashings his father gave him as a child, which included boxing his ears.

While we will never know for sure how Beethoven came in contact with lead, it is 
possible that he was exposed by eating food that was prepared in lead cooking pots 
and served on earthenware plates with leaden glazes. He might also have been 
exposed to lead by drinking ever increasing amounts of wine, which at that time was 
often “plumbed,” or treated with lead to sweeten bitter or sour flavors.
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Beethoven’s Hair: A Historical Narrative
(Inspired by the book Beethoven’s Hair by Russell Martin)

A Rare Encounter
The story of Beethoven’s hair begins in the spring of 1827. Johann Hummel, a well-
known German musician, heard that his esteemed friend, Ludwig van Beethoven was 
dying. Hummel and his wife, along with a fifteen-year-old musician named Ferdinand 
Hiller, traveled to Vienna, Austria to see Beethoven. Ferdinand was a young musician 
whose talent had received much attention. As was common in that time, Hiller was living 
with Hummel and his wife in order to receive instruction in piano and composition.

When they arrived in Vienna, Beethoven had already been bedridden for four miserable 
months by a variety of illnesses. His doctors tried every treatment they knew, including 
prescribing over 75 different medications, but Beethoven only grew weaker. Beethoven 
was also completely deaf and relied on “conversation notebooks,” in which his guests 
wrote down their side of the conversation for the deaf composer.

Over the next two weeks, Hummel and Hiller visited Beethoven four times. Hiller later 
wrote this description of their first encounter,

“Through a spacious anteroom in which high cabinets were piled with 
thick, tied-up parcels of music, we reached — how my heart beat! 
— Beethoven’s living room, and were not a little astonished to find 
the master sitting in apparent comfort at the window. He wore a long, 
gray sleeping-robe and high boots reaching his knees. Emaciated 
by long and severe illness, he seemed to me, when he arose, of tall 
stature; he was unshaven, his thick, half-gray hair fell in disorder over 
his temples.”

When Hummel and Hiller heard that Beethoven had died, they hurried back to his home. 
Now, Beethoven lay in a coffin with a white crown of roses on his head. At the time, 
it was common for people to cut a lock of hair from a deceased person to remember 
them by. Young Hiller asked permission from his tutor to cut a lock of Beethoven’s hair. 
By the time Beethoven was buried, so many people had cut locks from his head, that 
he was almost completely bald. Shortly afterwards, Hiller had a locket made for the 
hair. The wooden locket held the precious lock of hair between two plates of glass.

Source: Martin, R. (2000). Beethoven’s Hair. Broadway Books, NY.

BEETHOVEN’S HAIR
Student Handout #2

Check Your Understanding
1. Why did Ferdinand Hiller go to visit Beethoven?

2. How did Beethoven, who was completely deaf, communicate with his 
visitors? 
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A Well Traveled Lock

While Beethoven had not traveled much in his lifetime, Hiller enjoyed constantly changing 
his surroundings as a young adult. In Hiller’s possession, the lock of Beethoven’s hair 
traveled extensively through Europe, including Germany, France, and Italy.

In May of 1883, Ferdinand Hiller began 
preparing for his own death. He chose 
to pass the lock of hair onto his son, 
Paul Hiller, as a 30th birthday present. 
Ferdinand had safeguarded the locket 
for 56 years and now left it in the hands 
of his son.

In 1911, when Paul Hiller was 58 years 
old, he asked an art dealer in Cologne, 
Germany to refurbish the locket that 
had held Beethoven’s hair for the last 
84 years. Paul wrote an inscription on a 
piece of paper and pasted it onto the back 
of the locket. The inscription read, “This 
hair was cut off of Beethoven’s corpse by 
my father, Dr. Ferdinand v. Hiller on the 
day after Ludwig van Beethoven’s death, 
that is on 27 March 1827, and was given 
to me as a birthday present in Cologne 
on May 1, 1883.”

Paul Hiller died at age 81 in 1934, survived by his wife Sophie and three sons. For the 
next nine years, there remains no historical account of the lock of Beethoven’s hair. 
Some people believe that Hiller may have donated the locket to a local museum, while 
others suspect that he may have given it to one of his sons. The most mysterious part 
of the story is where and when Beethoven’s hair next appears in history.

Check Your Understanding
1. How did the lock of hair come into Paul Hiller’s possession? 

2. What happened to Beethoven’s hair after Paul Hiller died? 

Midnight in a Dark Church Loft

During World War II, the German Nazis, under Adolf Hitler’s command, swept across 
Europe, invading neighboring countries and engaging in battles with Allied troops. 
Jewish citizens were forced to flee their homes to seek refuge in sympathetic nations. 
Many of those who couldn’t flee were captured by the Gestapo, the Nazi’s secret police 
troops, and sent to concentration camps. In Germany and Austria, many Jews flee to 

Nazis:
During WWII, Germany was
under the control of Adolph Hitler 
and his Nazi party. The Nazis 
took control of many neighboring 
countries before being defeated by 
Allied forces (including the 
United States).

The locket containing Beethoven’s hair
(Reproduced with permission of the 

Ira F. Brilliant Center for Beethoven Studies, 
San Jose State University)
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Concentration Camps:
Camps in Europe where people, 
mostly of Jewish ancestry, were 

sent during WWII under the 
orders of Adolph Hitler. Many 

of those sent to concentration 
camps were tortured and killed.

Refugee:
A person who flees to a foreign 

country to avoid persecution 
or danger.

Check Your Understanding
1. Why did Jewish refugees suddenly arrive in Gilleleje in 1943? 

2. How did Danish Jews fare in the concentration camps, compared to other 
Jews? Why?  

Denmark in hopes of escaping the terror of the Nazis.

In April 1940, Denmark falls under the control of Germany. Many Jews attempt to flee 
to Sweden in hopes of escaping the concentration camps. And so our story takes us to 
Gilleleje, a small fishing port in Denmark, in the chilly month of October 1943.

Word was leaked that the Gestapo were about to descend on Denmark, so Danish 
citizens across the country mobilized to protect their Jewish neighbors. Hospitals sent 
out their ambulances to pick up Jews with no place to hide, registering them as patients 
with changed last names to conceal their identities. Trains and buses were packed 
with Jews traveling throughout the night to small port towns, where fishing boats would 
transport them to the safety of Sweden.

On October 6, 1943, hundreds of Jews arrived by train in the small town of Gilleleje. 
The townspeople agreed it was their duty to help these troubled refugees, and hide 
them in their homes, attics, and the town church. The townspeople crafted a plan, 
convincing the captain of a large fishing vessel to allow passage for several hundred 
Jews across the channel to Sweden. However, while the ship was being boarded, a 
mass panic was caused when someone mistakenly heard a shout, “the Gestapo are 
here!” The ship set sail with only a handful of Jews onboard, leaving many refugees 
stranded on the shore. The townspeople hid the Jews in the loft of the church that 
night, planning to make another attempt the next day. And it is here, in the frigid, pitch-
black church that the locket of Beethoven’s hair mysteriously reappears.

Shortly before midnight, the town’s physician, Dr. Kay Fremming, was called to the 
church to attend to an ill refugee. Later, he said that he had been given something 
special as a gift that night. Unfortunately, at midnight, the Gestapo descended on the 
church, arresting 120 Jews. Ultimately, most of them were sent to a concentration 
camp called Theresienstadt in Czechoslovakia. Due to unrelenting pressure from the 
Danish government, most of the Danish Jews were not transferred to the Nazi death 
camps, and were later released. Upon returning home, they were welcomed by their 
Danish neighbors, who had tended their homes and gardens in their absence.
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Into the Hands of an Orphan

Sometime during that chaotic night, a stranger gave Dr. Fremming the locket of hair, 
perhaps as repayment for helping the Jewish refugees. But no one knows how the locket 
made its way to the small fishing village. Some believe that Paul Hiller had donated 
the locket to a museum, but that it was later stolen out of fear that it would come under 
control of the Nazis. Perhaps, in the fear of the night spent in the church loft, someone 
chose to leave it with a sympathetic doctor, hoping it would be safeguarded.

After WWII ended, a group of thirty French war orphans arrived in Denmark for adoption. 
A six-year-old girl named Michèle de Rybel arrived in Gilleleje and was adopted by a 
county administrator and his wife. Michèle felt that her adoptive parents were cruel, 
so one day, she planted herself on the front steps of Dr. Kay and Marta Fremming’s 
house and asked them if she could be their daughter. Surprisingly, the childless couple 
agreed.

Dr. Kay Fremming died in 1969 at age 64. Upon his death, Marta showed Michèle the 
precious locket of Beethoven’s hair, which Kay had kept secretly stashed in his desk 
drawer. Marta later gave the locket to Michèle in the late 1970s. Michèle was very 
attached to the locket, a reminder of her adoptive father.

In 1994, Michèle and her son Thomas were having some financial troubles and 
considered selling the locket. They inquired with Sotheby’s, one of the largest auction 
houses in the world and decided to put it up for sale in December. 

Check Your Understanding
1. Who gave Dr. Fremming the locket? Why?  

2. How did Michèle come to be adopted by Kay and Marta Fremming?

3. What did Michèle and her son decide to do with the locket? Would you have 
made the same decision? Explain.  

Two Americans and a Forensics Discovery

When Beethoven enthusiast Ira Brilliant spotted the listing in the Sotheby catalog in 
1994, he could barely believe it. Brilliant collected first edition Beethoven compositions 
and other relics, but the wooden locket caught his attention. He called his friend and 
fellow Beethoven enthusiast Dr. Alfredo “Che” Guevera, and together with a small 
group of investors, they pooled together enough money to buy the hair. The locket sold 
for $7,300, and soon it arrived in a package mailed to Brilliant’s home.
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Brilliant and Guevera decide to open the locket and submit a sample of hair for scientific 
testing, with hopes of gaining some insight into Beethoven’s life and his countless 
illnesses. On December 12, 1995, the locket was opened by Dr. Guevera in front of 
an anxious crowd at the University of Arizona Medical Center. As the surgeon used 
a scalpel to break the seal between the glass plates, he remarked, “Wow, could you 
hear that? I heard a rush of air like a vacuum when I started to separate the glass.” 
For the first time in at least eight decades, the lock of Beethoven’s hair was exposed. 
Among the lock of brown and gray hairs, there were 582 total hair strands. The hair was 
divided, with most of it being returned to the locket and given to the Ira F. Brilliant Center 
for Beethoven Studies at San Jose State University. The remaining hair was given to 
Guevera, who curled it into a petri dish and locked it in his office safe, happy to go about 
his daily work knowing a piece of his mentor, Beethoven, remained so close.

In May 1996, Guevera sent 20 hairs from his bundle to Los Angeles for drug analysis 
and then off to Illinois for further scientific analysis. After several years of careful testing 
by some of the world’s top hair analysts and forensic chemists, an exciting discovery 
was announced in the year 2000. Beethoven’s hair showed elevated levels of lead. 
His hair had forty-times the lead average that was contained in control hairs that were 
tested (hair samples taken from living people). Another separate test showed lead 
levels that were 100 times the lead levels found in control hairs!

Hair analysis only provides information on recent 
exposure to lead. The hair samples from Beethoven 
help tell the story of the last few months of his life. 
The results from the hair analysis suggest that 
Beethoven was suffering from lead poisoning at 
the time of his death. But what does this tell us 
about the illnesses that plagued Beethoven for 
most of his adult life? Unfortunately, it doesn’t tell 
us anything for certain. The scientists who did the 
hair analysis suggested that since Beethoven was 
sick for so much of his life, it is possible that lead 
poisoning was the cause of his various illnesses. 
They believe that his illnesses were similar to the 
common symptoms of lead poisoning, such as 
severe stomachaches, jaundice, gout, headaches, 
irritability and moodiness.

Hair analysis only tells us for sure about Beethoven’s exposure to lead during the 
months leading up to his death. The only way to determine Beethoven’s exposure to 
lead over his lifetime would be to test a sample of his bone for the presence of lead. 
Since lead acts like calcium, the body stores lead in bones. A special x-ray of a piece of 
bone could determine the amount of lead that was stored in Beethoven’s body over his 
lifetime. Fortunately, one of the scientists working on this project has announced plans 
to study some skull fragments that were stored after Beethoven’s body was exhumed 
in the mid-1800s. This would give us more information about long-term lead exposure 
and the effects it might have had on Beethoven’s health.

Over 170 years after Beethoven’s death, his illness remains a mystery. Although some 
people believe that Beethoven’s lengthy illness was due to lead poisoning, we do 
not know for sure. Perhaps future testing of Beethoven relics will solve this historical, 
scientific mystery once and for all!

Forensic:
A type of scientific analysis used 
to examine evidence, often from 

a deceased person, to solve a 
crime or a mystery.

Lead acts like calcium in the body 
and is stored in bones. Special x-
rays of bones can help determine 

how much lead a person was 
exposed to during their lifetime.
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Now that you have read about Beethoven’s hair, it’s time to try your hand at some 
creative writing. Writers of historical fiction combine historical facts (people, places, 
events) with fictional, or made-up, elements. In this activity, you will choose a time 
period mentioned in the narrative of Beethoven’s hair and create a short historical 
fiction story.

Choose a distinct time period described in the narrative above. For the period you 
have chosen, write a creative story set at that moment in history. You can write from 
the point of view of a real character mentioned in the narrative (Beethhoven, Ferdinand 
Hiller, Michèle de Rybel, etc.), or a character from your imagination. It doesn’t have to 
be a person. The story could be told through the eyes of a bird perched in the rafters of 
the church of Gilleleje. Your story should include at least one reference to Beethoven’s 
lock of hair. To make your story more believable, you should conduct some research 
on the art, music, and culture of the time period you have chosen and incorporate that 
research into your writing.

Creative Writing 
Activity

Check Your Understanding
1. What scientific discovery was made about Beethoven by testing his hair?

2. What test is needed to determine Beethoven’s exposure to lead over his 
lifetime?  

Timeline Activity
The story of Beethoven’s hair is an exciting scientific mystery that covers over 170 
years of history. In this activity, you will create a timeline that plots important dates and 
events from the story. Use colored pencils or pens to create a colorful and informative 
timeline that plots the events in chronological order. Be sure to include the date and 
location for each event. Your timeline should begin with the year Beethoven died and 
end with the year that the forensic test results were announced. Include the following 
events in your timeline (they are not listed in chronological order):

• The locket is opened and the hairs are counted 
• A Jewish refugee gives the locket to Dr. Fremming in a church loft 
• Ferdinand Hiller cuts a lock of Beethoven’s hair after his death
• Paul Hiller has the locket refurbished and adds an inscription
• Scientists announce results of forensic tests on the hair
• After Paul Hiller dies, there is no record of the locket for 9 years 
• Ferdinand Hiller gives the locket to his son, Paul, as a birthday gift 
• Ira Billiant, Dr. Guevara, and a group of investors buy the locket
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Biographical Sketches of Charles Dickens and Jack London

The Life of Charles Dickens

Charles John Huffham Dickens was born on February 7, 1812 in England. In 1814, his 
family moved to London and later to Chatham, England.

At age 12, he was sent to work at Warren’s Blacking Factory, a shoe dye warehouse, 
when his father was imprisoned for debt. This was one of the worst times in Dickens’ 
life, and he rarely spoke of it. However, his experiences in the factory influenced his 
later writings about working class Londoners. Dickens briefly returned to school for 
three years, but at age 15 was forced to work to help support the family. He worked as 
a clerk for a law office and then became a court reporter.

In 1833, Dickens began contributing essays and 
short stories to magazines and quickly acquired a 
large following. Dickens had a busy writing career, 
including publishing well known works such as: 
A Christmas Carol (1843), David Copperfield 
(1850), Hard Times (1854), A Tale of Two Cities 
(1859) and Great Expectations (1861).

In 1836, Dickens married Catherine Hogarth. 
The couple had ten children over the next 16 
years. While they were happy in the early years 
of their marriage, Catherine quickly became 
overwhelmed with the pressures of being the 
wife of a famous writer and the responsibility 
of caring for ten young children. Charles also 
became discontent in the marriage. Catherine 
and Charles were legally separated in 1858. 

In 1865, Dickens survived a frightening train accident on a return trip from Paris. The 
train jumped a 42 foot long gap in the tracks over a bridge. All but one first-class coach, 
the one carrying Dickens, fell into the ravine below. As the train was being evacuated, 
Dickens remembered something he had left behind. He climbed back into the wrecked 
train to retrieve the manuscript for Our Mutual Friend, the novel he was writing at the 
time.

Through his writings and lectures, Dickens addressed important social issues such 
as education reform, public health improvements, and workers’ rights. His book, The 
Uncommercial Traveller, was a work of journalism based on his experiences traveling 
through the neighborhoods of East London. In two chapters of the book, he focused on 
the white lead mills in London that employed mostly poor, young women. 

Dickens died in 1870 at age 58. 

Charles Dickens, 1812-1870

EIGHTEEN PENCE A DAY
Student Handout #1

Uncommercial Traveller:
Dickens uses this nickname for 

himself. In this book, he observes 
and reports on the everyday lives 

of the working class of  
East London.

Public Health:
The science of protecting 

community health by preventing 
illness, controlling disease, and 
educating people about how to 

lead healthier lives.

White Lead:
A white pigment that contains 

lead, marketed as a powder or 
paste and used as an  

exterior paint.
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Jack London, 1876-1916

The Life of Jack London

John Griffith London was born in 1876 in San 
Francisco, California to an unmarried woman named 
Flora Wellman who came from a wealthy family. His 
mother was ill, so London was mostly raised by an ex-
slave named Virginia Prentiss. Jack’s mother married 
John London and the family later settled in Oakland, 
California.

London took on the name “Jack” as a teenager. He 
worked in a variety of odd jobs as a young man, 
including pirating oysters, being a member of a “fish 
patrol” to catch poachers, and sailing on a sealing 
ship. He even travelled around the country as a 
hobo.

In 1900, London married Bess Madden. The couple 
had two daughters. Bess and Jack later divorced, and 
Jack remarried in 1905.

London was a prolific writer, producing over fifty 
volumes of stories, novels and essays. He considered 
himself to be a socialist and argued in support of 
women’s suffrage and prohibition. His novel, The 
People of the Abyss (1903), described the underworld 
of London and was a critique of capitalism and poverty. 
London traveled extensively, including a winter spent 
in the Yukon and a trip by small boat to Hawaii.

London’s well known books include: The Call of the 
Wild (1903), The Sea-Wolf (1904) and White Fang 
(1906). He was one of the first writers to work with 
the film industry; many of his novels were made into 
major motion pictures.

Jack London died in 1916 at age 40 from kidney failure.

Prolific:
Producing an abundance of fruit, 
work, or results.

Socialist:
Belonging to the socialist party, 
which believed that the means of 
producing and distributing goods 
should be owned collectively or by 
a centralized government.

Women’s Suffrage:
A movement to give women the 
right to vote. American women 
were finally granted the right to 
vote in 1893.

Prohibition:
The period 1920-33, during which 
alcoholic beverages were illegal in 
the United States.

Venn Diagram Activity A Venn diagram is a great way to record information when reading about two subjects 
that share some similarities. On a separate piece of paper, draw two large circles that 
slightly overlap. Label one circle “Charles Dickens” and the other one “Jack London.” 
After you have read the two biographical sketches about Dickens and London, record 
information about the two writers on your Venn diagram. Place information that is 
unique to only one of the writers in his circle. An example of something that is unique 
to Dickens might be that he was born in London. Place information that is common to 
both in the area where the two circles overlap. An example of a commonality between 
the two writers is that they both had children. Try to find at least four unique things for 
each writer and four things they have in common. 
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Uncommercial Traveller:
Dickens uses this nickname for 

himself. In this book, he observes 
and reports on the everyday lives 

of the working class of  
East London.

White Lead:
A white pigment that contains lead, 

marketed as a powder or paste 
and used as an exterior paint.

The Literature of the White Lead Mills

Excerpts from The Uncommercial Traveller, by Charles Dickens 
from Chapter 32, “A Small Star in the East”

... It was a dark street with a dead wall on one side. Nearly all the outer doors of the 
houses stood open. I took the first entry, and knocked at a parlour door. Might I come 
in? I might, if I plased, sur.

The woman of the room (Irish) had picked up some long strips of wood, about some 
wharf or barge; and they had just now been thrust into the otherwise empty grate to 
make two iron pots boil. There was some fish in one, and there were some potatoes in 
the other. The flare of the burning wood enabled me to see a table, and a broken chair 
or so, and some old cheap crockery ornaments about the chimney piece. It was not 
until I had spoken with the woman a few minutes, that I saw a horrible brown heap on 
the floor in the corner, which, but for previous experience in this dismal wise, I might 
not have suspected to be “the bed.” There was something thrown upon it; and I asked 
what that was.

“Tis the poor craythur that stays here, sur; and ‘tis very bad she is, and ‘tis very bad 
she’s been this long time, and ‘tis better she’ll never be, and ‘tis slape she does all day, 
and ‘tis wake she does all night, and ‘tis the lead, sur.” 

“The what?” 

“The lead, sur. Sure ‘tis the lead-mills, where the women gets took on at eighteen-
pence a day, sur, when they makes application early enough, and is lucky and wanted; 
and ‘tis lead-pisoned she is, sur, and some of them gets lead-pisoned soon, and some 
of them gets lead-pisoned later, and some, but not many, niver; and ‘tis all according 
to the constitooshun, sur, and some constitooshuns is strong, and some is weak, 
and her constitooshun is lead-pisoned, bad as can be, sur; and her brain is coming out 
at her ear, and it hurts her dreadful; and that’s what it is, and niver no more, and niver 
no less, sur.” 

The sick young woman moaning here, the speaker bent over her, took a bandage from 
her head, and threw open a back door to let in the daylight upon it, from the smallest 
and most miserable back-yard I ever saw. 

“That’s what cooms from her, sur, being lead-pisoned; and it cooms from her night and 
day, the poor, sick craythur; and the pain of it is dreadful; and God he knows that my 
husband has walked the streets these four days, being a labourer, and is walking them 
now, and is ready to work, and has no work for him, and no fire and no food but the bit 
in the pot, and no more than ten shillings in a fortnight ...” 

The woman’s married daughter had by this time come down from her room on the floor 
above, to join in the conversation. She herself had been to the lead-mills very early 
that morning to be “took on,” but had not succeeded. She had four children; and her 

EIGHTEEN PENCE A DAY
Student Handout #2

Pence:
A coin that was once used in 
England, equal to one penny.

Constitooshun:
Here, Dickens spells the word 
“constitution” the way it would 
sound in the Cockney dialect. 

Constitution refers to the physical 
makeup of a person, including 

his or her overall health and 
susceptibility to illness.

Shilling:
A coin that was once used in 

England, equal to twelve pence.

Fortnight:
A period of two weeks.
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Check Your Understanding
1. What is wrong with the young woman lying in a corner of the room? 

2. What are some symptoms of lead poisoning? 

3. Why are the women willing to work at the lead mills, even though they know 
they will become poisoned by the lead?  

from Chapter 35, “On an Amateur Beat”

... I found myself near to certain “Lead Mills.” Struck by the name, which was fresh in my 
memory, and finding, on inquiry, that these same lead-mills were identified with those 
same lead-mills of which I made mention when I first visited ... [the neighbourhood] as 
Uncommercial Traveller, I resolved to have a look at them.

Received by two very intelligent gentlemen, brothers, and partners with their father in 
the concern, and who testified every desire to show their works to me freely, I went 
over the lead-mills. The purport of such works is the conversion of pig-lead into white-
lead. This conversion is brought about by the slow and gradual effecting of certain 
successive chemical changes in the lead itself. The processes are picturesque and 
interesting,--the most so, being the burying of the lead, at a certain stage of preparation, 
in pots, each pot containing a certain quantity of acid besides and all the pots being 
buried in vast numbers, in layers, under tan, for some ten weeks. 

Hopping up ladders, and across planks, and on elevated perches, until I was uncertain 
whether to liken myself to a bird or a bricklayer, I became conscious of standing on 
nothing particular, looking down into one of a series of large cocklofts, with the outer 
day peeping in through the chinks in the tiled roof above. A number of women were 
ascending to, and descending from, this cockloft, each carrying on the upward journey 
a pot of prepared lead and acid, for deposition under the smoking tan. When one layer 
of pots was completely filled, it was carefully covered with planks, and those were 
carefully covered with tan again, and then another layer of pots was begun above; 
sufficient means of ventilation being preserved through wooden tubes. Going down 
into the cockloft then filling, I found the heat of the tan to be surprisingly great, and 

Tan:
The bark from oak trees which 
would decompose and heat 
the pots to about 180 degrees 
Fahrenheit.

Cocklofts:
A loft or room, just under the roof of 
a building.

Ulcerated:
Covered in lesions  
or sores.

husband, also a waterside-labourer, and then out seeking work, seemed in no better 
case as to finding it than her father. She was English, and by nature of a buxom figure 
and cheerful. Both in her poor dress and in her mother’s there was an effort to keep up 
some appearance of neatness. She knew all about the sufferings of the unfortunate 
invalid, and all about the lead-poisoning, and how the symptoms came on, and how 
they grew, – having often seen them. The very smell when you stood inside the door of 
the works was enough to knock you down, she said: yet she was going back again to 
get “took on:” What could she do? Better to be ulcerated and paralyzed for eighteen-
pence a day, while it lasted, than see the children starve.
 



221

Student Handouts

Materials developed by the Integrated Environmental Health Middle School Project (NIEHS Grant #ES10738 and 
#ES07033). Copyright 2005 University of Washington.

also the odour of the lead and acid to be not absolutely exquisite, though I believe not 
noxious at that stage. In other cocklofts, where the pots were being exhumed, the heat 
of the steaming tan was much greater, and the smell was penetrating and peculiar. 
There were cocklofts in all stages; full and empty, half filled and half emptied; strong, 
active women were clambering about them busily...

As is the case with most pulps or pigments, so in the instance of this white-lead, 
processes of stirring, separating, washing, grinding, rolling, and pressing succeed. 
Some of these are unquestionably inimical to health, the danger arising from inhalation 
of particles of lead, or from contact between the lead and the touch or both. Against 
these dangers, I found good respirators provided (simply made of flannel and muslin, 
so as to be inexpensively renewed, and in some instances washed with scented soap), 
and gauntlet gloves, and loose gowns. Everywhere, there was as much fresh air as 
windows, well placed and opened, could possibly admit. And it was explained that the 
precaution of frequently changing the women employed in the worst parts of the work 
(a precaution originating in their own experience or apprehension of its ill effects) was 
found salutary. They had a mysterious and singular appearance, with the mouth and 
nose covered, and the loose gown on...

At last this vexed white-lead, having been buried and resuscitated, and heated and 
cooled and stirred, and separated and washed and ground, and rolled and pressed, 
is subjected to the action of intense fiery heat. A row of women, dressed as above 
described, stood, let us say, in a large stone bake house, passing on the baking-dishes 
as they were given out by the cooks, from hand to hand, into the ovens. The oven, or 
stove, cold as yet, looked as high as an ordinary house, and was full of men and women 
on temporary foot-holds, briskly passing up and stowing away the dishes. The door of 
another oven, or stove, about to be cooled and emptied, was opened from above, for 
the uncommercial countenance to peer down into. The uncommercial countenance 
withdrew itself, with expedition and a sense of suffocation, from the dull-glowing heat 
and the overpowering smell. On the whole, perhaps the going into these stoves to 
work, when they are freshly opened, may be the worst part of the occupation. 

But I made it out to be indubitable that the owners of these lead-mills honestly and 
sedulously try to reduce the dangers of the occupation to the lowest point. 

A washing-place is provided for the women (I thought there might have been more 
towels), and a room in which they hang their clothes, and take their meals, and where 
they have a good fire-range and fire, and a female attendant to help them, and to watch 
that they do not neglect the cleansing of their hands before touching their food. An 
experienced medical attendant is provided for them, and any premonitory symptoms 
of lead-poisoning are carefully treated. Their teapots and such things were set out on 
tables ready for their afternoon meal, when I saw their room; and it had a homely look. 
It is found that they bear the work much better than men: some few of them have been 
at it for years, and the great majority of those I observed were strong and active. On 
the other hand, it should be remembered that most of them are very capricious and 
irregular in their attendance. 

American inventiveness would seem to indicate that before very long white-lead may 
be made entirely by machinery. The sooner, the better. In the meantime, I parted from 
my two frank conductors over the mills, by telling them that they had nothing there to be 
concealed, and nothing to be blamed for. As to the rest, the philosophy of the matter of 
lead-poisoning and workpeople seems to me to have been pretty fairly summed up by 
the Irish woman whom I quoted in my former paper: “Some of them gets lead-pisoned 
soon, and some of them gets lead-pisoned later, and some, but not many, niver; and 
‘tis all according to the constitooshun, sur; and some constitooshuns is strong and 
some is weak.” 

Countenance:
The face or facial features. Here 
Dickens refers to himself as the 

“uncommercial countenance”.

Indubitable:
Too obvious to be doubted, 

unquestionable.

Sedulously:
Very carefully, painstakingly.

Premonitory:
Warning, foreboding.

Capricious:
Unpredictable, on a whim.

Exhume:
To dig up or bring to light. To 

remove from a grave.

Inimical:
Hostile or unfriendly, having 

harmful effects.
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Check Your Understanding
1. What are some of the steps in the process of creating white lead?  

2. What are some ways that the workers come in contact with the lead? 

3. What are Dickens’ thoughts about the safety of the lead mill? 

A Description of the Effects of Lead Poisoning. 
An excerpt from The People of the Abyss “The Precariousness 
of Life”, by Jack London

“... Worst of all is the lead dust in the white lead trades. Here is a description of the 
typical dissolution of a young, healthy, well-developed girl who goes to work in a white 
lead factory:

Here, after a varying degree of exposure, she becomes anemic. It may be that her 
gums show a very faint blue line, or perchance her teeth and gums are perfectly 
sound, and no blue line is discernible. Coincidentally with the anemia she has been 
getting thinner, but so gradually as scarcely to impress itself upon her or her friends. 
Sickness, however, ensues, and headaches, growing in intensity, are developed. 
These are frequently attended by obscuration of vision or temporary blindness. Such a 
girl passes into what appears to her friends and medical adviser as ordinary hysteria. 
This gradually deepens without warning, until she is suddenly seized with a convulsion, 
beginning in one-half of the face, then involving the arm, next the leg of the same side 
of the body, until the convulsion, violent and purely epileptic in character, becomes 
universal. This is attended by loss of consciousness, out of which she passes into 
a series of convulsions, gradually increasing in severity, in one of which she dies or 
consciousness, partial or perfect, is regained, either, it may be, for a few minutes, a 
few hours, or days, during which violent headache is complained of, or she is delirious 
and excited, as in acute mania, or dull and sullen as in melancholia, and requires to 
be roused, when she is found wandering, and her speech is somewhat imperfect. 
Without further warning, save that the pulse, which has become soft, with nearly the 

Blue Line:
A telltale sign of severe lead 
poisoning is a blue line along the 
gums near the teeth.

Dissolution:
Termination, extinction,  
or death.
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Journal Writing 
ActivityAfter reading the excerpts from the work of Charles Dickens and Jack London, you 

should be very familiar with the plight of the young women who worked in the white 
lead mills of 19th century London. Now do the following:

• Read the short descriptions below of the lives of four real women who worked in 
the mines. 

• Choose ONE young woman and write a journal entry as if you were that 
character.

• Your entry should include the following information: How much is she paid for 
a day’s work at the lead mill? How is the job affecting her health? Why is she 
willing to do such terrible work?

• Write the way you imagine the character would speak. Use slang, Cockney 
dialect, and non-traditional spelling where appropriate, as in the reading.

Charlotte Rafferty, a fine, well-grown young woman with a splendid constitution who 
had never had a day’s illness in her life became a white lead worker. Convulsions 
seized her at the foot of the ladder in the works. Dr. Oliver examined her, found the 
blue line along her gums, which shows that the system is under the influence of the 
lead. He knew that the convulsions would shortly return. They did so, and she died.

Mary Ann Toler a girl of seventeen, who had never had a fit in her life three times 
became ill and had to leave off work in the factory. Before she was nineteen she 
showed symptoms of lead poisoning had fits, frothed at the mouth, and died. 

Mary A., an unusually vigorous woman, was able to work in the lead factory for twenty 
years, having colic once only during that time. Her eight children all died in early infancy 
from convulsions. One morning, whilst brushing her hair, this woman suddenly lost all 
power in both her wrists. 

Eliza H., aged twenty-five, after five months at lead works, was seized with colic. 
She entered another factory (after being refused by the first one) and worked on 
uninterruptedly for two years. Then the former symptoms returned, she was seized 
with convulsions, and died in two days of acute lead poisoning. 

 — The above descriptions are from Jack London’s The People of the Abyss.

normal number of beats, all at once becomes low and hard; she is suddenly seized 
with another convulsion, in which she dies, or passes into a state of coma from which 
she never rallies. In another case the convulsions will gradually subside, the headache 
disappears and the patient recovers, only to find that she has completely lost her 
eyesight, a loss that may be temporary or permanent.”
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TRUMPETER SWAN MATH
Student Handout #1

Trumpeter Swan:
A large white swan with an eight 
foot wing span that mates for life 

and returns to the same nest each 
year. The Pacific Coast population 
spends the winter in Northwestern 
Washington and British Columbia 

and has mating grounds in Alaska. 
Trumpeter swans have a loud call 
that sounds like bugling trumpets.

Introduction

In this lesson, you will learn about how trumpeter swans are being poisoned by years 
of accumulated lead shot from hunting. First, look at the map below. It shows where 
the Pacific Coast population of trumpeter swans breeds and spends the winter. 

Readings
ARTICLE #1

Decades of old lead shot linked to massive swan die-offs: 
State biologists seek mystery site feeding decline of trumpeter 
population

— by M.L. Lyke, from the Seattle Post-Intelligencer (1/23/03)

WHATCOM COUNTY – A bitter Fraser Valley wind ruffles the water of the unlikely 
lake, a rain-filled gravel pit surrounded by skeletal trees and heaps of excavated dirt. 
The dozen trumpeter swans bobbing on the water’s surface add the only touch of 
beauty to the barren scene.

In the following activities, you will read three articles about lead poisoning among 
trumpeter swans. Each article includes several math problems based on the information 
contained in the article. You will also work with a data chart to create your own bar 
graph with information about lead poisoning in waterfowl.

Lead Shot:
Tiny lead pellets used in a 

 shotgun cartridge.

Student HandoutName
Date
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The elegant white birds shouldn’t be here. This is a night roosting area. It’s 10 a.m. The 
birds are supposed to be off feeding. Binoculars reveal more irregularities. Some of the 
birds’ proud long necks hang limp. A few loners straggle off by themselves – a bad sign.

A somber Mike Davison surveys the scene from the shore. The flock at this pit lake 
near the tiny town of Everson is in trouble. “Ninety percent of these birds are already 
dead,” says Davison, the Washington Department of Fish and Wildlife biologist leading 
an investigation into the massive die-off of trumpeter swans in Whatcom County.

Last year, 229 of the 2,400 trumpeter swans that wintered in Whatcom County died of 
lead poisoning, the result of birds ingesting  lead pellets from hunters’ spent shotgun 
shells. This year’s unseasonably warm, dry winter seems to have delayed migration – a 
midwinter count on Tuesday showed roughly 827 trumpeter swans in Whatcom. The odd 
weather may have also delayed mass deaths seen in years prior. As of Tuesday, the 
department had tagged 75 dead birds. 

Davison and other wildlife professionals working on the project suspect the source of the 
problem may be a deadly “hot spot,” a body of water or agricultural field in the county 
containing very high levels of lead left by bird hunters. “We are pretty well convinced that 
this site will have a 60-year history of hunting, and this lead will have accumulated year 
after year after year,” says Davison. The lead is likely old shot.

Use of lead shot to hunt waterfowl was outlawed in Washington in 1986, although it still 
is legal for shooting other game birds. However, hundreds of tons of old lead pellets have 
settled into lakes, marshes, wetlands, fields and other hunter haunts over the decades. 
But the toxic lead could also be new shot -- from hunting scofflaws. “Just because 
there’s a law, doesn’t mean that people are complying with it,” says Davison, who has 
studied swan mortality in the county for 15 years.

He suspects the lethal site is a field with “sheet water,” water that spreads across 
agricultural lands in wet winters. And he has a hunch crops on the hot spot may have been 
rotated from swan-friendly food such as corn or potatoes to undesirable strawberries, 
raspberries or ornamental plants during a seven-year stretch in the ‘90s when no swan 
die-offs were recorded.

Like hard-boiled street detectives with a drawerful of clues, Davison is not ruling out any 
possibilities in the hunt for the Whatcom County’s mystery site.

Last winter, for the first time, the Department of Fish and Wildlife captured 18 trumpeter 
swans and fitted them with radio transmitter collars. This season, crews collared another 
23 swans. This has allowed researchers to track flocks, pinpoint their locations and connect 
the dots on a map, narrowing their focus to a central chunk of the county. 

Fortunately for the search, a number of the collared birds have died of lead poisoning. 
Davison notes the irony. “In our business, when you go to all the expense to capture 
animals and put radio collars on them, the normal scenario is you want them to live 
forever. That’s how you get information. in this scenario, for us to be successful, these 
birds that we collar have to die. 

The death of a collared bird allows researchers to track all the areas the animal visited. If 
five or six of them die, investigators can determine whether the birds use particular areas 
in common. Such clues could break this case.

It’s a staggering investigation. The county spreads across 1,356,864 acres. The majestic 
birds, with 8-foot wingspans, range over a large part of it. “This is a virtual needle in the 
haystack situation,” the biologist says. 

Roosting Area:
An area in which birds settle down 
to rest. Oftentimes groups of birds 
will roost together at night.

Scofflaw:
Someone who regularly breaks  
the law.

Radio Transmitter Collar:
A collar that scientists attach to an 
animal to track its movements by 
satellite.
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Check Your Understanding
1. In 2002, 229 of the 2,400 trumpeter swans that wintered in Whatcom County 
died of lead poisoning. What percentage of the total population of trumpeter 
swans wintering in Whatcom County died from lead poisoning in 2002?

2. Hunters use ammunition called “shells” to hunt waterfowl. Each shell contains 
a large number of small pellets which, when shot, scatter in a wide pattern to 
increase the likelihood of hitting a bird. We can assume that one shell has an 
average of 250 pellets.  On average, a hunter shoots 6 shells for each bird that 
is bagged. This means that up to 732 million pellets may be fired each year 
to harvest the average of 488,000 upland birds (pheasants, quail, doves, etc.) 
that are taken annually in Washington state.

a.  On average, how many pellets are shot for each bird that is actually 
harvested?

b. How many shotgun shells are shot each year, on average?
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Drawn by abundant food
In winter, the Pacific Northwest draws an estimated 80 percent of the country’s trumpeter 
swans, known scientifically as Cygnus buccinator. The handsome white birds, which 
look like long white arrows in flight and bugle a mean Miles Davis chorus overhead, 
mate for life and tend to return to the same nest year after year.

They are drawn here by a mild climate, productive estuaries and rivers, and abundant 
agricultural lands with after-harvest pickings of corn, potatoes and grains. Flocks 
usually arrive in October and leave by March, heading back to Alaska and points north. 
The largest concentration is in the Skagit Valley, which last year had about 5,000 birds, 
and Snohomish County, which had close to 600. 

In addition to the die-off in Whatcom County, lead deaths in Skagit and Snohomish 
are on the rise this year, according to Martha Jordan, a Northwest trumpeter swan 
expert.

Susan Murphy, with the Pilchuck Wildlife Rehabilitation Center, says some swans have 
been migrating from Whatcom County to Snohomish and Skagit counties to roost this 
year. Of the 20 dead birds picked up in Skagit County and the 26 picked up in Snohomish 
County so far this season, more than 50 percent apparently died of lead poisoning. 

Trumpeter swan populations, which have rebounded since the species was hunted 
nearly to extinction for feathers and skin earlier in the century, are particularly 
susceptible to lead shot. With their long necks, the swans can easily reach deep into 
the mud, where they ingest pebbles and grit — and lethal shot pellets — to help them 
grind and digest their food.

Symptoms can develop as soon as 10 days after they ingest a pellet. One pellet can 
be a large enough dose to kill a bird. Many of the Whatcom County carcasses have 
contained hundreds.

Miles Davis:
One of the most famous jazz 
trumpet players of all time.

Estuary:
An ecosystem where a river meets 
an ocean so that there is a mix of 
fresh water and  
salt water.

Check Your Understanding
1. It is estimated that the total population of trumpeter swans in the U.S. is 
about 16,000 swans. If the Pacific Northwest draws an estimated 80% of the 
country’s swans, how many swans can be found in this region?

Total number of swans = 16,000
Percentage of swans in Pacific Northwest = 80%
16,000 * .80 = 12,800
Answer: About 12,800 swans can be found in the Pacific Northwest.

Student Assessment:
Did students complete the 
reading and provide correct 
answers to the math problems? 

Capturing sick swans
At the gravel pit lake, wildlife technician Erin Schneider, running a 14-foot Lund skiff, 
has already picked up one dead trumpeter by 10 a.m. She has also hauled in a sick 
juvenile, a listless lump of a bird whose gums have turned from healthy pink a telling 
ghostly white.

Volunteers at the site on private land -- ironically dubbed Wilder Ponds -- use a large fish 
net, bent from pulling dying birds from the water, to capture two more sick swans over 
the course of an hour. The gasping, 20-pound birds don’t even struggle as Schneider 
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and volunteer Sean Donalty put them in burlap bags, holding their heads and talking 
softly to them.

The birds are to be euthanized. No one can save them, says Davison. “There is no 
going back. When we get it, it’s a dead bird.” Taking sick and dying swans out of the 
environment quickly is critical. Eagles, coyotes and other predators could feast on the 
poisoned birds and themselves sicken and die. 

The euthanization is also an act of mercy. The lead shuts a bird’s system down, making 
them weak and reluctant to fly. As the poison progresses, the animals lose muscle control 
and coordination. Blocked organs can swell until the birds aren’t able to process food.

The swans usually die within 17 to 21 days after ingesting a pellet -- although Davison 
theorizes large quantities of pellets found inside Whatcom County’s swans may shorten 
that to as little as 10 days. “That’s a relatively short period,” he says, “unless you’re the 
one dying.”

‘Catastrophic die-off’
The 2002-2003 season marks the fourth consecutive year of swan mortality in Whatcom 
County. Davison calls the losses, the largest in North America, a “catastrophic die-off.”  
Last year’s midwinter death toll represented almost 10 percent of the population. 

Any additional stress -- a bad hatch year or a year of reproductive failure -- could cause a 
serious crash in the population over time. “229 out of 2,400 -- that’s way too many birds. 
You can’t tolerate that level,” says Davison, known as “The Goose God.”

The statistics add urgency to the work at hand -- locating the mysterious hot spot with 
the toxic lead load. Davison describes the investigation as tangled, labor-intensive and 
costly. It relies on help from state, federal and Canadian wildlife biologists, members 
of the Trumpeter Swan Society and Whatcom County’s Audubon Society, the Pilchuck 
Valley Rehabilitation Clinic and volunteers, including waterfowl hunters.

The project’s $35,000 annual budget comes from state and federal funds. Davison 
says it’s already running at a slight deficit. And the work has just begun. Once wildlife 
investigators can narrow their search to four to six acres, intensive sampling will begin. 
Crews will use clam guns to pull plugs of soil from suspected sites and check these 
core samples for lead pellets. “One site could require thousands of core samples,” says 
Davison.

After the “hot spot” is located, costs could escalate dramatically. If the mystery site is a 
lake or slough, cleanup could involve dredging out the lead. If the site is an agricultural 
field, with a large amount of standing water, it could involve diking and draining the land, 
as well as chasing off birds with cannons and electrical alarms. That’s expensive. But so 
is the alternative. “If we don’t solve this soon, we’ll have to cycle through the money again 
next year,” says Davison as he checks other swan haunts.

He pulls up at a favorite roosting site, little Wiser Lake, southwest of Lynden. It’s a 
postcard-perfect suburban scene, with ducks cutting “V’s” on the lake’s silver surface in 
front of waterfront homes with manicured lawns. 

The veteran wildlife biologist quickly spots the white hump hauled out in the lakeside 
brush. He gets out of the truck and moves in slowly.  It raises its long neck in a tired 
question mark and waddles away.  The sickness, says Davison, is just beginning. The 
bird will be dead by month’s end. 

Euthanized: 
When a hopelessly sick animal 

has been put to death in a 
relatively painless way as an act 

of mercy.
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HOW TO HELP

If you find a trumpeter swan in distress in Whatcom County, call the Wildlife Rescue 
Network toll-free at 877-953-7377. Do not attempt to pick up or rescue the animal on 
your own.

The Pilchuck Wildlife Rehabilitation Center can be contacted at 360-387-8299.
-----------------------------------------------------------------------
P-I reporter M.L. Lyke can be reached at 425-252-2215 or m.l.lyke@seattlepi.com

Reprinted with permission from the Seattle Post-Intelligencer. Available at : 
http://seattlepi.nwsource.com/local/105452_swans23.shtml

ARTICLE #2
Searching For Sources of Lead Poisoning in 
Swans
— by Doug Williams, from Fish & Wildlife Magazine

While it has been banned in the United States for more than a decade, the toxic legacy 
of lead birdshot continues to take a grim toll on visiting northern trumpeter and tundra 
swans in Skagit and Whatcom counties. “Research has shown that from the day a swan 
picks up lead shot, it will take about three weeks for that bird to die,” said Mike Davison, 
wildlife biologist for the Washington Department of Fish and Wildlife (WDFW), who is 
spearheading the Department’s efforts to end the poisoning of swans.

The winter of 2001-02 was the deadliest on record, with an estimated 247 swans — 95 
percent of them trumpeters — dying from lead poisoning in the two counties and adjacent 
portions of British Columbia. About 4,000 swans over-winter in Skagit County, with another 
1,000 or so in Whatcom County.

The birds aren’t being shot. Instead, the long-necked swans are ingesting spent lead shot 
that has settled onto the bottom of shallow lakes and ponds where the birds feed. The 
lead shot ends up in the bird’s gizzard where the soft metal is ground up and slowly leaches 
into the swan’s bloodstream. 

The Department has teamed with Canadian fish and wildlife biologists, the U.S. Fish and 
Wildlife Service, the Trumpeter Swan Society, the Bellingham Chapter of the Audubon 
Society, and the Pilchuck Valley Rehabilitation Clinic to identify the places where swans are 
ingesting spent lead shot, and finding ways of removing the poisonous material from the 
environment.

The main thrust of the work has been to collect more data on the birds’ movements. A total of 
26 swans — 19 in Whatcom County, plus seven in British Columbia — have been fitted with 
radio-transmitting collars that allow biologists and volunteers to track the birds’ movements 
throughout the region, and possibly pinpoint the places where they’re picking up spent shot.

Davison said the 26 collared birds were tracked to 50 different sites. Two of the collared birds died 
from lead poisoning, and their deaths led the biologists and volunteers to focus in on about 12 
specific locations. The team has done preliminary core sampling at some of the sites of interest, 
and early analysis is beginning to reveal lead shot sources, Davison said.

“Based on our early analysis, there appears to be a window of time when the birds are 
becoming exposed to the lead shot, so we’ll focus our future research on the locations that 

Core Sampling:
A cylindrical tube is inserted into 
the ground and the contents are 
examined to see what lies beneath 
the surface at various depths.

Gizzard:
Part of a bird’s digestive system 
which has strong muscles and a 
tough lining to grind down food.
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Secondary Lead Poisoning:
When a bird of prey or scavenger 

bird becomes lead poisoned by 
eating an animal or bird with lead 

shot embedded in its flesh.

Mortality:
A measurement of the number of 
deaths in a particular time or at a 

particular place.

the birds are visiting earlier during the time frame that they’re in the area,” he said. “Our goal 
for this coming winter is to try to get more collars on birds earlier in the season.”

Davison said an intensive sampling effort of suspected lead-poisoning sites is outside 
WDFW’s ability, given current budget and staffing levels. “We’re looking to take the lead 
on all of the research work, while another agency or group could come in and facilitate the 
more-intensive core sampling effort,” he said.

Non-toxic shot requirements were phased in over time, beginning in 1986, and ending 
in 1991 throughout the United States. Non-toxic shot has been required for all waterfowl 
hunting in Canada since 1999 but has been required in parts of British Columbia for almost 
10 years. Non-toxic shot is also required for public hunting areas that are used for both pheasant 
and waterfowl hunting, and includes all of the pheasant release sites in northern Puget Sound. 
Hunters are encouraged to convert to non-toxic shot for all upland bird hunting. 

Lead-poisoned swans pose a health threat to other wildlife, including bald eagles, 
which feed on swan carcasses and can get secondary lead poisoning. Davison 
said two dead eagles found this year in the area are being tested for lead poisoning. 
“Potential secondary mortalities point out the importance of collecting sick or dead 
swans as soon as possible,” Davison said. “The value of the rescue and recovery work 
that our partners do is immense.”   

Check Your Understanding
1. In 2001-2002, 247 swans died from lead poisoning in Skagit and Whatcom 
counties and adjacent portions of British Columbia. Ninety-five percent of these 
were trumpeter swans. About 4,000 swans over-wintered in Skagit county and 
another 1,000 over-wintered in Whatcom county and adjacent areas in B.C.

a.  What percentage of the total population of swans over-wintering in 
Skagit County, Whatcom County, and BC died from lead poisoning?

b.  How many trumpeter swans died from lead poisoning in  in 2001-2002? 
Round your answer to a whole number. 

2. A total of 26 swans--19 in Whatcom county plus 7 in British Columbia--have 
been fitted with radio-transmitting collars. The 26 birds were tracked to 50 
different sites. Two of the collared birds died from lead poisoning.

a.  What percentage of collared birds survived during the survey?
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3. Before lead shot was banned, biologists were able to estimate the 
amount of lead pellets entering the environment each year. They call 
this a “distribution rate.” In order to come up with this figure, they had to 
assume that pellets are distributed evenly across all the huntable land 
in Washington State. This is not true, since some areas (like shooting 
ranges) have a higher concentration of hunting activity than other areas. 
However, if we assume that the distribution of pellets on huntable land 
in Washington is equal, then approximately 21 pellets are distributed 
per acre per year.

a.  How many pellets would be deposited on one acre after 20 years?

b.  Lead shot was banned in Washington State in 1986 for waterfowl 
hunting. Hunters are now required to use non-toxic ammunition instead 
of lead shot. Calculate how much lead shot would have been deposited 
on a typical acre of huntable land in Washington state between January 
1986 and January 2003 if lead shot had NOT been banned. 
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ARTICLE #3
Swans Dying of Lead Poisoning  in  Washington 
State and British Columbia, Canada
— Washington Swan Working Group and The Trumpeter Swan Society

After six deadly winters, no one yet knows where the swans are getting the lead shot 
that is killing so many of them. The Trumpeter Swan Society has been working hard 
to assist Canadian and U.S. wildlife agencies with research to find the source of lead 
shot, so that it can be cleaned up.

As of late April 2005, the total count of swan deaths since 1999 is around 1,900 swans, 
with about 97% trumpeter swans and the remaining tundra swans. Most of the birds 
have been picked up dead or dying on the ponds they use for night roosts on the U.S. 
side and, to a lesser extent, in Canada. There is no way to estimate the number of 
additional dead birds that have escaped detection in the wintering grounds or that may 
have died as they tried to migrate north in the spring.

The die-off has now happened for six years in a row in the same geographical area. 
During the 2004-2005 winter about 400 dead trumpeter swans were picked up, similar 
to winter 2003-2004, and considerably more than in previous winters.

You can help! If you choose to hunt, please use non-toxic ammunition. Tell the store 
why you are buying non-toxic shot and urge them to promote its use. If you allow 
hunters to use your land, require them to use non-toxic shot only on your property. 
Voluntarily switching to non-toxic shot is something we all can do—without wasting one 
more day—to help reduce the needless deaths of swans and other wildlife.

Reprinted with permission from the Trumpeter Swan Society. Available at: 

http://www.swansociety.org/washington/lead.htm.

Check Your Understanding
1. Between 1999 and April 2005, around 1,9000 swans have died of lead 

poisoning. Ninety-seven percent of those were trumpeter swans and the 
rest were tundra swans. How many of the dead swans were trumpeter 
swans and how many were tundra swans?
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Graphing
Activity

Flyway:
An established air route that 
migratory birds follow during  
their migration.

Lead Poisoning in Waterfowl, 1973-1984

Swans are not the only birds being hurt by lead shot. Many different species of 
waterfowl are susceptible to lead poisoning, including trumpeter swans, snow geese, 
and many species of ducks. The birds accidentally ingest lead shot that is embedded 
in mud at the bottoms of lakes or ponds. The use of lead shot in hunting waterfowl was 
banned in the U.S. in 1991. Before the ban, biologists completed an eleven year study 
of ducks’ susceptibility to ingesting lead shot.*

The biologists looked at the four migratory bird flyways, existing flight paths used by 
birds during their migration. During the study, the scientists examined over 95,000 
ducks that had been shot by hunters. The scientists dissected the ducks’ gizzards to 
see if they had ingested any lead shot prior to being shot. The data table on page 235 
shows the results of four species of ducks that were found to have ingested one or 
more lead pellets.

Directions: Fill in the missing information on the four data tables. The tables have 
information about the total number of ducks caught in each flyway, and the number 
of those caught that had ingested lead shot. Use those two numbers to calculate 
percentages to complete the final column. Round your answers to one decimal place. 

Next, use the completed data tables to create a bar graph. Your graph should group 
information by the four flyways. Place information for the four flyways on the x-axis. 
Place information on the percentage of ducks with lead shot on the y-axis. Use a 
different color to represent each species of duck and include a key to the colors that 
you used. Make sure to label the axes and to title your graph. Once you have completed 
your graph, answer the Check Your Understanding questions.

Waterfowl:
A water bird, especially a 
swiimming bird.

*From “A Review of the Problem of Lead Poisoning in Waterfowl.” Northern Prairie Wildlife Research 
Center.
http://www.npwrc.usgs.gov/resource/othrdata/pbpoison/abstract.htm
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North American Migratory Bird Flyways

M
A

LL
A

R
D

Flyway Total # w/shot % w/shot
Atlantic 8,602 1,058 12.3%

Mississippi 45,448 3,681
Central 11,092 288 2.6%
Pacific 16,338 1,585
TOTAL 81,480 6,613

G
A

D
W

EL
L

Flyway Total # w/shot % w/shot
Atlantic 469 5

Mississippi 949 17 1.8%
Central 998 5 0.5%
Pacific 1,223 9
TOTAL 3,639 36

B
lu

e-
W

in
ge

d 
TE

A
L

Flyway Total # w/shot % w/shot
Atlantic 3,084 71

Mississippi 3,428 151 4.4%
Central 528 10
Pacific 592 14 2.4%
TOTAL 7,632 246

SH
O

VE
LE

R

Flyway Total # w/shot % w/shot
Atlantic 831 8 1.0%

Mississippi 295 5 1.6%
Central 231 10
Pacific 1,302 104
TOTAL 2,659 127
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Draw or attach your bar graph here:

Check Your Understanding
1. Which species of duck seems to be the most susceptible to ingesting lead 
shot overall?  

2. Which species seems to be the least susceptible to ingesting lead shot 
overall?  

3. For each of the four species of ducks, in which flyway are they most likely 
to ingest shot?

a. Mallard:  

b. Gadwall:  

c. Blue-winged Teal:  

d. Shoveler:  
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U.S. Environmental 
Protection Agency:

Established in 1970, this 
government agency protects 

human health by safeguarding the 
air, water and land upon which  

life depends.

Blood Lead Level (BLL):
A measurement of the amount of 

lead in a person’s blood. A BLL 
of over 10 µg/dL is considered 

dangerous.

CHILDHOOD BLOOD 
LEAD LEVELS
Student Handout #1 Student Handout

Email Sent on: Today, 9:00 AM
From: Celia Summers 
Subject: Lead Poisoning Project – URGENT!

Hi. I hope you had a good weekend. I have a new project for you to begin 
working on right away. I just received a report from our researchers entitled 
“America’s Children and the Environment.” One section of the report focuses 
on childhood lead poisoning. Since I remember you saying that you studied 
lead poisoning in school, I could really use your help.

I have a big press conference in two days. I will be sharing the information in 
the report with a group of reporters from across the country. I need to be able 
to clearly explain to them the relationship between childhood lead poisoning, 
race and income.

I need you to develop three graphs for me to use during my presentation at the 
press conference. The graphs should demonstrate:

1. Blood lead levels by income
2. Blood lead levels by race
3. Changes in blood lead levels over time

Make sure that the graphs are clear and easy to read. Please use colors and 
make sure to put a title on each graph. Also, place “Blood Lead Levels” along 
the y-axis for each graph.

I left a research file on your desk. You should find all the information that you 
need for this project in the file.

Thanks!

Celia Summers
U.S. Environmental Protection Agency (EPA)

Name
Date
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CHILDHOOD BLOOD  
LEAD LEVELS
Student Handout #2

Background 
Reading

Student Handout

Hi. Here is some background 

information for you about lead 

poisoning and its connections to 

race and income. These are some 

research  notes that I took while 

reading through the full report. I 

plan on using these notes when 

I write my speech for the press 

conference. 

                                       - Celia

Research Notes from “America’s Children and the Environment”

The United States Environmental Protection 
Agency (EPA) released a report in 2003 about the 
health of America’s children. The report focused on 
environmental health issues affecting children, such 
as asthma, lead poisoning, and childhood cancer. 

One important finding in the report is that childhood 
lead poisoning is on the decline across the country. 
Scientists believe that the decline can be traced to 
the banning of lead-based paint in the late 1970s and 
the banning of leaded gasoline in the early 1980s. 
For example, the number of U.S. homes with lead-
based paint dropped from 64 million in 1990 to 38 
million in 2000. Less lead in the environment means 
fewer instances of childhood lead poisoning.

The report attempts to address this question: What are 
the connections between childhood lead poisoning, 
poverty and race? 

First of all, how is poverty measured? Each year, the U.S. Census Bureau sets a 
number as the poverty threshold. If a family’s total income is less than the poverty 
threshold, then the family is considered to be living below the poverty level (or low-
income). If the family’s income is right around the poverty threshold, then they are 
middle-income. If the family’s income is much more than the threshold, then they are 
high-income. 

For example, the poverty threshold for the year 2000 was $17,463 for a family of four 
(including two adults and two children). So across the country, if a family’s income 
was below $17,463, they were considered to be living below the poverty level. The 
poverty threshold changes each year to account for inflation. For example, the poverty 
threshold increased from $17,463 in the year 2000 to $19,157 for 2004.

Researchers have discovered that a child’s risk for lead poisoning depends on his or 
her race and family’s income level. For instance, a black child living below the poverty 
level is at a higher risk for lead poisoning than a black child living well above the 
poverty level. One assumption is that low-income children and children of color more 
often live in older housing, therefore putting them at higher risk of coming in contact 
with lead paint or lead in drinking water. 

Measuring blood lead level by race and family income can help researchers identify 
populations that might be at greater risk for lead poisoning. This can help focus 
education, screening and clean-up efforts.

Blood Lead Level (BLL):
A measurement of the amount of 

lead in a person’s blood. A BLL 
of over 10 µg/dL is considered 

dangerous.

Name
Date
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Median:
The middle value in a 
distribution of numbers.

Here’s the bar graph with all the 

information on it. This comes from 

the report that I mentioned in the 

email. You can use this data to 

create the three graphs that I need 

for my presentation. This graph is 

packed with information, but it is too 

complicated for me to be able to use 

with the reporters. Your graphs need 

to present the data in a clearer and 

simpler format. 

                                       - Celia

*From: “America’s Children and the Environment.” Environmental Protection Agency, 
2003.

http://www.epa.gov/envirohealth/children/ace_2003.pdf
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Ethnicity All Incomes Low Income Middle 
Income High Income

All Races 2.2 2.8 1.9 1.9
White 2.1 2.8 1.7 2.0
Black 2.8 3.6 2.6 2.2
Hispanic 2.0 2.4 1.7 1.6

Median Concentrations of Lead in Blood of Children,
Ages 1-5, 1999-2000*

Numbers represent blood lead levels measured in µg/dL.

*From: “America’s Children and the Environment.” Environmental Protection Agency, 2003.
http://www.epa.gov/envirohealth/children/ace_2003.pdf

Statistics from “America’s Children and the Environment.”

• In 1992-1994, Black children ages 1-5 had a median blood lead level of  
3.9 µg/dL and in 1999-2000 they had a median blood lead level of 2.8 µg/dL.

• In 1992-1994, Hispanic children ages 1-5 had a median blood lead level of  
2.6 µg/dL and in 1999-2000 they had a median blood lead level of 2.0 µg/dL.

• In 1999-2000, White children ages 1-5 had a median blood lead level of  
2.1 µg/dL, unchanged from the level in 1992-1994.

I took this table directly from the 

report. This is the data that was 

used to make the big bar graph 

with all the information on it. It 

will help you create the three graphs 

I need. 

                                       - Celia

I found these statistics in the 

report. They provide information 

on blood lead levels during two 

different time periods. You will 

need these statistics to create one of 

the graphs for my presentation.  

                                       - Celia
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Check Your Understanding
1. What three income levels are represented in the graphs?  

2. What three races are represented in the graphs? 

3. What race is at the highest risk for lead poisoning? 

4. What income level is at the highest risk for lead poisoning?

5. Between 1992-1994 and 1999-2000, which race group saw the largest 
decrease in blood lead levels?  

6. What are two possible reasons for this decrease?  

Email Sent on: Today, 12:30 PM
From: Celia Summers 
Subject: Lead Poisoning Project - Additional Questions

Hi. I know that you have been working on the lead poisoning presentation all 
morning. I’ve been writing my speech for the press conference and I thought 
of a few questions that I need answered. I’ll use your answers as part of my 
presentation.

Thanks so much for all your help and hard work on this!

Celia Summers
U.S. Environmental Protection Agency (EPA)
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Graphing 
ActivityNow that you have read the background reading and answered some questions, you 

are ready to create the graphs that Celia needs for her presentation. You can draw the 
graphs below or attach them as separate pages.

GRAPH #1: Create a bar graph that shows blood lead levels by income level. Use 
only the information for “All Races Combined” from the data table. The x-axis should 
show income levels. The y-axis should show median blood lead levels. Make sure to 
title your graph, label the axes, and use color.

GRAPH #2: Create a bar graph that shows blood lead levels by race. Use only the 
information for “All Incomes Combined” from the data table. The x-axis should show 
race. The y-axis should show median blood lead levels. Make sure to title your graph, 
label the axes, and use color.
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GRAPH #3: Create a bar graph that shows how median blood lead levels have 
changed over time for different racial groups. To do this, first complete the data 
table below based on the statistics from “America’s Children and the Environment” 
that Celia included in her report. This table will make it easier for you to create the final 
graph that Celia needs. 

Now, create a bar graph with median blood lead levels on the y-axis and race on the 
x-axis. For each of the three races you should have two bars, one for each period of 
time. Make sure to title your graph, label the axes, use color and include a key.

RACE 1992-1994
Median BLLs

1999-2000
Median BLLs

Black

Hispanic

White
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Lesson 
Overview

In this lesson, you will work with data related to the number of children who are tested for 
lead in New Mexico. You will first read a short description that includes some statistics 
about childhood lead poisoning in New Mexico and testing rates. You will then work 
through calculations using those statistics and are asked to reach a conclusion about 
the data and write a paragraph about how you would respond to the issue of childhood 
lead poisoning and testing if you were the Governor of New Mexico.

ReadingNew Mexico children are tested for lead in very low numbers. In fact, only 1-2 % of 
children under the age of six are tested. The United States Health and Human Services 
mandates that all children under the age of 6 who are Medicaid recipients be tested 
for lead, but that does not always happen. Consider that in Bernalillo County 21.7 % 
of children under six years of age are below poverty level (which means they are likely 
Medicaid recipients).

In order to understand what these numbers mean, we must put them in a “context.” 
Putting something in a “context” is when you provide enough information about the 
surroundings to help you understand the situation. For example, if someone told you 
that she had “5”, you would probably ask “5 what?”. The number 5 has to be placed 
in a context for it to have meaning. Let’s say the person responded “5 cars.” At that 
point you might think, “Whoa! That person is rich” or, “Dang! What does she run, a junk 
yard?” By adding the word “cars” we have provided better definition and understanding 
through context. We could clarify the situation even more if the woman said, “I have 5 
wooden derby cars.”

In the case of the New Mexico childhood lead poisoning data, you need more information 
to make these numbers “real” or “more understandable.” Below is some additional 
information you are going to use to help you answer the following questions:

• How many children in New Mexico are really being tested for lead?
• How many children should be tested for lead?
• How many children may be lead poisoned and not even know it? 
• Then you will be asked to form an opinion based on your answers. Please 

show how you set up each problem.

Then you will be asked to form an opinion based on your answers. Please show how 
you set up each problem.

Lead In then Left Out:
Medicaid Math

Medicaid:
A program that pays for medical 

assistance for people with low 
income and resources.

Student Handout
Name
Date

1. There are about 155,000 children under the age of 6 in New Mexico and 
approximately 2% of those have lead poisoning. How many children in New 
Mexico may have lead poisoning?
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2. In New Mexico, the average percentage of children tested for lead in the 
year 2000 was 1.6%. About how many children were tested?

3. Of the children who were actually tested, estimate how many would have 
lead poisoning. Assume the state lead poisoning average of 2%. 

4. If only 50 children were actually identified with lead poisoning, how many 
children in New Mexico may have lead poisoning and don’t know it?

5. The introduction points out that poverty is a risk factor for lead poisoning. 
So, potentially many of the children in New Mexico with lead poisoning are 
below poverty level. Using the data below calculate the average percent of 
children under 6 years of age below poverty level in New Mexico.

County
Percent of 

Children Under 
Six Years Below 

Poverty Level
County

Percent of 
Children Under 
Six Years Below 

Poverty Level
Bernalillo 21.7 McKinley 52.1
Catron 30.4 Mora 57.4
Chaves 36.3 Otero 26.5
Cibola 52.5 Quay 44.8
Colfax 36.5 Rio Arriba 33.9
Curry 30.5 Roosevelt 38.2
De Baca 28.5 Sandoval 36.5
Dona Ana 35.2 San Juan 40.7
Eddy 31.3 San Miguel 20.3
Grant 35.1 Santa Fe 20.8
Guadalupe 45.5 Sierra 41.2
Harding 30.2 Socorro 46.8
Hidalgo 26.3 Taos 42.2
Lea 33.2 Torrance 28.4
Lincoln 24.1 Union 39
Los Alamos 2.1 Valencia 27.5
Luna 48.1 TOTAL

AVERAGE

Source: NM Department of Health, Office of Epidemiology, Lead Poisoning Prevention Program.
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6. Recall that the U.S. Health and Human Services requires that that all 
children under the age of 6 who are Medicaid recipients be tested for lead. If 
all children in New Mexico 6 years of age or less who are below poverty level 
are on Medicaid, how many children should have been tested by law?

7. The average cost of a blood lead test is $60. Calculate the cost of providing 
a test to every Medicaid-eligible child in New Mexico.

8. Summarize your answers into the table below: 
NOTE: The table is not in the same order as the above questions. 

9. Pretend you are the Governor of New Mexico. The Director of the Department 
of Health just presented you with the information in the table above (Question 
7). Write a paragraph about how you would respond to the issue of childhood 
lead poisoning and testing children for lead. Be sure to include your data 
from the table above to support your answer. Use information you have 
learned about lead from your other classes (social studies, language arts, 
and science).

Question Answer

Number of children in New Mexico that MAY HAVE 
LEAD POISONING?

Number of children who have been IDENTIFIED WITH 
LEAD POISONING?

Number of children who DO NOT KNOW they have 
lead poisoning?

Number of children under the age of 6 below poverty 
level who SHOULD HAVE BEEN TESTED for lead?

Number of children who were TESTED FOR LEAD?

Cost to provide a blood lead test to every Medicaid-
eligible child in New Mexico?
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Introducción para el 
estudiante: 
SALUD AMBIENTAL & PLOMO

Salud ambiental:
La forma en que el ambiente 

afecta la salud humana.
 

Peligros:
Lo que puede dañar la salud de los 

humanos y el ambiente.
 

Químicos:
Cualquier sustancia que ha sido 

hecha por elementos combinados 
en moléculas.

  
Toxicología:

El estudio de los efectos dañinos 
de los químicos en los seres 

vivientes.

Exposición:
La cantidad total de químicos que 
entran en contacto directo con el 

cuerpo.

Dosis:
La cantidad total de un químico 
que entra en un humano u otro 
ser viviente, en relación con el 

peso del cuerpo y el tiempo de la 
exposición.

Inhalación:
Respiración. Cuando los químicos 

entran al cuerpo por esta ruta de 
exposición, pueden quedarse en 

los pulmones y/o ser llevados por 
la corriente sanguínea. 

Ingestión:
Tragando (usualmente comiendo 

o bebiendo). Cuando los químicos 
entran al cuerpo por esta ruta de 

exposición, pueden fácilmente ser 
llevados por la corriente sanguínea.

Absorción cutánea:
Absorber un químico por cualquier 

parte de la piel inclusive los 
ojos. Cuando los químicos 

entran en contacto con la piel, 
algunas veces pueden entrar al 
cuerpo a través de esta ruta de 

exposición.  De todos modos, para 
muchos químicos, la piel provee 
buena protección al cuerpo, y la 

cantidad absorbida por la corriente 
sanguínea es a menudo muy 

pequeña. 

¿QUE ES SALUD AMBIENTAL?
Su salud depende del ambiente que le rodea. Salud ambiental  es la forma en que 
el ambiente afecta la salud humana. Cada día, estamos en contacto con cosas en el 
ambiente que pueden ayudarnos o dañarnos. Algunas de estas cosas son importantes 
para mantenernos saludables, como el oxígeno o medicinas. Otras cosas pueden ser 
dañinas para la salud, como fumar tabaco o el veneno de una serpiente. Las cosas 
del medio ambiente que son dañinas son llamadas peligros e incluyen químicos, las 
bacterias que causan enfermedades, sonidos muy  fuertes y hasta el estrés. Estos 
peligros pueden ser naturales o provocados por el hombre. 

Las personas que trabajan en el campo de salud ambiental realizan una gran variedad 
de trabajos. Identifican los peligros del ambiente y evitan que las personas sean 
expuestas a ellos. Algunos son científicos trabajando en laboratorios. Otros trabajan 
para el gobierno creando regulaciones y controlando la contaminación ambiental. Hay 
científicos que trabajan para corporaciones y controlan que los lugares de trabajo 
sean seguros y que el ambiente se mantenga tan limpio como sea posible. La mayoría 
de estos trabajos requiere un conocimiento sólido de ciencia, matemática, historia, y 
leyes, además de una buena habilidad de comunicación.

La mayoría de las personas que tienen trabajos relacionados con la salud ambiental 
han tomado cursos de toxicología. Toxicología es el estudio de como los peligros 
ambientales como los naturales, y los químicos manufacturados, pueden entrar a 
nuestros cuerpos y enfermarnos. 

La toxicología está basada en cuatro conceptos, que serán explicados a continuación: 
Dosis, Rutas de exposición, Susceptibilidad individual y Riesgo. 
 
A diario, nuestros cuerpos están en contacto con toda clase de peligros del ambiente. 
La Exposición  es la cantidad total de peligros que tienen contacto directo con el 
cuerpo. Dosis es la cantidad de peligros que entra en su cuerpo. 

La dosis depende de su talla. Cuando un médico le receta una medicina, calcula la 
cantidad que debe tomar a base del tamaño de su cuerpo. El médico puede darle la 
cantidad correcta de medicina para el peso de su cuerpo. Mientras 
que una cucharadita de medicina podría ser la cantidad correcta 
para un adulto, podría ser demasiada dosis para un infante. La 
dosis también depende de cuán larga ha sido la exposición. 
Mientras más ha estado expuesto a algo, mayor podría ser la 
cantidad de su dosis. Mientras la dosis sea más grande, es 
probable que también sea más extrema la reacción.

Los peligros químicos ambientales, pueden entrar a su cuerpo por respiración 
(inhalación), comida, bebida (ingestión), o por la piel (absorción cutánea). Las 
formas diferentes en que los químicos entran a su cuerpo son llamadas  rutas de 
exposición. Si un químico le enferma, entonces ese químico es un peligro a la salud. 
Si la dosis es lo suficientemente grande, los químicos peligrosos pueden causar 

Hoja del estudiante
Nombre
Fecha
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diferentes problemas de salud, incluso cáncer o daño al sistema 
nervioso.

Algunas personas están más propensas que otras a enfermarse 
cuando han sido expuestas a peligros del ambiente. La genética, la 
talla de la persona, la edad, el sexo, o la salud en general podrían ser 
las causas. A esto se le llama susceptibilidad individual. 

Los investigadores y las personas encargadas de crear leyes están 
interesados en comprender los riesgos y beneficios a los que nos 
enfrentamos cuando somos expuestos a los peligros del ambiente 
o bien, cuando participamos en ciertas actividades. Ellos estudian 
estos efectos y riesgos basándose en la exposición, la dosis, y la 
susceptibilidad individual, para determinar los estándares de seguridad 
y explicárselos a la gente. Al entender los riesgos y beneficios a 
los que nos enfrentamos cada día, podemos tomar decisiones que 
reducen nuestro riesgo y así mantenernos tan sanos y seguros como 
sea posible. 

Existen otros tres principios de salud ambiental, que es importante 
considerar. Estos principios llevan la salud ambiental más allá del 

individuo y los aplican a la comunidad como un todo. Estos principios se explican a 
continuación: temas éticos, legales y sociales, justicia del ambiente,  acción y recursos 
comunitarios. 

¿Qué pasa cuando los científicos genéticos y de salud ambiental realizan 
nuevos descubrimientos? Ellos deben considerar las consecuencias que dichos 
descubrimientos  tendrán en los individuos y la comunidad. Estas consecuencias se 
les llaman éticas, legales y sociales (ELSI, por sus siglas en inglés). Éticas— ¿qué 
es correcto hacer y el porqué de esto? Legales— ¿cómo regulan las leyes estos 
descubrimientos? Social— ¿cómo afecta a la comunidad?

Todos tenemos el derecho a un medio ambiente sano.  A esto se le 
llama Justicia ambiental (EJ por sus siglas en inglés). La agencia 
Estadounidense para la protección ambiental define la justicia del 
ambiente como “el tratamiento justo para las personas de todas las 
razas, culturas y estado socioeconómico, sin importar el desarrollo de 
las leyes, regulaciones y políticas.”  

Desafortunadamente, algunos miembros comunitarios están expuestos a más 
contaminación ambiental que otros, estos podrían sufrir de un índice mayor de  
problemas de salud. Las comunidades de bajos recursos y de color son a menudo 
las más impactadas. Estos grupos con frecuencia tienen menos poder económico y 
político en la sociedad donde se toman las decisiones. Por ejemplo, en los vecindarios 
de bajos ingresos, generalmente se construyen basureros de residuos tóxicos, 
tiraderos de basura, fábricas que contaminan y carreteras con mucho tráfico. Algunas 
comunidades reconocen esto como un problema de salud ambiental y trabajan para 
lograr justicia ambiental.

¿A dónde debe acudir en su comunidad para informarse acerca de los 
problemas de salud ambiental? Usted puede aprender más acerca 
de problemas específicos, comprender las políticas del ambiente o 
buscar justicia ambiental usando los recursos comunitarios. En 
su búsqueda de información, usted puede visitar lugares como la 
biblioteca, la municipalidad y/o hacer una búsqueda en Internet. 
También puede hablar con personas como un científico de salud 

ambiental en su universidad local o departamento de salud, maestros y padres de 
familia. Con la información que reúna, puede tomar acción escribiendo cartas al 
editor en su periódico local o hablando frente al concilio comunitario o municipalidad. 
Cada individuo puede lograr un impacto positivo y hacer un cambio dentro de su 
comunidad. 

Rutas de Exposición:
Las formas en las  Cuáles 
un químico puede entrar al 
cuerpo humano. Las tres rutas 
de exposición son inhalación, 
ingestión y absorción cutánea.

Genética:
Información contenida en los 
genes (ADN) de las células de 
una persona.  La información 
genética es transmitida de 
padres a hijos.

Susceptibilidad Individual:
Las diferentes formas en las 
que un individuo reacciona 
luego de ser expuesto a la 
misma  cantidad de químicos 
dañinos. Las diferencias en 
susceptibilidad pueden ser 
causadas por diferencias en 
talla, edad, genética, género y 
salud en general.

Riesgo:
La posibilidad de ser herido o 
de morir. 

Problemas éticos, legales y 
sociales (ELSI):
Los investigadores científicos 
tienen cuidado al considerar 
la forma en que sus 
descubrimientos puedan 
impactar a los individuos, sus 
familias y la comunidad.

Justicia ambiental:
El tratamiento justo para la 
gente con respecto a la creación 
de leyes, regulaciones y 
políticas ambientales. 

Contaminación:
La presencia no deseada de 
substancias (como mercurio) o 
energía (como radiación) que 
puede dañar a los humanos o al 
ambiente.

Recursos Comunitarios y 
Acción:
La habilidad que tiene un 
individuo  al acceso de recursos 
y de actuar en base a la 
información para crear cambios 
positivos  en su comunidad.



131

Actividades del estudiante

Materiales elaborados por el Proyecto Integrado de Salud para la Escuela Media (NIEHS Beca #ES10738 y #ES07033).  
Derechos Reservados 2004 Universidad de Washington.

Revise su comprensión
1. Enumere tres cosas que hace una persona que trabaja en el campo de 
salud ambiental:

2. Enumere tres rutas de exposición. Provea un ejemplo (por cada uno) de un 
químico peligroso al que pueda ser expuesto por dicha ruta.

¿Qué es la intoxicación por plomo?

El plomo es un metal gris-opaco que se encuentra en la corteza terrestre. Es resistente 
a la corrosión, se derrite a baja temperatura y es fácil darle forma. Estas propiedades 
naturales lo han hecho un metal popular por miles de años. Actualmente, el plomo 
puede ser encontrado en el agua para beber, tierra, aire, pintura y a veces hasta en 
la comida. Es conocido en la tabla periódica de elementos como “Pb.” La palabra en 
latín para plomo es: plumbum. Todavía se conoce como plomismo a la intoxicación por 
plomo y la plomería de las casas esta hecha por tubos de plomo y soldadura. 

No existe un nivel seguro de plomo para el cuerpo humano. La intoxicación por plomo 
puede ocurrir cuando se ingiere, inhala o absorbe el plomo. La intoxicación por plomo 
puede afectar la inteligencia, el comportamiento y el desarrollo.  La intoxicación 
por plomo afecta a casi un millón de niños menores de seis años en  EE.UU. 
Afortunadamente, después de anos de programas en educación y prevención la tasa 
de intoxicación  por plomo en EE.UU. ha declinado. 

¿Cómo se intoxican las personas por plomo? El plomo puede encontrarse en 
muchos lugares de nuestro diario vivir – en algunas pinturas, agua para tomar, polvo, 
tierra, aire y comida. De modo que, muchos de nuestros problemas con el plomo, 
vienen de productos que ahora están prohibidos en los EE.UU. Estos productos 
incluyen la gasolina con plomo, pintura residencial con plomo y un tipo particular de 
insecticida (químicos usados para matar insectos y pestes).  Aunque estos productos 
están prohibidos hoy día, el plomo continúa contaminando el aire, suelo y agua.

Hoy el plomo es usado en muchos productos industriales y de pasatiempos. La lista a 
continuación, incluye algunos objetos que contienen productos del plomo:  

• baterías de automóviles 
• algunas marcas de tinte de pelo
• equipo de visión nocturna
• pesas para la pesca
• algunos tipos de pintura para el  
  exterior
• algunos tipos de bala de escopeta

• ventanas decoradas con pintura
• algunas clases de persianas de vinyl
• televisiones de alta definición  (HDTVs)
• monitores de computadora
• algunos tipos de pintura para alfarería
•  plomería vieja

Intoxicación por plomo:
Condición de salud que ocurre 
cuando la persona ha ingerido, 
inhalado o absorbido plomo y 

alcanza un nivel peligroso en el 
cuerpo.  Afecta muchos sistemas 

en el cuerpo, particularmente 
los riñones, las células rojas y el 

cerebro.
.
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¿Qué pueden hacer las personas para evitar la intoxicación por plomo?  Los 
niños que viven en casas construidas antes de 1978 están a riesgo dLa intoxicación 
por plomo. Si usted vive en una casa más antigua,  le indicamos a continuación algunas 
cosas sencillas que puede hacer para proteger a su familia y a si mismo:

• Lave siempre sus manos antes de comer. Lave con frecuencia los juguetes de los 
niños, incluyendo chupones (esto evita que los niños traguen polvo).

• Aliméntese con comida nutritiva con poca grasa, con calcio y hierro para evitar que 
su cuerpo absorba el plomo (el calcio y el hierro pueden disminuir la cantidad de 
plomo que su cuerpo absorbe). 

• Cuando abra la llave para beber agua, o para cocinar déjela correr por 15-30 
segundos, o hasta que se enfríe, (el agua estancada puede contener más 
plomo  debido a la tubería o a la soldadura).

• Use agua fría solamente para tomar, para cocinar y mezclar formula de infantes (el 
agua caliente puede tener niveles más altos de plomo que el agua fría).

• Desempolve frecuentemente los mostradores, mesas, pisos y las orillas de las 
ventanas con un trapo mojado o trapeador (para no tragar polvo de plomo).

• Use una alfombra para limpiar sus zapatos, o quíteselos al entrar a su casa (evita 
que entre polvo del plomo a la casa).

¿Cuáles son los efectos del intoxicación  por plomo?  Una vez que el plomo 
entra al cuerpo, se concentra primero en la sangre y los tejidos suaves, de allí, la 
mayoría va a ser expulsado a través de la orina. Del plomo que queda en el cuerpo, 
95% se concentrará en los huesos de las piernas y dientes, puesto que el plomo 
actúa como calcio dentro del cuerpo.  El plomo que se guarda en los huesos puede 
volver lentamente a la corriente sanguínea cuando el cuerpo se encuentra bajo estrés, 
por ejemplo cuando sufre de un hueso roto, embarazo o vejez. La intoxicación por 
plomo puede afectar prácticamente cualquier sistema en el cuerpo, especialmente los 
riñones, las células de la sangre, el corazón, los órganos reproductivos y el sistema 
nervioso central. 

El intoxicación  por plomo produce más daño a los niños menores de seis años de edad 
y a los bebes por nacer. Mientras un adulto absorbe 10% del plomo que ingiere, un 
niño absorbe 50% en su cuerpo. Los niños pequeños absorben más plomo dentro de 
sus cuerpos en desarrollo, excretan menos plomo de sus cuerpos, y sufren mayores 
impactos en sus órganos. Cuando un niño en crecimiento ingiere plomo, el plomo 
actúa exactamente como calcio. Los cuerpos en crecimiento necesitan mucho calcio, 
de modo que los niños absorben más plomo que los adultos. La intoxicación por plomo 
afecta a los niños pequeños interfiriendo con el desarrollo cerebral, el sistema nervioso, 
causando problemas auditivos y de  la vista y dañando los riñones. La intoxicación por 
plomo puede disminuir el cociente intelectual y causar problemas de comportamiento, 
hiperactividad y problemas de aprendizaje. A altos niveles, la intoxicación por plomo 
puede causar convulsiones, coma y hasta la muerte. 

Los síntomas de la intoxicación por plomo incluyen la pérdida del apetito, cansancio, 
dolores de estómago y mal humor. A menudo, los padres y médicos no sospechan que 
un niño sufra de intoxicación  por plomo porque sus síntomas se parecen mucho a los 
de otras enfermedades como la influenza. 

Los adultos que se envenenan con plomo, pueden tener presión más alta, problemas 
de fertilidad, problemas digestivos, desórdenes nerviosos, y problemas de pérdida de 
la memoria y dificultad de concentración. 

El intoxicación  por plomo es detectado generalmente con un exámen de sangre. 
El exámen muestra el nivel de plomo del paciente, o la cantidad de plomo en su 
corriente sanguínea. Un exámen para determinar el nivel de plomo en la sangre 
muestra solamen- te la exposición reciente al plomo. Cuando una persona deja de 
estar expuesta al plomo, su nivel de plomo en la sangre disminuirá lentamente. Un 
nivel sanguíneo de más de 10 microgramos por decilitro (µg/dL) provoca preocupación, 
aunque algunos científicos creen que aun este nivel tan pequeño es mucho para un 
infante. Un médico puede determinar la exposición al plomo en el pasado de una 

Nivel de plomo en la sangre:
Una medida de la cant. de plomo 
en la corriente sanguínea de 
una persona y que muestra 
su exposición al plomo de  2-3 
semanas pasadas.  Después de 
este tiempo se concentra en los 
huesos largos. Este examen del 
nivel de plomo ofrece una vista 
rápida de la exposición al plomo de 
una persona. Un nivel sobre 10µg/
dL es considerado como elevado.  
“Microgramos por decilitro” (o µg/
dL) es una medida de la cantidad 
de plomo en  la sangre d e una 
persona. El símbolo griego µ se 
pronuncia “miu”.
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persona, usando un tipo especial de rayos x

para analizar los niveles de plomo en los huesos. Como el plomo permanece en los 
huesos por muchos años después de haber sido expuesto a el, un exámen de  hueso 
puede indicarle al médico sobre el historial de exposición al plomo, que la persona ha 
tenido. 

De la misma manera, algunos científicos examinan los dientes de leche de un niño   
para comprobar los niveles de plomo. También se puede usar el análisis de pelo 
para mostrar si ha habido exposición al plomo recientemente. Un niño que ha sido 
diagnosticado con intoxicación  por plomo puede necesitar una medicina especial 
llamada terapia chelation. Esta medicina bloquea químicamente el plomo en el cuerpo 
del niño y le ayuda a expulsarlo por medio de la orina. La medicina puede ayudar a 
rebajar la cantidad de plomo en el cuerpo del niño, pero no hay forma de remover 
todo el plomo completamente.  Lo más importante es encontrar la fuente de plomo y 
deshacerse de ella para proteger al niño de ser expuesto en el futuro. 

Datos importantes acerca de la intoxicación por plomo:

•   En EE.UU., de veintidós niños, uno tiene niveles elevados de plomo en su 
sangre.

•  52% de los hogares en EE.UU. todavía tienen pintura que contiene plomo, 
aunque  la venta de la pintura con plomo para residencias se haya prohibido 
en 1977.

•  Los niños de familias de bajos recursos tienen ocho veces más probabilidades 
de envenenarse con plomo que los niños de las de familias con ingresos 
altos.

•  Los niños afro-americanos tienen cinco veces más probabilidades de ser 
dañados por los niveles de plomo en sus cuerpos que los niños blancos. En 
toda la nación, cerca de 22% de niños afro-americanos viven en casas viejas 
con niveles elevados de plomo.

•  En 1979, los carros emitieron 94.6 millones de kilogramos (kg) de plomo en el 
aire en los EE.UU. En contraste, después de que se prohibió la gasolina con 
plomo, en 1989 los carros emitieron solamente 2.2 millones de Kg en el aire.

Revise su comprensión
1. A su primo de cuatro años le acaban de diagnosticar intoxicación leve con 
plomo.  ¿Que sistemas y órganos del cuerpo podrían ser afectados?

2. Haga una lista de cinco formas en las que un niño podría estar en contacto 
con el plomo.  

Intoxicación aguda por plomo:
Cuando una persona está en 

contacto con una cantidad grande 
de plomo en un periodo corto de 
tiempo y absorbe suficiente para 

enfermarse.

Intoxicación crónica por  plomo:
Cuando una persona está 
en contacto con el plomo 

repetidamente y la cantidad es 
pequeña en un período largo de 

tiempo.

Intoxicación secundaria por 
plomo:

Cuando un animal se intoxica 
por comerse a otro que ha sido 

intoxicado con plomo.

¿Qué tiene que ver el plomo con la salud ambiental?

•  ¿Qué tiene que ver la DOSIS con el intoxicación  por plomo? Las personas 
pueden sufrir de intoxicación agudo o crónico. Intoxicación  por plomo agudo 
ocurre cuando una persona está en contacto con una cantidad grande de plomo 
en un período corto de tiempo, por ejemplo ingiriendo remedios caseros con 
un contenido alto de plomo. intoxicación crónico con plomo ocurre cuando 
una persona está en contacto con plomo repetidamente por un periodo largo 
de tiempo, como cuando una persona bebe agua con un contenido bajo de 
plomo proveniente de tubería de plomo.  Algunas veces, los animales como 



Datos de Salud Ambiental: PLOMO

134 Materiales elaborados por el Proyecto Integrado de Salud para la Escuela Media (NIEHS Beca #ES10738 y #ES07033).  
Derechos Reservados 2004 Universidad de Washington.

Revise su comprensión
1. Miguel es bibliotecario de cuarenta y cinco años de edad. Le gusta jugar balompié y golf. Miyoko es una mujer 
de veintinueve años de edad y está embarazada con su primer hijo. Ella vende tazones de cerámica hechos 
a mano. Jasper es un niño de dos años cuya familia vive en una casa antigua remodelada recientemente. 
¿Cuáles son las dos personas que usted cree, están más susceptibles a la intoxicación por plomo? ¿Por 
qué?

2. Diga una cosa que puede hacer para disminuir su riesgo a la intoxicación  por plomo.

Risk Factor:
Something that increases and 
individual’s chance of becoming ill, 
hurt, or killed.

halcones o águilas sufren de intoxicación secundaria por plomo cuando comen 
del cuerpo de un animal que ha muerto  intoxicado por plomo. 

• ¿Cuál es la RUTA DE EXPOSICION principal de la mayoría de los casos de 
intoxicación  por plomo?  La forma más común que los niños están en contacto 
con el plomo es ingiriendo polvo de la casa, que contiene partículas de pintura 
vieja que contiene plomo. De vez en cuando, un niño podría comer pedacitos 
de pintura con plomo porque tiene sabor dulce. Los niños pequeños se meten 
los dedos o sus juguetes a la boca con frecuencia. Si sus dedos o juguetes han 
tocado polvo o tierra contaminada con plomo, entonces el niño va a tragar algo de 
plomo. Esto significa que la ruta principal de exposición es ingestión. La pintura 
también puede ser inhalada o, pudo haber sido absorbida por el bebé en gestación 
en caso de que su madre hubiera estado expuesta al plomo.

• ¿Que tiene que ver la SUSCEPTIBILIDAD INDIVIDUAL con el intoxicación  por 
plomo?  Su edad y su tamaño tienen mucho que ver con la susceptibilidad a la 
intoxicación  por plomo. Un niño pequeño es más susceptible que un adulto por 
varias razones. Primero, un niño pequeño es tan chico que una exposición muy 
pequeña representa una gran dosis. Segundo, el niño absorbe más plomo en su 
cuerpo porque el plomo actúa como calcio. Tercero, los niños pequeños están 
más propensos a tragar polvo de la pintura con plomo porque frecuentemente 
se llevan los dedos y juguetes a la boca y pasan mucho tiempo gateando en el 
suelo donde hay polvo. Como los cerebros y otros órganos de los niños se están 
desarrollando y creciendo todavía, sufrirán más de los efectos de la intoxicación  
por plomo que los adultos. Las mujeres embarazadas también son susceptibles a 
la intoxicación por plomo porque sus cuerpos absorben más plomo, debido a que 
actúa como calcio tan necesario para sus cuerpos. Así, los bebes en gestación 
pueden también absorber plomo por la placenta, lo cual puede resultar en daño 
cerebral, bajo peso al nacer y hasta pérdida del bebe.

• ¿Que tipo de ambientes lo ponen  a RIESGO de intoxicación  por plomo?  La 
intoxicación por plomo, regularmente está relacionado con la pobreza, aunque 
afecta a personas de todas las etnias y niveles de ingresos. Los niños que viven 
en hogares construidos antes de 1978 son más susceptibles de estar en contacto 
con el plomo. Los adultos que están expuestos al plomo en el lugar de trabajo 
(tales como una fábrica de baterías para autos) son más susceptibles de sufrir 
intoxicación  por plomo. También los niños cuyos padres trabajan con plomo son 
más susceptibles de envenenarse con plomo, puesto que los padres traen a la 
casa partículas de plomo en su ropa, zapatos o pelo. Los niños que viven en 
comunidades mineras están a mayor riesgo. Los niños cuya dieta es baja en 
calcio y rica en grasas absorberán más plomo en sus cuerpos que los niños que 
comen una dieta balanceada. Las personas que usan remedios caseros que 
contienen plomo tienen mayor riesgo de envenenarse con plomo. A todas estas 
cosas se les llaman factores de riesgo de la intoxicación  por plomo.
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¡Bienvenido!

Bienvenido al Imperio Romano, en el año  85 DC. Ha viajado por muchos caminos aquí 
en el gran Imperio Romano, el imperio más  fuerte y glorioso en el mundo. Tenemos 
festivales y celebraciones casi todos los días del año, y todos ellos con grandes fiestas 
rebosantes de vino y comida. De hecho, probablemente tiene sed por el viaje. Le he 
traído vino y frutas secas. Disfrute, y cuando haya descansado, le daremos inicio a 
nuestro recorrido  - tengo algunos sitios maravillosos para que visitemos juntos en 
los próximos días – un torneo de gladiadores en el gran Coliseo, visita a los baños 
públicos, un recorrido de nuestra mina más grande de plomo, y mucho más.

Esos Romanos, borrachos

Si hay alguna cosa que los romanos disfrutamos, es una fiesta. Parece que siempre 
hay una razón para celebrar y al menos para los aristócratas, la comida es abundante 
y el vino siempre está fluyendo. Valoramos la habilidad de nuestro Emperador para 
ofrecer fiestas  suntuosas— y debería ver cuanto come y toma todo el día. El Romano 
común, INGIERE de 1-5 litros de vino al día.

Para tener vino todo el tiempo, tenemos viñadores y viñedos en todo el imperio. 
Pero, tenemos un problema con nuestro vino. No hemos podido parar el proceso de 
fermentación, por eso  el vino se vuelve ácido. No sabemos como contrarrestar la 
acidez. Agregamos jugo dulce hecho de las uvas llamadas sapa. Tenemos una receta 
especial para crear sapa. Las uvas se cocen lentamente en una olla de plomo o una 
jarrilla de cobre revestida de plomo hasta que se convierten en jarabe espeso. Cuando 
usamos la jarrilla de cobre se convierte en “azúcar plomo” o acetato de plomo, que 
parece endulzar el vino y también ayuda a preservarlo. No es sorprendente que la 
consunción del vino cuenta por 50-60% del plomo entre los aristócratas.

Mientras los aristócratas disfrutan nuestros vinos superiores, las clases más bajas 
– plebeyos y esclavos – toman un vino de menor calidad que no está endulzado 
con sapa.  La diferencia entre consunción de plomo por los aristócratas  y las clases 
bajas es significante. Como promedio, un aristócrata probablemente consume 250 µg 
de plomo diario, mientras que el plebeyo promedio consume 36 µg y un esclavo 15 
µg diarios.

Aristócratas:
La clase alta en la Antigua Roma, 

compuesta por senadores y los 
ecuestres.

Plebeyos:
Los pobres urbanos de la Antigua 

Roma. 

Esclavos:
La clase más baja en la 

Antigua Roma. Los esclavos 
frecuentemente trabajaban en 

las minas de plomo y vivían vidas 
cortas y muy duras.

A TIME TRAVEL VACATION TO 
THE ROMAN EMPIRE
Student Handout #1

Revise su comprensión
1. Describa  las tres clases sociales mencionadas: aristócratas, plebeyos y 
esclavos. 

Sapa:
Un jugo extraído de la uva y 

usado para endulzar y preservar 
el vino. Se hacia hirviendo las 

uvas en  un recipiente de plomo.  
Los científicos creen que una 

cucharadita del jarabe contenía 
suficiente plomo para causar 

envenenamiento. También usaban 
la Sapa para preservar fruta.

Nombre
Fecha

Hoja del estudiante
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Aristócratas con padecimiento de gota

Algunos de nuestros médicos han notado problemas comunes entre los aristócratas. 
De manera extraña, estos problemas no parecen afectar a las clases más bajas. 
Muchos de nuestros aristócratas están plagados de gota y cólico.

Hemos notado que los aristócratas que están casados molestan mucho a sus hijos y 
que muchas mujeres pierden a sus bebes en gestación. Había una ley que prohibía 
que las mujeres embarazadas tomaran vino, pero ahora es legal y aceptable.  Estos 
problemas reproductivos se están volviendo grandes para los aristócratas porque 
necesitan tener herederos a quienes dejarles sus propiedades y fortuna, así como 
mantener sus apellidos. Es un problema particularmente para los senadores, que 
necesitan un heredero para que continúe su posición en el gobierno. 

En alguna forma, parece que nuestros emperadores van a 
sufrir lo peor. Mientras nuestros líderes han sido conocidos 
por su glotonería a través de la historia, muchos han padecido 
problemas de salud como cólico y gota, cólico y gotitas. 
Por ejemplo, uno de nuestros emperadores pasados, 
Claudio, que reinó de 41-54 DC. tenía muchos problemas. 
Algunos poetas y actores de ese tiempo remedaban sus 
molestos discursos, miembros débiles, temblores y su 
forma de caminar. Ellos también se burlaban del mal genio 
de Claudio, y sus ataques de risa inapropiados. Claudio 
era conocido por su falta de concentración y flaqueza. 
A menudo se quejaba de gripe seca, una forma terrible 
de dolor de estómago. A veces babeaba– ¡en público! El 

actual emperador, Domitian, también disfruta el vino en exceso. He oído rumores de 
que toma de las fuentes que rebozan de vino.

Pocas personas piensan que el vino tiene algo que ver con estos extraños problemas 
de salud. No sé con seguridad. Domitian bebe cantidades excesivas de vino como lo 
hizo Claudio. Si el plomo está causando estos problemas, no habrá forma de que los 
aristócratas dejen de tomar su vino.

¿Algo de plomo en el agua?

A los romanos nos conocen por el mundo por nuestras innovaciones en ciencia y 
tecnología. Vea, mire allá en el horizonte. Esa estructura de piedra que se extiende 
tan lejos como puede ver, es parte de nuestro sistema de acueducto. El acueducto 
trae agua fresca a la ciudad de Roma y las ciudades vecinas. Nuestra agua es fresca, 
dulce y limpia. Algunos aristócratas hasta tienen plomería en sus casas, pero la mayor 
parte de gente llena sus recipientes con agua en la fuente de la plaza central.  Los 
baños públicos también reciben el agua de los acueductos. 

Los acueductos son estructuras altas con tubería fina de plomo que carga el agua. 

Gota:
Una condición dolorosa de las 
articulaciones que produce 
hinchazón.  La Gota afecta con 
frecuencia los pies, haciendo que 
el paciente no pueda caminar. 
A menudo es un síntoma de 
intoxicación  por plomo.

Cólico:
Dolor de estómago 
extremadamente  fuerte,
a menudo causado por intoxicación 
crónico con plomo.

Senador:
La clase más alta en la Antigua 
Roma. Senadores tenían 
posiciones en el gobierno y la 
posición era por nombramiento  o 
heredada.

Gotitas:
Condición causada por intoxicación 
por plomo que provoca que con 
manos cuelguen de las muñecas, 
haciéndolas inútiles

Gripe seca:
Dolor  fuerte de estómago que 
hace que se sienta como si están 
pellizcando los intestinos. Es un 
síntoma de intoxicación  por plomo.  
Un recipiente para vino

Acueducto:
Estructura para llevar grandes 
cantidades de agua a largas 
distancias. La tubería del agua era 
de plomo o de loza.  Las de plomo 
eran más populares en la ciudad y 
de loza en las áreas rurales.  

A Roman Wine Jug

2. ¿Qué era sapa y como la hacían?
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Algunos acueductos tienen tubería 
de loza; estas son más baratas 
y más fáciles de reparar, pero 
nuestros ingenieros prefieren la 
tubería de plomo. De hecho, la 
palabra plomero viene del latín 
plumbum. 

El arquitecto y escritor Vitruvius, 
que vivió de 70-25 AC., criticaba 
el uso de la tubería de plomo. El 
pensaba que las de loza producían 
mejor clase de agua mientras que 
el agua de la tubería de plomo es 
“dañina para el cuerpo humano.” 
Parece que pensaba que la tubería de plomo era un RIESGO.  para la salud. Puede 
que haya tenido razón, pero al menos en la ciudad de Roma, el plomo es todavía 
preferido para la tubería que lleva agua. 

Revise su comprensión
1. ¿Cuáles  fueron algunos de los síntomas de Claudio que pueden atribuirse 
a la intoxicación por plomo?

2. La palabra plumbism significa intoxicación  por plomo. ¿Que relación tiene 
esta palabra con los acueductos de la antigua Roma?

Acueducto Romano

El padre de los metales

¡Parece que le gustaron las frutas secas que le di! Una de nuestras comidas favoritas 
es las frutas secas como las uvas, manzanas, higos, ciruelas, peras y cerezas. Las 
conservamos usando sapa como preservativo.

Me alegra que haya notado la vajilla. Están hechas a mano por artesanos y el arte es 
muy importante para nosotros. Los diseños y orillas de nuestros platos, copas, floreros 
y otros objetos en la mesa muestran escenas de la vida diaria en el Imperio. Los platos 
de loza y copas están pintadas con pintura a base de plomo y luego horneadas. La 
mayoría de nuestros utensilios de cocina están hechos de puro plomo. Es un metal tan 
suave y dócil que encontramos muchos usos para él. Algunas ollas están hechas de 
cobre o bronce, pero la mayoría de las personas prefieren ollas revestidas de plomo. 

El plomo es nuestro metal más útil. Consideramos que el plomo es el padre de todos 
los metales y lo asociamos con el dios Saturno.  Usamos el plomo como ingrediente en 
algunas medicinas, para hacer nuestras monedas de metal, los techos, féretros, hasta 
para escritura y juguetes. Nuestro color de pintura favorita es un color rojo profundo 
llamado Pompeya que se hace con  una sal del plomo llamada minium.

Minium:
Sal de plomo que a menudo es 

usada como pigmento para pintura 
roja
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Es posible que las mujeres usen productos que 
contienen plomo. Es el ingrediente principal para 
muchos cosméticos, incluso el polvo para la cara 
y pintura de pelo.

Las grandes minas romanas

Pensé que disfrutaría de un recorrido por una de 
nuestras minas más grandes de plomo.  Cuando 
los romanos empezaron a usar plomo, fué como 
resultado de la minería de plata.  Ahora que le 
hemos encontrado tantos usos, excavamos 
específicamente el plomo. El plomo se funde 
a temperatura baja, es fácil de fundir.  En las 
minas de plomo trabajan los esclavos.  Es trabajo 
duro y hay muchos peligros asocia-dos con él. A 
menudo, los esclavos no viven mucho. 

Hace mucho tiempo los científicos y Pliny el Anciano explicaron como fué creado 
el plomo blanco (usado como pigmento). “Para propósitos medicinales, el plomo es 
fundido en recipientes de loza, con una capa de polvo de sulfuro en la parte inferior; 
encima de esto se colocan platos delgados cubiertos con sulfuro y mezclados con 
una barra de hierro. Mientras se está fundiendo, deben protegerse los pasajes de 
respiración… si no, el vapor nocivo y mortal del plomo puede ser INHALADO”.

Teníamos lugares para fundir plomo en todas partes de la ciudad. Los vapores nocivos 
que emanaban de ellos eran abrumadores, ahora, la mayoría de las fundidoras están 
localizadas a fuera de la ciudad en pueblos pequeños.  

Fundidora:
Derretir un mineral para separar un 
metal en particular.  En la Roma 
Antigua,  se fundía el mineral 
galena para producir plomo y plata

Pintura en florero de una mujer 
romana viéndose en el espejo.

Revise su comprensión
1. Nombre cinco utensilios romanos que contenían plomo. 

2. ¿Porque creía Pliny el Anciano, que las minas de plomo y las fundidoras 
eran peligrosas?

Los pensamientos de Pliny acerca de la intoxicación por plomo

Pliny el Anciano, que vivió de 23-79 DC., escribió algunas veces acerca del impacto del 
plomo en la salud de las personas. Pensé que le gustaría hablar con su sobrino, Pliny 
el Joven, quien ha estudiado muchos de los manuscritos de su tío. Ya que tiene interés 
in la forma en la que usábamos el plomo en el Imperio, le pedí que le describiera las 
opiniones de su tío acerca de los peligros al consumir plomo. Aquí esta lo que Pliny el 
Joven tiene que decir:
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¡Saludos, viajero en el tiempo! Mi tío notó que el cólico de la 
intoxicación con plomo era una enfermedad nueva que se extendió 
mientras vivía. Le pareció interesante que mientras los ricos sufrían 
de muchos problemas de salud en común, las clases más bajas 
parecían salvarse de estos problemas. Es cierto que los esclavos que 
trabajan en las minas de plomo y fundidoras se enferman a menudo y 
hasta mueren por los gases nocivos, la mayoría de la gente pobre no 
parece ser afectada como los ricos.  

Una razón es que, las clases bajas tienen una dieta simple, papilla 
de granos, la mayoría. No pueden comprar delicadezas como fruta 
seca o vino caro. Mi tío escribió que la practica de agregar plomo de 
una forma u otra al vino es tan común que no se puede encontrar vino 
‘genuino, sin adulteraciones, ni siquiera para la nobleza’.  Notó una 
conexión entre la consunción de vino con plomo y los problemas de 
salud, y escribió que ‘del uso excesivo de dichos vinos salían manos 
colgantes… paralíticas.’ DOSIS  grandes de plomo de la comida y el 
vino ¡parecían enfermar a la gente!  

Los pobres tienen vajilla y utensilios de cocina hechos de loza en lugar 
de las jarrillas y ollas caras. También los pobres no tienen lujos como 
cosméticos y pintura con plomo. Finalmente, muchas de las personas 
de clase baja viven lejos de las ciudades, donde los acueductos tienen 
loza en lugar de tubería de plomo. Irónicamente esto pone a los pobres 
a menor RIESGO de enfermarse por la exposición al plomo. 

Bien, Pliny el Joven, ciertamente tenía mucho que decir acerca de los peligros del 
plomo.  Aquí entre nos, pienso que probablemente hay algo de cierto en estas ideas. 
De modo que, el plomo es un metal popular y los aristócratas también aman el vino, no 
puedo imaginar que habrán cambios en la forma en que usamos el plomo, al menos 
no en tiempos cercanos. 

Hemos visto mucho el día de hoy. Me parece que esta cansado/á, déjeme llevarle a 
una de las casas de baño en Roma, los baños Caracalla, para que le den un masaje 
y se sumerja en la piscina. Mañana, veremos un torneo de gladiadores en el Coliseo 
- ¡Estoy seguro que querrá estar descansado para este evento!

Revise su comprensión
1. ¿Cuál era la diferencia de las dietas entre las clases bajas y los 
aristócratas?  

2. ¿Porque creía Pliny el Anciano, que las clases bajas padecían menos de 
intoxicación  por plomo que los aristócratas? 
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Ahora que ha tenido un recorrido guiado del Imperio Romano, es hora de hacer 
una guía turística que incluya información general sobre el Imperio así como lo que 
ha aprendido acerca de los peligros de la intoxicación  por plomo. Debe incluir una 
advertencia sobre la intoxicación  por plomo para informar a los viajeros acerca de las 
muchas formas que estarán en contacto con él, durante sus vacaciones en el Imperio. 
Es una buena idea usar las advertencias reales que usa el gobierno como ejemplos al 
trabajar en este proyecto. Puede encontrar algunos ejemplos en:

• Página de salud para viajeros del Centro Nacional de las 
enfermedades Infecciosas http://www.cdc.gov/travel/

• Página de salud para viajeros de la Organización Mundial de la Salud 
http://www.who.int/ith/preface.html

• Información de Advertencias para viajeros del Departamento de 
Estado EE.UU. http://travel.state.gov/travel_warnings.html#f

Además de la advertencia de intoxicación por plomo, su guía turística debe incluir 
un mapa del Imperio Romano con los puntos de mayor importancia marcados para 
viajeros (las ciudades más importantes, y los puntos turísticos que vale la pena ver).  
Deberá incluir información acerca de al menos cinco de los aspectos de la cultura 
romana relativos a:

• Lugares turísticos que deben visitarse • Entretenimiento
• Dinero • Arte y Música
• Higiene y Salud • Celebraciones
• Religión • Moda
• Política • Tiempo y Clima
• Sistema de clases sociales • Palabras en latín que debe saber
• Tecnología

El mapa del Imperio Romano incluido en esta lección puede ser usado como punto de 
inicio para su guía turística. 

Actividad Guía 
Turística
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GEOGRAFIA DE LA EXPOSICION 
AL PLOMO EN LA NIÑEZ
Hoja del estudiante #1

Nivel de plomo en la sangre 
(BLL):

Medida de la cantidad de plomo 
en la sangre de una persona.  

Un nivel mayor de 10 µg/dL se 
considera peligroso.

µg/dL (ug/dL):
Microgramos por decilitro. Medida 

de la cantidad de plomo en 
la sangre de una persona.  El 

símbolo griego “µ” se pronuncia 
“miu”

Justicia ambiental:
La creencia que toda la gente 

— sin importar la raza, país 
de origen, nivel de ingreso, o 

educación 
 — tienen derecho a aire, agua, y 

tierra limpios.

Factor de riesgo:
Algo que aumenta la posibilidad 
de que una persona se enferme, 

se hiera o muera.

Antecedentes

La intoxicación por plomo en la niñez es un problema de salud ambiental que afecta 
a los niños en toda América. El Centro para Control de Enfermedades estima que 
casi  434,000 niños americanos entre las edades de 1-5 años, sufren de intoxicación  
por plomo todos los años. Esto significa que casi 2.2 % de todos los niños entre 
las edades de 1-5 años son afectados por el intoxicación  por plomo. Desde que la 
gasolina con plomo y la pintura a base de plomo  fueron prohibidas hace 20 años, la 
tasa de intoxicación  por plomo ha disminuido en todo el país. 

Nuevo Méjico tiene bajos niveles de intoxicación por plomo comparado a todos los 
Estados Unidos. El Departamento de Salud del estado de Washington mantiene 
registros de todos los niños que han sido examinados por intoxicación por plomo. Como 
los niveles de intoxicación por plomo en el estado son bastante bajos, la mayoría de 
los niños nunca son examinados. De hecho, solamente 3% de los niños con edades 
entre 1-5 años han sido examinados por plomo. De ese 3% de los niños que se han 
examinado, solamente 4% de ellos tienen un nivel elevado de plomo (mayor que 10 
ug/dL)¡Compare esto al 28 % de niños en Filadelfia!

La intoxicación por plomo en la niñez es considerada como un problema de  justicia 
ambiental. Justicia ambiental es un movimiento social y político que cree que toda 
la gente – sin importar la raza, lugar de origen, ingreso o nivel de educación- tiene 
el derecho a un medio ambiente limpio, incluyendo: aire limpio, agua, y tierra. El 
intoxicación  por plomo en la niñez es un problema de justicia ambiental porque ciertos 
grupos de niños están más propensos a sufrirlo que el resto de la población. Si vemos 
a los Estados Unidos como un todo, el RIESGO de un niño a envenenarse con plomo 
aumenta si:

•  Vive en una comunidad de alto riesgo (geografía)
•  Proviene de una familia de bajos recursos (pobreza)
• Es negro o hispano (grupo étnico)

otros problemas de justicia ambiental incluyen: contaminación del aire, del agua, 
deshechos de basura, transporte, industria, salud humana y enfermedades. 
”Clase ambiental” se refiere al hecho de que la gente pobre con frecuencia vive en 
ambientes que son menos limpios y sanos, en ciudades grandes por ejemplo viven 
cerca de fábricas y sitios con basura tóxica. 

En Nuevo Méjico, los oficiales de salud pública han examinado muchas estadísticas 
para aprender sobre los factores de riesgo específicos de esta región relacionada 
con la intoxicación por plomo. Mientras el departamento de salud comprende mejor 
los factores de riesgo, pueden educar a las familias con niños pequeños de manera 
más eficiente. Los factores de riesgo que aumentan la posibilidad de tener un nivel 
elevado de plomo en la sangre incluyen: la edad de la vivienda, pobreza, geografía, y 
grupo hispano.

Edad de la vivienda: La pintura a base de plomo fué prohibida en 1978, pero muchas 
viviendas antiguas todavía tienen pintura con plomo. En Washington hay 1.5 millones 
de viviendas que  fueron construidas antes de 1978 y probablemente el 80% de ellas 
tiene todavía pintura a base de plomo. Los niños pequeños INGIEREN polvo de la 
pintura que recogen en sus manos, pies o juguetes. También las casas viejas pueden 
tener tubería de plomo lo cual puede contaminar el agua para beber.

Nombre
Fecha

Hoja del estudiante
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Pobreza: Los niños que provienen de una familia de bajos recursos tienen más 
probabilidad de vivir en casas más viejas, que pueden tener pintura a base de plomo. 
Es posible que tampoco tengan una dieta muy bien balanceada. Los niños cuyas 
dietas son altas en grasa y baja en calcio son más SUSCEPTIBLES a la intoxicación 
por plomo. El plomo actúa como calcio en el cuerpo de un niño. Un niño con una dieta 
pobre absorberá más plomo que un niño con una dieta bien balanceada. 

Geografía: La geografía puede jugar un papel importante en la intoxicación infantil 
con plomo. La cantidad y el tipo de industrias existentes en el área, la proximidad a la 
agricultura, el número de casas construidas antes de 1978(el plomo en la pintura se 
prohibió en esta fecha) son factores que pueden influir en la tasa de intoxicación  por 
plomo. Se pueden notar diferencias geográficas a nivel nacional, entre los condados 
de un estado, o los códigos postales de una ciudad. Por ejemplo, 23% (6 códigos 
postales) de los 26 existentes en el condado de Bernalillo están en peligro de niveles 
elevados de plomo en la sangre. 

Hispanos: Los niños hispanos a nivel nacional, tienen una tasa más elevada de 
intoxicación  por plomo que los niños que no son hispanos (aunque los niños Afro-
americanos tienen algunas de las tasas más altas de intoxicación  por plomo en la 
nación). Las dietas bajas en calcio hacen que las personas sean más receptivas al 
plomo, esto ha afectado a la población hispana en forma inusual. Generalmente, 50% 
de los hispanos y 75% de los México- Americanos son intolerantes a la leche y por eso 
no usan los productos lácteos como fuente de calcio. 

Las causas de los niveles elevados de plomo en la población hispana podrían ser de 
diferente fuente que la pintura con plomo. Muchos trabajadores del campo son hispanos. 
Los trabajadores del campo trabajan en áreas que tienen tierra contaminada y podrían 
traer partículas de tierra a su casa en la ropa, zapatos y el pelo. Otros trabajos como 
reparador de radiadores, producen polvo de plomo que puede ser traído a casa y a los 
niños. Los niños pueden INGERIR o INHALAR el polvo de plomo cuando se adhiere 
a sus manos, juguetes o comida. Además muchos remedios caseros mexicanos y un 
tipo específico de caramelos a veces contienen plomo. Hay dos remedios caseros 
comunes que se les dan a los niños para el dolor de estómago, greta y azarcon, que 
pueden tener hasta 97% de plomo. Otras posibles fuentes de plomo en la comunidad 
hispana son los platos de cerámica y recipientes para servir y guardar comida. 

La tasa de intoxicación infantil con plomo, continúa bajando con el tiempo de manera 
que las personas se dan cuenta del riesgo. En general las tasas de  intoxicación  por 
plomo han disminuido considerablemente desde que fué prohibida la pintura doméstica 
con base de plomo y la gasolina con plomo. Esperamos que en el futuro la intoxicación 
por plomo raramente afecte a los niños.
fuente: Departamento de Salud de Nuevo México, Oficina de Epidemiología, Programa de Prevención para la 
Intoxicación  por plomo. Estadísticas Nacionales del estudio NHANES III http://www.nicholas.duke.edu/cehi/health/

Revise su comprensión
1. ¿Como se compara la tasa de intoxicación  por plomo infantil en el estado 
de Nuevo México con el resto de los estados en EE.UU.? 

2. La prohibición de ¿cuáles productos tuvo un tremendo impacto rebajando 
las tasas de intoxicación infantil por plomo en los EE.UU.?

3. ¿Por qué se dice que la intoxicación por plomo es un problema de justicia 
social? 
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Actividad Datos en el Mapa

Examine los datos en el cuadro. Esta gráfica muestra el porcentaje de niños en varios condados de Nuevo 
México que tienen niveles elevados de plomo en sus cuerpos.  

Niveles Elevados de Plomo en la Sangre de los Niños en Nuevo México, 1993-1998*

GEOGRAFIA DE LA EXPOSICION 
AL PLOMO EN LA NIÑEZ
Hoja del estudiante #2

Condado
% de Niños 
con Niveles 

arriba de  
10 µg/dL

Símbolo 
o Color Condado

% de Niños  
con Niveles 

arriba de  
10 µg/dL

Símbolo o 
Color

Bernalillo 1.8 McKinley 5.0

Catron 0.0 Mora 2.7

Chaves 3.3 Otero 2.5

Cibola 3.8 Quay 0.0

Colfax 4.0 Rio Arriba 3.1

Curry 3.3 Roosevelt 1.0

De Baca 3.9 Sandoval 1.2

Dona Ana 2.7 San Juan 1.7

Eddy 6.6 San Miguel 0.9

Grant 7.4 Santa Fe 0.8

Guadalupe 3.3 Sierra 2.5

Harding 0.0 Socorro 2.5

Hidalgo 2.6 Taos 4.0

Lea 2.0 Torrance 1.3

Lincoln 1.6 Union 2.6

Los Alamos 2.4 Valencia 0.2

Luna 2.4 McKinley 5.0

Fuente: Departamento de Salud del Estado de Nuevo México

Nombre
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Hoja del estudiante
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Ahora, es hora de poner el conjunto de datos en el mapa para facilitar la visualización 
de lo que está pasando.  Haga lo siguiente:

• Escriba el nombre de cada condado en el mapa del estado de Nuevo México. 
•  Usando lápices de colores o lapiceros, decida una combinación de símbolos 

y colores que represente el rango de los datos mostrados en la clave que se 
encuentra abajo.  Por ejemplo, puede usar verde para condados donde de  0-
1.9% de niños tienen un nivel de plomo en la sangre arriba de 10 µg/dL, y 
amarillo para los condados donde  de 2.0-3.9% de niños están arriba de 10 
µg/dL. Coloree la clave de abajo para mostrar que colores y símbolos ha 
escogido. 

• En la gráfica de datos, complete la última columna indicando que símbolo o 
color pertenece a ese condado. 

•  Localice los condados incluidos en la gráfica de color y coloree cada uno en 
base a los colores que les asignó en su gráfica de datos. 

% de niños con niveles de 
plomo en la sangre arriba 

de10ug/dL BLL

0-1.9%

2.0-3.9%

4.0-5.9%

6.0-10.9%
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Remedios caseros, también conocidos como populares, se usan para tratar 
enfermedades o heridas. Probablemente conoce muchos remedios caseros que usa 
su familia. Por ejemplo, ¿ha tomado alguna vez sopa de pollo cuando está resfriado, 
ha hecho  gárgaras con sal cuando le duele la garganta, ha tomado té de jengibre 
o de menta  para la náusea? Los remedios caseros son pasados de generación en 
generación y muchos de ellos tienen su origen en otras culturas. 

Algunos remedios caseros son útiles, y 
otros son ineficaces. Algunos remedios 
caseros hasta pueden ser dañinos por 
los ingredientes peligrosos que tienen 
como plomo. Hay remedios caseros muy 
antiguos que actualmente no parecen 
tener mucho sentido, tales como los 
tratamientos usados por los romanos 
para el envenenamiento con plomo. Los 
antiguos médicos romanos recetaban 
cosas extrañas para los dolores de 
estómago y calambres que aumentaban 
al envenenamiento.  Había veces que les 
pedían a los pacientes poner un cachorro 
sobre su estómago. El pensamiento era 
que el perro iba a tomar el dolor del paciente para sí, porque los perros se compadecen 
de sus amos. En otro remedio el paciente debía poner pan tostado con mantequilla 
en su estómago.

En el noroeste, las familias hispanas están a mayor RIESGO de envenenarse con 
plomo debido a los remedios caseros. Dos remedios son particularmente peligrosos 
para los niños mexicanos y sirven para tratar dolores de estómago. Las medicinas en 
polvo llamadas greta y azarcon, se mezclan con agua y luego se toman (INGESTION). 
Ambos remedios contienen hasta un 95% de plomo. Muchas veces las familias 
hispanas traen esas medicinas con ellos a los EE.UU.

Los niños hispanos en Washington, Oregón y California también se han envenenado 
con plomo por comer ciertos tipos de caramelos importados de México. Particularmente 
los caramelos de la marca Dulmex, dulce enrollado de tamarindo y paletas Bolirindo 
tienen un alarmante alto nivel de plomo. El plomo en la tinta del envoltorio puede 
ser transmitido al dulce pegajoso.  Los niños también están expuestos al plomo 
cuando lamen o mastican el envoltorio para saborear lo que ha quedado pegado del 
caramelo.

Otra fuente común de intoxicación por plomo es la alfarería, la pintura y las persianas. 
Algunas pinturas para la alfarería contienen plomo que puede entrar en la comida o 
el agua. Los niños están en riesgo si comen pedacitos de pintura o inhalan polvo de 
la pintura cuando están renovando la casa. Algunas marcas de persianas de vinilo 
contienen plomo, lo que puede ser INHALADO en forma de polvo. 

Los dulces de tamarindo que vienen de 
México pueden tener altos niveles de plomo

DULCES TOXICOS Y CURAS 
PELIGROSAS
Hoja del estudiante #1

Tamarindo:
Fruta parecida al ejote del árbol 

de tamarindo, muchas veces 
convertido en caramelos en 

México.

Bolirindo:
Un caramelo hecho de la fruta del 

tamarindo suave, de color café, 
insertado en un palito blanco o con 
rayas  naranja.  El papel con rayas 

naranjas contiene pintura a base 
de plomo que puede contaminar al 

caramelo.

Remedios populares o caseros:
Cualquier método para tratar 

enfermedades o heridas y que ha 
sido pasado  por tradición y es 

parte de alguna región especifica o 
de la cultura.

Nombre
Fecha

Hoja del estudiante



Datos de Salud Ambiental: PLOMO

148 Materiales elaborados por el Proyecto Integrado de Salud para la Escuela Media (NIEHS Beca #ES10738 y #ES07033).  
Derechos Reservados 2004 Universidad de Washington.

Hoja de entrevista para remedios caseros

Seleccione cuatro adultos para entrevistar en esta actividad. Debe entrevistar al 
menos un miembro de su familia, busque adultos de diferentes generaciones y que 
provengan de diferentes culturas y grupos étnicos. Use esta página para tomar notas 
durante la entrevista (una hoja por persona entrevistada). 

Su nombre:     Fecha:

Nombre de la Persona Entrevistada (Sujeto):

Edad del Sujeto:

Grupo étnico del Sujeto/ Origen Cultural:

Pregúntele al sujeto entrevistado que remedios caseros ha usado o conoce para 
tratar las siguientes condiciones:

Actividad 
Entrevista

Condición Remedio Casero
Acné

Alergias

Asma

Mordidas y picaduras

Hemorragias

Quemaduras

Resfriado

Caspa

Dolor de oído

Dolor de cabeza

Acidez

Hipo

Sangre de nariz

Roncar

Dolor de garganta

Torceduras

Dolor de estómago

Quemaduras por el 
sol
Dolor de dientes y 
salida de dientes
Otro

Remedios populares o 
caseros:
Cualquier método para tratar 
enfermedades o heridas y que 
ha sido pasado  por tradición 
y es parte de alguna región 
específica o a la cultura.
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Nombre del 
producto Región Nivel de 

plomo Uso medicinal Ruta de 
exposición

Albayalde o 
Albayaidle

Mexico y 
Central 
America

93% Empacho (vomiting, 
colic, fatigue) Ingestión

Alarcon, Azarcon,
Coral, Luiga, o 
Maria Luisa

Mexico 95% Empacho (see 
above) Ingestión

Alkohl Medio Oriente 85%

preparación medica 
tópica; aplicado a 
la base del cordón 
umbilical

Absorción

Ba Bow Sen China Hast 
100%

Pesadillas e 
hiperactividad en los 
niños

Ingestión

Bint al dahab, 
Bint or Bent 
dahab

Oman, Saudi 
Arabia, India 98% Diarrea, cólico, 

estreñimiento Ingestión

Cebagin Medio Oriente 51% Polvo para la salida 
de dientes

Ingestión, 
Absorción

Cordyceps China 2% Hipertensión, 
diabetes, hemorragia Ingestión

Deshi Dewa Asia, India 12% Píldora de fertilidad Ingestión
Ghasard India 2% Tónico diario Ingestión
Greta Mexico 97% Empacho Ingestión

Kohl, Surma, 
Saoott

Africa, Asia, 
India, Pakistán, 
Medio Oriente

Up to 
86%

Cosméticos, 
astringente para 
heridas del ojo y 
el ombligo, polvo 
para la salida de los 
dientes

Absorción, 
Ingestión

Kushta India, Pakistán 73%
Enfermedades del 
hígado, corazón, 
cerebro y estomago

Ingestión

Pay-loo-ah Laos (Hmong) 90% Fiebre alta, salpullido Ingestión

Gráfica de los niveles de plomo en los remedios tradicionales alrededor 
del mundo*

*Adoptado del Nuevo South Wales EPA, “Remedios Tradicionales  Reportados con Contenido de Plomo”  
http://www.epa.nsw.gov.au/leadsafe/remedies.htm

DULCES TOXICOS Y CURAS 
PELIGROSAS
Hoja del estudiante #2
Nombre
Fecha

Hoja del estudiante
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Caso de estudio
Gráfica del nivel de plomo en la sangre*

Nivel de plomo 
en la sangre 

(BLL) Gravedad y tratamiento recomendado

NIVEL 1
Zona Baja
< 10 μg/dL

Indica un nivel bajo de plomo en la sangre. Informe a 
los padres de algún peligro de intoxicación  por plomo en 
el ambiente del niño. Repita el exámen a discreción del 
médico o si los padres tienen alguna preocupación.

NIVEL 2 
Zona Fronteriza
10 – 19 μg/dL

Estos niños están en una zona intermedia.  Los efectos 
adversos de salud pueden ser delicados y los niños 
probablemente no mostraran síntomas. Para identificar y 
controlar la fuente especifica de la exposición de plomo, los 
padres deben recibir educación familiar sobre el plomo. Se 
deberá hacer una entrevista en la casa, una investigación 
ambiental en conjunción con el departamento de salud local. 
Continúe haciendo pruebas a intervalos de 2-3 meses 
hasta que el nivel de plomo en la sangre del niño esté 
bajo 10 μg/dL.

NIVEL 3 
Zona De Peligro 

20 – 44 μg/dL

Es probable que los síntomas no sean aparentes, pero la 
posibilidad de efectos de salud adversos han aumentado 
grandemente. La fuente de plomo en el ambiente del niño 
debe ser identificada. Se deberá hacer una entrevista en 
la casa, una investigación ambiental en conjunción con el 
departamento de salud local. Habrá que hacer exámenes a 
otros miembros de la familia también. Continúe haciendo 
pruebas a intervalos de 2-3 meses hasta que el nivel de 
plomo en la sangre del niño este bajo 10 μg/dL.

NIVEL 4 
Zona de Emergencia  
45 μg/dL o más alto 

Hospitalice al niño e inicie tratamiento medico 
inmediatamente.  Puede resultar en serios daños al sistema 
nervioso. Eduque a la familia sobre el plomo. Se deberá 
hacer una entrevista en la casa, una investigación ambiental 
en conjunción con el departamento de salud local. Todos los 
miembros de la familia necesitan ser examinados. Repita la 
prueba en 48 horas.

*Adoptado del Departamento de Salud del Estado de  Washington, “Control Médico de los Niños con Niveles 
Elevados de Plomo en la Sangre.”  http://www.doh.wa.gov/Topics/MEDmgmt.doc

Nivel de plomo  en la sangre  
(BLL):
Medida de la cantidad de 
plomo en la sangre de una 
persona (ELL). Un ELL sobre 
10 µg/dL es considerado 
peligroso.

µg/dL:
Microgramos por decilitro. 
Medida de la cantidad de 
plomo en la sangre de una 
persona. El símbolo griego “µ” 
se pronuncia “miu”.
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Hoja para el historial  
del paciente Caso #

Fecha:

Nombre del Paciente:    Sexo:    Edad:

Resultados del Laboratorio Nivel de Plomo en la Sangre:

Diagnóstico y Gravedad:

Posibles RUTAS DE EXPOSICION:

• Inhalación:

 

• Ingestión:

 

• Absorción cutánea:

 

Tratamiento Recomendado:

Seguimiento Recomendado con la Familia:

Actividad Caso 
de Estudio
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Caso de intoxicación  por plomo #1
En marzo de 1999, dos niños hispanos residentes del Valle Central de  California  
fueron  identificados con intoxicación  por plomo durante un exámen de rutina.

José, un niño de cuatro años, tenía un nivel de plomo en la sangre de 88.0 µg/dL. Su 
hermana de seis años, Carmen tenía un nivel de plomo en la sangre de 69.0 µg/dL. 
Ninguno de los niños o sus padres había viajado recientemente  fuera de EE.UU.

Remedios caseros: A los niños les habían dado greta, un remedio tradicional mexicano 
usado para curar los dolores de estómago. El polvo de Greta  proporcionado por la 
familia tenía un nivel de plomo de 770,000 ppm (o 77%).

Alfarería: Ninguna pieza de cerámica en la casa resultó positiva al plomo.  

Ambiente en el hogar: Las pruebas que se hicieron con el polvo y la pintura, no 
indicaron altos niveles de plomo. Las persianas en las ventanas de la casa resultaron 
positivas al plomo.  

Dulces Mexicanos: Se encontraron dulces importados, de la  marca Dulmex- y 
paletas Bolirindo en la casa. Las pruebas conducidas en los dulces colectados de la 
casa revelaron que un envoltorio de uno de ellos tenia un nivel de plomo de 16,000 
ppm (o 1.6%).

Caso de intoxicación  por plomo #2
En mayo de 2000, un niño hispano de 4 años de edad llamado Carlos fué identificado 
con intoxicación  por plomo durante un exámen de rutina. Carlos tenía un nivel de plomo 
en su sangre de 26 µg/dL. Su familia se había mudado recientemente al condado de 
Fresno, California de Oaxaca, México.

Remedios caseros: No hay evidencia de que Carlos haya recibido ninguna medicina  
tradicional mientras vivía en  México o EE.UU.

Alfarería: En México, la familia usaba con regularidad una olla de cerámica para los 
frijoles y un recipiente de cerámica para tomar agua. 

Ambiente en el hogar: La investigación ambiental no dió resultados de altos niveles 
de plomo en el polvo, pintura o tierra.

Dulces Mexicanos: Las pruebas conducidas en los dulces colectados de la casa 
revelaron que un envoltorio de uno de ellos tenia un nivel de plomo de 16,000 ppm (o 
1.6%).

Tarjetas para 
los casos de 
estudio 
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Tarjetas para 
los casos de 



Caso de intoxicación  por plomo #3
En junio 2000, un niño hispano llamado Luis, de 2 años de edad, fué identificado con 
intoxicación  por plomo durante un exámen de rutina. Luis tenía un nivel de plomo en 
la sangre de 26 µg/dL. El vive en el condado de Orange California.

Remedios caseros: A Luis le habían dado greta y azarcon para aliviarle el dolor de 
estómago. Los remedios tradicionales Mexicanos generalmente contienen cantidades 
grandes de plomo. 

Alfarería: No es sabido si la familia usa cerámica importada para cocinar o servir 
comida en la casa.  

Ambiente en el hogar: La casa donde vive la familia fué construida en 1963 y había 
sido renovada en  2000. Las pruebas realizadas en la casa no dieron resultados de 
altos niveles de plomo en el polvo, pintura o tierra.

Dulces Mexicanos: Luis había comido varios dulces de fruta de tamarindo importados 
comprados por su familia en México. Se encontraron altos niveles de plomo en tres 
marcas de los dulces importados que el niño había comido. La marca Dulmex- y 
paletas Bolirindo tenían niveles de 404 ppm (.04%) en el palito 21,000 ppm (2.1%) de 
plomo en la envoltura.

Caso de intoxicación  por plomo #4
En agosto 2000, un niño hispano de 4 años de edad llamado Daniel fué identificado con 
intoxicación  por plomo durante un exámen de rutina. Daniel, residente del condado 
de  Los Ángeles, California tenía un nivel de plomo de 22 µg/dL. Cuando se le hizo la 
prueba a la edad de 1, tenía un nivel aceptable de plomo en la sangre, 5 µg/dL. Daniel 
nació en EE.UU. y no había viajado a México.

Remedios caseros: La familia de Daniel reportó que no usan remedios 
tradicionales.  

Alfarería: La familia de Daniel dijo que no usan cerámica importada.

Ambiente en el hogar: La investigación ambiental de su apartamento, que fué 
construido en 1968, no reveló altos niveles de plomo.

Dulces Mexicanos: Los miembros de la familia de Daniel informaron que han comido 
dulces mexicanos, regularmente por 3 años. Una paleta de marca Dulmex- Bolirindo 
que se encontró en la casa tenia niveles de plomo de 404 ppm (.04%) en el palito y 
21,000 ppm (2.1%) de plomo en el envoltorio.
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Caso de intoxicación  por plomo #5
En junio 2000, llevaron al doctor a una niña hispana de dos años de edad llamada 
Marie. El médico reconoció los síntomas de la intoxicación  por plomo e hizo una 
prueba de sangre para determinar los niveles de plomo. Marie, residente de Walla 
Walla, Washington, tenía un nivel de plomo de 124 µg/dL. Este fué el nivel más alto de 
plomo en la sangre que se había visto en el estado en siete años. La familia de Marie 
se había mudado recientemente de México a Washington.

Remedios caseros: La familia  de Marie le dijo al medico que le habían dado greta, 
un remedio mexicano tradicional como tratamiento para los dolores de estómago. El 
laboratorio estatal de salud pública examinó una muestra del remedio y encontró que 
contenía cerca del 80% de plomo. La familia compró la  medicina en México, y la trajo 
al estado de Washington.

Alfarería: No se sabe si la familia de Marie usa cerámica importada. 

Ambiente en el hogar: La investigación ambiental de su apartamento no revelo 
niveles altos de plomo. 

Dulces Mexicanos: No se sabe si la familia de Marie come dulces importados de 
México.

Casos de Estudio, adoptados de: “Intoxicación  por plomo en la Niñez Asociado con los Dulces 
de Tamarindo y los Remedios Tradicionales: California, 1999-2000” y Comunicado de Prensa  
del Departamento de Salud del Estado de Washington, “El Departamento de Salud Advierte 
Sobre los Peligros de los Remedios Mexicanos Tradicionales,” (15 de junio, 2000)..



Tarjetas para 
los casos de 
estudio 
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Actividad #1 – Limpieza del polvo con plomo 

Las casas y apartamentos más antiguos que  fueron construidos antes de 1978 pueden 
tener pintura a base de plomo. Mientras la pintura se añeja, puede que se desprendan    
pedacitos o se quiebre. En áreas donde la pintura se roza con otras superficies podría 
también volverse polvo, ejemplo en las orillas de la puerta o una ventana que tiene 
mucho movimiento. Este polvo conteniendo plomo se puede depositar en superficies 
como la base de mostradores, en las orillas de las ventanas, en las alfombras y 
pisos. Las familias con niños pequeños deben tener cuidado especial de limpiar con 
frecuencia para asegurarse de que los niños no INGIERAN el polvo que se deposita 
en sus juguetes o las manos. Las técnicas comunes de limpieza como barrer con una 
escoba, sacudir con un plumero, pueden empeorar el problema dispersando el polvo 
en el aire donde puede ser INHALADO. La Agencia de Protección Ambiental en los 
EE.UU. recomienda un método de tres recipientes para limpiar áreas contaminadas 
con polvo que contienen plomo. 

Puede usar un limpiador común para recoger el polvo, o hay detergentes especiales 
con contenidos altos de fosfato diseñados específicamente para limpiar el polvo de 
plomo. 

En esta actividad, hará comparaciones sobre lo efectivo y seguro que es la limpieza 
del polvo contaminado con plomo en las superficies de una casa usando tres métodos 
diferentes. Para su seguridad, usará como sustituto para el polvo de plomo, cualquiera 
de los siguientes materiales: harina, maicena o, talco de bebé. Asegúrese de usar 
guantes de látex durante su investigación para demostrar las técnicas apropiadas de 
seguridad.

Procedimiento de 
la Investigación

Haga lo siguiente:

1.  Primero, espolvoree una capa fina de  “polvo” en una superficie horizontal, 
como la mesa de un laboratorio o la superficie de un escritorio. 

2. Usará tres técnicas diferentes de limpieza y hará comparaciones entre ellas de 
su efectividad y seguridad. Haga predicciones sobre la efectividad y seguridad 
de cada  uno de los métodos de limpieza en su hoja de datos.

3. Una persona en su grupo deberá limpiar el polvo usando un plumero o escoba de 
mano. Observe si el polvo se limpia bien y cuanto polvo se dispersa en el aire 
cayendo a otras superficies. Escriba sus observaciones en su hoja de datos. Si  
fuera necesario espolvoree más polvo para la siguiente investigación. 

4. Ahora, otra persona de su grupo deberá usar la botella de atomizar para mojar el 
polvo. Trate de barrer el polvo. Anote sus observaciones en la hoja de datos. Si  
fuera necesario espolvoree más polvo para la siguiente investigación. 

5. Esta vez, usara la técnica de los tres recipientes para limpiar.  Llene un recipiente 
con agua y un poquitito de jabón para lavar platos. Llene el segundo recipiente 
con agua. Deje vacío el tercer recipiente para exprimir allí el agua sucia. Limpie 
el polvo usando el procedimiento siguiente:

CUATRO ACTIVIDADES 
INFORMATIVAS SOBRE EL PLOMO
Hoja del estudiante #1
Nombre
Fecha

Hoja del estudiante
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Barriendo o 
desempolvando 
en seco

Barriendo o 
desempolvando 
con agua

Sistema de tres 
recipientes

Predicción:
Eficacia

Predicción: 
Seguridad

Observación: 
Eficacia

Observación: 
Seguridad

Gráfica de 
Datos 

• Moje un trapo limpio o esponja con la mezcla del recipiente # 1.
•  Pase el trapo o esponja para limpiar la superficie empolvada. 
•  Enjuague el trapo o esponja en el agua del recipiente #  2.
•  Exprima el exceso de agua del trapo o esponja en el recipiente # 3.
• Continúe este proceso hasta que la superficie quede completamente 

limpia.

1.  ¿Cuál método de limpieza pareció ser el más efectivo para limpiar el polvo?

2. ¿Cuál método de limpieza pareció ser el más seguro para limpiar el polvo 
contaminado con plomo?

3. ¿Cuáles son las rutas de exposición  al plomo cuando alguien limpia un área 
que ha sido contaminada con polvo?

4. ¿Qué debería hacerse con los trapos o esponjas usados luego que han sido 
usados para limpiar polvo contaminado con plomo? 
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CUATRO ACTIVIDADES 
INFORMATIVAS SOBRE EL PLOMO
Hoja del estudiante #2

Procedimiento 
para la 

Investigación

Actividad #2 – Plomo en el suelo

Aunque el plomo se encuentra de forma natural en la tierra, existe un número de razones 
por influencia humana que pueden aumentar considerablemente las concentraciones 
de plomo en la tierra. La pintura a base de plomo encontrada en casas antiguas, 
fundidoras y pesticidas para la agricultura son solamente unos pocos ejemplos de 
fuentes de plomo. De hecho, las fundidoras y los pesticidas ponen otros elementos 
tóxicos en el ambiente incluso arsénico. Una fuente histórica de plomo en la tierra han 
sido las emisiones de los vehículos cuando se agregaba plomo a la gasolina. Aunque 
ya no se encuentra plomo en la gasolina, el plomo que quedó en el medio ambiente de 
esa fuente permanecerá en la tierra en la que fué depositado, especialmente a orillas 
de las carreteras.   

La Agencia Estadounidense de Protección Ambiental ha fijado un límite para la 
presencia de plomo en la tierra de 400 ppm (partes por millón). Este es un nivel  
“seguro” bajo circunstancias normales de exposición, como caminar. Los niños son 
particularmente susceptibles por su comportamiento cuando juegan en la tierra, la 
respiran e ingieren, y cuando ponen sus manos y dedos en la boca antes de lavarse 
las manos. El Departamento de Salud del estado de Nuevo México no tiene registros 
de los niveles de plomo en la sangre de los niños por ingestión de tierra con contenido 
de plomo; este contenido siendo de 100 ppm de plomo en la tierra.

Primero, lea la hoja titulada Guía de Reglas de Seguridad para Reducir el Riesgo 
de la Contaminación de Tierra. Luego, conduzca la siguiente investigación para 
conocer la cantidad de tierra que entra a una casa. Usará utensilios para una prueba 
simple de plomo para saber como hacer una prueba y determinar la presencia del 
plomo. Es importante notar que los utensilios solamente le indican si el plomo se 
encuentra presente o no, en la tierra. No provee ninguna información acerca de la 
cantidad. Recuerde que el plomo se encuentra de forma natural en la tierra.

Partes por Millón (ppm):
Medida de la cantidad de una 

sustancia en una solución. 
Representa la dilución de  

1/1,000,000.

Fundidora:
Un proceso industrial que usa 

altas temperaturas  para fundir un 
metal de un mineral. El proceso de 

fundición puede emitir a menudo 
sustancias peligrosas en el aire. 

Arsénico:
Un elemento químico que se 

encuentra de forma natural 
y que es toxico para la salud 

humana. A un tiempo fué usado 
como ingrediente en pesticidas 

arsenados aplicados a los 
sembrados de frutas. El arsénico 

puede ser emitido como resultado 
de la fundición de cobre. Su 

símbolo químico es “Ar”.

Haga lo siguiente:

1.  Primero, pese una alfombra de tela limpia para determinar su peso. Anote esta 
información en su hoja de datos.  

2.  Con permiso de su maestro/a, una persona de su grupo saldrá y caminará por 
áreas donde la tierra está expuesta. Antes de que la persona regrese al edificio, 
pídale que se limpie los pies en la alfombra de tela hasta que sus zapatos 
queden limpios. 

3.  Anote algunas observaciones acerca de las condiciones de la tierra que está 
a fuera y la forma en que recogió la tierra. Algunas observaciones que deberá 
incluir son: ¿Estaba mojada la tierra? ¿Había llovido recientemente? ¿Por 
cuánto tiempo y qué distancia caminó la persona que recogió la tierra en sus 
zapatos?  ¿Qué tipo de pasos dió  la persona? Anote también observaciones de 
la tierra colectada en la alfombra. 

4.  Ahora, vuelva a pesar la alfombra y calcule el peso de la tierra que ha colectado 
en ella.

Nombre
Fecha

Hoja del estudiante
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Gráfica de 
datos

Peso de la alfombra limpia:

Peso de la alfombra con tierra:

Peso total de la tierra colectada: 

Observaciones de 
las condiciones de 
la tierra colectada a 
fuera y la forma como 
fué colectada.

Observaciones de la  
tierra  colectada en la 
alfombra.

Resultados de la 
prueba de plomo.

1.  ¿Cómo hubieran cambiado sus resultados si la tierra a fuera hubiera estado 
más mojada o más seca?

2.  ¿Piensa que hubiera tenido resultados diferentes si hubiera probado zapatos 
con varios tipos de suelas? ¿Cómo hubieran cambiado los resultados?

3.  Liste tres cosas que pueden hacer las personas para protegerse de la tierra 
contaminada con plomo.

5.  Use los utensilios para la prueba de plomo para examinar  una pequeña 
muestra de tierra extraída de la alfombra de tela. Siga cuidadosamente  las 
direcciones  que vienen con los utensilios para hacer pruebas con la tierra. 
Anote sus descubrimientos en la hoja de datos.
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CUATRO ACTIVIDADES 
INFORMATIVAS SOBRE EL PLOMO
Hoja del estudiante #3

Actividad #3 – La forma más efectiva de lavarse las manos

Una de las formas más comunes por las  cuales los niños son expuestos al plomo es 
por el polvo de la pintura que llega a sus manos o sus juguetes. Los niños pequeños, 
naturalmente ponen sus manos y juguetes en la boca, lo que causa que INGIERAN el 
polvo del plomo. También los niños pueden estar en contacto con tierra contaminada 
con plomo si juegan a fuera. Es importante que los niños laven sus manos en forma 
apropiada antes de COMER o BEBER y después de jugar a fuera. 

Su reto es diseñar un experimento para determinar el mejor método de lavarse las 
manos. Usara un producto llamado gelatina de gérmenes Glo para representar el 
polvo de plomo. Este producto brilla cuando se coloca bajo la luz ultravioleta UV. Este 
producto no contiene plomo, solamente representa el polvo de plomo. En la vida real, 
el polvo de plomo no se puede ver u oler.

Procedimiento 
de Investigación

Haga lo siguiente:

1.  Para empezar, piense en cuatro métodos diferentes para lavarse las manos. 
Puede usar jabón o no usarlo, agua fría o caliente, puede usar la misma o 
diferente, cantidad de tiempo para lavarse. También puede usar gelatina de 
manos anti-bacterial. Describa cada uno de sus métodos en la hoja de datos. 

2. Luego, piense en una hipótesis para describir la forma en que cada método será 
efectivo. Anote el porcentaje de manos que piensa que todavía estará sucia 
después de usar cada uno de los métodos.

3. Pida a una persona de su grupo que ponga una cantidad (como el tamaño de 
una moneda de 25 centavos), de gelatina Glo en sus manos y que cúbraselas 
con ella. Ahora pruebe su primer método de lavar las manos. Una persona 
debe anotar observaciones en la hoja de datos, de la cantidad de tiempo que la 
persona tarda lavándose las manos.  

4. Cuando haya terminado de lavarse las manos, colóquelas bajo la luz UV.  Si 
todavía queda plomo en sus manos, ellas brillarán. Anote su información en la 
hoja de datos y estime el porcentaje de manos que todavía están sucias. Puede 
trazar su mano en un papel y poner marcas en los lugares donde todavía quedó 
plomo. Anote sus observaciones. 

 
5. Al terminar, lave bien sus manos hasta que no haya rastro de plomo (revise con 

la luz UV) y séquelas antes de su próxima prueba. 

6. Repita este proceso para cada método, empiece con manos limpias y use la 
misma cantidad de gelatina Glo cada vez.

Nombre
Fecha

Hoja del estudiante
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Gráfica de 
Datos

Prueba
Método de 
lavar las 
manos

Tiempo 
(segundos)

Predicción 
del % de 
manos 
todavía 
sucias 

Resultado 
actual Observaciones

#1

#2

#3

#4

1. ¿Cuál método de lavado de manos fué el más efectivo? ¿Qué porcentaje de 
manos están sucias todavía después de usar este método?

2. Explique la forma en que les enseñará a los  niños a lavarse las manos usando 
este método.
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CUATRO ACTIVIDADES 
INFORMATIVAS SOBRE EL PLOMO
Hoja del estudiante #4

Actividad #4 – Investigación de la contaminación diluida

La Agencia Estadounidense para la Protección del Ambiente (EPA) establece la 
cantidad de nivel de plomo en el agua potable usando la medida partes por billón 
(ppb) ¿Qué significa exactamente “partes por billón”? en la actividad siguiente, usará 
colorante de comida para representar la pequeña cantidad de plomo en el agua 
destinada para tomar.

En el mundo de la calidad del agua, un agente contaminante es medido en partes por 
millón (ppm) - ¿Qué es lo que estas medidas significan realmente? En esta actividad 
usará colorante de comida para representar el plomo en el agua para tomar, que no 
puede ser visto por nosotros. ¿A qué punto desaparece el color? Significa esto, que  
¿Desaparece el contaminante? ¿Existe un nivel aceptable de plomo en nuestra agua 
potable? 

Antes de conducir la actividad del contaminante diluido, lea la hoja de datos sobre 
plomo de la EPA que tiene su maestro/a. Responda a las siguientes preguntas 
relacionadas con la lectura:

1. ¿Cuál es la contaminación máxima permitida (Maximum Contaminant Level 
Goal) (MCLG) para el agua potable y cómo se determina este nivel?

2. ¿Cuál es el nivel de acción para el plomo en el agua potable? ¿Cómo se controla 
el plomo en las fuentes públicas de agua potable?

3. ¿Cuáles son dos maneras por las cuales el plomo podría introducirse en el agua 
potable? 

Agencia Estadounidense Para la 
Protección Ambiental:

Establecida en 1970, esta agencia 
gubernamental protege la salud 

humana cuidando el aire, agua  y 
tierra de las  Cuáles depende la 

vida.

Ahora ya está listo/a para iniciar su actividad de investigación. La dilución del plomo 
(representado por el colorante de comida) está mostrado en la gráfica de datos, 
asumiendo que el colorante empieza con una dilución de – colorante/agua de 1/10. 
Haga lo siguiente:

1. Coloque 8 cucharas plásticas en fila y llene el vaso plástico con agua. Usando 
un gotero, coloque 9 gotas de agua en cada una de las cucharas

2.  Agregue una gota de colorante (los colores oscuros trabajan mejor) a la cuchara 
más a la izquierda  (cuchara #1).

3.  En la gráfica de datos, en la columna rotulada “predicción,” anote su 
predicción de la cantidad de plomo que habrá en cada cuchara en las distintas 
concentraciones. Para hacer esto, use un lápiz de color para colorear los óvalos 
que representan cada cuchara.

Procedimiento 
de Investigación

Partes por Millón (ppm):
Medida de la cantidad de una 

sustancia en una solución. 
Representa una dilución de  

1/1,000,000.

Partes por Billón (ppb):
Representa una dilución de 

1/1,000,000,000.

Nombre
Fecha

Hoja del estudiante
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Cuchara Dilución Predicción de la 
apariencia

Apariencia 
actual

#1 1/100

#2 1/1,000

#3 1/10,000

#4 1/100,000

#5 1/1,000,000  (1 ppm)

#6 1/10,000,000

#7 1/100,000,000

#8 1/1,000,000,000  (1 ppb)

Gráfica de 
Datos

1. ¿En que punto pareció desaparecer el colorante?

2.  Aunque no se puede ver el colorante en algunas de las cucharas ¿significa esto 
que ya no hay “plomo” en el agua? Explique su respuesta.

3.  El plomo entra a menudo en nuestra agua potable cuando el agua se estanca 
en la tubería de plomo durante la noche. Si el agua es ácida, la tubería de plomo 
podría corroerse con el agua. Una forma de protegerse del plomo en el agua 
para tomar o cocinar, es dejando correr el agua, especialmente cuando el agua 
ha estado estancada en la tubería por más de seis horas. Todo lo que tiene que 
hacer es dejar correr el agua hasta que se siente fría, aproximadamente de 15-
30 segundos. ¿En qué otra forma  puede enseñar a su familia a limpiar el agua 
potable que ha estado estancada?

Corroer:
Debilitar o destruir, generalmente 
en forma lenta, como resultado de 
una reacción química. 

4. Ahora, use el gotero para recoger agua de la cuchara #1. Cuidadosamente 
agregue UNA gota a la cuchara #2. Luego, vacíe el agua que queda en el gotero 
en la cuchara #1. Enjuague el gotero en el vaso de agua. Seguidamente, tome 
una gota de la cuchara #2 y agréguela a la cuchara #3, y así sucesivamente con 
todas las cucharas, siguiendo el mismo procedimiento: recoja, una gota, vacíe, 
enjuague.  

5. Anote en su hoja de datos la cantidad de plomo en cada una de las cucharas 
usando un lápiz de color, coloreando cuidadosamente el ovalo que representa 
cada cuchara.
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Biografía de Beethoven

Ludwig van Beethoven fué un famoso compositor de música clásica, desde niño 
fué proclamado como un genio. Nació en 1770 en Bonn, Alemania, empezó sus 
presentaciones públicas a la edad de seis años abandonando la escuela a la edad de 
trece para hacer recorridos de presentaciones a tiempo completo. Compuso mucha 
música famosa que hoy día todavía se ejecuta incluyendo la Sinfonía No. 9, Para Elisa,  y 
la sonata Luz de Luna. Las composiciones de Beethoven eran apasionadas, dramáticas 
y llenas de emoción. Su música ha perdurado a través del tiempo, sin embargo el no 
siempre fué aceptado por sus contemporáneos.  

La bella música de Beethoven  parece elevarse sobre la rutina de la vida diaria, el sufrió 
de grandes enfermedades físicas y depresión.  Aunque solamente era un adolescente 
en ese tiempo, sirvió como guardián para sus dos hermanos pequeños debido al 
alcoholismo de su padre. Beethoven  viajó a Viena para estudiar con Hayden y Bach, 
otros dos compositores de música clásica. Estando en Viena, Beethoven aceptó un 
trabajo como músico de la corte para mantener a su familia en Bonn.

Desafortunado en el amor

Beethoven nunca se casó, se enamoró profundamente un gran número de veces. Las 
mujeres no le correspondían, causándole mucho dolor. Su famosa sonata Luz de Luna 
se dice que fué escrita mientras se sentaba en su piano una noche, bañado por la luz 
de la luna, luego de haberle propuesto matrimonio a la Condesa Giullietta y de haberlo  
ella rechazado.  Beethoven  era un hombre frágil y enfermizo,  y no era particularmente 
guapo. Su mal humor y carácter violento asustaban con frecuencia a las mujeres que 
amaba. 

Aunque era soltero, Beethoven asumió la guardianía de su sobrino Karl de nueve años, 
cuando su hermano Casper Carl murió. La madre del niño estaba viva todavía, pero a 
Beethoven le pareció que no era apta para hacerse cargo del niño y peleó una batalla 
legal para asumir la custodia de su sobrino. Desafortunadamente, Beethoven no fué un 
buen padre y ambos peleaban con frecuencia. Cuando Karl trató de suicidarse en 1826, 
Beethoven se entristeció mucho al enterarse que su relación con Karl había contribuido 
al intento de suicidio.

Una vida de enfermedad
Era bien sabido por los amigos de Beethoven que mientras pasaba el tiempo, su 
comportamiento antisocial y su depresión empeoraban. Beethoven empezó a notar 
problemas con su oído en 1798 y en 1818 estaba virtualmente sordo a la edad de cuarenta 
y ocho años. De todos modos, al principio, trató de mantener su sordera en secreto.  Existe 
una carta de1802, considerada como una confesión de su sordera,  dirigida a sus hermanos 
pero que nunca mandó.  Beethoven explicaba su aislamieto auto impuesto de esta manera, 

“Desde la niñez, mi corazón y alma han estado llenos de buenos deseos, 
y siempre he estado inclinado a hacer cosas grandes. Pero piensen, por 
seis años ahora, he estado padeciendo de una condición incurable…
aunque he nacido con un temperamento vivo y fiero, susceptible a las 
diversiones de la sociedad, tengo que aislarme pronto, y vivir mi vida 
solo.  Pero si a veces quisiera ignorar todo esto, ¡ah! sería duramente 
empujado por la triste experiencia doble de mi mala audición…”

Compositor:
Una persona que escribe 

música.

EL PELO DE BEETHOVEN
Hoja del estudiante #1
Nombre
Fecha

Hoja del estudiante
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Beethoven hizo su última presentación  en 1814, aunque continuó componiendo 
hasta su muerte. La sordera de Beethoven empeoraba, pero encontró alivio en sus 
“cuadernos de conversación,” en los  Cuáles sus huéspedes escribían sus preguntas 
o pensamientos para el compositor.

Beethoven sufrió en gran manera por la cantidad de enfermedades físicas que 
empeoraron con el tiempo hasta el día de su dolorosa muerte en 1827 a la edad de 
cincuenta y seis años. Parecía que en cuanto se recuperaba de una enfermedad, 
otra más dolorosa empezaba. Desde la época de sus veinte años, Beethoven estaba 
plagado de dolor abdominal severo, molestias gastrointestinales, dolores persistentes 
de cabeza, infecciones, neumonía, bronquitis, ictericia, y depresión. Visitó a más de 
treinta médicos con la esperanza de encontrar alivio para sus constantes enfermedades. 
En una carta escrita a sus hermanos Carl y Johann en 1802, y que tampoco envió,  
Beethoven les pedía “… tan pronto como yo muera, si el Dr. Schmidt todavía está 
vivo, pídanle en mi nombre que describa mi enfermedad, y adjunte este documento 
escrito en la cuenta de mis enfermedades, para que al menos tanto como sea posible 
el mundo se reconcilie conmigo después de mi muerte…”

Beethoven recibió más de  75 medicinas diferentes mientras se acercaba a la muerte, 
es importante notar que no quiso morfina, una droga que se usa para aliviar el dolor y 
que en ese tiempo era común usar. Aunque sufría de mucho dolor por su enfermedad, 
parece que Beethoven prefirió mantener su mente clara y sin alteraciones por la 
medicina para continuar componiendo música, dándole salida a su creatividad.

Músico de metal pesado

Beethoven murió después de cuatro meses dolorosos en cama debido a una variedad 
de enfermedades. Su muerte fué causada por una falla del hígado. Cuando murió 
muchos de sus amigos, y hasta extraños, 
cortaron mechones de su pelo para 
conservarlos como recuerdos del famoso 
compositor. Es lo que se acostumbraba 
en ese tiempo, las fotos que usamos hoy 
para recordar a nuestros seres queridos 
no se habían inventado en ese entonces. 
Cuando enterraron a Beethoven ya su 
cabeza estaba casi completamente calva. 
Decenas de miles de personas asistieron 
al funeral de Beethoven en 1827. 

En 1994 un mechón de pelo de Beethoven 
— cortado de su cabeza el día después 
de su muerte por un músico de quince 
años— fue vendido en subasta de la 
casa Sotheby y comprado por un grupo 
pequeño de entusiastas americanos por 
$7,300.  Una porción del pelo se usó 
para extensos experimentos científicos, 
revelando un asombroso descubrimiento. 
El pelo de Beethoven contenía niveles 
extremadamente altos del pesado 
metal plomo, presentando finalmente, una explicación posible de algunas de sus 
enfermedades crónicas y su extraño comportamiento. Muchas de las quejas de 

Ludwig van Beethoven, 1770–1827

Plomismo:
Intoxicación  por plomo.

Ictericia:
Condición en la cual la parte 
blanca de los ojos, la piel, y las 
membranas mucosas se vuelven 
amarillas. Esto es causado por los 
pigmentos de la  bilis en la sangre. 
Es síntoma de enfermedad del 
hígado o un ducto biliar bloqueado.
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Beethoven coinciden  con los síntomas del saturnismo. Los síntomas comunes del 
plomismo incluyen molestias severas gastrointestinales, ictericia, gota, dolores 
de cabeza, comportamiento irritable y errático. Hasta es posible que la sordera de 
Beethoven  fuera causada por la intoxicación  por plomo. Se cree que su sordera pudo 
haber sido causada por otra enfermedad o por las frecuentes palizas que su padre le 
propinó cuando era un niño que incluía daño a los oídos.

Nunca sabremos con seguridad como fué que Beethoven estuvo en contacto con el 
plomo, es posible que estuviera EXPUESTO al COMER alimentos preparados en ollas 
de plomo, servida en platos de loza con pintura a base de plomo. Pudo también estar 
EXPUESTO al TOMAR cantidades cada vez mayores de vino, que en ese tiempo era 
“plomado”, o tratado con plomo para endulzar los sabores amargo o ácido. 



167

Actividades del estudiante

Materiales elaborados por el Proyecto Integrado de Salud para la Escuela Media (NIEHS Beca #ES10738 y #ES07033).  
Derechos Reservados 2004 Universidad de Washington.

El pelo de Beethoven: Una Narración  Histórica 
(Basado en el libro Beethoven’s Hair –El Pelo de Beethoven)

Un raro encuentro 
La historia del pelo de Beethoven empieza en la primavera de1827. Johann Hummel, 
un conocido músico alemán, oyó la noticia de que su estimado amigo, Ludwig van 
Beethoven se estaba muriendo. Hummel, su esposa, y un músico de quince años 
llamado Ferdinand Hiller, viajaron a Vienna, Austria para ver a Beethoven. Ferdinand 
era un joven músico cuyo talento había recibido mucha atención. Como era la 
costumbre en ese tiempo, Hiller vivía con Hummel y su esposa para recibir instrucción 
en piano y composición. 

Cuando llegaron a Viena, hacia ya cuatro meses que  Beethoven yacía en cama 
miserablemente con una variedad de enfermedades. Sus médicos habían probado 
todos los tratamientos conocidos, incluso prescribiendo 75  medicinas diferentes, 
Beethoven se debilitaba cada vez más. Beethoven también estaba completamente 
sordo y tenía solamente sus “cuadernos de conversación” en los  Cuáles sus invitados 
escribían su parte de conversación para el compositor. 

Durante las dos semanas próximas,  Hummel y Hiller visitaron a Beethoven cuatro 
veces.  Más tarde Hiller escribió la descripción de su primer encuentro con el 
compositor,

“Por una especiosa antesala en la cual había gabinetes con pilas altas 
de gruesos paquetes de música, amarrados, los alcanzamos — ¡como 
latía mi corazón!— en la sala de Beethoven, y nos asombramos un 
poco de encontrar al maestro sentado aparentemente cómodo en 
la ventana. Tenia puesta una bata de dormir gris y botas altas que 
llegaban a sus rodillas. Demacrado por tan larga y grave enfermedad, 
me pareció que, cuando se levanto, de alta estatura, sin rasurarse, su 
pelo espeso, medio gris caía en desorden sobre su sentido.”

Cuando Hummel y Hiller se enteraron que Beethoven había muerto, se apresuraron 
a regresar a su casa. Ahora, Beethoven yacía en el ataúd con una corona blanco 
de rosas en su cabeza. En ese tiempo era común que las personas cortaran un 
mechón de pelo de la persona fallecida como recuerdo. El joven Hiller pidió permiso 
a su tutor para cortar un mechón de pelo de la cabeza de Beethoven. Para cuando 
enterraron a Beethoven tanta gente había cortado pelo de su cabeza, que estaba casi 
completamente calvo. Al poco tiempo, Hiller mando a hacer guardapelo. El recipiente 
de madera guardaba el precioso pelo entre dos placas de vidrio. 

EL PELO DE BEETHOVEN
Hoja del estudiante #2

Revise su comprensión
1. ¿Porque  fué Ferdinand Hiller a visitar a Beethoven,?

2. ¿Cómo se comunicaba Beethoven, quien estaba completamente sordo, 
con sus visitas?
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Un guardapelo viajero

Beethoven no viajó mucho durante su vida, en cambio Hiller disfrutaba de cambiar sus 
alrededores mientras estaba joven. En posesión de Hiller, el guardapelo de Beethoven 
viajo por toda Europa, incluso Alemania, Francia e Italia.  

En mayo de 1883, Ferdinand Hiller 
empezó a prepararse para su propia 
muerte. Decidió heredar el guardapelo 
a su hijo, Paul Hiller, cuando cumplió 
30 años.  Ferdinand había guardado 
el guardapelo por 56 años y ahora lo 
dejaba en manos de su hijo. 

En 1911, cuando Paul Hiller tenía 58 años 
de edad le pidió a un comerciante de arte 
en Colonia, Alemania que restaurara el 
guardapelo que había llevado el pelo de 
Beethoven por los últimos 84 años. Paul 
puso una inscripción en un pedazo de 
papel y lo pegó en la parte trasera del 
guardapelo. La inscripción decía, “ Este 
pelo  fué cortado del cuerpo de Beethoven 
por mi padre, el Dr. Ferdinand v. Hiller el 
día después de la muerte de Ludwig van 
Beethoven, el 27 March 1827, y me fué 
dado como regalo de cumple- años en 
Colonia, el 1 de mayo,1883.”  

Paul Hiller murió a la edad de  81 años en 
1934, sobreviviéndole su esposa Sophie 
y tres hijos. Durante los próximos nueve años, no se tiene información histórica de lo 
que pasó con el guardapelo de Beethoven. Algunas personas creen que Hiller pudo 
haber donado el guardapelo a un museo local, mientras que otros sospechan que lo 
haya dado a uno de sus hijos. La parte más intrigante de la historia es el lugar y la 
fecha en la que el guardapelo hace su próxima aparición en la historia.

Revise su comprensión
1. ¿Cómo llegó el guardapelo a posesión de Paul Hiller?

2. ¿Qué le pasó al pelo de Beethoven después de la muerte de Paul Hiller?

Media noche en el oscuro desván de una iglesia 

Durante la Segunda Guerra Mundial los Nazis alemanes, bajo la dirección de Adolfo 
Hitler arrasaron con Europa, invadiendo los países vecinos y entrando en batalla con 
tropas aliadas. Los ciudadanos Judíos  fueron obligados a escapar  de sus hogares 
para refugiarse en naciones simpatizantes. Muchos de los que no pudieron escapar  
fueron capturados por la GESTAPO, las tropas de la policía secreta nazi, y  fueron 
enviados a  campos de concentración. En Alemania y Austria, muchos judíos 

Nazis:
Durante la WWII, Alemania estaba 
bajo el control de Adolph Hitler y 
su partido nazi. Los Nazis tomaron 
control de muchos países vecinos 
ates de ser derrocados por las  
fuerzas aliadas. (incluyendo los 
EE.UU.)

El guardapelo que contiene el pelo de 
Beethoven (Reproducido con permiso del 

Centro  Ira F. Brilliant para Estudios de 
Beethoven, Universidad Estatal, de San 

José)
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Campos de Concentración :
Campos en Europa donde  fué 
enviada la gente, de ancestro 

judío en su mayoría durante la 
segunda Guerra mundial bajo las 
ordenes de  Adolfo Hitler. Muchos 
de los enviados a los  campos de  
concentración fueron torturados y 

matados.

Refugiado:
Persona que escapa a otro país 

para evitar persecución o peligro.

Revise su comprensión
1. ¿Cómo fué que los judíos refugiados llegaron al pueblo de Gilleleje en 
1943?

2. ¿Cómo les fué a los judíos daneses en los campos de concentración 
comparados a otros judíos? ¿Por qué?  

escaparon Dinamarca con la esperanza de escapar al terror de los Nazis. 

En abril de 1940, Dinamarca cayó bajo el control de los alemanes. Muchos judíos 
trataron de escapar a Suecia esperando librarse de los campos de concentración.  De 
modo que la historia nos lleva Gilleleje, un puerto pesquero en Dinamarca, en el frío 
mes de octubre en 1943. 

Se decía que la Gestapo iba ya en camino a Dinamarca, los ciudadanos daneses 
se movilizaron en todo el país para proteger a sus vecinos judíos. Los hospitales 
mandaron a sus ambulancias a recoger a los judíos que no tenían donde esconderse, 
los registraron como pacientes con apellidos diferentes  para esconder su identidad. Los 
trenes y autobuses estaban llenos de judíos de viaje a pequeños pueblos pesqueros, 
donde los barcos los trasportarían seguros a Suecia. 

El 6 de octubre, 1943, cientos de judíos arribaron en tren a la pequeña ciudad de 
Gilleleje. La gente local estaba de acuerdo con que era su trabajo ayudar a estos 
refugiados, y los escondieron en sus hogares, áticos, y en la iglesia local. La gente 
del pueblo creó un plan convenciendo al capitán de un barco grande pesquero de 
permitir  que cientos de judíos abordaran el barco a través del canal a Suecia. Cuando 
estaban abordando el barco, el pánico masivo se apodero de todos cuando alguien 
gritó equivocadamente ¡la Gestapo está aquí! El barco salió con solamente algunos 
judíos a bordo, dejando a muchos refugiados varados en la costa. Esa noche, la 
gente del pueblo escondió a los judíos en el desván de la iglesia planeando tratar de 
embarcarlos al día siguiente. Es aquí, en la iglesia, durante la oscura noche fría que el 
guardapelo con el pelo de Beethoven reaparece misteriosamente.

Pasada la media noche, el médico del pueblo, Dr. Kay Fremming,  fué llamado para 
atender a un refugiado enfermo en la iglesia. más tarde, dijo que esa noche, le habían 
dado algo especial como regalo. Desafortunadamente la gestapo llego a la iglesia 
arrestando a 120 judíos. Al final, la mayoría de ellos  fueron enviados a un campo de 
concentración llamado Theresienstadt en Checoslovaquia. Por la presión del gobierno 
Danés, la mayor parte de los judíos no  fueron transportados a los campos nazis de la 
muerte, y  fueron liberados más tarde. Sus vecinos daneses les dieron la bienvenida 
a su regreso a casa. Los daneses también habían cuidado de sus jardines  en su 
ausencia. 
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A las manos de un huérfano

De alguna forma, durante la caótica noche, un extraño le dió al Dr. Fremming el 
guardapelo, tal vez como pago por ayudar a los refugiados judíos. Nadie sabe como 
llegó el guardapelo al pequeño pueblo de pescadores. Algunos creen que, Paul Hiller 
había donado el guardapelo al museo, pero que había sido robado más tarde por 
miedo a que pasara bajo control de los nazis. Posiblemente en el miedo de la noche 
pasada en el desván de la iglesia, alguien decidió dejarlo con el simpatético doctor, en 
espera de que  fuera salvado.

Cuando se terminó la segunda guerra mundial, un grupo de treinta huérfanos franceses 
llegó a Dinamarca para ser adoptados. Una niña de seis años llamada Michèle de 
Rybel llego a Gilleleje y  fué adoptada por un administrador del condado y su esposa. 
Los padres adoptivos de Michèle  fueron muy crueles, por lo que un día, la niña se 
paró enfrente de las gradas de la casa del Dr. Kay y Marta Fremming y les dijo que 
quería ser su hija. Sorprendentemente, la pareja que no tenía hijos aceptó.  

El Dr. Kay Fremming murió en  1969 a la edad de  64 anos. Después de su muerte, 
Marta le mostró a  Michèle el precioso guardapelo con el pelo de Beethoven, que Kay 
había mantenido secretamente en su escritorio. más tarde Marta le dio el guardapelo a 
Michèle durante los anos 1970. Michèle estaba muy apegada al guardapelo, recuerdo 
de su padre adoptivo. 

En 1994, Michèle y su hijo Thomas estaban pasando por problemas financieros y 
consideraron vender el guardapelo. Investigaron en la casa de subastas más grande 
del mundo  Sotheby y decidieron ponerlo a la venta en diciembre. 

Revise su comprensión
1. ¿Quién le dió al Dr. Fremming el guardapelo? ¿Porque?

2. ¿Cómo  fué que Michèle  fué adoptada por Kay y Marta Fremming?

3. ¿Que decidieron hacer Michèle y su hijo con el guardapelo? ¿Hubiera 
tomado usted la misma decisión? Explique.
  

Dos americanos y un descubrimiento forense

Cuando e entusiasta estudiante de Beethoven, Ira Brilliant vió en el catálogo de Sotheby 
en 1994 apenas lo podía creer. Brilliant tenía ya en su colección la primera edición 
de las composiciones de Beethoven y otras reliquias, pero el guardapelo de madera 
atrajo su atención. Llamó a su amigo también entusiasta seguidor de Beethoven Dr. 
Alfredo “Che” Guevera, y juntos con un pequeño grupo de inversionistas, reunieron 
suficiente dinero para comprar el pelo. El guardapelo se vendió por $7,300, y arribó 
prontamente en un paquete a la casa de Brilliant.
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Brilliant y Guevera decidieron abrir el guardapelo y entregar una muestra de pelo 
para pruebas científicas, con la esperanza de aclarar un poco la vida de Beethoven 
y sus incontables enfermedades. el 12 de diciembre 1995, el Dr. Guevera abrió el 
guardapelo frente a una multitud de personas ansiosas en el Centro Medico de la 
Universidad de Arizona. Mientras el cirujano usaba el bisturí para romper el sello entre 
las dos placas de vidrio, dijo “¿Oyeron eso? Oí salir aire como de una aspiradora 
cuando empecé a separar el vidrio.” Por primera vez en diez décadas, se exponía el 
mechón de pelo de Beethoven. Entre el mechón de pelo, café y canoso, habían 582 
hebras de pelo. El pelo  fué dividido y la mayor parte  fué regresado al guardapelo, fué 
entregado al centro F. Brilliant para estudios de Beethoven en la Universidad Estatal 
de San José. El resto del pelo fué entregado a Guevera, quien lo encerró en un plato 
petri y lo guardo en la caja de seguridad de su oficina, contento de saber que en su 
trabajo diario, tan cerca de el estaba una parte de su mentor. 

En mayo, 1996, Guevera mandó 20 pelos a Los Ángeles para análisis de drogas y 
después de allí a Illinois para continuar con el análisis científico.  Después de varios 
años de cuidadosas pruebas conducidas por algunos de los mejores analistas de 
cabello del mundo y químicos forenses, se anunció un descubrimiento emocionante 
en el año 2000.  El pelo de Beethoven mostraba niveles elevados de plomo.  Su 
pelo tenia 40 veces más el nivel promedio de plomo que se había examinado en 
pelo guardado en un recipiente (muestras de pelo tomadas de personas vivas).  Otra 
prueba separada mostró niveles 100 veces los niveles de plomo encontrados en pelo 
de control.  

El análisis de pelo solamente muestra información 
reciente a la exposición al plomo.  La muestra de 
pelo de Beethoven ayuda a contar la historia de sus 
últimos meses de vida. El resultado del análisis del 
pelo sugiere que Beethoven padecía intoxicación 
por plomo cuando murió. Pero, ¿qué dice de las 
enfermedades que plagaron a Beethoven durante 
toda su vida adulta? Desafortunadamente, no 
nos dice nada con certeza. Los científicos que 
analizaron el pelo sugieren que puesto que 
Beethoven estuvo tan enfermo por tanto tiempo de 
su vida, es posible que la intoxicación por plomo 
haya sido la causa de tantas enfermedades. 
Ellos creen que sus enfermedades eran similares 
a los síntomas comunes de la intoxicación por 
plomo, tales como dolores de estómago severos, 
ictericia, gota, dolores de cabeza, mal carácter e 
irritabilidad.

El análisis del pelo nos dice con certeza que Beethoven había sido expuesto al plomo 
durante los meses que precedieron a su muerte. La única forma de determinar su 
exposición al plomo a lo largo de su vida sería examinando sus huesos. Como el 
plomo actúa como calcio, el cuerpo lo guarda en los huesos. Rayos – x especiales, 
de un pedazo de hueso, podría determinar la cantidad de plomo alojada en el cuerpo 
de Beethoven durante su vida. Afortunadamente uno de los científicos que trabajo 
en este proyecto anuncio sus planes para estudiar algunos de los fragmentos de su 
cráneo que  fueron guardados cuando su cuerpo  fué exhumado a mediados de -1800. 
Esto nos dará más información acerca de la exposición al plomo a largo de su vida y 
los efectos que pudo haber tenido en la salud de Beethoven.

Después de más de 170 años de la muerte de Beethoven su enfermedad sigue siendo 
un misterio. Aunque algunas personas creen que la larga enfermedad de Beethoven  
fué causada por intoxicación  por plomo no lo sabemos con certeza. ¡Tal vez las futuras 
pruebas de las reliquias de Beethoven puedan resolver este misterio científico de una 
vez por todas!

Forense:
Análisis científico usado para 

examinar evidencia, a menudo 
de una persona fallecida, para 

resolver un crimen o misterio.  

El plomo actúa como calcio en 
el cuerpo y es guardado en los 
huesos. Rayos x- especiales 

en los huesos pueden ayudar a 
determinar  la cantidad de plomo 

a la que una persona  ha sido 
expuesta a lo largo de su vida.
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Ahora que ha leído acerca del pelo de Beethoven, es hora de probar la escritura 
creativa. Los escritores de historia ficticia combinan los hechos reales (gente, lugares, 
eventos) con elementos creados o ficticios. En esta actividad, escogerá un periodo 
de tiempo  mencionado en la narrativa del pelo de Beethoven y escribirá una historia 
ficticia corta.

Escoja un periodo de tiempo especial descrito en la narrativa anterior. Para el periodo 
que escoja, escriba una historia creativa que haya sucedido durante ese tiempo en 
la historia. Puede escribir desde el punto de vista del personaje real mencionado en 
la narrativa (Beethhoven, Ferdinand Hiller, Michèle de Rybel, etc.), o un personaje de 
su imaginación. No tiene que ser una persona. La historia puede ser contada como 
si un ave hubiera estado posada sobre el pueblo en la iglesia de Gilleleje, arriba 
observando. Debe incluir al menos una referencia sobre el mechón de pelo. Para que 
la historia sea creíble, debe investigar sobre el arte, la música y cultura del periodo que 
ha escogido e incorporarlo a la escritura.

Actividad Escritura 
Creativa

Revise su comprensión
1. ¿Qué descubrimiento científico se hizo al examinar el pelo de Beethoven?

2. ¿Qué prueba es necesaria para determinar si Beethoven estuvo expuesto 
al plomo toda su vida?

Actividad 
Cronología La historia del pelo de Beethoven es un misterio científico y emocionante que cubre 

170 años de historia. En esta actividad, hará una cronología marcando importantes 
fechas y eventos de la historia. Use lápices de colores  para que su cronología sea 
colorida e informativa con eventos en orden cronológico. No se olvide de incluir fecha 
y lugar de cada evento. Su cronología debería empezar en el año en que Beethoven 
murió y terminar con el último anuncio del resultado de la prueba forense. Incluya los 
siguientes eventos en su cronología (no están listados en forma cronológica):

• Se abre el guardapelo y cuentan cada cabello
•  Un refugiado judío entrega el guardapelo al Dr. Fremming en el desván de una 

iglesia
•  Ferdinand y Hiller cortan un mechón del pelo de Beethoven después de su 

muerte
•  Paul Hiller le hace renovaciones al guardapelo y agrega una inscripción
•  Los científicos anuncian el resultado de pruebas forenses en el pelo  
•  Después de que Paul Hiller muere, no existe registro del guardapelo por  9 

años
•  Ferdinand Hiller hereda el guardapelo a su hijo, Paul, como regalo de 

cumpleaños
•  Ira Billiant, Dr. Guevara, y un grupo de inversionistas compran el guardapelo.
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Breves  Biografías de Charles Dickens y Jack London

La vida de Charles Dickens

Charles John Huffham Dickens nació el 7 de febrero, 1812 en Inglaterra. En 1814, su 
familia se mudó a Londres y más tarde a Chatham, Inglaterra. 

A la edad de 12 años, cuando su padre  fué a prisión debido a una deuda,  fué enviado 
a trabajar a la fábrica de Warren Blacking, a un lugar para teñir zapatos de negro.  fué 
uno de los peores tiempos en la vida de Dickens y raramente lo mencionaba. Pero 
sus experiencias en la fábrica influyeron su escritura acerca de la clase trabajadora 
en Londres. Dickens regreso a la escuela brevemente, pero a la edad de 15 años, fué 
forzado a trabajar para ayudar a mantener a la familia. Trabajó como dependiente en 
una oficina de leyes y luego se convirtió en reportero de la corte. 

En 1833, Dickens empezó a contribuir con revistas 
escribiendo composiciones e historias cortas y 
rápidamente adquirió seguidores. Dickens tuvo 
una carrera muy ocupada como escritor, hizo 
trabajos famosos como: Un Villancico Navideño 
(1843), David Copperfield (1850), Tiempos 
Difíciles (1854), La Historia de Dos Ciudades 
(1859) y Grandes Esperanzas (1861).

En 1836, Dickens se casó con Catherine Hogarth. 
La pareja tuvo diez hijos en 16 años La pareja  fué 
feliz al principio pero, Catherine se abrumó con la 
presión de ser esposa de un escritor famoso y la 
responsabilidad de cuidar a diez hijos pequeños. 
Charles también perdió la felicidad. Catherine y 
Charles se separaron legalmente en 1858. 

En 1865, Dickens sobrevivió un horrible accidente 
de tren retornando de un viaje a Paris. El tren 
saltó un espacio de 42 pies de largo en los rieles sobre un puente. Todos menos 
un vagón de primera clase, donde iba Dickens, cayó dentro del barranco. Mientras 
evacuaban el tren, Dickens recordó que había dejado algo adentro. Regresó al vagón 
a traer el manuscrito de Nuestro Amigo Común, la novela que estaba escribiendo por 
entonces.

En su escritura y lecturas, Dickens se refirió a los problemas sociales importantes 
como la reforma educativa, mejoramiento de la salud pública, y derechos de los 
trabajadores. Su libro as El Viajero No-Comercial,  fué un trabajo de reportaje 
basado en sus experiencias viajando por los barrios pobres en el este de Londres. En 
dos capítulos del libro, se enfoco en las fábricas del plomo blanco de Londres que 
empleaba mujeres jóvenes pobres en su mayoría.

Dickens murió en 1870.

Charles Dickens, 1812-1870

DIECIOCHO CENTAVOS 
DIARIOS
Hoja del estudiante #1

Salud pública:
La ciencia de proteger la salud 

de la comunidad por medio de la 
prevención, control  y educación 
de enfermedades, enseñando a 
las personas a como vivir vidas 

más sanas.

Viajero no-comercial:
Dickens usa este sobrenombre 

para si mismo. En este libro, 
observa y reporta sobre la vida 

diaria de la clase trabajadora del 
este de Londres.

Plomo blanco:
Un pigmento blanco que 

contiene plomo, comercializado 
como polvo o pasta y usado 

como pintura exterior. 

Nombre
Fecha

Hoja del estudiante
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Jack London, 1876-1916

La vida de Jack London
John Griffith London nació en 1876 en San Francisco, 
California de una mujer soltera llamada  Flora 
Wellman quién provenía de una familia pudiente. Su 
madre estaba enferma, por eso London  fué criado 
en mayor parte por una Mujer que había sido esclava 
llamada Virginia Prentiss. La madre de Jack se casó 
con John London y más tarde la familia se quedó a 
vivir en Oakland, California. 

London tomó el nombre de “Jack” cuando era 
adolescente. Trabajó en varios trabajos cuando era 
joven, incluso pirateando ostras, como miembro 
de un grupo de “control de peces” para alejar a 
los pescadores furtivos y navegando en un bote 
cazando focas. También viajó alrededor del país 
como vagabundo.  

En 1900, London se casó con Bess Madden. Tuvieron 
dos hijas. Bess y Jack se divorciaron, más tarde y 
Jack se volvió a casar en 1905.  

London fué escritor prolifero, produciendo más de 
50 volúmenes de historias, novelas y ensayos.  Se 
consideraba un socialista y hablaba a favor del  voto 
femenino y la prohibición. Su novella Gente del 
Abismo (1903), describía el mundo bajo de Londres 
y era una critica al capita-lismo y la pobreza. London 
viajó extensamente, incluso pasó un invierno en el 
Yukon y viajó en un barco pequeño a Hawaii.  

Los libros famosos de London incluyen: Llamado 
Salvaje (1903), El Lobo Marino (1904) y Diente 
Blanco (1906).  Fué uno de los primeros escritores 
que trabajó con la industria cinematográfica; muchas 
de sus novelas  fueron convertidas en películas famosas.  

Jack London murió en 1916 a la edad de 40 años debido a una falla de los riñones.

Prolifero:
Producción  abundante de fruta, 
trabajo o resultados. 

Socialista:
Pertenencia al partido social, 
el cual cree que los medios de 
producción y distribución de bienes 
debería ser propiedad de todos o 
de un gobierno centralizado. 

Sufragio de las mujeres:
Movimiento para dar a las mujeres 
el derecho a votar. Este derecho  
fué otorgado finalmente a las 
mujeres en 1893.

Prohibición:
El periodo entre 1920-33, durante 
el cual las bebidas alcohólicas  
fueron ilegales en Los Estados 
Unidos.

Actividad Diagrama 
de Venn Un diagrama de Venn es una excelente forma de registrar información que debe 

recordar cuando se está leyendo acerca de dos personajes que tienen similitudes. En 
un pedazo de papel por separado, dibuje dos círculos grandes que se sobrepongan 
levemente. Rotule un círculo  “Charles Dickens” y en el otro “Jack London.” Después de 
haber leído las dos lecturas biográficas sobre Dickens y London, registre la información 
de los dos escritores en su diagrama de Venn. Ponga información que es única para 
el escritor en su círculo. Un ejemplo de algo que es único para Dickens podría ser 
que nació en Londres. Ponga información que es común para ambos escritores en el 
área donde los círculos se sobreponen. Un ejemplo de algo en común para ambos 
escritores es que los dos tenían hijos.Trate de encontrar al menos cuatro cosas únicas 
para cada uno de los escritores y cuatro cosas que tienen en común. 
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Literatura de las fábricas de plomo blanco

Extraído de En Viajero No-comercia, por Charles Dickens Del 
capitulo 32, “Una Estrella Pequeña en el Este”

La escritura de Dickens no está reflejada en esta traducción. Dickens  escribe las palabras para que sean 
leídas de la forma en que hubieran sido pronunciadas de acuerdo al dialecto Cokney.

... Era una calle oscura con una pared muerta en uno de los lados. Casi todas las 
puertas exteriores de las casas estaban abiertas. Tomé la primera entrada, y toqué en 
la puerta de un salón ¿Puedo entrar? Puede, si quiere, señor.                        

La mujer del salón (Irlandesa) había recogido pedazos de madera largos, como de un 
embarcadero o embarcación; y acababan de ser tirados en un molino de otra forma 
vació para hacer que dos ollas de hierro hirvieran. Había pescado en una, y algunas 
papas en la otra. El resplandor de la madera ardiente me permitió ver una mesa, una 
silla quebrada o algo así, y algunos adornos de loza viejos y baratos por la chimenea. 
No  fué sino hasta que hable con  la mujer por algunos minutos, que vi un bulto horrible 
café en la esquina del suelo, que por experiencia previa en este lugar deprimente 
sabido, no hubiera sospechado que  fuera “la cama”. Había algo tirado sobre esto; y 
pregunte que era.    

“Esta pobre criatura que esta aquí, señor; y lo mal que esta, y lo mal que ha estado por 
tan largo tiempo, y nunca estará mejor, y esto es lo que hace todo el día, y esto es lo 
que hace toda la noche, y es el plomo señor, “

“¿El qué?”

“El plomo, señor. Seguro ‘son las  fábricas de plomo, donde las mujeres son 
aprovechadas por dieciocho Pence al día, señor, cuando hacen la aplicación 
lo suficientemente temprano y tienen suerte que las quieran; y esta mujer está 
intoxicada con plomo, señor, algunas de ellas se intoxican pronto, y algunas de ellas 
se intoxican más tarde, y algunas, pero no muchas, nunca; y esto todo es de acuerdo 
con la constitución, señor y, ALGUNAS CONSTITUCIONES SON  FUÉRTES, Y 
ALGUNAS DEBILES, y su constitución está intoxicada por plomo, tan mal como esta, 
y su cerebro se le esta saliendo por las orejas, y le duele mucho; y así es como es, y 
nunca más ni menos, señor.”  

Aquí se quejó la mujer enferma, la narradora se agachó sobre ella, tomó una venda 
de su cabeza, y abrió con  fuerza una puerta negra para dejar pasar la luz del día del 
patio más pequeño y miserable que hubiera visto nunca.

“Esto es lo que sale de ella, señor, estando intoxicada por plomo; y sale de ella día y 
noche, la pobre criatura enferma; y el dolor es mortal; y sabe Dios que mi esposo ha 
caminado en las calles por estos cuatro días, siendo trabajador, y las esta caminando 
ahora mismo, y esta listo para trabajar, y no hay trabajo para el, no hay  fuego  ni comida 
solamente el poquito en la olla, y no más que diez shillings en una quincena...”

La hija casada de la mujer había llegado ahora de su cuarto en el piso de arriba, 
uniéndose a la conversación. Ella misma había estado en las  fábricas de plomo esa 

DIECIOCHO CENTAVOS 
DIARIOS
Hoja del estudiante #2

Pence (centavos):
Moneda que  fué usada en 

Londres equivalente a un centavo.

Constitución:
Dickens usa escritura de acuerdo 
con la pronunciación del dialecto 

llamado Cockney.  La palabra 
constitución se refiere a la 

complexión física de una persona, 
incluso su salud general y 

susceptibilidad a las enfermedades. 

Shilling:
Moneda usada en Inglaterra, 
equivalente a doce centavos. 

Quincena:
Periodo de dos semanas.

Nombre
Fecha

Hoja del estudiante
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Revise su comprensión
1. ¿Qué le pasa a la joven mujer acostada en la esquina del cuarto? 

2. ¿Cuáles son los síntomas de la intoxicación por plomo?

3. ¿Porqué quieren las mujeres trabajar en las  fábricas, aunque saben que 
se intoxican por plomo?

Del capítulo 35, “En un Latido Aficionado”

... Me encontré cerca de ciertas “fábricas de plomo.” Asombrado por el nombre, fresco 
en mi memoria, y sabiendo, al preguntar, que las mismas  fábricas de plomo eran 
identificadas con esas mismas  fábricas de las que hice mención la primera vez que 
visité… [el vecindario] como viajero no- comercial, resolví echar un vistazo. 

Me recibieron dos caballeros inteligentes, hermanos y socios con la preocupación 
de su padre, quienes testificaron su deseo de mostrarme su trabajo con libertad, fui 
a las fábricas de plomo. Lo que este trabajo pretende hacer es convertir el plomo en 
plomo blanco.  Esta conversión es lograda de forma lenta y gradual y que afectan 
ciertos cambios químicos que le suceden al plomo. Los procesos son pintorescos e 
interesantes, --siendo el más interesante, el enterramiento del plomo, en cierta etapa 
de preparación, en ollas, cada olla conteniendo cierta cantidad de ácidos además de 
que todas las ollas se entierran en grandes cantidades, en capas, por diez semanas. 

Subiendo escaleras, y a través de plataformas, y en elevadas perchas, hasta que no 
estaba seguro si compararme con un ave o un albañil, tuve conciencia de no estar 
parado en nada particular, viendo hacia abajo, series de grandes cuartos bajo el 
techo, con la luz del día atravesando las grietas en el techo de teja allá arriba. Un 
número de mujeres ascendían y descendían de este andamio, cada una  cargando 
en el viaje hacia arriba, una olla preparada con plomo y ácido, para depositarla en el 
lugar indicado. Cuando una capa de ollas estaba completamente llena, era cubierta 
cuidadosamente con capas de corteza de roble, y luego con otra capa, entonces otro 
grupo de ollas empezaba arriba; con suficiente ventilación proporcionada por tubos de 

Ulcerado:
Cubierto de lesiones o llagas.

Tan:
La corteza del roble que cuando 
se descompone calienta las ollas 
a una temperatura de 180 grados 
Fahrenheit.

Cuartos bajo el techo:
Un cuarto, debajo del techo de un 
edificio. 
 

mañana temprano para ser “tomada” pero sin suerte. Ella tenía cuatro hijos; y su 
esposotambién trabajador ribereño, buscando trabajo en ese momento, parecía no 
tener mejor suerte que su padre. Ella era Inglesa, de figura maciza por naturaleza 
y entusiasta. Ambas vestidas pobremente y en la madre se notaba un es fuerzo de 
mantener cierta  apariencia y limpieza. Ella conocía de todos los sufrimientos de los 
desafortunados inválidos, y todo acerca de la intoxicación por plomo, la forma en que 
se presentaban los síntomas, como se desarrollaban, - viéndolos a menudo. El mismo 
olor cuando entraba en la puerta del trabajo era suficiente para botarla, decía ella: 
sin embargo regresaba para ver si la “tomaban:” ¿Qué podía hacer? Era mejor estar 
ulcerada  y  paralizada por dieciocho centavos al día, mientras duraba la oportunidad 
de trabajo, que ver a los niños morirse de hambre. 
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madera. Hacia abajo ya lleno, encontré la temperatura sorprendentemente alta, y también 
el olor del plomo y el ácido ser no necesariamente exquisito, pero creo que no es nocivo en 
esta etapa. En otros cuartos bajo el techo, habían ollas que recién exhumadas, emanaban 
mucho más calor, y el olor era penetrantemente peculiar. Habían cuartos para todas las 
etapas; llenos y vacíos, medio llenos y medio vacíos; mujeres  fuertes y activas trepaban 
hacia arriba y  abajo muy ocupadas….

Como es el caso con la mayoría de pulpas o pigmentos, y en el caso de este plomo blanco, 
los procesos de mover, separar, lavar, moler, enrollar, y presionar se hacían con éxito. 
Algunos de estos son sin lugar a dudas peligrosos para la salud, el peligro que viene por 
INHALAR partículas de plomo, o del contacto al TOCAR el plomo o ambos. Contra estos 
peligros, encontré que eran proveídos buenos respiradores (hechos de franela y muselina, 
los  Cuáles no son muy caros al reemplazarlos, y en algunos casos lavados con jabón 
perfumado), y guantes ajustados y camisones holgados. En todas partes había suficiente 
aire fresco, ventanas abiertas bien colocadas dejaban entrar todo el aire que era posible 
admitir. Y fué explicado que la precaución de cambiar a las mujeres con frecuencia de 
las peores partes del trabajo (precaución originada por su propio miedo del trabajo y sus 
efectos enfermizos) era buena para la salud. Ellos tenían una apariencia misteriosa y 
singular, con la nariz y boca cubiertas, y camisones holgados….

Al final este molesto plomo blanco, habiendo sido enterrado y resucitado, y calentado y 
enfriado, y movido, y separado y lavado y molido, y enrollado y presionado, es sujeto a la 
acción de calor intenso. Una fila de mujeres vestidas como está descrito antes, paradas,  
digamos, en una casa –horno de piedra, como pasando los platos para hornear que les 
eran dados por los cocineros, de mano en mano hasta los hornos. El horno, o estufa, 
todavía frío, se veía tan alto como una casa ordinaria, y estaba lleno de hombres y mujeres 
en paradas temporales, rápidamente pasando y poniendo en su lugar los platos. La puerta 
de otro horno o estufa, que iba a ser enfriado y vaciado estaba abierto por la parte de 
arriba con el semblante no-comercial de ver hacia adentro. El semblante no-comercial 
se borro, con expedición y sentido de sofocamiento, del brillo opaco del calor  y el olor 
penetrante. En todo, tal vez la entrada a estas estufas para trabajar, cuando se acaban de 
abrir, podría ser la peor parte del trabajo. 

Pero hice que  fuera indudable que los dueños de estas fábricas de plomo honesta y 
seductoramente tratan de reducir los peligros de la ocupación al mínimo. 

Hay un lugar para que las mujeres se bañen (pensé que deberían haber más toallas) y 
un cuarto en el cual pueden colgar su ropa, y comer, y donde tienen un buen juego, y una 
asistente que les ayuda, y para asegurarse de que no se les olvida LAVARSE LAS MANOS 
ANTES DE TOCAR LA COMIDA. Se les provee también un asistente medico experimentado 
y cualquier síntoma temprano de intoxicación por plomo es tratado cuidadosamente. Las 
teteras y esas cosas estaban puestas en mesas listas para la comida de la tarde, cuando 
vi ese cuarto; tenia un tono hogareño. Es sabido que las mujeres soportan el trabajo mejor 
que los hombres, algunas pocas de ellas han estado allí por años, y la gran mayoría de las 
que observé estaban  fuertes y activas. Debe recordarse que la mayoría de ellas son muy 
caprichosas e irregulares en su asistencia. 

La inventiva americana parece indicar que el plomo blanco podría ser hecho por máquinas 
dentro de muy poco tiempo. Lo más pronto que sea, mejor. Mientras tanto, salí con mis 
dos conductores de la  fábrica, diciéndoles que no tenían nada allí que esconder, y nada 
de que culparlos. Y para los demás, la filosofía del asunto de la intoxicación por plomo de 
los trabajadores parecía haber sido resumido por la mujer irlandesa a quien cité en mi otro 
trabajo: “algunas de ellas se intoxican pronto, y algunas de ellas se intoxican más tarde, y 
algunas, pero no muchas, nunca; y esto todo es de acuerdo con la constitución, señor y, 
algunas constituciones son fuertes, y algunas débiles.” 

Semblante:
La cara o características 

faciales.  Dickens se refiere a 
si mismo como el “semblante 

no-comercial”.  

Indudable:
Muy obvio para ser dudado.

Seductor:
Muy cuidadoso, meticuloso

Premonitorio:
Advertencia, antedicho.

Caprichoso:
impredecible, encaprichado.

Exhumar:
Desenterrar o sacar a luz. Sacar 

de la sepultura.

Inimical:
Hostile or unfriendly, having 

harmful effects.
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Revise su comprensión
1. ¿Cuáles son los pasos del proceso de la creación de plomo blanco?

2. ¿Cuáles son las formas en las que los trabajadores están en contacto con 
el plomo?

3. ¿Qué piensa Dickens sobre la seguridad de las fábricas?

Descripción de los efectos de la intoxicación por plomo, extraído 
de La Gente del Abismo, por Jack London

“... Lo peor del oficio es el polvo del plomo blanco. Aquí esta una descripción de una 
disolución típica de una joven, sana, bien desarrollada que va a trabajar en la  fábrica 
de plomo blanco:

Después de varios grados de exposición, se vuelve anémica. Puede que sus encías 
muestren una línea azul muy pálida, o tal vez sus dientes y encías están perfectamente 
sanas, no se ve la línea azul. Coincidentemente con la anemia, está perdiendo peso, 
pero de forma tan gradual que raramente se da cuenta de lo que le pasa o sus amigas. 
La enfermedad se acentúa, de modo que  se desarrollan dolores de cabeza, cada vez 
más fuertes. Estos son acompañados frecuentemente por visión oscura o ceguera 
temporal. Dicha joven mujer sufre de lo que parece ser para sus amigas y el médico 
como histeria ordinaria. Se acentúa gradualmente sin aviso, hasta que empieza a 
tener convulsiones, empezando con un lado de la cara, luego un brazo, después 
la pierna del mismo lado del cuerpo, hasta que la convulsión violenta y de carácter 
epiléptico se vuelve universal. A esto se le suma la pérdida de conciencia, de lo que 
pasa a una serie de convulsiones, aumentando gradualmente en severidad, en una 
de las  cuales muere o queda inconsciente. Si recupera la conciencia, podría ser por 
unos minutos, unas pocas horas, o días, durante los cuales se quejará de un violento 
dolor de cabeza, o si no, quedará delirante y emocionada en manía severa, o sumida 
en melancolía, y necesitará ser levantada, cuando este sin rumbo y su habla no sea 
perfecta. Sin más aviso, si el pulso que ahora debe estar débil, con un número normal 
de latidos, de repente se vuelve bajo y duro; será sorprendida por otra convulsión, 
durante la cual morirá o queda en estado de coma 

Disolución:
Germinación, extinción, 
rompimiento o muerte.

Línea Azul:
Un signo de intoxicación  por 
plomo severo en las encías cerca 
de la orilla de los dientes. 
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Actividad Escribiendo 
en un diario

nunca se repondrá. En otro caso las convulsiones se apaciguaran gradualmente, 
el dolor de cabeza desaparece, y el paciente se recobra, solamente para saber 
que ha quedado completamente ciego/a, una pérdida que puede ser temporal o 
permanente.” 

Después de leer los fragmentos del trabajo de Charles Dickens y Jack London, deberá 
estar familiarizado/a con la grave situación de la joven mujer que trabajaba en la  
fábrica de plomo blanco en el siglo 19 en Londres. Ahora, haga lo siguiente:

•  Lea las descripciones cortas de las vidas de cuatro mujeres que trabajaron en 
las fábricas. 

•  Escoja a UNA joven mujer y escriba una entrada en su diario como si usted  
fuera ese personaje.

•  Deberá incluir la siguiente información: ¿Cuánto le pagan por un día de  trabajo 
en la fábrica? ¿Cómo esta afectando a su salud el trabajo? ¿Por qué es que se 
expone a hacer este trabajo tan terrible?

•  Escriba en la forma que usted crea que habla el personaje. Use slang, el dialecto 
Cockney y deletree sus palabras como crea que es apropiado. 

Charlotte Rafferty, Una mujer joven, fina, bien crecida,  con una constitución 
espléndida que nunca se había enfermado en su vida. Ella entró a trabajar en la fábrica 
de plomo blanco. Las convulsiones la sorprendieron al pie de la escalera en el trabajo. 
El Dr. Oliver la examinó, encontrando una línea azul a lo largo de las encías, muestra 
de que el sistema esta bajo la influencia del plomo. El sabía que las convulsiones iban 
a continuar muy  pronto. Así sucedió y murió. 

Mary Ann Toler una joven mujer de diecisiete años, quien nunca había tenido un 
capricho en su vida, se enfermó tres veces y tuvo que dejar el trabajo en la fábrica. 
Antes de cumplir los diecinueve años se presentaron los síntomas de intoxicación por 
plomo, le daban ataques, sacaba espuma por la boca hasta que murió. 

Mary A., una mujer de vigor incomparable,  fué capaz de trabajar en la fábrica de 
plomo por veinte años, padeciendo de cólico de vez en cuando durante ese tiempo. 
Sus ocho niños murieron todos durante la infancia por convulsiones. Una mañana, de 
repente, perdió la  fuerza en ambas muñecas  mientras se cepillaba el pelo.

Eliza H. Con solamente veinticinco años de edad, después de cinco meses trabajando 
en la fábrica de plomo,  fué sorprendida por el cólico. Entró a trabajar en otra  fábrica 
(después de haberle sido negado el trabajo en la primera) y trabajó sin interrupción 
por dos años. Los síntomas anteriores volvieron, ahora tenía convulsiones, y murió en 
solamente dos días debido a intoxicación severa con plomo. 

 — Las descripciones anteriores fueron tomadas de La Gente del Abismo, Jack 
     London.

nunca se repondrá. En otro caso las convulsiones se apaciguaran gradualmente, 
el dolor de cabeza desaparece, y el paciente se recobra, solamente para saber 
que ha quedado completamente ciego/a, una pérdida que puede ser temporal o 
permanente.” 
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MATEMÁTICA EL CISNE 
TROMPETISTA
Hoja del estudiante #1

Cisne Trompetista:
Un cisne grande y blanco con 

una expansión de ocho pies de 
ala en ala, que se une de por 
vida y regresa al mismo nido 
cada año. La población de la 

costa del pacifico pasa el invierno 
en  el noroeste de Washington y 

Colombia Británica, tienen lugares 
de cría en  Alaska.  Los cisnes 
trompeteros tienen un llamado  

fuerte que suena como trompetas..

Tiro de plomo:
Pedacitos pequeños de plomo 
usados en el cartucho de una 

escopeta. 

Introducción

En esta lección, aprenderá acerca de la forma como los cisnes trompetistas están 
siendo afectados por años de tiros de plomo acumulados por la caza. Primero, vea 
el mapa colocado abajo. El mapa muestra el área de la costa del pacifico donde los 
cisnes se reproducen y pasan el invierno.

LecturasARTICULO  #1

Décadas de acumulamiento de viejos tiros de plomo ligadas a la 
masiva muerte de cisnes: Los biólogos estatales buscan resolver 
el misterio del sitio donde se alimenta la población de cisnes 
trompetistas

  — Por M.L. Myke, del Seattle Post-Intelligencer (1/23/03)

CONDADO DE WHATCOM– Un amargo viento sacude el agua del lago sin igual en  
Fraser Valley, un hoyo lleno de agua llovida rodeado por esqueletos de árboles y 
montones de tierra excavada. Las docenas de cisnes trompetistas buscando alimentos 
en la superficie del agua es el único toque de belleza en esta escena desoladora.

En las actividades siguientes, leerá dos artículos sobre la intoxicación por plomo entre 
los cisnes trompetistas. Cada artículo incluye varios problemas matemáticos basados 
en la información del artículo. También estará trabajando con gráficas de datos para 
producir su propia gráfica de barra con información acerca de la intoxicación  por 
plomo en el agua.

Nombre
Fecha

Hoja del estudiante
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Estas aves blancas elegantes no deberían estar aquí. Esta es un área de anidar 
nocturna. Son las 10 a.m. Las aves deberían estar alimentándose. Los binoculares 
dejan ver otras anomalías. Algunas de los largos cuellos de las aves cuelgan flácidos. 
Otras solitarias están por los alrededores sin compañía- una mala señal. 

Mike Davison se ve cabizbajo evaluando la escena desde la orilla. La bandada en este 
lago cerca del pequeño pueblo de Everson tiene problemas. “Noventa por ciento de 
esas aves ya están muertas,” dice Davison, el biólogo del Departamento de Pesca y 
Vida Silvestre en el estado de Washington. Davison conduce una investigación por la 
muerte masiva de los cisnes en el condado de Whatcom.

El año pasado, 229 de los 2,400 cisnes trompetistas  que pasaron el invierno en 
el condado de Whatcom murieron intoxicados por plomo, resultado de que las aves 
INGIRIERON bolitas de plomo provenientes del uso de las municiones de escopeta 
que dejan los cazadores. Este año, con el invierno tan cálido y seco, parece haber 
retardado la migración – la cuenta en la mitad del invierno el martes pasado, indicó 
que hasta hoy han llegado aproximadamente 827 cisnes a Whatcom. El tiempo poco 
común, pudo haber retardado las muertes masivas que hemos visto en años anteriores. 
Desde el martes, el departamento ha encontrado 75 aves muertas. 

Davison y otros profesionales de la vida silvestre trabajando en este proyecto, 
sospechan que la  fuente podría ser el mortal “sitio caliente” un cuerpo de agua o 
campo de agricultura en el condado que contiene niveles altos de plomo depositado 
por los cazadores de aves. “Estamos bien convencidos que este sito tiene 60 años de 
historia de caza, y este plomo ha sido acumulado año tras año,” dice Davison. Lo más 
seguro es que sean tiros viejos de plomo. 

El uso de tiros de plomo para la caza de aves en el agua  fué prohibido Washington 
en 1986, aunque es todavía legal para tirarles a otras aves de caza. De modo que, 
cientos de toneladas de pelotitas de plomo se han depositado en los lagos, pantanos, 
campos y otros lugares para la caza por décadas. El plomo toxico también puede ser 
nuevo-  de delincuentes cazadores. “Simplemente porque existe una ley, no significa 
que la gente la cumple,” dice Davison, quien ha estudiado la mortandad de los cisnes 
en el condado por 15 años. 
 
Davison sospecha que el campo mortal es uno que tiene una “capa de agua,” que se 
dispersa por la tierra de agricultura en los inviernos mojados. Tiene la premonición de 
que las siembras de comida hayan sido rotadas, lo cual no beneficia a los cisnes. De 
las  siembras que les gustan a los cisnes como maíz o papas; a otras no deseadas 
como fresas, frambuesas, o plantas ornamentales durante el periodo de siete años en 
los 90 cuando no se registraron muertes de cisnes. 

Es una investigación asombrosa. El condado se extiende por 1,356,864 acres. Las 
aves majestuosas con alas de 8 pies de envergadura, alcanzan una gran parte de el. 
“Esta es una situación típica de buscar la aguja en el pajar” dice el biólogo. 

Delincuente:
Alguien que regularmente no 
obedece la ley.

Área para anidar:
Un área en la cual las aves se 
quedan para descansar. En 
muchas ocasiones grupos de aves 
anidan juntas por la noche.

Revise su comprensión
1. En 2002, 229 de los 2,400 cisnes trompetistas que invernaron en el condado 
de  Whatcom murieron por intoxicación  por plomo. ¿Qué porcentaje de la 
población total de cisnes trompetistas que invernaron en el condado murió por 
causa de la intoxicación por plomo en 2002?
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2. Los cazadores usan municiones para la caza de aves. Cada munición 
contiene un número grande de bolitas pequeñas que cuando son lanzadas se 
dispersan en un área extendida para aumentar la probabilidad de alcanzar a un 
ave. Podemos asumir que una munición tiene un promedio de 250 bolitas. En 
promedio un cazador tira 6 municiones para cada ave que mata. Esto significa 
que alrededor de 732 millones de bolitas pueden ser lanzadas cada año 
para recoger un promedio de 488,000 aves terrestres (faisanes, codornices, 
palomas, etc.) que son llevadas anualmente del estado de  Washington.

a. En promedio, ¿cuantas bolitas son lanzadas por cada ave que es 
cosechada? 

b. ¿Cuántas municiones de escopeta son lanzadas cada año, como 
promedio? 

Durante el invierno, el Pacifico Noroeste atrae un estimado del 80 por ciento de los 
cisnes trompetistas, conocidos científicamente como Cygnus buccinator  de todo el 
país, las bellas aves blancas, que parecen flechas blancas en vuelo y suenan allá 
arriba como un impresionante coro de Miles Davis, escogen una pareja de por vida y 
tienen la tendencia de regresar al mismo nido año tras año. 

Son atraídos aquí por el clima que no es muy severo, estuarios productivos y ríos, 
además de abundante tierra cultivada con residuos de la cosecha de maíz, papas y 
granos. Las bandadas llegan en octubre generalmente, y se van en marzo, de regreso 
a Alaska y otros puntos en el norte. La concentración más grande en el valle Skagit, 
que tuvo cerca de 5,000 aves el año pasado y el condado de Snohomish que tuvo 
cerca de 600. 
 
Además de las muertes en el condado de Whatcom, las muertes en el condado de 
Skagit y Snohomish han ido aumentando este año, de acuerdo a Martha Jordan, una 

Miles Davis:
Uno de los trompetistas de  jazz 

más famosos de todos los tiempos.

Estuario:
Un ecosistema donde un río 

encuentra un océano y existe 
una mezcla de agua dulce y agua 

salada. 
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Revise su comprensión
1. Se ha estimado que el número total de la población de cisnes trompetistas 
en los EE.UU. es de casi 16,000 cisnes. Si el área del pacifico noroeste atrae 
un 80% de los cisnes en el país, ¿Cuántos cisnes se encuentran en esta 
región?  

ARTICULO  #2

Buscando las fuentes de intoxicación  por plomo en los cisnes 

— Por Doug Williams, de la revista Pesca & Vida Silvestre 

Mientras que en los Estados Unidos, los tiros de plomo han estado prohibidos por más 
de una década, el legado toxico de los tiros de plomo continúa aumentando la cuenta 
letal de los cisnes trompetistas y los cisnes de la tundra que visitan los condados de 
Skagit y Whatcom. “Los resultados de la investigación muestran que desde el día que 
un cisne recoge una bolita de plomo, tomará solamente tres semanas para matar al 
ave,” dice Mike Davison, biólogo del Departamento de Pesca y Vida Silvestre (WDFW), 
quien está extendiendo los esfuerzos para terminar con la intoxicación por plomo de 
los cisnes.

El invierno de 2001-02 fué el peor en la historia, con un estimado de 247 cisnes 
— 95 por ciento de ellos eran trompetistas — muertos por intoxicación por plomo 
en los dos condados y las porciones adyacentes a Columbia Británica.  Casi 4,000 

experta en cisnes trompetistas. 

Susan Murphy, del Centro de Rehabilitación de la Vida Silvestre de Pilchuck dice 
que algunos cisnes han estado migrando del condado de Whatcom a los condados 
de  Snohomish y Skagit a anidar este año.  De las 20 aves muertas recogidas en el  
condado de Skagit y de las 26 recogidas en el condado de Snohomish hasta ahora, 
más del 50 por ciento aparentemente murieron por intoxicación por plomo.

La población de cisnes trompetistas, que se ha repuesto desde que la especie  fué 
casi extinta por la caza, debido a sus plumas y piel durante el principio del siglo; 
son especialmente SUSCEPTIBLES a los tiros de plomo. Con sus cuellos largos, los 
cisnes pueden alcanzar el lodo, donde ingieren bolitas y arena – y las bolitas mortales- 
que les ayudan a moler y digerir su comida. 

Los síntomas se pueden desarrollar tan pronto como 10 días después de haber 
ingerido una bolita. Una bolita puede tener una DOSIS lo suficientemente grande para 
matar a un ave. Muchos de los cadáveres del condado de Whatcom contenían cientos 
de ellas.
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cisnes invernan en el condado de Skagit, con otros 1,000 o algo así en el condado de 
Whatcom.

Los cisnes no han muerto porque se les está disparando. En lugar de esto, los cisnes 
de cuello largo están ingiriendo balas de plomo usadas que se han depositado en el 
fondo de los lagos y lagunas de donde se alimentan las aves. Las balas terminan en 
el buche del ave donde el suave metal es molido y lentamente es alcanzado por la 
corriente sanguínea.  

El Departamento  ha formado un equipo con los biólogos canadienses de Pesca y Vida 
Silvestre, el Servicio de Pesca y Vida Silvestre de los Estados Unidos, la Sociedad 
de Cisnes Trompetistas, el Capitulo de Bellingham de la Sociedad de Audubon, y la 
Clínica de Rehabilitación del Valle Pilchuck  para identificar los lugares donde los 
cisnes están ingiriendo el plomo, y encontrar formas de remover el material venenoso 
del ambiente. 

El reto principal del trabajo ha sido la colección de datos sobre los movimientos de 
las aves. Un total de 26 cisnes – 19 en el condado de Whatcom, más siete en British 
Columbia — han sido equipados con collares de transmisión por radio lo que 
permite que los biólogos y voluntarios sigan los movimientos de las aves a través de 
la región, y posiblemente señalar los lugares donde están recogiendo el plomo.

Davison dijo que las 26 aves con collar fueron seguidas a 50 sitios diferentes. Dos 
de las aves con collar murieron envenenadas con plomo, y su muerte llevó a los 
biólogos y voluntarios a las fuentes de casi 12 lugares específicos. El equipo ha 
conducido pruebas preliminares en algunos lugares de interés, y el análisis temprano 
ha empezado a revelar las fuentes de plomo, dijo Davison.  

“En base a nuestro análisis temprano, parece ser cuestión de tiempo desde que las 
aves han sido expuestas al plomo, en el futuro nos enfocaremos en la investigación 
de los lugares que las aves han visitado anteriormente, esto es durante el marco de 
tiempo en que permanecen en el área,” dijo. “Nuestra meta este próximo invierno es 
empezar más temprano a colocar más collares en las aves.” 

Davison dijo que hacer pruebas en todos los sitios que se sospechan tienen plomo, 
está  fuera de la capacidad de WDFW, debido al presupuesto y personal disponible. 
“Queremos tomar la iniciativa en todo el trabajo de investigación, mientras que otra 
agencia o grupo puede venir y facilitar las pruebas en un área más extensa,” dijo. 

Los requisitos  para las municiones se han establecido por fases, empezando en  
1986, y terminando en 1991 a través de los Estados Unidos. En Canadá se requieren 
municiones que no son toxicas para la caza de aves desde 1999, pero ha sido requisito 
en partes de British Columbia por casi 10 años. También son requisito para áreas de 
caza públicas usadas en faisanes y aves acuáticas y lo cual incluye toda el área de 
donde viven los faisanes en el área norte de Puget Sound. Se les pide a los cazadores 
que no usen municiones toxicas para toda la caza de aves terrestres y acuáticas. 

Los cisnes intoxicados por plomo son un peligro de salud para otras aves, incluso 
las águilas calvas, quienes comen los cuerpos muertos de los cisnes y pueden 
envenenarse con plomo por causas secundarias. Dos águilas muertas encontradas 
este año están siendo examinadas para determinar si  fueron intoxicadas con plomo.  
“La posibilidad de mortandad secundaria apunta a la importancia de colectar los 
cuerpos de las aves que están enfermas o muertas tan pronto como sea posible,” 
dijo Davison, “El valor del trabajo de rescate y recuperación  que efectúan nuestros 
compañeros es inmensa.”

Buche:
Parte del sistema digestivo de las 

aves, tiene músculos  fuertes y 
revestimiento  fuerte para moler la 

comida.

Collar de Radio Transmisión:
Collar que los científicos colocan 

en un animal como un cisne, para 
controlar sus movimientos por 

satélite.

Muestra de la corteza de la 
tierra:

Un tubo cilíndrico que es insertado 
en la tierra. Su contenido es 
examinado para ver que hay 

abajo de la superficie a varias 
profundidades.    

Intoxicación por plomo 
secundario:

Cuando una ave de rapiña come 
el cuerpo de un animal que ha sido 
intoxicado por plomo o caza a otra 

en las mismas condiciones. 

Mortalidad:
Medida del número de muertes en 

un lugar o tiempo particular.   
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Revise su comprensión
1. En 2001-2002, murieron 247 cisnes por intoxicación por plomo en los 
condados de Skagit, Whatcom y lugares adyacentes de British Columbia. 
Noventa y cinco por ciento de estos eran cisnes trompetistas. Casi  4,000 
cisnes pasan el invierno en el condado de Skagit y otros 1,000 invernan en el 
condado de Whatcom y áreas adyacentes de British Columbia (B.C.)

a. ¿Qué porcentaje de la población total de cisnes que invernaron en 
los condados de Skagit, Whatcom, y BC, murió de intoxicación por 
plomo?

b. ¿Cuantos cisnes trompetistas murieron de intoxicación por plomo en  
2001-2002? Aproxime su respuesta a un número entero. 

2. Un total de 26 cisnes--19 en el condado de Whatcom más 7 en British 
Columbia—han sido equipados con collares de radio-transmisión. Las 26 
aves  fueron seguidas a 50 lugares diferentes. Dos de las aves con collares 
murieron por intoxicación por plomo.

a. ¿Que porcentaje de aves con collar sobrevivió durante la encuesta?

3. Los biólogos pudieron estimar la cantidad de bolitas de plomo que entraron 
en el medio ambiente cada año antes de que  fueran prohibidos los tiros con 
plomo, ellos llaman a esto “rango de distribución.” Para tener una cifra tuvieron 
que asumir que las bolitas de plomo  fueron distribuidas en forma igual a través 
de toda el área de caza en el estado de Washington. Esto no sucede así, 
puesto que algunas áreas (como las de tiro) tienen una mayor concentración 
de actividad de caza que las otras. De todos modos, si asumimos que la 
distribución de bolitas de plomo en las áreas de caza en  Washington es 
igual, entonces aproximadamente 21 bolitas de plomo son distribuidas por 
acre cada año. 
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a. ¿Cuántas bolitas de plomo serian depositadas en un acre después de 
20 años?  

b. Los tiros de plomo para la caza de aves acuáticas  fueron prohibidos en el 
estado de  Washington en 1986. Los cazadores deben usar municiones 
que no son toxicas en lugar de las de plomo. Si no se hubieran prohibido 
las municiones con plomo, calcule cuantas municiones de plomo 
deberían haber sido depositadas en un acre de tierra destinada para la 
caza en el estado de Washington entre enero 1986 y enero 2003. 

Actividad 
Gráfica

Intoxicación  por plomo de las aves acuáticas, 1973-1984

Los cisnes no son las únicas aves afectadas por el plomo. Muchas especies 
diferentes de aves acuáticas son susceptibles a la intoxicación por plomo, incluso 
los cisnes trompetistas, los gansos nevados y muchas especies de patos. Las aves 
accidentalmente ingieren el plomo incrustado en el lodo al fondo de los lagos o lagunas. 
El uso del plomo para caza de aves acuáticas  fué prohibido en los Estados Unidos en 
1991. Antes de la prohibición, los biólogos completaron once años de estudios acerca 
de la SUCEPTIBILIDAD de los patos al ingerir tiros de plomo.*

Los biólogos observaron las cuatro rutas de vuelo de las aves migratorias, que son 
caminos existentes de vuelo usados por las aves durante su migración. Mientras duró 
el estudio, los científicos examinaron más de 95,000 patos que habían sido muertos 
por cazadores. Los científicos abrieron el buche de los patos para ver si habían ingerido 
plomo antes de haber sido matados. La gráfica siguiente muestra los resultados de las 
cuatro especies que se encontró habían ingerido una o más bolitas de plomo.  

Direcciones: complete la información que hace falta en las cuatro gráficas de datos. 
Las gráficas tienen información acerca del número total de patos cazados en cada 
ruta de vuelo, y el número de los que habían ingerido plomo. Use esos dos  números 
para calcular los porcentajes y completar la columna final. Aproxime sus respuestas 
un lugar decimal.

Luego, use las gráficas con los datos completos para producir una gráfica de barras. 
Su gráfica debe agrupar información de las cuatro rutas de vuelo. Ponga información 
de las cuatro rutas de vuelo en el axis –x. Ponga información del porcentaje de patos 
con plomo en el axis –y. Use diferentes colores para representar cada especie de 
patos e incluya una clave para los colores que use. Asegúrese de rotular los axis y 
titular la gráfica. Cuando la haya completado responda a las preguntas de Revise su 
comprensión.

Waterfowl:
Un ave acuática, especialmente un 

ave que nada.

Ruta de vuelo:
Ruta aérea establecida que siguen 

las aves migratorias durante la 
migración.

Tomado de  “Una revisión del problema del intoxicación por plomo de las aves acuáticas” Centro de 
investigación de la Vida Silvestre en  Northern Prairie.   
http://www.npwrc.usgs.gov/resource/othrdata/pbpoison/abstract.htm
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Rutas de Vuelo de las Aves Migratorias 
Norteamericanas

M
A

LL
A

R
D

Ruta Total # c/tiro % c/tiro
Atlantic 8,602 1,058 12.3%

Mississippi 45,448 3,681
Central 11,092 288 2.6%
Pacific 16,338 1,585
TOTAL 81,480 6,613

G
A

D
W

EL
L

Ruta Total # c/tiro % c/tiro
Atlantic 469 5

Mississippi 949 17 1.8%
Central 998 5 0.5%
Pacific 1,223 9
TOTAL 3,639 36

B
lu

e-
W

in
ge

d 
TE

A
L

Ruta Total # c/tiro % c/tiro
Atlantic 3,084 71

Mississippi 3,428 151 4.4%
Central 528 10
Pacific 592 14 2.4%
TOTAL 7,632 246

SH
O

VE
LE

R

Ruta Total # c/tiro % c/tiro
Atlantic 831 8 1.0%

Mississippi 295 5 1.6%
Central 231 10
Pacific 1,302 104
TOTAL 2,659 127
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Dibuje o adjunte aquí su gráfica:

Revise su comprensión
1. ¿ Cuáles especies de patos parecen ser los más susceptibles a ingerir 
plomo en general?

2. ¿ Cuáles especies parecen ser las menos susceptibles a ingerir plomo en 
general? 

3. Por cada una de las cuatro especies de patos, ¿en cual ruta de vuelo existe 
mayor probabilidad de ingerir plomo?

a. Mallard:  

b. Gadwall:  

c. Blue-winged Teal:  

d. Shoveler:  
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U.S. Environmental 
Protection Agency:

Established in 1970, this 
government agency protects 

human health by safeguarding the 
air, water and land upon which  

life depends.

Nivel de plomo en la sangre 
(BLL):

Medida de la cantidad de plomo 
en la sangre de una persona.  

Un nivel mayor de 10 µg/dL se 
considera peligroso.

NIVELES DE PLOMO EN LA 
SANGRE DE LOS NIÑOS
Hoja del estudiante #1

Email Enviado: Hoy, 9:00 AM
From: Celia Summers (csummers@epa.gov)
Sujeto: Proyecto de Intoxicación  por plomo – ¡URGENTE!

Hola. Espero que haya tenido buen fin de semana. Tengo un proyecto nuevo 
para que empiece a trabajar de una vez. Acabo de recibir un reporte de 
nuestros investigadores titulado “Los Niños Americanos y el Medio Ambiente” 
Una sección del reporte enfoca la intoxicación por plomo. Recuerdo que dijo 
que estudió acerca de la intoxicación por plomo en la escuela, me gustaría 
usar su ayuda.  

Tengo una conferencia de prensa importante en dos días. Estaré compartiendo 
la información en el reporte con un grupo de prensa de todo el país. Necesito 
poder explicar con claridad la relación entre raza e ingreso de la intoxicación 
por plomo en la niñez. 

Necesito que desarrolle tres gráficas para usar con mi presentación en la 
conferencia de prensa. Las gráficas deben demostrar:

1. Niveles de plomo en la sangre de acuerdo al ingreso 
2. Niveles de plomo en la sangre de acuerdo a la raza
3. Cambios en los niveles de plomo en la sangre a través del tiempo

Este seguro de que las gráficas son claras y fáciles de leer. Use color y titule 
las gráficas por favor. También, coloque “Niveles de sangre” en el axis-y en 
cada gráfica. 

Dejé un fólder de investigación en su escritorio. Allí encontrará toda la 
información que necesita para este proyecto. 

¡Muchas Gracias!

Celia Summers
Agencia Estadounidense de Protección Ambiental (EPA)

Nombre
Fecha

Hoja del estudiante
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NIVELES DE PLOMO EN LA 
SANGRE DE LOS NIÑOS
Hoja del estudiante #2

Background 
Reading

Hola. Aquí les tengo información 

acerca del intoxicación  por 

plomo y sus conexiones con raza 

e ingresos.  Estas son algunas 

de las notas de Investigación 

que tomé mientras leía el 

reporte completo. Considero usar 

estas notas cuando escriba mi 

discurso para la conferencia de 

prensa.

                                         - Celia

Notas de la investigación “Niños Americanos y el medio 
ambiente”

La Agencia Estadounidense de Protección Ambiental 
(EPA) reveló un reporte en 2003 sobre la salud de los 
niños americanos. El reporte se enfocó en problemas 
de salud ambiental que afectan a los niños, como 
asma, intoxicación por plomo, y cáncer infantil.

Un descubrimiento importante del reporte es que la 
intoxicación por plomo ha declinado en el todo el país. 
Los científicos creen que esto puede ser producto de 
la prohibición de pintura con base de plomo en los 
1970 y la gasolina con plomo en 1980.  Por ejemplo, 
el número de hogares americanos con pintura a base 
de plomo bajó de 64 millones a 38 millones en el año 
2000. Menos plomo en el medio ambiente significa 
menores casos de intoxicación por plomo para los 
niños. 

El reporte trata de responder a esta pregunta:  
¿Cuáles son las conexiones entre la intoxicación por plomo en la niñez, la pobreza y 
la raza?

Antes que nada, ¿Cómo se mide la pobreza? Cada año, el gobierno federal fija un 
número como umbral de pobreza. Si el ingreso total de una familia es menor que el 
número fijado, la familia es considerada viviendo bajo el margen del nivel de pobreza 
(bajos ingresos). Si el ingreso total de la familia está por el número fijado, entonces 
son de medio ingreso. Si el ingreso de la familia es mucho más que el número fijado, 
entonces son de altos ingresos. 

Por ejemplo, el nivel de pobreza para el año 2000 fué de $17,050 para una familia de 
cuatro miembros. Por todo el país, si el ingreso de la familia era menor que $17,050,  
fueron considerados viviendo bajo el nivel de pobreza. El nivel de pobreza cambia 
cada año tomando en cuenta la inflación. Por ejemplo, el nivel de pobreza aumentó de 
$17,050 en el año 2000 a $18,400 para el año 2003.

Los investigadores han descubierto que el RIESGO de un niño de intoxicarse con 
plomo depende de su raza e ingreso familiar. Ejemplo, un niño negro que vive bajo el 
nivel de pobreza está a mayor riesgo de intoxicarse por plomo que un niño negro que 
vive arriba del nivel de pobreza. Se asume a veces que un niño de bajos recursos vive 
con frecuencia en casas más viejas, poniéndolo a mayor riesgo de estar en contacto 
con el plomo, ya sea con la pintura o el agua potable.

Medir el nivel de plomo en la sangre por raza, ingreso familiar puede ayudar a 
que los investigadores identifiquen las poblaciones que pueden estar a mayor riesgo 
de envenenarse con plomo. Esto puede ayudar a enfocar la educación, exámenes y  
limpieza. 

Nivel de plomo en la sangre 
(BLL):

Medida del nivel de la cantidad 
de plomo en la sangre de una 

persona. Un nivel mayor de 10 
µg/dL es considerado peligroso.

Nombre
Fecha

Hoja del estudiante
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Media:
El valor medio en una distribución 
de números.

Aquí esta la gráfica de barra con toda 

la información. Viene del reporte que

mencione en el correo electrónico.  

Puede usar estos datos para producir  

las tres gráficas que necesito para 

mi presentación. Esta gráfica esta 

llena de información, pero esta muy 

complicada para que yo la use con 

los reporteros. Sus gráficas necesitan 

representar los datos en una forma 

más clara y simple. 

                                       - Celia

*De: “Los Niños Americanos y el Medio Ambiente.” Agencia para la Protección Ambiental, 
2003.

http://www.epa.gov/envirohealth/children/ace_2003.pdf
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Grupo étnico Todos los 
ingresos

Bajo 
ingreso

Ingreso 
medio

Alto 
ingreso

Todas las razas 2.2 2.8 1.9 1.9
Blancos 2.1 2.8 1.7 2.0
Negros 2.8 3.6 2.6 2.2
Hispanos 2.0 2.4 1.7 1.6

Media de las Concentraciones de Plomo en la Sangre de los 
Niños, Edades de  1-5, 1999-2000*

Los números representan los niveles de plomo en la sangre medidos por µg/dL.

De: “Los Niños Americanos y el Medio Ambiente.” Agencia para la Protección Ambiental, 2003.
http://www.epa.gov/envirohealth/children/ace_2003.pdf

Estadísticas de “Los Niños Americanos y el Medio 
Ambiente.”

• En 1992-1994, los niños negros edades 1-5 tenían una media de nivel de plomo 
en la sangre de 3.9 µg/dL y en 1999-2000 tenían una media de nivel de plomo en 
la sangre  de 2.8 µg/dL.

•  En 1992-1994, los niños hispanos edades 1-5 tenían una media de nivel de 
plomo en la sangre 2.6 µg/dL y en 1999-2000 tenían una media de nivel de 
plomo en la sangre 2.0 µg/dL.

• En 1999-2000, los niños blancos edades 1-5 tenían una media de nivel de plomo 
en la sangre 2.1 µg/dL, el nivel no cambió en 1992-1994.

Tomé esta tabla directamente del 

Reporte. Estos son los datos que 

Usaron para la gráfica grande 

que tiene toda la información.  

Le ayudará a producir las tres 

gráficas que necesito. 

                                       - Celia

Encontré estas  estadísticas en 

el reporte. tienen información de 

los niveles de plomo en la sangre 

durante dos periodos diferentes.  

Necesitará estas estadísticas para 

producir una de las gráficas para 

mi presentación. 

                                       - Celia
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Revise su comprensión
1. ¿Cuáles son los tres niveles de ingresos representados en estas gráficas?

2. ¿Cuáles son las tres razas representadas en estas gráficas?

3. ¿Qué raza tiene el riesgo más alto de intoxicación  por plomo?

4. ¿Cuál nivel de ingreso tiene más riesgo de intoxicación  por plomo?

5. Entre 1992-1994 y 1999-2000, ¿Qué grupo racial tuvo la mayor disminución 
de niveles de plomo en la sangre?

6. ¿Cuáles podrían ser dos de las razones por esta disminución?

Email enviado: Hoy, 12:30 PM
De: Celia Summers (csummers@epa.gov)
Sujeto: Proyecto del intoxicación  por plomo – Preguntas Adicionales

Hola.  Se que ha estado trabajando en la presentación de la intoxicación  por 
plomo toda la mañana. He estado preparando mi discurso para la conferencia 
de prensa y pensé en unas preguntas que necesito me responda. Usaré sus 
respuestas como parte de mi presentación

¡Muchas gracias por toda su ayuda y su duro trabajo!

Celia Summers
Agencia Estadounidense de la Protección Ambiental  (EPA)
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Graphing 
ActivityAhora que ha completado la lectura de fondo y respondido a algunas preguntas, esta 

listo para producir las gráficas que Celia necesita para su presentación. Puede dibujar 
las gráficas en el espacio de abajo o adjuntar páginas separadas. 

GRÁFICA #1: Produzca una gráfica de barra que muestre niveles de plomo en la 
sangre de acuerdo al nivel de los ingresos. Use solamente la información proveída 
en la tabla de datos  “Todas las Razas Combinadas”. El axis –x deberá mostrar los 
niveles de ingresos.  El axis- y la media de los niveles de plomo en la sangre. No se 
olvide de titular su gráfica y usar color. 

GRÁFICA #2: Produzca una gráfica que muestra los niveles de plomo en la sangre 
por raza. Use solamente la información proveída en la tabla de datos  “Todos los 
Ingresos Combinados”. El axis –x deberá mostrar la raza.  El axis- y,  la media de los 
niveles de plomo en la sangre. No se olvide de titular su gráfica y usar color. 
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GRÁFICA #3: Produzca una gráfica que muestra como ha cambiado la media de 
niveles de plomo en la sangre a través del tiempo para los diferentes grupos raciales. 
Para hacer esto, primero, complete los datos de la tabla a continuación basados en las 
estadísticas de “Los Niños Americanos y el Medio Ambiente” que Celia incluyó en su 
reporte. Esta gráfica le facilitará la creación de la gráfica que Celia necesita. 

 

Ahora, produzca la gráfica con la media de los niveles de plomo en la sangre en el 
axis-y y la raza en el axis-x. Para cada una de las tres razas debería tener dos barras, 
una para cada periodo de tiempo. No se olvide de titular su gráfica, use color e incluya 
una clave.

RAZA

1992-1994
Media de los 

niveles de plomo 
en la sangre

1999-2000
Media de los 

niveles de plomo 
en la sangre

Negra

Hispana

Blanca
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Hojas para los 
estudiantes
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Salud ambiental:
La forma en que el ambiente 
afecta la salud humana

¿QUE ES SALUD AMBIENTAL?

Su salud depende del ambiente que le rodea. Salud ambiental  es la forma en que 
el ambiente afecta la salud humana. Cada día, estamos en contacto con cosas en el 
ambiente que pueden ayudarnos o dañarnos. Algunas de estas cosas son importantes 
para mantenernos saludables, como el oxígeno o medicinas. Otras cosas pueden ser 
dañinas para la salud, como fumar tabaco o el veneno de una serpiente. Las cosas 
del medio ambiente que son dañinas son llamadas peligros e incluyen químicos, 
las bacterias que causan enfermedades, sonidos muy fuertes y hasta el estrés. Estos 
peligros pueden ser naturales o provocados por el hombre. 

Las personas que trabajan en el campo de salud ambiental realizan una gran variedad 
de trabajos. Identifican los peligros del ambiente y evitan que las personas sean 
expuestas a ellos. Algunos son científicos trabajando en laboratorios. Otros trabajan 
para el gobierno creando regulaciones y controlando la contaminación ambiental. Hay 
científicos que trabajan para corporaciones y controlan que los lugares de trabajo 
sean seguros y que el ambiente se mantenga tan limpio como sea posible. La mayoría 
de estos trabajos requiere un conocimiento sólido de ciencia, matemática, historia, y 
leyes, además de una buena habilidad de comunicación.

La mayoría de las personas que tienen trabajos relacionados con la salud ambiental 
han tomado cursos de toxicología. Toxicología es el estudio de como los peligros 
ambientales como los naturales, y los químicos manufacturados, pueden entrar a 
nuestros cuerpos y enfermarnos. 

La toxicología está basada en cuatro conceptos, que serán explicados a continuación: 
Dosis, Rutas de exposición, Susceptibilidad individual y Riesgo. 

A diario, nuestros cuerpos están en contacto con toda clase de peligros del ambiente. 
La Exposición es la cantidad total de peligros que tienen contacto directo con el 
cuerpo. Dosis es la cantidad de peligros que entra en su cuerpo. 

La dosis depende de su talla. Cuando un médico le receta una 
medicina, calcula la cantidad que debe tomar a base del tamaño de 
su cuerpo. El médico puede darle la cantidad correcta de medicina 
para el peso de su cuerpo. Mientras que una cucharadita de medicina 
podría ser la cantidad correcta para un adulto, podría ser demasiada 
dosis para un infante. La dosis también depende de cuán larga ha 
sido la exposición. Mientras más ha estado expuesto a algo, mayor 
podría ser la cantidad de su dosis. Mientras la dosis sea más grande, es probable que 
también sea más extrema la reacción.

Los peligros químicos ambientales, pueden entrar a su cuerpo por 
respiración (inhalación), comida, bebida (ingestión), o por la piel 
(absorción cutánea). Las formas diferentes en que los químicos 
entran a su cuerpo son llamadas rutas de exposición. Si un químico 
le enferma, entonces ese químico es un peligro a la salud. Si la dosis 
es lo suficientemente grande, los químicos peligrosos pueden causar 
diferentes problemas de salud, incluso cáncer o daño al sistema 

Salud ambiental:
La forma en que el ambiente 

afecta la salud humana..
Peligros:

Lo que puede dañar la salud de los 
humanos y el ambiente..

Químicos:
Cualquier sustancia que ha sido 

hecha por elementos combinados 
en moléculas.

Toxicología:
El estudio de los efectos dañinos 

de los químicos en los seres 
vivientes.

Exposición:
La cantidad total de químicos que 
entran en contacto directo con el 

cuerpo.
Dosis:

La cantidad total de un químico 
que entra en un humano u otro 
ser viviente, en relación con el 

peso del cuerpo y el tiempo de la 
exposición..
Inhalación:

Respiración. Cuando losquímicos 
entran al cuerpo por esta ruta de 
exposición, pueden quedarse en 

los pulmones y/o ser llevados por 
la corriente sanguínea. 

Ingestión:
Tragando (usualmente comiendo 

o bebiendo). Cuando los químicos 
entran al cuerpo por esta ruta de 

exposición, pueden fácilmente ser 
llevados por la corriente sanguínea.

Absorción cutánea:
Absorber un químico por cualquier 

parte de la piel inclusive los 
ojos.  Cuando los químicos 

entran en contacto con la piel, 
algunas veces pueden entrar al 
cuerpo a través de esta ruta de 

exposición.  De todos modos, para 
muchos químicos, la piel provee 
buena protección al cuerpo, y la 

cantidad absorbida por la corriente 
sanguínea es a menudo muy 

pequeña.
Rutas de Exposición:

Las formas en las cuales un 
químico puede entrar al cuerpo 

humano. Las tres rutas de 
exposición son inhalación, 

ingestión y absorción cutánea.

Nombre
Fecha

Hoja del estudiante
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nervioso.

Algunas personas están más propensas que otras a enfermarse 
cuando han sido expuestas a peligros del ambiente. La genética, la 
talla de la persona, la edad, el sexo, o la salud en general podrían ser 
las causas. A esto se le llama susceptibilidad individual. 

Los investigadores y las personas encargadas de crear leyes están 
interesadas en comprender los riesgos y beneficios a los que nos 
enfrentamos cuando somos expuestos a los peligros del ambiente 
o bien, cuando participamos en ciertas actividades. Ellos estudian 
estos efectos y riesgos basándose en la exposición, la dosis, y la 
susceptibilidad individual, para determinar los estándares de seguridad 
y explicárselos a la gente. Al entender los riesgos y beneficios a 
los que nos enfrentamos cada día, podemos tomar decisiones que 
reducen nuestro riesgo y así mantenernos tan sanos y seguros como 
sea posible. 

Existen otros tres principios de salud ambiental, que es importante considerar. Estos 
principios llevan la salud ambiental más allá del individuo y los aplican a la comunidad 
como un todo. Estos principios se explican a continuación: temas éticos, legales y 
sociales, justicia del ambiente,  acción y recursos comunitarios. 

¿Qué pasa cuando los científicos genéticos y de salud ambiental realizan 
nuevos descubrimientos? Ellos deben considerar las consecuencias que dichos 
descubrimientos  tendrán en los individuos y la comunidad. Estas consecuencias se 
les llama éticas, legales y sociales (ELSI, por sus siglas en inglés). Éticas— ¿qué 
es correcto hacer y el porqué de esto? Legales— ¿cómo regulan las leyes estos 
descubrimientos? Social—¿cómo afecta a la comunidad?

Todos tenemos el derecho a un medio ambiente sano.  A esto se le 
llama  Justicia ambiental (EJ por sus siglas en inglés). La agencia 
Estadounidense para la protección ambiental define la justicia del 
ambiente como “el tratamiento justo para las personas de todas las 
razas, culturas y estado socioeconómico, sin importar el desarrollo de 
las leyes, regulaciones y políticas.”  

Desafortunadamente, algunos miembros comunitarios están expuestos a más 
contaminación ambiental que otros, estos podrían sufrir de un índice mayor de  
problemas de salud. Las comunidades de bajos recursos y de color son a menudo 
las más impactadas. Estos grupos con frecuencia tienen menos poder económico y 
político en la sociedad donde se toman las decisiones. Por ejemplo, en los vecindarios 
de bajos ingresos, generalmente se construyen basureros de residuos tóxicos, 
tiraderos de basura, fábricas que contaminan y carreteras con mucho tráfico. Algunas 
comunidades reconocen esto como un problema de salud ambiental y trabajan para 
lograr justicia ambiental.

¿A dónde debe acudir en su comunidad para informarse acerca de los 
problemas de salud ambiental? Usted puede aprender más acerca 
de problemas específicos, comprender las políticas del ambiente 
o buscar justicia ambiental usando los recursos comunitarios. 
En su búsqueda de información, usted puede visitar lugares como 
la biblioteca, la municipalidad y/o hacer una búsqueda en Internet. 
También puede hablar con personas como un científico de salud 

ambiental en su universidad local o departamento de salud, maestros y padres de 
familia. Con la información que reúna, puede tomar acción escribiendo cartas al editor 
en su periódico local o hablando frente al concilio comunitario o municipalidad. 

Genética:
Información contenida en los 
genes (ADN) de las células de una 
persona.  La información genética 
es transmitida de padres a hijos.

Susceptibilidad Individual:
Las diferentes formas en las que 
un individuo reacciona luego de ser 
expuesto a la misma  cantidad de 
químicos dañinos. Las diferencias 
en susceptibilidad pueden ser 
causadas por diferencias en talla, 
edad, genética, género y salud en 
general.

Riesgo:
La posibilidad de ser herido  o de 
morir. 

Problemas éticos, legales y 
sociales(ELSI):
Los investigadores científicos 
tienen cuidado al considerar la 
forma en que sus descubrimientos 
puedan impactar a los individuos, 
sus familias y la comunidad.

Justicia ambiental:
El tratamiento justo para la gente 
con respecto a la creación de 
leyes, regulaciones y políticas 
ambientales. 

Contaminación:
La presencia no deseada de 
substancias (como mercurio) o 
energía (como radiación) que 
puede dañar a los humanos o al 
ambiente.

Recursos Comunitarios y 
Acción:
La habilidad que tiene un individuo  
al acceso de recursos y de actuar 
en base a la información para 
crear cambios positivos  en su 
comunidad.
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Revise su comprensión 

1. Enumere tres cosas que hace una persona que trabaja en el campo 
de salud ambiental: 

2. Enumere tres rutas de exposición. Provea un ejemplo (por cada uno) 
de un químico peligroso al que pueda ser expuesto por dicha ruta.  

Cada individuo puede lograr un impacto positivo y hacer un cambio dentro de su 
comunidad. 

¿Qué es el asma?

El Asma es una condición que  causa inflamación en las vías de aire en los pulmones 
obstruyéndolos, haciendo difícil la respiración. Los pasajes también se llenan de 
mucosa espesa. El asma puede causar que la persona tenga dificultad para respirar, 
tos, y resuello. Cuando sucede esto, se le llama ataque de asma. Si no se trata 
debidamente puede ser fatal. Cada año, son hospitalizados aproximadamente 500,000  

Asma:
Una condición que causa que las 

vías de aire de los pulmones se 
inflamen, contraigan y se llenen de 
mucosa, dificultando la respiración.

.

Asthma Episode/Attack:
A flare-up of asthma symptoms 

that may include wheezing, 
coughing, shortness of breath, or 

difficulty breathing.

Contagio:
Una infección o enfermedad que 

puede ser transmitida de una 
persona a otra como por ejemplo, 

un catarro.

Alergia:
Las personas con alergias se 
enferman por la presencia de 

ciertos anticuerpos  en el ambiente 
que generalmente no enferman a 

la mayoría de las personas. Lo que 
causa alergias se llaman:

 
Alérgenos. 

Los alérgenos más comunes son 
el polen de las plantas, el pelo de 
los animales, y ácaros (animalitos 

microscópicos del polvo).

Sistema Respiratorio:
El sistema de órganos 

involucrados con la respiración. 
Incluye: nariz, boca, garganta, 

tubos bronquiales, y pulmones.
.

Irritantes:
Un químico que irrita la piel, los 

ojos, o el sistema respiratorio.

americanos por asma, y 5,000 americanos mueren a causa de la enfermedad.

Reimpreso con permiso  © 2003 Asociación Americana de los Pulmones. Para más  información de cómo  puede apoyar la lucha 
contra  las enfermedades de los pulmones, la tercera causa de muerte en EE.UU., contacte a la Asociación Americana de los 
Pulmones al 1-800-LUNG-USA (1-800-586-4872) o visite el sitio www.lungusa.org

¿Cómo se enferman las personas de asma? El asma no se puede contraer de 
alguien como se contrae un catarro. No es contagiosa. El asma generalmente es 
causada por una combinación de genes y el ambiente.

Se puede tener asma por que se le han transmitido los genes. No se puede heredar, 
pero si se puede heredar la tendencia a desarrollar  asma. Entonces, si entra en 
contacto con ciertas  cosas en el ambiente, podría desarrollar asma.

Algunas veces un alérgeno podría causar un ataque de asma. Las alergias al 
polen, pelo de animales o mascotas con plumas, ácaros, moho o comidas como 
cacahuates podrían causar un ataque de asma.

Otra forma en que el ambiente podría contribuir a su asma es irritando el sistema 
respiratorio. Estos irritantes le podrían causar asma, o si ya padece de asma, 
podría causarle un ataque. Estos irritantes incluyen: polvo, emisiones de humo, 
perfumes fuertes, químicos del hogar, humo del tabaco, y aire frío.
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Revise su comprensión

1. Un amigo suyo está teniendo un ataque de asma. ¿Qué síntomas podría 
presentar?  

2. ¿Cuándo debe alguien usar un inhalador? ¿Por qué?

Existen dos tipos de medicinas que las personas con asma pueden usar para 
controlarla. Mucha gente  toma diariamente medicina  de control que les ayuda a 
prevenir que ocurra un ataque de asma. Este tipo de medicina es tomado diariamente 
y ayuda a prevenir que las vías respiratorias se hinchen y contraigan. Cuando está 
ocurriendo un ataque de asma, mucha gente usa medicina de rápido alivio para evitar 
empeorarse. La medicina de rápido alivio relaja los músculos en los pulmones para 
ayudar a que la persona respire más fácilmente. La medicina para el asma puede 
ser tomada en forma de pastillas, a través del uso de inhaladores, nebulizadores 
(instrumentos usados para enviar la medicina a lo profundo de los pulmones). Pueda 
que alguien que usted conoce o usted, usen un inhalador. Si un ataque de asma es 
severo y no mejora después de tomar medicina de rápido alivio, podría ser necesario 
ir a la emergencia para recibir medicinas más fuertes. 

Algunas personas empiezan con síntomas de asma desde muy pequeñas, menores 
de un año y otras no tienen síntomas por muchos años. No hay cura para el asma, 
pero se puede tratar. Con la educación adecuada y medicina, las personas pueden 
controlar su asma y llevar una vida activa, y sana.

Algunos datos importantes sobre el asma: 
•    Quince millones de personas en los EE.UU. sufren de asma — dos veces más 

que las  personas reportadas hace veinte años.
•    Uno de cada catorce  americanos tienen asma. Esto significa que un amigo o 

familiar suyo probablemente padece de asma. Usted podría tener asma.
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Desencadenante:
Una sustancia (ejemplo, polen, 

mascotas, polvo) o condición 
(ejemplo, tener catarro) que causa 

un ataque de asma.

¿Qué tiene que ver el asma con la salud ambiental? 

Aunque la genética juega un papel importante al causar que una persona desarrolle 
asma, no es la única causa. Hay cosas en el ambiente que pueden causar que alguien 
desarrolle asma o provocar un ataque a alguien que la padece. Las causas ambientales 
del asma incluyen ácaros y humo del tabaco.

Algo en el ambiente que causa un ataque de asma se le llama desencadenante.
Cuatro desencadenantes comunes son:

• Infecciones virales (catarro o influenza)
• Alergias (polen, mascotas con pelo o plumas, ácaros o moho)
• Irritantes (aire frío, humo del cigarrillo, químicos del hogar, perfumes, polvo, o 

emisiones de humo)
• Ejercicio

Respondamos a unas pocas preguntas básicas de salud ambiental acerca del asma.

•    ¿Cuál es la  ruta de exposición principal para la mayoría de los desencadenantes? 
El asma es una condición que afecta al sistema respiratorio, entonces no se 
sorprenderá al saber que la gente con asma generalmente esta expuesta a los 
desencadenantes al respirar. Esto significa que la ruta principal de exposición 
para las sustancias que provocan el asma es la inhalación.

• ¿Qué tiene que ver la dosis con el asma? Las personas con asma aprenden 
a limitar la dosis que reciben de las cosas que provocan sus síntomas. Por 
ejemplo, las personas cuya asma es provocada al estar alrededor de los gatos, 
aprenden a evitar a los gatos. También saben que estar cinco minutos con 
los gatos no es tan dañino que como estar con ellos por cincuenta minutos. 
Mientras mayor sea la dosis y mayor el tiempo de exposición, se sienten peor. 
La dosis de medicina usada es también importante para controlar el asma. Si 
la dosis es muy pequeña, puede que no controle el asma. Si la dosis es muy 
grande, puede ser peligroso.

•   ¿Qué tiene que ver la susceptibilidad individual con el asma? La Genética 
es lo que nos hace únicos. No existen dos personas con el mismo código 
genético (excepto los gemelos idénticos). Algunos individuos son más 
propensos que otros para desarrollar asma por sus genes. Estas personas son 
más susceptibles a las alergias y reaccionan con más fuerza a los irritantes 
que provocan asma. Esto significa que los niños son más propensos que los 
adultos al asma.

•   ¿Qué ambientes ponen en  riesgo  a las personas que padecen de asma? 
Los niños cuyos padres fuman están más propensos a desarrollar asma. Los 
niños que viven en  ciudades con problemas de contaminación del aire están 
más propensos a desarrollar asma. La contaminación del aire puede causar 
que las personas que sufren de asma se empeoren. Algunos adultos que 
están expuestos a ciertos irritantes (como vapores químicos o polvo) en el 
trabajo, están más propensos a desarrollar asma. A todo esto se le llama 
“factores de riesgo”. 
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Revise su comprensión

1. ¿Qué relación hay entre las alergias y el asma?  

2. ¿Cómo puede una persona controlar la exposición a los desencadenantes 
del asma? 

3. Si usted sabe que un amigo suyo padece de asma, y empieza a mostrar 
signos de un ataque de asma; ¿qué puede hacer? 

4. Escoja cuatro palabras del vocabulario  del margen de las páginas anteriores 
y use cada una de ellas en una oración completa.   
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LA HISTORIA DE LOS 
TRATAMIENTOS PARA EL 
ASMA
Hoja del Estudiante #1

Asma:
Enfermedad de los pulmones que 

generalmente produce dificultad al 
respirar y puede ser mortal.

Arsénico, Excremento de Cocodrilo  y Sopa de Pollo:
Historia de los Tratamientos para el Asma por todo el Mundo

Introducción

¿Qué tienen en común el arsénico, excremento de cocodrilo, y la sopa de 
pollo?  Todos ellos han sido usados en varias épocas y lugares para tratar asma. 
Desafortunadamente, el asma no es nada nuevo. La gente por el mundo y a través 
de la historia ha sufrido de esta enfermedad. Los síntomas del asma como resuello, 
tos, y dificultad para respirar pueden ser atemorizantes. Como resultado, hace mucho 
tiempo, los curanderos reconocieron la importancia de tratar esta enfermedad. El 
asma ha sido descrita en algunos de los libros médicos más antiguos. 

En el pasado los doctores trataron con toda clase de cosas para aliviar a los que 
sufrían de asma, pero solamente unos pocos de estos tratamientos sirvieron.  Muchos 
doctores dañaron a los pacientes en lugar de ayudarlos. Los doctores chinos fueron la 
excepción. Hace cinco mil años, los doctores chinos trataron el asma con éxito usando 
una poderosa hierba. Los doctores todavía usan químicos extraídos de esa hierba en 
la medicina actual. 

El Mundo Antiguo 

La humanidad Prehistórica (3000 AC) no dejaron registro escrito, no sabemos 
mucho de la forma en que trataban las heridas y la enfermedad, incluso el asma. 
De los huesos encontrados en sitios arqueológicos, sabemos que trataban algunas 
enfermedades abriendo hoyos en el cráneo de la persona enferma. Este proceso se 
llama trepanación. Es posible que hayan tratado de  esta forma el asma severa, pero 
sin más evidencia que esta, los historiadores no están seguros. 

De acuerdo a récords escritos hace mucho tiempo, los doctores en la antigua China 
usaron una hierba que aliviaba a las personas con asma y otras molestias. Se llama 
Ma Huang y ha sido usada desde 3,000 AC. En los 1900s, los químicos separaron el 
componente de Ma Huang que ayuda a tratar el asma. Le llamaron efedrina. Este 
“nuevo descubrimiento,” conocido por miles de años en China, ha probado ser un 
tratamiento popular y efectivo para el asma y actualmente todavía se usa en ciertas 
medicinas. La mayoría de las medicinas que se usan para tratar los síntomas del 
catarro común y que se compran sin receta contienen químicos muy similares a la 
efedrina.

En el antiguo Egipto, se documentaron registros de la vida diaria con jeroglíficos 
usando papel hecho de hojas de la planta del papiro. Algunos de estos registros 
son textos médicos. Uno en particular alrededor de 1500 AC describe tratamientos 
para enfermedades del sistema respiratorio, lo que hubiera incluido asma.  Un 
tratamiento requería que la persona que padecía asma TRAGARA una mezcla de 

Trepanación:
Abrir un agujero a través del 

cráneo como tratamiento para las 
enfermedades. 

Efedrina:
Un químico derivado de la hierba 

Ma Huang que ha sido usada 
exitosamente en el tratamiento 

para el asma.

Jeroglíficos:
Un sistema de escritura egipcio 

antiguo que usaba dibujos como 
símbolos.

Sistema Respiratorio:
El sistema de órganos 

involucrados en la respiración, 
incluye  nariz, boca, garganta, 

tubos bronquiales,y pulmones. 

Nombre
Fecha

Hoja del estudiante
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La gente de la antigua Grecia fué la primera en 
usar la palabra asma para describir la dificultad o 
la respiración dolorosa. La palabra asma significa 
falta de respiración en griego. Muchos griegos 
creían que los dioses eran responsables por la 
enfermedad y que solo ellos podían curar a la 
persona.  Un filósofo griego llamado Hipócrates, 
tenia diferentes ideas. Vivió aprox. De 460 a 377 
AC y se le considera el padre de la medicina 
occidental.  Escribió que el cuerpo esta compuesto 
por cuatro “humores,” sustancias como flema y 
bilis que deben mantenerse en perfecto balance 
para que una persona esté sana.  No parece haber 
descubierto ningún remedio efectivo para el asma, 
pero fue la primera persona en sospechar que el asma podría ser heredada. Ahora 
sabemos que estaba en lo correcto – los genes que heredamos de nuestros padres 
definitivamente juegan un papel importante en hacernos  susceptibles al asma.

Los doctores de la antigua Roma (509 AC a 476 DC) adoptaron muchas de las 
creencias médicas de los antiguos griegos y las desarrollaron más. También fueron la 
primer cultura en reconocer la conexión entre la suciedad y la enfermedad. Para que 
la gente se mantuviera sana, construyeron desagües para los desperdicios, casas 
de baño para estar limpios, y acueductos para llevar agua limpia para tomar a las 
ciudades. Desafortunadamente, no progresaron mucho en el tratamiento del asma. 
Los textos médicos de ese periodo recomiendan tratar el asma con una variedad de 
cosas como el vinagre, ciempiés, y pulmones de zorra molidos.  

Revise su comprensión – Mundo Antiguo

1. ¿Qué es Ma Huang?

2. Enumere dos rutas de exposición que usaron los egipcios para que el 
cuerpo del paciente recibiera medicina.

3. ¿Qué supuso correctamente Hipócrates  que era la causa del asma?  

Genes:
Los genes son pedazos de  
ADN que se encuentran en 
cada célula del cuerpo.  Los 
heredamos de nuestros padres 
y ayudan a determinar nuestras  
características individuales.

Hippocrates

higos, uvas, cerveza, incienso, y ¡hasta excrementos de camello y cocodrilo! El texto 
también describe un tratamiento donde el extracto 
de una planta llamada henbane se calentaba en 
un ladrillo.  El paciente de asma debería INHALAR 
los vapores. 
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La Edad Media

Después de la caída del imperio Romano en 476 AC, 
el período conocido como la Edad Media dió inicio 
en Europa. Durante este periodo, se perdió y olvidó 
mucho del conocimiento médico de los griegos y 
romanos.  La gente vivía en condiciones más pobres 
y sucias que antes. Estaban menos sanos y vivían 
menos. El asma era tratada con pociones complicadas 
que contenían ingredientes exóticos como huesos de 
animales, perlas, y excremento de ganso. 

Aunque la parte europea del Imperio Romano 
colapsó en 476 DC, la parte del este sobrevivió 
mil años más. Se le llamó el imperio Bizantino 
(476 al 1453 DC) y mucho del conocimiento de la 
antigua Grecia y la antigua Roma fué preservado 
allí. Paulus Aegineta fué un médico bizantino, vivió 

desde 625 a 690 DC. Escribió una enciclopedia médica que incluía tratamientos para 
el asma. Una recomendación era “sangrar” al paciente. En este tratamiento, el doctor 
abría la vena del paciente en el brazo y la dejaba sangrar. La idea era que al salir la 
sangre, salía también lo que enfermaba al paciente. En lugar de esto, el paciente se 
ponía débil, cansado y más enfermo. La sangría era usada como tratamiento desde 
1800, aunque hacia más daño que aliviar a los pacientes. Los doctores bizantinos 
también recomendaban ampollar la piel de un paciente con químicos fuertes. Se 
supone que las ampollas jalaban las substancias malas del cuerpo del paciente. 

Durante la edad media, los doctores árabes tuvieron muchas curas supuestas para el 
asma, incluso usaron el arsénico como tratamiento. El arsénico es un veneno poderoso 
que debió haber empeorado a los pacientes de asma. Un doctor judío, médico de la 
corte de un rey egipcio, tenia ideas diferentes.  Maimonides, quien vivió de 1135 a 
1204 DC, reconoció que no tenia una cura mágica para las enfermedades. En su lugar 
sugirió que los pacientes se mudaran a un clima más seco, evitar ambientes llenos de 
contaminación y comer ciertas comidas, incluso ¡sopa de pollo! Maimonides fué uno 
de los primeros doctores que documentó que el asma podría estar relacionada con el 
ambiente. 

Revise su comprensión  – Edad Media

1. Después de la caída del imperio Romano, ¿Qué cambios sucedieron en 
Europa que afectaron la salud humana? 

2. ¿Por qué los doctores Bizantinos ‘sangraban’ a los pacientes? 

3. ¿Quién recomendó cambio de clima y sopa de pollo como tratamientos 
para el asma?  

Cuadro de madera mostrando a 
una mujer con sangría en el brazo.

Sangría:
Corte intencional de una vena 

como tratamiento médico.
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El Renacimiento  

El período después de la Edad 
Media es el Renacimiento. Dió 
inicio en Italia alrededor 1350 y 
duró aprox. hasta 1600.   Una parte 
importante del Renacimiento fué el 
redescubrimiento del conocimiento 
griego y romano acerca de muchas 
cosas, incluso ciencia y medicina. Los 
científicos del renacimiento también 
empezaron a diseccionar cuerpos 
humanos por primera vez. Grandes 
pensadores como Leonardo da Vinci 
(1452-1519) hizo dibujos detallados 
de la anatomía humana. Esto les 
ayudó a comprender mejor, la forma 
en que trabaja el cuerpo humano.

Un doctor del renacimiento con 
un nombre muy largo estaba 
convencido de que las ideas antiguas sobre medicina eran erróneas, y públicamente 
quemó algunos libros médicos para demostrarlo. Philippus Aureolus Theophrastus 
Bombastus von Hohenheim, mejor conocido como Paracelsus, vivió de 1493 a 1541. El 
creía que la medicina debería estar basada en experimentos, observación y razón. El 
fué la primera persona que documentó que cualquier sustancia podría ser venenosa si 
la dosis era suficientemente alta. ¡Hasta la sal es mortal en exceso! Por lo que escribió 
acerca de este tema, Paracelsus es considerado como el fundador del estudio de los 
venenos, toxicología. La dosis todavía es un concepto muy importante a comprender, 
ya sea para tratar un dolor de cabeza o asma. 

Un paciente de asma en el tiempo del renacimiento, era tan famoso que su caso 
recibió mucha atención de los médicos de ese período. El  arzobispo John Hamilton, un 
líder eclesiástico muy rico e importante en Escocia, estaba muy enfermo con asma. Un 
médico pensó que el problema del arzobispo era el exceso de frío. El recomendó que el 
arzobispo evitara el aire fresco y se sentara al lado del fuego de carbón todo el tiempo. 
Este fuego produce mucho humo y probablemente empeoró el asma del arzobispo. El 
aire frío puede agravar el asma, el doctor pudo haber hecho un diagnóstico correcto 
pero sugirió un tratamiento inadecuado.

Fué llamado otro doctor, Gerolamo Cardano. Cardano vivió de 1501 a 1576, y era el 
médico más famoso de Europa. Cardano decidió que el arzobispo estaba enfermo por 
mucho calor. Le dijo al arzobispo que saliera al aire fresco otra vez, y que se alejara del 
humo. El doctor también le dijo que no durmiera en colchones de plumas porque le daría 
mucho calor. El arzobispo mejoró. Fué un accidente que el tratamiento de Cardano 
sirvió. El doctor no entendía acerca de las alergias o no se dió cuenta que el arzobispo 
pudo haber sido alérgico a las plumas o que el inhalar humo no le hacía bien. 

Dibujo del cráneo por Leondardo da Vinci

Anatomía:
La estructura de una planta o 
animal.

Alergias:
Las personas con alergias 
se enferman con cosas que 
generalmente no enferman a otros. 
Lo que causa alergias se le llaman: 
alérgenos.
Los más comunes son el tabaco, 
humo, polen de plantas, pelo de 
animales, y ácaros.

Toxicología:
El estudio de los efectos dañinos 
de los químicos en seres vivientes.
.
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Revise su comprensión – Renacimiento

1. ¿Qué hicieron los científicos del renacimiento que ayudó a comprender 
mejor la anatomía humana?  

 

2. . Paracelsus se le considera como el fundador de ¿qué campo del estudio 
científico?

3. ¿Qué hizo Gerolamo Cardano para ayudar a su paciente de asma, John 
Hamilton?  

La Era Moderna

Durante los siglos 18 y 19, la Revolución Industrial y las nuevas ideas acerca de gobierno 
cambiaron drásticamente el mundo. Las ideas acerca del asma también cambiaron. 
Un médico inglés llamado John Floyer (1649-1734) tenía una muy buena razón para 
estudiar el asma – él mismo estaba afectado por la enfermedad. Estudió la enfermedad 
cuidadosamente e hizo una lista precisa de las cosas que podrían causarla o empeorarla. 
Su lista incluye herencia, ejercicio, contaminación del aire, humo del tabaco, algunas 
ocupaciones, e infecciones. De modo que aunque el Dr. Floyer conocía los factores que 
producen asma, no supo como curarla. Les decía a sus pacientes que pusieran químicos 
fuertes en su piel para ampollarla. También les dijo que se bañaran frecuentemente con 
agua fría. 

Durante este período, los doctores empezaron a comprender mejor como 
trabaja el sistema respiratorio. También inventaron nuevos instrumentos para 
diagnosticar asma. El estetoscopio, inventado por un doctor francés en 1816 
llamado R.T.H. Laennec, hizo posible escuchar el sonido de los pulmones 
durante un ataque de asma. En 1844, un cirujano británico llamado John 
Hutchinson (1811-1861) inventó una  máquina llamada espirómetro. Esta 
máquina mide la cantidad máxima de aire que los pulmones pueden inhalar 
y exhalar. Es un instrumento importante para indentificar  problemas en el 
funcionamiento de los pulmones como el asma. 

Aunque la diagnosis mejoró, los tratamientos para el asma en 1800 todavía 
eran inefectivos y hasta dañinos. Los doctores decían a sus pacientes frecuentemente 
que tomaran alcohol, fumaran tabaco, o que comieran ajo. También recetaban químicos 
peligrosos como el mercurio. Las sangrías todavía eran populares; ya sea aplicando 
sanguijuelas vivas a la piel o cortando una vena.   
                      
Afortunadamente, los científicos del oeste en el siglo 20 hicieron muchos descubrimientos 
que ayudaron a encontrar mejores tratamientos para el asma. En los 1930, los doctores 
comprobaron que el asma y las alergias están relacionadas, llevando a un mejor entendimiento 
de lo que desencadena un ataque de asma. Los científicos también descubrieron nuevas y 

Espirómetro:
Un instrumento para medir el 

volúmen de aire que entra o sale 
de los pulmones..

Spirometer
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Revise su comprensión – Era Moderna

1. ¿Qué incluyó John Floyer en su lista como las causas del asma? 

2. Nombre dos instrumentos médicos inventados durante los 1800 que ayudó 
a que los científicos de la época comprendieran mejor como trabaja el sistema 
respiratorio.

3. ¿Cómo ayudan a las personas con asma los químicos llamados 
broncodilatadores? 

Ductos Bronquiales:
Parte del sistema respiratorio 
- la tráquea se divide en dos 
importantes ductos bronquiales, 
cada uno va a un pulmón.

Inhalador:
Un inhalador es un aparato que 
manda a los pulmones una dosis 
de medicina en una cantidad 
establecida. La medicina es 
rápidamente absorbida dentro de 
la corriente sanguínea y llevada 
hasta los pulmones.

efectivas drogas que reemplazaron los viejos tratamientos. Fueron descubiertos químicos 
que reducen los ataques de asma relajando los músculos en los ductos bronquiales, 
facilitando la respiración.  Estos químicos son llamados broncodilatadores. También fue 
inventado el inhalador, facilitando que una persona que sufre de un ataque de asma reciba 
la medicina necesaria a tiempo.

Ahora que empezamos el sigo 21, tenemos buenas y malas noticias. El número de 
personas con asma es mayor que nunca, y sabemos que la contaminación del aire es una 
gran parte del problema. Sabemos también que las personas de bajos recursos y ciertas 
minorías están más propensas al asma. Estas son malas noticias. Afortunadamente los 
doctores y científicos han desarrollado formas simples para que las personas eviten lo que 
les produce un ataque de asma. También hay nuevas medicinas para el asma y para que 
las personas que padecen de asma vivan vidas más sanas.
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Teniendo en cuenta lo que sabe acerca de la historia de los tratamientos del asma, 
construya  una cronología para representar el orden en el cual se llevaron a cabo los 
eventos mencionados en la lectura.

Incluya en su cronología los eventos mencionados a continuación, describa brevemente la 
forma en que cada evento o persona se relaciona con la historia del tratamiento de asma. 
Asegúrese de incluir AC y DC en su cronología y las fechas correctas para cada evento o 
la duración de vida de cada persona. No se olvide de darle un título.

• Primer uso de Ma Huang
•  Hipócrates
•  Caida del Imperio Romano 
•  Maimonides
•  Leondardo da Vinci
• Gerolamo Cardano
•  John Floyer
•  Invención del estetoscopio
•  Invención del  espirómetro

Cronología 
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LA GEOGRAFIA DEL 
ASMA 
Hoja del Estudiante #1

En esta lectura, aprenderá sobre un estudio que resultó en estadísticas.  Luego 
responderá a preguntas sobre el estudio para asegurarse de que comprende lo que 
ha leído. Finalmente, completará un ejercicio que le ayudará a comprender los datos 
presentados en la lectura. 

Una encuesta del índice de asma en cada uno de los estados en 
EE.UU. para el 2000

Asma es una condición que causa que las vías respiratorias de los pulmones se 
inflamen,  contraigan y se llenen con mucosa, dificultando la respiración. El asma 
también puede hacerle resollar y toser. Cuando esto pasa se le llama ataque de 
asma.

Desafortunadamente, en los EE.UU., hay más gente con asma que antes. De 1980 
a 1994, el número de personas que dijeron padecer de asma se elevó a 75%. Las 
personas con asma deben luchar para controlar la enfermedad, educarse a si mismas 
y tomar medicina. Cada vez que un estudiante falta a la escuela, dicho estudiante 
pierde la educación que le ayudará a tener éxito en la vida y trabajar en la comunidad. 
Podemos ayudar a la sociedad aprendiendo más acerca del asma. Si alguien falta al 
trabajo por su asma, significa que esa persona no está contribuyendo a la sociedad ya 
sea, reparando una carretera, instruyendo a los estudiantes en un salón de clase, o 
dirigiendo un negocio. Cuando alguien tiene que ser hospitalizado por asma, el costo 
es alto.
    
El asma es un problema que parece empeorar, las personas que trabajan en el 
gobierno del estado, o en cuidados de salud necesitan saber cuanto dinero deben 
usar del presupuesto para gastos relacionados con asma. Para hacer esto, necesitan 
un estimado exacto de la cantidad de gente que padece de asma en el estado. Esto 
también ayuda a que los hospitales estén preparados para tratar a las personas con 
asma y a PATROCINAR programas que enseñan a las personas con asma a como 
controlar la enfermedad y mantenerse sano.
 
En 2000, los científicos usaron la información recabada por el Centro de Control 
y Prevención de Enfermedades para calcular cuántas personas sufren de asma 
en cada uno de los cincuenta estados. Basaron sus estimados en la información 
recabada por una encuesta conducida en el año 2000.  La encuesta se realizó por 
teléfono escogiendo los números al azar, buscando adultos (18 años en adelante) 
que estuvieran de acuerdo en responder una serie de preguntas acerca de su salud. 
Algunas de esas preguntas estaban relacionadas con el asma. La tabla en la página 
siguiente muestra el porcentaje de personas en cada estado que respondieron que si 
a la pregunta “¿Le ha sido diagnosticada asma por un médico?” 

Las encuestas telefónicas son una buena manera de reunir información de un grupo 
grande, escogido al azar. Esta encuesta telefónica proporcionó una idea de la magnitud 
de la enfermedad, pero es importante estar conciente de las desventajas 

Estadísticas:
Colección de información 

Numérica

Data:
Información organizada para 

análisis o tomar decisiones.

Nombre
Fecha

Hoja del estudiante
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de la encuesta. Los científicos no se informaron si las personas que dijeron que ”si” 
realmente tienen asma. Ellos confiaron en que las personas encuestadas dijeron la 
verdad y que su doctor hizo una diagnosis correcta de la condición.

¿Por qué es importante recabar este tipo de información? Los oficiales del estado 
usan esta información para hacer el presupuesto de los programas de prevención y 
tratamiento del asma. Los profesionales de salud también usan la información para 
asegurar que los hospitales y clínicas están preparadas para tratar al número en 
aumento de las personas que padecen de asma en toda la nación. Finalmente, al 
coleccionar esta información cada año permite que los expertos vean los patrones 
de crecimiento del asma en el país. Esto ayuda a responder la pregunta “¿Hay mas 
personas con asma este año que el año pasado?” “¿Está aumentando el número 
de personas con asma en una región más que en otra?’ Este conocimiento podría 
conducirnos en el futuro a disminuir el número de personas con asma y ayudar a 
controlar lo que la produce. 

Alabama 9.1
Alaska 11.3
Arizona 11.1
Arkansas 9.9
California 11.5
Colorado 9.5
Connecticut 10.8
Delaware 10.4
Florida 9.1
Georgia 9.6
Hawaii 11.4
Idaho 10.8
Illinois 10.5
Indiana 11.2
Iowa 8.5
Kansas 10.9
Kentucky 10.7
Louisiana 8.0
Maine 12.5
Maryland 10.6
Massachusetts 11.9
Michigan 10.3
Minnesota 9.5
Mississippi 9.9
Missouri 10.6

Montana 11.4
Nebraska 8.7
Nevada 13.4
New Hampshire 12.0
New Jersey 8.7
New Mexico 10.0
New York 10.7
North Carolina 10.1
North Dakota 9.2
Ohio 10.9
Oklahoma 9.2
Oregon 12.1
Pennsylvania 9.3
Rhode Island 11.7
South Carolina 10.4
South Dakota 8.0
Tennessee 10.4
Texas 10.5
Utah 10.3
Vermont 9.7
Virginia 10.5
Washington 11.9
West Virginia 11.8
Wisconsin 10.6
Wyoming 11.8

Porcentaje de adultos en cada estado que respondieron que han 
sido diagnosticados con asma, 2000

De: “Auto-Reportaje de Prevalencia de Asma Entre Adultos, EE.UU., 2000.”  MMWR, 
Centro de Prevención y Control de Enfermedades, 2001.

Data Chart
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Revise su Comprensión

1. ¿Cuál fué el porcentaje de incremento en el número de personas con asma 
en los EEUU entre 1980 y 1994? 

2. Por cada 1000 personas con asma en 1980, ¿cuántas más tienen la 
enfermedad en 1994? 

3. Enumere dos ejemplos por los cuales la sociedad gasta tanto dinero para 
el asma.   

4. ¿Quién y para qué usan los estimados de asma? 

5. ¿Quién participó en la encuesta telefónica al azar descrita en la lectura? 

6. ¿Cuáles son los dos estados que tenían el mismo índice bajo de asma en 
2000?  

7. ¿Qué estado tiene el índice estimado más alto? 

8. Examine su mapa. ¿Puede encontrar algunas tendencias entre los estados 
que tienen los índices más altos de asma? ¿Y los que tienen los índices más 
bajos? 

 

Use el mapa en blanco de los EE.UU. en la página siguiente para esta actividad. 

• Escriba el nombre de cada estado.

• Selecccione un color para representar cada uno de los grupos de porcentajes 
siguientes: 

    8% to 9.9%

    10% to 10.9%

    11% to 13.4%

• Forme una clave en la parte de abajo del mapa que muestre los colores 
asignados a cada grupo de porcentajes.

• Coloree cada estado indicando aproximadamente el porcentaje de la población 
que  ha sido diagnosticada con asma.

Actividad en el 
mapa 
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¿QUE ES EL ASMA? 
Hoja del estudiante #1

Mucosidad
¿Alguna vez se ha detenido a pensar sobre su mucosa? Su cuerpo produce mucosidad 
que cubre la nariz y los senos nasales, esto recoge el polen y polvo evitando que 
lleguen a los pulmones. Su estómago está protegido por una mucosidad gruesa que 
le protege de los poderosos ácidos digestivos. 

¿Que es la mucosidad? Está mayormente compuesta de 
agua, también contiene azúcares, proteínas y sales. Todos 
estos ingredientes mezclados, forman una sustancia pegajosa 
y elástica.  La mucosidad se recicla constantemente. ¿Sabía 
usted que una persona promedio se traga un cuarto de galón 
de su propia mucosidad al día?  Piense en la última vez que 
tuvo un catarro. Mientras su cuerpo trataba de deshacerse 
de la bacteria que le estaba enfermando, producía una gran 
cantidad de mucosidad espesa, provocándole tapazón de 
nariz o lo contrario. Cuando tiene una infección de los senos 

nasales, la mucosidad se vuelve amarilla o verde, como un aviso de que necesita ver 
al doctor. Una de las razones por las que necesita tomar mucho líquido cuando está 
enfermo es para ayudarle a sacar el exceso de mucosidad del cuerpo.

La mucosidad también puede ser problema. Durante un ataque de asma, los músculos 
alrededor de los ductos bronquiales en los pulmones se contraen e inflaman. Los ductos 
bronquiales también se llenan de mucosidad espesa haciendo difícil la respiración. Es 
muy importante tomar muchos líquidos después de un ataque de asma para ayudar a 
sacar la mucosidad de los pulmones. 

Mezcle los ingredientes para hacer mucosidad fingida. Mientras examina la mucosidad, 
imagine lo que sentiría si sus pulmones estuvieran llenos con esta sustancia espesa.

Mucosidad:
Un líquido espeso, y 

resbaloso secretado por 
las membranas mucosas 
en el sistema respiratorio. 

Durante un ataque de asma, 
la mucosidad inunda los 
pulmones dificultando la 

respiración.

Nombre
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Receta de 
Mucosidad

Receta de mucosidad fingida  #2
Esta receta produce una sustancia opaca y más espesa que la mucosidad real.  Para 
que dure más tiempo, ponga la mezcla en una bolsa plástica con cremallera y guárdela 
en el refrigerador. 

Materiales:
• 1/2 taza de agua
• 3 sobres de gelatina sin sabor
• 1/2 taza de jarabe de maíz liviano (corn 

syrup)  
• medida de 1/2 taza
• tenedor
• cacerola o tazón para poner en el 

microondas 
• tazón
Seguridad:
Tenga cuidado de seguir las reglas de seguridad 
del laboratorio cuando use algo caliente (estufa, 
horno de microondas, etc.) para calentar el agua.

Direcciones: (hace 1 taza)
1. Caliente el agua hasta que hierva. Aléjela 

del fuego. Cuidadosamente póngala en un 
tazón.

2. . Agregue los tres paquetes de gelatina. 
Espere varios  minutos, luego mueva con 
un tenedor.

3. . Añada 1/2 taza de jarabe de maíz. Mueva 
con el tenedor.

4. Use un tenedor para recoger la mucosidad. 
Tóquelo con los dedos.

5. Mientras la mucosidad se enfría y espesa, 
agregue agua poco a poco.

Materiales:
•   1 cucharadita de jabón bórax en polvo.
•   1/2 taza de pegamento blanco, como 
     Elmer’s
•   Agua
•   Colorante de comida (opcional)
•   Bolsa plástica con cremallera
•   Medidas de 1/4 y 1/2 taza
•   Cucharita

Seguridad:
¡Esta mucosa no debe comerse! Esta mucosa 
puede manchar la ropa, tenga cuidado con las 
alfombras, muebles y ropa.

Direcciones: (hace aprox. 1 taza)
1. Mida 1/4 taza de agua caliente  en una 

taza para medir. Agregue una cucharadita 

de bórax. Mueva hasta que esté 
completamente disuelto. Póngalo al 
lado.

2. Mida 1/2 taza de agua. Póngala en 
una bolsa plástica. Mida 1/2 taza de 
pegamento blanco y póngalo en la 
bolsa. Selle la bolsa mezcle la goma y 
el agua completamente amasándolos 
en la bolsa.

3. Agregue un par de gotas de colorante 
de comida a la mezcla en la bolsa.

4. Agregue la solución con el bórax en la 
bolsa con la goma.

5. Selle la bolsa y amase la mezcla. 
6. Introduzca la mano y diviértase con 

la  mucosidad. Esta mucosidad no es 
pegajosa, puede sacarla y explorarla. 
Recuerde lavarse las manos cuando 
termine.

Es difícil saber exactamente la cantidad de bórax que hay que agregarle a la mezcla. Si 
agrega muy poco, la mucosidad será pegajosa. Si agrega mucho, la  mucosidad estará 
muy líquida. Cuando la mezcla ya no esté tan líquida, tóquela.  Si se siente pegajosa, 
pruebe agregar un poquito mas de solución de bórax. Si la mezcla se siente mojada y 
resbalosa, amásela en sus manos por unos pocos minutos hasta que la solución de bórax 
sea absorbida. 

Receta de mucosidad fingida  #1

La mucosidad real está formada por agua, azúcares, proteínas y sal. La mucosidad que 
hicieron tiene los mismos ingredientes, simplemente son de fuentes diferentes.  El jarabe 
de maíz son los azúcares y la gelatina la proteína. 
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¿QUE ES EL ASMA? 
Hoja del estudiante #2

Cavidad Toráxica:
La cavidad del pecho donde 

están colocados los pulmones 
y el corazón.

Pulmones:
Un par de órganos del 

sistema respiratorio humano y 
muchos otros organismos que 

respiran aire..

Ductos Bronquiales:
La tráquea se divide en 

dos tubos que entran en el 
pulmón derecho e izquierdo. 

Estos ductos bronquiales 
se dividen en tubos más y 
más pequeños, llamados 

bronquiolos, como las ramas 
de un árbol. Al final de cada 

bronquio, hay sacos muy 
pequeños llamados alveolos 
que permiten que el oxígeno 

sea intercambiado con la 
sangre..

Tráquea:
El tubo principal en el sistema 

respiratorio, donde pasa el 
aire de la nariz y boca a  los 

pulmones
.

Diafragma:
Una parte de músculo y 
tejido de conexión que 

separa el pecho de la cavidad 
abdominal.

Capacidad Pulmonar:
La cantidad de aire que un 

individuo inhala durante 
la respiración normal. Las 

personas con asma a 
menudo tienen capacidad 

reducida de los pulmones..

 Sistema 
Respiratorio 

Modelo
Construya un pulmón de una botella de soda.

Cada día, usted respira al menos 23,000 veces. Su sistema respiratorio inhala y exhala 
más de  8 millones de veces por año. ¿Qué pasa cada vez que respira? ¿Qué pasa en el 
sistema respiratorio cuando hay un ataque de asma?
Siga estas instrucciones para construir un pulmón de una botella de soda—un modelo de 
un sistema respiratorio que funciona. Su modelo demostrará lo que pasa en los pulmones 
durante un ataque de asma. Después de haber construido su modelo, responda a las 
preguntas en la parte de atrás de la hoja.

Materiales (por grupo)
1 Botella de dos litros,    Bolsa plástica
Papel construcción (rosa o gris)   Alambre delgado
4 Algodón,      Cinta adhesiva transparente
2 Popotes o sorbetes,    3 ligas 
2 Globos redondos (9”),    Tijeras

Direcciones:
1.   Use las tijeras para cortar cuidadosamente la parte baja de la botella de soda. La botella 

representa la cavidad toráxica.

2.   Ponga el final de un popote en el globo y  sujételo fijamente con una banda elástica en el 
cuello del globo, sosteniendo el popote. Repita con el otro popote y el globo. Los globos 
representan los pulmones.

3.  Tome uno de los globos y envuelva el alambre holgadamente alrededor del globo en 
forma de espiral para formar una jaula. Esto representa las bandas musculares que 
aprietan alrededor de los ductos bronquiales durante un ataque de asma. Deje el otro 
globo como está para representar un pulmón normal.

4.  Inserte ambos popotes a través de la abertura en la parte baja de la botella y traiga la 
parte superior de los popotes por el cuello de la botella. Los popotes representan los 
tubos bronquiales. 

5.   Llene el cuello de la botella con algodón, alrededor de los popotes. 

6.   Enrolle un pedazo de papel construcción en forma de tubo de manera que quepa sobre 
la parte superior de los popotes. Ciérrelo con cinta adhesiva. El papel representa la 
tráquea.

7. Corte un pedazo lo suficientemente grande de la bolsa plástica para cubrir la abertura 
inferior de la botella de soda. Estreche una banda elástica alrededor de la base de la 
botella para mantener la bolsa en ese lugar. La bolsa representa el diafragma.

8. Pegue con cinta adhesiva un agarrador al centro de la bolsa plástica. 

9. Para que el modelo trabaje, sujete la bolsa plástica del agarrador. Pruebe jalarla o 
empujarla. Observe como los pulmones (globos) se expanden y contraen. Compare la 
capacidad pulmonar de los dos pulmones.

Nombre
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Preguntas
Revise su comprensión

¿Qué pasa durante un ataque de asma?
1. ¿Qué le pasa al pulmón normal cuando mueve el diafragma hacia arriba y hacia 

abajo?

2. ¿Qué le pasa al pulmón que representa un ataque de asma?

3. ¿Cuales son tres cosas que suceden en el sistema respiratorio durante un ataque 
de asma?

4. ¿Qué pasaría si los pulmones estuvieran llenos de mucosidad?
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¿Qué es la calidad del aire interior?
¿Sabía usted, que los pulmones de un adulto procesan aproximadamente 16,000 cuartos 
de aire? Con cada respiración de aire, su cuerpo se expone al polvo, polen y esporas. 
Algunas veces, su cuerpo podría INHALAR metales pesados, gases peligrosos, fibras 
irritantes y humo a través de la respiración normal. Nuestros cuerpos están equipados para 
enfrentar un poco de la contaminación y alérgenos que son parte de nuestra respiración 
como cuando una persona expele partículas de polvo al estornudar. Algunas partículas 
son tan pequeñas que se alojan en lo profundo de los pulmones donde pueden causar 
daño. Estas partículas pueden tener un gran impacto en el sistema respiratorio de una 
persona con asma y hasta pueden causar un ataque. 

Un americano promedio pasa aproximadamente 90% de su tiempo dentro de la casa. 
Los individuos que son más SUSCEPTIBLES a la contaminación interior del aire son los 
mismos permanecen la mayor tiempo del tiempo en casa: niños, mujeres embarazadas, 
personas ancianas, y personas con enfermedades crónicas.  El aire dentro de una casa, 
escuela u oficina puede tener niveles contaminantes de 2-5 veces más altos que el aire 
afuera. Es importante para todos tener ambientes interiores sanos con una buena calidad 
de aire.

¿Cómo están relacionados la calidad del aire interior y el asma?
Un ambiente interior sano es importante para todos, pero especialmente para las personas 
con asma. Hay muchos objetos del hogar como limpiadores y almohadas de plumas que 
pueden causar problemas a las personas con asma provocando un ataque de asma. 
A menudo un individuo puede padecer de alergia a algo que le provoca el ataque de 
asma; algunas veces el ataque está más relacionado a la poca calidad del aire  que a la 
alergia. Muchos desencadenantes del asma pueden ser encontrados en los hogares, 
escuelas y oficinas. Cada individuo con asma es afectado de diferente forma basado en 
su susceptibilidad individual. Una persona puede tener asma inducida por el ejercicio y 
puede que solo tenga problemas mientras está físicamente activo.  Otra persona podría 
ser alérgico a las mascotas con pelo y almohadas de plumas; solamente el hecho de estar 
en el mismo cuarto con ellos puede provocar un ataque de asma. Cada individuo con 
asma necesita aprender a reconocer lo que le provoca el asma para poder evitarlo, así 
como controlar el asma cuando se expone a algo que la provoca. 

Si tiene un amigo o familiar con asma, es buena idea conocer los factores que le provocan 
el asma para ayudarlo a evitarlos. 

¿Qué es el moho?
¿Alguna vez ha abierto una bolsa de pan y descubierto moho? El moho tiene muchas formas 
de uso productivo, por ejemplo para hacer quesos como el queso azul y el roquefort. La 
penicilina es un antibiótico útil creado de una especie de moho. Algunas clases de moho 
pueden causar problemas como cuando crece en un sótano húmedo o cubre las paredes 
del baño. Algunos tipos de moho pueden causar problemas de salud, especialmente a las 
personas con problemas de asma. 

El moho y los hongos son ambos un tipo de fungus. Las plantas verdes contienen un 

Contaminantes:
Algo que causa 

contaminación del aire, agua 
o tierra.

Alergia:
Hipersensibilidad  que

causa  una variedad de 
síntomas, incluso estornudos, 

ojos llorosos, y salpullido. 
Las personas pueden ser 

alérgicas a comidas, polen, 
polvo, animales y otras cosas. 

Desencadenantes de asma:
Un material particular que 

provoca que alguien tenga 
un ataque de asma. Una 

persona  podría ser alérgica 
a lo que le provoca asma,  

ejem. el pelo de una mascota.  
Lo que provoca asma podría 

estar relacionado con la 
contaminación del aire.  Cada 
individuo con asma tiene sus 
propios causantes de asma. 

Asma inducida por el 
ejercicio:

Un tipo de asma que es 
provocado por ejercicio físico.

EDIFICIOS SANOS 
Hoja del estudiante #1
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químico llamado clorofila que les permite usar el proceso 
de fotosíntesis para crear alimento de la luz solar y el agua. 
Los hongos no tienen clorofila y no pueden crear su propia 
comida. En lugar de esto, el hongo absorbe nutrientes 
de materia podrida. Algunos tipos de hongos crecen en 
comida por ejemplo, pan, queso y fruta.  Algunos tipos de 
moho crecen en madera podrida. Un tipo de moho crece en 
materiales húmedos en los hogares, como repello mojado 
o madera que cubre las paredes. 

El moho crece produciendo esporas muy pequeñas que 
flotan en el aire. Si una espora de moho se detiene en la 
superficie perfecta, empieza a crecer. Si las personas que 
padecen de alergias y asma respiran esporas de moho, 

puede que sus síntomas empeoren.

Hay un tipo de moho que ha recibido mucha atención últimamente. El moho negro 
o  Stachybotrys, ha sido llamado “moho tóxico.” Se creía que era el causante de 
enfermedades serias incluso la muerte de infantes. Los estudios científicos no 
encontraron ninguna relación entre el moho y estas condiciones.

Las personas con alergias y asma son más sensitivas al moho. Ellos podrían 
experimentar síntomas como picazón de ojos, congestión nasal o resuello. 

El moho puede crecer en superficies húmedas en los hogares, por ejemplo en el cielo 
raso, pisos o la superficie de las paredes. A menudo empieza cuando hay una fuga de 
agua. Algunas veces, el moho negro crece en el área en medio de las paredes. Los 
edificios contemporáneos están eficientemente diseñados para conservar energía y 
muchos de ellos están sellados, lo que significa que la humedad que colectan mientras 
se están construyendo no tiene salida.  

¿Qué puede hacer si  ve moho creciendo en su casa? Avise a sus padres acerca del 
moho, ellos primero tienen que buscar la causa de la humedad, que podría ser una 
fuga de agua y necesitará reparación. El moho puede limpiarse con una solución de 
agua y cloro.

Bread mold
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EDIFICIOS SANOS 
Hoja del estudiante #2

Desencadenantes Comunes del Asma en el Hogar
 
Haga una marca en los desencadenantes de asma y los ayudantes de la calidad 
del aire que podrían estar presentes en su hogar o escuela.

 Dióxido de nitrógeno y dióxido de carbono de una estufa de gas 
 Cucarachas
 Químicos limpiadores fuertes
 Moho

 Dióxido de nitrógeno y dióxido de carbono de una estufa de gas 
 Cucarachas
 Químicos limpiadores fuertes
 Moho

 Mucha humedad (humedad en el aire por mucho tiempo)
 Moho
 Aerosoles (perfume, laca para el pelo, desodorantes ambientales, etc.)

 Aire acondicionado
 Caspa (escamas secas de la piel), saliva y orina de animales con pelo
 Aire frío
 Vapores (pintura, solventes, etc.)
 Humo del cigarrillo
 Humo y cenizas de una chimenea o estufa para calefacción 
 Humo de candelas o incienso
 Olores fuertes (perfume, desodorantes ambientales, popurrí, etc.)
 Polen de los árboles y zacate entrando de afuera 
 Insecticidas o pesticidas dentro de la casa (exterminador de 
       pulgas, spray para cucarachas, etc.)
 Humo de una chimenea o de una estufa para calefacción 

   Polvo del yeso de los pizarrones
 Materiales de arte de olor fuerte (pegamentos, pintura, barniz, etc.)
 Mascotas en las clases con pelo o plumas 
 Productos de limpieza
 Polen de los árboles y zacate entrando por ventanas o puertas abiertas
 Polvo en las alfombras o cortinas

En el dormitorio

En la cocina

En el baño

En otros cuartos

En la escuela
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 Purificador de aire
 Aspiradora con filtro HEPA (un filtro especial que atrapa pequeñas partículas 

como polvo y caspa de animales).
 Ventiladores para sacar la humedad (ejemplo: el ventilador sobre la estufa o en 

el cuarto de baño)
 Filtros de calefacción y el aire acondicionado que se cambian regularmente 
 Extractor de humedad (en el sótano)
 No fumar dentro del hogar
 Limpieza regular para eliminar el polvo

Ayudantes de la calidad 
del aire
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Humo en sus pulmones 
Cada día, respira pequeñas partículas de humo que pueden ser dañinas para los 
pulmones. Piense en las diferentes fuentes de humo que rodean su propio hogar: humo 
de las chimeneas, estufas para calefacción, humo del cigarillo, humo de candelas e 
incienso, y humo de la cocina, especialmente cuando se fríe, cocina, o cuando quema 
accidentalmente la comida. Las pequeñas partículas de humo pueden provocar un 
ataque de asma y empeorar los síntomas para las personas que la sufren.

Estas fuentes interiores de humo  pueden hacer que el aire interior de su hogar no sea 
seguro, especialmente para las personas con asma. Además, algunas veces eventos 
mayores pueden causar problemas de contaminación que pueden afectar mayor 
números de personas. Por ejemplo quemar leña durante el invierno, la quema de 
campos y fuego en los bosques. 

El humo está lleno de partículas pequeñas. Estas partículas son mas pequeñas de 
2.5 micrómetros en diámetro. Un micrómetro es un millonésimo de un metro, aprox. lo 
mismo que dividir una pulgada en 25,400 partes. Estas partículas son tan pequeñas 
que un pelo humano es 70 veces más grande, un grano de sal es 100 veces más 
grande. Estas partículas son tan pequeñas que no son filtradas por la nariz y son 
INHALADAS a lo profundo de los pulmones, donde inmediatamente pueden causar 
inflamación o quedarse allí por varios meses antes de causar problemas. 

Smog Asesino
Algunos de los peores casos de contaminación del aire en la historia sucedieron 
debido a que el tiempo atrapó la contaminación cerca de la tierra  por días, creando 
un smog asesino.
 
Una  inversión de temperatura es causada cuando una capa de aire caliente atrapa 
una capa pesada de aire frío cerca del suelo. A menudo, esto pasa en noches frías, 
claras  y calmadas cuando la tierra se enfría rápidamente.  La tierra enfría el aire que 
está más cerca, pero el aire más arriba se enfría lentamente. La capa superior de aire 
caliente actúa como una tapadera, atrapando el aire frío- y cualquier contaminación 
en el aire- cerca del suelo.

La contaminación del aire, como emisiones de vehículos o humo de chimeneas, 
puede quedarse atrapada en la capa de aire frío. Si el aire se queda estancado por 
mucho tiempo, podría permitir que se acumulen y produzca smog. Si los niveles de 
contaminación se elevan mucho durante una inversión de temperatura, se avisará 
a las personas que se queden dentro de sus hogares y no hagan ejercicio. Las 
personas sensibles, como los infantes, los ancianos, o personas con enfermedades 
respiratorias como asma, tendrían que tomar otras precauciones durante una inversión 
de temperatura. 

Las inversiones de temperatura podrían ocurrir en casi cualquier región, pero son más 
comunes en valles o áreas como la región del Puget Sound rodeada de montañas. 
También son comunes en el invierno, cuando el aire y la temperatura atrapan la 
contaminación en nuestro espacio para respirar. Una inversión de temperatura 

Partículas:
Pequeños pedazos de una 

sustancia que está 
suspendida en el aire, 
como polvo o ceniza.

Contaminación:
El acto de contaminar el 

aire, agua o tierra con 
sustancias tóxicas.

Inversión de temperatura:
Condición atmosférica en la cual 

una capa de aire caliente atrapa 
una de aire frío cerca del suelo, 

causando que el aire estancado 
atrape la contaminación cerca del 

suelo.

Estancamiento:
Aire que no se mueve porque no 

hay viento.

Smog:
Un término que fué creado en 

Londres en 1911 para describir 
el humo y neblina espeso que 

se posa en el aire de áreas 
industrializadas.  El término 

es incorrecto, pero usado 
comúnmente para describir 

aire bajo contaminado, a 
menudo causado por vehículos 

motorizados.

FUEGO Y HUMO  
Hoja del estudiante #1
Nombre
Fecha

Hoja del estudiante
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causada por una tormenta de viento o cuando la tierra se calienta y el aire caliente 
sube, mezclando así las capas de la inversión. 

En 1948, no existían 
las leyes de calidad 
del aire para limitar la 
contaminación que las 
fábricas podían poner 
en el aire. La fábrica 
pequeña del pueblo de  
Donora, Pensilvania  es 
conocida por una tragedia 
por la contaminación 
del aire que ayudó a 
crear las leyes actuales 
de la calidad del aire. 
En octubre de 1948, 
el pueblo de Donora 
experimentó unalarga 

inversión de temperatura. La inversión combinada con contaminantes de una fabrica 
de zinc y acero, atrapó los contaminantes sobre el pueblo. El aire estaba pesado con 
smog  Amarillo blanquisco que se hizo tan espesoque los residentes del pueblo no 
podían ver bien para manejar; hasta caminar afuera se hizo difícil. Las personas no 
entendieron que el smog era peligroso para su salud. El smog espeso contribuyó a las 
muertes de 21 personas en dos días.  Un tercio de la población del pueblo—casi 6,000 
personas—enfermaron.  

Un desastre similar ocurrió en Londres en 1952. Una inversión de temperatura que duró 
por una semana, combinada con la contaminación de las fábricas de carbón, autobuses 
de diesel, y estufas quemando carbón contribuyeron a crear smog asesino. En cuatro 
días, el smog ocasionó a las muertes de 4,000 personas. El número total de personas 
que murieron es de 12,000. Esta no fué la primera vez que Londres experimentó el 
smog asesino. En 1909, aire inmóvil y la quema de carbón contribuyeron a la muerte 
de 1,000 personas en un invierno. Más tarde, en 1962, 750 personas murieron debido 
a estas causas.

Los desastres de Pensilvania y el de Londres causaron que los residentes de Donora 
y Londres demandaran  que sus  gobiernos desarrollaran leyes para proteger el aire 
limpio y ayudaran a prevenir desastres en el futuro causados por el smog asesino.

    Revise su comprensión

1. ¿Cómo empeora la contaminación el fenómeno de inversión de 
temperatura?

2. ¿Qué causó el smog en Pensilvania y Londres?
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Humo de la madera
La mayoría de las personas disfrutan del confortante olor del fuego en la chimenea. 
Algunas personas dependen de las chimeneas y las estufas de madera para cocinar y 
para calentarse. ¿Sabia usted que el humo causado por la quema de madera está lleno de 
sustancias que son peligrosas para los humanos? La madera no se quema completamente, 
de modo que suelta sustancias peligrosas en el humo. El humo de la madera puede irritar 
los ojos, producir dolores de cabeza y desencadenar alergias y ataques de asma. 

El humo de la madera contiene más de 200 químicos.  
El humo incluye una combinación de sustancias que 
son peligrosas para que los humanos INHALEN, 
incluso monóxido de carbono, partículas de hollín y 
ceniza, además de compuestos que causan cáncer. 
Otras sustancias tóxicas del aire pueden adherirse a 
las partículas de humo de la madera, viajando juntas 
a lo profundo de sus pulmones donde pueden causar 
serios problemas de salud. El humo de la madera 
puede empeorar muchas enfermedades de las vías 
respiratorias incluyendo el asma. 

La mejor forma de quemar madera:

•  La quema exterior de basura de los patios está prohibida en 
muchas áreas urbanas, como la región Puget Sound. En otras 
áreas, averigüe si existe prohibición.

• La quema de basura es ilegal porque los materiales como el 
plástico pueden producir humo peligroso.

•  Si es posible, use fuentes alternativas de calefacción, como 
gas natural, calentadores eléctricos o estufas de perdigón. 

•  Si tiene que quemar madera, escoja madera de aserrín comprimido (Presto Logs), 
los cuales se queman mejor que la leña. Si debe quemar madera, queme madera 
seca solamente que se ha añejado al menos por seis meses. 
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Quema de la Agricultura

La quema de los campos es un método tradicional de librarse de las plantas que 
quedaron de la cosecha anterior y para preparar los campos para la nueva plantación. 
Los agricultores que producen cereales (trigo, cebada, maíz y avena) y grama (zacate) 
han usado históricamente la quema de los campos para limpiar la paja y para librarse 
de infestaciones de pestes y enfermedades. Incendiar muchos acres de campos puede 
causar nubes inmensas de humo. Este humo puede causar problemas de salud a las 
personas que lo INHALAN especialmente a las personas con asma. El humo causado 
por la quema de los campos se ha desplazado sobre las carreteras importantes 
causando accidentes de tráfico. Los accidentes de tráfico atrajeron la atención sobre 
el problema y produjo que se hicieran cambios a las leyes de la quema de campos a 
través de los estados del noroeste, sobre el Pacífico.

Muchos estados ahora, permiten solamente un pequeño número de quema de acres 
cada año en ciertos días, cuando el tiempo lo hace seguro. Otros estados continúan 
permitiendo la quema de los campos,  pero informan al público de cuándo y dónde 

Revise su comprensión

1. ¿Por qué es peligroso el humo que sale de la quema de madera?

2. ¿Ha experimentado alguna vez algún síntoma por inhalar humo de la quema 
de madera? Si contesta que si, ¿Cómo se sintió?

3. La inversiones de temperatura ocurren a menudo en días fríos de invierno. 
¿Qué pasa con el humo de la quema de madera cuando esto sucede?

CONTAMINACION DEL AIRE EN  EL ESTADO DE NUEVO MÉXICO
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los van a quemar.  Muchos rancheros dependen de la quema de cultivos como una 
forma efectiva y barata de preparar los campos para la siguiente temporada de 
siembra. Algunos están explorando diferentes formas de deshacerse de las plantas 
sin quemarlas.

Algunos residuos de plantas y paja se pueden rastrillar, mover, cortar y dejarlos 
para que se descompongan en el suelo. La paja que queda puede convertirse en un 
material que se usa para construir gabinetes de cocina y mostradores. Los científicos 
están investigando la forma de usar la paja para convertirla en papel. 

Simplemente diga No al humo de la quema silvestre

Los fuegos silvestres pueden 
ser iniciados por chispas y 
descargas eléctricas, pueden 
ser iniciados por una fogata 
o a propósito como parte de 
una quema controlada para 
remover arbustos secos, 
zacate y árboles enfermos. 

El humo de los fuegos 
silvestres tiene el mismo 
impacto que el de la madera 
de las chimeneas y estufas de 

leña. De modo que el efecto de la cantidad de humo de un fuego silvestre es mucho 
mayor, a menudo blanqueando comunidades enteras en humo espeso asfixiante. 
Toda las personas pueden ser afectadas al INHALAR este humo, pero las personas 
con problemas respiratorios como asma deben tener mucho más cuidado con un 
fuego silvestre. Algunas veces, las personas que son sensitivas al humo de leña, 
deben quedarse adentro o deberían evacuar a otro lugar sin mucho humo. 

El humo de los fuegos silvestres puede viajar largas distancias, de manera que un 
fuego en otra área puede tener un gran impacto. Por ejemplo, el fuego del Cerro 
Grande en Los Álamos, Nuevo México empezó 
como fuego controlado por el Servicio Nacional 
de Parques en mayo del 2000.  Después de 
solamente un día, el fuego se descontroló y 
terminó quemando más de 47,000 acres. Más 
de 25,000 personas en Nuevo Méjico fueron 
forzadas a evacuar sus hogares mientras duró 
el fuego. El humo de este fuego viajó a través 
de  Nuevo  Méjico, Colorado, Oklahoma y 
Texas.

Revise su comprensión

1. ¿Cuáles son las ventajas y desventajas del fuego controlado?

Quema controlada:
Fuego encendido a propósito 

y cuidadosamente 
controlado para quemar 

arbustos secos, grama o 
árboles enfermos.

Imagen de satélite del fuego en 
Cerro Grande, Nuevo Méjico
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Un pueblo en California ha ENCONTRADO UNA FORMA CREATIVA de evitar 
las quemas controladas. El pueblo de Mill Valley ha empleado 500 cabras para 
que devoren los arbustos secos y el zacate. El pueblo espera que sus empleados 
de cuatro patas ayuden a reducir la contaminación del aire de las quemas 
controladas.

Revise su comprensión

1. Si el humo de un fuego silvestre lejano, cubriera su comunidad, ¿Qué puede 
hacer para protegerse?
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Muchos atletas excelentes viven con asma. De hecho, en los juegos olímpicos de 
1998, alrededor de 22% de los atletas Estadounidenses tuvo historial medico de asma 
o estaban tomando medicinas. Estos atletas tenían que evitar lo que empeora su 
asma y tomar sus medicinas regularmente. Estos atletas no dejaron que el asma fuera 
un obstáculo para competir – ¡y ganar!

Un ejemplo es Tom Poti, un jugador profesional de hockey para los Rangers de Nueva 
York miembro del equipo olímpico de Jockey. Cuando era muy pequeño, Tom no podía 
correr o jugar tanto como los otros niños. Ahora, Tom trata apropiadamente su asma. 
Tom tiene un mensaje para los niños con asma y que quieren participar en deportes. 
“Simplemente atrévanse y traten tanto como los otros niños”. El les dice: “Asegúrense 
que nadie les va a cambiar su sueño diciendo que no pueden lograrlo por su asma.” 

Asma inducida por el ejercicio
Muchas personas, incluso algunos atletas profesionales, padecen de asma inducida 
por el ejercicio. (EIA). EIA es un tipo de asma provocada por el ejercicio físico. 
Generalmente después de 5-20 minutos de actividad física, la persona tendrá 
dificultad  respirando, el pecho tirante o empezará a resollar o toser. Las personas con 
esta condición toman una medicina especial para el asma antes de empezar a hacer 
ejercicio para controlarla. Estas personas también son muy sensibles a los cambios 
de temperatura y la humedad. Por ejemplo, si una mujer con esta condición sale de 
su casa calientita, a correr, en  una mañana fría y seca de invierno; el aire frío podría 
provocarle un ataque de asma si no trata la enfermedad de forma efectiva.

Consejos para personas con asma que quieren hacer ejercicio
A veces, las personas que padecen de asma deben tener cuidado cuando hacen 

ejercicio. Algunas cosas que deberían hacer son:

•  Evite el humo del cigarrillo. El humo del cigarrillo provoca ataques de asma 
en muchas personas que la padecen. Cuando Tom Poti viaja con su equipo, el 
debe permanecer en cuartos de hoteles que son para personas que no fuman 
y comer en restaurantes que no permiten fumadores. 

•  Evite hacer ejercicio en aire contaminado. La contaminación del aire debido a 
los carros, camiones, autobuses y otras fuentes pueden provocar un ataque de 
asma. Las personas con asma u otros problemas pulmonares deben evitar hacer 
ejercicio cerca de carreteras con mucho tráfico o autopistas, especialmente en 
las horas de más tráfico o días muy cálidos. 

•  Evite respirar aire frío y seco. Las personas que padecen de asma deben 
usar una bufanda o máscara sobre su nariz y boca cuando hacen ejercicio 
durante el invierno para ayudar a calentar el aire antes de respirar. 

•  Caliéntese y enfríese mientras ejercita las personas con asma pueden sufrir 
una reacción si hacen ejercicio muy fuerte o muy rápidamente sin el calentamiento 
apropiado. Necesitan que sus pulmones se ajusten gradualmente al ritmo del 
ejercicio.

Asma inducida por el 
ejercicio (EIA):

Un tipo de asma que es 
provocada por ejercicio. 

Las personas con EIA son 
sensibles a cambios bruscos 

en el aire de temperatura y 
humedad (en el aire).

ATLETAS CON ASMA 
Hoja del estudiante #1
Nombre
Fecha

Hoja del estudiante
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ATLETAS CON ASMA 
Hoja del estudiante #2

La siguiente lista incluye algunos atletas profesionales que padecen de asma. Puede 
seleccionar un atleta de la lista,  o encontrar su atleta favorito que padece de asma.  
La siguiente información incluye páginas Web que proveen información experiencias 
individuales de los atletas con asma. Busque información adicional en la red y de otras 
fuentes. 

BALONCESTO
Hakeem Olajuwon
Hakeem “el Sueño” Olajuwon es una estrella central de equipo Raptors de Toronto, 
en  la NBA y fue seleccionado como  “Uno de los 50 Jugadores Grandiosos de la 
Historia de la NBA.” El es de Lagos, Nigeria y nació en enero, 1963.

http://espn.go.com/nba/news/2000/1027/840984.html
http://www.nba.com/players/

FOOTBALL
Chad Brown
Chad es un  jugador para el equipo Seahawks de Seattle. También es un vocero 
de la Asociación Americana de los Pulmones en  Washington. El es de Altadena, 
California y nació en Julio, 1970.

http://www.alaw.org/childhood_asthma/washington_asthma_initative/chad_
brown.html
http://www.healthtalk.com/aen/path/chad1.html
http://www.seahawks.com
http://www.nflplayers.com

Martin Chase
Martin es un defensa del equipo Redskins de Washington. El es de Lawton, 
Oklahoma y nació en diciembre, 1974. 

http://www.neworleanssaints.com/stories.php?story_id=901
http://www.neworleanssaints.com
http://www.nflplayers.com

Jerome Bettis
Jerome es un corredor del equipo Stealers de  Pittsburgh. Es de Detroit, Michigan 
y nació en febrero, 1972.

http://www.usatoday.com/news/health/spotlight/2001-09-04-bettis-asthma.htm
http://www.steelers.com/
http://www.nflplayers.com

Amani Toomer
Amani es un recibidor del equipo Gigantes de Nueva York. Es de Berkeley, 
California y nació en septiembre, 1974.
http://www.usatoday.com/news/health/spotlight/2001-10-22-toomer-asthma.htm
http://www.nflplayers.com

Nombre
Fecha

Hoja del estudiante
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HOCKEY
Tom Poti
Tom es un defensa del equipo  Rangers  de Nueva York y ha jugado en el equipo de 
jockey olímpico de EEUU.  Es de Worcester, Massachusetts y nació en marzo,1977.
http://www.newyorkrangers.com/
http://www.nhlpa.com/Content/THE_PLAYERS/player_bio1.asp?ID=6197

CANOA
Karen Furneaux
Karen fué campeona mundial en el deporte femenino de canoas. Es de Waverly, Nova 
Scotia en Canada.
http://www.secondwindmagazine.org/issues/2001/winter/feature.html
http://www.canoekayak.ca/eng_bio.cfm?ID=9

CARRERA
Rep. Jim Ryun
Jim fué ganador olímpico de la medalla de plata y hoy día es un congresista. Todavía 
mantiene el récord masculino de la milla en la escuela superior. Es de Wichita, Kansas y 
nació en 1948.
http://www.drgreene.com/21_1332.html
http://www.umm.edu/careguides/asthma/asthma_jim.html

Jackie Joyner-Kersee
Jackie es ganadora olímpica de la medalla de oro en carrera y campo. Ha ganado 
cuatro títulos mundiales. A veces la llaman “la mejor atleta femenina del mundo”. Es 
del este de Saint Louis, Illinois y nació en marzo, 1962.
http://www.heathtalk.com/aen/path/jackie1.html
http://www.nlm.nih.gov/hmd/breath/Faces_asthma/present_html/VIIB15.html
http://www.usatoday.com/sports/olympics/otf/otfmsc21.htm

NATACION
Amy Van Dyken
Amy es una ganadora de la medalla de oro en natación. Ganó cuatro medallas de 
oro en uno de los juegos olímpicos. Apareció en la caja del cereal Wheaties cereal en 
1996. Es de Englewood, Colorado y nació en febrero, 1973.
http://www.geocities.com/Colosseum/8361/amybio.htm
http://www.cnn.com/HEALTH/9910/27/chat.vandyken/
http://www.usswim.org/superstars/template.pl?opt=biosearch&name=337
http://www.ahealthyme.com/topic/asthmaqu

Tom Dolan
Tom es un nadador ganador de la medalla de oro y tiene el récord mundial. Apareció en 
la caja del cereal  Wheaties en 1996. Es de Arlington, Virginia y nació en septiembre, 
1975.
http://cooke.gsf.de/asthmainfocenter/patients/dolan.cfm

Jimmy Smith
Jimmy es un recibidor de los Jaguars de Jacksonville de la NFL. El es de Detroit, 
Michigan y nació en febrero, 1969.
http://www.usatoday.com/news/health/spotlight/2002-01-04-smith-asthma.htm
http://www.nflplayers.com
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http://www.lungusa.org/press/association/january96/dolan.html
http://www.secondwindmagazine.org/issues/2001/winter/feature.html
http://www.usswim.org/superstars/template.pl?opt=biosearch&name=118

Kurt Grote
Kurt es una ganadora de la medalla de oro. Una vez dijo, “Tengo asma. Vivo con 
esto todos los días, pero no dejo que el asma controle mi vida. Yo controlo mi 
asma.”  Kurt está estudiando para ser pediatra y así poder ayudar a otros niños 
con asma. Kurt es de San Diego, California y nació en agosto, 1973.
http://www.aaaai.org/patients/just4kids/grote/letter.stm
http://www.sfgate.com/sports/olympics96/profiles/grote.html

Misty Hyman
Misty estudia su último año en Stanford. Tiene planes de nadar en los juegos 
olímpicos de 2004 en Grecia. Es de Phoenix, Arizona y nació en marzo, 1979.
http://www.ahealthyme.com/topics/asthmaqa

TRIATLETA
Joanna Zeiger
Joanna es una atleta triple mundial (natación, ciclismo y carrera) ha participado 
en competencias Ironman. Es de San Diego, California y nació en mayo, 1970.
http://www.aaaai.org/patients/just4kids/exercise_induced/default.stm
http://www.joanna-zeiger.com
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¿Qué es un diario de asma?
¿Alguna vez ha tenido un diario donde documenta sus sentimientos y secretos?  
Algunas personas con asma mantienen un tipo diferente de diario para controlar 
su asma. Un diario de asma es un record escrito que muestra como se siente una 
persona con asma. Además podría incluir información de exposiciones personales a 
desencadenantes de asma, tasas de flujo pico, y el tipo de medicinas que tomo. 
Un diario de asma puede ayudarle al doctor del individuo a determinar lo que le 
provoca el asma al paciente, ajustar la medicina y comprender mejor como controlar 
la enfermedad. 

¿Qué es un medidor de flujo pico?
Un medidor de flujo pico es un instrumento simple, portátil que mide la capacidad 
que tiene una persona de espirar aire de los pulmones. Los espirómetros son usados 
por personas que padecen de asma para controlar su respiración.  Puede ayudar a 
que el individuo y su médico determinen si el asma está empeorando con el tiempo 
o si hay una parte del día cuando el asma empeora. Este instrumento también ayuda 
a determinar cuando tomar la medicina, y en caso de un ataque serio de asma, si 
la persona necesita ir al doctor o a la sala de emergencias. También podría mostrar 
si una persona tiene problemas antes de sentir cambios en su respiración. Ayuda a 
medir la salud pulmonar de una persona casi como recibir un reporte del tiempo.   

El espirómetro generalmente tiene la forma de un tubo. Tiene una pieza para la boca 
en un lado, y en otro un marcador que se mueve en una escala numerada a lo largo del 
tubo.  El espirómetro usa la medida de litros de aire por minuto (L/min). Generalmente 
la escala es de 0 a 800 L/min.

Las lecturas del espirómetro  son especialmente importantes 
para los niños muy pequeños que no siempre pueden comunicar 
la forma en que se sienten. El espirómetro permite que uno de 
los  padres o el medico tenga una lectura exacta de la capacidad 
pulmonar del niño. 

Cada quien tiene capacidad pulmonar diferente.  Algunas personas 
tienen  capacidad más grande que otras. Las infecciones la 
capacidad pulmonar.  Cada persona tiene variantes en su propia 
capacidad pulmonar. 

¿Cómo se usa el espirómetro?
Usar el espirómetro es casi como tratar de apagar una candela 
soplando rápido y fuerte. Trate de respirar profundamente y luego 
vacíe sus pulmones rápidamente.  Un medidor de capacidad 
pulmonar mide la fuerza de ese soplo de aire. Cuando una 
persona sopla dentro del tubo, el aire empuja un marcador en la 

escala. El número es registrado y la prueba se repite tres veces. El número más alto 
de las tres lecturas es el número que será usado.

DIARIOS DE ASMA 
Hoja del Estudiante #1

Diario de Asma:
Un registro escrito de la capacidad 

pulmonar de una persona, 
actividades diarias, observaciones, 

y desencadenantes de asma. 
Un diario de asma ayuda a que 

la persona que la padece y 
su médico, controlen mejor la 

enfermedad.

Desencadenante de Asma:
Algo que provoca un ataque de 

asma. A menudo pueden ser algo 
a lo que la persona es alérgica 

como una almohada de plumas, 
una mascota con pelo o ácaros. 

La contaminación del aire puede 
también provocar un  ataque de 

asma.

Flujo espiratorio pico:
La medida de la cantidad de aire y 
la velocidad a la que una persona 
puede espirar. La medida de una 
persona depende de su tamaño y 
edad. La medida tiene una escala 

de 0 a 800. Una medida menor 
que la normal significa que las vías 

respiratorias de la persona están 
en problemas. 

Espirómetro:
Un instrumento simple, portátil 

que mide la capacidad que tiene 
una persona de sacar aire de sus 
pulmones. Es un instrumento que 

la persona con asma usa para 
controlar su enfermedad.

.

Hoja del estudianteNombre
Fecha
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Las lecturas de un medidor de capacidad pulmonar generalmente se toman 
por la mañana y por la tarde, a la misma hora todos los días. Algunas personas 
también toman una lectura antes y después de tomar su medicina para el asma. 
Esta información podría ayudar a que su medico determine si la medicina esta 
ayudando a controlar el asma.

¿Que significa la lectura?
La lectura de un espirómetro indica a la persona si sus pulmones están sanos, o 
si están tensos, en el caso de un ataque de asma.

El espirómetro es usado para que una persona determine su mejor lectura personal. 
Usando este número el médico de la persona puede ayudarle a establecer tres 
zonas de lecturas. Estas zonas se parecen a los colores de un semáforo: rojo, 
amarillo y verde. Las zonas están basadas en un porcentaje de las mejores 
lecturas del individuo y le ayuda a determinar si su asma está bajo control, y si 
necesita tomar medicina o ver al doctor. El médico de la persona podría desarrollar 
un plan de acción, para que la persona sepa exactamente lo que necesita hacer si 
la lectura está en las zonas amarilla o roja. 

Zonas del flujo pico:
Estas zonas (rojo, amarillo 
y verde) ayudan a que la 
persona con asma decida si 
necesita tomar alguna acción 
para controlar el asma. Por 
ejemplo, una lectura con las 
características  de la zona roja 
indican emergencia médica.

Zonas de lecturas

Zona roja: (0-50% de la mejor lectura): Esta lectura indica 
alerta médica. Necesita tomar la medicina de alivio rápido y 
llamar al médico. Podría ser necesario ir a la emergencia.

Zona amarilla: (50-80% de la mejor lectura): Esta lectura 
indica cuidado. Podría necesitar tratamiento extra, ejemplo, 
usar el inhalador y tratar de relajarse.

Zona verde: (80-100% de la mejor lectura): Esta lectura 
indica que todo esta bien. Su asma está bajo control.

R

Y
G

Revise su comprensión

1. ¿Qué significa si el resultado de la lectura del medidor está en la zona 
roja?

2. ¿Porqué los resultados de las lecturas de una persona varían día a 
día?
 ¿Porqué los resultados de las lecturas son diferentes entre las 
personas?
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Examine el ejemplo de un diario de asma. Este ejemplo ilustra los acontecimientos 
durante una semana en la vida de Sara Martínez, una niña de 11años con asma 
moderada. Ella ha registrado información de sus lecturas del medidor de la capacidad 
pulmonar, así como la forma en que se siente y comentarios sobre posibles 
desencadenantes de asma. Sara ha anotado las lecturas antes y después de tomar 
medicinas. Estas medicinas ayudan a controlar el asma de Sara y a prevenir que ocurran 
ataques. Las medicinas previenen que las vías respiratorias se hinchen y endurezcan. 
Algunas veces cuando Sara siente que un ataque de asma está empezando, ella 
necesita usar un inhalador. La medicina de acción inmediata en su inhalador, relaja 
los músculos en sus pulmones para que ella pueda respirar inmediatamente con más 
facilidad. 

DIARIOS DE ASMA 
Hoja del estudiante #2

Porcentajes
1.  Determine las tres zonas de Sara. Como puede ver al final de la página del 

diario, su mejor tasa personal es de 200. Calcule los rangos de sus lecturas 
en las tres zonas. Escriba sus respuestas en la parte inferior de la página en 
blanco.

Desencadenante de asma:
Algo que provoca un ataque 

de asma. A menudo, los 
desencadenantes pueden ser algo 

a lo que la persona es alérgica, 
ejemplo, una almohada de plumas, 

una mascota con pelo, o ácaros.

Nombre
Fecha

Hoja del estudiante
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 Gráfica linear Dibuje una gráfica linear mostrando las lecturas de Sara durante la semana.Use 
el espacio en blanco a continuación o adjunte otra página.

•  Coloque las fechas y las horas (a.m. y p.m.) sobre el axis - x.

• Coloque el número de las lecturas en el lado del axis - y.

• Use un  ● para las lecturas antes de tomar su medicina diaria y un  ■ para 
las lecturas después de su medicina.

•  Rotule los axis, ponga un título a su gráfica e incluya una clave para 
interpretar sus símbolos.
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Revise su comprensión

1. ¿Qué efecto tiene la medicina de Sara generalmente en sus lecturas?

2. ¿En promedio, las lecturas de Sara son más altas en la mañana o en la 
tarde? 

3. ¿Qué día tuvo Sara su lectura más alta? ¿Cómo se sintió ese día?

4. ¿Qué día tuvo Sara su lectura más baja? ¿Qué pasó ese día que pudo 
haber afectado su lectura?
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Direcciones
En esta actividad, estará evaluando datos de un estudio de investigación que relaciona 
el asma y la exposición a la contaminación del aire. Primero, leerá un resúmen del 
estudio. Luego hará algunos cálculos y responderá algunas preguntas relacionadas 
con el estudio. 

¿De qué trata este estudio?
Esta investigación examina el costo, en dólares, del 
asma infantil. Una forma de evaluar el impacto de la 
enfermedad en la sociedad es viendo la cantidad de 
dinero que se gasta en diagnóstico, tratamiento y 
medicina para la enfermedad.  Mas de 7.7 millones de 
niños en los EE.UU. padecen de asma. Padecer de una 
enfermedad puede costar mucho dinero en facturas 
médicas y medicinas recetadas. Observando el costo 
de la enfermedad, los investigadores examinan el costo 
obvio y los costos escondidos. Por ejemplo, piense 
que se está enfermando de influenza. El costo obvio 
relacionado con la enfermedad podría incluir la visita 
al médico y la compra de medicina. Los costos escondidos serian tener que faltar a 
la escuela o al trabajo. Cuando un adulto falta al trabajo, el/ella no puede terminar el 
trabajo y tal vez perderá su salario del día. Cuando un niño falta a la escuela, el/ella, 
pierde el aprendizaje del día, lo cual podría impactar sus oportunidades de trabajo en 
el futuro.

Este estudio atenta examinar todos los costos asociados con los niños que padecen 
de asma en los EE.UU. El estudio examinó a niños de cinco años que padecen de 
asma, y que viven en los EE.UU. Escogieron esta edad para el estudio porque casi 
el 80% de los niños con asma, desarrollan los síntomas de la enfermedad antes de 
cumplir los cinco años. Muchos niños con asma terminan “sobreponiéndose” a la 
enfermedad, mientras que otros terminan padeciendo de asma toda su vida.  

La mayoría de los niños que padecen asma no son capaces de controlarla por si 
mismos. Puede ser difícil para un niño pequeño comunicar la forma en que se siente 
o reconocer cuando tiene que tomar la medicina. Los niños pequeños dependen de 
sus padres para ayudarlos a controlar el asma. Los adolescentes y jóvenes pueden 
controlar el asma por si mismos. Mientras los niños crecen, maduran y se educan más 
sobre el asma haciendo posible que la controlen por si mismos. Los adolescentes 
pueden usar el espirómetro y un diario de asma para ayudarse.

Cuando el asma está controlada, la persona tiene ataques menos frecuentes y son 
menos severos. El control apropiado del asma reduce el costo medico y el tiempo 
perdido de la escuela o el trabajo.

COSTO DEL ASMA 
INFANTIL
Hoja del estudiante #1 Hoja del estudiante
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¿Por qué es importante calcular el costo de una enfermedad?
Es importante que los investigadores entiendan el costo económico de una enfermedad 
y su impacto en la sociedad. Si los investigadores tienen información exacta sobre el 
costo de una enfermedad, les ayudará a tomar decisiones acerca de cómo prevenir 
que más gente padezca de asma y como tratar a las que ya la padecen. Ellos también 
pueden usar esta información para hacer comparaciones con los años anteriores, o 
comparar datos de diferentes países. Estudiando el costo del asma, los investigadores 
han aprendido que se gasta más dinero en medicinas de emergencia o alivio rápido 
que en medicinas diarias que pueden ayudar a prevenir un ataque de asma en primer 
lugar. Esto les indica a los médicos e investigadores que se necesita hacer más trabajo 
en el campo de terapia de prevención de ataques. También indica que educar a las 
personas  en la forma de cómo controlar su asma podría ayudar a evitar que necesiten 
cuidados de emergencia.

¿Cómo se relacionan el asma y la contaminación del aire? 
El asma es causada por una combinación compleja de genética y factores del ambiente. 
Dependiendo del individuo, un ataque de asma puede ser desencadenado por una 
infección viral, una alergia, ejercicio o un irritante. La contaminación del aire puede 
irritar el sistema respiratorio y desencadenar un ataque de asma. 

Este estudio examina la relación 
entre el asma infantil y la 
contaminación del aire exterior. No se 
consideraron los desencadenantes 
como el polvo, almohadas de 
plumas o productos de limpieza; 
solamente la exposición de un niño 
a los contaminantes ambientales, 
ejemplo, las emisiones de los 
automóviles, gases de la chimenea 
de una fabrica, o humo de una 
estufa de leña. Los investi gadores 
estimaron que casi 30% de los 
ataques de asma fueron desencadenados o empeorados por la exposición a la 
contaminación del aire. Los investigadores usaron esta cifra para ajustar el costo total 
del asma y así poder formar una relación con los contaminantes ambientales. (Vea la 
formula siguiente).

Costo total de asma x .30 = Costo relacionado a la contaminación ambiental

A menudo, la contaminación del aire empeora a una persona y puede desencadenar 
un ataque de asma.  De manera que conocer el costo del asma infantil en los Estados 
Unidos  puede ayudar a las personas encargadas de crear leyes a tomar decisiones 
acerca del futuro de las regulaciones para evitar la contaminación del aire.
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