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Foreword

In the report produced by the Institute of Medicine Committee on Nursing,
Health and Environment in 1995, nurses are identified as key resource peo-
ple on environmental issues affecting human health. The compelling argu-
ments for nurses’ involvement in environmental health include the facts
that (1) nurses are the largest group of health professionals, (2) nurses are
present in every health care setting in every community, and (3) environ-
ment is an integral part of nursing’s heritage.

Historic nursing figures like Florence Nightingale and Lillian Wald
paved the way and set a high standard for nurses to follow as they com-
piled data, presented persuasive public policy initiatives, and involved
themselves fully in affecting all the determinants of health for individuals
and communities. It was clear to them, as it is today, that people cannot
be healthy unless they have healthy places to live, work, and play.

The publication of Nursing, Health & Environment in 1995 sparked the
interest of nurses in a dimension of practice that had been undervalued and
overlooked. It has been heartening for longtime practitioners and advo-
cates, like the authors of this book, to see the energy and feel the support
of a broader range of nurses in addressing environmental factors that affect
health. Significant work in preparing faculty in environmental health has
been led by the University of Maryland. Practicing nurses and students
involved in environmental projects across the country are coming to the
forefront. Meaningful work with communities, like the Mississippi Delta
project and its environmental curriculum, is getting deserved attention.
Nurses are leading the way in making the health care industry more envi-
ronmentally responsible.

When we are interested and involved, nurses want to be informed prac-
titioners. A number of public surveys indicate that nurses and doctors are
the most trusted sources of information on environmental health risks. That
is a positive finding in terms of public trust, but it only remains positive

xi



xii Foreword

if nurses have an accurate understanding and information to share with
inquiring patients and the public. Nurses have a long history as advocates
for patients and communities, and our advocacy, to be effective, must be
based on sound data and current science.

Environmental health is a multidisciplinary enterprise. Engineers, geol-
ogists, chemists, toxicologists, and epidemiologists are just some of the
willing partners and valuable resources for nurses as we explore environ-
mental health issues. There is a world of scientific environmental litera-
ture and experts to draw from for nursing practice. The social scientists
have added to the literature their research and guidance on risk commu-
nication, community organization, and advocacy. What has been missing
is an integration of these rich resources with the science and art of nurs-
ing to provide guidance for nurses, especially those just beginning to incor-
porate environmental concerns into their practice, whatever their setting.

We have been relying on papers, articles, presentations, and a few book
chapters from nurses to illustrate the synergy between nursing practice and
environmental health. To my knowledge, this book will be the first full
book devoted to environmental health in nursing practice. What a welcome
addition it is! I can think of no one more highly qualified to bring the infor-
mation together and make it come alive for nurses than Barbara Sattler and
Jane Lipscomb. Barbara has been a true pioneer in bringing environmen-
tal content to health professionals and Jane has had a stellar career in occu-
pational health nursing. Both were instrumental in the Institute of Medicine
study and have been key players in faculty preparation initiatives. Both
have amazing networks of interdisciplinary colleagues and the respect of
a host of environmental professionals. Most of all, both have a heart for
communities, families, and individuals whose lives are disrupted and for-
ever changed by environmental exposures and a commitment to prevent-
ing problems before they occur.

I know that I voice the gratitude of thousands of nurses to the contrib-
utors to this book. Thank you for putting meat on the bones of our desire
to help, for making new and somewhat intimidating content readable and
understandable, and for your living examples of what it can mean to a soci-
ety to have strong, informed nurses addressing environmental health issues.

Lillian Mood, RN, MPN, FAAN



Introduction

Environmental health comprises those aspects of human
health, including quality of life, that are determined by physi-
cal, chemical, biological, and social and psychological prob-
lems in the environment. It also refers to the theory and
practice of assessing, correcting, controlling, and preventing
those factors in the environment that can potentially affect
adversely the health of present and future generations.

World Health Organization , 1993

As we enter the new millennium, we are aware of the radically different
environment in which we live compared to a mere century ago. Tens of
thousands of man-made chemicals have been introduced to our environ-
ment, which did not exist before the 1940s. These synthetic chemicals can
be found in our food, air, soil, and water, and in our workplaces, schools,
homes, and communities. Many can be found in our bodies (including
breast milk) in measurable amounts. Unfortunately, we have virtually no
information regarding the human health effects associated with much of
this steady and unnatural stream of chemicals in our lives. Of the 3,000
chemicals that are the high-production industrial chemicais, publicly acces-
sible toxicity data are not available for 71% of them. There is however
cause for concern based on existing, although limited, information about
the contaminants in our daily environments.

Exposure to chemicals in our environment is one factor which combined
with our genetic make-up, diet and smoking habits, exposure to sunlight,
radiation, viruses, and other factors, determines our health and illness pro-
file. The relative contribution of environmental and genetic factors to dis-
ease expression is the subject of much study and debate. In a recent
epidemiologic study of twins, wherein researchers set out to identify the

xiii



xiv Introduction

“genes versus environment” determinants of cancer, the environment was
found to have the principal role in causing cancer (Lichtenstein et al.,
2000).

Environmental health is not new to nursing. Florence Nightingale was
a pioneer in the field of environmental health and eloquently promoted the
need and value of assessing and controlling environmental causes of dis-
ease. Professional nursing is just now rediscovering its strong environ-
mental health roots. In 1997, the American Nurses Association House of
Delegates passed a resolution to reduce the production of toxic pollution
within the health care sector, thereby contributing to the reduction of the
carcinogen load in our environment, as well as other non—cancer-causing
toxins (ANA, 1997). In this resolution, nurses committed to educate other
nurses about medical waste issues, explore alternatives to polyvinyl chlo-
ride (PVC) plastics (which when incinerated cause carcinogenic air pol-
lutants), create mercury-free health care delivery settings, reduce dioxin
emissions from hospital waste incinerators, and develop standards for by-
products from the use of laser and electrosurgery units. Nurses are grad-
ually becoming environmental health pioneers within the modern health
care industry. When provided with the background knowledge that to date
has not been part of their traditional training, nurses will be prepared to
expand their practice into the critical area of environmental health. The
primary goal of this book is to alert nurses to the importance of environ-
mental health to nursing practice. Until now, nurses have had to depend
on consumer information and the popular press to educate themselves about
environmental health issues. This book was written to complement this
knowledge by providing an overview of environmental health principles,
specific information on common environmental health hazards, and
resources essential to the successful integration of environmental health
into practice. To date, little nursing literature on environmental health and
nursing practice. Nursing in the 21 century must regain its focus on the
control of environmental causes of disease and begin to build this body of
knowledge. This will make a critical contribution to prevention strategies
that will reduce the chemical load in our food, water, and air and thereby
improve human health. Nurses need to develop and ultimately share their
expertise in this area of health. They must understand the mechanisms and
pathways of exposure to environmental health hazards; basic prevention
and control strategies; the interdisciplinary nature of effective interven-
tions; and the role of research, advocacy, and policy. This knowledge must
include pollution prevention, product design, engineering controls, pur-
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chasing choices, and education.

There are a few nurses who have been active in environmental health
issues. Hollie Shaner is an environmental health pioneer and a proud mem-
ber of the nursing profession. For years, Hollie would painstakingly sort
the waste produced by her family into piles of paper, plastic, aluminum,
and so on and make sure that it was appropriately recycled or reused. She
would leave her environmentally friendly home and go to work as a floor
nurse in her Vermont hospital only to throw everything into a red bag—
paper, plastic, food waste, Styrofoam cups, batteries, medical equipment,
everything. The red bags would then be incinerated. The dissonance between
her home and work practices wore on Hollie until she decided that she
needed to amend the hospital’s ways. A woman of great conviction and
friendly persuasion, Hollie was soon able to create a culture of recycle and
reuse at her hospital, thus reducing the ecological footprint of her hospi-
tal. Paper and plastic are now recycled, food waste is taken off-site where
it is composted, and Hollie has written four books for the American Hospital
Association waste management. (She is also a founding member of the
Nightingale Institute for the Health and Environment, website: www.
nihe.org.) Over the years, Hollie has worked with the Health Care Without
Harm Campaign and has provided inspiration to many nurses who are
trying to reconcile their nursing and environmentalist philosophies and
practices.

Another modern day hero is Charlotte Brody, who wrote chapter 5 on
advocacy for this book and has been a major creative and leadership force
in the Health Care Without Harm Campaign. In her chapter, Charlotte
chronicles the efforts and activities of a unique coalition of organizations
and individuals who are looking at the environmental health impacts of
the health care industry. The coalition is composed of the American Nurses
Association and a number of nursing subspecialty organizations including
the national organization representing operating room nurses. What is it
about contemporary health care delivery that threatens patients, the envi-
ronmental health of the health care workers, and community members?
Health Care Without Harm has helped to answer these questions and has
set an agenda to raise awareness and change practices in the health care
sector. The mission of Health Care Without Harm is to transform the health
care industry so it is no longer a source of environmental harm by elimi-
nating pollution in health care practices without compromising safety or care
by: (1) promoting comprehensive pollution prevention practices; (2) support-
ing the development and use of environmentally safe materials, technol-
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ogy, and products; and (3) educating and informing health care institu-
tions, providers, workers, consumers, and all affected constituencies about
the environmental and public health impacts of the health care industry
and solutions to its problems. (see website: www.noharm.org)

This book is divided into four parts and concludes with a section on
resources. The first part, “The Environment and the Health Care Workplace,”
discusses environmental and occupational hazards associated with health
care. All nurses, regardless of practice and setting, must be informed about
the impact the health care industry has on our environment and what nurses
can do to minimize harmful effects. Even more critical is the need for
nurses to understand the risks they face on the job and to advocate for safe
heaith care workplaces. Part 1I, “Environmental Health Basics,” provides
a framework for understanding and describing nursing activities within the
context of environmental health. Contained within this framework of risk
assessment and risk management are all the elements of environmental
health and nursing practice. Within the context of risk assessment, the basic
principles of the disciplines of toxicology and epidemiology are presented,
as well as a discussion of risk communication. Additionally, common envi-
ronmental exposures found in water, air, soil, and food are discussed. Part
I, “Environmental Health Risks in Specific Populations and Settings,”
focuses on risks to children, workers, and in schools, along with cross-cul-
tural issues in environmental health. Part IV, “Integrating Environmental
Health into Nursing Practice,” describes nursing processes such as history
taking, education, and advocacy around environmental issues. A descrip-
tion of the environmental and occupational health infrastructure in the US
and related health policy is included here to assist nurses in all roles, par-
ticularly in the role of community advocate. This book is written as a primer
for nurses on environmental health—the first acquisition in a library of
books to eventually collect on the subject. In anticipation of this, we have
provided a list of resources in the appendix to assist in the pursuit of this
area of inquiry and practice.
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PART I
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Health Care Workplace
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CHAPTER 1

Pollutants Produced by the
Health Care Industry

Barbara Sattler

As mentioned in the Introduction, the health care industry itself is a source
of environmental health hazards. This chapter outlines the major hazardous
substances produced as by-products of health care. Much of this chapter
was framed by a conference sponsored by Health Care Without Harm held
in the fall of 2000, entitled “Setting Healthcare’s Environmental Agenda,”
during which time concept papers were commissioned. The sections below
follow closely several of these paper topic areas.

MERCURY POLLUTION AND THE HEALTH CARE INDUSTRY

Mercury is a highly toxic element that is widely used in the health care
industry. It is neurotoxic, especially during fetal and early child develop-
ment, creating a wide array of symptoms including tremors, impaired vision
and hearing, insomnia, emotional instability, and attention deficit. Mercury’s
use in health care settings includes sphygmomanometers, thermometers,
and some gastrointestinal device in which the mercury is used to add weight
to the tubing so that it will be easily swallowed and dropped into the esoph-
agus and stomach. It is also found ubiquitously in our homes, offices, and
health care environments in the ballasts of fluorescent lights, the switches
on thermostats, and other products.

When mercury pollution is released into the environment it has a neg-
ative impact on wildlife and it accumulates in our lakes and streams. In
the lakes and streams, it interacts with microorganisms and organic mate-
rials and is transformed to methyl mercury, which is particularly toxic to
fish and then to the people who eat the mercury-laden fish. In 2000, the
Environmental Protection Agency (EPA) warned pregnant women to limit
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their fish consumption because of the critical mercury poisoning of our
fresh and ocean waters. Forty states have issued advisories for dangerous
levels of mercury in fish. Through medical waste incineration, the health
care industry is now the fourth largest source of mercury pollution in the
environment. Approximately 4-5% of the mercury in waste water is pro-
duced by the health care industry. In response, the EPA and the American
Hospital Association have signed a Memorandum of Understanding to vir-
tually eliminate mercury from hospitals by 2005.

Recommendations for reducing mercury exposure (Harvey, 2000) include

« Eliminate the purchase of any new mercury-containing equipment

* Hold a mercury roundup

* Provide yearly training on mercury pollution prevention, including spill
training and information about labeling mercury-containing products

* Replace all mercury-containing equipment {(sphygmomanometers, lab-
oratory and patient thermometers, gastrointestinal equipment)

» Eliminate the use of mercury-containing fixatives and reagents

» Introduce a purchasing procedure that preferentially selects lowest mer-
cury content

» Replace all mercury-containing pressure gauges on mechanical equipment

+ Eliminate distribution of mercury thermometers to new parents

» Initiate florescent bulb and battery collection programs

» Support legislation that prohibits the sale of mercury-containing
equipment

POLYVINYL CHLORIDE PLASTIC

Polyvinyl chloride (PVC) is a chlorinated plastic polymer used in a wide
variety of plastic medical products, accounting for 27% of the hospital-
use plastics in the U.S. (Ross, & Schettler, 2000). In 1996, approximately
445 million pounds of PVC plastic were consumed in IV tubing, blood
bags, gloves, medical trays, catheters, and testing and diagnostic equip-
ment. There are two key public health issues involving PVC. When it is
used in IV tubing and 1V bags, the plasticizer added to the PVC to make
it flexible can leach into the IV fluids. Once in the IV fluids, this toxic
plasticizer (di-2-ethylhexyl phthalate—DEHP) causes direct patient expo-
sure. The greatest exposures can occur during dialysis, extracorporeal mem-
brane oxygenation, exchange transfusion, or repeated blood transfusions
in newborns and preterm babies. The National Toxicology Program of the
National Institute of Environmental Health Science (2000) has expressed
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serious concern for the possibility of adverse effects on the developing
reproductive tract of male infants exposed to high levels of DEHP from
medical procedures such as those used in neonatal intensive care units.

A second point of public health concern is that when PVC is manu-
factured, and when it is incinerated as a method of final disposal, dioxin
and furans are released into the environment. There are limited oppor-
tunities for PVC recycling and if it is added to non-PVC plastic for recy-
cling, it can contaminate the process. The EPA has identified municipal
and medical waste incineration as the leading source of dioxins and furans
in our air pollution. PVC is usually the largest chlorine source in these
incinerators.

Dioxins and furans are extremely toxic environmental contaminants.
They affect many growth and developmental processes in animals and
humans. In animals, dioxin causes cancer in multiple organ systems. Prenatal
exposure in rodents causes breast cancer later in life. Human epidemio-
logical studies indicate that it is also carcinogenic in humans. Additionally,
it affects reproduction and development. Minute exposures in utero have
caused permanent disruption of male sexual development in rodents, includ-
ing delayed testicular descent, decreased sperm count, and feminized sex-
ual behavior. Small dietary exposures in primates have shown increased
risk and severity of endometriosis. In humans, women with endometrio-
sis have higher body levels of dioxin.

Dioxin is toxic to the immune system as well, creating increased sus-
ceptibility to infection. Low levels of exposure during pregnancy also alter
thyroid hormone levels in mothers and offspring. Through ordinary dietary
consumption, the general population carries a current body burden of dioxin
that is near or above the levels that cause adverse effects in animal studies.
Human breast milk concentrates dioxin and passes it on to the nursing
infant at a rate 60 to 100 times greater than average adult exposure. Dioxins
are man-made, persistent toxic chemicals that can be found in the body of
every human on earth. Health professionals can play a critical role in reduc-
ing the earth’s load of this unnecessary toxic pollutant. The authors of the
PVC white paper, Rossi and Schettler (2000) suggest the following steps
to reduce PVC-related environmental health risks:

* Cease all non-essential incineration

* Eliminate the use of IV tubing with DEHP

* Conduct a PVC audit/develop a PVC reduction plan / phase out the use
of PVC
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+ Require vendors to discilose PVC and DEHP content in their products
/establish a PVC-free purchasing policy

» Eliminate large sources of chlorine from incinerator waste feed

» Separate out PVC waste and send it to a landfill

+ If incineration is used, ensure optimum working conditions to reduce
dioxin and furan creation

* Educate staff on the life cycle of hazards of PVC and the toxicity of
DEHP

{Adapted from Rossi, M. and Schettler, T. Healthcare’s Environmental Agenda, White
Paper on PVC, 2000)

There are a few model health care institution programs that are evolv-
ing regarding PVC and DEHP elimination. Catholic Healthcare West
requires its group purchasing organization to identify products that con-
tain PVC. Kaiser Permanente is phasing out the use of PVC (and latex
examination gloves). DEHP-free products are being requested by neona-
tal intensive care units. Internationally, the Persistent Organic Pollutants
(POPS) Treaty negotiations arose over demands to eliminate global releases
of persistent and bioaccumulative chemicals. For example, in 1996, the
International Experts Meeting on POPS recommended the *“virtual elimi-
nation from the environment of POPS that meet scientifically-based per-
sistence, bioaccumulative, and toxicity criteria.” Dioxins and furans are
two of the twelve priority POPS.

WASTE MANAGEMENT

American hospitals generate over 2 million tons of waste each year. In
1998, the EPA and the American Hospital Association signed a Memo-
randum of Understanding to reduce health care waste by 33% by 2005 and
by 10% more by 2010. This is a voluntary initiative that is going to require
a concerted effort by the health care industry. Kathy Herwig, the author of
the white paper on waste management (2000), has several recommenda-
tions for improving hospital waste management.

First, everyone in the institution from the top down must be involved
and must share the sponsorship of an environmentally sound and sustain-
able waste management program in order for it to be successful (Gerwig,
2000). Training and education are critical. Systems must be in place to
support the new waste management practices. Suppliers should be alerted
to the need for less packaging, recycled materials, and reusable products.
Gerwig suggests that we understand our organizational waste stream, for
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handling and disposal may be dictated by regulations and policies. There
is solid waste (trash), but there is also hazardous waste (chemicals, mer-
cury, etc.), and regulated medical waste (biohazardous waste, although this
is a very small component). There are recyclables such as paper and card-
board, construction debris, and industrial waste water.

Knowledge of where the waste goes will be important to the develop-
ment of waste management improvements. Is everything being incinerated
or is it being separated and more environmentally soundly disposed of,
recycled, composted and so on? Gerwig suggests that goals be set for waste
minimization and expectations for everyone’s behavior. This would include
the expectation that double-sided written materials be used. Construction
and demolition waste should be salvaged and reused or recycled, when-
ever possible. In the reference section of this chapter you will find many
helpful websites and guidebooks for environmentally healthy and safe
waste management. Nurses at all levels of the hospital hierarchy can play
a role in creating a culture of awareness about the environmental impacts
of the health care settings and promote the adoption of sound policies and
practices.

Participating in the Health Care Without Harm Campaign, which you
will learn more about in chapter 5, can provide structure, support, and
camaraderie for nurses who are interested in making the health care indus-
try as healthy as possible for everyone. The broad and important campaign
goals are as follows:

1. To work with a wide range of constituencies for an ecologically sus-
tainable health care system

2. To eliminate the nonessential incineration of medical waste and pro-
mote safe materials use and treatment practices

3. To phase out use of polyvinyl chloride (PVC) and persistent toxic chem-
icals, and to build momentum for a broader PVC phase-out campaign

4. To phase out the use of mercury in the health care industry

5. To develop health-based standards for medical waste management to
recognize and implement the public’s right to know about chemical
usage in the health care industry

6. To develop just siting and transport guidelines that conform to the prin-
ciples of environmental justice: “no communities should be poisoned
by medical waste treatment and disposal.”

7. To develop an effective collaboration and communication structure
among campaign allies
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Specific web site and other resources are in the Resource Section in the
Appendix of this book.
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CHAPTER 2

Occupational Health Risks in the
Health Care Industry

Jane Lipscomb

treatment and care for the sick and injured, all too often face serious

risks to their own health in the course of this work. Health care work-
ers now report a rate of work-related injuries greater than that of con-
struction workers, farmers, miners, and manufacturing workers—all highly
hazardous occupations (Bureau of Labor Statistics, 1998). Exposure to air-
borne and bloodborne infectious agents, workplace assault, ergonomic haz-
ards, toxic drugs and other chemicals, radiation, and work stress often due
to or exacerbated by inadequate staffing have resulted in increasing rates
of injuries over the past two decades. Thus health care workers often strug-
gle to provide quality and compassionate care in an inherently dangerous
work environment.

According to Bureau of Labor Statistics (BLS) data, the number of
injury and illness cases recorded among health services workers increased
130% between 1983 and 1993, while total employment in the category
grew only 46% (BLS, 1995). The number of injuries has remained rela-
tively stable since 1993. By 1988, nursing and personal care workers
reported a worker injury and illness rate that eclipsed the rate for work-
ers employed in construction (Fig. 2.1). In 1996, when private sector injury
and iliness rates decreased 5% to a rate of 7.4 per 100 employees, hospi-
tal employers reported an injury and illness rate increase of nearly 10%.
The nursing home segment of the health care industry deserves special
note in that it has consistently reported injury and illness rates signifi-
cantly higher than those for the most hazardous industries, as high as 14.2
per 100 as recently as 1998. This rate is more than double the incident

Ironically, health care workers, dedicated to promoting health through
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rate of 6.7 for the industry as a whole, (BLS, 1998). In 2000, 593,400
Occupational Safety and Health Administration (OSHA) recordable injuries
and illnesses were reported among workers employed in health services;
283,400 of these occurred in the hospital setting (www.bls.gov). It should
also be noted that actual number and rates of injuries and illnesses expe-
rienced by health care workers are considerably higher than those reported
due in part to significant underreporting of needlestick injuries. It is esti-
mated that 64% to 96% of the 600,000 to 800,000 needlesticks occurring
each year in the U.S. go unreported (Henry & Campbell, 1995; Ippolito
et al., 1997).

Furthermore, in the health care work environment, workers are not the
only ones who suffer when occupational safety and health threats are not
adequately identified and addressed. Patient care also deteriorates. A recent
National Academy of Sciences, Institute of Medicine study (I0OM, 1999)
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FIGURE 2.1 Work injuries and illnesses per 100 full-time workers in nursing and
personal care compared with construction workers and farmers (U.S. Department of
Labor, Bureau of Labor Statistics, 1983-1997, Annual Survey of Occupational Injuries
and Iliness. National Institute for Occupational Safety and Health, 2000).
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examined the problem of medical errors and identified work conditions,
specifically inadequate staffing, as a risk factor for medical errors. In
response to this report, the National Institute for Occupational Safety and
Health (NIOSH) and the Agency for Healthcare Research and Quality
(AHRQ) have undertaken an initiative to examine the intersection between
working conditions for health care workers and quality patient care.

This chapter provides an overview of the leading hazards faced by health
care workers and discusses these hazards within the historical, social, and
cultural contexts in which health care is performed.

A HISTORICAL CONTEXT

The practice of occupational health and safety in the U.S. dates from the
late 19th century, with the first occupational health nurse employed by
industry in 1895 (Rogers, 1994). Despite decades of knowledge regarding
infection disease risks facing health care workers, concerns about occu-
pational health and safety in the health care industry were totally over-
shadowed by concerns about patient care and in most cases largely ignored
or denied. As recently as the 1950s there was still no consensus regarding
the occupational risk of tuberculosis (TB) exposure, in part due to fears
that young women would avoid nursing if they knew the risks involved
and that liability issues might surface. It was not until TB declined sig-
nificantly in the general population, while remaining elevated among med-
ical workers, that TB was fully recognized as an occupational hazard
{Sepkowitz, 1994).

It was not until the 1980s and the documentation of occupationally
transmitted HIV infections that the risks facing health care workers were
finally acknowledged by the industry, the government, and the public at
large. This was despite the fact that up until this time approximately 200
health care workers were dying from hepatitis B infections each year—
many more deaths than have ever officially been associated with occu-
pationally transmitted HIV (Shapiro, 1995). So why has it taken so long
for health care workers to attract the concern afforded other workers?
Possible explanations include the following (Lipscomb & Borwegen, 2000;
Lipscomb & Rosenstock, 1996):

* A false perception that the industry is self-regulated. Nurses and other
health care professionals are all too familiar with the Joint Commission
on the Accreditation of Health Care Organizations (JCAHO) that con-
ducts preannounced inspections of most hospitals every three years.
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JCAHO accreditation is primarily directed at assessing the quality of
patient services and therefore little attention is directed at workplace
exposures and hazards during inspections.

* An industry that employs mainly females must be a safe industry. Seventy-
six percent of all hospital workers, 83% of nursing home workers, and
93% of home care workers are female. Among the nursing work force,
close to 95% of registered nurses are female.

* A focus on curative rather than preventive medicine. Health care expen-
ditures are primarily dedicated to curative medicine rather than to pre-
ventive medicine and public health, which includes occupational health
and safety. We need only examine the data on the cost of end of life care
to vividly demonstrate this point.

* A low unionization rate within the health care sector. Today, only 13.5%
of hospital workers, the most unionized segment of the health care indus-
try, are covered by a collective bargaining agreement. As a consequence,
compared with workers in more heavily unionized industries, health
care workers have little voice and power to effectively negotiate for and
improve workplace health and safety conditions.

» The lack of attention by governmental agencies responsible for health
and safety. Little research has been conducted and few governmental
standards have been issued for the hazards causing most injuries to health
care workers. It was not until 1991 and the passage of OSHA’s blood-
borne pathogen standard that health care workers finally received pro-
tection from exposure to hepatitis B via mandatory, employer provided,
hepatitis B vaccine. Even more appalling is the fact that it has taken
heaith care workers an additional decade to win enhanced protection
against other deadly infections, namely hepatitis C, by passage of the
Needlestick Safety and Prevention Act signed into law early in 2001.

CHARACTERISTICS OF THE WORK FORCE AND
WORK SETTING

The health care sector employs over 12 million health care workers, hav-
ing grown by three million workers between 1980 and 1997. Nurses and
aides comprise almost 38% of this work force (4,390,000 individuals;
NIOSH, 2002). BLS projections for the 10 fastest growing occupations
from 1996 to 2006 include six health-related occupations: personal and
home care aides, physical and corrective therapy aides, home health aides,
medical assistants, physical therapists and occupational therapists, all pro-
jected to increase by 70% to 85% during this period (BLS, 1997). As is
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reflected in these projections, health care workers are increasingly being
employed outside the acute care or hospital setting. The majority of RNs
still work in hospitals (60%), but an increasing proportion work in com-
munity/public health settings (17%), in ambulatory care settings (9%), and
in nursing homes (8%). For the purpose of this discussion, the term health
care workers includes both health care professionals and support staff mem-
bers working in hospitals, outpatient clinics, nursing homes, home health
care settings, medical laboratories, dental offices, and veterinary settings.
Patient care, although the primary source of injuries and illnesses to
nursing staff, is not the only activity that impacts health care workers’
health and safety. All patient care and treatment areas, sterilization areas,
pharmacies, support laboratories, housekeeping, maintenance, and waste
disposal areas include exposures and activities that may pose health and
safety hazards to workers. In addition, the generation and disposal of bio-
logic, chemical, and radiological wastes pose risks to the communities sur-
rounding health care facilities and beyond, in particular if these facilities
incinerate their waste on-site. The widespread use and resulting incinera-
tion of plastics containing chlorine compounds, such as polyvinyl chlo-
rine (PVC)-containing products, have the potential to create and release
into the atmosphere dioxins, among the most toxic substances known.

HAZARDS OF HEALTH CARE WORK

Health care organizations consist of many separate industries all housed
within the walls of the facility. Hazards range from the biologically asso-
ciated, with airborne and bloodborne exposures to infectious agents, to
industrial strength disinfectants and cleaning compounds in use through-
out the facility. Hazards associated with food preparation and waste dis-
posal are also present in health care. In addition, chemical hazards include
waste anesthetic and sterilant gases, antineoplastic drugs, and other ther-
apeutic agents. Physical hazards include exposure to ionizing and non-ion-
izing radiation, safety and ergonomic hazards, violent assaults, and
psychosocial and organizational factors, including psychological stress
and shiftwork (Table 2.1).

MUSCULOSKELETAL INJURIES

Musculoskeletal injuries rank second among all work-related injuries, with
the greatest number occurring among health care workers. Exposures
include the requirement to lift, pull, slide, turn, and transfer patients; move
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TABLE 2.1 Selected Hazards, Health Effects and Control Strategies in Health Care

Biological Hazards

Health Effects

Control Strategies

« Viral (hepatitis B virus,
hepatitis C virus)

Acute febrile illness,
liver disease, death

Safer needle devices,
hepatitis B vaccine

« Bacteria {mycobacterium
tuberculosis)

Tuberculosis (TB)
infection, TB illness,
multiple drug
resistance, death

Isolation of suspect
patients, respirators,
ulttraviolat (UV) light,
negative pressure rooms

« Natural rubber latex
proteins (and rubber
chemical additives)

Range from Type IV
delayed hypersensi-
tivity to rubber additives
to Type | immunologic
response, anaphylactic
shock, death

Substitution with low latex
protein powderless gloves
or nonlatex gloves and
supplies

Chemical Hazards

« Ethylene oxide

Peripheral neuropathy,
cancer, reproductive
effects

Substitution, enclosed
systems, aeration rooms

+ Formaldehyde

Allergy, nasal cancer

Substitution, local
ventilation

* Glutaraidehyde

Mucous membrane
irritation, sensitization,
reproductive effects

Substitution, local
ventilation

* Antineoplastic drugs

Cancer, mutagenicity,
reproductive effects

Class 1 ventilation hoods,
isolation of patient excreta

*  Waste anesthetic gases

Hepatic toxicity, neuro-
logic effects, reproduc-
tive effects

Scavenging systems,
isolation of off-gassing
patients

*  Mercury

Neurologic effects,
birth defects

Substitution with
electronic thermometers

Physical Hazards

+ Patient handling

Back pain, injury

Patient handling devices,
lifting teams, training

« Static postures

Musculoskeletal pain
and injury

Rest breaks, exercise,
support hose and shoes

* Jonizing radiation

Cancer, reproductive
effects

Isolation of patients,
shielding and maintenance
of equipment
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TABLE 2.1 (continued)

¢ Lasers

Eye and skin burns,
inhalation of toxic
chemicals and
pathogens, fires

Local exhaust ventilation,
equipment maintenance,
respirators and face shields

¢ Physical assault

Traumatic injuries,
death

Alarm systems, security
personnel, training

Psychosocial/Organizational

* Violence threat and
physical assault

Traumatic injury, death,
posttraumatic stress
disorder

Training, postassault
debriefing

* Restructuring

Mental health disorders,
exacerbation of muscu-
loskeletal injuries,
traumatic injuries,
burnout

Acuity-based staffing,
employee involvement in
restructuring activities

»  Work stress (other
than above)

Mental health disorders,
burnout

Stress prevention and
management programs

* Shiftwork Gastrointestinal Forward, stable and
disorders, sleep predictable shift rotation
disorders

equipment; and stand for long hours. Among all occupations, hospital and
nursing home workers experience the highest number of occupational
injuries and illnesses involving lost workdays due to back injuries. Nurses’
aides report a greater percentage of their injuries as back injuries than any
other occupations. A three-year review of BLS annual survey data indi-
cates that “nursing personal care facilities” have an occupational muscu-
loskeletal injury and illness rate of 4.62 per 100 workers per year—the
highest among all three-digit Standardized Industrial Classification (SIC)
codes (BLS, 1997).

Back injuries continue to take a huge economic and personal toll within
the health care sector. The nursing home industry alone spends over $1
billion each year in workers’ compensation premiums, even though the
implementation of engineering and administrative controls such as safe
staffing levels, lifting teams, and use of newer mechanical patient handling
devices have been shown to reduce dramatically both injury rates and work-
ers’ compensation premiums in nursing homes.
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One study of a large nursing home found that nursing assistants work-
ing in a nursing home experienced four episodes of low back pain on aver-
age in a three-year period, but that assistive devices (a mechanical lift and
transfer belt) were used for less than 2% of all transfers. Patient safety and
comfort, lack of accessibility, physical stresses associated with the devices,
lack of skill, increased transfer time, and lack of staffing were some of the
reasons cited for not using these devices. Ironically, when patients and res-
idents were surveyed, it was found that they actually preferred mechani-
cal lifts and stated that mechanical lifts made them feel more secure (Garg
& Owen, 1992).

The use of lifting teams in hospitals or other health care settings has
also been shown to be a cost effective control strategy. In one large acute
care public hospital in Northern California, annual lost-time injuries
decreased from 16 to 1 following one-year deployment of a lifting team
with a savings of $144,000 (Charney, 1994).

In November 2000, OSHA promulgated a final Ergonomics Program
Standard. Ten years in the making, this standard was considered to be the
most important worker safety action developed in the agency’s history.
Most provisions of the standard were to have been in place by October
2001. At a minimum, the standard required employers to provide basic
information to their employees about musculoskeletal disorders (MSDs).
In the event that an MSD incident is reported in the workplace, the stan-
dard required the employer to do a job hazard analysis to determine whether
MSD hazards are present in a job. If a hazard is present on the job, the
employer would be required to reduce the MSD hazard to the extent fea-
sible. In the case of health care workers this may include the use of assis-
tant lifting devices or lifting teams. Tragically for U.S. workers, within
months of his inauguation President Bush (and the Republican-controlled
Congress) passed legislation overturning the ergonomics standard. Workers
have suffered over two million ergonomic injuries since this action
(aflcio.org 2002).

WORKPLACE VIOLENCE

The health care sector also has the dubious distinction of leading all other
industry sectors in incidence of nonfatal workplace assauits. In 1999, 43%
of all nonfatal assaults against workers resulting in lost workdays in the
U.S. occurred in the health care sector. Among all nonfatal workplace
assaults resulting in lost workdays occurring in health services occupa-
tions, nursing aides and orderlies suffer the highest proportion—61% com-
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pared to 3% for police and guards. In 1999, BLS reported a rate of 14 per
100 full time equivalents (FTEs) and 9 per 100 FTEs for social services
and health services, respectively. By comparison the national average was
1.8 nonfatal assaults per 100 workers. (BLS, 1999). Among these assault
victims, 30% were government employees, even though they comprise
only 18% of the work force. Across all industries, in 45% of reported cases
of nonfatal workplace assault, the perpetrator of the assault is a health care
patient. In contrast, only 8% of these injuries are perpetrated by a
coworker; yet media and employer attention is disproportionately directed
to coworker violence (BLS, 1996).

In mental health the risk is particularly high. In a Washington psychi-
atric facility, 73% of staff surveyed had reported at least a minor injury
related to an assault by a patient during the past year. Only 43% of those
reporting moderate, severe, or disabling injuries related to such assaults
had filed for workers’ compensation. When workers were directly surveyed
regarding their assault experiences in the past year, they reported 437 per
100 employees, while the hospital incident reports and workers’ compen-
sation claims indicated a rate of only 35 per 100 and 13.8 per 100 employ-
ees respectively (Bensley et al., 1997). These data provide a dramatic
example of the magnitude of the problem of underreporting of occupa-
tional injuries and illnesses. They also demonstrate that in this industry,
workers’ compensation is an underutilized remedy for work-related injuries.

Emergency department personnel face a significant risk of fatal injuries
from assaults by patients or their families. Weapon carrying in emergency
departments, reported to be as high as 25% in major urban hospitals, cre-
ates the opportunity for severe or fatal injuries when they occur
(Wassenberger, Ordog, Kolodny, & Allen, 1989). Although mental heaith
and emergency departments have been the focus of attention and research
on the subject, no department within a health care setting is immune to
workplace violence. Consequently, all departments should have violence
prevention programs.

A number of environmental risk factors have been associated with
assaults by patients regardless of health care setting, including poor secu-
rity, inadequate staffing patterns, time of high activity, and containment
activities. Inadequate training and a lack of clear policies and procedures
have also been identified as contributing to the incidence of assaults
(Lipscomb & Love, 1992).

In 1996, OSHA issued Guidelines for Preventing Workplace Violence
for Health Care and Social Service Workers. These guidelines provide
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direction on how to establish a comprehensive safety and health program
directed at violence prevention and include the following five elements:
visible, high level management commitment 1o violence prevention; mean-
ingful employee involvement in policy development, joint management and
worker violence prevention committees, and overall program implemen-
tation; work site analysis that includes regular walkthrough surveys of all
patient care areas and the collection and review of all reports of worker
assault; hazard prevention and control that includes alarm systems and
other security measures; and training and education.

NEEDLESTICK INJURIES

Exposure to conventional unsafe needles that transmit bloodborne infec-
tions to health care workers continues to be the most life-threatening risk
facing health care workers in a wide variety of settings (Lipscomb &
Borwegen, 2000). Fortunately, data exist demonstrating that the elimina-
tion of unnecessary sharps and the use of safer needles can dramatically
reduce needlestick injuries (Centers for Disease Control, 1997a). The recent
passage of the federal Needlestick Safety and Prevention Act, effective
April 2001, should afford all health care workers protection from this
unnecessary and deadly hazard. Not only does the Act require that safer
needles be made available, but that employees, namely nurses, be involved
in identifying and choosing the device. Therefore, it is critical that nurses
understand some basic distinctions among available devices.

Safer needle devices have integrated safety features built into the prod-
uct that prevent needlestick injuries. The term “safer needle device” is
broad and includes many different devices, from those that have a protec-
tive shield over the needle to those that do not use needles at all. Needles
with integrated safety features are categorized as “passive” or “active.”
Passive devices offer the greatest protection as the safety feature is auto-
matically triggered following use, without the need for the health care
worker to take any additional steps. An example of a “passive” device is
a spring-loaded retractable syringe or self-blunting blood collection device
(Figure 2.2). An example of an “active” safety mechanism is an employee-
activated self-sheathing needle.

As of 1998, the FDA had approved over 250 safer needle-bearing prod-
ucts. In 1997, the CDC reported on an eight-hospital study that demon-
strated that during such high risk procedures as drawing blood, needlesticks
could be reduced up to 76% with the use of safer needles (CDC, 1997a).
Yet in 1998, fewer than 10% of the needles purchased by health care
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Examples of “Active” and “Passive” Safety Devices

cample of an “active” safety mechanism, requiring the healthcare worker to pull the
sheath over the needle after use.
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Thi is an example of a “passive” safety mechanism, where the needle retracts automat-
ically into the barrel when the plunger is depressed after use..
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FIGURE 2.2 Examples of “Active” and “Passive” Safety Devices. From SEIU’s Guide
to Preventing Needlestick Injuries, Service Employees International Union, 1998

employers had these integrated safety features. The health care industry’s
reluctance to embrace safer devices to date has resulted in the needless
injury, illness, and death of additional health care workers. It is for this
reason that health care workers have fought hard for the passage of the
Needlestick Safety and Prevention Act. It is hoped that the force of this
law will dramatically advance the use of safer devices. Unfortunately, any
government regulation is only as effective as the enforcement capability
of the agency responsible for its implementation. Federal OSHA and OSHA
approved state programs conducted approximately 90,000 annual inspec-
tions in both 1997 and 1998, focusing inspection on the most hazardous
industries (Ashford, 2000). At its current enforcement capacity, it could
take inspectors more than 50 years to inspect all five million workplaces
covered by the OSH Act. Recognizing that at the present time needlestick
injuries continue to sicken and disable health care workers, a review of the
risk of acquiring various infections follows.

After a needlestick injury, the risk of developing occupationally acquired
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hepatitis B in the nonimmune health care worker ranges from 2% to 40%
depending on the hepatitis B e-antigen status of the source patient
(Gerberding, 1995). The risk of transmission from a positive source for
hepatitis C is between 3% and 10% (Gerberding) and the average risk of
transmission of HIV is 0.3% (CDC, 1991). However, the risk of trans-
mission increases if the injury is caused by a device visibly contaminated
with blood, if the device is used to puncture the vascular system, or if the
stick causes a deep injury. All of these diseases are associated with sig-
nificant morbidity and mortality and only the hepatitis B virus can be pre-
vented by vaccine. Tragically, all health care workers, laundry workers,
and housekeeping workers are all too often engaged in duties that create
an environment for these high-risk needlestick injuries.

The above data figures translate into the estimate that each year more
than 1,000 health care workers will contract a serious infection, such as
hepatitis B or C virus or HIV, from an occupational needlestick injury. The
majority will become infected due to the growing spread of hepatitis C,
which infects 560 to 1,120 health care workers in the U.S. each year (Gibas,
Blewett, Schoenfeld, & Dienstag, 1992), with 85% becoming chronic car-
riers. One health care worker per week will eventually die from occupa-
tional exposures to HIV occurring today (Ippolito et al., 1997). Some
groups of workers, such as phlebotomists, experience a particularly high
risk of needlesticks and subsequent infections. According to a 1994 sur-
vey of this group of workers, 24% of health care workers who drew blood
were stuck by a needle in the previous year.

LATEX ALLERGY

Despite the success of the 1991 Bloodborne Pathogen Standard in pre-
venting occupationally acquired hepatitis B infections, the increased use
of exam and surgical gloves required by this standard is in part responsi-
ble for the epidemic of latex allergy now affecting health care workers. In
1997, NIOSH issued guidelines for preventing allergic reactions to natu-
ral rubber latex in the workplace, including recommending the use of pow-
derless, low-protein latex gloves for protection from bloodborne pathogens
in health care and other settings (www.cdc.gov/niosh). The publication of
this guidance along with health care professional advocacy for latex-free
environments appears to be having an impact. NIOSH is currently evalu-
ating the effectiveness of these recommendations in a series of clinical
intervention trials (see chapter 3).
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CHEMICAL HAZARDS

Health care workers are exposed to a wide range of chemical disinfectants,
anesthetic waste gases, and chemotherapeutic drugs that are known to affect
human health, and others for which no or inadequate testing has been con-
ducted. NIOSH estimates that the average hospital contains 300 chemi-
cals—twice the number of the average manufacturing facility. Among
disinfectants, formaldehyde is a carcinogen and has been linked to occu-
pational asthma in the hospital setting. Glutaraldehyde is used as a cold
sterilizer and disinfectant to clean and disinfect heat-sensitive equipment.
It is also used as a tissue fixative in the history and pathology labs and as
a hardening agent in the development of x-rays. Mucous membrane irri-
tation, headaches, allergic contact dermatitis, asthma and asthma-like symp-
toms, hives, and nausea have been reported among hospital workers exposed
to glutaraldehyde. Ethylene oxide (ETO), a gas sterilant, is a neurotoxin,
a carcinogen, and a reproductive health hazard. Thousands of health care
workers were exposed to harmful levels of ETO prior to the 1984 OSHA
standard for ETO. This chemical continues to be of concern to central sup-
ply hospital workers due to leaks from distribution lines, especially when
changing gas cylinders.

Anesthetic agents, used in large amounts in hospitals, pose a threat to
health care workers when operating room scavenging systems are poorly
maintained. Health care workers are also exposed when patients are trans-
ferred to the recovery room and exhale anesthesia gases. Specially designed
nonrecirculating general ventilation systems with adequate room air
exchanges are necessary in these areas.

Antineoplastic agents, frequently administered in both inpatient and
outpatient services, manifest their cytotoxic effects among workers who
handle and administer them. Health effects associated with handling anti-
neoplastics include the acute effects of the drugs themselves, such as nau-
sea, fatigue, reproductive effects, and cancer. Safe handling guidelines
were published in the mid-1980s by the National Institutes of Health, and
later by OSHA, to control dermal and inhalation exposure associated with
the mixing and administration of these drugs. The use of gloves composed
of the proper material is critical, as most of these substances easily pene-
trate regular latex gloves. Aerosolized medications pose unique threats
because of how they are administered. Included among them is ribavirin,
a potential human teratogen.
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ORGANIZATION OF WORK

Organization of work refers to management and supervisory practices as
well as production processes and their influence on the way work is per-
formed (National Occupational Research Agenda NORA, 2002). The way
work is organized and scheduled and how staffing decisions are made are
thought to have a significant impact on worker injury and iliness rates. The
U.S. health care industry has been in a constant state of change over the
past decade, including organizational mergers; downsizing; changes in
employment arrangements such as contract work, job restructuring, and
redesign; and worker-management relations. Undoubtedly the emergence
of managed care and its cost containment priority has prompted or con-
tributed to many of these changes.

The widespread concern about the adequacy of nursing staffing levels
across a variety of health care organizations is directly related to the issue
of organization of work. Between 1981 and 1993, total hospital employment
grew steadily, but nursing personnel declined by 7%, while adjusting for the
severity of the illness of the patients under their care. The decline in nurs-
ing personnel was 20% to 27% in Massachusetts, New York and California,
all of which had high managed care penetration rates (Arellano, 1996).

Inadequate staffing has a direct impact on the quality of patient care. In
1996, two-thirds of 5,000 registered nurses polled reported an increase in
the number of patients assigned to them, three-fourths reported increased
severity of the illness of patients under their care as well. Staffing reduc-
tions, combined with replacement of registered nurses with unlicensed per-
sonnel, have led to work speed-up for many nurses. Two-fifths of responding
nurses said they would not want a family member to receive care at the
institutions where they worked (Shindu-Rothchild, Berry, & Long-
Middleton, 1976). The Minnesota Nurses Association examined 200 OSHA
worker injury and illness logs at 86 Minnesota hospitals over a four-year
period; it found a 65% increase in injuries and illness reported by nurses
while nursing staff was reduced by 9%. Needlestick and back injuries con-
tributed most to the increase of reportable incidents (Shogren, 1996).

Finally, a nursing shortage is currently gaining much attention from the
media, the health care industry, and the nursing profession. The explana-
tions most frequently given for the current shortage are an aging nursing
work force and the phenomenon of women having other career choices. The
profession and industry would be wise to turn their attention to the quality
of the work life of nursing, including health and safety on the job, if they
are serious about attracting qualified candidates into professional nursing.
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SUMMARY

Health care workers, including nurses, face a wide range of workplace haz-
ards, many of which are associated with significant morbidity and mor-
tality. They often sacrifice their own health in the course of providing health
care to others in need. The industry, the public, and the government have
been slow to acknowledge the hazards and to provide adequate protection.
In the absence of this protection, they must advocate for their own health
and safety and educate the public and their health care organizations about
their right to a healthy and safe workplace and the improvement in patient
care that will result.
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CHAPTER 3

Latex Allergy in Health Care

Susan Wilburn

occupational hazard for health care workers in the 1990s as the

use of latex medical gloves increased. This followed the publica-
tion of the Centers for Disease Control and Prevention (CDC) recom-
mendations for universal precautions in 1987 and the 1991 Occupational
Safety and Health Administration’s (OSHA) Bloodbome Pathogens Standard
requiring the use of universal precautions.

It is important for nurses to know about this potentially life-threaten-
ing and disabling allergy in order to protect themselves from unnecessary
exposure to the allergen, to ensure early identification of symptoms of the
allergy and to care for latex-allergic patients safely.

In 1997, the National Institute for Occupational Safety and Health
(NIOSH) issued the following warning:

ﬁ llergy to natural rubber latex products emerged as a significant

WARNING!

Workers exposed to latex gloves and other products containing nat-
ural rubber latex may develop allergic reactions such as skin rashes;
hives; nasal, eye, or sinus symptoms,; asthma; and (rarely) shock.

There is no safe contact with products containing natural rubber latex
for an individual with a latex allergy. Continued exposure can result in the
progression of illness from dermatitis to anaphylaxis.

BACKGROUND

Latex products are manufactured from a milky sap-like fluid derived from
the rubber tree, Hevea brasiliensis (Subramanian, 1995). The term larex
has been applied to natural and synthetic materials sharing characteristics
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of flexibility and strength. “Natural rubber latex” (NRI) describes prod-
ucts derived from natural rubber. These are different from synthetic
latexes that are used in water-based paints, which generally do not con-
tain natural substances. Latex, as used in this chapter, refers to natural
rubber latex products,

Most of the natural rubber latex medical gloves in use in the United
States are produced in Southeast Asia and Malaysia. The latex is obtained
by tapping the rubber tree in a process similar to tapping a maple tree for
maple syrup. Several chemicals, which are known to cause allergic reactions
in and of themselves, are added to the latex fluid during the manufactur-
ing process. These chemicals, including thiurams and mercaptobenzo-
thiazole, cause a chemical contact dermatitis that can be confused with
latex allergy and delay appropriate treatment until the correct differential
diagnosis is made (Kelly, 1999),

This delayed-hypersensitivity contact dermatitis from chemicals in rub-
ber has been recognized since the 1930s (ANA, 1997; Truscott and Roley,
1995). But except for rare early reports, clinicians did not recognize sys-
temic allergic reaction to latex proteins until 1979, when case reports began
to appear in Europe (Granady and Slater, 1995). Latex allergy erupted in the
United States shortly after the CDC introduced universal precautions in
1987. By late 1992, the Food and Drug Administration (FDA) received
1133 reports of serious allergic reactions and anaphylaxis occurring in
patients and health care staff associated with 30 classes of medical devices.
There were 15 patient deaths associated with latex barium enema catheters,
which were subsequently removed from the market (Granady, 1995; Levy
1993). The FDA estimated that these reports represented only 1% of actual
occurrences (Levy, 1993). By 1999, the FDA received five reports of health
care worker deaths associated with latex glove use (Jacobson, 1999).
Researchers hypothesize that the latex allergy outbreak is the result of mul-
tiple factors including deficiencies in manufacturing processes, increased
latex exposure, hand care practices, immunological cross-reactivity, and
changes in latex agricultural practices (Hamann, 1993; Truscott, 1995b).

Latex exposure occurs through contact with the skin or mucous mem-
brane and by inhalation, ingestion, parenteral injection, or wound inocu-
lation. Respiratory exposure occurs when glove powder, which acts as a
carrier for NRI protein, becomes airborne when the gloves are donned or
removed (Kinnaird et al., 1995; Korniewicz and Kelly, 1995). Scientific
data regarding the natural progression of latex allergy are incomplete. The
exact dose and duration of exposure required to produce sensitization are
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not known; however exposures at very low levels can trigger allergic reac-
tions in some sensitized individuals (Charous, 1994; Kelly, 1995).

Risk factors include occupational exposure to latex (including during
the manufacture of latex products and use of latex gloves), multiple sur-
gical procedures or mucosal instrumentation involving latex, and a per-
sonal or family history of allergies (Sussman and Beezhold, 1995).

Symptoms of latex sensitization range from mild to severe and life threat-
ening. Mild reactions involve skin redness, hives, or itching. More severe
reactions may involve respiratory symptoms such as runny nose, sneez-
ing, swollen and itchy eyes, asthma (difficulty breathing and wheezing),
and, rarely, anaphylactic shock. Symptoms may present gradually and
progress, although some individuals skip this progression and experience
an abrupt onset of anaphylaxis or asthma (Kelly, 1995).

Table 3.1 describes the types of glove-associated reaction including latex
allergy, time of onset, symptoms, and treatment.

The prevalence of latex allergy is 1-6% in the general population and
8-17% of the exposed health care work force. Individuals with spina bifida
have shown to be at highest risk for latex sensitivity with a prevalence of
18-68% (Kelly, 1999; Kinnaird et al., 1995; Slater, 1992).

A wide variety of products contain latex: medical supplies, personal
protective equipment, and numerous household objects (e.g., catheters,
gloves, tubings, drains, IV ports, anesthesia equipment, nipples, pacifiers,
teething rings, toys, elastic, condoms, diaphragms, sports equipment, and
many more). All medical products must be labeled if they contain natural
rubber latex or dry natural rubber. Lists of latex medical and consumer
products and their non-latex alternatives are available from the Spina Bifida
Association of America (800 621-3141) and other latex allergy support
networks (www.netcom.com/~namllatex_allergy.html).

Latex allergy is also associated with allergies to certain foods, especially
avocado, potato, banana, tomato, chestnuts, kiwi fruit, and papaya (Beezhold
et al., 1996; Charous, 1994).

DIFFERENTIAL DIAGNOSIS

Early diagnosis and avoidance of all latex products are essential for indi-
viduals with a Type I hypersensitivity. Because irritant dermatitis and
chemical contact dermatitis (Type IV delayed hypersensitivity) are often
confused with an IgE-mediated response (latex allergy), it is important
to see an allergy and/or immunology specialist to establish a differen-
tial diagnosis.


www.netcom.com/~nam1latex_allergy.html
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TABLE 3.1 Types of latex and other glove-associated reactions (ANA, 1997; Burton,

1997; OSHA, 1999)

Type of Reaction
and Time of Onset

Symptoms/Signs

Cause

Prevention/
Management

Irritant contact
dermatitis
(nonatlergic),
gradual onset
over days

Scaling, drying,
cracking of skin

Direct skin irrita-
tion by gloves,
powder, soaps/
detergents, scrubs,
incomplete hand
drying

Identify reaction,
avoid irritant
product, and dry
hands completely
after washing

and prior to
donning gloves; use
cotton glove liner

Allergic contact
dermatitis (Type
IV delayed
hypersensitivity)
6-48 hours after
contact

Blistering, itching,
crusting (similar
to poison ivy
reaction)

Accelerators (e.g..
thiurams,
carbamates,
benzothiazoles),
processing
chemical (e.g.,
biocides,
antioxidants)

Identify reaction
chemical; select

alternative glove
materials without
chemical

Natural rubber
latex allergy—
IgE/histamine
mediated (Type

I immediate
hypersensitivity),
occurs within
minutes of contact

A) Localized
contact urticaria
that may be
associated with
or progress to

B) Generalized
reaction

Hives in area of
contact with latex

Includes
generalized
urticaria (beyond
area of contact),
rhinitis, wheezing,
swelling of mouth,
shortness of breath;
can progress to
hypotension and
anaphylactic shock

Natrual Rubber
Latex (NRL)
proteins:

direct contact with
or breathing NRL
proteins including
glove powder
containing proteins,
from powdered
gloves or the
environment

Identify reaction,
allergy consultation;
substitute nonlatex
gloves for affected
worker and other
nonlatex products

Eliminate exposure
to glove powder;
substitute nonlatex
examination gloves
for all workers as

a primary
prevention measure
and to accommodate
latex-allergic
patients and
workers safely

Clean NRL-
containing powder
from environment
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The most sensitive and specific test for latex allergy is a skin test.
Currently in the U.S., however, there is no FDA-approved skin test reagent
on the market. In Canada, Bencard is available for skin testing (Kelly,
1999). Blood tests available to measure latex antibodies have more false
positive and false negative results than the skin test. A strong history of
symptoms improves the predictive value of these tests. General screening
of the health care population is not recommended without a history of
exposure to latex products and symptoms related to latex use.

GLOVE STANDARDS AND SELECTION

Latex gloves were originally developed in 1889 by William Halstead to
protect the badly chapped hands of his scrub nurse from harsh disinfec-
tants and germs of diseased patients (Truscott, 1995b). The purpose of
medical glove use today is similar to that of 1889: to prevent health care
worker and patient exposure to infectious materials such as HIV and hep-
atitis B and C viruses, and to protect from exposure to cleaning agents,
hazardous drugs, and other chemicals.

OSHA’s 1991 Bloodborne Pathogens Standard mandates that “gloves
shall be worn when it can be reasonably anticipated that the employee may
have hand contact with blood, other potentially infectious materials, mucous
membranes and non-intact skin, when performing vascular access proce-
dures . . . and when handling or touching contaminated surfaces” (29 CFR
1910.1030).

OSHA’s 1994 Personal Protective Equipment Standard discusses the
fact that no gloves provide protection against all potential hazards and
“commonly available glove materials provide only limited protection against
many chemicals” (29 CFR 1910.132 and 1910.138). Further, no glove can
protect against a needlestick injury. Safer needle devices as required by
the Federal Needlestick Safety and Prevention Act are necessary to pre-
vent needlestick injuries. Personal protective equipment such as medical
gloves are at the low end of the industrial hygiene hierarchy of controls
and are less effective than hazard elimination and engineering controls for
preventing bloodborne exposures (Olishifski, 1988).

Understanding the purpose of protective gloves and the physical prop-
erties of gloves is necessary to ensure that the right gloves are used for
specific tasks. The FDA regulates medical gloves as “Class I” medical
devices, requiring that they meet the general controls established by the
FDA for most medical devices. In 1999, the FDA published a proposed
regulation to reclassify medical gloves as Class 2, indicating that the agency
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believes general controls are insufficient to provide reasonable assurances
of safety and effectiveness especially in the following areas: barrier integrity,
degradation of quality during storage, contamination, exposure to natural
rubber latex allergens, and the role of glove powder as a carrier of airborne
NRL allergens (FDA, 1999).

FDA specifies defect levels for adulteration of patient examination and
surgical gloves (21 CFR 800.20). This rule defines defects as leaks, tears,
mold, embedded foreign objects, and so forth, and requires that for surgi-
cal gloves, the leak rate should not exceed an Acceptable Quality Level
(AQL) of 2.5% and for patient examination gloves 4%.

Ironically, the FDA does not require viral or chemical barrier testing,
exposure to such hazards being the primary reason for wearing medical
gloves.

The FDA relies on manufacturers’ voluntary conformance with con-
sensus standards in order to provide a reasonable assurance of safety for
many other aspects of medical gloves. The consensus standards are issued
by the American Society for Testing and Materials (ASTM).

ASTM voluntary consensus standard specifications for medical gloves
include tensile strength, minimum percentage elongation, and thickness.
In addition, ASTM has standards for viral barrier penetration (ASTM
F1671-97a), chemical permeability (ASTM G 739-96), and standard meas-
urement tests for powder and protein levels (no specific amount required).
The FDA allows a low protein-labeling claim when the extractable pro-
tein is 50 micrograms per gram of glove.

Because FDA regulations do not cover the essential tests for gloves for
viral and chemical barrier penetration, it is necessary for consumers and
purchasers of glove products to ensure that the appropriate testing has been
carried out to meet the requirements for glove use in their settings. Product
evaluation committees should ask manufacturers to provide the results of
independent testing for the above referenced FDA and ASTM standards
to assist with product selection. As with all products used in patient care
and for protecting workers, frontline health care workers, especially those
affected by latex allergy, should be involved in the evaluation, selection,
and testing of new products.

It is also important to know what chemical additives are present in each
type of glove evaluated. The same accelerator chemicals that cause a chem-
ical contact dermatitis are present in both latex gloves and in some of the
synthetic alternatives. The FDA glove-labeling rule in 1997 prohibited the
use of the term “hypoaliergenic” in relation to medical gloves (FDA, 1997).
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This term had been used to describe gloves that are low in chemical addi-
tives but not low in latex protein allergens which is confusing to those peo-
ple trying to avoid latex. The current FDA guidance for labeling as reduced
potential for chemical sensitization requires a modified Draize-95 test
(FDA, 1997). The manufacturer’s verification of this testing should be
required by the purchasing authority for health care organizations.

The following is a synthesis of recommendations for medical glove use
by leading regulatory, scientific, and professional organizations.

* Gloves shall be worn when it can be reasonably anticipated that the
employee may have hand contact with blood, other potentially infec-
tious materials, mucous membranes, and nonintact skin.

* Employers shall ensure that appropriate gloves in appropriate sizes are
accessible to employees, including alternatives for those employees who
are allergic to the gloves normally provided.

» The most appropriate glove for a particular application should be selected
and it should be determined how long it can be worn. The performance
characteristics of gloves relative to the specific hazard anticipated should
be known.

* Unnecessary exposure to natural rubber latex proteins should be reduced
for all workers and patients. Latex gloves should be used only in those
situations requiring protection from infectious agents.

 Patients and employees with a latex allergy should avoid all contact with
latex gloves and other latex-containing products. Non-latex glove choices
that have comparable barrier effectiveness to latex should be provided.

* All medical facilities should provide synthetic non-latex gloves for gen-
eral physical examinations, especially for all mucosal examinations
{e.g., oral, vaginal, rectal).

* Non-latex gloves should be used for activities that are not likely to
involve contact with infectious materials (food preparation, routine
housekeeping, maintenance, etc.). Because most serious reactions result
from mucosal exposure to latex antigens, all food preparation services
should use only non-latex gloves to prepare food. (American Academy
of Dermatology, 1998; American College of Allergy, Asthma and Immu-
nology and American Academy of Allergy, Asthma and Immunology,
1997; ANA, 1997; CDC, 1998; NIOSH, 1997; OSHA, 1991, 1994, 1999)

Substitution of synthetic gloves for nrl gloves reduces the exposure of
patients and glove wearers to latex allergens. Synthetic materials are some-
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times superior to latex in resisting permeation by certain chemical agents.
Some synthetic gloves, however demonstrate inferior flexibility, durabil-
ity, and viral barrier penetration properties compared with latex (Komiewicz
and Kelly, 1995; Rego and Roley, 1999).

Other concerns include synthetics’ own potential chemical allergenic-
ity (see chemical sensitivity labeling claims above) because some synthetic
gloves contain chemical additives known as accelerators. The production
and disposal of polyvinyl chloride gloves creates another environmental
hazard, dioxin, a known carcinogen and endocrine disrupter.

Synthetic alternatives to latex include vinyl, polyethylene, polyurethane,
nitrile, neoprene, and tactylon. Table 3.2 presents synthetics with their
advantages and disadvantages.

TABLE 3.2 Glove Materials

Material Composition Advantages Disadvantages

Vinyl Polyvinyl chloride | No protein Moderate flexibility,
allergens; resists limited fit & feel,
acids, alkalies, fat, | fatigues quickly,
alcohols; resists contains irritating
aging chemicals
Increased barrier Not durable
breakdown Environmentally toxic

Nitrile Acrylonitrile and No protein allergens; | Contains sensitizing

butadiene resists cuts, chemicals

abrasions, and Limited feel and
punctures; resists flexibility, slow

solvents better than | memory, aging

latex or neoprene compromises barrier
Comparable viral protection

barrier to latex

Neoprene Chloroprene Resists chiorinated | Reduced elasticity,
solvents, alcohol, limited fit, feel &
alkalies, oil, & flexibility; contains
petroleum sensitizing chemicals

Tactylon Styrene-ethylene, | Tactility, elasticity, | Soluble to some

Butylene-styrene resists oxidation, solvents
no protein or
sensitizing
chemicals
Plastic Polyethylene Lightweight Limited fit, feel, &
flexibility; limited
strength

(Hamann, 1993; Korniewicz and Kelly, 1989. 1995; Rego and Roley, 1999; Sustainable Hospitals Project, 2000).
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SUMMARY

Latex allergy is a disabling, career- and life-threatening occupational ill-
ness affecting hundreds of thousands of health care workers in the United
States. Because the only effective treatment is complete avoidance of latex
exposure, it is necessary to reconsider the use of latex medical products,
especially gloves, for all purposes and to implement institutional and leg-
islative changes to make the environment safe for exposed workers, aller-
gic workers, and patients.

Latex allergy results from the use of products designed to protect the
very health care workers who are sickened. It is important to remember
the principle of “first do no harm” in relation to health care worker health
and safety and implement a policy of testing any new chemical, medicine,
or personal protective equipment prior to its implementation to ensure that
the therapeutic measure does not cause additional problems.
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CHAPTER 4

Ergonomics
Pat Bertsche and Gary Orr

ifying work methods to better fit workers’ capabilities and to pre-
vent work-related musculoskeletal disorders (MSDs), such as back
strain, tendinitis, and carpal tunnel syndrome. An MSD hazard is a phys-
ical risk factor that by itself or in combination with other physical risk fac-
tors has a sufficient level of intensity, duration, and/or frequency to cause
a substantial risk of MSDs. This is particularly true with repeated expo-
sure. Jobs in which the employee’s typical work activities include specific
physical risk factors such as awkward posture; high hand force; contact
stress; highly repetitive motion; or heavy, frequent, or awkward lifting
require hazard analysis. Once a hazard analysis is complete and the root
cause(s) of the risk factors identified, a control strategy needs to be devel-
oped and implemented to prevent or minimize the occurrence of MSDs.
Table 4.1 shows selected data on work-related injuries and illnesses
among various health care providers reported to the Bureau of Labor
Statistics in 1998. Overexertion injuries due to lifting clearly represent the
greatest number of injuries among patient handlers. On May 8, 2000, Mary
Foley, President of the American Nurses Association (ANA), testified in
Washington, DC in a public hearing on the Occupational Safety and Health
Administration’s (OSHA) proposed Ergonomics Program Standard. She
stated: “Recent changes in the health care environment have lowered staffing
levels (downsizing) requiring individual nurses to care for more patients
and with fewer people to assist” (ANA, 2000). Ms. Foley also stated that
between 1994 and 1997 there was an 8.8% increase in the average num-
ber of patients for whom a registered nurse (RN) cared and a 7.2% decrease
in the number of RNs employed.

E rgonomics is the science of designing jobs, selecting tools, and mod-
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TABLE 4.1 Bureau of Labor Statistics: Nonfatal Injuries and Ilinesses Among Health
Care Providers in 1998

Occupation Total Selected exposures or events leading to an
cases injury or illness
Overexertion | Repetitive | Exposure | Assaults
lifting motion to harmful | and violent
substances | acts

Registered nurses | 24,979 | 5,586 513 1,150 1,522
Licensed practical
nurses 10,847 | 3,233 173 635 645
Nursing aides,
orderlies 84,128 | 26,139 647 2,260 5,607
Total 119,954 34,958 1,333 4,045 1,774

It is essential for nurses and other health care providers to understand
ergonomics in order to facilitate the prevention of their own MSDs and
MSDs among the people for whom they have responsibility. This under-
standing will also facilitate a more comprehensive assessment of the needs
of their clients and the development of client care plans, including patient
education in the prevention of MSDs. The purpose of this chapter is to
acquaint the reader with MSD risk factors and control strategies. It is impor-
tant to realize that control strategies vary, depending on the job and type
of industry; however, the risk factors are essentially the same.

MUSCULOSKELETAL DISORDER RISK FACTORS

A combination rather than any single risk factor may be responsible for
the occurrence of MSDs. Therefore, it is important to identify all the work-
related risk factors that may be present in an existing job or a job that is
being designed. The risk factors associated with the occurrence of MSDs
include

1. Awkward Postures. Postures determine which muscles are used in an
activity and how forces are translated from the muscles to the object
being handled. It is important to allow flexible joints like the wrist,
shoulder, neck, hips, and ankles to move. Usually awkward postures
become a concern when there is little opportunity to move (static pos-



Ergonomics 41

tures) or if awkward posture is combined with other risk factors, such

as repetition and forceful exertions. Factors to consider include the

following.

» Greater muscular force is required when awkward postures are used
because muscles cannot perform efficiently.

* Fixed awkward postures (e.g., holding the arm out straight for five
minutes) contribute to rapid muscle and tendon fatigue and joint
soreness.

* Forces on the spine increase as the center of gravity of the torso
extends beyond the feet. Therefore bending forward or backward will
increase the muscle contraction in the back in relation to the degree
of awkward posture.

* Forces on the spine also increase when lifting, lowering, or handling
objects with the back bent or twisted. This occurs because the mus-
cles must handle the body weight in addition to the load in the hands.

. Forceful Exertions. Tasks that require forceful exertions place higher

loads on the muscles, tendons, and joints. As the force increases the

muscles fatigue more quickly. A thorough study by Marras, Davis,

Kirking, and Bertsche (1999) on patient handling activities showed that

many of the lifts and transfers performed by health care workers place

very high forces on the spine. In addition to transfers, repositioning a

patient in bed (where the patient has little ability to assist), even with

two people, places very high forces on the L5/S1 disc. The amount of
force exerted depends upon

* Weight and distribution of the load handled or lifted (bulky loads are
more difficult to lift than compact loads);

* Speed of movement (for higher speed of movement, force capacity
is reduced);

« The friction characteristics of objects handled (the more slippery the
object, the more force required to hold it).

* Vibration through contact with a tool or work surface (localized vibra-
tion from hand tools can increase the grip force requirements);

» The type of grip used: pinch or power. Pinch grips usually place three
to four times more force on the tendons than power grips.

. Repetition or frequency. Repetition refers to the tasks or series of motions

that may be performed over and over again with little variation. If tasks

or motions are repeated frequently (e.g., every few seconds), fatigue
and muscle tendon strain can accumulate, and can result in permanent
tissue damage. Tendons and muscles can often recover from the effects
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of stretching or forceful exertions if sufficient time is allotted between

exertions. Frequent repetition of the same work activities can also exac-

erbate the effects of awkward postures and forceful exertions.

. Duration. Duration refers to the amount of time a worker is exposed to

risk factors. The duration of job tasks can have a substantial effect on

the likelihood of both localized and general fatigue. In general, the
longer the period of continuous work (muscle contraction), the longer
the recovery or rest time required.

. Contact stresses. High contact forces (due to hard or sharp objects such

as desk edges or small diameter tool handles) may create pressure over

one area of the body (such as the forearm, palm of the hand, or sides of
the fingers) that can inhibit nerve function and blood flow.

. Vibration. Vibration is usually divided into two areas: localized (some-

times called segmental) and whole body. Exposure to localized vibra-

tion occurs when a part of the body comes in contact with a vibrating
object, such as a powered hand tool. Localized vibration from hand-
held power tools can increase grip force, reduce blood flow, and pro-
duce symptoms of carpal tunnel syndrome. Exposure to whole body
vibration can occur while standing or seated in vibrating environments
or objects, such as trucks or heavy machinery. Prolonged exposure to
whole body vibration has been associated with back and neck MSDs.

. Cold temperatures. Cold temperatures can reduce the dexterity and sen-

sitivity of the hand, causing a person to apply more grip force to hold

tool handles and objects. There is also evidence that cold tends to exac-
erbate the effects of localized vibration.

. Workplace conditions. Workplace conditions that can cause or influence

the presence and magnitude of MSD risk factors include but are not lim-

ited to the following.

» Poorly fitting gloves. Poorly fitting gloves or tight gloves can reduce
sensory feedback from the fingers and thus result in an increased grip
force being used.

* Obstructions. Obstructions such as bed rails, furniture, and IV stands
that hamper smooth, free lifting and reaching motions, can increase
awkward postures and reaches that result in higher forces required
to accomplish the task. Tight spaces such as small bathrooms and
showers can require employees to bend, twist, or make long or awk-
ward reaches while handling a patient.

* Sranding surfaces. Prolonged standing on hard surfaces increases
back and leg fatigue. Standing on slopes, uneven surfaces, or differ-
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ent levels places stress on the spine and hip. Standing on wet sur-
faces can increase the risk of sudden forces acting against the spine
while trying to prevent slips and falls.

* Prolonged high visual demands. Processing information quickly, mak-
ing decisions rapidly, and visually scanning complicated vital sign
monitors for slight evidence of abnormality can increase fatigue and
increase muscle tension.

* Glare/poor light. Glare (direct and indirect) or inadequate levels of
light can contribute to the occurrence of static (fixed) awkward pos-
tures so that fatigue may set in rapidly. Tasks where adequate light
levels are important include those requiring reading, computer oper-
ations, and inserting catheters or other invasive procedures.

9. Work organization. MSD risk factors can be intensified by work organ-
ization characteristics, such as

* [Inadequate work-recovery cycles. Inadequate work—recovery cycles
may not allow enough time between exertions, and may contribute
to fatigue and overexertion.

* Excessive work pace and duration. Excessive work paces may not
allow enough recovery time between exertions and may contribute
to fatigue and overexertion. Excessive duration, such as overtime
(voluntary and involuntary) and long work shifts, may increase the
exposure to risk factors present in the job, as well as reduce the avail-
able recovery time. Work activities that can be handled in a regular
work shift may not be acceptable for longer periods because of
increased exposure to risk factors and decreased availability of recov-
ery time. Even when adequate work—recovery cycles are implemented,
overtime or long work shifts may increase the risk of MSDs.

* Unaccustomed work. Unaccustomed work may require emplovees to
use muscles for a longer duration or use different muscles, creating
soreness. The soreness can be in the muscles, tendons, or joints.
Usually, it subsides as the employee adapts to the activity.
Unaccustomed work can occur for employees who are new, have
transferred from another job, or are returning from extended absences
(e.g., return from injuries, vacations, or layoffs). Unaccustomed work
can also occur when there is an increase in activity (e.g., increased
production standards or increased hours of work) that may add to the
repetitiveness of the job. This includes dealing with new patients or
patients with different needs, new equipment, malfunctioning equip-
ment and tools, increasing force requirements, repetition due to start-
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ing a procedure over again, or an increase in exposure to vibration
from poorly maintained tools. When the job has risk factors that con-
tribute to MSDs, then the soreness attributable to conditioning may
linger or intensify over time. During conditioning the affected body
parts are gaining strength, flexibility, and endurance needed to per-
form a task. However, the adaptation process has limits. MSDs are
likely to occur when the job requirements exceed the capabilities of
employees, or there is inadequate recovery time.

» Lack of task variability. High levels of routine or similar work load
may increase mechanical load due to lack of changes in posture. Time
pressures can cause hurried movements, resulting in high accelera-
tions. Time pressures can also produce an increase in the number of
cycles of repetitive movements and contribute to static or awkward
trunk postures.

» No control over work pace. When the employee has no control over
work pace, it is reasonable to assume that pace has an amplifying rather
than a mitigating role in the development of unwanted physical and
mental effects (Salvendy & Smith, 1981). Sources of pacing pressure
include coworkers, supervisors, or the need to earn the maximum pay
allowance in an incentive job (Rodgers, 1986). Reward systems that
pay employees extra money for increased time on the job or number
of patients handled may result in fewer recovery breaks and increase
exposure to risk factors, or may influence or cause other risk factors,
such as using long reaches instead of moving to the other side of the
bed, or manual handling instead of using the appropriate equipment.

CONTROL STRATEGIESb

Risk factors can be controlled either in the design of a job or after the work
has started. There are opportunities to provide very effective controls for
a small proactive investment in design. Once the work has begun, reactive
or retrofit changes can still be implemented, but usually require modifi-
cations to the equipment that has been installed. Reactive changes also
require employees to change work patterns. Implementing a change after
habits have been formed requires communication with the employee(s) in
order to be successful. The individual whose job will be changed needs to
know why the change is needed, what will be changed, and the time frame
and consequences of the change. One way to ensure that information is
properly communicated is through employee involvement in the design
and change process.
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When risk factors for MSDs are identified, it is essential to identify con-
trol measures that reduce or if possible eliminate the risk. Traditional clas-
sification of control measures distinguishes between engineering controls
and administrative controls. The opportunities to implement engineering
and administrative controls differ, depending on if the risk factor is asso-
ciated with a new job/process or a existing job/process.

Engineering controls are the preferred method to reduce or eliminate expo-
sure to MSD risk factors. They involve physical changes to the workstations,
equipment, and facility, such as the installation of ceiling-mounted lifts or
any other relevant aspect of the work environment to reduce or eliminate
risk factors. Engineering controls are typically permanent controls.

Administrative controls are procedures that significantly limit daily
exposure by control or manipulation of the work schedule or manner in
which work is performed. Administrative controls require the employer to
periodically audit the job to ensure that the controls are used. These exam-
ples in the health care setting include lifting teams for all patient transfers,
adequate staffing levels, and employee training in lifting techniques and
proper body mechanics.

Table 4.2 lists controls that have been used in health care settings to
eliminate or reduce MSD risk factors.

SUMMARY

Musculoskeletal disorders such as back strain, tendinitis, and carpal tun-
nel syndrome are significant problems in the workplace today. Risk fac-
tors that can cause or contribute to these disorders were described in this
chapter, in addition to the types of ergonomics controls currently available
to reduce or minimize such disorders. Health care professionals must have
an understanding of these risk factors and control strategies to prevent
MSDs among themselves and to assist their clients in the prevention of
these potentially disabling conditions. Jobs need to be designed and mod-
ified to match the capabilities of the employees who perform them.
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TABLE 4.2 Controls for musculoskeletal disorder risk factors that have been applied
in the health care industry

1. Controls for lateral transfers—iransferring a patient from one horizontal position
to another—{e.g., bed to gurney)

Lift sheet

This may be a strong draw sheet preferably with handles. A
trained person is on each side of the patient. The sheet is lifted
or pulled up in a bed or pulled over to a gurney. These should
be used in conjunction with a friction reducing device.

Roller board/
roller mat

The board is approximately 6 feet by 2 feet, some have rollers
with a vinyl covering. The bed and gurney are pushed together
and the board is placed between them. The patient is positioned
on the board and rolled onto the gurney. The employees use a
push/pull technique rather than a lift.

Slide board or
beasy board

The patient is positioned onto the board (approximately

6 feet x 2 feet), then the board is pushed/pulled onto the new
location. The board can be used in combination with a lift
sheet. Air assisted sliding boards are also an option.

Flat gurneys with
transfer aids

Height-adjustable gurneys are available with mechanical means
of transferring a patient on and off a stretcher. Some are
motorized, while others use a hand crank.

Transfer mats

Two low friction mats are used. One mat is slid under the
shoulders and the other mat under the hips. Straps secure the
mat to the patient. The mats are pulled to the new position,

Jordan frame

A metal frame is assembled around the patient. Plastic slides
are moved under the patient and attached to the frame.

Convertible
wheelchairs

Some wheelchairs can be converted into gurneys.

Inflatable mats

Air mats are placed under the patient, then inflated. The mat
uses air to reduce friction so that the transfer force is greatly
reduced.

Mechanical
transfers

A small motorized device is used to pull the patient and draw
sheet onto the bed or gurney.

. Controls to move between sitting and standing—patient is cooperative and can

bear weight

Chairs that lift

The chair is equipped with a lift. When the lift is activated
the chair slowly raises upward and tilts forward. The chair is
stationary.

Lift cushions

A spring action lift cushion can be placed on any chair that has
a hard seat. A lever activates the spring lift to assist the patient
out of the chair.




Ergonomics 47

TABLE 4.2 (continued)

Gait belt

A belt (about 2 inches wide) is fastened securely around the
patient’s waist so that it does not slide up when the employee
pulls the belt. The belt does not have handles, so the employee
grips the belt to pull or lift the patient

Posey belt or
lower

walking belt with
handles

The belt (about 4 inches wide) is fastened snugly around the
abdomen (hip area). The employee grips the handles to puli the
patient to a standing position. The handles should allow the
employee to obtain a comfortable secure grasp. Employees
should be taught to rock and pull, and not lift, while using

the belit.

Wheelchairs with
removable armrest

Patient does not have to be lifted over the armrest. The wheel-
chair should also have a swing out footrest.

Patient transfer
sling

The sling (about 8 inches wide, 20 inches long) has cutouts in
the material for hand holds. Some slings have rings attached for
the employee to grip. One side of the sling is textured to
increase the grip on the patient. The sling is tucked securely
around the patient with the bottom of the sling at the hip, but
the sling is not fastened to the person.

Pivot disc

For the patient who can assist in moving, the pivot disc is used
to rotate the person 90 degrees. The disc is placed on the floor
so the patient can stand on the disc and turn to be seated in a
chair or bed,

Sit/stand lift assist

This hoist can be used to assist the employee in transfers
to/from a seated position.

HI. Controls to reposition—patient with upper body strength

Slide boards

The board enables the patient who has upper body strength to
slide from one location to another. The board is rectangular
with a smooth slippery surface for ease of transfer.

Hand blocks

The patient uses hand blocks to lift high enough off the
mattress to reposition on the bed or chair.

Push-up bar

Through the use of this bar the patient can lift up for
repositioning or move to a standing position. The bar can be
positioned behind the patient to push up in bed or ease into a
seated position

Trapeze bar

The trapeze bar is suspended from an overhead frame.
The patient can grasp the bar to reposition in bed.

{continued)
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TABLE 4.2 (continued)

IV. Controls for toileting and bathing

Hip lifter An inflatable lift is positioned under the hips of the patient
and can be inflated with a pump. The hips are elevated so a
specially designed bedpan can be positioned.

Bath boards The board is level with the bath and allows the patient to move
between a wheelchair and the tub or hand held shower.

Toileting/shower A heavy chair with a padded removable seat. The seat is

chair adjustable and the arms are removable to improve access during

lifting. The chair rolls and has brakes, and comes with a safety
belt. The chair must be able to fit over the toilet.

Shower cart The shower cart can be wheeled next to the bed and the patient
transferred with a lift sheet or sliding board. The patient can be
showered, dried, and dressed at a level conducive to good
posture and then returned to bed.

Height adjustabie At the lowest setting, the bath can be utilized by independent
bath patients. The height can be adjusted so the employee can stand
while bathing the patient.

Sit/stand lift assist | The sit/stand lift assist allows patients with some upper body
strength to be moved from a sitting position to a standing
position with mechanical assistance. The 1ift assist supports the
patient while the employee prepares the patient for toileting or
the shower.
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CHAPTER 5

Health Care Without Harm:
A Case Study in Advocacy
Charlotte Brody

are taught how to lay out a recommended course of action for patients

and how to follow up on that recommendation. But how do we adjust
those advocacy skills when the patient is an asthmatic child whose attacks
are triggered by air pollution? What is the role of the nurse advocate when
the patient is a pregnant womon who is eating mercury-contaminated tuna
that can impact the nervous system development of her baby? To solve the
environmental health problems described in this book, nurses need to adapt
their advocacy skills so they are not only working to change their patients’
behaviors, they are working to change the behaviors of the larger society.

Changing society is never easy. Our culture and our political system
have the same properties of inertia as does all physical matter. Without an
external force, polluting industries will continue to pollute, dangerous pes-
ticides will still be sprayed, and latex gloves will continue to cause aller-
gies. Nurses can be the external force that overcomes inertia and gets
society moving toward products and practices that protect human health
and the environment.

One example of nursing advocacy for environmental health is Health
Care Without Harm (HCWH): The Campaign for Environmentally
Responsible Health Care. This international campaign aims to eliminate
pollution in health care practices without compromising safety or care.
Since its inception, nurses and nursing organizations have been leaders
of the HCWH effort. In this chapter, examples from its Campaign will
illustrate the six basic steps for all nursing advocacy for environmental
health.

In nursing school, we learn how to be advocates for our patients. Nurses
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STEP ONE: FIGURE OUT WHAT YOU WANT:
SET AND CLEARLY STATE YOUR ADVOCACY GOALS

In 1996, the 28 founding organizations of the HCWH coalition agreed to
work together to transform the health care industry so it was no longer a
source of environmental harm by eliminating the nonessential incineration
of medical waste and phasing out the use of polyvinyl chloride plastic
(PVC) and mercury. These are very big goals, but because they were clearly
stated, the size and scope of HCWH’s goals were not overwhelming. The
goals spelled out who HCWH was trying to change and what change we
were seeking. That clarity has been a big reason for HCWH’s growth. In
four years, more than 290 nursing, hospital, medical, environmental, health
impacted, social justice, labor, and religious organizations in 26 countries
have joined the campaign.

THE FIRST STEP IN GOAL SETTING: DESCRIBE THE PROBLEM

How can you determine what you want? Start by understanding the prob-
lem you want to address. For the people who started HCWH, the problem
in 1996 was that, according to the U.S. Environmental Protection Agency
(EPA), medical waste incineration was the leading source of dioxin, a toxic
chemical linked to cancer, birth defects, and endometriosis. HCWH’s
founders learned that medical waste incineration was a large source of
mercury pollution as well. Mercury and dioxin were coming out of incin-
erators’ smokestacks because the medical waste being burned included bro-
ken mercury-filled thermometers and sphygmomanometers and products
made with chlorine, including polyvinyl chloride plastic. The mercury and
dioxin from medical waste incinerators lands on grazing land and in water
and gets taken up by grazing animals and fish. When we eat fish contam-
inated by mercury or drink milk contaminated by dioxin we end up with
the mercury and dioxin in our bodies. So the problem is mercury and dioxin
in our food and in our bodies that comes in part from the purchasing and
waste disposal practices of the health care industry. Knowing all of this,
the founding members of HCWH could have set a goal of getting mercury
and dioxin out of us and out of our children. But that goal does not tell
what entity you are trying to change and what change you are seeking.

THE SECOND STEP IN GOAL SETTING: FIND POSSIBLE SOLUTIONS

Before you can decide what change you are seeking, you have to do more
than understand the problem. You have to determine what available and
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achievable solutions exist. The founding members of HCWH learned about
Hollie Shaner, a registered nurse in Vermont who had helped her hospital
minimize its medical waste through aggressive waste segregation, reuse,
and recycling. They learned about hospitals that had found safe and cost-
effective ways to handle medical waste without incineration. HCWH
researchers found a few hospitals that were phasing out the use of mer-
cury-containing products and a wide array of alternative products that did
not contain mercury, PVC, or other toxic chemicals. HCWH developed its
campaign around the successful experience of these environmentally inno-
vative, solution-oriented individuals and institutions.

Somewhere, someone is developing innovative solutions for every envi-
ronmental health problem. European countries often have adopted more
environmentally progressive practices than we have. Before you set your
goals, do the investigative research work to determine the availability and
range of solutions to the problem you want to address. Once you know
what is possible, it will be much easier to achieve clarity on developing
advocacy goals that set out what you want to achieve.

STEP TWO: DETERMINE WHICH PEOPLE CAN GIVE YOU
WHAT YOU WANT

Advocacy goals describe a vision of institutional change: schools with win-
dows that open or drinking water that is free of pesticide runoff from agricul-
tural land upstream. In the second step to nursing advocacy for environmental
health, you determine which people have the power to make your vision a
reality. These people become your potential focal points or targets.

Brainstorming is one good way of coming up with a list. For HCWH,
the list of potential targets includes

* hospital administrators

* hospital purchasing officers

* hospital waste specialists

* religious denominations that run hospitals

* nurses

* physicians

* nursing schools and medical schools

* patients, especially those with environmentally linked disease

» waste handling firms

» U.S. EPA officials who set environmental limits on medical waste
incineration
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*» state officials who administer the regulations on medical waste incinerators
* JCAHO, the entity that accredits hospitals

» the FDA, which approves medical products

* medical device manufacturers

» stockholders of health care organizations and medical device manufacturers
* Medicaid administrators

All of these potential targets are decision makers in health care. All of
them have the ability to help eliminate the pollution in health care practices.

STEP THREE: DETERMINE WHAT IT WILL TAKE TO GET
WHAT YOU WANT

In every advocacy effort, there are going to be different routes of action
to get you to the same goal. You’ll always be able to come up with more
than one target, more than one set of people who can give you what you
want. But choosing which target or targets to focus your efforts on depends
on your best assessment of what advocacy actions will be necessary to per-
suade each of the possible targets to do what you want them to do. One
way to move through step three is to go through your list of possible tar-
gets and ask, “How do we convince this target that this advocacy effort is
in their self-interest?” For elected officials, the self-interest might mean
getting public recognition for doing something good for the community.
For a group of parents, it could be an improvement in their children’s health.
For a corporation it might mean increased sales or preventing a decrease
in sales. Once you’ve attached necessary advocacy actions to each target,
you can put your targets in order, with the ones that require the fewest or
easiest advocacy actions first.

In HCWH, we determined that medical device manufacturers would
make more environmentally safe products when their customers signaled
that they wanted to purchase those products. But to do that we needed to
have enough resources to move medical device purchasers. That meant,
for example, that Becton-Dickenson, the largest manufacturer of mercury
fever thermometers, could only become a viable target after HCWH had
successfully moved two other targets: health care institutions that used
mercury-containing devices and pharmacy retailers that sold mercury fever
thermometers. After HCWH received pledges from more than 600 hospi-
tals and clinics to phase out the use of mercury and after the United States’s
largest retailers, including Wal-Mart, K-Mart and Albertson’s, announced



Health Care Without Harm 55

that they would no longer sell mercury fever thermometers, Becton-
Dickenson announced that they would end the production and sale of mer-
cury fever thermometers (Washington Post, September 27, 2000).

STEP FOUR: MATCH YOUR RESOURCES TO YOUR
TARGETS’ NEEDS

Once you’ve completed step three, you’ll have determined what each pos-
sible target needs in order to be persuaded to do what you want them to
do. Now you have to figure out what you are capable of delivering.

Determine your current capabilities by performing a self-assessment.
Doing an accurate self-assessment of an individual or a group can be very
difficult. It will be easier if you start with the questions that have quan-
tifiable answers.

* How many people can you identify who are currently committed to solv-
ing your advocacy goals?

» How many hours can each of these people spend every month towards
reaching these goals?

* What skills/ experience/ connections do each of these people bring to
the effort to reach these goals?

* How much money is committed toward achieving these goals?

Once you have the answers to these quantifiable questions, consider:

» How many people can you reasonably say you represent? What basis
do you have for that number?

* How well can you explain the problem you want to address?

¢« How well can you describe your solution?

* Do you have enough information to answer difficult questions?

* Do you have independently verifiable statistics and news stories that
help you make your case?

* Do you have written materials that describe the problem and the solu-
tion and recruit people to your advocacy effort?

Once you’ve written down the answers to these questions, you have a
description of your current advocacy resources. Now go back and look at
the list of targets. Do you have everything you need to perform the advo-
cacy actions necessary to convince the easiest of these targets that your
goals are in their self-interest? If you do, then get started advocating! But
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for almost every advocacy effort to create social change, you’ll find that
you have to organize.

According to Webster’s Dictionary, organizing means “uniting in a body
or becoming systematically arranged.” When HCWN got started in 1996,
there were 28 small nonprofit organizations willing to “become systemat-
ically arranged” toward the goal of an environmentally responsible health
care system. But our self-assessment revealed that we needed the involve-
ment of many more health care professionals, health care institutions, reli-
gious organizations, environmental groups, and health-impacted people
before HCWH could begin to achieve its goals. So we spent over a year
on outreach and educational activities aimed at recruiting enough addi-
tional groups into HCWH so we could begin to influence the campaign’s
targets.

STEP FIVE: ORGANIZE TO GAIN ENOUGH RESOURCES TO
MOVE YOUR TARGETS

How do you organize? First, you have to have something to organize around.
But you’ve already got that because you’ve set your advocacy goals. Second,
you need to know who you want to organize. That will come from figur-
ing out what resources you need before you have enough advocacy resources
to convince your first target to do what you want it to do. So now that
you’ve determined whom you need to organize, you start organizing by
reaching out to those individuals and groups. Organizing is done by talk-
ing and listening. Talking and listening doesn’t mean giving people a lec-
ture and then listening for their applause. It means respectfully asking
people if you can take their time to describe your advocacy effort, listen-
ing to the stories they have to tell you in response, finding out what con-
nects your concerns to their past experience and future aspirations, and
noting other issues they may bring up in the course of the conversation.

As you talk and listen in your effort to amass the resources you need to
achieve your goals, you will learn things that help you refine your advo-
cacy goals. In its first year, as HCWH representatives talked and listened,
we learned how hospitals purchase through group purchasing organiza-
tions. We learned that among the alternatives to polyvinyl chloride plas-
tic or PVC is latex, a material that causes severe allergies in many health
care workers and patients. We learned that medical devices made of PVC
also contain a softening plasticizer called DEHP that can leach out of the
PVC and into the patient. All of this information was used to refine HCWH’s
strategic targeting.
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STEP SIX: CREATE A STRUCTURE THAT SYSTEMATICALLY
ARRANGES PARTICIPANTS TO MAKE CHANGE

You have goals. You have targets and you know what you need them to do
to achieve the goals. After assessing your capacities and figuring out what
resources you were missing, you have organized and acquired those
resources. Now you need a structure that enables the individuals and groups
that are part of your advocacy effort to use their skills and expertise most
effectively to move targets toward the goals.

While there is no single structure that works best for every advocacy
effort, there are some general rules that always apply.

1. Just like targets, participants in advocacy efforts act out of self-interest.
That self-interest might be a safer job, or more friends, or greater recog-
nition of their skills. But your advocacy effort will only grow if the indi-
vidual participants in it feel that they are directly benefiting from their
involvement.

2. Give people something they can do. Then thank them for doing it. Many
advocacy efforts fail because people who care about the issue are not
linked with an effective advocacy action that they can reasonably be
expected to take.

3. Don’t expect everyone to do the same thing. Create a structure that
allows a diverse group of people to use their own skills and experience
to win change.

In Health Care Without Harm, some participating organizations imple-
ment HCWH goals in their own institution or community. Others are
involved in national and international aspects of the campaign. Some mem-
ber organizations focus their efforts on one aspect of the campaign, such
as fighting incineration or helping hospitals phase out the use of mercury.
One HCWH member organization may only feel comfortable educating
their members about the environmental health problems linked to the health
care industry and the possible solutions to these problems, while another
member organization may take the lead in working with the international
manufacturers of intravenous systems to find alternative materials to PVC.
The HCWH campaign works to create printed and web-based materials
that clearly spell out what member organizations and their representatives
can do and to acknowledge and celebrate the participation of each group.

In Health Care Without Harm’s first four years, hundreds of medical
waste incinerators have closed, while the market for new incinerators has



58  The Environment and the Health Care Workplace

dried up. Major pharmacy chains in the U.S. (Walmart, K-Mart, Rite Aid,,
Albertson’s, Walgreens) have agreed to stop selling mercury thermome-
ters at all their outlets. Becton-Dickenson, the largest U.S. manufacturer
of thermometers, has announced its decision to end production of mercury
containing thermometers. More than 600 hospitals and clinics nationwide
have taken the HCWH pledge to go mercury-free; the campaign is work-
ing with many of these institutions to implement this pledge. Baxter
International, the world’s largest manufacturer of IV systems, has agreed
to phase out its global line of PVC IV systems over the next several years.
Major health care providers and group purchasing organizations (Kaiser
Permanente, Universal Health Services, Cardinal) have taken major steps
towards the phase-out of PVC products.

These accomplishments move our society towards Health Care Without
Harm’s goal of eliminating pollution in health care practices without com-
promising safety or care. But all of HCWH’s accomplishments will only
be sustained over time if there are hundreds of other equally successful
advocacy efforts toward an environmentally healthier world. The model
of Health Care Without Harm shows that you can advance positive change
by combining the six basic steps for all nursing advocacy with hard work,
creative collaboration, and a healthy dose of luck.

REFERENCE
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CHAPTER 6

Toxicology

Barbara Sattler

oxicology is an essential science to environmental health. A tradi-

tional definition of toxicology is the study of poisons or the science

that investigates the adverse effects of chemicals on health. The
dose-response relationship is a fundamental concept in toxicology, some-
times stated as “the dose makes the poison.” Knowledge of the dose—
response relationship can establish causality that a chemical has induced
certain effects, establish the lowest dose at which the effect occurs (also
known as the threshold effect), and determine the rate at which the injury
may occur, as depicted by the slope of the dose-response curve.

In toxicology, understanding the host factors is equally important. As
noted in chapter 19, on children’s environmental health, the embryo, fetus,
and child have distinct vulnerabilities to toxic chemicals based on their
host factors, including, among others, physiologic immaturity, hand-to-
mouth behavior, and higher metabolism. Toxicity refers to the strength of
the poison or the ability of the chemical to damage an organ system, to
disrupt a biochemical process, or to disturb an enzyme system. Some chem-
icals are more toxic than others. For example, milligram for milligram,
morphine is more toxic than aspirin.

The terms toxicant, toxin, and poison are often used interchangeably
in the literature. A toxic agent is anything that can produce an adverse
biological effect. It may be chemical, physical, or biological in form.
Toxic agents may be chemical (such as cyanide), radiological (such as
radon), and biological (such as mold). Elements can be toxic, such as
chlorine, lead, mercury, or arsenic. Chemical compounds or mixtures can
be toxic. Methylmercury is a mercury compound that is highly toxic.
Diesel exhaust is a chemical mixture that contains many toxic elements
and chemical compounds.
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Nurses and other health care providers do not typically learn toxicol-
ogy in their basic education. However, all nurses learn basic pharmacol-
ogy. Toxicology is very similar to pharmacology. The distinction is that
pharmacology is the study of the effects of a subset of chemicals called
drugs. In pharmacology, both the beneficial effects and the unintentional
side effects (toxic effects) of the drugs are studied. Toxicologists study
only the negative effects of exposures to chemicals, radiation, or biologi-
cal toxicants. To assist the nurse in understanding the basic principles of
toxicology, a side-by-side comparison of pharmacology and toxicology
terms and concepts is presented in Table 6.1.

The dose-response curve is the graphic depiction of the dose-response
relationship. It is typically a sloping “S-shaped” curve, with increasing
doses of the toxic agent on the x-axis and the body response on the y-axis
(Fig. 6.1). When toxicity studies are being implemented, the scientist is
looking at one specific response at a time, such as changes in a liver enzyme,
increase in blood pressure, or changes in cognition. For any given effect,
a dose-response curve is created. At the lowest doses no response may be
observed. This level is referred to as the *No Observed Effect Level”
(NOEL) or sometimes referred to as the “No Observed Adverse Effect
Level” (NOEAL). These levels are important when setting health-based
standards for environmental pollution such as contaminant levels in our
drinking water.

The threshold level refers to the amount of a substance necessary to
elicit a response, below which there is no response. There may be evidence
of increasing effects as the dose is increased; however at the highest doses
the effects may have already been elicited with a lower dose. For car-
cinogens, there is not a threshold—any amount of a carcinogenic chemi-
cal may elicit a response because it can damage the DNA, thus creating
the conditions for cancerous proliferation.

Carcinogenicity is a common toxic endpoint that scientists study.
However, the Environmental Protection Agency (EPA) has found that of
the approximate 3,000 chemicals produced in the United States, at an
annual volume of at least one million pounds, only 7% have been fully
evaluated for toxicity, and a much smaller percentage has been examined
for carcinogenicity (see www.epa.gov). For these reasons, animal studies
and in vitro testing have played an increasingly critical role in determin-
ing the carcinogenic potential of environmental agents. In addition, the
technique of analyzing structure relations for chemical configurations that
are similar to known carcinogens allows for the early identification of
potential carcinogens that can be further tested.
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TABLE 6.1 Comparison of Basic Concepts in Pharmacology and Toxicology

Pharmacology Toxicology

Pharmacology is the scientific study of Toxicology is the science that investigates

the origin, nature, chemistry, effects, the adverse effects of chemicals on

and use of drugs. health.

Dose refers to the amount of a drug Dose refers to the amount of a chemical

absorbed from an administration. absorbed into the body from a chemical.

A drug can be administered one time, Exposure is the actual contact that a

short-term, or long-term. person has with a chemical. Exposure
can be one-time, short-term, or
long-term.

A dose-response curve graphically A dose-response curve describes the

represents the relationship between relationship of the body’s response

the dose of a drug and the response to different amounts of an agent

elicited. such as a drug or toxin.

Roots of administration: oral, IM, 1V, Routes of entry: ingestion, inhalation,

dermal, topical, etc. dermal absorption.

With drugs there are therapeutic In toxicology, only the toxic effects are

responses (desirable) and side effects of concern. Toxicity is the ability of a

(undesirable). Beyond the therapeutic chemical to damage an organ system,

dose, a drug may become toxic. to disrupt a biochemical process, or to
disturb an enzyme system.

Potency refers to the relative amount The roxicity of a toxic chemical refers

of drug required to produce the to the relative amount it takes to elicit

desired response. a toxic effect compared with other
chemicals.

Biological monitoring is done for some Biological monitoring is done for some

drugs: clotting time is monitored in toxic exposures, such as blood lead

patients on anticoagulants like coumadin. levels or metabolites of chemicals,

Actual drug levels are measures for some | such as cotines for environmental

drugs, such as digoxin. tobacco smoke exposures.

B. Sattler, 1998, Curriculum materials for the Environmental Health Faculty Development Workshop.

The International Agency for Research on Cancer (IARC), an agency
of the World Health Organization, serves as a clearinghouse for informa-
tion on research about the human carcinogenicity of agents. In 1969, IARC
initiated a program to evaluate the carcinogenic risk of chemicals to humans
and to produce monographs on individual chemicals. IARC has established
standardized criteria for the classification of chemical carcinogens based
on human, animal, and in vitro data. IARC designates chemicals and
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processes as human carcinogens (Group 1), probable human carcinogens
(Group 2A), and possible human carcinogens (Group 2B). Group 2A chem-
icals reflect limited evidence in humans and sufficient evidence in ani-
mals, and Group 2B chemicals reflect limited evidence in humans without
sufficient evidence in animals, or sufficient evidence in animals without
any human data. Of the 750 chemicals, industrial processes, and personal
habits that IARC has evaluated to date, Group 1 contains 50 and Group 2
contains almost 250. Several other systems for classifying carcinogens
exist, including the National Toxicology Program (NTP). The NTP, head-
quartered in the National Institute of Environmental Health Sciences
(NIEHS), develops and maintains the U.S. federal government’s official
list of known or “anticipated’ human carcinogens. This list contains 198
substances. The IARC classifications are taken into account and incorpo-
rated into the risk assessments when environmental standards are prom-
ulgated. For additional information, IARC’s web site is www.iarc.fr.
Virtually all toxicity studies use in vitro models (cell lines) or in vivo
models using animals, commonly mice. For ethical reasons, human stud-
ies are only sanctioned for therapeutic drug testing. Therefore, the data on
which we base our health standards for environmental pollution are derived
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by extrapolating or making our best estimate about the potential effects on
humans after researching the effects on animals. Extrapolation is not an exact
science and the policy-making activities are further complicated by the often
complex economic and political implications of setting a standard.

It is important to understand some of the complexities that toxicologists
face in making extrapolations to humans. For example, when mice are
studied, the mice are from a single genetic line. This means that every
mouse in the study is genetically identical to the others. The toxicologist
first determines the effect that he or she wants to observe, then introduces
the toxic chemical. The chemical can be placed in the food or water for
ingestion, in the air for inhalation, on the mouse’s skin for dermal absorp-
tion, in the eyes, or injected intramuscularly or intravenously. The dose is
then adjusted up and the observations are made. A dose~response curve is
then plotted. During this experiment, it is extremely important to control
for all other variables. As such, the air quality and temperature, food and
water quantity and quality, exercise/rest cycle, and other variables are all
controlled. Also, scientists typically look at adult mice during toxicolog-
ical experiments and seldom look at mixtures or combinations of mixtures.
Once again, the results of the experiments are often extrapolated to pre-
dict the human effects. Immediately, one can see the potential for prob-
lems with such extrapolation.

Except for identical twins, humans are not genetically identical. They are
richly diverse. Their diversity expands far beyond their genetic makeup.
They eat differently, in quantity and quality, and they come in many dif-
ferent shapes and sizes—some quite thin and some quite heavy. Some peo-
ple use pesticides in their homes, some do not; some homes have smokers,
others do not. Despite the fact that humans are most likely to be exposed
to mixtures of chemicals, an overwhelmingly large portion of the toxico-
logical and occupational research to date deals with single, pure chemi-
cals (Yang and Yang, 1994). Some people are healthy, some are not; some
take no medication, some take many. People have vastly different exercise
regimes; during exercise metabolism increases. Depending on where they
live, people may have few environmental exposures or many. These addi-
tional medicines, chemical additives in diet, and/or environmental poilu-
tants may have additive effects, potentiating effects, or antagonistic effects
with the toxic chemicals for which standards are set. And, of course, humans
come in all ages. These are but a few of the variables that cannot be con-
trolled in human populations that may affect the host—response relation-
ship and therefore the power and precision of extrapolation.



66 Environmental Health Basics

One of the ways extrapolated data are used by the EPA when setting
standards, is by creating a reference dose (RfD). A reference dose is the
amount of a toxic chemical that is NOT likely to elicit an effect. The ref-
erence dose is based on a predicted lifetime exposure by oral delivery
(unless otherwise noted). It is measured in milligrams per kilogram of body
weight per day. The research on which the reference doses are based
involves single chemicals, usually in pure form, and a simple matrix. The
actual effect of exposure of populations to complex mixtures, by multiple
routes and in multiple matrices, is poorly understood.

It is now possible to identify biochemical and/or cellular changes in
humans caused by exposure to an environmental toxin, These changes are
called biomarkers and are currently used in research studies to identify
individuals exposed to specific toxic substances. Advances in the field of
biomarker technology may have important implications for the detection,
prevention, and treatment of disease. A variety of technical advances have
enabled scientists to identify specific changes in humans at the molecular
and cellular levels that are secondary to exposure to a particular environ-
mental toxin. Alterations to DNA, changes in protein structure, metabo-
lites in urine or blood and other “footprints” of toxic exposure can now be
recognized and are being used as research tools in molecular epidemiol-
ogy to identify and track toxic exposures (Lubin and Lewis, 1995).

Occupational and environmental health-based standards are set to pro-
tect a 70 kg (approximately 160 1b), white, otherwise healthy, middle-aged
male. This presents a problem in ensuring protection of the old, young,
frail, and unborn. In 1996, Congress recognized the problem inherent in
setting standards to protect the healthy middle-aged male when they passed
the Food Quality Protection Act (FQPA). This act came on the heels of an
Institute of Medicine report that criticized the level of protection offered
to children from pesticides on food. Congress called for significant changes
in the paradigm for health protection. Table 6.2 includes some of the direc-
tives mandated by Congress that are directly related to the toxicology of
pesticide-associated pathology (dose, duration, host factors) and the pro-
tection of infants and children.

The vast majority of the 72,000 chemicals currently used in commerce
(excluding food additives, drugs, cosmetics, and pesticides) have not been
tested for their effects on human health.

The effects of drugs and hazardous chemicals can be immediate (acute),
long-term, or can present after a latency period, often associated with
cancer outcomes. Host factors must be considered when looking at ther-
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TABLE 6.2 Food Quality Protection Act of 1996

Health-based standard: A new standard of a reasonable certainty of “no harm” pro-
hibits taking into account economic considerations when children are at risk.

Additional margin of safety: The EPA is required to use an additional ten-fold mar-
gin of safety when there are adequate data to assess prenatal and postnatal develop-
ment risks.

Account for children’s diet: Age-appropriate estimates of dietary consumption must
be used in establishing allowable levels of pesticides on food to account for children’s
unique dietary patterns.

Account for all exposures: Ia establishing acceptable levels of a pesticide in food, the
EPA must account for exposures that may occur through other routes, such as drinking
water and residential application of the pesticide.

Cumulative impact: The EPA must consider the cumulative impact of all pesticides
that may share a common mechanism of action.

Tolerance reassessments: All existing pesticide food standards must be reassessed
over a ten-year period to ensure that they meet the new standard to protect children.

Endocrine disruption testing: The EPA must screen and test all pesticides and pesti-
cide ingredients for estrogen effects and other endocrine disruptor activity.

Registration renewal: A 15-year renewal process is required for all pesticides to
ensure that they have up-to-date science evaluations over time.

apeutic drugs or hazardous chemicals. Such factors as age, sex, weight,
drugs that the person may be taking, or pregnancy status may affect the
therapeutic or toxic effect of a drug or a chemical. Medicinal drugs are
taken voluntarily and for the most part under the supervision of a licensed
health care provider. Hazardous chemical exposures are almost always
involuntary. The regulatory process by which a drug comes to the mar-
ket includes several stages, starting with animal testing and moving slowly
and carefully on to human testing. The regulatory process for hazardous
chemicals that are not foods, drugs, cosmetics, or pesticides does not
require any original toxicological testing. As such, many of our house-
hold products, school art supplies, and commercial products have had
little or no testing.

The resources for information about drugs include the Physicians Desk
Reference (PDR), Poison Control Centers, and the National Library of
Medicine’s Grateful Med (PubMed). For toxic chemicals, Poison Control
Centers can be a good source of information. The National Library of
Medicine is excellent and has a substantial holding of information that is
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accessible via the web in a user-friendly format, including a self-paced
toxicology tutorial (see web site: www.toxnet.nlm.nih.gov). The major
databases are defined below.

NATIONAL LIBRARY OF MEDICINE

For Toxicology Data
(Factual information on toxicity and other hazards of chemicals)

Hazardous Substances Data Bank—Broad scope in human and
HSDB animal toxicity, safety and handling, environmental fate, and

more. Scientifically peer-reviewed.

Integrated Risk Information System—Data from the Environmental

IRIS { Protection Agency (EPA) in support of human health risk assessment,

focusing on hazard identification and dose-response assessment.

Chemical Carcinogenesis Research Information System—Carci-
CCRIS nogenicity, mutagenicity, tumor promotion, and tumor inhibition

data provided by the National Cancer Institute (NCI).

GENE-TOX | GENE-TOX—Peer-reviewed mutagenicity test data from the EPA.

For Toxicology Literature
(Scientific studies, reports, and other bibliographic material)

Extensive array of references to literature on biochemical, pharma-
TOXLINE | cological, physiological, and toxicological effects of drugs and other
chemicals.

Environmental Mutagen Information Center-—Current and older lit-

EMIC . R
erature on agents tested for genotoxic activity.

Developmental and Reproductive Toxicology and Environmental
DART/ETIC | Teratology Information Center—Current and older literature on devel-
opmental and reproductive toxicology.

For Toxic Release Information (Annual estimated releases of toxic chemicals io the
environment—the Environmental Protection Agency’s TRI (Toxics Release Inventory)

TRI Toxics Release Inventory—reporting years 1995-1998.
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For Chemical Information (Nomenclature, Identification, Structures)

Numerous chemical synonyms, structures, regulatory list informa-
ChemIDplus | tion, and links to other databases containing information about the
chemicals.

HSDB

2D structural information on the HSDB chemicals.
Structures

2D and 3D information compiled by the National Cancer Institute,

NCI-3D and augmented by MDI.

TOXNET is sponsored by the National Library of Medicine, through the Toxicology and Environmental Health
Information Program of its Specialized Information Services Division: (www.nlm.nih.gov).

National Library of Medicine Toxline Subfiles (Toxnet, 2000) include:

Toxicity Bibliography

Toxicological Aspects of Environmental Health
International Pharmaceutical Abstracts
International Labour Office

Hazardous Materials Technical Center
Environmental Mutagen Information Center
Development and Reproductive Toxicology
Environmental Teratology Information Center
Toxicology Research Projects

Pesticides Abstracts

Toxicology Document and Data Depository
NIOSHTIC

Poisonous Plants Bibliography

Aneuploidy

Epidemiology

Epidemiology Information System

Federal Research in Progress

Toxic Substances Control Act Test Submissions
RISKLINE

The National Toxicology Program {NTP) was established by the U.S.

Department of Health and Human Services to coordinate toxicology research
and testing activities within the Department, to provide information about
potentially toxic chemicals to regulatory and research agencies and the


www.nlm.nih.gov
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public, and to strengthen the science base in toxicology. It has several tox-
icology activities and is administered by the National Institute of
Environmental Health Science (see http:/ntp-server.niehs.nih.gov/).

PRECAUTIONARY PRINCIPLE

With thousands upon thousands of chemical compounds now creating a
chemical soup in our air and water (in our bodies, in our breast milk), it
is increasingly difficult to prove specific hypothesis regarding the rela-
tionship of exposure to a singular chemical and disease outcomes in humans.
1t has been suggested that we adopt a “precautionary approach” when ani-
mal research and other indicators demonstrate a possible toxic relation-
ship between a chemical and health effect. See Box 6.1 for the Wingspread
Statement on the Precautionary Principle. This “precautionary approach”
calls for action to reduce potentially toxic exposure to humans in light of
data or other indicators, rather than delaying until more “conclusive” stud-
ies are performed. As nurses who are trained in disease prevention, we can
appreciate and should advocate for a precautionary approach when it may
prevent injuries or illnesses.

Box 6.1 Wingspread Statement on the Precautionary Principle

In 1998, an international group of health and public health profes-
sionals, scientists, government officials, lawyers, grass roots activists
and labor activists met at a conference center called “Wingspread”
in Wisconsin to define the “precautionary principle.” The group issued
the following consensus statement:

“The release and use of toxic substances, the exploitation of resources,
and physical alterations of the environment have had substantial unin-
tended consequences affecting human health and the environment.
Some of these concemns are high rates of learning deficiencies, asthma,
cancer, birth defects and species extinctions, along with global cli-
mate change, stratospheric ozone depletion and worldwide contam-
ination with toxic substances and nuclear materials.

“We believe existing environmental regulations and other decisions,
particularly those based on risk assessment, have failed to protect
adequately human health and the environment —the larger system
of which humans are but a part.
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“We believe there is compelling evidence that damage to humans and
the worldwide environment is of such magnitude and seriousness that
new principles for conducting human activities are necessary.

“While we realize that human activities may involve hazards, peo-
ple must proceed more carefully than has been the case in recent his-
tory. Corporations, government entities, organizations, communities,
scientists and other individuals must adopt a precautionary approach
to all human endeavors.

“Therefore, it is necessary to implement the Precautionary Principle:
When an activity raises threats of harm to human health or the envi-
ronment, precautionary measures should be taken even if some cause
and effect relationships are not fully established scientifically. In this
context the proponent of an activity, rather than the public, should
bear the burden of proof.

“The process of applying the Precautionary Principle must be open,
informed and democratic and must include potentially affected par-
ties. It must also involve an examination of the full range of alterna-
tives, including no action.” [End of statement]

(See: http://www.gdrc.org/u-gov/precaution-3.html)

Nurses should be aware of the environmental sciences’ underpinning
standards, particularly health-based standards. Currently, very few health
professionals are involved in any of the environmental standard-making
activities. Our voices in these venues would be welcome, particularly as
we speak for the protection of our most vulnerable populations. Nurses as
advocates have an important role to play in deciding how much predicted
cancer, or learning disabilities, or infertility is “acceptable” as we set expo-
sure limits to toxic chemicals in our air, water, and food.
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CHAPTER 7

Environmental Epidemiology

Jane Lipscomb

n 1997, the Missoula, Montana City-County Health Department, led

by its nurse director, began an investigation of an apparent cluster of

birth defects among babies born in Missoula. Three babies whose fam-
ilies lived in the area were born with trisomy 13, a chromosomal abnor-
mality that causes severe multiple organ system abnormalities. At the time
of the investigation, two of the babies had died. The Health Department
had called for assistance from the Centers for Disease Control and
Prevention in its investigation. Statistical evidence from other states sug-
gests that one in 10,000 live births can be expected to have trisomy 13.
The three cases reported among the approximately 1,000 births in Missoula
in 1997 represent what you might expect to see in 30 years. The only rec-
ognized risk factor for trisomy 13 is advanced maternal age (Merriam,
1998). To date, the investigation has not uncovered any environmental
cause for the cluster.

Clusters of adverse health events, such as cancer, other chronic diseases,
and birth defects, are often reported to health agencies. As this case aptly
demonstrates, nurses can play a critical role in a health agency’s response
to community concern and epidemiologic investigation of such clusters.
This is but one example of how nurses can be involved in the field of envi-
ronmental epidemiology.

Epidemiology is one of the basic sciences of public health and a criti-
cal tool in the risk assessment of environmental exposures. As such, epi-
demiologic studies contribute to our understanding of the environmental
determinants of disease. A clear understanding of basic epidemiologic con-
cepts is essential to make full use of epidemiologic studies of the rela-
tionship between environmental exposures and health outcomes. The first
purpose of this chapter is to define a core set of basic epidemiologic con-
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cepts and study designs, with an emphasis on disease cluster investiga-
tions. The second purpose is to describe how epidemiology has been applied
to the study of environmental exposures.

Environmental epidemiology is defined as “the study of the effect on
human health of physical, biologic and chemical factors in the external
environment. By examining specific populations or communities exposed
to different ambient environments, it seeks to clarify the relationship between
physical, biologic or chemical factors and human health” (National Research
Council, 1991). Health outcomes of interest to the study of environmen-
tal epidemiology cover the spectrum of physical and mental illness and
range from nonspecific signs and symptoms of disease, such as headaches
and mucous membrane irritation, to injuries and chronic diseases, such as
cancer. Environmental exposures that are the subject of study include
numerous toxic substances such as lead, carbon monoxide, organophos-
phate pesticides and oxides of nitrogen, and physical agents such as radi-
ation and noise.

The study of workplace exposures is of particular interest within the
larger environmental health arena because chemical exposures found in
occupational settings are generally at levels that are orders of magnitude
higher than those found in the community setting. Therefore, if an asso-
ciation between the chemical and adverse health outcomes exists, it will
most likely be uncovered in studies of working populations. On the other
hand, community exposures that are generally of much lower concentra-
tion or intensity, usually exist 24 hours per day, 7 days per week. In addi-
tion, community members include more vulnerable segments of the
population such as children, the elderly, and the disabled—groups often
not part of the work force. All of these factors are taken into consideration
when conducting a risk assessment of community exposures.

BASIC EPIDEMIOLOGIC CONCEPTS

Most if not all epidemiologic studies have as their goal the comparison of
illness experience between two or more populations. This comparison,
often referred to as a relative risk among exposed compared with unex-
posed populations, is based on disease frequencies and rates. Common
measures of disease frequency include prevalence and incidence, with both
expressed as a rate. Prevalence refers to the number of cases present in a
population at a certain point or period in time. The number of autistic
school-aged children among all school-aged children in Baltimore County,
MD, on January 1, 2000, is an example of a prevalence rate. The numer-
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ator consists of all cases of disease (or other health outcome) and the
denominator is the population from which the cases were drawn. An inci-
dence rate, by contrast, describes new cases of disease over a specified
period of time, for example the number of cases of newly diagnosed breast
cancer among women 45 to 54 years of age in Baltimore County, MD, in
2000. Incidence data are critical to the study of causes of disease. Prevalence
data are useful for measuring disease burden in a community and project-
ing health care service needs.

Disease rates are calculated and then compared among differentially
exposed groups of individuals to establish associations between exposure
and health outcomes. For example, children living in U.S. homes where
parents report smoking cigarettes have on average a rate of asthma of 30
per 100 children (30%) compared with a rate of 15 per 100 (15%) among
children living in homes where no family member smokes. This particu-
lar example includes all children with asthma, not only newly diagnosed
cases, and therefore is an example of disease prevalence. The next step in
examining the relationship between exposure and disease is the calcula-
tion of the ratio of two rates to communicate the importance or magnitude
of the risk associated with an exposure under study. For example, the rate
ratio or relative risk of asthma among a hypothetical group of 200 chil-
dren, half of whom were exposed to environmental tobacco smoke (ETS)
is 30 per 100/15 per 100 or 2.0. A rate ratio of 2.0 is interpreted as a twofold
or 100% increase in risk. These data are often presented in the form of a
“2 x 2 table” (Table 7.1).

Having neatly assigned these children into categories of ETS exposed
and ETS unexposed, it is important to note that exposure assessment within
environmental epidemiologic studies is subject to imprecision or error.

TABLE 7.1 “2 X 2” Table: Rates and Ratios, Hypothetical Asthma Data

Asthma No Asthma
Environmental Tobacco Smoke
(ETS) exposure 30 70
No ETS exposure 15 85

30
Prevalence rate (exposed) =200 = .30 or 30%

15
Prevalence rate (unexposed) W = 150r 15%

_ 30715

Prevalence rate ratio 100 100
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Therefore, in order to collect the most accurate exposure data possible,
epidemiologists usually collaborate with industrial hygienists, toxicolo-
gists, and/or environmental engineers. Exposure is characterized by the
concentration and duration of exposure in an attempt to approximate the
dose. Historically, a range of surrogate measures of dose has been used to
classify workplace exposures. Figure 7.1 provides a hierarchy of the types
of exposure measurement used in epidemiologic studies, ranging from
those considered least to most precise.

For example, a very crude measure of a workplace chemical exposure
might be obtained from company employment records that indicate that a
particular study subject was employed in manufacturing during the period
of interest. This type of exposure measurement would only tell us that this
individual worked in the facility during the period of interest but would
give no estimate of the duration or concentration of exposure to the chem-
icals under study. A far better measure would be a representative air sam-
ple of the chemical under study, taken at the breathing zone of the study
subject. However, the most accurate measure of dose would be obtained
by taking a biologic sample from the study subject and measuring the level
of chemical in the sample such as through blood lead or urine metabolites
of organophosphate insecticides. Unfortunately the availability of reliable

Most Conclusive Biomarkers
Exposure modeling
Personal sample(s)
Area sample(s)
Residential history/

Employment status

Least Conclusive

FIGURE 7.1 Exposure assessment.
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and standard laboratory tests or biomarkers of exposure is limited to a
small number of substances. However, much research and development in
the area of chemical biomarkers is currently underway. In those cases where
measurements of actual exposure are available from body fluids or from
the air, water, or soil, they are reported in parts per million to parts per tril-
lion of contaminant in the appropriate medium.

Most of our knowledge about the toxic effect of chemicals focuses on
single chemicals whereas many, if not most, environmental threats consist
of a mix of chemicals and, in many cases, a true chemical soup.
Understanding the toxicity of mixed chemicals poses an additional chal-
lenge to exposure assessment. Understanding whether specific chemicals,
when mixed, have an additive, synergistic, or other effect is currently the
subject of much interest and inquiry.

Bias, another important concept in environmental epidemiology, is any
deviation from truth in the collection, analysis, interpretation, publication,
or review of data (Cummings and Lipscomb, 1998). Any bias in the meas-
urement of exposure can result in the misclassification of subjects in the
“2 X 27 table and ultimately lead to an incorrect or invalid estimate of the
disease risk associated with the exposure under study.

A confounding factor, a source of study bias, is a variable that distorts
the apparent effect of the risk factor of interest due to its association with
both the risk factor and disease. For example, poverty is associated both
with deteriorating lead-based paint and is a risk factor for childhood lead
poisoning. Thus poverty is a potential confounding factor in any study of
the association between lead-paint exposure and lead poisoning. To con-
trol for this bias, poverty must be measured and statistically adjusted for
during data analysis.

EPIDEMIOLOGIC STUDY DESIGNS

Epidemiologic studies have historically been concerned with the cause of
disease epidemics, usually an infectious agent. In recent years, however, epi-
demiologists have focused on understanding the underlying distribution of
and risk factors for chronic diseases, including those that may have envi-
ronmental causes. Study designs applied to the examination of chronic dis-
ease range from cluster investigation to experimental studies. Analytic designs,
those that examine causal relationship such as cohort and case-control stud-
ies, are frequently used to study environmental exposures. Figure 7.2 lists
study designs used to study environmental questions in order of their abil-
ity to detect causal relationship between exposures and disease.
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Most Conclusive Experimental
Cohort Study
Case Control Study
Cross-Sectional Study
Ecological Study
Case Series & Cluster
Investigation

Least Conclusive

FIGURE 7.2 Epidemiology study design

The choice of a study design depends on several factors, including the
prevalence of the exposure and the illness in the target population, the
latency period between exposure and outcome of interest, and the level of
knowledge of the exposure being studied. It is not uncommon for a study
hypothesis such as this: “Is there a difference in the cancer incidence rate
among pesticide-exposed children compared with unexposed children?”
to be examined with the entire range of nonexperimental designs. The fol-
lowing discussion will provide an overview of the major types of study
designs and an example of how each design has been applied to the study
of an environmental health question.

CLUSTER INVESTIGATION

A cluster investigation is the evaluation of a reported excess of disease
clustering in space and/or time. It is frequently conducted to study envi-
ronmental exposures possibly associated with a perceived excess of dis-
ease. These investigations are often conducted in response to community
concerns about an excess of cancer or birth defects (Brown, 1999; Caldwell,
1990). The well-documented investigation of childhood leukemia associ-
ated with contaminated well water in Woburn, MA in the late 1970s, fea-
tured in the best-selling novel and motion picture A Civil Action, is an
example of such an investigation (Harr, 1996). Historically, cluster inves-
tigations of environmental exposures have rendered mostly negative or
equivocal results. One reason for this is that it is difficult to detect an asso-
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ciation between an environmental exposure and cancer among the size
population that is often the subject of a cluster investigation, such as a
neighborhood or community. This is particularly true if the cancer in ques-
tion is relatively common. In the limited cases where clusters investiga-
tions have yield the most convincing results, the disease in question has
been very rare and specific for the putative etiologic exposure. For exam-
ple, polyvinyl chloride monomer, a chemical used to manufacture polyvinyl
chloride (PVC) plastic was linked causally to an angiosarcoma of the liver,
an extremely rare cancer, following an investigation of exposed workers
(Forman, Bennett, Stafford, and Doll, 1985).

A recent survey of state health departments reported that approximately
1100 cluster investigation requests were made in 1997. Most requests were
made by citizens, and no pattern emerged for the types of cancer or haz-
ard suspected (Trumbo, 2000). Although cluster investigations are not a
major epidemiologic study design, the frequency of these requests require
that nurses play an important role in responding to community members’
concerns about possible disease clusters.

Most cluster investigation requests are directed to state health depart-
ment officials and staff, including public health nurses. As a result, states
have taken the lead in conducting and developing methods to conduct such
epidemiologic investigations. A number of states have published protocols
for responding to these requests. In 1990, the Wisconsin Department of
Health and Social Services published a comprehensive protocol for respond-
ing to disease cluster reports. Among the 141 cluster investigations they
conducted between 1979 and 1990, none required further in-depth epi-
demiologic investigation beyond the eight stages described below. To deter-
mine the parameters of the investigation and if a true cluster exists, it is
essential to circumscribe the cluster. Because nurses are often the public’s
first contact with health officials, they are most likely to be involved with
the first stage of the study. This includes interviewing the primary inform-
ant for key information such as disease outcome, vital status of the cases,
number of cases, age and gender of the cases, geographic location, time
period during which the cluster was observed, and the suspected cause.
This information is usually the basis for determining whether or not the
cluster is likely to be associated with an identifiable exposure. If the cases
of disease represent multiple diagnoses, it is less likely a cluster will be
attributed to an environmental cause (Garfinkel, 1987). Other critical infor-
mation to consider in determining whether to move beyond this initial stage
is the age of the cases. Cancer risk increases with age. Therefore, the obser-
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vation that many community members have cancer may reflect the increas-
ing age of the population rather than a common environmental exposure.
Childhood cancer clusters have been the subject of much concern and inves-
tigation because cancer is uncommon among children and therefore a clus-
tering of childhood cancer may suggest an unusual event. In addition, it is
important to recognize that the latency or time between the suspected expo-
sure and cancer is usually at least five years and often more than 20 for
adult cancers associated with workplace carcinogens. Finally, it is critical
to collect information about the perceived length and concentration of
exposure. In the event that investigators determine there is sufficient infor-
mation to warrant further investigations, they should proceed with some
or all of the following seven stages.

Case finding or ascertainment refers to a systematic review of various
databases to identify all cases of the disease of concern in the prescribed
geographical area and time. This step usually involves the review of death
certificates, cancer incidence databases and other disease registries, med-
ical records, and/or hospital discharge data. Not all states have a cancer
incidence registry and even fewer states monitor birth defects. Where such
data do exist, contributing to and ensuring complete reporting of births,
cancer, and other chronic disease will contribute to future public health
investigations of disease clusters. Nurses are often in a position to con-
tribute their skills and expertise when opportunities for creating, strength-
ening, or improving such surveillance systems arise.

To assess the risk of an exposed versus an unexposed reference popu-
lation the exposed population is first characterized by age, race, and gen-
der next an appropriate reference or comparison population is identified
and the associated disease rates calculated. The exposed population is usu-
ally defined by some geopolitical boundary, such as a census track or
county; the reference group is frequently a different county or the state in
which the exposed population resides. Next, statistical tests are employed
to analyze disease rates. A standardized mortality or morbidity ratio (SMR)
is often calculated to compare observed disease rates in the exposed pop-
ulation with the rate of disease that would be expected in a demographi-
cally similar population and to determine whether a statistical excess of
disease exists. An SMR is calculated by comparing the observed disease
rate in the study population with the expected rate. The expected rate is
derived by applying the rates observed in the reference population to a
hypothetical population of the same gender, age, and racial makeup as the
study population. Potential exposure is examined by a review of existing
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environmental data, such as air monitoring data near a hazardous waste
site (if available) and/or by the collection of additional monitoring data if
there is reason to suspect that exposure continues. Assessing the biologic
plausibility of a portended exposure—disease relationship is a critical step
in establishing potential causality. Determining cluster significance and
need for further investigation and reporting results are the final two steps
in the Wisconsin protocol. However, regardless of whether the cluster inves-
tigation is completed after step 1 or step 8, results should be presented to
the community. The nurse should have an active role in the preparation
and communication of the study results. For a more thorough discussion
of this protocol, see Fiore, Hanrahan, and Anderson (1990).

Because of the various challenges inherent in a cluster investigation, it
is essential to communicate study limitation with concerned community
members. They should be informed of the limited success of past investi-
gations in identifying environmental causes of disease. Communities should
be told that even if an excess number of cases is confirmed, as was the
case in Missoula, MT, an environmental cause may not be found. In the
event that no environmental cause is linked to a cluster, the community
may benefit from the knowledge and reassurance that suspected environ-
mental exposures do not appear to have caused the disease cluster. In addi-
tion, previous cluster investigations have provided the necessary justification
to establish cancer or birth defect registries where they previously did not
exist, to assist in monitoring future disease occurrence. Regardless of the
course a cluster investigation takes, community members should be encour-
aged to be active participants in the process.

The next two study designs are examples of descriptive studies and as
such are used to describe the relationship between environmental exposures
and health outcomes, whether or not the relationship is causal in nature.

EcoLocic STupy

An ecologic study is used in the field of environmental health to generate
hypotheses about groups of exposures and health outcomes. The unique
feature of an ecologic design, which is also its limiting factor, is that the
unit of analysis is the community, rather than the individual. As such, eco-
logic studies do not allow for the determination of exposure status of indi-
vidual cases. An ecologic design is frequently used to map cancer density
in relation to industrial production and pollution. Griffith, Duncan, Riggan,
and Pellom (1989) studied the relationship between hazardous waste sites
associated with ground water pollution and cancer mortality for 13 major
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sites at the county level. The study identified significant associations
between excess deaths and county hazardous waste sites for a number of
cancers. The authors concluded that more definitive studies are needed to
examine the associations reported in this analysis, but that hazardous waste
site location may be used as an initial index of possible exposure to toxic
chemicals.

CROSS-SECTIONAL STUDY

A cross-sectional study is a descriptive study design in which both expo-
sure and disease are examined at the individual level and at a single point
in time. This design is relatively efficient in time and cost while yielding
essential descriptive information. Because both exposure and disease are
measured at once, a cross-sectional study does not allow us to tell whether
the exposure preceded or followed the disease. National surveys, such as
the National Health and Nutrition Examination Survey (NHANES), pro-
vide critical descriptive health information and are examples of this type
of study. Gergen, Fowler, Maurer, Davis, and Overpeck (1998) published
data from the Third NHANES (1988 to 1994) that examined the effect of
environmental tobacco smoke (ETS) on respiratory health in a national
sample of children 2 months through § years of age. According to parental
reports, approximately 38% of the children were presently exposed to ETS
in the home. Nearly 24% of mothers reported smoking during pregnancy.
Household exposure to = 20 cigarettes a day or any prenatal smoking was
associated with greater than a twofold increase in risk for chronic bron-
chitis, episodes of wheezing, and asthma.

Case-CONTROL STUDY

Analytic studies are used to examine causal relationships between envi-
ronmental exposures and disease. A case-control study, one example of an
analytic study design, is the design of choice for studying rare diseases.
In a case-control design, study groups are assembled on the basis of the
presence or absence of the disease under study. This allows for the exam-
ination of multiple risk factors associated with the disease. The case-con-
trol study design is efficient in terms of cost and time and is used with
increased frequency to study chronic disease. The major limitation of case-
control study is the potential for bias in the selection of study subjects and
exposure information related to the fact that the exposures under study
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have preceded the detection of the disease and assignment as a study case.
In order to avoid such problems, a detailed study protocol, including a
clear and concise case definition, is needed and great attention must be
given to the selection of the control group. Numerous examples of case-
control studies of environmental health questions are published in the bio-
medical literature. One example is the work of Pogoda and Preston-Martin
(1997) that examined prenatal exposure to household pesticides among
mothers of children with brain tumors (cases) and children without tumors
(controls) in Los Angeles County, CA. The study found that among all
women, the use of chemicals used in flea/tick products increased the risk
of pediatric brain tumors by approximately 70%. A significant trend of
increased risk with increased exposure was observed for the number of
pets treated.

CoHORT STUDY

A cohort study, the second type of analytic design, is the choice when
studying a rare exposure. A cohort study, sometimes referred to as a prospec-
tive study, is a longitudinal study in which groups are assembled on the
basis of the presence or absence of the exposure in question. Subjects are
followed over time to determine if they develop the disease(s) being stud-
ied. The critical distinction and strength of a cohort study is that subjects
are assigned to exposure groups prior to the development of the disease(s).
As a result, their assignment to an exposure group should not be influ-
enced by whether they have the disease or not. Limitations of a cohort
design include the potential loss-to-follow-up of subjects because of the
length of time they need to be followed and the cost of the study. Despite
these limitations, the cohort study is a highly valued study design, espe-
cially critical to the study of rare occupational exposures. A cohort study
is designed to mimic an experimental study, had one been feasible. A rel-
evant example of a cohort study involving an environmental exposure is
the work of Needleman, Schell, Bellinger, Leviton, and Allred (1990) that
examined whether the effects of low-level lead exposure persisted among
a cohort of young adults who had initially been studied as primary school
children from 1975 through 1978. After 10 years of follow-up, neurobe-
havioral function was associated with the lead content of teeth shed at ages
6 and 7. Children who originally had dentin lead levels > 20 ppm had a
sevenfold increase in their rate of dropping out of high school and a nearly
sixfold rate of reading disability.
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EXPERIMENTAL STUDY

Finally, the experimental study, or randomized clinical trial, is the gold
standard of epidemiologic study designs. Comparability between study
groups (those exposed and those unexposed to the treatment under study)
is achieved through the random assignment of treatment to individual study
subjects. This randomization of treatment leads to study findings that are
relatively unbiased by factors that are difficult to completely control for
with nonexperimental study designs. Limitations of experimental studies
include the fact that ethical considerations often limit their use (i.e., it is
unethical to purposefully expose individuals to potentially hazardous sub-
stances) and that randomized clinical trials are very costly to conduct.
Hovell et al. (1994) provide an informative example of the application of
an experimental design to the study of a intervention designed to minimize
exposure to an environmental hazard, namely environmental tobacco smoke
(ETS). They demonstrated a reduction of ETS exposure among asthmatic
children following a behavioral medicine program to reduce asthmatic chil-
dren’s exposure to ETS in the home. Families in the study were randomly
assigned to one of the following: a preventive medicine counseling group,
a monitoring control group, or a usual treatment control group. Twelve
months following the intervention, the experimental/counseling group sus-
tained a 51% decrease in children’s exposure to cigarettes in the home
from all smokers, compared with a 15% decrease among usual care con-
trol subjects.

SUMMARY

Environmental epidemiology is a critical tool in the risk assessment of
environmental hazards. Nurses can contribute significantly to this science
in a number of roles, including that of study investigator, clinician, com-
munity advocate, and risk communicator. Protocols such as the one
described to assist in the investigation of disease clusters are available to
assist nurses in responding to concerns about possible environmental causes
of disease in their community. Nurses’ strong communication skills and
political astuteness place them in an ideal position to advocate for com-
munities that want to participate fully as subjects of such studies. They are
also in an excellent position to enssure that community members’ voices
are heard and questions are answered, whether the questions are the sub-
Ject of a disease cluster investigation or an in-depth epidemiologic study.
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CHAPTER 8

Finding Information About
Chemicals in Our Environment

Barbara Sattler

that we should have access to the information we seek, such as

the ingredients, the nutritional breakdown, and the calorie count.
The requirement for food labeling was one of the first major “right-to-know”
laws in the U.S. regarding chemicals to which we are exposed. Food label-
ing laws were passed in response to concerns about the artificial coloring,
preservatives, and other additives found in processed foods.

Concerns about chemicals in our environment continued to be raised
throughout the 1960s. Rachel Carson’s seminal work, Silent Spring, brought
to light new connections between exposures to man-made chemicals (par-
ticularly DDT) and their negative impact in nature. Carson’s work helped
to launch the modern-day environmental movement. A flurry of environ-
mental and political activism in the 1960s resulted in the 1970 creation of
the Environmental Protection Agency (EPA) and the Occupational Safety
and Health Administration (WHA), along with a significant number of new
regulations about chemical exposures.

By the mid-1970s, many people realized that the occupational and envi-
ronmental health regulations were still inadequate. There was no legal
mechanism for access to basic information, such as the names of the chem-
icals to which workers were exposed or that were emitted into the air. If
you were a worker who developed a rash on your hands from working with
a new cleaning solvent and wanted the name of its chemical ingredients
in order to discuss the problem with your health care provider, you had no
legal access to those names. If you were a school principal whose school
was next door to a smoke stack, you would have had no legal right to know
the names of the chemicals the stack emitted.

Most of us have read labels on food packages. We take it for granted
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As a result of these legal shortcomings, two sets of sometimes over-
lapping advocates developed campaigns to address information needs. The
campaign to give workers the right to know about the hazardous chemi-
cals with which they work was led primarily by organized labor and pub-
lic health/occupational health professionals. The push for the right to know
about emissions and effluent (pollution discharged into our water ways)
was launched primarily by the environmentalist community, with support
from the public health community. Both campaigns were adamantly opposed
by the chemical manufacturing industry. Despite this opposition, additional
“right-to-know” policies have been instituted in recent years.

WORKERS’ RIGHT TO KNOW

During the Carter administration, a standard was proposed that would
require the labeling of hazardous chemicals in the workplace. This pro-
posed rule was withdrawn when Reagan took office and a strong message
was given to organized labor that the labeling standard was not a priority
for the Reagan administration. As a result, organized labor worked at the
state level. Within a two-year period, half the states had passed worker
right-to-know legislation, despite a substantial effort by the chemical indus-
try to defeat these campaigns. However, this resulted in many slightly dif-
fering statutes that had different requirements of the chemical manufacturing
industry. In response to these sometimes conflicting requirements, the
chemical manufacturing industry asked the Reagan administration for a
standardized requirement for workplace labeling and access to informa-
tion on hazardous chemicals that would supersede the states’ statutes. The
Reagan administration quickly responded and in 1983, the Federal Hazard
Communication Standard (worker “Right to Know”) was promulgated.
There are several key elements to the standard:

1. Chemical manufacturers must determine whether the chemicals they
are producing pose a hazard on the basis of human health threat or phys-
ical threat such as flammability or explosiveness.

2. Once chemicals are determined to pose a threat, chemical manufactur-
ers must create a material safety data sheet (MSDS) for each chemical
and must distribute it to all downstream users of their product.

3. All hazardous chemicals that are used in the workplace must be labeled
and there must be a MSDS for each chemical.

4. Workers must have access to the MSDS.

. All workers must be trained about the hazardous chemicals with which

they work. The training must include a full explanation of the standard
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and the hazards, including health hazards of the chemicals that are spe-
cific to their workplaces.
6. When new chemicals are introduced or a worker is transferred to a new
area, information about any hazards must be provided by the employer.
7. Employers must keep the MSDS in an accessible area of the workplace.
8. Employers must keep a written “Hazard Communication Standard” plan
that is accessible to the employees.

In all instances, wherever employees have access to information, a union
representing the employees has access to the same information.

Almost 20 years after the promulgation of the standard, problems con-
tinue to exist in providing meaningful information to workers about the
chemicals with which they work. The first and most important problem is
that the MSDS on which much of the information transfer is predicated is
an extremely faulty tool. There are approximately 500,000 products that
have MSDSs. The problems with MSDSs are many.

READABILITY AND COMPREHENSIBILITY

Regrettably, the average American reads at a sixth-grade reading level. The
average MSDS is written at a grade 13 reading level, meaning that one
should have a year of college in order to read and fully understand a MSDS.
Additionally, when comprehensibility studies have been performed, con-
cerns are raised. When a set of randomly selected MSDSs was reviewed
by unionized workers, who spoke English as a first language and had
received health and safety training, the workers were unable to compre-
hend 40% of the information on the MSDS. Given that many American
workers do not speak English as a first language and/or have literacy prob-
lems, the study results probably reflect a best-case scenario for compre-
hensibility, and actual comprehensibility is probably significantly worse.
This creates a major barrier to realizing the spirit of the worker right-to-
know law—providing information with which workers can make informed
decisions about their health and safety as they pertain to potentially haz-
ardous chemicals in their workplaces.

ForMAT

When the Hazard Communication Standard was proposed, the chemical
manufacturers wanted flexibility in the format for the MSDS. As a result,
the Standard did not dictate a format and myriad MSDSs entered the mar-
ket, all with different formats depending on their manufacturers. One-page
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and 32-page MSDSs could be found. In addition to size differences, the
placement of information varied. On one MSDS the emergency response
information might be found on the first page and on another it might be
found on the third page. There is also no requirement for how to present
units of measure; temperature may be reflected in centigrade or Fahrenheit,
weight in metric or U.S. units.

SCIENCE LITERACY

The vast majority of American workplaces do not have a trained health
and safety person. The interpretation of information on the MSDS and
decisions that may impact health and safety are made by average folks.
Although the decisions may be made in good faith, they may have no sci-
entific foundation and risks may be posed. Anatomy and physiology are
not taught in standard high-school curricula. More often than not, neither
employees nor employers have the scientific background to fully under-
stand the human health effects section of the MSDS, not to mention the
information about choosing a NIOSH-approved respirator the conversion
of metric to U.S. units.

ACCURACY

When the Occupational Safety and Health Administration commissioned
a study to determine the accuracy of the health information on MSDS the
results were alarming. Only 11% of the 150 randomly selected MSDSs
were accurate on all of the basic health information parameters. Although
the chemical manufacturers are responsible for presenting full and accu-
rate information, there has not been a systematic inventory or sanctioning
for inaccurate information presented by the manufacturer.

STATE OF THE SCIENCE

Manufacturers of chemicals are not responsible for toxicity testing unless
the chemicals or mixtures will be used as food, drugs, or cosmetics. If the
chemical will not be used for those purposes, the chemical manufacturer
is responsible for reviewing the existing literature and reporting this on
the MSDS. Unfortunately, very little research has been done on chemical
mixtures so the data is often not available. When a worker experiences a
health effect and does not find the health effect listed on the MSDS, he
may assume that the chemical could not possibly cause the problem that
he is experiencing. But the reality is that the relationship between expo-
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sure to that chemical and those symptoms has probably never been explored.
The absence of data does not mean the absence of a relationship.

COMPLIANCE ACTIVITIES

The most common violation cited by OSHA is the Hazard Communication
Standard. The most common area of noncompliance is the training. Although
most workplaces compile the MSDS, most do not provide the required train-
ing. When the Government Accounting Office surveyed employers around
the country, they discovered that 58% of them were not in compliance and
that 30% had never heard of the Hazard Communication Standard.

The labor movement has been consistently supportive of workplace health
and safety and has created a number of opportunities for union members
to learn about hazardous chemicals exposure. Health and safety commit-
tees provide a structure in many unionized workplaces for workers to become
better educated about exposure, as well as opportunities to assess infor-
mation about, discuss, and address unhealthy and/or unsafe conditions.

Occupational health nurses should be actively involved in the imple-
mentation of the Hazard Communication Standard in their workplaces. In
all workplaces, the Standard should be implemented (hospital settings,
clinics, schools, etc.). Nurses can access information using the Standard
to help make informed decisions about their health and safety in their indi-
vidual workplaces. Nurses can also use the Standard to help their patients
access information, if a workplace exposure is suspected of contributing
to patients’ health problems.

COMMUNITY RIGHT TO KNOW

In 1986, when the Superfund legislation was being reauthorized, citizens
were looking to expand right-to-know opportunities for community mem-
bers. (See chapter 16 on hazardous waste for more information on Super-
fund.) The resulting reauthorization created the 1996 statute Emergency
Planning and Community Right to Know Act (EPCRA). This legislation
identified a list of 600 chemicals that must be reported to the EPA if they
are emitted into the air or water beyond a weight-based action level. This
information is to be made available to all citizens. Once reported, this infor-
mation constitutes the Toxic Release Inventory (TRI), which is publicly
available through the EPA. Initially, the EPA provided the information to
area libraries, then via CD-ROM,; it is now available on the web. The envi-
ronmental organization Environmental Defense has published these data
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on a unique, user-friendly website (www.scorecard.org) in which it pro-
vides information on the health risks associated with the reported chemi-
cals, information on the chemical-producing entities, and guidance for
further action and advocacy.

The Registry for Toxic Effects of Chemicals has toxicity data available
on more than 70,000 chemicals and chemical mixtures. Only 600 chemi-
cals are required to be reported under the EPCRA law. The list must be
expanded to include a wider range of toxic chemicals and the action level
for reporting must be lowered. Nurses can join the environmental and pub-
lic health advocates who are requesting expansion of the list of reportable
chemicals.

The EPCRA requirements mandate that facilities that have MSDSs for
chemicals held above certain quantities submit either copies of their MSDSs
or a list of MSDS chemicals to the State Emergency Response Commission
(SEPRC), the Local Emergency Planning Committee (LEPC), and the local
fire department. If a list of MSDSs is submitted, the following informa-
tion must be included about each chemical: acute health effects, chronic
health effects, fire hazards, sudden release of pressure hazard, and reac-
tive hazard (the latter three pieces of information are most important to
hazardous materials responders and firefighters). This information is then

available to the public from the State and Local Emergency Response
Committees.

SERCs and LEPCs are required under the Emergency Planning and
Community Right to Know Act. (Since 9/11 access to information is shift-
ing, sometimes making it more difficult for community members to obtain
information on chemicals stored or released in their own neighborhoods.

WHAT ARE SERCs aNp LEPCs?

The governor of each state designates a State Emergency Response
Commission (SERC). The SERCs, in turn, designate local emergency plan-
ning districts and appoint Local Emergency Planning Committees (LEPCs)
for each district. The SERC supervises and coordinates the activities of the
LEPCs, establishes procedures for receiving and processing public requests
for information collected under the Emergency Planning and Community
Right to Know Act, and reviews local emergency response plans.

The LEPC membership must include, at a minimum, local officials includ-
ing the police, fire, civil defense, public health, transportation, and envi-
ronmental professionals, as well as representatives of facilities subject to the
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emergency planning requirements, community groups, and the media. The
LEPCs must develop an emergency response plan, review it at least annu-
ally, and provide information about chemicals in the community.

When nurses assess an individual or a community’s health status, they
should be aware of the potential ambient air exposures and contaminants
that may be found in the community’s water—both drinking water and
recreational water. The community right-to-know laws provide access to
some of this information. They also provide an existing infrastructure of
public health, environment, and community members who are identifying
the chemical hazards in the immediate community and the potential for
chemical-related fires, explosions, leaks, and transportation accidents.
Every community in the U.S. should have an LEPC. Call the local fire
department to find out about your LEPC.

CHEMICAL RISK MANAGEMENT PLANS

When the Clean Air Act was reauthorized in 1990, a new directive required
the employers of workplaces in which there are hazardous chemicals to
predict the possible ways in which there could be an accidental spill, leak,
transportation accident, or other hazardous chemical-related event that
would expose workers or the community. Congress required industrial sites
that use extremely hazardous substances to disclose worst-case accident
scenarios as part of Risk Management Plans (RMP) under the Clean Air
Act. These RMPs describe potential hazards, plan emergency response,
and assure workers and the public that safe design and operations will pre-
vent an “American Bhopal.” In addition to identifying the potential for
exposure incidents, employers are supposed to provide a discussion of the
methods by which such events are being avoided, as well as the contin-
gencies for response should an accidental release or spill occur.

Through disclosure, Congress intended to create awareness among offi-
cials and the general public to save lives, prevent pollution, and protect
property from chemical accidents. As Congress directed, the EPA is col-
lecting this information. However, the intended public access and dis-
semination have been thwarted by a successful industry argument that
public accessibility to this information would create a terrorist threat. They
argue that publicizing worst-case scenarios will lead terrorists to target
their facilities, and that keeping this information off the Internet will keep
us safe. Many advocates for public disclosure find this claim nothing less
than an industry ploy to prevent access to information about the possible
hazardous chemical scenarios in our nation’s communities.
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DRINKING WATER AND THE RIGHT TO KNOW

Access to information about water is provided under two statutes: the Clean
Water Act and the Safe Drinking Water Act. The Clean Water Act was
promulgated to protect the nation’s waterways and the Safe Drinking Water
Act protects drinking water from source water to tap. Through the Safe
Drinking Water Act, those who purchase water from a water provider have
the right to know what is in their drinking water. Annually, as part of the
drinking water right-to-know regulations, the water utility must provide a
consumer confidence report listing the contaminants (chemical, biologi-
cal, and radiological) that have exceeded EPA standards within the last
year, the potential health effects, and their probable sources. The EPA
requires testing of approximately 80 chemicals and agents. More details
of this program can be found in chapter 12, on drinking water.

Industrial contaminants that are released into the water are reportable,
based on the chemical and its quantity, under the right-to-know compo-
nent of the Superfund Amendments and the Reauthorization Act (SARA,
1986). SARA requires polluters to report certain effluent and emissions.
This information is available on the EPA web site by zip code at
www.epa.gov. These data provide the basis for information on the web site
www.scorecard.org, an excellent source for community environmental
assessments.

FOOD AND AGRICULTURAL PROCESSES AND THE RIGHT
TO KNOW

In 1906, the first Pure Foods Act and Meat Inspection Act began the mod-
ern era of American food and consumer protection. In 1938, the Federal
Food, Drug and Cosmetic Act replaced the 1906 statute and required a
label on processed, packaged food to include the name of the food, its net
weight, and the name and address of the manufacturer. On certain prod-
ucts, ingredients were also required. It was not until 1973 that nutritional
labeling began and in 1984, sodium content was required to be added to
the label.

The latest installment of labeling statutes is the 1990 Nutrition Labeling
and Education Act, which requires nutritional labeling for most foods (except
meat and poultry) and authorizes the use of nutrient content claims and
appropriate FDA-approved claims. Definitions were established for label-
ing language such as “fat-free,” “lite,” and “healthy.” The health claims that
can be used on labels are further regulated. Claims for ten relationships
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between a nutrient or a food and the risk of a disease or health-related con-
dition are now allowed. The relationships that have been established are

calcium intake and reduced osteoporosis

fat intake and risk of cancer

saturated fat and cholesterol and increased risk for coronary heart disease
fiber-containing grains and decreased risk of cancer

fruits, vegetables, and grains (that contain fiber) and decreased risk of
heart disease

sodium and hypertension

fruits and vegetables and cancer

folic acid and neural tube defects

dietary sugar alcohols and dental caries

soluble fiber from certain foods and heart disease

Under the label’s “Nutritional Facts” panel, manufacturers are required

to provide information on certain ingredients. The mandatory (underlined)
and voluntary components and the order in which they must appear are:

total calories

calories from fat

calories from saturated fat
total fat

saturated fat
polyunsaturated fat
monounsaturated fat
cholesterol

sodium

potassium

total carbohydrate

dietary fiber

soluble fiber

insoluble fiber

sugars

sugar alcohol

protein

vitamin A

percent of vitamin A present as beta-carotene
vitamin C
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* calcium
* iron
» other essential vitamins and minerals

At the time this book was written, there were no federal laws requiring
that the chemicals in animal feed be identified in the food products. For
example, when hormones or antibiotics are added to beef, pork, or poul-
try feed, there is no requirement that this be indicated on the food labels.
Several states are entertaining the passage of laws to require reporting of
the use of antibiotics or hormones in feed. The U.S. Department of
Agriculture, the federal agency responsible for this issue, is currently con-
sidering what to do in light of an increasingly concerned citizenry. There
are formidable agricultural, chemical, and pharmaceutical industries that
are currently opposing such reporting requirements.

Another significant emerging right-to-know issue is genetically engi-
neered (GE) or genetically modified (GM) foods. During the last decade,
genes from bacteria, viruses, foreign plants, and animals have been inserted
into corn, soybeans, potatoes, tomatoes, squash, papayas, and a host of
other species. Already about 50% of the soy produced in the U.S. is genet-
ically modified. There is an emerging literature concerning this issue. An
extensive bibliography and resources for activists can be found at the end
of the document 50 Harmful Effects of Genetically Modified Foods
(www.peoplesearth.org/50harm.htm).

PESTICIDES IN SCHOOLS AND THE RIGHT TO KNOW

As of 1999, twenty-two states required signs to be posted when pesticides
are applied on school grounds and nine states require written notification
of school employees and parents when pesticide applications are to be
made in schools. The type of notification varies by state. National policies
have been proposed but not yet adopted. The National Coalition Against
the Misuse of Pesticides (NCAMP) tracks pesticide legislation and pub-
lished the report, The Schooling of State Pesticide Laws, a document that
identifies state and local pesticide statutes and ordinances (www.ncamp.org).

When examining each state’s pesticide laws, NCAMP looked at five
safety measures to determine whether the laws addressed children’s health
protection. These measures included the presence of restricted spray (buffer)
zones to address chemicals drifting into schoolyards from nearby appli-
cations, the posting of signs for indoor and outdoor pesticide applications,
prior written notification of pesticide use, prohibitions against application
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of pesticides in certain places and at certain times, and requirements for a
strong integrated pest management program to limit the use of certain toxic
materials. Thirty states have policies that include at least one of these meas-
ures. Some local governments have their own pesticide policies in place
for schools (Environmental Health Perspectives [EHP], 1999).

THE RIGHT TO KNOW AND THE RIGHT TO UNDERSTAND

Conceptually, we all understand why it is important to provide informa-
tion about potentially hazardous chemicals. However, even as we succeed
in making increasing amounts of information available, we may not be
providing the necessary tools and a context in which workers and com-
munity members can sufficiently understand the information. If our goal
is to provide information with which to make safe and healthful decisions,
we have to look at occupational and environmental health and safety as it
is presented in our K-12 and higher educational institutions. We know that
nurses receive almost no information on these issues, and unfortunately
the same is true for our general citizenry. Occupational and environmen-
tal health and safety have not been recognized and valued sufficiently in
our curricula, resulting in significant deficits in our ability to translate the
risk information into healthy actions. The belief that everything is haz-
ardous and we all have to die from something is an uninformed conviction
that can paralyze individuals from engaging in safer and healthier prac-
tices and choices in their homes, communities, schools, and workplaces.
This deficit in our understanding precludes our ability to consider alter-
native products, processes, or home/work practices that could help us reduce
our exposures to toxic chemicals.

In addition to the educational deficits, there are other issues that may hin-
der people from acting on information when it is provided. Some are eco-
nomic. If a mother who is nursing a child discovers that there are
contaminants in her water, she may not know the appropriate measures to
take to minimize or eliminate the contaminants. Should she use bottled
water? Purchase a filter? Should she use tap water to bathe her newborn?
Can the contaminant enter the body through the skin? But perhaps more
significantly, can she afford the alternatives to tap water?

In non-union workplaces, exercising health and safety rights is not always
a simple matter. There is a thin veil of job protection in most private sec-
tor jobs and workers are well aware of this fact. Raising health and safety
issues and making demands for protection are often sacrificed for job secu-
rity. These issues raise the question of how we learn about environmental
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and occupational health and safety, including how we access information
and advocate for health and safety. It is not currently contained in K-12
education and there is no other systematic way in which communities learn
about these issues. Environmentalist groups, unions, and public health
advocacy and education organizations fill some of the gaps, but by increas-
ing the nursing profession’s role in this arena, our communities will have
another effective resource for information and support. Nurses are uniquely
situated to help steer these environmental health questions and help pro-
vide answers. But first and foremost, we must be educated about the issues.
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CHAPTER 9

Risk Assessment and
Risk Management of
Environmental Exposures

Jane Lipscomb

encompass most if not all of environmental health. The risk assess-

ment side of the equation includes the basic and applied sciences
involved in determining the level of the risk posed by a substance or situ-
ation. Risk management, on the other hand, involves those actions on the
part of the affected individuals, government officials, health profession-
als, and the public designed to minimize this risk. In addition to the engi-
neering controls described later in this chapter, this includes strategies for
risk communication and advocacy described elsewhere in the book.

Thc topics of risk assessment and risk management, broadly defined,

RISK ASSESSMENT

Risk is the probability of an undesirable health outcome arising from expo-
sure to a hazard. Risk is a function of hazard and dose, with hazard a meas-
ure of the intrinsic ability of the stressor to cause harm and dose the amount
of the stressor delivered to the person, organism, or ecosystem National
Research Council (NRC, 1983). Risk assessment, in the context of envi-
ronmental health, has several different meanings. In its broadest sense, risk
assessment is the characterization of the potential adverse health effects
of human exposures to environmental hazards (NRC). Risk assessment, in
regulatory terms, refers to the use of all available scientific information,
usually a combination of epidemiologic, animal toxicologic, and in vitro
data, to develop estimates of the risks to the potentially exposed popula-
tions. Mathematical models are used to convert these biologic data into
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regulatory action. Risk assessment allows investigators to extrapolate among
different human populations or from laboratory animals to humans. It
should be noted that the science of risk assessment is very complex and
in a continuous state of flux as science advances (Goldman, 2000).

The process of risk assessment includes the following four steps: haz-
ard identification, dose-response assessment, exposure assessment, and
risk characterization.

Hazard identification relies on human epidemiologic data, animal bioas-
say data, and other supporting data, such as cellular or biochemical infor-
mation, which are analyzed in a weight-of-the-evidence approach to
determine the potential of a substance to cause harm. The amount and qual-
ity of these data vary from substance to substance. Human data, the most
desirable type, is often limited, so many risk assessments are based prima-
rily on animal data. However, the risks associated with many occupational
hazards and several environmental hazards have been described and quan-
tified by epidemiologic study. For example, decades of study of the human
health effects of both workplace and community lead exposure has served
as a basis for current regulatory actions limiting lead exposure. In the case
of the chemical dioxin, a combination of epidemiologic and animal stud-
ies has contributed to our understanding of the risk associated with expo-
sure. In other cases, epidemiologic data are nonexistent and hazard
identification may rely solely on animal studies. This is the case in those
rare instances in which the the EPA, through its “Premanufacture Notification”
(PMN) for new chemicals, requires that chemicals be actually tested before
they are manufactured. EPA’s justification for such a requirement is usually
based on the fact that the structure of the new chemical is similar to a pre-
viously identified hazardous substance (Goldman, 2000).

Establishing a dose—response relationship in human or animal studies,
in other words, demonstrating that the risk increases with increasing dose,
is a primary criterion for establishing causality. The science behind a
dose-response assessment differs for carcinogens and noncarcinogens.
Risk assessment of carcinogens has a long history, with several national
and international bodies established to evaluate and rate the carcinogenicity
of chemicals. Risk assessment of noncarcinogens is a less well-established
science. Historically, the assumption on which dose-response assessments
have been based stated that for noncancer health effects, a threshold exists
below which there is no risk. Conversely, there was no threshold for can-
cer endpoints. In other words, exposure to any level of a cancer-causing
agent was thought to have a biologic effect, and therefore no level of expo-
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sure to a carcinogen was considered acceptable. These assumptions are
under increased scrutiny as the science of risk assessment advances.
Regardless of the health endpoint, quantitative risk assessment, assume
that the dose—response curve is linear at low doses and starts at zero. Ideally,
dose-response data exist and support the causal link between a hazard and
health risk. The absence of a dose- response does not eliminate the possi-
bility of a causal relationship but it does require an alternative explanation.

Third, exposure assessment involves the measurement of the amount of
the chemical or other harmful substance to which a population is exposed
with a goal of estimating dose. Dose is a function of the concentration of
the chemical and the duration of exposure. Studies of environmental expo-
sures frequently rely on measurements of the ambient rather than an indi-
vidual’s environment, therefore yielding very nonspecific data regarding
individual or even neighborhood exposure. As a consequence, the actual
dose of a particular chemical delivered to an individual or population is
usually unknown and thus, for regulatory purposes, estimates of reasonable
high-end exposures are made. The exception to this is where biologic indices
of exposure exist. For example, the availability of indices such as blood
lead or organophosphate metabolites in urine greatly enhance this step of
the risk assessment process. Unfortunately, standardized biomarkers of
exposure are currently available for only a limited number of substances.

Finally, risk characterization involves estimating the public health or
environmental impact of the problem based on knowledge of characteris-
tics of the population at risk. This step attempts to take into consideration
the range of risk profiles in a potentially exposed population including the
most vulnerable segments of the population. It is critical that scientific
uncertainty be made clear at this stage.

Risk assessment, in general public health terms, has a much broader
definition and includes individual and community level assessment, both
of which are described elsewhere in this book. In addition to determining
the nature and magnitude of the risk associated with a community’s expo-
sure to an environmental hazard, an assessment of a community’s resources,
including its cohesiveness and leadership, should be part of this more com-
prehensive risk assessment.

RISK MANAGEMENT

Risk management is the part of the equation where nurses can make their
most significant contribution. It is the process of evaluating alternative
strategies for reducing risk and prioritizing or selecting among them (NRC,
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Most Effective Elimination
Substitution
Isolation
Engineering Designs
Administrative Controls
Personal Protective Equipment

Least Effective

FIGURE 9.1 Industrial hygiene: hierarchy of control.

1983). Risk management strategies often involve policy development,
which may include regulatory, legislative, and/or voluntary options, and
may be targeted at the local, state, national, or international level. The
adoption of any community-centered risk management strategy involves
numerous forms of advocacy, discussed elsewhere in the book.
Environmental engineering, although less familiar to nurses, is a criti-
cal science in risk management. Engineering and industrial hygiene strate-
gies to control exposure to environmental hazards offer useful models for
selecting among alternative management options. The industrial hygiene
“hierarchy of controls” model, a framework for the control of occupational
hazards (Fig. 9.1, p. xx) describes a range of control measures available
to reduce workplace exposures. Control options are ranked beginning with
the most effective strategies, those that involve changes to the work process
and/or environment, and proceed to those less effective options or quick
fixes. Often these quick fixes are employed until more effective controls
become available. According to this model, substitution of a hazardous
substance with one less hazardous should be considered the first approach
to hazard reduction. When substitution is not feasible, isolating the
worker/community member from the hazard is a second line of control,
followed by such engineering controls as local exhaust ventilation of haz-
ardous fumes or dust from the breathing zone of a worker. Next in the hier-
archy are administrative controls that include policies and procedures for
limiting exposure to hazards and training of workers. Finally, personal pro-
tective equipment, such as respirators, can be used when higher-level con-
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trols are unavailable, but they should be viewed as a temporary measure
(Smith and Schneider, 2000). The theoretical basis for the “hierarchy of
controls” is that it is much more effective to make changes to the envi-
ronment to reduce exposure, rather than rely on personal behavior change
especially involuntary exposure found in the workplace.

A current and relevant example of the application of the hierarchy of
controls to reduce needlestick injuries among health care providers can
be found in the Needlestick Safety and Prevention Act. Effective April
18, 2001, the Act revised the 1991 OSHA bloodborne pathogen standard
to require employers to select safer needle devices as they become avail-
able and to involve employees in identifying and choosing the devices.
Safer needle devices, a form of engineering control, have been available
for more than a decade. However, without the force of the new law, health
care workers have been forced to rely on a combination of administrative
controls and personal protective equipment namely universal precautions,
to protect themselves from the 600,000 to 800,000 needlestick injuries
incurred by U.S. health care workers annually (Henry and Campbell,
1995). As a consequence, protection against often deadly needlesticks has
been dependent on the “safe practice” of the overworked and overextended
nurses working under the most unpredictable of circumstances. This is
despite the fact that the technology to allow them to perform their jobs
safely and effectively is available. The use of conventional needles in the
health care environment has been compared to the use of unguarded
machinery decades ago in the industrial workplace. The Needlestick Safety
Act is also a clear example of where industry did not act voluntarily to
protect workers from the risk of needlestick injuries, and regulatory action
was essential to the overall risk management program. Within the context
of community exposures to environmental hazards, a similar hierarchy
can be described.

Reduction of pollution at its source, also known as source reduction,
should clearly be the goal of any environmental risk management strategy.
Waste minimization should be viewed as a second line of defense against
environmental degradation. Reuse and recycling, although an important
and laudable risk management strategy, is further down the list of desir-
able measures, along with emissions control and, finally, waste clean-up.
The Health Care Without Harm campaign, described in chapter 5 of this
book, provides an excellent example of the application of this risk man-
agement hierarchy to the problem of mercury pollution. The availability
and use of mercury thermometers and other mercury containing medical
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devices are widespread in U.S. hospitals, despite the fact that the negative
effects on human health of mercury have been recognized for nearly a cen-
tury. Acceptable alternatives have been available for decades. One of the
primary goals of the HCWH campaign is the replacement of mercury-con-
taining equipment with these widely available substitutes.

Risk management should include the highest level of control feasible,
even when such control may force the development of new technology. It
should be noted that any successful risk management program will include
hazard control at a number of levels. For example, education of all involved
parties about the nature of the risk, the costs and benefits of proposed risk
management strategies, and how they will be impacted by the various
options is an essential part of any program. Nurses should play a central
role in such education efforts.

Community members must be active partners in any decision making
about risk management options. Community organizing and coalition build-
ing are often essential to building a community position on a particular
risk management plan. Nurses have a central role to play in this type of
community building and often must advocate for community involvement
in both the risk assessment and management process. Community-based
actions have been responsible for the success of many environmental health
protection campaigns. For example, nurses, other health care workers, and
their collective bargaining units were solely responsible for the highly suc-
cessful needlestick prevention campaign that culminated in the passage of
the Needlestick Safety and Prevention Act.

Legal remedies, such as recent class-action lawsuits against the lead
pigment industry for the public health costs associated with lead poison-
ing and lead abatement, may be used to manage risk in combination with
the above strategies. More nurses are needed to fill the role of technical
or clinical experts and/or community advocates in such lawsuits.

The risk management selection process necessarily requires the use of
value judgments on such issues as the acceptability of risk and the rea-
sonableness of the costs of controlling the hazard (NRC, 1983). Ultimately,
it is the public, as individuals and through our elected officials, who defines
what is an acceptable risk relative to environmental hazards. The way we
have defined acceptable risk differs based on who is at risk and what is
the source of this risk. In the U.S. we strive to control exposures to a level
that will have a risk of anywhere from 1 death in 100,000 to one in one
million population. The Superfund statute includes an acceptable lifetime
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cancer risk of 1 in 10,000. By contrast, workplace standards, as determined
by the Supreme Court in a controversial and divided majority opinion in
an industry challenge to the OSHA benzene standard, argued that OSHA
is obligated to regulate only “significant risks” and it offered a sixfold
range for guidance as to what constitutes a significant risk. It stated that a
risk of death of [ in 1,000 was clearly significant, whereas a risk of 1 in
1 billion was clearly not so. The implications of the benzene decision for
subsequent standards reflect the political and philosophical leaning of a
particular OSHA administration (Ashford, 2000). As a case in point, in
1996, OSHA promulgated a standard to protect workers from exposure to
1,3-butadiene, a chemical used in the production of rubber for the tire
industry. Butadiene has been association with an increased risk of leukemia
among exposed workers. The permissible exposure limit (PEL) established
for workplace exposures to 1,3-butadiene was based on a risk of 8 cancer
deaths in 1,000 workers (OSHA, 29 CRF-1910.1051).

Finally, an important concept in the management of environmental risks
is the Precautionary Principle. Representatives to the 1992 United Nations
Conference on Environmental and Development declared that “In order to
protect the environment, the precautionary approach shall be widely applied
by States according to their capability. Where there are threats of serious
or irreversible damage, lack of scientific certainty shall not be used as a
reason for postponing cost-effective measures to prevent environmental
degradation” (United Nations Conference, 1992).
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CHAPTER 10

Risk Communication

Barbara Sattler

n health care we are often asked about risk. Questions are posed in
terms of “chances”: What are the chances that my husband will recover
sight after the surgery? What are the chances of developing cancer if you
smoke? What people are really asking is: What is the risk of a health out-
come based on an exposure: in the first instance the “exposure” is a med-
ical procedure, in the second the “exposure” is the inhalation of cigarette
smoke. The answer to these questions is often expressed in math terms: You
have a one in a hundred chance that this procedure will not work or a one
in a hundred chance of getting cancer if you engage in a certain lifestyle.
A whole field of practice and inquiry has developed around communi-
cation that is expressly related to environmental exposures and risk com-
munication. When environmental health outcomes are of concern, risk
communication combines both the art of communication and the science
that we know, and sometimes even more importantly, the science that we
do not yet know. Risk communication involves the “purposeful exchange
of information between interested parties about environmental risks”
(Environmental Protection Agency, 1990) The National Research Council
(1989) has a more comprehensive definition.

Risk communication is an interactive process of exchange of infor-
mation and opinion among individuals, groups, and institutions. It
involves multiple messages about the nature of risk and other mes-
sages, not strictly about risk, that express concerns, opinions, or reac-
tions to risk messages or to legal and institutional arrangements for
risk management.

Environmental health risks are often hard to define. The exposures may
be difficult to characterize; the exposed population may be very diverse in
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age, culture, and many other important variables; our exposures will always
include multiple chemicals because it is the nature of our “environments”
(whereas most scientific investigation is primarily about individual chemi-
cals and rarely chemical mixtures) and because sometimes the science is
inconclusive or nonexistent. Risk communication involves a message, a com-
municator or messenger, an audience / community, and a context.

MESSAGE

In the field of environmental health, we are often armed with insufficient
science, particularly human toxicity and/or epidemiological data, to be
definitive about health risks associated with an air emission, a contami-
nant in drinking water, or any other environmental exposure. The pollu-
tant in question may not have been adequately tested and characterized.
When toxicity data exist, they are almost always based on animal studies
and therefore, to use the data in risk communication, we must explain that
they are based on the extrapolation from animal models. As such, we are
often making assumptions about the potential effect. This “scientific gray-
ness” should be shared with the audience to whom risks are being com-
municated. The message in risk communication is based on uncertainty,
and because of this and the fact that the context of risk communication is
seldom neutral, it is extremely important to help the audience understand
the concept of risk and the uncertainty within the full range of sciences.
Table 10.1 outlines some risk perception tendencies described by Peter
Sandman (1986).

Risks may be perceived as “less” or “more” risky based on the follow-
ing attributes. Because the context of risk communication is often the pres-
ence of a new exposure or new knowledge about the effects of an existing
exposure, the community may be anxious and/or angry. It is important to
pay as much attention to the “outrage factors,” and to the community’s
concerns as to scientific data (Chess, Hance, and Sandman, 1987).

MESSENGER

For risk communication fo succeed the audience must perceive the source
(messenger) of the information as trusted and credible. There are a vari-
ety of elements outlined in the risk communication literature that affect
trust: competency, caring, encouragement of dialogue and participation,
honorable and honest behavior, and listening to and acknowledging a com-
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TABLE 10.1 Risk Perception Tendencies

Less Risky More Risky

Voluntary Involuntary

Familiar Unfamiliar

Controllable Uncontrolliable
Controlled by self Controlied by others

Fair not memorable Memorable

Not dread Dread

Chronic Acute

Diffuse in time and space Focused in time and space
Not fatal Fatal

Immediate Delayed

Natural Artificial

Individual mitigation possible Individual mitigation impossible
Detectable Undetectable

munity’s outrage. Nurses are considered highly credible and dependable
sources of information within the community and fulfill the criteria for
trust that is so essential in risk communication.

Nurses also understand the communication process, which is essential
for sustaining long-term trust with the community. This process includes
cross-cultural competencies, as well as language and literacy issues.
Engaging the community in all aspects of communication (no closed meet-
ings), meeting the community’s needs for information, providing accurate
information, and following up on requests for information that is not read-
ily available will help to ensure a smoother process. Additionally, helping
to coordinate multiple agency messages and responses and communica-
tion with the media is critical. Community members are more likely to
believe what they read in the newspapers or hear on the 5 o’clock news.

AUDIENCE

Audiences bring their own individual biases or perceptions to any forum
in which environmental health risks are discussed. Their distrust of the
messenger may be based on their feelings about someone from the gov-
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ernment, a particular industry, or an environmental organization. An audi-
ence may trust or distrust a messenger based on his or her age, race, gen-
der, and so on. There is an excellent body of literature on audience bias
and risk perception. A set of key variables has been identified by Chess et
al. (1987) that will impact the perception of risk by the audience (see Table
10.2)

The potential impact on health is also important in the perception of the
magnitude of the risk. Will an environmental exposure create a risk to chil-
dren’s health? Will the health problem be short-term and reversible? Is
cancer the potential health outcome? Are there potential birth defects or
other reproductive health threats? These issues must all be considered when
engaging in risk communication.

CONTEXT

Risk communication does not occur in a vacuum. It often occurs when
there has been a perceived environmental health threat—perhaps be a poten-
tially contaminated water supply, an accidental release of a hazardous
chemical, or a newly identified hazardous waste site adjacent to a day care
center. The conditions and context will influence the audiences’ ability to
listen and trust. Additionally, the media can play an important part in a
community’s understanding and biases regarding environmental risk. It is
critical to understand the history of the community and the histories of the
individual community leaders. This is where good listening skills can help
to facilitate real communication.

The Environmental Protection Agency (EPA) has proposed a code of con-
duct that will enhance the success of a risk communication initiative. It is a
list of basic principles that honors all of the players within a community.

The EPA has created a list of 7 Cardinal Rules for Risk Communication.

. Accept and involve the public as a legitimate partner.

. Plan carefully and evaluate your efforts.

. Listen to your audience.

. Be honest, frank, and open.

. Coordinate and collaborate with other credible sources.
. Meet the needs of the press.

. Speak clearly and with compassion.

~1 Oh L P W DD e

Risk communication is often the role of the public health nurse, who is
called upon to bridge the communication gap between the community and
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TABLE 10.2 Variables That Affect Risk Perception

1.

Voluntary risks are accepted more readily that those that are imposed. When peo-
ple don’t have choices, they become angry. Similarly, when communities feel
coerced into accepting risks, they feel furious about the coercion. As a result, they
focus on the government’s process and pay far less attention to substantive risk
issues. Ultimately, they come to see the risk as more risky.

. Risks under individual control are accepted more readily than those under govern-

ment control. Most people feel safer with risks under their own control. For exam-
ple most of us feel safer driving than riding as a passenger. Our feeling has nothing
to do with the data-—our driving record versus the driving records of others.
Similarly, people tend to feel more comfortable with environmental risks they can
do something about themselves, rather than having to rely on government to protect
them.

. Risks that seem fair are more acceptable than those that seem unfair. A coerced

risk will always seem unfair. A community that feels stuck with the risk with little
benefit will find the risk unfair, and thus more serious. This factor explains, in part,
why communities that depend on a particular industry for jobs sometimes see pol-
lution from that industry as less risky.

. Risk information that comes from trustworthy sources is more readily believed than

information from untrustworthy sources. If a mechanic with whom you have quar-
reled in the past says he can’t find a problem with a car that seems faulty to you,
you will respond quite differently than if a friend delivers the same news. You are
more apt to demand justification, rather than ask neutral questions of the mechanic.
Unfortunately, ongoing battles with communities erode trust and make the [govern-
mental] agency message far less believable.

. Risks that seem ethically objectionable will seem more risky than those that don’t.

To many people, pollution is morally wrong. A former EPA official suggested that
speaking to some people about an acceptable level of pollution is like talking about
an acceptable level of child molester.

. Natural risks seem more acceptable than artificial risks. Natural risks provide no

focus for anger: a risk caused by God is more acceptable than one caused by peo-
ple. For example, consider the difference between the reactions to naturally occur-
ring radon in homes and the reactions to high radon levels caused by uranium mine
tailings or industrial sources.

. Exotic risks seem more risky than familiar risks. A cabinet full of household

cleansers, for example, seems much less risky than a high-tech chemical facility
that makes cleansers.

. Risks that are associated with other, memorable events are considered more risky.

Risks that bring to mind Bhopal or Love Canal, for example, are more likely to be
feared than those that lack such associations.

The greater the number and seriousness of these factors, the greater the likelihood of public concern about the
risk, regardless of the scientific data.
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the scientific or technical community. Nurses in clinical settings may be
called upon to deliver risk communication, particularly if a patient’s fam-
ily perceives the cause of the family member’s illness as an environmen-
tal exposure.
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CHAPTER 11

Water Pollution

Barbara Sattler

t's interesting to note that the percentage of the water on the earth’s

surface and the percentage of water in the human body are about the

same, around 70%. How critical it is that we keep all of our water
healthy! And yet, we continue to contaminate our surface and ground water
that, in turn, contaminates our bodies. Chemical plants, pulp mills, and
other factories legally dumped over a billion pounds of known toxic chem-
icals into U.S. rivers, lakes, and coastal waters between 1990 and 1994.
Between 1994 and 1995, 45 million Americans drank contaminated water
that exceeded the standards for fecal matter, parasites, pathogenic microbes,
radiation, heavy metals, and other toxic chemicals.

Drinking water is derived from one of two sources: ground water
(aquifers) or surface water (streams, reservoirs, rivers). Well water is drawn
from ground water. About half of our nation’s drinking water is well water
and the other half surface. Both ground water and surface water are vul-
nerable to contamination from a wide variety of sources.

Water contamination is divided into two large categories: point source
pollutants, which come from a single identifiable source such as a factory
effluent, a sewer overflow pipe, and so on, and non—point source pollu-
tants, which come from a great range of exposures such as agricultural
runoff of pesticides or fertilizers or from air pollutants that land on the sur-
faces of great bodies of water.

Point source pollution is often regulated by the Environmental Protection
Agency (EPA). If an industry or municipal public works entity such as a
wastewater treatment facility intentionally discharges a pollutant into a body
of water, it must have a permit from the state regulatory agency. As a soci-
ety, we have decided that it is acceptable to discharge hazardous chemicals
into our waterways, as long as it is within limits. All permits should be pub-
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licly accessible for review. The actual permitting process should be a pub-
lic process in which citizens can learn about the limitations of the permit.

In addition to industrial effluent, there are a variety of sources of pol-
lution to our water. A key mechanism for disposing of liquid hazardous
waste is to treat the waste and then dispose of it via deep-well injection.
This means that the treated waste is literally injected deep into the earth.
Annually, 9 billion gallons of hazardous waste are injected deep into the
earth in the U.S. and 2 billion gallons of brine from oil and gas are injected
daily (EPA, 2001). The regulations for underground injection require that
the operators evaluate the underground geology to ensure that the toxic
waste will not find its way to an aquifer for at least 10,000 years.
Automotive, industrial, sanitary, and other wastes may be shallow-well
injected, resulting in contamination of aquifers.

There are hundreds of thousands of underground storage tanks in the
United States, a significant number of which are for gasoline at gas sta-
tions. A substantial number of them store fuel oil for residential use. These
underground storage tanks are regulated by the EPA. Almost 400,000 of
them were found to be leaking by 1997, with the resulting pollution leach-
ing into our ground water. MTBE was a fuel additive to gasoline formu-
lated to increase oxygenation of gas and decrease pollution. It has been
listed as a potential human carcinogen (known to cause liver and kidney
tumors in mice). During an environmental assessment in Maryland, MTBE
was detected in 210 private wells as a result of leaking storage tanks and
runoff. MTBE is an extremely persistent pollutant. Annually, approximately
30,000 leaking storage tanks are now reported (EPA, 2001).

Many industries build holding ponds for their toxic wastewater. These
ponds may be regulated and permitted, depending on the chemicals involved.
Liners may be required to prevent the toxic chemicals from leaching into
the ground water, but unfortunately these liners can fail.

There have been a number of transportation of hazardous materials inci-
dents in which rivers and other waterways have been significantly com-
promised. Inland rail accidents have poured thousands of pounds of
pesticides, chlorine, and other chemicals into the water. The most highly
visible spills have been the ocean tanker spills of crude oil. All of these
incidents are examples of point source pollution.

Old industrial sites, including Brownfields and Superfund sites, may
leach any number of chemicals into the ground water or create hazardous
runoff into surface waters. The drinking water contaminant of notoriety
from the book and motion picture A Civil Action (Harr, 1996) was
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trichloroethylene (TCE), the most common contaminant found in Superfund
sites around the country. Other common contaminants in Superfund sites
include heavy metals, including lead and polychlorinated biphenyls (PCBs).

In Cape Cod, jet fuel runoff from the Massachusetts Military Reservation
has contaminated eight underground streams that provide the drinking
water for the citizens of Cape Cod. The Military Reservation is now a des-
ignated Superfund site. A similar situation exists in the San Gabriel Valley
in California, where the solid rocket fuel perchlorate is found in danger-
ous quantities in the aquifers from which the area residents derive their
drinking water. Perchlorate is used pharmaceutically for people who suf-
fer from hypothyroidism. It enhances thyroid production. Unfortunately,
if you have a normal thyroid, you might not want its activity to be increased.

Nonpoint sources of water pollution are sometimes more difficult to
identify and control. Rain carries the salt we place on our icy roads to the
nearest surface water via the storm management system. Rain similarly
carries lawn and agricultural chemicals to our surface waters. In addition,
chemicals that are water soluble may be absorbed into the earth and leach
into the aquifers. The U.S. Geologic Survey estimates that 42 million
American wells are contaminated with volatile organic compounds that
are derived from gasoline, solvents, paints, and MTBE (U.S. Water News
Online, 1999).

Air pollution from traffic and industrial pollution eventually come to
earth. When it descends on our waterways it may stay on the surface or
become soluble in the water. Many of the surface contaminants found on
the Chesapeake Bay are from the industrial Ohio River Valley, hundreds
of miles away. The need for national and global environmental protection
policies becomes very apparent when it comes to air and water pollution.

In 1999, 1,000 fairgoers in New York State were infected with E. coli.
The source was identified as drinking well contamination from animal
manure in rain runoff. With increased population comes increased demand
for food. In response to this demand, more fertilizers are being used to
ratchet up the agricultural output. When fertilizer runoff arrives in water-
ways, the resultant hypernutrition from the fertilizer chemicals can have
an impact on the marine ecology. This “eutrofication” has been associated
with algae blooms such as the pfiesteria blooms found on East Coast water-
ways. In areas where animal fecal matter such as chicken waste runs off,
the same phenomenon has been noted. Agricultural runoff (agricultural
chemicals—pesticides and fertilizers—and fecal matter) affects 70% of
our rivers.



116 Environment Health Basics

Storm water overflow is a major source of contamination in urban water-
ways. When storm and sanitary sewer systems are combined (and most
are), a summer thunderstorm can send three to four times more water to
local wastewater treatment plants than they can handle (EPA, 2000). As a
result, and as part of a planned contingency, raw sewage and floating trash
are flushed directly into local streams and rivers.

Coastal waters are challenged by beach washups of trash, dredging, and
oil spills. In 1989, 10 million gallons of crude oil contaminated nearly 500
miles of once pristine Alaskan shoreline. The cleanup took three years and
cost $2.1 billion; yet the effects on wildlife are still being felt.

The U. S. Geologic Service regularly surveys the aquifers and surface
waters, The chemicals that we use in our everyday lives are being found
in measurable amounts in our nation’s water: acetaminophen, caffeine,
codeine, cotamine (a metabolite of nicotine, spilled in the urine), 17-b
estradiol (estrogen), and sulfamethoxazole (and other antibiotics, particu-
larly in areas where factory farming occurs). We are virtually clueless about
the ecological impact these chemicals may have, particularly in combina-
tion, let alone the impact they may have on the humans drinking the water.
What are the associated risks of a pregnant woman consuming such chem-
icals during her first trimester? We do not know. Through developmental
toxicology and epidemiologic research, we are beginning to understand
that embryos and fetuses have developmental stages during which they are
exquisitely vulnerable to exposure to certain chemicals.

There are also many naturaily occurring chemicals in our water that
may create health risks. Arsenic, radon, radium, and heavy metals can be
naturally occurring contaminants in water. In Austin, TX, lithium is a nat-
urally occurring contaminant in the drinking water.

The availability of safe drinking water is clearly a public health con-
cern, It is estimated that over 200 million Americans use treated drinking
water. The introduction of drinking water chlorination as a standard treat-
ment technique greatly decreased mortality from infectious disease and
was a major public health advance in the 20th century. During water treat-
ment, chlorine reacts with naturally occurring organic matter in surface
water to produce a number of byproducts, now dubbed disinfectant by-
products (DBPs). Recent studies have shown a relationship between birth
outcomes and DBPs. Specifically, risks of stillbirth and spontaneous abor-
tion have been associated with high exposures to trihalomethanes, which
are DBPs (Dodds, King, Woolcott, and Pole, 1999). Chloroform, the most
prevalent trihalomethane in drinking water, is carcinogenic to rodents. Two
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other trihalomethanes are associated with intestinal, renal, and liver
responses in rodents, as well as liver tumors. The EPA and the National
Toxicology Program at the National Institutes of Environmental Health
Science have created a research partnership to evaluate the toxicity of DBPs
and the EPA is expected to set a final drinking water standard for DBPs
by 2003 (National Toxicology Program, 2000).

In the distribution systems that transport source water to our taps, our
drinking water is challenged by a number of potential contaminants. Many
have been described in this chapter. In our homes, lead pipes and lead sol-
der can provide a source of contamination when the lead leaches into our
drinking water. Lead is a serious neurotoxic, reproductive toxic, and hemo-
poietic toxic chemical. (See the material on lead in chapter 18 of this book
for more information.)

Given the critical need that our bodies have for water, it is essential that
we protect this vital resource. Nurses have been silent about water qual-
ity, yet there are opportunities for participation and input. Each state must
have a source water protection plan. The planning process is open to pub-
lic participation and would be a perfect place for nurses to contribute their
special knowledge of the vulnerable populations they serve: pregnant
women, the very young and the very old, and the immunocompromised.
Nurses’ status in the community as trusted communicators enhances their
effectiveness in public forums. We should all consider how we can create
a nursing platform for public health through more active participation in
environmental protection, which ultimately translates to environmental
health protection.
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CHAPTER 12

Drinking Water Quality
Brenda Afzal

From earliest times, we and our ancestors have depended on
water as a highway, a sewer, a pathway to discovery, a means
to empire, an irrigator of crops-in short, as a social as well as
a chemical necessity. Chemistry, however, remains the bottom
line: whatever else we do with water, we must also drink it.

Charles J Hitch

HISTORICAL OVERVIEW

The post-World War II growth in agricultural and industrial development
and the production of man-made chemicals provided an economic boom
in the United States. Unfortunately, it also led to pollution of the nation’s
water. Rachel Carson first brought the nation’s attention to the issue of
pollution in her book Silent Spring (1972). She reported on widespread
poisoning of our nation’s waterways from toxic industrial chemicals and
agricultural and sewage runoff. Many once pristine waterways had become
unsafe for swimming and, worse, unsafe for drinking.

Early concern for drinking water quality centered on its aesthetic qual-
ities. There was little understanding of the relationship between drinking
water and disease until the mid nineteenth century when Dr. John Snow,
a British physician, correlated an outbreak of cholera in London to drink-
ing water drawn from a contaminated source. Although this association
was made before the recognition that microbes cause disease, it did imply
that water was a medium for the transmission of disease. The discovery of
the germ theory of disease by Dr. Louis Pasteur, late in the nineteenth cen-
tury, helped to explain why water sometimes made people sick. Bacterial
pathogens would remain the focus of concern during most of the twenti-
eth century.

119
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SCOPE OF THE PROBLEM

The Clean Water Act is a 1977 amendment to the Federal Water Pollution
Control Act of 1972. The Clean Water Act’s primary objective is to restore
and maintain the integrity of the nation’s waters. This objective translates
into two fundamental national goals: eliminate the discharge of pollutants
into the nation’s waters, and achieve water quality levels that are fishable
and swimmable. “Each year in the U.S., millions of pounds of industrial
and agricultural chemicals are released into the environment, either through
intentional or uncontrolled discharges. Ground water and surface water
bodies that serve as our drinking water sources are vulnerable to contam-
ination by these chemicals as a result of runoff of agricultural and house-
hold chemicals, industrial waste discharges, and uncontrolled releases from
sources such as landfills and leaking underground storage tanks” (Physicians
for Social Responsibility, 2000). Public water systems are increasingly
challenged to remove chemical contaminants. A report by the U.S. Public
Interest Research Group Education Fund (2000) indicated that in the 20
years since the Clean Water Act was instituted, there had been 220,000,000
pounds of toxic chemicals dumped directly into our nation’s waterways,
indicating that we have not yet met our clean water goals.

Agricultural runoff is also an enormous source of pollution, causing
70% of our rivers and streams to be affected by nutrient and animal waste
runoff (U.S. Environmental Protection Agency, 1998). Waste generated
from Concentrated Animal Feeding Operations (CAFOs), sometimes
referred to as factory farms, has created a disastrous source of water pol-
lution producing “130 times the waste generated by humans in this coun-
try each year” (Minority Staff of the U.S. Senate Committee on Agriculture,
Nutrition and Forestry, 1997, p. 3).

Water chlorination was first used to disinfect water in the United States
by the New Jersey City Water Works. As water suppliers across the coun-
try added chlorine to water drawn from surface water sources, waterborne
disease outbreaks dropped dramatically. However, in the 1970s, by-prod-
ucts of chlorination were identified in drinking water. When chlorine is
used to disinfect public drinking water, it can combine with organic mate-
rial in the water distribution system, forming organic chlorinated com-
pounds. These compounds are referred to as disinfectant byproducts (BPs).
Several epidemiological studies indicate that there may be an increased
risk of reproductive and developmental effects to the fetuses of pregnant
women exposed to high levels of these DPWs (King, Dodds, & Allen,
2000; Moline et al., 2000; Swan et al., 1998). In addition, studies have also
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associated the ingestion of certain types of DBPs to bladder and colorec-
tal cancer (Cantor et al., 1998; King and Marret, 1996; McGeehin, Reif,
Beecher, and Mangione, 1993).

The Food Quality Protection Act mandates the EPA to add the contri-
bution of pesticide residues in drinking water to the total dietary exposure
to pesticide residues. Although pesticide residues in drinking water are not
thought to be a primary source of pesticide poisoning, the presence of pes-
ticides in drinking water can pose a health threat. A report by the Greater
Boston Physicians for Social Responsibility (2000) describes the toxic
threat that exposure to pesticides from water, air, and soil has on a child’s
neurological development. The report describes a recent study of preschool
children (Guillette et al., 1998) that revealed that children who sustained
heavy pesticide exposures (from multiple sources) had less stamina,
decreased gross motor coordination, impaired fine hand-eye coordination,
decreased 30-minute memory, less ability to draw a person (Figs. 12.1 and
12.2), and increased aggressiveness, than those without exposures.

A 1999 publication (American Society for Microbiology) estimated that
900,000 people suffer annually from waterborne infections and 900 die.
Reports and estimates vary on the incidence of waterborne microbial dis-
ease occurring in the United States, probably because not all outbreaks are
“recognized, investigated, [or] reported” (Centers for Disease Control,
2000, p. 2). Although waterborne diseases are reportable, few health care
practitioners recognize the possibility of a waterborne etiology, and there-
fore there is significant underreporting.

“The largest outbreak reported in the U.S. since health officials began
tracking waterborne disease in 1920 occurred in Milwaukee, Wisconsin in
1993. After drinking water contaminated with a single-celled parasite
Cryptosporidium parvum, over 400,000 people suffered from gastroin-
testinal illness and it is estimated that over 50 people died” (U.S. EPA,
1999b, p. 30). Table 12.1 gives examples of other significant waterborne
disease outbreaks that have occurred in U.S. community water systems.

WHERE DOES DRINKING WATER COME FROM?

There are more than 170,000 public water systems in the United States
serving the population (United States Environmental Protection Agency,
1999a). Roughly 80% of the United States public water systems obtain
water from ground water sources. Ground water refers to water that is held
in rock (aquifers) beneath the surface of the earth. The remaining 20% of
public water systems obtain water from surface sources such as lakes,



122  Environmental Health Basics

P U('))
_ Foothills (

(pesticide-free) 4}3
[

54 mos. girl 60 mos. girl

71 mos. boy
Valley
{pesticide-exposed)
54 mos. girl 71 mos. girl
I
e {(
53 mos. girl 71 mos. girl

Figure 12.1 Illustrations are those by Mexican Yaqui Indian children drawn during a
study of the effects of pesticide exposure on neurological development. The study was
conducted by Elizabeth A. Guillette, PhD, University of Arizona. Originally published
in the Journal of Environmental Health Perspective.

rivers, and reservoirs. Groundwater moves from high elevation to low ele-
vation or from high-pressure areas to low-pressure areas. The rate of travel
varies but it flows at a much slower rate than surface water. It was once
thought that groundwater was pure and free of contamination. We now
understand that as water seeps into aquifers from the surface of the earth,
it may pick up both natural and man-made contaminants along the way.
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Table 12.1 Waterborne disease outbreaks in the U.S.

Year State Cause of Disease # of People Affected

1985 MA Giardia lambia 703 illnesses

1987 GA Cryptosperidium parvum 13,000 illnesses

1987 PR Shigella sonnei 1,800 ilinesses

1989 MO E Coli 157 243 ilinesses, 4 deaths

1991 PR Unknown 9,847 illnesses

1993 MO Salmonella typhimurium 650 illnesses, 7 deaths

1993 Wi Cryptosporidium parvum 400,000 illnesses, 50 + deaths

(Adapted from U.S. EPA, 1999b, p.30) PR=Puerto Rico

DRINKING WATER CONTAMINANTS

In writing the Safe Drinking Water Act (SDWA), Congress gave the EPA
a mandate to regulate contaminants in public drinking water that are known
to, or are likely to, pose a risk to public health. The EPA does not have the
authority to regulate private drinking water systems. It regulates contam-
inants by setting standards for “finished” drinking water that flows from
treatment facilities to customers. Currently, more than 80 contaminants
are regulated. A 1996 amendment requires the EPA to “review and revise,”
if necessary, the safe drinking water standards. Some of the current drink-
ing water standards were set decades ago and in light of new scientific evi-
dence there is concern that they may not be protective of public health.

Contaminants are classified as inorganic or organic chemicals, radionu-
clides, and microorganisms. Inorganic chemicals are mineral based and do
not contain carbon. They may occur naturally in the watershed or enter the
watershed from farming or industrial discharge. Examples of inorganic
chemicals are lead, nitrates, arsenic and asbestos. Organic chemicals con-
tain carbon and can gain access to the watershed from agricultural and
industrial runoff. Some organic chemical contaminants are referred to as
volatile organic chemicals (VOCs) or synthetic organic chemicals (SOCs).
VOCs are persistent in the environment and have been associated with
some types of cancer as well as negative neurological and reproductive
affects. Examples of VOCs are gasoline, degreasing and dry-cleaning sol-
vents. There are 34 standards for SOCs; many are pesticides.
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Microbial contaminants found in water may be bacteria, viruses, or par-
asites. Disinfection and filtration methods used by public water suppliers
have decreased the threat from many pathogens for healthy individuals.
However, vulnerable populations are at greater risk. The infectivity of
microbes may be higher for individuals with weakened immune systems.
Disease outbreaks from these pathogens are usually a result of a water sys-
tem treatment failure or from drinking from a contaminated water source.

Radionuclides emit ionizing radiation. Lifetime exposure to radiation at
levels over the EPA standard from a drinking water source results in an
increased risk of some types of cancer. The EPA currently regulates radium
226 and 228, as well as gross alpha particle activity. Drinking water stan-
dards for radon and naturally occurring uranium are expected soon.

DRINKING WATER STANDARDS

There are national primary and secondary standards for drinking water.
National Primary Drinking Water Standards (NPDWSs) are legally enforce-
able standards limiting the amount of contaminants that can be detected
in drinking water. There are two types of enforceable NPDWSs: Maximum
Contaminant Levels (MCLs) and Treatment Techniques (TTs). The MCL
indicates the highest level of a regulated contaminant that is allowed in
finished drinking water. For some contaminants for which there is no meas-
uring method that is economically or technically achievable, a TT is set.
TTs set a specific procedure or technology that must be used by public
water systems to control a regulated contaminant. An example of a TT is
the Surface Water Treatment Rule that provides for disinfection and fil-
tration of drinking water.

National Secondary Drinking Water Standards (NSDWSs) are not
enforceable. The EPA recommends them to public water systems to con-
trol cosmetic and aesthetic effects of drinking water. Although NSDWs
are not federally enforceable, some states have chosen to adopt them as
enforceable standards.

DRINKING WATER LAWS AND REGULATIONS

The Public Health Service set the first federal drinking water standards for
contaminants in 1914. There were 14 standards for bacterial contaminants
regulating systems that provided water to interstate carriers. By 1964, the
Public Health Service regulated a total of 28 contaminants.

Public concern about the poor state of our nation’s waterways in the
1960s and 1970s compelled the federal government to investigate drink-
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ing water quality in the United States. The results of the investigation indi-
cated that our worst fears were true. Public health standards were being
met by only 60% of the water systems surveyed (United States Environ-
mental Protection Agency, 1999b). There were serious issues concerning
the disinfecting process, with small water systems having many deficien-
cies. One study of the Mississippi River (Industrial Pollution of the Lower
Mississippi River, 1972) showed that water taken from the river, which
had passed through a water treatment facility, still contained 36 potentially
hazardous chemicals. These concerns and others related to environmental
health fostered debates in Congress that led to two landmark environmental
acts of legislation, the Federal Water Pollution Control Act of 1972 and
the Safe Drinking Water Act (SDWA) of 1974. The Environmental
Protection Agency administers both.

The purpose of the Clean Water Act (CWA) of 1977, an amendment to
the Federal Water Pollution Control Act, was to restore and maintain the
chemical, physical, and biological integrity of the nation’s waters. The
SDWA attempts to control drinking water contamination through the use
of a multiple barrier approach. This approach includes source water and
drinking water assessment and protection, wellhead protection, qualifica-
tion of water system operators, ensuring the integrity of distribution sys-
tems, and public notification of drinking water quality.

NURSING AND WATER QUALITY

Historically, environmental health has been a focus for nursing. Lillian
Wald, an early public health nursing advocate, and Florence Nightingale
voiced clear concerns for the environment in which individuals and com-
munities live and work.

In watching diseases, both in private homes and in public hospitals,
the thing which strikes the experienced observer most forcibly is this,
that the symptoms or the sufferings generally considered to be
inevitable and incident to the disease are very often not symptoms
of the disease at all, but of something quite different—of the want of
fresh air, or of light, or of warmth, or of quiet, or of cleanliness, or
of punctuality and care in the administration of diet, of each or of all
of these [Nightingale, 1860, p. 8].

The traditional role of the nurse as an investigator, educator, advocate,
communicator, and leader gives an unmistakable mandate in environmen-
tal health matters. The Institute of Medicine’s report Nursing, Health, and



126 Environmental Health Basics

the Environment (1995) asserts the need for nurses to understand the basic
and applied principles of environmental health. As one of the most trusted
sources of drinking water information, nurses must be able to field ques-
tions and guide vulnerable populations to informed decisions about water
quality. A valuable tool to assist nurses in this process is the Consumer
Confidence Report.

CONSUMER CONFIDENCE REPORTS

A 1996 amendment to the Safe Drinking Water Act allows consumers and
their health care providers to have access to information concerning the
quality of their drinking water. This amendment requires public water sys-
tem providers to produce and make available to consumers a Right to Know
or Consumer Confidence Report (CCR). The purpose of these reports is
to help consumers make informed decisions about their drinking water.
These reports also provide an opportunity to educate consumers on basic
water quality issues and the challenges of delivering safe drinking water.
The first reports were required to be published by October 19, 1999; there-
after, CCRs must be published annually by July 1. Every community water
system that provides drinking water to 25 or more of the same people year-
round must publish a CCR. It is hoped that these reports will help stimu-
late concern for drinking water quality among consumers and motivate
them to learn about and be involved in source water protection. Table 12.2
outlines the basic CCR report requirements.

The EPA has an online website where many local CCRs can be found
www.epa.gov/safewater/dwinfo.htm. Although most states have some reg-
ulations regarding the water testing of new private wells there are seldom
requirements for periodic retesting. The right-to-know statutes do not apply
to personal wells.

A “report card” grading the early attempts by water utilities to produce
CCRs (The Campaign for Safe and Affordable Drinking Water, 2000) indi-
cated that 44% of the reports received a grade of D or F. Nurses, in their
roles as advocates and educators, should assess their communities’ reports,
and if they have recommendations for improving the CCR they should con-
tact the water provider.

WHEN DO YOU RECOMMEND AN ALTERNATIVE SOURCE
OF TAP WATER?

A variety of issues may indicate the need for an alternative source of drink-
ing water for individuals or communities. Alternative sources of drinking
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TABLE 12.2 Basic Consumer Confidence Report Requirements

Water System Information

¢ Name/phone number of contact person

» Information on public participation opportunities

+ Information for nonEnglish speaking populations, if applicable

Sources of Water

¢ Type, name, and location of water sources

¢ Availability of source water assessment

* Information on significant sources of contamination, if available

Definitions: MCL, MCLG, others as needed

Detected Contaminants

« Table summarizing data on detected regulated & unregulated contaminants

+ Known or likely source of each detected contaminant

+ Health effects language and explanation [for MCL violations]

* Information on Cryptosporidium, radon, and other contaminants, if applicable

Compliance With Other Drinking Water Regulations

» Explanation of violations, potential health effects, and steps taken to correct the
violations

» Explanation of variance/exemption, if applicable required educational information

+ Explanation of contaminants and their presence in drinking water

«  Warning for vulnerable populations about Cryptosporidium

« Informational statements on arsenic, nitrate, and lead, if necessary

From Preparing your drinking water consumer confidence report: Guidance for water suppliers. (EPA 81 6-R-
99-002) March 1 999¢.

water may be necessary for individuals with special vulnerabilities such
as infants and children, the immunosuppressed, pregnant women, and the
elderly. Individuals who are known to be immunocompromised should err
on the side of safety and seek an alternative source of drinking water while
a risk of infection is present. Exposure to a small dose of some microbes
may be very serious for such individuals. On occasion, water utilities will
issue a “boil water advisory” via media (television, radio, and newspapers)
when there is an indication that the water they deliver to homes may have
a risk of microbial contamination. All individuals, not just special popu-
lations, should use an alternative source of drinking water during a boil
water advisory.

Children under 6 months of age who are exposed to elevated levels of
nitrates in drinking water may have an increased risk of developing methe-
moglobinemia, which can develop when the immature infant gut converts
nitrates to nitrites. Nitrites oxidize hemoglobin thus reducing its ability to
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carry oxygen. There is a 7 to 8% fatality rate for infants who develop this
disease (Physicians for Social Responsibility, 2000). Although any part of
the country can have elevated levels of nitrates, agricultural areas have a
higher risk of contamination because of agricultural chemical contamina-
tion. Parents of newborns in areas that are at risk for nitrate contamination
should consider several options. Never boil infants’ water. If nitrates are
present, boiling the water will concentrate them. If the source of drinking
water is a private well, the well water should be tested for nitrate levels.
Parents should be made aware that seasonal variations in nitrate levels,
which cause spikes in levels, are possible. If it is confirmed that the drink-
ing water is contaminated with nitrates, or that there is a possibility of con-
tamination, an alternative source of drinking water should be obtained.

WHAT ARE THE ALTERNATIVES TO DRINKING STRAIGHT
FROM THE TAP?

Tap water can be altered by boiling it or by the use of a filtering device.
Bottled water can be used when tap water is deemed unsuitable for use.

BOILING WATER

Boiling water is an inexpensive, short-term method used for microbial dis-
infection. Bringing water to a full rolling boil for one minute will kill most
microbes. This method may be used in response to a water advisory that
is issued due to microbial contamination. If this method is used, there are
factors that should be considered. If metals are present, boiling water will
concentrate them and if volatile chemicals are present they will vaporize
into the air creating an additional route of absorption. Additionally, peo-
ple using this method should be cautioned to use boiled water for every-
thing, including food preparation and brushing teeth.

BOTTLED WATER

The Food and Drug Administration (FDA) (not the EPA) is responsible for
good manufacturing practices for bottled water. They assess whether the
water comes from an approved source (i.e., if the labeling says spring water
then the source must satisfy the FDA’s definition of spring water), and that
it is manufactured under safe and sanitary conditions and has been respon-
sibly tested for contaminants. Whenever the EPA adopts a standard for
drinking water, the FDA is required to adopt the same standard or give a
reason why not. The FDA does not have jurisdiction over intrastate com-
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merce of bottled water, meaning water that is bottled and sold in the same
state. This exempts roughly 60% to 70% of bottled water from FDA reg-
ulation. FDA regulations do not apply to carbonated water. Some states
(MA, NY, CA, for example) have bottled water standards that exceed FDA
standards. Water that meets these states’ standards will so indicate on the
label by giving a certification number from the state.

More than half of all Americans drink bottled water; about a third of
the public consumes it regularly. The Natural Resource Defense Counsel
(NROC) (1999) did a four-year study to evaluate the quality of bottled
water and determined that bottled water regulations are inadequate to assure
consumers of safety. At least one-third of the bottled waters tested violated
a state standard or guideline for microbials. Exclusively drinking bottled
water as an alternative to tap water is very expensive. According to the
NRDC, people spend from 240 to 10,000 times more per gallon of bottled
water than they typically would for the same amount of tap water. Clearly,
the use of bottled water as a source of “safe” drinking water and as a long-
time replacement for tap water for vulnerable populations is prohibitively
expensive and, equally important, lacks a guarantee of purity.

So what can we recommend? NSF International (NSF) is an organiza-
tion that tests and verifies that bottled water products meet specified stan-
dards for microbial, heavy metal, and mineral reduction. If the bottled
water manufacturer meets these standards the label will indicate that the
bottled water manufacturing process meets the certification requirements.
Examine the bottle’s label for either the certification from the NSF or for
some indication that the bottler has attempted a purification process such
as reverse osmosis or submicrobial filtration for less than one micron.
These processes will offer some assurances regarding microbial and heavy
metal (lead and arsenic) contamination but the process does not remove
organic and inorganic chemicals or radionuclides. If there is a long-term
need for an alternative source of tap water that is pure (98%), a home dis-
tilling filtration unit should be considered.

WATER TREATMENT UNITS

Many people who are concerned with the aesthetic qualities of their drink-
ing water and those concerned with its possible contamination are turning
to water treatment units (filtration systems) as a solution to their concerns.
Water treatment units range from the low-priced carafe models to expen-
sive reverse-osmosis models. There is no individual unit that removes all
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types of contaminants completely. Therefore, it is important to select a fil-
ter that meets an identified need or concern.

An early step in the process of choosing a water treatment device is to
access the CCR for the utility that provides the tap water. The CCR will
list contaminants that have been found at levels exceeding EPA regula-
tions. The local health department or department of the environment can
be very helpful in identifying contaminants that are known to exist in the
area of concern. In addition, you may choose to test the water in order to
determine what contaminants are present. If drinking water is derived from
well water, the department of health or environment may be able to give
you some indication of contaminants that have been identified in the areas
aquifers. Water testing for some contaminants can be expensive. Having
done some preliminary research into known contaminants will help to focus
the testing, thus reducing the cost. A list of certified labs can usually be
obtained from the state department of the environment or the state health
department.

Once you have identified the contaminant(s) of concern, the search for
a water treatment unit to remove that contaminant can begin. There are
two basic types of filtration systems: point-of-entry (POE) and point-of-
use (POU) systems. A POE system treats all water entering a house; it is
installed between the water meter and the house plumbing system. POU
systems include personal water bottles/carafes, faucet mounts, countertop
manual fill systems, counter top filters connected to the sink faucet, and
plumbed-in systems that are directly connected to the existing water pipe
of a sink.

There are a variety of technologies available to remove contaminants.
They include but are not limited to adsorption, softeners, ultraviolet tech-
nology, reverse osmosis, and distillation. The type of technology selected
should meet the identified concern. For example, if a parent is concerned
only about elevated lead levels in tap water, a water carafe or an inexpen-
sive faucet filter could be used. A study by Consumer Reports (Fit to drink,
1999) indicated that most simple systems effectively remove lead. However,
if the concern is microbial contamination for a vulnerable individual, a
distillation or POE reverse osmosis system should be considered.

NSF International tests and verifies that water treatment devices meet
specified standards. They do not recommend, rate, or compare products.
NSF has several standards for drinking water treatment units. If NSF cer-
tifies a product it must meet five requirements. The contaminant reduction
claims must be true; the system does not add anything harmful to the water;
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the system is structurally sound; the advertising, literature and labeling are
not misleading; and the materials and manufacturing processes used do
not change. You will find additional information about water treatment
devices including types of treatment technology (see Table 12.3), per-
formance claims, and categories of contaminants from NSF’s helpful web-
site located at http://www.NSF.org.

CosT OF WATER TREATMENT DEVICES

Cost is a consideration when purchasing a water treatment device. A report
published in Consumer Digest (Wasik, 1996) offered some basic infor-
mation about cost. The report suggested that initial cost of the water treat-
ment unit as well as the cost and frequency of replacement filters should
be considered. Of the filters that the report evaluated, researchers found

TABLE 12.3 Types of Treatment Technology

Water treatment units use diverse types of technology to remove contaminants from
drinking water. These technologies include:

1. Adsorption A physical process in which liquids, gases, dissolved or suspended
matter adhere to the surface or pore of some type of absorbent medium, such as
carbon filters.

2. Softeners Most softeners use a cation exchange resin to reduce the hardness
(hardness meaning the amount of calcium and magnesium) in water. Calcium or
magnesium is replaced with sodium or potassium ions. This technology is effective
in removing radium from drinking water although it will raise the sodium content
of the water in doing so.

3. Ultraviolet Treatment This treatment is used to disinfect water or reduce amount
of heterotrophic bacteria.

4. Reverse Osmosis A process that reverses the flow of water in a natural process
of osmosis so that water passes from a more concentrated solution to a more dilute
solution through a semi-permeable membrane. This process removes most micro-
bial contaminants as well as minerals. Most of these systems also use a pre and
post filter along with the membrane to remove VOCs, SOCs and Radon.

5. Distillers Distilling systems heat water to a boiling point, collect the water vapor
as it condenses, leaving many of the contaminants behind, particularly heavy met-
als. Unfortunately, some contaminants, such as volatile organics may carry over
with the vapor. If combined with activated carbon filtration, additional contami-
nants such as volatile organics and radon can be removed. Home distillation units
can cost from a few hundred dollars to over $1000.

Adapted from NSF International [Online] Available: www.nsf.org/consumer.html]
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that filters that attach to the faucet are compact, inexpensive, and are easy
to install. Drinking water carafes are also inexpensive, ranging from $10
to 30, but they filter small quantities of water and their filters are expen-
sive (528 to $78 a year) to replace. Faucets with built-in filters are more
expensive ($150 to 295) and they did not perform as well as the less expen-
sive models tested. Point-of-entry systems are the most expensive but they
do more. The cost of replacing the filters that do the clean-up work should
be factored into the cost of any filtering device.

SUMMARY

The safety of drinking water cannot be assumed. It depends on a variety
of issues. It may depend on the water utility’s ability to mediate the source
water it is using. It may depend on funding allocations to research current
and emerging water quality issues. It may depend on the political will of
community leaders to regulate pollution sources. It may depend on who
you are and where you live. In the end, the safety of the nation’s drinking
water may depend on individuals and communities advocating for their
right to safe drinking water.
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CHAPTER 13

Air Pollution

Barbara Sattler

BACKGROUND

In the 1960s, there were a number of visible signs that pollution urgently
needed to be addressed. One of these signs was the brown air that was
engulfing so many of our nation’s cities. In 1970, the Environmental
Protection Agency (EPA) was established and significant amendments to
the 1963 Clean Air Act (CAA) were made, setting the stage for a new era
of “command and control” policies to try to turn the tide on what was the
increasingly threatened state of our air. The policies that have been devel-
oped over the years have attempted to address air pollution in a compre-
hensive manner by reducing air poliutants from their many sources: mobile
sources (automobiles and trucks), fixed site facilities (factories, waste treat-
ment facilities, power plants), and through consumer products such as
refrigerants in refrigerators, aerosol spray cans, and other products that
threaten air quality. We are also developing a better understanding of the
association between poor air quality and human and ecological health.

The results of the CAA are noted in some improvements in air quality,
although these improvements are neither uniform for all forms of air pol-
lution nor consistent globally. Ground-level ozone continues to persist at
unhealthy levels in many areas, as do sulfur dioxide and mercury from
coal-fired power plants. Sulfur dioxide continues to be a major contribu-
tor to acid rain. Although visibility has improved over many U.S. cities, it
is worsening in many third world cities. Airborne persistent organic pol-
lutants (POPs) are not deterred by national boundaries and are carried and
deposited based on dominant weather patterns.

The CAA required that a set of standards be created that would protect
sensitive populations, such as people who suffer with asthma. These health-
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based standards are the National Ambient Air Quality Standards (NAAQS).
In 1996, 46 million Americans still lived in areas where the air did not
meet the NAAQS, evidence of our need for continued air quality vigilance.
When the CAA was amended in 1990, Congress additionally mandated
the EPA to regulate “‘hazardous air pollutants” (HAPs) or air toxics, those
chemicals known or suspected to cause serious health problems. The
amendments named 189 toxic air pollutants for which standards must be
created, many of which are carcinogens, mutagens, and/or reproductive
toxins, including beryllium, mercury, asbestos, vinyl chloride benzene,
arsenic, and radionuclides. Such toxic air pollutants may be gases, metals
and other fine particles, and gases absorbed onto fine particles. Congress
also tightened controls on contributors to acid rain, increased measures for
controlling airborne carcinogens, created cleanup schedules for cities that
were not complying with the NAAQS, and tightened standards for auto
emissions.

Air pollution sources are described by the location from which they
emanate and by the patterns of their releases. Point source refers to a spe-
cific location such as a smoke stack. Area sources refer to pollutants that
come from a range of smaller generators such as dry cleaners (per-
chlorethylene), automobiles, gas stations (benzene), and wood stoves.
Routine releases occur “continuously,” certain production activities cause
the release of intermittent emissions known as “batches,” and “acciden-
tal” releases occur during explosions, equipment failure, or transportation
accidents. Traffic-related pollution may be referred to as a mobile source!

AIR QUALITY INDICATORS

The EPA uses six “criteria pollutants™ as indicators of air quality and has
set standards for each of these under the NAAQS. When an area does not
meet these standards, it is designated as a nonattainment area and must
develop and implement a plan for attainment. The six criteria pollutants
are ozone, carbon monoxide, sulfur dioxide, nitrogen dioxide, particulate
matter, and lead.

OZONE

Ozone, an odorless, colorless gas, made up of three atoms of oxygen, is
the major component in smog. There is “good” ozone and “bad” ozone
depending on its location. The “good” ozone is in the upper atmosphere
and provides a shield from harmful uitraviolet radiation. (This ozone shield
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is being seriously threatened by various global warming processes.) The
“bad” ozone is at ground level where it poses a significant threat to human
health by damaging lung tissue, reducing lung function, and sensitizing
the lung to other irritants, causing a range of symptoms including cough-
ing, sneezing, pulmonary congestion, and chest pain.

Ozone is created by a complex set of Volitile Organic compounds (VOCs)
and oxides of nitrogen in the presence of sunlight. These chemical reac-
tions are affected by sunlight and heat, resulting in greater production of
ozone in warmer seasons. Volatile organic compounds are emitted by a
wide range of polluting sources, including dry cleaners, cars, chemical
manufacturers, paint shops, and many others.

CARBON MONOXIDE

Carbon monoxide is a colorless, odorless, and poisonous gas produced
during the burning of fossil fuels (coal and oil). The vast majority of car-
bon monoxide is produced by automobiles. However, incinerators, wood-
burning stoves, and other industrial sources also contribute. Carbon
monoxide binds with human hemoglobin in a way that precludes the bind-
ing of oxygen. This results in anoxia. The most sensitive populations to
carbon monoxide poisoning are people with cardiovascular diseases and
chronic obstructive pulmonary disease (COPD) and smokers. There is some
evidence that carbon monoxide exposure may actually accelerate athero-
sclerosis. Flu-like symptoms such as headache and fatigue are associated
with low-level exposures. Neurologic manifestations include changes in
auditory and visual perception, psychomotor function, and dexterity.

SULFUR DIOXIDE

Sulfur dioxide is a gas that is formed during the combustion of fossil fuels,
during an array of industrial processes, and during the production of energy
from coal, oil, and biomass. It is a major contributor to acid rain. Sulfur
dioxide is also associated with a constellation of health effects, including
respiratory illness, alterations in pulmonary function, aggravation of exist-
ing cardiovascular diseases, and exacerbations in asthma.

NITROGEN DIOXIDE

Nitrogen dioxide is also created by the combustion of fossil fuels and
affects the lungs as well as immune function. Low-level exposures are
associated with specific lung changes such as impaired mucociliary clear-
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ance, particle transport, macrophage function, and local immunity. In very
high concentrations, lung injury can be severe, resulting in pulmonary
edema and bronchopneumonia. Moderate exposures have been associated
with acute respiratory infection, sore throat, and colds. Nitrogen dioxide
also exacerbates asthma.

PARTICULATE MATTER

Particulate matter is a classification of liquid and solid aerosols that includes
emissions from fuel combustion (coal, oil, biomass), transportation, and
high temperature industrial processes, including incineration. It includes
dust, dirt, soot, smoke, and liquid droplets. Smaller particles include viruses
and some bacteria, but most are sulfate and nitrate aerosols and other com-
bustion-derived atmospheric reaction products. The larger particles include
pollen, spores, crustal dust, and other mechanically generated dusts. The
size of the particle determines the deposition site in the airways. The smaller
particles can penetrate deep into the lung tissue, whereas the larger ones
will be deposited in the nasal-tracheal area. There is much scientific study
regarding differentiation of health effects based on particle size.

Acute signs and symptoms of particulate exposure include restricted
activity, respiratory illnesses, and exacerbations of asthma and COPD.
Clinical observations associated with particulate matter have included
increased numbers of lung- and cardiac-related admissions to hospital
emergency rooms. Communities with higher exposures to fine particulate
have been noted to have a higher incidence of lung cancer, when adjusted
for cigarette smoking and other risk factors. The World Health Organization
estimates that globally, about 460,000 excess deaths are attributed to sus-
pended particulate matter.

The first standards for particulate matter were set in 1971. Total sus-
pended particulate (TSP) was the term referring to particles suspended in
the air. Since 1987, the EPA has used the indicator PM-10, which includes
those particles with aerodynamic diameter smaller than 10 micrometers.
These smaller particles are likely to be responsible for most of the adverse
health effects of particulate matter because of their ability to reach the
lower regions of the respiratory tract. In 1997, the EPA added two new PM
2.5 standards.

DETERMINING HEALTH RISKS

The processes by which health risks are determined, which are then trans-
lated into policy, are a combination of science, economics, and politics. A
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four-step risk assessment is applied in which a hazard identification begins
the process. A hazard is identified when animal or human studies indicate
that a health risk is created by a specific exposure. The weight of evidence
is based in part on the research methodologies—human studies carry more
weight than animal studies, occupational exposures usually represent less
confounding variables than environmental studies. Once a health hazard
has been determined, an exposure assessment is made.

The exposure assessment estimates what people are exposed to during
a specified time period. For example, is the source of the exposure a fac-
tory smokestack that operates during the day or does the exposure derive
from automobile traffic? Air quality monitoring is combined with com-
puter modeling to determine the “fate and transport” of air pollution, or
the mapping of the travel and/or landing of an air pollutant. This will also
help to determine who and how many will be exposed. Then an estimate
is made of the amount inhaled by individuals, by estimating breathing rates
and life span exposures.

The next step is the dose-response estimate. Included in this part of the
assessment is an understanding of the routes of entry of a pollutant into
the body; the effects that the chemical will have on individual cells, tis-
sues, organs and organ systems within the body; and the mechanism of
excretion. The dose-response relationship describes the association between
exposure and the observed health effect.

When the EPA is developing its air and other standards, it assumes that
there is no exposure for which there is zero risk to a carcinogen and that
the relationship is a straight line, meaning that for each unit of increase in
dose (exposure) there is an increase in cancer response. For noncarcino-
gens, the EPA typically assumes that at low doses for which no adverse
health effects are noted, the body’s natural protective mechanisms repair
any damage caused by the poliutant. Even with additional protection fac-
tors, weaknesses in the protection offered by this policy may occur in pro-
tecting the fetus, very young children, the elderly, and other highly
vulnerable populations.

The final step in risk assessment is risk characterization. This step syn-
thesizes the information derived from the previous steps. Combining the
results of the exposure assessment and the dose-response assessment gives
an estimate of the increased lifetime risk of cancer for an individual exposed
to maximum long-term concentration. Public health agencies concerned
with air quality perform risk assessment to determine the increased risk of
illnesses from a specific human exposure.
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maximum lifetime exposure X dose-response relationship
= maximum individual lifetime risk

People with asthma, COPD, and cardiovascular diseases may need to
change their outdoor behavior when air pollution is severe and reduce their
overall time outside. Even for otherwise healthy people who work out-
doors, the American Conference of Industrial Hygienists suggests that their
duration and workload be reduced during high ozone days. Many news-
papers and television weather reports will include ozone alerts. It is also
recommended that children not play sports outdoors during the middle of
the day on high ozone days.

As the public becomes increasingly concerned about air quality, pri-
mary care providers will need to be prepared to answer their patients’ ques-
tions, as well as to determine what air pollutants in their area may be
affecting their patients’ health. To do the latter, they will need to know
where to go to find out what the air pollutants are. There are several sources
of information.

ACCESSING INFORMATION ABOUT AIR POLLUTANTS

The EPA developed the Air Quality Index (AQI), formerly the Pollutants
Standards Index (PSI), that allows for a conversion of individual pollutant
concentrations to a scale describing good, moderate, unhealthy, very unhealthy,
and hazardous air quality. The AQI scale ranges from 0-500, with 100 rep-
resenting the national ambient air quality standard for that pollutant. When
the pollutant levels are high, states are required to report the AQI to the pub-
lic in metropolitan areas (populations greater than 350,000) in the local media
(newspaper or local television or radio). The public can also call state hot-
lines to obtain daily air quality readings. This information can be helpful in
evaluating possible respiratory effects in our patients.

For more specific information about hazardous chemicals released into
the air in your area, the Toxic Release Inventory (TRI) will be helpful. The
TRI is a compendium of chemicals that are intentionally released into the
air and water by companies and facilities and reported to the EPA. (There
is more information on this subject in chapter 8 on the Right to Know.) In
addition to the TRI, there is a National Toxic Inventory, maintained by the
EPA, which will provide information on small point sources that may not
be covered by the TRI requirements, but that accounts for over 30% of the
toxic emissions in the U.S. Under “EnviroFacts,” on the EPA’s website,
TRI and the National Toxic Inventory can be accessed by zip code. (see
WWW.epa.org.)
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AIR QUALITY THREATS

In agricultural areas, where aerial pesticide applications are made, pesti-
cides may drift, volatilize, and disperse downwind. Ground water, surface
water, soil, and food may become contaminated. The indoor air is also
likely to become contaminated with the pesticide drift. General popula-
tion exposure has been well documented, with residues of pesticides and
metabolites found in blood, urine, breast milk, fat tissue, and other tissues.
Health practitioners should factor such potential exposures into their patient
and community assessments.

Incinerators pose a threat to air quality, releasing a range of pollutants
depending on the waste stream composition. They will typically include
the metals (mercury, lead, arsenic, cadmium, chromium, manganese, nickel,
antimony, selenium, zinc, and vanadium); PCBs, furans, polycyclic aro-
matic hydrocarbons, and acid gases and oxides of nitrogen, sulfur, and car-
bon. Proximity to incinerators is associated with increased local soil lead levels.

A particular concern arising from our poor air quality is global warm-
ing, a change in our global climate resulting from the changes in indus-
trial and agricultural processes that, in turn, have changed the gases in our
atmosphere. So-called greenhouse gases are those gases (both naturally
occurring and man-made) that are capable of adsorbing heat in the atmos-
phere. The naturally occurring greenhouse gases are water vapor, carbon
dioxide, methane, nitrous oxide, and ozone. Man-made contributions to
these gases include carbon dioxide, methane, nitrous oxide, and several
very powerful greenhouse gases: hydrofluorocarbons (HFCs), perfluoro-
carbons (PFCs), and sulfur hexafluoride (SF6), which are generated by
industrial processes.

The resulting climate changes occurring from the extraordinary addi-
tion of man-made, greenhouse gases are rising temperatures (.5-1 degree
since the nineteenth century) and a rise in the sea level (4-8 inches in the
last century). Alterations in forests, crop yield, and water supplies are pre-
dicted. There is nothing that will reverse this trajectory in the near future,
and only a global strategy will succeed in addressing the long-term trends.
Because of the inevitability of the warming processes and the potential
public health ramifications of global warming, health professionals should
be educating themselves and weighing in on this very important issue.

CONCLUSION

Good air quality is essential for good health, both in the short term and for
future generations. Clinical care practitioners must incorporate an under-
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standing of the air quality in their areas when doing their health assess-
ments and making differential diagnoses. Community and public health
professionals must understand the community-wide risks that compro-
mised air quality can increase and the mechanisms by which air quality
can be improved. We are a society reliant on fossil fuel and individualized
transportation. Our dependence on these two factors and others that affect
air quality should be part of our public health discourse and policy deci-
sions. If we choose to ignore these issues, we will continue to see upward
trends in negative health effects associated with environmental degrada-
tion. Once again, nurses are in a unique position to raise awareness and
educate patients, comrmunities, and fellow health professionals to become
more involved in this important environmental health issue.



CHAPTER 14

How Food Production Can
Affect Safe Consumption

Jackie Hunt Christensen

Instead, it examines some of the ways food production methods can

influence human health, and some of the relevant diseases or condi-
tions that nurses may face in their work. Because of the scope of this topic,
descriptions will be brief and the reader is encouraged to turn to the resources
at the end of the chapter or contact the author for more information.

If asked, “Where does your food come from?” the average consumer,
particularly the urban consumer, would respond, “the grocery store” or
“the supermarket.” As food production and processing become more global
and crops such as corn are rarely eaten in their natural state but more often
in the form of high fructose corn syrup, this should come as no surprise.

Yet food production—not only where it is grown or raised, but how it
is processed-—can have a great impact on the types of health problems that
patients present in a clinical setting. These problems can go beyond the
acute episodes of food poisoning that appear in the emergency rooms. What
people eat can play an important role in chronic diseases such as cancer,
diabetes and heart disease. Healthy food is critical for the growth and devel-
opment of healthy children.

This chapter does not discuss nutrition and its role in human health.

FOODBORNE ILLNESS: “IT MUST HAVE BEEN
SOMETHING 1 ATE”

Factors related to adverse health impacts can be categorized in several
ways: pathological or chemical, acute or chronic, even intentional versus
accidental. The pathological and the acute tend to occur together. ER nurses
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are frequently faced with patients complaining of nausea, vomiting, and/or
diarrhea that may be caused by “something I ate.”

According to a 1999 report by the Centers for Disease Control and
Prevention, approximately 5,200 Americans die each year from foodborne
illnesses. More than 76 million U.S. residents develop some type of food-
related illness annually (Raloff, 1999). However, most people would be
unlikely to suspect an environmental link to their illness. Certainly,
pathogens can and do often enter the food system through poor hygiene
in processing plants, restaurants, and even home kitchens.

Pathogens may enter the food long before it gets to a processor or a
supermarket. There are several ways in which this may occur.

|. Through the use of uncomposted animal manure as a fertilizer.
Composting manure or food waste brings it to a temperature at which
most pathogens should be killed.

2. Through exposure to untreated animal manure as a result of improper
manure management. For example, large-scale confined animal feed-
ing operations (CAFOs) may contain literally thousands of hogs or poul-
try on one farm. Waste from these animals is generally stored in lagoons
or pits, many of which are unlined. During periods of heavy rain, these
lagoons can overfiow into surrounding fields and water supplies. Manure
may also be land-applied as fertilizer, but at rates higher than the soil
can accommodate. This can lead to runoff that affects areas beyond the
application site.

3. Through land application of sewage sludge (sometimes called biosolids)
as a fertilizer. Sewage sludge is the semisolid material that remains after
wastewater, grit, and heavy items have been screened out of the sewage
treatment system. Other pathogens, such as those that cause hepatitis
A, typhoid, cholera, polio, and amoebic dysentery have been found in
sludge (Mackenzie, 1998). Microbiologist and EPA whistle-blower, Dr.
David Lewis, has found extremely high levels of E. coli 0157:H7 and
salmonella on farmland near Kansas City more than five years after the
sludge applications are believed to have taken place (Lewis, 1999).

Unfortunately, tracking exposure to pathogens from one of these sources
can be very difficult, particularly if the patient lives in an urban area. In
rural settings, patients will generally be aware that they live near a large
feedlot because of the odors associated with those types of facilities.
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WHAT NURSES CAN DO TO BECOME MORE INFORMED
ABOUT PATHOGENS IN FOOD

Here are some questions that nurses can use to think about their own expo-
sure to foodborne pathogens other than from meals outside the home or
from kitchen practices. These questions can be added to existing interview
procedures in order to identify possible exposure to pathogens from ani-
mal waste or sludge.

1. Do you grow any of your own food? If yes, do you use any substances
10 help the plants grow? (Or Do you add anything to the soil to improve
plant growth?) Responses that mention manure, biosolids, sludge, or
commercially available sludge products such as Milorganite(r) indicate
potential sources of pathogens.

2. If yes, do you live near any large cattle or hog feedlots or poultry oper-
ations? If yes, has there been any flooding recently that could have
exposed your garden to runoff from nearby farms? (If patients live in a
rural area, even if they do not know of existing livestock operations,
such runoff is a possible source of contamination.)

3. Have you eaten any raw fruits or vegetables in the past 14 days? If yes,
do you know if any of that produce had been grown using sewage sludge
or animal manure as fertilizer?

Many agricultural and community groups oppose the land application
of sewage sludge on agricultural land, despite EPA regulations, because
of concerns about pathogens, toxic chemicals, and radioactivity, and because
of the lack of enforcement mechanisms in the rules. Concerned clinicians
can check the end of this section for contact information at the EPA and
grassroots groups working on this issue. Similarly, many communities near
large CAFOs have concerns about pathogens in waste, odors, hydrogen
sulfide, and so on. One new issue that is emerging from the discussions
around CAFOS is antibiotic resistance.

How do “factory farms” and antibiotic resistance relate to one another?
For decades, some conventional livestock farmers have used subtherapeutic
levels of antibiotics in feed to promote faster growth and to convert “feed
to flesh” more quickly. In this context, subtherapeutic means “the use of
an antibiotic as a feed additive at less than 200 grams per ton of feed . . .
at dosages below those required to treat established infections” (Halverson,
2000, p. 33). This extra growth or weight can cut feed and shelter costs to
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producers while also getting the animals to market faster. The practice is
most often used in large feedlot settings, where a producer may house thou-
sands of hogs, chickens, or turkeys. The stress of confinement, combined
with very limited space and the large numbers of animals, also increases
the likelihood that antibiotics will need to be used to control disease. The
practice has become so common that animal agriculture use accounts for
40% of antibiotics manufactured in the U.S. (Levy, 1998). Eighty percent
of this use is to promote growth and control but not to treat disease
(Halverson, 2000).

However, the drugs and their effects go beyond the animals ingesting
them. Antibiotic residues can sometimes remain in the animal, and thus in
the food it produces for human consumption. Antibiotic residues and/or
the disease-resistant microbes they produce can also contaminate water
and supplies if the manure is not properly stored or managed. This use of
antibiotics in animal agriculture can affect food safety, and thus health, in
several ways. Because both antibiotic residues and drug-resistant pathogens
are excreted in animal waste, the resistant pathogens spread.

Stressed animals shed more pathogens in their feces than unstressed
animals. The pathogenic bacteria that survive the gut and are excreted
in the feces are the antibiotic-resistant ones. These bacteria end up
in airborne dust, on the floors, and in the liquid manure storage where
they are preserved until they are spread, along with the manure, on
the fields where they can be detected both in soil and water. Once on
the fields, antibiotic-resistant bacterial pathogens, as well as para-
sites in the feces, can persist and infect wildlife and livestock that
ingest them. These resistant pathogens may pass through several *“vec-
tors” before multiplying to an infectious dose for the next host.
[Halverson, 2000a, p. 33]

For clinicians, this will mean an increase in the number of patients
presenting with resistant infections.

More important, the use of antibiotics in agriculture may remove, or at
least affect, a critical line of defense against infectious diseases for nurses
and physicians. Eleven of the antibiotics used subtherapeutically in agri-
culture, including penicillin and the tetracyclines, are identical to those
used to treat human patients.

In the United States, nearly 30 antibiotics and chemotherapeutics are
approved for use in farm animals as subtherapeutic feed additives to
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promote growth and increase the efficiency with which animals con-
vert feed to flesh. . . . Feed additives also include the so-called antibi-
otics of last resort for treatment of human diseases, such as
vancomycin. [Halverson, 2000b, p. 32]

Last, faced with increasing cases of drug-resistant pathogens, many of
which are contracted from food, many nurses and physicians have ordered
antibiotics to treat indeterminate food-related illness. In the case of children
with E. coli 0157: H7, this can be dangerous or even fatal. The drugs can
actually cause hemolytic urinary syndrome, which can lead to kidney fail-
ure and death. In this way, the indirect misuse or inappropriate use of antibi-
otics (e.g., fostering resistant strains of E. coli 0157: H7 to persist in livestock
and poultry) may jeopardize the health and well-being of many children.

There are other issues associated with antibiotic resistance that relate
to health care practices. Those issues cannot be addressed here, but it is
clear that subtherapeutic antibiotic use in agriculture complicates matters
considerably and needs more attention.

WHAT NURSES CAN DO TO BECOME MORE INFORMED
ABOUT ANTIBIOTICS AND FOOD

1. Consult the growing number of resources about antibiotic use in agriculture.

2. Investigate whether your onsite cafeteria has committed to purchase
meat and dairy products from producers that have pledged not to use
antibiotics for growth purposes.

3. Convene discussion groups among staff, particularly in ER and gas-
troenterology departments, to compare anecdotal data about potential
environmental vectors for foodborne illness.

THESE REALLY STICK WITH YOU: HEAVY METALS AND
PERSISTENT BIOACCUMULATIVE TOXINS

While pathogens bring on urgent illnesses, often with immediate and obvi-
ous symptoms, certain chemical pollutants can lurk silently in food with-
out any apparent harm.

Although not traditionally considered when collecting information to
make a diagnosis, even anecdotal information from patients can provide
insight to possible long-term health. As more health care systems move to
provide preventive care, this type of information may offer insights for the
clinician and the patient about potential health risks from dietary intake.
In fact, nurses can gain important anecdotal information to predict health
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problems by asking follow-up questions to those they may already rou-
tinely ask about dietary fat intake or the amount of saturated fat patients
consume.

Some researchers have speculated that it is not only the amount of fat
in the diet but also the type of fat one eats that determines the likelihood
of developing cancer or heart disease. Many chemicals that are either used
intentionally in food production or released to the environment, where they
enter the food chain, do not degrade easily and are lipophilic (fat-loving).
Animals raised for food production pass on some of their body burden of
pollutants along with their nutrient value. These chemicals may actually
play more of a role in the cause of a disease than the fat itself.

Food is actually the primary means of exposure to many chemicals such
as pesticides, dioxin, mercury, and lead. Many of these compounds are
stored in fat and build up in the food chain. Patients do not have to work
in the agricultural industry to be exposed to these compounds, although
conventional farmers and farm workers experience both occupational and
dietary exposure.

Exposures from food can be further divided into the categories of agri-
cultural input, pollutants applied or used knowingly by the food producer,
and environmental input, pollutants that enter the food chain without the
knowledge or control of the producer. Agricultural input includes pesti-
cides and fertilizers that are intentionally used in conventional agriculture
and that may leave residues in the food.

Pesticides are probably the best-recognized agricultural input with food
implications, although the intent is to control a pest, not adulterate the
food. The term pesticide encompasses all chemicals that are used to con-
trol weeds; kill insects, rodents, or other animals that damage crops in the
field; keep away fungi; and keep pests away from harvested crops. Given
the diversity of uses for pesticides, many food crops are treated with sev-
eral chemicals as they are grown and processed. Many of these chemicals
leave residues on the skin or exterior of the fruit or vegetable; others become
part of the plant as it grows. Chemicals with biocidal properties are used
to raise livestock as well.

Various pesticides have been associated with a wide array of effects.
Cancer is certainly one with which many nurses are familiar. However,
there are many others, some of which are just beginning to be linked to
pesticides. These include hormone disruption, in which chemicals are sus-
pected of mimicking, blocking, or changing the actions of hormones that
naturally occur in the human body; birth defects; and neurological effects.
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This is not surprising, as many pesticides work by interfering with the
nervous system of the intended insects. The problem is that the chemicals
cannot discern the nervous system of the “enemy” or pest from that of an
animal or a person.

Children are especially at risk from pesticide residues because they eat
more fruits and vegetables than adults do and thus are at higher risk for
greater exposure. This increased risk was substantiated in Pesticides in the
Diets of Infants and Children, a 1993 report by the National Academy of
Sciences (NAS), as well as by the World Health Organization, the EPA
and three separate, earlier committees of the National Academy of Sciences
(EWG, 2000). The NAS study included in its report concern about neuro-
logical effects of pesticides on children.

Parents can reduce health risks to their children by feeding them fruits
and vegetables with consistently low pesticide residues (see Table 14.1).

Children need to be protected not only from cancer, but also from chem-
icals that affect the development of their nervous system, reproductive sys-
tem, and growth. It is also important to note that such protection, in order
to be truly effective, must begin before birth. Pregnant women should also

TABLE 14.1
C. SpannerPANNER C. Spanner
Most Contaminated Foods Least Contaminated Foods
Rank | Food Rank | Food
1 Apples 1 Corn
2 Spinach 2 Cauliflower
3 Peaches 3 Sweet Peas
4 Pears 4 Asparagus
5 Strawberries 5 Broccoli
6 Grapes-—Chile 6 Pineapple
7 Potatoes 7 Onions
8 Red Raspberries 8 Bananas
9 Celery 9 Watermelon
10 Green Beans 10 | Cherries—Chile

Source: Reprinted with permission of the publisher, from Environmental Working Group. How Bout’ Them
Apples? Pesticides in Children’s Food Ten Years After Alar. Environmental Working Group: Washington, DC,
1999. Compiled from USDA and FDA pesticide residue data 1992-1997.
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be mindful of the exposure of the developing fetus to these chemicals.

In 1998, Congress passed the Food Quality Protection Act (FQPA),
which gave the EPA a statutory mandate to establish standards to protect
infants and young children from pesticides in food and in the environment.
However, the first exemption to the FQPA was made only three weeks after
its passage. Exemptions continue to be made, using economic losses to the
food producers as justification for allowing pesticides that are known to
be hazardous to humans or those with no data.

WHAT NURSES CAN DO TO LEARN MORE ABOUT PESTI-
CIDES IN FOOD

Nurses should by no means discourage consumption of fruits and vegeta-
bles, nor should they restrict their own. Instead, here are some suggestions
that they can try in their own homes or consider when discussing dietary
issues with parents or caregivers.

1. Eat a variety of fruits and vegetables, particularly those with the least
pesticides (using information such as Table 14.1).

2. Thoroughly rinse and peel the skin from conventionally grown fruits
and vegetables. Soaps or chemical rinses are not necessary. This process
will reduce, but not entirely eliminate, pesticides, fungicides and other
chemicals used in their production.

3. Buy organic food when possible. Organic foods (those produced under
very specific production requirements, which prohibit synthetic pesti-
cides or fertilizers, among other things) are more expensive, but may
be an option for some clients. Organic foods may not be pesticide-free,
as there may be residues in the soil or drift from nearby conventional
farms, but chemical pesticides are not allowed on farms that have been
certified as organic.

4. Join a community-supported agriculture (CSA) farm as a way to learn
how food is grown locally. Near many metropolitan areas, small farm-
ers sell “shares” of the coming season’s harvest prior to growing it.
Many of these CSAs produce organic or minimally treated food and
offer members (those who buy shares) an opportunity to visit and/or
work on the farm. This gives consumers a more active role in their food
choices and provides additional insight into their production.

Fertilizer products are used intentionally to augment nutrients in the
soil that crops need in order to grow. However, some of them contain “tag-
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along toxins.” These may be heavy metals, such as lead, cadmium or mer-
cury, or chemical pollutants such as dioxin or polychlorinated biphenyls.
Sewage sludge also contains heavy metals, which treatment systems are
not equipped to handle. Some fertilizer products are made with waste mate-
rials from industrial processes such as steel smelting or cement kilns. These
materials are used for the calcium, zinc, or other nutrients plants require.
Unfortunately, other metals or chemicals “tag along” so that farmers are
unknowingly applying poisons like arsenic, lead, or cadmium. (Cadmium
may also be present in phosphate fertilizers, when the phosphate is mined.)

When sludge or waste-derived fertilizer is used on farmland, the food
crops or grazing fodder may absorb the heavy metals. Some crops are more
likely to absorb a particular metal than others are. There may even be vari-
ances within crops. Spinach can absorb mercury (U.S. Environmental
Protection Agency, 1997). Many plants, including tobacco, wheat, corn,
and leafy vegetables like lettuce and spinach, readily absorb cadmium.
Even plants that do not absorb significant amounts of cadmium can contribute
a notable amount to the diet (McBride, 1998). Grazing animals can also ingest
the pollutants, as they tend to consume a great deal of soil as they graze.

WHAT NURSES CAN DO TO LEARN MORE ABOUT HEAVY
METALS IN FERTILIZERS

1. Become an informed gardener; read labels on fertilizer products for
home use. Some products, even if they are derived from natural mate-
rials, can be dangerous.

2. Check to see if your state has or is considering regulations on heavy
metals in fertilizers.

STEALTH POLLUTANTS: DIOXIN AND MERCURY

Unlike chemical contaminants in fertilizer or pesticides that are toxic out-
right, some pollutants “sneak” into food. Dioxin and mercury are two such
contaminants. (Lead, cadmium, and other heavy metals can enter the food
chain from airborne sources as well as from farm inputs.)

Dioxin
Dioxin is the unwanted byproduct of numerous industrial processes that
involve chlorine, organic (carbon-containing) material, and combustion

(trash incinerators, medical waste incinerators, cement kilns that burn haz-
ardous waste), or a chemical reaction (bleaching paper white with chlori-
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nated compounds, making pesticides, or manufacturing the building blocks
of polyvinyl chloride plastic). Dioxin is considered to be one of the most
toxic compounds ever studied, and it is widespread in the environment.

About 95% of the average person’s dioxin exposure comes from food,
particularly meat, fish, and dairy products. Dioxin may travel more than
1000 miles from the incinerator or other facility that generated it, so you
don’t have to live near an incinerator. It falls to the ground with rain or
dust, landing on pastures or grazing lands, where it is eaten by cattle or
other grazing animals. Dioxin is fat-soluble and does not break down eas-
ily, so it builds up in animal fat. When people drink milk or eat cheese or
a hamburger, they are also eating dioxin.

Breast milk, because of its high fat content, is the absolute pinnacle of
dioxin exposure. Nursing infants may consume 50 times more dioxin per
day than adults. This has been calculated to amount to about 10~12% of
an individual’s total lifetime exposure (Center for Health, Environment
and Justice, 1999).

The International Agency for Research on Cancer and the U.S. EPA have
named dioxin as a known human carcinogen (IARC, 1997; Skrzycki and
Warrick, 2000). Dioxin has been linked to cancers of the lung, stomach, soft
tissue, and liver; endometriosis; infertility; birth defects, leaming disabilities;
immune system suppression; and altered glucose tolerance (CHEJ, 1999).

One of the most disturbing things about dioxin is that most people already
have nearly the amount of dioxin in their bodies that causes health prob-
lems in lab animals. Some people have already passed that threshold.

There is no way to remove dioxin from food once it is there. Although
animal products constitute the overwhelming majority of exposure, some
dioxin will be ingested with fruits and vegetables. Even organic milk prod-
ucts and meat contain dioxin. However, there are alternative industrial
processes already available for most of the sources of dioxin emissions.

WHAT NURSES CAN DO TO LEARN MORE ABOUT HOW TO
STOP DIOXIN EXPOSURE

1. Do a “waste audit” of what is truly infectious waste in your facility and
what is not. Then learn what happens to those waste streams. If any of
the wastes are being incinerated, it is likely that dioxin is being formed.
Other pollutants will also be released and will most likely enter the food
chain at some point.



How Food Production Can Affect Safe Consumption 153

2. At home and in the workplace, look for paper products that are
unbleached (brown) or not bleached with chlorine (labeled “Process-
Chlorine-Free” or “Totally Chlorine-Free”).

3. Contact the Health Care Without Harm campaign (see “Resources”).

Mercury

Mercury is an element that occurs naturaily in the environment. However,
the widespread wholesale distribution of mercury is due to anthropogenic
activities. Coal-burning power plants are the largest source of mercury
emissions, but medical waste incinerators account for 10% of mercury air
emissions. (USEPA, 1997). Mercury fever thermometers discarded in
municipal trash annually contribute 18 tons of mercury and are the largest
single source of mercury from households.

Mercury in a thermometer is not very biologically available. However,
when mercury air emissions leave an incinerator, like dioxin, they may travel
long distances before falling to the ground. When mercury happens to fall
into a lake or river, microorganisms in the water convert it to methylmer-
cury, which is much more bioavailable and much more dangerous.

This methylmercury builds up in the food chain, much like dioxin, but
with one important exception: mercury accumulates in muscle tissue. So
subsistence and recreational fishers can reduce their exposure to dioxin
from fish by trimming the fat and by baking or grilling the fish instead of
frying it. With mercury, this isn’t possible, since the muscle is the portion
of the fish that is eaten.

Mercury is a potent neurotoxin. Because it can cross the placenta and
the blood-brain barrier, it is particularly dangerous to the developing fetus
and young children (Committee on Environmental Health, 1998). The National
Academy of Sciences (NAS) released a report concluding that the limits for
mercury in food set by the EPA, which are more protective than those estab-
lished by the Food and Drug Administration, are still not protective enough.
The NAS study said that pregnant women who consume more than 3 oz. of
ocean fish such as tuna, shark, swordfish, or king mackerel per day are put-
ting their babies at risk for lower IQ and learning disabilities. This could
affect at least 60,000 babies per year (Cone, 2000).

Forty states have fish consumption advisories because of mercury con-
tamination. It is especially important for nurses working in obstetrics or
pediatrics to make sure that parents are aware of the risks of eating fish
from areas where there are advisories.
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WHAT NURSES CAN DO TO LEARN MORE ABOUT MERCURY
IN FOOD

1. Nurses should check with state departments of health and/or natural
resources to find out whether the state has mercury-based fish advisories
and if so, where. Subsistence fishers (people who eat fish for cultural,
religious and economic reasons) are at greater risk than the rest of the
population and are not always considered when agencies generate sta-
tistics or advisories.

2. Those working in obstetrics, pediatrics or family practice can work with
education departments or state agencies to make copies of fish con-
sumption advisory information available to patients. When possible,
work with community groups or service agencies to find or create infor-
mation that is accessible to patients—that is, in their native language
and with graphics or photos that are culturally appropriate—and give
them information on how to take some action.

3. Work with others in your facility to phase out the use of mercury-con-
taining products so that the hospital or clinic is not contributing to mer-
cury pollution of food and the environment.

4. Use fish consumption advisories to eat fish wisely, not to avoid fish.
Fish remain an important source of protein, and often an inexpensive
one. Choose fish that are not predator species. Find fishing areas that
have been tested and found to be low in contamination.
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CHAPTER 15

Environmental Tobacco Smoke and
Smoking Cessation
Sophie Balk

ronmental tobacco smoke (ETS)-—*'second-hand smoke”-—and then

focuses on smoking cessation strategies for the clinician. Smoking
cessation is the best means of preventing or ameliorating the negative health
effects of ETS. The health effects of active smoking on the smoker are
beyond the scope of this chapter and will not be discussed.

This chapter provides information about the health effects of envi-

DEFINITION AND HEALTH EFFECTS

Environmental tobacco smoke consists of “mainstream” smoke exhaled
by an active smoker, and “sidestream” smoke released from the smolder-
ing end of a cigarette, pipe or cigar. ETS contains more than 3,800 differ-
ent chemicals. ETS is qualitatively similar to mainstream smoke, but
contains higher quantities of certain toxins such as ammonia, formalde-
hyde, and nitrosamines. It is the main source of particulate matter of less
than 2.5 microns, a size that reaches the lower airways.

In 1998, more than 47.2 million U.S. adults, 24% of the population,
were cigarette smokers (Centers for Disease Control and Prevention, 2000).
Forty-three percent of children aged 2 months to 11 years lived in a home
with a cigarette smoker (Pirkle, Flegal, Bernert, et al., 1996). Young chil-
dren may spend a significant amount of their time indoors, in their own
homes, relatives’ homes, and child care settings, exposing them to ETS
and making them passive smokers.

157
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EFFECTS ON ADULTS

Adults may be exposed to ETS through a tobacco-using spouse or house-
mate. ETS has been classified as a group A human carcinogen, indicating
that there is sufficient scientific evidence supporting a causal relationship
between exposure to ETS and the development of cancer. The U.S.
Environmental Protection Agency has estimated that ETS is responsible
for approximately 3,000 lung cancer deaths per year in nonsmokers in the
United States. In addition, exposure to ETS has been linked with an
increased risk of developing myocardial infarction, reduced pulmonary
function, cough, headache, nasal congestion, and eye irritation.

EFFECTS ON CHILDREN

Children exposed to ETS through maternal smoking may show a number
of negative health effects (American Academy of Pediatrics, 1999) includ-
ing (1) Lower respiratory tract infections: These infants are 38% more
likely to be hospitalized for pneumonia in the first year of life than chil-
dren whose mothers do not smoke; when both parents smoke, the infants
are twice as likely to be hospitalized than children whose parents do not
smoke. (2) Middle ear effusions: Children of parents who smoke are more
likely to develop middle ear effusion and otitis media. (3) Asthma: These
children are more likely to develop asthma, and those with asthma may
have more severe symptoms and more frequent exacerbations. (4) Sudden
infant death syndrome (SIDS): A growing body of evidence links ETS
exposure to an increased incidence of SIDS, independent of gestational
age or birth weight.

Exposure to ETS before age 10 raises the risk of developing leukemia
and lymphoma in adulthood.

SMOKING CESSATION

Smoking cessation efforts directed towards the smoker can benefit the
smoker and are the most effective way to diminish a nonsmoker’s expo-
sure to ETS. It is now well-established that primary care clinicians can
have a positive effect on smokers who wish to quit. At least 70% of smok-
ers visit a physician each year, more than 50% visit a dentist, and many
visit other clinicians. More than 70% of smokers wish to quit, and almost
50% of them try to quit each year. Although effective treatments are avail-
able, most smokers wishing to quit do not obtain the benefits of these treat-
ments but try to quit on their own,
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In 2000, the U.S. Public Health Service published Treating Tobacco Use
and Dependence: A Clinical Practice Guideline (Fiore, Bailey, Cohen, et
al., 2000), which provided recommendations for brief and intensive clin-
ical interventions and for systems changes to promote treatment of tobacco
dependence. The 2000 guideline updated the 1996 Agency for Health Care
Policy and Research Smoking Cessation: Clinical Practice Guideline (Fiore,
Bailey, Cohen, et al., 1996), which reflected the information gained from
a review of 3,000 articles published between 1975 and 1994. For the 2,000
guideline, more than 6,000 research papers were reviewed, including 3,000
articles published between 1995 and 1999. This review provided the basis
for more than 50 meta-analyses.

The updated guideline underscores the fact that tobacco dependence has
come to be viewed as a true drug dependence comparable to dependence
on opiates or cocaine. Because tobacco dependence is a chronic condition,
changing the behavior of the tobacco user requires repeated clinical inter-
ventions. Even if a tobacco user wishes to quit permanently, there will gen-
erally be multiple cycles of relapse and remission. In order to successfully
treat patients who are dependent on tobacco, clinicians must adopt
approaches similar to those used to treat other chronic conditions such as
hypertension, diabetes, and hyperlipidemia. Patients who are dependent
on tobacco need simple advice, support, and pharmacotherapy. Clinicians
must appreciate that tobacco use is a chronic addictive condition requir-
ing repeated interventions, lest they become discouraged if the patient
relapses.

The following is a list of key findings of the updated guideline.*

1. Tobacco dependence is a chronic condition that often requires repeated
intervention.
2. Because effective tobacco dependence treatments are available, every patient
who uses tobacco should be offered at least one of these treatments.
a. Patients who are willing to try to quit tobacco use should be provided
treatments identified as effective.
b. Patients who are unwilling to quit tobacco use should be provided a
brief intervention designed to increase their motivation to quit.
3. Clinicians and health care delivery systems must institutionalize the
consistent identification, documentation, and treatment of every tobacco
user seen in a health care setting.

* Adapted from Fiore 2000.
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4. Brief tobacco dependence treatment is effective, and every patient who
uses tobacco should be offered at least brief treatment.

S. There is a strong dose-response relation between the intensity of tobacco
dependence counseling and its effectiveness.

6. Three types of counseling and behavioral therapies were found to be
especially effective and should be used with all patients attempting
tobacco cessation:

a. Provision of practical counseling (problem-solving skills and training)

b. Provision of social support as part of treatment (intratreatment social
support)

¢. Help in securing social support outside of treatment (extratreatment
social support)

7. Numerous effective pharmacotherapies for smoking cessation now exist.
Except in the presence of contraindications, these should be used with
all patients attempting to quit smoking.

8. Tobacco dependence treatments are both clinically effective and cost-
effective relative to other medical and disease prevention interventions.
Thus, insurance plans should ensure that they include, as a reimbursed
benefit, the counseling and pharmacotherapies identified as effective
and that clinicians are reimbursed for providing tobacco dependence

treatment, just as they are reimbursed for the treatment of other chronic
conditions.

Numerous pharmocotherapies and counseling strategies have been devel-
oped to help clinicians provide effective treatment and support. Long-term
success rates can be increased from about 7% of smokers who try to quit
on their own to 15-30% when smokers are offered treatment strategies
suggested by the guideline. The most effective and cost-effective treat-
ments are intensive counseling and pharmacotherapy, and there is a strong
dose-response relationship between intensity of counseling and success-
ful quitting. Even brief smoking cessation advice, when delivered by a
physician during an office visit, is effective in increasing quitting rates.
Brief interventions are most relevant to primary care settings where time
constraints are common. Interventions have been shown to be cost-effec-
tive: smokers who quit use fewer health care resources. Many interven-
tions are reimbursable, providing additional incentive for clinicians to
counsel smokers to quit.

The updated guideline recommends that interventions, either brief or
intensive, be used with all populations, including teenagers, pregnant



Environmental Tobacco Smoke and Smoking Cessation 161

women, and older smokers. Special consideration must be given when con-
sidering pharmacotherapy in certain populations, such as those patients
with medical contraindications, those who are smoking fewer than 10 cig-
arettes per day, smokers who are pregnant or breastfeeding, and teen smokers.

The 2000 Guideline recommends that brief interventions be used for
three categories of patients: current tobacco users who are willing to make
a quit attempt, current users who are unwilling to make a quit attempt at
this time, and former users who have recently quit. No attempt is made to
intervene with adults who have never used tobacco or who have been absti-
nent for a long period of time.

THE “5 A’S”’ APPROACH

The majority of tobacco users visit a primary care setting each year, and
so the Guideline stresses the importance of identifying those patients who
are willing to quit, using the “5 A’s” approach: (1) Ask: Systematically
identify tobacco users at every visit. Clinicians are urged to obtain a smok-
ing history from patients to assess current and past smoking. (2) Advise:
All users should be strongly urged to quit. (3) Assess: Clinicians should
assess the patient’s willingness to quit. If the patient is willing, the clini-
cian should provide assistance, including specific referrals to local smok-
ing cessation experts and other resources. (4) Assist: Clinicians should
assist patients to set goals. These include setting a quit date; telling fam-
ily, friends and co-workers about the quit date and enlisting their support
for the cessation effort; anticipating challenges to quitting, particularly
during the first few weeks when the relapse rate is highest; and removing
all tobacco products from the environment before quitting. (5) Arrange
Jollow-up: Follow-up contact should be made soon after the quit date, either
during a health visit, or through a telephone call.

PHARMACOTHERAPY

Nicotine is an extremely addictive substance, acting on the hypothalamic
center, which controls arousal, concentration, and stress reduction. Nicotine
releases dopamine and norepinephrine, resulting in increased energy and
euphoria, improved concentration, improved hand-eye coordination, and
anorexia. A true drug dependence develops and physiologic withdrawal
occurs after the patient stops using nicotine. Psychological dependence is
also likely to occur, with cravings to start using tobacco again. Nicotine
withdrawal symptoms are more likely if the patient smokes more than 10
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cigarettes per day. “Nicotine withdrawal syndrome” is characterized by at
least five of the following within 24 hours: (1) dysmorphic or depressed
mood; (2) insomnia; (3) irritability, frustration or anger; (4) anxiety, rest-
lessness, or impatience; (3) difficulty concentrating; (6) decreased heart
rate; (7) increased appetite or weight gain.

Because of the addictive properties of nicotine, all patients willing to
quit should also be offered pharmacotherapy unless there is a contraindi-
cation. Medications increase smoking cessation rates and reduce with-
drawal symptoms. The first-line pharmacotherapies recommended are
sustained-release bupropion hydrochloride, nicotine gum, nicotine inhaler,
nicotine nasal spray, and the nicotine patch. The choice of a first-line med-
ication is determined by the clinician’s familiarity with the medication,
the patient’s previous experience with the medication, specific con-
traindications, and patient characteristics (such as history of depression or
concern about weight gain). Second-line therapies, such as clonidine
hydrochloride and nortriptyline hydrochloride, are suggested when patients
are unable to use first-line therapies because of contraindications or when
first-line therapies fail. A summary of recommended medications is listed
as follows:

First-line medications

* Nicotine replacement therapy (NRT): Smokers should quit smoking
entirely before beginning nicotine replacement and should not resume
smoking during therapy.

» Transdermal nicotine patch: Several different transdermal patches are
available, and all have lower doses used during tapering. Full-dose
patches are recommended for most smokers for the first 1-3 months,
followed by 1-2 tapering doses for 2-4 weeks each. The main side effect
is local irritation. The patch is preferred by many clinicians because of
ease of instruction in use and fewer compliance problems compared to
nicotine gum.

* Nicotine gum: 2- and 4-mg gum is available over the counter. Users
should not chew too rapidly, chewing for 20-30 minutes per piece.
Instruction in use requires considerable education. Side effects are pri-
marily local and include jaw fatigue, sore mouth and throat, upset stom-
ach, and hiccups.

* Nicotine nasal spray: Patients administer one spray per nostril when
they feel the urge to smoke. Because the resulting blood nicotine level
is higher than that produced by the patch or gum, it may be more effec-
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tive than other NRT delivery systems in highly addicted smokers. Side
effects are irritation of the nose causing burning, sneezing, and watery
eyes; tolerance to these effects usually develops in 1-2 days.

* Nicotine vapor inhaler: The inhaler is marketed in a cigarette-like plas-
tic device and has a unique role because it fulfills the “hand-mouth”
behavior of smoking. It can be used as frequently as desired. Nearly 80
puffs are required to achieve nicotine doses equivalent to a cigarette.

* Bupropion: Smokers are more likely than nonsmokers to have a history
of major depression; nicotine may act as an antidepressant in some
smokers. Bupropion, an antidepressant, is effective in some smokers. It
is dosed at 150-300 mg per day for 7 days before quitting, then at 300
mg per day for the next 6—12 weeks. Bupropion can also be used in con-
junction with a nicotine patch. In excessive doses, bupropion can cause
seizures and should not be used in patients with a history of seizures or
eating disorders.

Second-line medications

* Clonidine
* Nortriptyline

SMOKERS UNWILLING TO QUIT

Clinicians are urged to provide a motivational message to those smokers
unwilling to quit. Success in effecting behavioral change is more likely if
a clinician delivers the message in an empathetic and nonjudgmental man-
ner. The “5 R’s” approach is suggested by the Guideline: (1) Relevance: Smokers
are encouraged to consider the personal importance of quitting, such as
ameliorating the negative health effects of smoking on themselves or their
children. (2) Risks: Smokers are asked to identify the negative effects of
using tobacco. These include acute risks such as shortness of breath and
exacerbation of asthma; chronic risks such as heart attacks, strokes, and
lung cancer; and environmental risks such as increased risk of lung can-
cer and heart disease in spouses of smokers, and increased risk of sudden
infant death syndrome, asthma, and ear infections in children of smokers.
(3) Rewards: Smokers are asked to list potential benefits of stopping tobacco
use. These include improved health of the smoker and his or her family,
and setting a good example for children. (4) Roadblocks: Smokers are
asked to identify possible barriers to quitting (such as fear of withdrawal
symptoms or weight gain) and to note elements of treatment that could
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address barriers. 5. Repetition: Clinicians are encouraged to repeat the
message at each health care visit; smokers should be reminded that most
people make multiple attempts before successfully quitting.

RECENT QUITTERS: RELAPSE PREVENTION TREATMENT

The Guideline advises clinicians to continue to offer relapse prevention
treatment to smokers who have recently quit. Tobacco addiction is a chron-
ically relapsing condition; most relapses occur early in the process of quit-
ting, although some occur months and years later. Brief relapse prevention
advice should be part of every encounter with a patient who has recently
quit. The patient should be congratulated about quitting and encouraged
to remain abstinent. Discussion should include benefits of cessation and
problems anticipated or encountered, such as depression, weight gain, or
the influence of other tobacco users in the home.

Specific problems may need more intense follow-up and therapy dur-
ing a dedicated follow-up encounter (either in person or by telephone) or
through referral to a specialized clinic or program. Specific problems
include. (1) Lack of support: The clinician can schedule an in-person or
telephone follow-up to help the patient identify sources of support. This
may include a referral to an appropriate agency that can offer support.
(2) Mood: Depression or negative mood is common and may require med-
ication or referral to a specialist. (3) Prolonged or strong withdrawal symp-
toms: For prolonged or severe symptoms, medication may be needed for
a lengthy period. This may include adding or combining medications.
(4) Weight gain: Reassurance is needed that although weight gain is com-
mon, it is usually self-limiting. The majority of smokers who quit gain 10
pounds or less. Clinicians can advise patients about the importance of a
healthy diet and exercise and advise against drastic diets. Medications such
as bupropion with or without nicotine replacement therapy and referral to
a specialist may be needed. (5) Feelings of deprivation, flagging motiva-
tion: Clinicians can make patients aware that these feelings are common
but that resuming smoking makes quitting more difficult. They can sug-
gest other activities that may be rewarding.

Patients should be encouraged to identify situations in which they are
likely to smoke. These may be situations of stress, or habitual situations
such as drinking coffee in the morning, or relaxing with co-workers who
smoke. The “4 D’s” approach has been suggested to help patients over-
come these situations: (1) Do something else: This could include going
for a walk, or being prepared with a healthy snack to eat at coffee-break
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time instead of reaching for a cigarette. (2) Drink water; (3) Deep breathe;
(4) Delay: This strategy helps patients until the craving for a cigarette passes.

Other strategies include staying away from smokers or leaving the room
when others are smoking; asking friends and spouses to stop smoking too;
and finding a supportive person who will provide encouragement.

SYSTEMS INTERVENTIONS

The Guideline underscores that insurers such as managed care organiza-
tions can promote the implementation of systems and policies to encour-
age tobacco use assessment and treatment as an integral part of patient
care. Changes in systems have increased the utilization of tobacco depend-
ence treatment and reduced the prevalence of smoking among the enrollees
of managed health care plans.

Office-wide interventions include: (1) Office policy: The office should
have signs stating a no-smoking policy. Office staff should not smoke in the
vicinity of the office. Literature that has pro-smoking messages should be
removed from the waiting room. (2) Systematic assessment of the patient’s
smoking: Smoking status can be added as an item on the office intake form
filled out by the patient. Office-wide systems, such as tobacco-use status
stickers or adding tobacco use as a vital sign, are helpful in reminding cli-
nicians to gather information. (3) Involving staff in smoking cessation edu-
cation: Because cessation rates increase with the number of contacts a patient
has with staff, the goal is to have all professionals, including receptionists,
ask about smoking as part of the visit. Health educators can be a vital part
of this effort. (4) Providing patient education materials: Materials are avail-
able free or at low cost from local affiliates of the American Cancer Society,
American Heart Association, American Lung Association, and the National
Cancer Institute’s Cancer Information Service. Many agencies also provide
self-help materials. (5) Utilizing local resources: Clinicians can compile a
list of local agencies or programs to be given to motivated patients.

THE SPECIFIC ROLE OF CLINICIANS
WORKING WITH PREGNANT WOMEN

Many women who are pregnant stop smoking during the pregnancy.
Pregnant women are often motivated to quit by information about the dele-
terious effects of smoking on the fetus, including increased risk of pre-
maturity, low birth weight, and placental abruption. All pregnant women
should be encouraged to quit smoking.
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WORKING WITH CHILDREN AND THEIR MOTHERS

Offering smoking cessation to adults is not just the job of adult or women’s
health clinicians. Pediatricians and pediatric nurses are in a good position
to provide counseling because parents frequently visit pediatricians, par-
ticularly in the child’s first year of life or when the child has a medical
problem. In fact, pediatricians may be the only doctors parents of young
children visit.

As many as two-thirds of mothers who stop smoking during pregnancy
may relapse within three months after the baby’s birth. Smoking cessation
counseling offered to parents is the most effective method of ensuring that
children will not be exposed to ETS. Any of the strategies described in the
Guideline can be used with parents, including offering advice, giving out
literature, and providing information about medications. If a child’s ill-
ness can be linked to parental smoking, clinicians may be able to use this
instance as a “teachable moment” to reinforce the importance of not smok-
ing. Parents can also be told that they have an important role modeling
effect; children whose parents smoke are more likely to become smokers
themselves. Pediatricians should familiarize themselves with the range of
medications available and can make referrals to the parent’s physician or
to smoking cessation specialists for medication prescriptions.

WORKING WITH TEENAGERS

It is challenging to counsel teenagers who are smokers. Nine out of ten
Americans who smoke began before they were 19 years old. Since 1991,
adolescent tobacco use rates have increased while adult use has steadily
decreased.

Clinicians can utilize the “5 A’s” approach to ask teens about tobacco
use (including smokeless tobacco). Honest responses are more likely if
interviews are conducted in private, without a parent present and with a
guarantee of confidentiality. Non-smokers should be praised for making a
healthy choice. It is important for clinicians to advise smoking teens to
quit. However, those who do smoke are often not receptive to ideas about
their susceptibility to long-term negative health effects. With younger and
less mature patients, it may be more effective to focus on short-term fac-
tors such as the expense of cigarettes; their effect on athletic performance;
cosmetic effects such as bad breath, stained fingers and teeth; and the desir-
ability for teens to resist peer pressure. Clinicians should assess the teen’s
readiness to quit. They should assist teen smokers in setting a quit date,
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provide self-help materials, encourage teens to think of situations in which
they might be tempted to smoke, and help them develop strategies to avoid
smoking. For patients who agree to setting a quit date, the clinician should
arrange follow-up within one to two weeks to discuss smoking status,
progress, and problems.

Clinicians should consider prescribing nicotine replacement therapy
(NRT) for teenagers who want to quit smoking. Teens who smoke regu-
larly may be as addicted to nicotine as are adults. There has been little
research regarding NRT in teens, but it should nevertheless be considered
for young smokers (Heymann, 1997) as the dangers of tobacco use almost
certainly outweigh the risks associated with carefully monitored NRT. Like
all other tobacco users, teens must avoid using tobacco products while on
NRT because of the risk of nicotine toxicity.

CONCLUSION

The dangers of ETS are well known. Effective therapies for smoking ces-
sation are available but are not always offered to patients who wish to quit.
It is imperative that clinicians become familiar with smoking cessation
strategies and make them available to all tobacco users.
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CHAPTER 16

Hazardous and Municipal
Waste Sites

Cherryll Ranger and Ralph O’Connor

many areas including health impacts. This chapter presents in gen-

eral terms the scope of the problem, common terminology, and the
issues nurses will need to address to ensure safe environments through health
promotion and prevention activities. Nurses will be required to use new
approaches (1) for communication, (2) in prevention strategies, (3) to pro-
tect quality of life, (4) to create policies, and (5) to expand their collabora-
tion networks. Nurses must balance science with elements of sensationalism
and uncertainty. Trends and emerging issues are presented as nurses look to
the future in addressing environmental health in their areas of practice.
Recommendations for action are provided as points for exploration.

I l azardous waste is a multifaceted issue wrought with controversy in

CHARACTERIZING HAZARDOUS AND MUNICIPAL WASTE

Hazardous waste and municipal waste have their own vocabulary such as
Superfund. Superfund is a program established by Congress in 1980 in the
wake of the Love Canal contamination in New York (Johnson, 1999).
Superfund was created to clean up hazardous waste sites and chemical
spills in the United States and it includes a revolving Superfund trust to
help pay for the cleanups by taxing the chemical industry and then recov-
ering cleanup costs from responsible parties. The monies collected are
placed in the trust and are then administered by the U.S. Environmental
Protection Agency (EPA). The legislation that created Superfund is the
Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA).

Note: Chapter is not under copyright—authors are federal employees.
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Some hazardous waste sites are called National Priorities List (NPL)
sites. NPL sites need extensive long-term cleanup under the Superfund
program. EPA can place a site on the NPL by using criteria to rank sites
according to the threat to the environment and to public health or if the
Agency for Toxic Substances and Disease Registry (ATSDR), a federal
public health agency, determines there is an imminent health risk and issues
a health advisory for the site. Several states have separate programs for
cleaning up their top priority sites.

Hazardous waste can be difficult to characterize. It can be referred to
by specific toxin such as lead, arsenic, and trichloroethylene or by the class
of toxins to which it belongs such as heavy metals, volatile organic com-
pounds, polychlorinated biphenyls (PCBs), or pesticides. Sites may be
classified according to their ownership such as private, local government,
or federal government (e.g., Department of Energy or Department of
Defense) sites. Hazardous wastes range from licensed landfills to illegal
dumping areas (e.g., Times Beach in Missouri) to unintentional spills from
transportation accidents or stationary facilities.

The more common types of waste sites are chemical waste landfills
(e.g., the famous Love Canal), manufacturing or industrial facilities (e.g.,
Alabama Plating, Inc.) or mining sites (e.g., Libby, Montana; see Figure
16.1). In West Dallas, Texas, and Bunker Hill, Idaho, children were exposed
to very high levels of lead in the air, in dust in their homes, and in the soil
outside their homes, as a result of nearby smelters. Conventional weapons
testing and firing has resulted in lead exposures at some military bases,
and at Camp Lejeune military base in North Carolina, trichlorethylene
(TCE) exposure occurred in the drinking water. Waste sites range from
single family homes illegally treated with methyl parathion to contami-
nated aquifers to mining areas covering hundreds of square miles. There
are 1,296 hazardous waste sites currently on the NPL and as of January
2001, 49 of the 50 U.S states had NPL sites, ranging from 1 in Nevada to
114 in New Jersey (U.S. Environmental Protection Agency, 2001). The
trend for placement on the NPL is moving more toward removal actions
that quickly clean up the worst contamination and away from long-term
comprehensive remedial activities that require many years of cleanup.
Many agencies become involved in hazardous waste remediation and risk
assessment, on the local, state, and federal levels. Each agency may have
a different method of assessment and different goals and missions. All of
these can impact the decision making involved in cleanup.
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FIGURE 16.1 Types of site activities.

Additional legal definitions of hazardous substances and hazardous
waste can be found in the CERCLA legislation language (42 U.S.C 9601
et seq.).

What then is municipal waste? Municipal waste is trash or garbage. It
is generated from household waste and can contribute to toxic chemicals
in the environment through improper disposal of items such as oil and
paint, which end up in landfills and then leach into the ground water. When
municipal waste is burned in incinerators there is often community con-
cern about health effects from stack emissions. When it ferments in a land-
fill (a natural process), it produces methane gas that can be an explosion
hazard in nearby basements and crawl spaces if not properly controlled.

THE HUMAN HEALTH PICTURE

For nurses, hazardous waste is not simply a matter of chemicals, laws, and
terminology; it is a matter of health, both individual and collective. Among
the 14 million people who live within 1 mile of a hazardous waste site,
11% are children under the age of 6, 12% are people aged 65 or older, and
249% are women of childbearing age (Agency for Toxic Substances and
Disease Registry, 2000). This means that almost one half of the people liv-
ing near hazardous waste sites are children, the elderly, or women of child-
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bearing age, all of which are vulnerable to toxins because of biologic,
developmental, and behavioral considerations. Other groups vulnerable to
toxic chemical exposures are adolescents, migrant and transient workers,
minority populations, the mentally ill, the chronically ill, the immuno-
compromised, non-English speakers and the poor and homeless.

As discussed in chapter 6 on Toxicology, simply living or being near a
toxic chemical does not cause negative health effects. Dose and duration
of exposure determine health effects. Nurses can work with their commu-
nities and environmental health professionals to stop or prevent exposure
by breaking at least one of the five links in an exposure pathway. Those
links are as follows: (1) an environmental source of contamination at a
waste site or spill, (2) the movement of contaminants and/or people to (3)
a place where exposure occurs (called a point of exposure), (4) a route or
means of exposure (oral, inhalation, or dermal), and (5) the people at risk
(ATSDR, 1992). Even if people are exposed to toxic chemicals, certain
biological conditions are required before disease occurs. This is best illus-
trated by Figures 16.2 and 16.3. Figure 16.3 also illustrates the actions that

can occur at the different stages of disease development.
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FIGURE 16.2 Continuum for Relating Environmental Contamination with Clinical
Disease.

Adapted from National Research Council (1991},
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ROLE OF THE NURSE

Environmental health has come of age for nursing involvement. Nurses in
all areas of practice have a role and responsibility to develop and main-
tain the appropriate skills to address environmental health concerns and
issues in the populations they serve. The notion of holistic health is not
complete without the inclusion of this vital concept in nursing practice.
Nurses are making a difference by intervening all in areas of environmental
health. One example is a Philadelphia nurse who noticed that a surprising
number of her pediatric cancer patients were from Dover Township, New
Jersey (New Jersey Department of Health and Senior Services, 1997). She
communicated her concerns to the ATSDR regional office that triggered
an investigation by the state health department into a possible childhood
cancer cluster in the area. Surveillance alone did not answer the cancer clus-
ter questions in this community but it led to several interventions. Other clus-
ter investigation around hazardous waste sites have involve birth defects,
autism, and multiple sclerosis. Causes of disease clusters are very difficult
to determine unless the disease has a large number of cases in the cluster, is
relatively rare, or is in an age group not usually affected by the disease. Aside
from identifying patterns in health indicators and bringing them to the atten-
tion of the proper authorities, nurses can educate, advocate, assess, plan,

intervene, and make referrals to stop health impacts of hazardous chemical
exposures.

PREVENTION

All nurses need to become aware of opportunities to protect their clients
and communities from the effects of toxic chemical exposures regardless
of the age of the population, the nursing workplace setting, or the focus
of their practice. Prevention in nursing practice is not a new idea, but its
application to toxic chemicals is often uncharted territory for the uniniti-
ated nurse. Prevention activities directed at breaking one or more links in
the exposure pathway described earlier are the goals of nursing practice
in the area of environmental heaith.

Primary prevention occurs through nursing skill application in the areas
of education, advocacy, and identification of potential exposure problems.
It takes place before an actual exposure exists. Secondary forms of pre-
vention occur once an exposure has occurred and the nurse is in a position
to prevent further exposures. This usually happens when a screening for
an exposure or a health effect. Tertiary prevention attempts to hait further
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disability when exposure-related illness is already present. Anticipation of
possible existing conditions or exacerbation of current illnesses due to
environmental triggers is a critical role of the nurse. Understanding and
effectively communicating the pathophysiology of disease processes and
the relationship of disease states and chemical exposures is becoming
required of nurses everywhere.

As in other areas of nursing, the science and application of this science
to hazardous waste problems is continually evolving. Thus, nurses need
to actively listen for clients’ environmental health concerns and apply the
latest science in their decision making and action. Nurses can play a crit-
ical role as advocates by providing their patients with up-to-date, accurate,
and timely science-based information.

PARADIGMS FOR PRACTICE
ASSESSMENT

Nurses are challenged to extend the traditional boundaries of their prac-
tices. In expanding their practice to include environmental health nurses
must depend on their existing nursing skills and acquire new skills to pro-
tect clients from toxic substances. Nurses already have the ability to per-
form health assessments. This skill can be enhanced to include questions
about individuals, families, and communities exposures. This health assess-
ments guide environmental health intervention and planning.

SURVEILLANCE

Contributing to and ensuring complete reporting to birth, cancer, and chronic
illness registries is one activity that can close data gaps in disease clusters
investigation (Pew Environmental Health Commission, 2001). Nurses are
often in a position to contribute skills and expertise for creating, strength-
ening, or improving such surveillance systems.

COLLABORATION

Intense collaboration within and across disciplines is a part of effec-
tive environmental health practice. Working with traditional disciplines
such as medicine and ancillary health professions is familiar to most
nurses, whereas working with geologists, toxicologists, environmental
engineers, business people, and administrators may be a skill that needs
to be developed.
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COMMUNICATION

Effective communication about hazardous waste and health takes on dif-
ferent dimensions for the nurse. A tumult of emotions, perceptions, and
attitudes have a great impact on the communication process when address-
ing toxic chemicals and exposure issues at hazardous waste sites. Not only
are there outrage factors, as discussed in other chapters, but there is an the
entire spectrum of levels of concern. Concern may be very low or nonex-
istent where real threats to health exist, or there may be extreme concern
where no threat is identified. Perceptions and the reality of these percep-
tions for the people concerned about hazardous waste, demand respect.
The nurse’s ability to listen, avoid judgment, and provide support most
significant contribution in chaotic communication scenarios. Credibility
and trust are as important for nurses working with populations potentially
exposed to toxins in hazardous waste sites as in any clinical situation.
Nurses need to develop and enhance skills in conflict resolution and
negotiation in the often contentious, emotionally charged, and politically
volatile situations involving hazardous waste sites. They should provide
information about hazardous waste risks that are culturally appropriate, sen-
sitive, and in understandable formats. They need to be prepared to respond
to client questions about environmental exposures raised by the press (e.g.,
asbestos in crayons, phthalates in plastic, and lead in candle wicks).

QuaLity OF LiFE

For individuals and communities, the presence of hazardous waste, munic-
ipal waste, and toxic substances in their environment can have a significant
impact on their quality of life (Tucker, 2000). Common recommendations
to reduce exposure to toxic chemicals often result in disruption of activi-
ties of daily living such as dietary habits (e.g., fish consumption), drink-
ing, bathing, and laundering. Other recommendations may interfere with
leisure activities like swimming in lakes or rivers or gardening.
Contamination of the local wild animals and birds threatens the traditional
subsistence diet and culture of some Native American tribes. Economic
hardships occur when environmental contamination prohibits or limits the
sale of property, and temporary or permanent relocation burdens family
resources and breaks the social fabric of communities. Just living with the
uncertainty about possible health effects to family members from haz-
ardous substances can cause emotional and psychologic turmoil and changes
in coping patterns. Individual and community isolation is also a possibil-
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ity. Nurses can ensure that clients affected by hazardous waste sites are
provided the needed psychosocial support and can make appropriate refer-
rals. Communities encountering hazardous waste are often simply respond-
ing normally to abnormal conditions.

POLICY

Nurses are charting new directions in standards of care in environmental
health practice. These directions are based on recommendations for basic
competencies that all nurses should develop as outlined in the Institute of
Medicine report, Nursing, Health, and the Environment (1995). Policy devel-
opment is an area for nursing leadership in clinics, hospitals, communities,
and schools. The creation of local environmental coalitions for prevention
and intervention similar to other health-related coalitions is breaking new
ground for nursing involvement in improving public health through involve-
ment in environmental health. In order to truly integrate environmental
health into nursing practice, test questions about hazardous substances and
health need to be addressed at all levels of nursing certification.

DILEMMAS IN PRACTICE

There is a paradox in environmental health: exposures to hazardous sub-
stances can cause harm in predictable, specific ways, but not everyone
responds to a hazardous substance in a predictable way. It is generally
agreed that environmental disease occurrence follows the model in Figure
16.2. However, because multiple factors can affect the physiologic process
at each stage, the effects of exposure to a hazardous substance differ among
individuals. These variables include smoking, lifestyle behaviors such as
diet, or genetic susceptibility.

Many questions have led to uncertainties in the approach to identifica-
tion and analysis of toxic exposures. For example, a client who lives near
a hazardous waste site where several toxic chemicals have been found may
in fact have only been exposed to two of those chemicals. How do those
two chemicals affect the body as a mixture and what is the effect of one
or more chemicals over time? Few data exist regarding synergistic effects
of environmental contaminants on health. Other questions that have gar-
nered interest are the effect of pharmaceutical chemicals and environmental
exposure combinations and the potential for interference with a drug’s
action through synergy, potentiation, or diminishing of the therapeutic
effect.
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Government agencies often have conflicting positions on the levels of
safety of chemicals (e.g. mercury), and scientific differences of opinion
can cause confusion for the health care provider as well as the client or
community member. Locating peer-reviewed, reliable information sources
can help reduce controversy and misinformation. Some of these sources
can be found in the resource section (Appendix) of this book.

DECISION MAKING

Uncertainties exist in addressing health issues for hazardous or toxic chem-
ical exposures. The estimation of a safe dose for a chemical is one of these
uncertainties. Because randomized clinical trials are not ethical for toxic
chemical studies, observational epidemiologic studies or animal studies
are used to estimate the risk associated with a specific hazord. In obser-
vational studies (e.g, case-control and cohort studies), exposure doses are
often rough estimates and usually involve a mixture of chemicals. With
animal studies, exposure conditions can be well controlled, but uncertainty
exists when extrapolating the results from animals to people. The term pre-
cautionary principle is often applied in making decisions in the face of all
these uncertainties. Although first coined in the 1970s and 1980s in refer-
ence to cost-effective action to guide cleanup actions for environmental
degradation, it has also come to be used in environmental health science.
Precautionary principle means that when there is a potential threat of seri-
ous damage to human health and insufficient scientific information exists,
decisions to protect human health cannot be postponed. In effect, we need
to make public health decisions even in the face of these uncertainties.

NEED FOR IMPROVED BIOLOGIC TESTING

Traditional medical methods generally rely on biologic testing to provide
information on health status or to make a diagnosis. In environmental
health, there are few scientifically accepted reliable biomarkers of expo-
sure, effect, or susceptibility that are standardized for testing and analy-
sis. We can reliably test for lead in blood, but standard laboratory tests for
other substances such as vinyl chloride are not yet available. Unfortunately,
unreliable tests such as hair and nail analysis are being sold to the public
as indicators of exposure to toxic chemicals. Nurses need to determine
which tests have been validated and have national reference ranges accepted
by the scientific community so that their clients are not misled. There are
many indications that until we further develop the ability to test for these



Hazardous and Municipal Waste Sites 179

chemical exposures reliably through biomarkers, our understanding and
ability to intervene in environmental exposures will remain limited. This
is an area that continues to lend itself to further research and development.
Although much is known in environmental health science, at least an equal
amount remains unknown. The amount, time, and period of exposures are
often estimated or not known in detail. This leads to uncertainty in deter-
mining the exact health threat.

TRENDS FOR TODAY AND TOMORROW

Environmental health, like other health status indicators, is a reflection of
our past, current, and future health policies and actions. Globalization of
health issues has a major impact on environmental health along geographic
borders, in allocation of resources, and in policy development. Demographics
trends such as our aging population are leading to elderly workers experi-
encing increased cumulative occupational exposures, and the future may
show an increase in manifestations of latent health effects from environ-
mental exposures. Our poor and homeless are increasingly taking up shel-
ter in abandoned and condemned hazardous waste sites, and this trend is
likely to continue and to pose significant health and safety issues for this
population.

The decoding of the human genome holds promise for the identifica-
tion of genetic markers to assist in understanding variances in human sus-
ceptibility to chemical exposures (Sharp and Barrett, 2000). At the same
time it opens the door to a variety of social, political, and privacy ramifi-
cations. There is increased attention and investigation into the relationship
of diseases such as diabetes and chemical-specific exposures (i.e. nitrates,
arsenic, and dioxin). Questions abound regarding endocrine disruptors and
multiple chemical sensitivity. Future research is needed to addrress these
issues. Emerging information on classes of chemicals such as polychlori-
nated naphthalenes (PCNs) is being developed; this information may change
the direction of science and toxic chemical investigations.

Policy changes directed toward industry self regulation can have a pos-
itive or a negative impact on the future. Technology that addresses envi-
ronmental health is rapidly advancing. Tools for remediation (e.g., the use
of biofilm and information mapping systems such as GIS [geographic infor-
mation systems]) are influencing the way we assess and intervene on health
issues like cancer clusters and hazardous waste contamination, and the
way we assess regional variances that indicate different exposure scenar-
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ios (e.g., rural and urban settings). Tele-health and -medicine have the
potential to open doors to communication and services in medically under-
served and isolated areas where environmental health investigations, envi-
ronmental care, and consultation were previously difficult to access.
Environmental litigation over the lack of appropriate, timely assessments
and interventions by health care providers is bound to emerge as an issue
for nurses in the future.
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CHAPTER 17

Pesticide Exposure
Patricia Butterfield and Phillip Butterfield

FROM THE PERSPECTIVE OF THE PUBLIC

There is probably no environmental health topic for which there is a greater
level of citizen concern than exposure to pesticides. Public opinion ranges
from those who object to any use of synthetic products in our nation’s food
supply to those who view the successes of American agricultural production
as predicated on the use of pesticides and fertilizer on our crops. But pub-
lic opinion can be easily swayed by misinformation and innuendo and the
evidence addressing health risks from pesticide exposure is confusing at
best. It is easy to understand how well-intentioned and well-informed peo-
ple can disagree strongly about how pesticides should be used, evaluated,
and regulated. Public views addressing pesticide use include the following.

+ For some citizens, pesticides are composed of an indecipherable list of
ingredients and a set of warnings. There is a lack of information to help
people demystify technical information about pesticide labeling, for-
mulations, and precautions. Pesticides are both needed and feared—a
necessary evil that is reluctantly purchased when the dog brings fleas
into the house or when the roses become covered with aphids.

* Farmers, gardeners, and ranchers are more likely to see pesticides as
their first-line response in preventing and treating problems such as
blights, insect infestations, and weed problems. In their line of work,
they need pesticides to enssure that there is a crop that is worth har-
vesting at the end of the season. They see pesticides as an integral part
of their efforts to produce high quality fruits and vegetables for the
American consumer. Intensive farming practices require heavy appli-
cations of fertilizers and pesticides to produce high crop yields per acre.
The technological advances in agriculture have been responsible for the
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ability of our nation to feed vulnerable populations throughout the world
during times of famine and floods.

« Still other citizens and health professionals view pesticides as a main-
stay of public health protection against vector-borne disease in our coun-
try and elsewhere. Many health providers have lived in areas with high
mortality from malaria and other vector-borne diseases and view pesti-
cides as part of a risk-benefit ratio that needs to consider the benefits
as well as the dangers of pesticide use.

* Many people whose lives have been impacted by diseases of unknown
etiology wonder about the possible role of pesticides in the develop-
ment of cancer, neurologic disease, and conditions of the immune sys-
tem. How can something that, by its very nature is designed to kill
animals or plants, have any beneficial role in an advanced society? It
just makes sense that we would all be better off if we outlawed all
pesticides and let the rules of nature reestablish themselves through-
out the world.

Like many other complex health issues, the topic of pesticide use requires
a sound understanding of the principles of pathophysiology, pharmacol-
ogy, and epidemiology. A basic understanding of toxicology is essential
to understanding concepts such as dose-response, individual susceptibil-
ity, and system-specific toxic effects. Finally, learning about the processes
by which pesticides are tested, marketed, and regulated is critical to our
understanding of pesticides continuing use.

CHAPTER OBJECTIVES

The primary goal of this chapter is to enable health providers to provide
effective care for persons at risk for health problems due to pesticide expo-
sure. Within this context, specific objectives address health providers’ abil-
ities to

I. Understand classes of pesticides and basic mechanisms of pesticide
toxicity

. Intervene effectively to treat acute pesticide poisoning

. Conduct a client assessment to elicit sources of pesticide exposure

. Provide education to prevent and minimize exposure to pesticides

. Describe chronic health problems that have been associated with pes-
ticide exposure
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6. Understand the complexity of evidence from epidemiologic studies of
long-term pesticide exposure
7. Understand the challenges of identifying health risks associated with
exposure to multiple pesticide products
. Describe policies addressing pesticide regulation and use
9. Use evidence addressing pesticides in potable water sources as a means
to understanding the risk of pesticide exposure throughout the life span

o0

Throughout the chapter, examples from studies addressing pesticides in
drinking water will be used to demonstrate the complexity of human pes-
ticide exposure and the controversies over the long-term consequences of
exposure. In this way the reader can develop an understanding of the chal-
lenges of studying pesticide exposure in a manner that is consistent with
cumulative lifetime exposure in humans. This information also makes it
easier to understand why there is not conclusive scientific evidence address-
ing many of the hypothesized health effects from long-term pesticide expo-
sure.

HISTORICAL OVERVIEW

A common misconception about pesticides is that such products were first
used within the past few decades. In reality, plants and chemicals con-
taining pesticidal properties have been used for centuries. Chinese farm-
ers used sulfur as a fumigant as early as 1000 BC. In the 1700s, extracts
from the tobacco plant were used to kill insects, and a primitive derivative
of strychnine was used to kill rodents (Ecobichon, 1996). Arsenic-based
compounds such as copper arsenite and lead arsenate became a mainstay in
the battle against insect pests in the early 1900s. Pesticides made from syn-
thetic chemicals were introduced in the 1930s, with major increases in agro-
chemical products following World War II (Ecobichon, 1996).

The 1962 release of Rachel Carson’s Silent Spring focused attention on
pesticides and their potential long-term consequences to a number of
species. In her book, Ms. Carson emphasized the persistence of organochlo-
rine insecticides in the environment. Since that time, many organochlorine
compounds have been removed from the market and were replaced by
organophosphate and carbamate pesticides, which have a shorter half-life.
As of 1996, the global pesticide market was a $30 billion dollar per year
industry, concentrated in ten multinational companies (Ciba-Geigy, DuPont,
Monsanto, Zeneca, Bayer, DowElanco, Rhone-Poulenc, Hoechst, American
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Cyanamid, and BASF); together these companies accounted for approxi-
mately two thirds of world food sales (World Health Organization, 1990).
Over 60% of pesticides are used in the United States, western Europe, and
Japan, where farming practices emphasize heavy applications of pesticides
and fertilizers to increase crop yield (WHO, 1990).

TYPES OF PESTICIDES

The term pesticide refers to any physical, chemical, or biological agent
that will kill an undesired plant or animal pest. By definition there can be
no such product as a completely safe pesticide; otherwise the product will
be ineffective in killing or controlling its intended target. Pesticide prod-
ucts are generally classified on the basis of the pattern of use (e.g., fumi-
gant) and the organism killed (e.g., insecticide) (Ecobichon, 1996). In
addition to the type of agent (e.g., herbicide), pesticides can be catego-
rized by chemical class (e.g., triazines) and generic name (e.g., atrazine),
as well as by a proprietary name (e.g., Atranex). In this way, the classifi-
cation of pesticides resembles that of pharmaceuticals, where a general
drug class (e.g., synthetic hormones) may also include more specific ref-
erences to more specific trade names (e.g., Synthroid).

More than 600 chemicals are currently registered as pesticides in the
U.S., with the majority of these products falling into the categories of
insecticides, insect repellents, rodenticides, herbicides, and fumigants
(American Academy of Pediatrics, 1999). Because new pesticides are
being introduced into the market on an ongoing basis, the discussion of
specific agents in this chapter is not meant to be comprehensive. In addi-
tion to new pesticides, changes in the formulation of existing pesticides
on the market frequently occur. Material safety data sheets (MSDS), poi-
son control centers, and product label information are easy ways to obtain
timely information addressing a specific pesticide. Major classes of pes-
ticides include the following.

INSECTICIDES

Insecticides are classified primarily by their mechanism of action. All
chemical insecticides in current use are neurotoxins and act by destroying
the nervous system of the target insect (Ecobichon, 1996). Major cate-
gories include organophosphates, organochlorines, carbamates, pyrethrum
and pyrethroids, and other products.

Organophosphate insecticides poison insects by inhibiting the enzyme
acetylcholinesterase at nerve endings. As a result, the excess of acetyl-
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choline overstimulates the effector organ. The transmission of nerve
impulses is predicated on the correct balance of acetylcholine and acetyl-
cholinesterase within the nerve junction, and the loss of enzyme function
leads to several types of problems within the central and peripheral nerv-
ous system (Environmental Protection Agency, 1999). In the cholinergic
nerve junctions of smooth muscle and gland cells, excessive concentra-
tions of acetylcholine cause muscle contraction and secretion. At skeletal
nerve junctions, acetylcholine precipitates symptoms that are both excita-
tory (e.g., muscle twitching) and depressive (e.g., muscle weakness or
paralysis) (EPA, 1999). In addition to use as an insecticide, organophos-
phorus compounds have a variety of industrial and residential uses, such
as catalysts, flame retardants, and antistatic agents. Products in this fam-
ily have also been developed as nerve gases, including the nerve gas sarin.
In many parts of the world, organophosphate insecticides are a central part
of efforts to reduce the occurrence of vector-borne diseases in humans and
animals (Lotti, 2000). Products within this category include diazinon,
malathion, and methyl parathion (generic names), and Dursban and Thimet
{(commercial names).

Organophosphate insecticides are absorbed through dermal, respiratory,
and gastrointestinal routes (Lotti, 2000). Depending on the exposure dose
and time frame of events, the patient may present with a variety of acute
symptoms, including headache, fatigue, blurred vision, nausea, vomiting,
diarrhea, abdominal cramping, and excessive sweating (Weeks, Levy, and
Wagner, 1991). More severe cases of poisoning may present with short-
ness of breath, constricted pupils, and unconsciousness. The importance
of health providers’ initiating prompt treatment of acutely poisoned indi-
viduals cannot be overestimated.

Many organochlorine insecticides have been removed from commercial
use by the Environmental Protection Agency; however, some of these prod-
ucts are still used in tick and flea products (EPA, 1999). In addition, some
other organochlorines are applied to seeds to protect them from insect or
fungal infestations. The mechanism of action of the organochlorines is
similar to that of organophosphate insecticides, with exposure resulting in
a hyperexcitable state in the central nervous system. Symptoms of acute
poisoning include myoclonic jerking, seizures, paresthesias, tremor, and
hyperreflexia. Fatalities occur primarily through metabolic acidosis, which
occurs from seizures and impaired pulmonary gas exchange (EPA, 1999).
Organochlorines are lipophilic compounds and are stored in fatty organs
such as the breast and stomach. Because they stay in the body for an
extended period of time, there are concerns about the long-term conse-
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quences of exposure as well as excretion of pesticide metabolites in breast
milk. Most citizens are familiar with DDT, an organochlorine that was
widely used in the 1960s but is no longer in use in the U.S. Other
organochlorines include aldrin, dieldrin, heptachlor, and toxaphine (generic
names); these products are marketed under a variety of commercial names.

Carbamate insecticides induce toxicity through a process similar, but
not identical, to that of organophosphates. Both types of insecticides pro-
duce an accumulation of acetylcholine at the neural junction; however, car-
bamates cause a reversible carbamylation of acetylcholinesterase, whereas
organophosphates induce a one-way process that is only reversed by the
generation of new enyzme in affected tissues (EPA, 1999). Compared with
organophosphate poisoning, poisoning with carbamate insecticides tends
to be of shorter duration and less severe. However, life-threatening toxic-
ity can occur, with patients presenting with seizures, coma, and car-
diopulmonary depression. Dithiocarbamate compounds are also used as
fungicides. Generally these products have a low level of toxicity that man-
ifests primarily as a contact dermatitis, but descriptions of neurotoxic reac-
tions, ranging from convulsions to Parkinson-like symptoms, have been
noted in a few case reports. However, doses incurred in most cases of
human poisoning with carbamate compounds have not resulted in perma-
nent serious consequences to those affected (Ecobichon, 2000). Products
within this category include carbaryl, aldicarb, and carbofuran (generic
names), and Sevin and Temik (commercial names).

Pyrethrum is an extract of dried chrysanthemum flowers that has insec-
ticidal properties, of which the active ingredients are known as pyrethrins.
Synthetically derived products, called pyrethroids, are similar to pyrethrins.
These products paralyze the nervous systems of insects; however, the effect
is not always lethal. For that reason, pyrethrins are sometimes combined
with other types of agents that extend the duration of pyrethrins (EPA,
1999). These products are commonly used for indoor pest contro! because
they break down when exposed to light. Hence, they are not widely used
in agricultural production. Because of their widespread use indoors,
pyrethrin and pyrethroid products are frequently linked to cases of pesti-
cide poisoning. Severe neurotoxicity rarely occurs in humans or other mam-
mals (e.g., dogs and cats); more frequent symptoms of poisoning include
tremor, excess salivation, and labored breathing (EPA, 1999).

Other types of insecticides include biologicals (e.g., bacteria), alkaloid
agents (such as nicotine and sabadilla), and other products of plant origin,
in addition to pyrethrin-based formulations (EPA, 1999). Bacillus thuringien-
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sis, a bacterium that in its spore form contains properties pathogenic to
some insects, has been used to control outbreaks of gypsy moths and other
pests. Rotenone, which is derived from dried derris root, is also used as an
insecticide, although its high toxicity to fish limits its application. Because
potential health consequences from exposure vary widely according to agent,
health providers need to consult specific toxicity information when consid-
ering the possibility of pesticide poisoning with any of these agents.

HERBICIDES

Herbicides are used to control weeds in lawns and gardens and are widely
used in agricultural production. Compared with insecticides, herbicides
are linked to fewer poisoning cases annually; however both intentional
(i.e., suicide attempts) and unintentional poisonings do occur. Categories
of herbicides include chlorophenoxy herbicides, nitrophenolic and nitro-
cresolic herbicides, dipyridyl compounds, and others.

Several hundred commercial products incorporate chlorophenoxy her-
bicides to control broadleaf weeds. In humans these products cause irrita-
tion to the skin, eyes, and gastrointestinal tract. They are absorbed through
both the skin and the lungs; the half-life of most products is measured in
hours rather than days or weeks. Severe cases of poisoning with chlorophe-
noxy herbicides have resulted in metabolic acidosis, as well as vomiting,
anorexia, and mouth and throat ulcers (EPA, 1999). Damage to striated
muscle can also occur, which can be expressed as muscle weakness and
myoglobinuria. In experimental animals, reports of central (e.g., myoto-
nia) and peripheral (uncoordination in the hind extremities) nervous sys-
tem damage have also been reported. Products in this category include
2.4-dichlorophenoxyacetic acid (2,4-D) and 2,4,5-trichlorophenoxy acetic
acid (2,4,5-T).

Nitrophenolic and nitrocresolic herbicides are used in fungal outbreaks
as well as for their weed-killing properties. These products are highly toxic
to both animals and humans. Although skin irritation is most commonly
associated with dermal contact, fatal poisonings have occurred following
skin contact (versus inhalation or ingestion) alone. Toxicity occurs through
the stimulation of oxidative metabolism within cell mitochondria, with the
hepatic, renal, and nervous systems primarily affected (EPA, 1999).
Symptoms include tachycardia, headache, malaise, dehydration, and hyper-
thermia. Symptoms may be exacerbated when the outdoor temperature is
high, due to the difficulty of dissipating heat from hyperthermic changes.
Yellow stains on the skin and hair can be associated with nitrophenolic
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herbicide poisoning; this sign can give providers an important diagnostic
clue. Products in this category include dinocap, dinitrophenol, and dinoseb;
in the U.S., registration on a number of nitrophenolic herbicides has been
cancelled.

Paraquat and diquat are dipyridal compounds that are widely used to
control weeds. Commercial names for paraquat include Gramoxone,
Dextrone, and Goldquat; commercial names for diquat include Aquacide
and Ortho Diquat. The lungs are the primary organs affected in dipyridal
herbicide poisoning; oxidative damage to the lungs occurs primarily through
the generation of free radical compounds (EPA, 1999). Unfortunately,
ingestion of paraquat has been a commonly used method of suicide; stud-
ies of suicide survivors have provided clinicians with much of the infor-
mation regarding the consequences of this kind of poisoning.

There are a variety of other herbicide products in use, both domestically
and abroad. Many products kill weeds selectively by impairing metabolic
processes that are unique to plants. Health providers need to carefully
assess exposure and identify potential agents whenever possible through
interviews with family members and others.

OTHER TYPES OF PESTICIDES

It is important for providers to understand that, in addition to killing bugs
and weeds, pesticides are used for a variety of other purposes. Wood preser-
vatives, fungicides, fumigants, and rodenticides are also classified as pes-
ticides, and, depending on the geographic setting and climate, may be
widely used in close proximity to humans. In addition, insect repellants
such as diethyltoluamide (DEET) are applied directly to the skin in a lotion,
stick, or aerosol form (American Academy of Pediatrics, 1999). Health
providers are well served by understanding products commonly used in
their communities. Informal discussion with farmers, gardeners, pest con-
trol personnel, and lawn care personnel is an effective way to gather this
type of information.

PESTICIDES IN DRINKING WATER

Surface waters (streams, rivers, lakes, and reservoirs) and ground waters
are the source of nearly all water used for human consumption in the United
States. Ground water serves as the source of drinking water for nearly 90%
of rural residents and nearly three quarters of cities in the United States
(Goodrich, Lykins, & Clark, 1991). In Europe it is estimated that 65% of
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the drinking water supply is derived from ground water sources (Holt,
2000). Water is the universal solvent and is capable of containing in solu-
tion a large variety of chemicals, natural organic and inorganic compounds,
and microbial contaminants.

Extensive water quality monitoring during the 1980s and 1990s has
demonstrated that pesticides can be found in most surface waters and
groundwaters affected by agriculture or urban land uses (Gilliom, Barbash,
Kolpin, and Larson, 1999). The introduction of pesticides into the aquatic
ecosystem presents the potential for chronic effects due to long-term expo-
sure, typically at very low concentrations and in mixtures with other pes-
ticides or chemicals of public health concern. The topic of pesticides in
drinking water is so extensive and broad that an entire book has been
devoted to the subject (Gustafson, 1993).

REGULATION OF PESTICIDES IN DRINKING WATER

In 1974 the United States Congress enacted the Safe Drinking Water Act
(SDWA) directing the Environmental Protection Agency (EPA) to estab-
lish regulations to control the level of pesticides and other contaminants
found in drinking water. The SDWA has subsequently been amended in
1986 and 1996. The EPA has established a maximum contaminant level
goal (MCLG) and a maximum contaminant level (MCL) for specific pes-
ticide compounds that have been determined to be potentially harmful to
human health. An MCLG is the maximum level of a compound or con-
taminant in drinking water at which there are no known or anticipated
adverse health effects. MCLGs are nonenforceable health goals whereas
MCLs are enforceable maximum permissible levels of a contaminant. The
MCLG for a particular contaminant can be less than or equal to the MCL..
Standards for pesticide concentrations in drinking water are contained
within the National Primary Drinking Water Regulations (NPDWR, 2000)
(USEPA, 2000) for organic contaminants. The EPA has also established
Health Advisory Levels (HALs) for a large number of pesticides and chem-
ical compounds (USEPA, 2000). Health advisories (milligrams per liter)
are provided for a 1-day and 10-day exposure for a 10-kg child. In addi-
tion, the reference dose (RfD) and HALSs for the drinking water equiva-
lent level (DWEL), lifetime and 10+ cancer risk level are provided for
adults. The DWEL assumes a lifetime exposure from only the consump-
tion of drinking water. Health Advisory concentrations can be referenced
when no MCL has been established for a pesticide of concern.



190  Environmental Health Basics

The World Health Organization (WHO) Guidelines for Drinking Water
Quality (GDWQ) (WHO, 1993; WHO, 1996; WHO, 1998) are health-based
guidelines established in a manner similar to the approach used by the EPA
(Younes and Galal-Gorchez, 2000). In contrast to the health-based approach
taken by the EPA and the WHO, the European Union Drinking Water
Directorate has established standards for pesticides in drinking water based
on analytical limits of detection available at the time standards were orig-
inally established (Harrison, Watt, & Allister Vale, 2000). EC Council
Directive 80/778/EEC (Council of the European Communities, 1980) sets
a Maximum Admissable Concentration (MAC) of 0.1 micrograms per liter
for each individual pesticide in drinking water, and a limit of 5 micrograms
per liter for total pesticides. The most recent EC standards, Council Directive
98/83/EC (Council of the European Communities, 1998), have lowered
standards for aldrin, dieldrin, heptachlor, and heptachior epoxide to 0.030
micrograms per liter.

PESTICIDE PRODUCTS AND BYPRODUCTS IN THE
ENVIRONMENT: EXAMPLES ADDRESSING WATER QUALITY

The occurrence of pesticides in surface waters and ground waters has been
shown to be widespread in the United States, dependent upon geographi-
cal and seasonal uses of pesticides in both agricultural and urban settings.
The National Water Quality Assessment (NAWQA) Program, conducted
by the U.S. Geological Survey, has been one of the most extensive inves-
tigations of pesticides in U.S. waters (Gilliom et al., 1999). During the
period 1992 to 1996, 20 study units were selected for the NAWQA to rep-
resent a wide variety of agricultural and urban settings where pesticides
were utilized. Results of the initial NAWQA monitoring program indicated
that pesticide concentrations were typically below maximum contaminant
levels (MCLs) set for drinking water; however drinking water criteria did
not exist for many of the 83 pesticides that were analyzed.

Many factors influence the movement and fate of pesticides to surface
waters and groundwater in agricultural and urban settings. Some of the
more important factors are (1) biogeochemical properties of pesticides;
(2) geographic location of crop types, amount of land in particular crops,
and the time when pesticides are applied; (3) soil type and its sorptive
capacity for particular pesticides; (4) farming practices; and (5) variations
in climate and seasonal patterns of precipitation and runoff {Pereira and
Hostettler, 1993). Pesticide solubility in water, soil half-life, and the abil-
ity of soil to adsorb pesticides are important parameters when evaluating
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potential pollution from pesticides applied to crops or lawns, gardens and
rights-of-way in urban areas. A pesticide that is soluble in water can be
transported more easily to surface water and ground water where it can be
present in concentrations greater than drinking water standards. The soil
half-life of a pesticide indicates the time required for the pesticide con-
centration to be reduced by one half in soil. All other factors being equal,
a pesticide with a long soil half-life is predicted to persist longer in soil
than a pesticide that has a short half-life, making it more likely to be trans-
ported to surface water or ground water. However, not all factors are equal
and multiple factors must be taken into account. How well a pesticide
adsorbs to soil particles affects the retention of the pesticide in soil. Soil
contains natural organic matter (such as humic and fulvic acids) that can
adsorb pesticides, reducing their movement from unsaturated soil to ground-
water. Pesticides in soil can undergo biodegradation by soil microorgan-
isms, creating degradation products. While degradation decreases the
concentration of the parent pesticide, little is known about the fate and
transport of the degradation products.

Atrazine, deethylatrazine (DEA—a degradation product of atrazine),
metolachlor, cyanazine and alachlor were the most frequently detected her-
bicides in agricultural areas during the initial NAWQA study. Atrazine,
metolachlor, cyanazine and alachlor ranked first, second, fourth and fifth
in national herbicide use for agriculture (Gilliom et al., 1999). In urban
areas the herbicides most frequently detected were simazine, prometon,
2,4-D, diuron, and tebuthiuron. The herbicides 2,4-D and prometon rank
first and fourteenth in their frequency of application in urban settings. The
NAWQA study found insecticides more frequently in urban streams than
in those from agricultural areas. The most frequently detected insecticides
were diazinon, chlorpyrifos, carbary], and malathion and these insecticides
ranked first, fourth, eighth, thirteenth and for their frequency of applica-
tion in urban areas (Gilliom et al.).

Numerous studies, some associated with the NAWQA efforts, have
reported the presence of pesticides in surface waters. A series of articles
by Stamer (Stamer, 1996, Stamer and Wieczorek, 1996, Stamer and Zelt,
1994) described the frequency of detection and temporal changes in con-
centration for herbicides from three large river basins in Kansas and
Nebraska. The river drainages were characterized by significant corn,
sorghum, and soybean production. Atrazine, metolachlor, cyanazine,
simazine, and alachlor were the most frequently detected herbicides in the
surface waters sampled, with atrazine detected most often. The major pes-
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ticides detected had their greatest concentration during higher stream flows
in the spring and early summer, implying that herbicides were being car-
ried by surface runoff to receiving streams following their application and
precipitation-runoff events. However, most pesticides continued to be
detected during the fall and winter months. Individual sample concentra-
tions of certain herbicides, such as atrazine, most often exceeded drinking
water MCLs during the spring and summer runoff events. The insecticide
diazinon was detected downstream of areas that have urban land uses where
diazinon is commonly applied to iawns and gardens (Stamer and Wieczorek,
1996). It was noted that cities along the Platte River obtain water from
wells located in the river alluvium, and pumping of the wells typically
induces flow from the river to the well. Although the water pumped from
the wells received conventional water treatment (chemical coagulation,
sedimentation, and granular media filtration), these water treatment
processes have limited capability to remove pesticides (Adams and Randtke,
1992; Miltner, Baker, and Speth, 1989).

The Mississippi River and its tributaries were shown to contain herbi-
cides commonly used in the agricultural areas they drained (Pereira &
Hostettler, 1993). The most common herbicides detected and in greatest
concentrations were atrazine, cyanazine, metolachlor, alachlor, and simazine.
Concentrations of pesticides followed a similar cycle as was seen in the
studies in Nebraska and Kansas: Concentrations were highest following
spring applications and precipitation and runoff events. Continued detec-
tion of herbicides in the Mississippi River during the fall and winter months
when base flows are derived primarily from groundwater indicates pesti-
cides are present in the groundwater. Atrazine was found in concentrations
higher than most other detected herbicides in the lower Mississippi River,
and its degradation product. (DEA) and deisopropylatrazine (DIA), were
also found in significant concentrations. The year-round presence of atrazine
and its degradation products indicates the persistence of atrazine in the
ecosystem.

Studies of pesticides in the Great Lakes (Schottler and Eisenreich, 1994)
resulted in the detection of atrazine and its degradation product DEA in
100% of 490 samples taken during the period 1990 to 1992 from Lakes
Huron, Michigan, Erie, and Ontario. While the concentrations were quite
low (< 110 nanograms per liter), the herbicides were detected deep in the
lake, indicating long half-lives in the lakes. A study of two lakes in north-
eastern Nebraska (Spalding, Snow, Cassada, and Burbach, 1994) found
atrazine concentrations above the drinking water MCLs; neither lake was
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used as a source of drinking water. Factors such as watershed slope, land
use, rainfall, and soil drainage capacity influenced the amount of pesti-
cides transported to the lakes by runoff or ground water.

Urban pesticide uses also contribute significantly to the presence of
these compounds in both surface water and ground water. Kimbrough and
Litke (1996) reported the results of a study that investigated the presence
of pesticides in streams draining an agricultural area and an urban area of
Colorado. For the two study areas the herbicide prometon was the most
frequently detected, while DCPA and atrazine were found in the highest
concentrations in the agricultural and urban drainages respectively. DCPA
was used for weed control in onion fields and atrazine was used for appli-
cation to road rights-of-way in the urban area. The insecticides carbaryl,
chlorpyrifos, diazinon, and malathion were the most frequently detected
in both areas, with carbaryl found at the highest concentrations. The results
of most samples indicated the concentrations were below drinking water
MCLs and HALSs, with the highest concentrations associated with precip-
itation and runoff events for both areas. Atrazine and prometon persisted
in the agricultural stream at nearly the same concentration during the months
when runoff was not occurring (late summer, fall, and winter). The same
trend was seen for simazine and prometon in the urban stream. The detec-
tion of these pesticides year-round indicated their persistence in the allu-
vial ground water systems associated with the two streams investigated.

Certain pesticides enter the atmosphere through volatilization from the
soil or crop to which they are applied. The concentration of semivolatile
organochlorine compounds in mountain snows of western Canada has been
found to increase by a factor of 10 to 100 at high elevations of 770 to 3,100
meters (Blais et al., 1998). The presence of pesticides in snow results from
transport in the atmosphere, precipitation, and a process termed “cold con-
densation.” As moisture-laden air containing volatilized organochlorine
compounds is forced upward by the mountains, the temperature drops and
the compounds condense with snow, thus the term cold condensation. One
implication of this phenomenon is the transport and deposition of pesti-
cides to snow in mountains that eventually supplies water to lakes and
streams used for drinking water by small and large cities in the Rocky
Mountains of the U.S.

The results of the NAWQA clearly show that pesticides are present in
groundwaters at low concentrations. Many studies have shown pesticides
can enter and persist in groundwater (Bushway et al., 1992; Castaneda and
Bhuiyan, 1996; Goodrich, Lykins, and Clarks, 1991; Goss, Barry, and
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Rudolph, 1998; Wade, York, Morey, Padmore, and Rudo, 1998). Most stud-
ies of pesticides in groundwater have analyzed the parent compounds.
Recent work has shown that pesticide degradation products can comprise
60 to 99% of the measured herbicide’s concentration in ground water
(Kolpin, Thurman, and Linhart, 1998). Failure to determine the concen-
tration of degradation products can provide false information regarding
the presence of pesticides in water, particularly because many of the degra-
dation products can have similar toxicity effects as the parent compound
(Kolpin et al., 1998). Pesticides with short soil half-lives, such as alachlor,
had a higher ratio of degradation product detection frequencies to parent
product detection frequencies. The herbicide atrazine, with a long soil half-
life, was detected nearly as frequently as its degradation products.

ESTIMATES OF ACUTE PESTICIDE POISONING

Global and national estimates of cases of pesticide poisoning vary widely,
primarily due to the underrecognition and underreporting of cases. Like
many other conditions, signs and symptoms of acute pesticide poisoning
are highly variable and range from a nonspecific rash to death from res-
piratory failure. Existing estimates include the following.

* Worldwide, as many as three million cases of acute pesticide poisoning
occur annually, with the majority of these cases involving suicide attempts
(WHO, 1990).

¢ In 1995, an estimated 79,000 U.S. children were involved in a house-
hold pesticide-related poisoning (EPA, 1999).

* 1,332 cases of definite, probable, or possibie pesticide poisoning were
reported to the California Pesticide Illness Surveillance Program in 1994
(O’Malley, 1997).

» Of 22,433 cases of pesticide poisoning cases reported nationwide in
1996, the five pesticide classes most commonly implicated included
organophosphates (4,002 cases), pyrethrins and pyrethroids (3,950 cases),
pine oil disinfectants (2,246 cases), hypochlorite disinfectants (2,109
cases), and insect repellants (2,086) (EPA, 1999).

* In developing nations, the incidence of pediatric pesticide poisoning is
extremely difficult to assess. However, because children are typically
involved in their family’s work and participate in pesticide application,
it is reasonable to assume that poisoning rates would be high (Khare et
al., 1990).
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ASSESSING AND EDUCATING TO REDUCE
PESTICIDE-RELATED RISKS

Nurses can be involved in prevention, treatment, and educational inter-
ventions on behalf of individuals and groups at risk for pesticide exposure.
Although the majority of nurses do not work in occupational or environ-
mental clinics, most clinical settings provide ample opportunities to address
pesticide-related health concerns. Assessing actual and potential exposures
is the first step in risk reduction. Prior to addressing a client’s concerns
about a specific pesticide, it is important for the nurse to obtain accurate
and timely information about the agent of concern. In considering oppor-
tunities for pesticide exposure, it is important for the health provider to
consider current products and formulations as well as products that may
no longer be sold, but still may be stored in people’s homes, such as DDT.
This information is best assessed as part of a clinical exposure history;
within this context, questions addressing acute exposure include:

* What pesticide(s) was the person exposed to?

» What time did exposure occur?

* Describe the event and what was happening at the time of exposure.

* Were any other people affected?

¢ Did the pesticide product get in or on the person’s eyes, mouth, skin,
nose, hair, clothing, or boots?

In all situations, encourage the person or family member to identify the
possible source of exposure. However, open bottles, spray packs, or other
dispersal units should not be brought into the clinical setting. All pesti-
cides bear a label containing the product name, manufacturer, EPA regis-
tration number, list of active ingredients, and precautionary statements
(EPA, 1999). Obtaining this information is critical in all situations involv-
ing pesticide exposure.

For persons who are not acutely exposed to pesticides, there are fewer
immediate needs and the exposure can focus on opportunities for risk reduc-
tion and prevention of exposure. Assessment questions for the nurse may
include:

* What pesticides are used in the home and yard?
* Where are they stored and can children access them?
* What are the occupations of all family members?
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* Do family members have hobbies that involve pesticide use?

* Is their lawn treated with commercial fertilizers and/or pesticides?

+ Are pesticides ever used inside the home to kill fleas, ants, rats, mice,
or cockroaches? How and where are these products sprayed, fogged, or
placed on the floor?

* How are clothes that may have pesticides on them laundered and stored?

* Do people enter the home wearing clothes or boots that were used when
spraying pesticides?

* Are there pets or livestock that are treated with pesticides?

+ Are there any industrial facilities or farms/ranches where children could
be inadvertently exposed to pesticides?

* Does the family’s water source come from a private or municipal well?
If water comes from a private well, how and how often is the water
tested? What is the water tested for?

Risk reduction interventions focus on targeting areas where people could
be inadvertently exposed. Many of the common sense interventions for
poison-proofing a home will reduce opportunities for children’s exposure
to pesticides. In addition, talking with the family about practical steps to
reduce the incidence of pesticides coming into the home, safe laundering
practices, and adhering to any reentry times following in-home pesticide
use will help reduce family exposure.

Because of citizens’ concerns about health problems with a possible
environmental etiology, pesticides are frequently limplicated as a cause of
disease, before a proper health history is taken. Many citizens are worried
about pesticide use and how it affects their daily lives. Rather than asking
specific questions about toxicology, citizens and patients are more likely
to frame their questions in a way that reflects concern about the potential
of pesticides to cause specific health problems. Examples of questions that
nurses may encounter (EPA 2000, p. 17) include:

* I received a report from my water utility that said the water contained
0.5ppb of dibromochloropropane. What is this chemical, what does it
mean for my health, and what should I do?

« I just read in the newspaper that schools in my state are spraying their
buildings with toxic pesticides. I'm worried because my child has asthma
and sometimes feels worse at school. Could it be the pesticides?
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« | have a 6-month-old child and the cat has fleas. Is it safe to have the
exterminator flea-bomb the house? The exterminator says it’s safe if we
stay out for a few hours and open the windows afterwards.

* My husband and I are having trouble conceiving a child. We own a farm
and he sprays pesticides. I want to know if the pesticides may be caus-
ing a problem.

¢ I get a headache and have difficulty concentrating at the office. I think
it may be because the janitor sprays pesticides at night.

* I am a farm worker and was picking celery in the fields. Today I have
a rash on my hands and arms. Is it from the chemicals?

SIGNS AND SYMPTOMS OF ACUTE ORGANOPHOSPHATE AND CARBAMATE
INSECTICIDE POISONING

Because symptoms of acute pesticide poisoning are nonspecific in nature,
many people fail to link their symptoms with exposure to pesticides.
Furthermore, health providers often fail to associate a patient’s illness with
pesticide exposure and do not ask salient questions that would elicit more
clues about the nature of the exposure (Weeks et al., 1991). Most often it
is easier to identify a link between pesticide exposure and acute symptoms
in patients who have occupations and hobbies where they encounter pes-
ticides as a part of their daily lives. Because of the wide use of pesticides,
health providers are well served by learning the constellation of symptoms
that are associated with organophosphate and carbamate insecticides and
asking focused questions of patients who present with these symptoms. In
addition, knowing what pesticides are used locally, in both agricultural
and residential settings, can help health providers focus their questions
and diagnostic reasoning.

A combination of muscarinic (e.g., lacrimation, sweating, abdominal
cramping), nicotinic (e.g., muscular weakness, hypertension, tachycardia),
and central nervous system (e.g., tremor, convulsions, coma) signs/symp-
toms occur following organophosphate pesticide poisoning (Lotti, 2000).
Clinical presentation varies according to dose and route of exposure, with
symptoms generally occurring four to twelve hours post exposure (Schlenker,
Albertson, and Saiki, 1992). However, given the diversity of specific
organophosphate and carbamate insecticides, there can be considerable vari-
ation in presenting signs and symptoms following acute exposure.

O’Malley (1997) suggests using the mnemonic MUDDLES (miosis,
urination, diarrhea, diaphoresis, lacrimation, excitation of the central nerv-
ous system, and salivation) to aid clinicians in remembering common signs
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and symptoms of pesticide poisoning. Because organophosphate insecti-
cides are lipidphilic and have a high chemical reactivity, plasma levels of
the compound may represent only a small proportion of the body burden.
In addition redistribution of the compounds may occur when treatment is
discontinued. Organophosphate insecticides are excreted in the urine, and
the time course for excretion varies by dose and specific compound (Lotti,
2000). Common signs and symptoms by body system are listed in Table 17.1.

ACUTE ORGANOCHLORINE INSECTICIDE POISONING

Overall, organochlorine insecticides have low acute toxicity compared with
organophosphates; however, these agents have a long-half life in the body
and can sometimes be measured for months to years following exposure.
One exception is Endrin, which is quickly metabolized and falls below
detectable limits approximately 2 weeks following exposure (O’Malley,
1997). However, despite the lower toxicity of organochlorine compounds,
fatal poisonings have occurred with ingestion of high doses. Early mani-
festations of organochlorine poisoning include paresthesias of the face and
extremities, headache, dizziness, seizures, vomiting, incoordination, tremor,
and confusion; as with the organophosophates, signs and symptoms vary
by agent, dose, and route of exposure.

TABLE 17.1 Signs and Symptoms of Acute Organophosphate and Carbamate
Insecticide Poisoning

Central Musculo Gastrointestinal | Respiratory Cardiovascular
nervous skeletal system system system
system system
Salivation Muscle Vomiting Wheezing Bradycardia
twitching
Headache Weakness Diarrhea Rhinorrhea Early
tachycardia
Nausea Sweating Cramping Pulmonary Hypertension
edema
Dizziness Tremor Respiratory Sinus arrest
paralysis
Incoordination
Paralysis

(Adapted from Ecobichon, 2000).
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OTHER TYPES OF PESTICIDE POISONING

Pesticide poisoning can also occur from exposure to herbicides, fungicides,
and rodenticides. Because there are significant differences in the mecha-
nisms both within and between these classes of pesticides, it is critical that
an emergency treatment plan is developed by a clinician with expertise in
pesticide-related emergencies. In addition to active ingredients, poisoning
can also occur from solvents that are used to suspend the pesticidal agents.
Ingestion or inhalation of solvents such as toluene or xylene can have seri-
ous health consequences; on pesticide containers all nonpesticide com-
pounds are labeled as inert ingredients. It is important to understand that
the term inert refers to an agent’s use as a pesticide, and not to its toxico-
logic potential (Agency for Toxic Substances and Disease Registry, 1993).

EMERGENCY TREATMENT

Although emergency management of affected persons varies by the type
of pesticide, some general treatment guidelines can be implemented with
all exposed persons. They include the following.

I. Continuously observe the patient until he or she is stable.

2. Maintain an open airway and provide respiratory support. Suction to
remove secretions if necessary. Intubate if there is evidence of respira-
tory depression or severe neurologic impairment. Administer oxygen if
necessary; however it is critical to note that oxygen is contraindicated
in cases of paraquat and diquat poisoning. It is important to seek detailed
information prior to administering oxygen to patients with suspected
poisoning (EPA, 1999).

3. Decontaminate the eyes, skin, and hair to eliminate residual pesticides.
To reduce continued exposure, decontamination procedures should pro-
ceed concurrently with resuscitative and antidote treatments (EPA, 1999).
Clothing should be removed and bagged and then the patient should be
given a complete bath and shampoo while lying recumbent. In cases
involving possible eye contact, flushing with copious amount of water
or normal saline should proceed for 10~15 minutes (Ecobichon, 2000;
EPA, 1999).

4. The gastrointestinal tract should be decontaminated by gastric lavage,
administration of activated charcoal, or syrup of ipecac. Induction of
vomiting and administration of activated charcoal is indicated in the
treatment of most pesticide poisonings; however, emergency procedures
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vary by specific agent. Advice from the poison center and emergency
personnel should be based on the specific product(s) ingested (Weeks
et al., 1991).

5. Obtain laboratory specimens to assess biologic indicators of pesticide
exposure. In general, detection of organophosphate and carbamates in
the blood can only be obtained soon after exposure. Metabolites of car-
bamates and organophosphates can often be detected in urine up to 2
days post exposure (ATSDR, 1993).

6. Administer antidotes to reverse the effects of specific pesticides. High
doses of atropine sulfate are frequently administered to patients with
organophosphate or carbamate insecticide poisoning. The goal of atropine
therapy is to antagonize the effects of excessive acetylcholine in the
peripheral neuroeffector junctions (muscarinic effects). In addition, prali-
doxime (2-PAM) can be ordered in severe cases of organophosphate
poisoning; however, this cholinesterase reactivator is of limited value
in the treatment of carbamate poisonings (EPA, 1999). Because the phar-
maceutical regime varies considerably by pesticide class and dose, it is
necessary to obtain detailed treatment parameters from emergency
department physicians.

In addition to decontamination and treatment of the patient, it is impor-
tant to protect all emergency responders and health providers from sec-
ondary contamination from exposed persons. All contaminated clothing
should be removed and disposed of, and the patient should be decontam-
inated with large amounts of soap and water.

GUIDELINES FOR ASSESSMENT AND CONTROL OF
PESTICIDES IN DRINKING WATER

The large number of available pesticides and the complex regulations regard-
ing their use and permissible concentrations in drinking water compound
the difficulties for environmental health professionals who deal with pesti-
cide issues. Because pesticides rarely exist in drinking water at concentra-
tions greater than their MCLs or HALSs it is difficult to assess whether chronic
exposure to those compounds will have any adverse health consequences.
Knowing the source of water for an individual or population is the first step
in assessing possible chronic exposure, and understanding the potential for
pesticides in drinking water is the next step. In cases where pesticides are
suspected in drinking water, but their actual presence is not known, actual
testing of the water may be necessary. If pesticides are present in drinking
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water at levels of concern, the person may be forced to develop a new source
of water or install treatment for removal of pesticides.

In agricultural areas, knowledge of the crops grown within the drainage
area for a particular water supply can be very helpful in determining the
most commonly used pesticides. Comparison of those pesticides with infor-
mation on pesticides most commonly found in water can help identify com-
pounds of concern. Local, state, and county agricultural extension agents
can provide information about the most common pesticides used in a par-
ticular area. Other helpful information pertains to the time of application for
particular pesticides. As noted above, pesticide concentrations in surface
waters are typically greatest following application periods and precipitation-
runoff events. Temporal variations of pesticides in ground water are less well
defined. Groundwater impacted by urban and suburban areas is more likely
to contain insecticides than are those impacted by agriculture.

Pesticide use in urban areas will also lead to their presence in water.
While most persons living in urban areas receive water from a centralized
provider, some persons living down gradient from the urban area and using
groundwater as a water source may be exposed to those pesticides used
within the urban area. Common pesticides in urban areas will be herbi-
cides and insecticides used on lawns, gardens, and road rights-of-way.

Knowledge of the source of water for an individual or population will
provide valuable insight to the potential for long-term pesticide exposure
from drinking water. Approximately 55,000 community water supply sys-
tems supply 90% of the drinking water in the United States. Ninety-three
percent of those systems serve populations of fewer than 10,000 customers.
Persons whose water source is a community water system now have access
to that system’s water quality monitoring data through the Consumer
Confidence Report (CCR). Starting in October of 1999, each community
water system was required by the CCR Rule (EPA, 1998) to publish and
distribute a CCR on an annual basis. CCRs are typically distributed by
enclosing a copy in water bills, publishing in newspapers with local cir-
culation, and posting on the Internet by larger utilities. The CCR must pro-
vide the basic information shown in Table 17.2.

Public water supply systems are required to monitor quarterly for the
presence of pesticides. If the annual mean concentration of pesticides is
found to be below the MCLs, less frequent monitoring is generally approved
by the regulatory agencies (USEPA, 2000). For example, if results of quar-
terly samples indicate a pesticide’s concentration is below the analytical
detection limit, then the regulatory agency can approve sampling once per
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TABLE 17.2 Basic Information Found in Consumer Confidence Reports

* Source of drinking water
+ Susceptibility of source water to contamination
» How to obtain a copy of the system’s source water assessment

« Level of contaminants found in drinking water, range of levels and MCLs for con-
taminants

+ Likely source of contaminants
« Potential health effects of any contaminant found in excess of MCL
* Compliance with drinking water-related rules

= Educational statements for susceptible populations on how to avoid a contaminant,
such as Cryptosporidium

« Source(s) of additional information on the system’s water quality

year. If the water system uses ground water and has not detected a pesti-
cide for three consecutive years of annual sampling, then the water sys-
tem can request to sample for that pesticide only once every 6 years. If the
CCR does not supply the desired information about pesticides, additional
water quality information can be obtained by contacting the water service
provider using the information provided in the CCR.

Public water supplies are required to meet all applicable standards for
contaminants in drinking water. If a contaminant exceeds its respective
MCL the water utility must notify its customers and implement a program
to meet the MCL for the contaminant in question. Generally some form
of treatment must be provided to remove the contaminant or a new water
supply source must be developed.

Almost 90% of people living in rural areas rely on ground water as their
source of drinking water (Goodrich et al., 1991). Because monitoring water
for pesticides is expensive, very few individual well owners have their
water tested for pesticides. Few pesticide data are likely to exist unless
local, state, or federal agencies have monitored ground water in the area
of interest. Most state agencies responsible for drinking water maintain
laboratories capable of performing pesticide analyses in water. The test-
ing procedures are expensive and require sophisticated equipment and
trained laboratory personnel. However, these state agencies can provide
information on how to properly collect a water sample from a private well
and can interpret the results of the tests performed (make a comparison
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with MCLs or HALs).

The EPA lists granular activated carbon (GAC) as the best available
treatment process for removal of pesticides in drinking water, with the
exception of glyphosate (i.e., Roundup), for which oxidation is the rec-
ommended treatment process. GAC consists of granular charcoal or soft
coal that has been heat-treated to improve its adsorption characteristics.
Centralized treatment is not an option for people who must rely on private
wells for their water supply. Point-of-entry (POE) treatment units for indi-
vidual homes are manufactured by many companies and are typically sold
by home water-conditioning companies. In the case of pesticides, con-
tacting the water with GAC is the usual treatment process. GAC for POE
treatment is typically placed in a cylindrical canister and water is allowed
to flow through the granular media at a controlled rate to allow contact
between the contaminants in the water and porous surfaces of the GAC.
Contaminants are sorbed to the surfaces of the GAC, removing the con-
taminant from the water. GAC contact units can provide an environment
where microorganisms in the water can grow and multiply. Therefore most
POE systems will provide a disinfection unit, such as an ultraviolet light
device, to reduce the bacterial concentrations in the GAC-treated water.
These disinfection units are particularly important where susceptible per-
sons such as young children, the elderly, or immunocompromised indi-
viduals will consume the water.

GAC has a limited capacity to adsorb organic compounds such as pes-
ticides. Once the GAC’s adsorption capacity is exhausted it must be replaced
with fresh GAC. Continued operation of exhausted GAC used to remove
pesticides can result in pesticide concentrations greater than in the source
water (Goodrich et al., 1991). Ultraviolet light disinfection units require
periodic cleaning and UV-light bulb replacement. POE devices can pro-
vide reliable treatment when properly installed, operated, and maintained.
Because most homeowners do not have the technical background to mon-
itor the operation and performance of POE treatment devices, their use
and effectiveness have been seriously questioned (Goodrich et al., 1991).
The long-term maintenance contracts offered to homeowners by POE
providers are recommended to enssure proper treatment.

HUMAN BIOMARKERS OF PESTICIDE EXPOSURE

In some cases that involve ingesting large doses of pesticide in a suicide
attempt, it may be possible to obtain direct blood levels of pesticide, depend-
ing on the agent and time elapsed since exposure. Serum levels of the her-
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bicide paraquat have been obtained following suicide attempts and have
been found to be effective in determining patient prognosis (Erickson,
Brown, Wigder, & Gillespie, 1997). However, except in rare cases, it is
typically difficult to obtain measures of organophosphate and carbamate
compounds in the blood of exposed persons. Urine metabolites of
organophosphates and carbamate insecticides may be detected up to 48
hours post exposure (ATSDR, 1993).

Blood measurement of cholinesterase activity has been found to be use-
ful in monitoring organophosphate and carbamate pesticide exposure, either
following a single exposure or over time. Cholinesterase enzymes can be
measured either in red blood cells (RBCs) or in plasma, and serve as sur-
rogate indicators of neuroreceptor site activity (ATSDR, 1993).
Cholinesterase depression in plasma can be detected within a few hours
of significant exposure to organophosphate insecticides, with depressed
levels persisting for several days to weeks. Depression of RBC cho-
linesterase activity may not be noted until several days post exposure, and
may persist up to one to three months post exposure (EPA, 1999). Finger
stick tests to assess RBC cholinesterase are commercially available; such
tests have greatly enhanced opportunities to evaluate high risk groups such
as farmers and farmworkers (McConnell, Cedillo, Keifer, & Palamo, 1992).
Ciesielski, Loomis, Mims, and Auer (1994) compared RBC cholinesterase
in 244 North Carolina farmworkers and non-farm workers; farmw orkers
(mean 30.18 U/g hemoglobin) had significantly lower enzyme levels than
non-farmworkers (mean 32.20 U/g hemoglobin. p = 0.01). Twenty-four
farmworkers and zero non-farm workers had very low levels of
cholinesterase. However, it is important to note that there are a number of
different analytic methods used to determine cholinesterase levels in humans.
Health providers should become familiar with the specific method used
by their clinic or lab and how lab results should be interpreted.

The greatest challenge in interpreting cholinesterase levels is that base-
line levels (i.e., preexposure) are typically not available; this issue is com-
plicated by the fact that normal values vary widely among humans.
Inhibition of 25 to 50% of an individual’s baseline level is generally regarded
as evidence of pesticide toxicity. It is important to keep in mind that this
level of enzyme depression may not be associated with clinical signs or
symptoms of acute poisoning (ATSDR, 1993).



Pesticide Exposure 205

HYPOTHESIZED ASSOCIATIONS BETWEEN PESTICIDE
EXPOSURE AND CHRONIC HEALTH PROBLEMS

Pesticide exposure has been associated with a number of chronic health
problems such as cancer, neurologic impairments, pulmonary disease, and
reproductive disorders (National Research Council, 1993). In addition,
there is increasing evidence that in some individuals, pesticide exposure
may have a deleterious effect on the immune and endocrine systems. There
is a high degree of controversy addressing chronic consequences of pes-
ticide exposure, despite extensive research in both animals and humans.
Some of the greatest concerns are for the health of children, who are bio-
logically more susceptible than adults to most chemical exposures (National
Research Council).

In the area of neurologic function, there is sufficient evidence to con-
clude that some organophosphate insecticides can induce a syndrome called
organophosphate-induced delayed polyneuropathy, otherwise known as
OPIDP. This condition is manifested primarily by paresthesia, weakness,
and paralysis of the extremities, which can persist for weeks to years (EPA,
1999). Initial symptoms occur one to four weeks following exposure and
include leg cramps, followed by numbness in the legs and occasionally in
the forearms. The symptoms occur as a result of damage to the afferent
fibers in the central and peripheral nervous system. Well-documented cases
of OPIDP are rare but provide evidence of long-term neurologic conse-
quences from organophosphate exposure. OPIOP has been induced in ani-
mal experiments, with the key pathologic hallmark consisting of axonal
degeneration of the distal portion of sensory and motor neurons (Lotti,
2000). Compounds associated with the development of OPIDN include
Trichlorphon, Merphos, triorthocresyl phosphate (OPIOP), and triortho-
tolyl phosphate (TOTP) (ATSDR, 1993).

In addition to OPIDP, some findings from neurobehavioral studies of
organophosphate-exposed individuals have provided evidence in support
of long-term neuropsychiatric problems following insecticide exposure.
Overall, studies with positive findings note significant differences between
exposed and nonexposed persons in regard to memory, mood, and con-
centration (EPA, 1999). In their review of studies addressing pesticide
exposure and children, the National Research Council (1993) concluded
that “the evidence of chronic effects, particularly neurobehavioral effects
of organophosphate and carbamate exposure, is less well established, but
is strongly suggestive” (pp. 63-64).
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Some scientists think that evidence from both human and animal stud-
ies demonstrates the potential for pesticide exposure to induce problems
with immune functioning. Proposed mechanisms of toxicity include links
between pesticide and reduced T cell populations, reduced lymphocyte
responses, diminished cell-killing activity, and altered levels of circulat-
ing antibodies. The World Resources Institute (1996) notes that while links
between immune dysfunction and pesticide exposure are not conclusive,
the weight of evidence demonstrates a need for concern. Immune system
alterations associated with pesticide exposure may manifest as hypersen-
sitivity, immunosuppression, altered host resistance against infections of
neoplastic agents, or the proliferation of immune components such as lym-
phoma or leukemia (NRC, 1993). A recent area of concern is the possi-
bility that pesticides that contain estrogen-like compounds may act to
disrupt endocrine function in humans; this concern has focused primarily
on children as they approach puberty. There is evidence that high estro-
gen levels (which could potentially occur through exposure to some pes-
ticides) during puberty can decrease the achievement of optimum height
in adulthood (NRC).

A high degree of concern involves the potential for exposure to pesti-
cides to play a role in the development of cancers. Carcinogenesis is a
complex multistage process in which exogenous chemicals may play a
number of roles in initiating cell mutations such as transitions or small
deletions, or complex genetic alterations such as gene amplification or irre-
versible changes in gene expression (Pitot and Dragan, 1996). The most
controversial area addresses the potential for some phenoxy herbicides to
induce cancer in humans. The basis for this argument extends from human
and animal evidence implicating TCDD (i.e., Agent Orange) and other
polyhalogenated dioxins in the development of several types of cancer. Of
concern is that phenoxy herbicides are often contaminated with dioxin
compounds (Pitot and Dragan). While some pesticides may exert a direct
effect on tumor development, it is plausible that other agents may act pri-
marily by altering immune function (WRI, 1996). Because of the diver-
sity of pesticides, there can be no sound rationale for making blanket
statements implicating all pesticides as a cause of cancer in humans; how-
ever there is evidence supporting the carcinogenic potential of several spe-
cific agents. Studies of agents with long half-lives and those with evidence
of carcinogenicity in animals are continuing to be conducted within the
scientific community.
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Blair and Zahm have examined cancer rates in both farmers and farm
workers and have concluded that cancer patterns differ among these groups,
compared with the general population. Overall, mortality rates for farm-
ers are favorable, and cancers of the lung, bladder, and esophagus are gen-
erally low among this group. Part of these differences may be attributed
to the lower prevalence of smoking in farmers versus nonfarmers and the
physically demanding nature of agricultural work. Elevated rates of mul-
tiple myeloma, non-Hodgkin’s lymphoma, melanoma, prostate cancer, and
malignant brain tumors have been noted in previous studies of farmers,
although the evidence is not consistent across studies (Blair and Zahm,
1995). Because of the overlap between tumors that are elevated in farm-
ers and those associated with immunodeficiencies, there is continuing con-
cern about the potential for long-term exposure to pesticide to induce
immunologic changes that culminate in tumor development. However, data
addressing cancer links in farmers are far from conclusive and fail to pro-
vide evidence on behalf of a link between specific pesticides and cancer
incidence. It is important to keep in mind that farming involves multiple
exposure to pesticides, fertilizers, gasoline, diesel, solvents, dusts, and sun-
light, as well as biologic agents such as fungi and viruses; further research
is needed to elucidate the nature of association between cancer occurrence
and pesticide exposure (Blair and Zahm).

Compared with farmers, fewer epidemiologic studies have focused on
health risks to migrant and seasonal farm worker, because of the challenges
(e.g., migration, language barriers) in studying this group. Like farmers,
farm workers comprise a heterogeneous group of persons, who differ in
regard to race, ethnicity, occupational work tasks, residency patterns, and
opportunities for formal education. Depending on the site and crop, farm
workers may participate in a number of agricultural-related work tasks;
however, pesticide exposure is prevalent among this group. In a survey of
farm workers employed in Northern Mexico, Chain-Castro, Barrén-Aragon,
and Haro-Garcia (1998) found the highest rates of poisoning in workers
who mixed pesticides, followed by those who were both mixers and
sprayers, and those who worked exclusively as sprayers. Of 200 workers
sampled, only one could identify a single pesticide by name; 30% did not
wear any personal protective equipment when working with pesticides
(Chain-Castro et al.). Zahm and Blair (1993) have systematically assessed
previous studies of cancer occurrence involving farm workers. Like farm-
ers, there is some evidence that farm workers have elevated rates of mul-
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tiple myeloma as well as cancers of the stomach, prostate, and testis. In
addition, there is some evidence that supports the hypothesis that farm
workers may have increased cancer rates for tumors of the oral cavity and
pharynx, lung, liver, and cervix. The methodologic challenges of studying
cancer occurrence in farm workers are well documented and research in
this area continues.

PESTICIDE DEGRADATES AND MIXTURES IN DRINKING
WATER AND THEIR IMPLICATION IN CHRONIC EXPOSURE

It has been estimated that in the past toxicologists devoted 95% of their
efforts to studying the effects of single compounds (Groten, 2000). An
awareness and interest in the toxicology and potential risks of combined
compounds have spurred new research and approaches to protecting pub-
lic health (Feron, Groten, and van Bladeren, 1998; Groten, 2000). The
combined effects of a mixture of chemicals existing at levels below the
no-observed-adverse-effect level (NOAEL) may still pose possible long-
term health problems. An example would be assessing the potential car-
cinogenicity of a mixture of disinfection byproducts and pesticides, all at
levels below standards set for the individual compounds in drinking water.
Approaches such as using the NOAEL of the “most risky chemical in the
mixture” or using the common “dose addition” concept may not be suit-
able for the many complex mixtures found in drinking water. Recent ani-
mal studies (Porter, Jaeger, and Carlson, 1999) have found that a mixture
of aldicarb, atrazine, and nitrate at the MCLs for drinking water can affect
the endocrine and immune systems as well as influence neurologic behav-
ior. The effects detected using mixtures were not as significant when sin-
gle compounds were tested. This recent study points out the importance
of assessing the effects of mixtures versus the traditional approach of assess-
ing one agent at a time.

Further complicating the issue of mixtures in drinking water is the fact
that pesticide mixtures do not only contain the parent compounds, but also
contain the degradation products of the parent compounds. As demon-
strated in the study by Kolpin et al. (1998) the concentration in ground
water of the degradates for herbicides with short soil half-lives can be much
greater than the concentration of the parent compound, ranging from 60
to 99% of the measured herbicide concentration. Other studies have clearly
demonstrated that chlorination of drinking water (the most widely prac-
ticed treatment technique for water disinfection) leads to creation of numer-
ous chemical degradation products, many of which have similar toxic
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effects as the parent compound (Aizawa, Magara, Takagi, and Soona, 1994,
Miles, 1991). It is becoming more apparent to all concerned with the safety
of drinking water that mixtures of chemicals and their degradation prod-
ucts, from environmental degradation and/or treatment processes, must be
taken into account in assessing the risks to public health.

RISK ASSESSMENT FOR PESTICIDES IN WATER

The basic four elements used by the EPA for human health risk assess-
ment include (1) hazard identification (toxicology), (2) dose-response
assessment, (3) exposure assessment, and 4. risk characterization. Chronic
toxicity testing includes both chronic effects (non-cancer) and carcino-
genicity (cancer). Included in chronic testing are developmental and repro-
ductive testing, mutagenicity testing, and hormone disruption testing. When
data do not exist on the effects of long-term exposure of healthy humans
to pesticides, development of maximum contaminant level goals (MCLGs)
for pesticides in drinking water often requires chronic (Jong-term) testing
of the pesticide’s toxic effects on test animals (Gustafson, 1993). The pes-
ticide of concern is placed in the food of test animals at various dose lev-
els and fed over a long period of time. Toxic effects such as liver and kidney
damage are monitored over the course of the study and results are typi-
cally given in terms of milligrams of pesticide per kilogram of body weight
per day (mg/kg bw/day). An NOAEL for the pesticide would be the dose
at which no significant adverse health effects were observed. When an
NOAEL cannot be demonstrated experimentally, the lowest-observed-
adverse-effect level (LOAEL) is used. Unless specific dose—response infor-
mation is available for humans, the NOAEL is extrapolated to humans by
applying a factor of safety with the final result being a reference dose (RfD)
expressed as mg/kg/day. Factors of safety include both an uncertainty fac-
tor (UF) and a modifying factor (MF), the former taking into account the
type of studies used to determine the NOAEL and exposures to vulnera-
ble populations such as children, and the latter based on professional judg-
ment. The total factor of safety can range from 10 for the case where
sufficient human dose-response data is available to values of 1000 or
greater. The RfD is calculated using the following equation:

RfD = NOAEL / (UF x MF)

To establish an MCL for drinking water, all exposure routes, such as
food products, air inhalation, cosmetics; and so on, are taken into account
during the exposure assessment. A typical assumption is that 10 to 20%



210  Environmental Health Basics

of a person’s exposure results from drinking water, (Gustafson, 1993;
Younes and Galal-Gorchez, 2000); therefore the MCLG would be set based
on 10 to 20% of the RfD, taking into account body weight (60 kg for an
adult) and typical water consumption per day (2 liters for adults) (Gustafson,
1993). The actual process used to set MCLs once the RfD has been esti-
mated generally involves a complex risk assessment approach. MCLs are
set as close as possible to MCLGs but must take into account the limita-
tions of analytical techniques. Setting an MCL below the best available
detection limits for a pesticide would be of no practical use. Establishment
of an MCL can also take into account the best available treatment tech-
niques for a particular contaminant to account for the realities of water
treatment technologies.

A similar approach to that described above is used by the EPA to assess
risks associated with chronic exposure to pesticides having known or pos-
sible carcinogenic or mutagenic effects. The hazard identification step uses
both human studies, if available, and long-term animal studies to assess
the carcinogenicity of a chemical. Table 17.3 (USEPA Office of Research
and Development, 1992) lists the five categories used by the EPA for
describing carcinogenic effects of a chemical. If a pesticide is shown to
have carcinogenic effects (Group A or B) the MCLG is set to zero
(Gustafson, 1993). Again, the MCL for the pesticide takes into account
best available analytical and treatment capabilities. Because many of the
studies used to assess carcinogenic effects of pesticides use test animals
fed relatively high doses of a pesticide, typically in the parts per million
range, the validity of the approach has been questioned by many scientists
{Lave, Ennever, Rosenkranz, & Omenn, 1988).

TABLE 17.3 Carcinogenic Effects

Group Category
A Human carcinogen
B Probable human carcinogen

« BIl: indicates limited human evidence

* B2: indicates sufficient evidence in animals and
inadequate or no evidence in humans

C Possible human carcinogen
Not classifiable as to human carcinogenicity

E Evidence of noncarcinogenicity for humans
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SUMMARY

Although the acute effects of pesticide poisoning are well documented,
incomplete science characterizes studies that address the potential for
chronic adverse health effects from pesticides. Because the majority of
studies have focused on single agents, the nature and magnitude of risk
associated with mixtures and multiple agents, is, for the most part, unknown.
A key role for nursing can be in the area of risk reduction through mini-
mizing exposures. Clear advice from nurses can go far in helping families
select products wisely, use and store them in a judicious manner, and wear
appropriate personal protective gear when using pesticides. Reading prod-
uct labels and following instructions for product mixing and dilution can
help significantly in preventing spills and mishaps in the home setting.
Because of metabolic and exposure differences between children and adults,
minimizing children’s exposure should be emphasized in all settings.
Because of profound differences in pesticide use in different areas of the
country, nurses are well advised to become familiar with local agricultural
practices, industries using pesticides, and any contamination sites from
historical pesticide use. Because of the complexity of technical informa-
tion addressing pesticide use and exposure, enlisting advice from other
professionals in agriculture, engineering, and medicine can help extend
the expertise of the nurse. Finally, community involvement in activities to
monitor and encourage safe use practices will go far in preventing tomor-
row’s cases of acute and chronic disease. Public health advocacy by nurses
can be a force that promotes the development and use of safer pesticides
for the future.
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CHAPTER 18

Environmental Hazards
in the Home

Barbara Sattler

e like to think that our homes are a safe haven. However, in
\)\/ recent years we have been discovering that certain products,
designs, and even the siting of our homes can create health risks.
When families moved into a new development in Waynesville, North
Carolina called “Barber Orchard,” they were ecstatic about their new sur-
roundings—the fresh air, mountain views, and clean water. When one of
the new residents had his well water tested their dream homes took on a
different character. The water was reflective of the years of pesticide use
on the former orchard on which their homes were sited: it contained DDT,
DDE, and benzene hydrochlorides (Manual, 2000). The soil was contam-
inated with lead and arsenic, also the result of pesticide applications. The
Environmental Protection Agency (EPA) sent in an emergency response
team, removed topsoil, and advised residents to install carbon filters on
their water systems.

Sometimes we unintentionally bring pollution into our homes. In the
homes of middle-income families with small children, vacuum dust was
found to have pesticide concentrations 10 to 100 times greater than those
found in the surface soils surrounding the houses (Lewis, Fortmann, and
Camann, 1994). In the agricultural area of Washington State, 47 of 48 farm
homes had chlorpyrifos (a pesticide) measured in the house dust. The litany
of human health risks associated with chlorpyrifos is substantial (includ-
ing headaches, dizziness, muscle twitching, vomiting, and blurred vision),
hence its EPA ban in 2000 for many applications.

Several building materials have evolved into bad actors in terms of their
health risks. Lead-based paint, found in over 50 million American homes,
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is a prime example. Asbestos, which had a number of uses in home build-
ing, is associated with chronic lung conditions, including lung cancer.
Formaldehyde is a chemical found in many of the pressed wood materials
in modern homes. It is an irritant and a carcinogen. This chapter focuses
on just a few of the environmental health risks associated with housing.

Indoor pollution sources that release gases or particles into the air are
the primary cause of air quality problems in homes. Studies from the United
States and Europe show that people in industrialized nations spend more
than 90% of their time indoors. For infants, the elderly, persons with chronic
diseases, and most urban residents of any age, the proportion is probably
higher. Well-documented triggers of allergies and asthma include pet dan-
der, molds, dust mites, cockroaches, and environmental tobacco smoke.
The EPA’s Office of Indoor Air (http://www.epa.gov/iaq) and the American
Lung Association (http://www.lungusa.org) have excellent resources on
these issues.

MOLDS

Molds are microscopic fungi that comprise 25% of the earth’s biomass.
They can grow on virtually any organic substance: wood, paper, carpet,
foods, and insulation. When moldy material becomes damaged or dis-
turbed, spores (reproductive bodies similar to seeds) can be released into
the air. Exposure can occur if people inhale the spores, directly handle
moldy materials, or accidentally ingest them. Mold sometimes produces
toxic chemicals called mycotoxins that may cause illness in sensitive peo-
ple. It is impossible to eliminate all mold and mold spores in the indoor
environment. However, mold growth can be controlled indoors by con-
trolling moisture. All types of mold have the potential to cause adverse
health effects. They produce allergens that can trigger allergic reactions
or asthma attacks. The most common symptoms of overexposure are cough,
congestion, runny nose, eye irritation, and aggravation of asthma, as well
as more serious problems such as fevers and breathing problems. Mold
prevention and remediation can help to avoid such health risks.

MoLp PREVENTION AND REMEDIATION TIPS

Prevention

1. Fix leaky plumbing and leaks in the home as soon as possible.
2. Prevent moisture from condensation by increasing surface temperature
or reducing the moisture level in air (humidity). To increase surface
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temperature, insulate or increase air circulation. To reduce the moisture
level in air, repair leaks, increase ventilation (if outside air is cold and
dry), or dehumidify (if outdoor air is warm and humid).

. Keep heating, ventilation, and air conditioning (HVAC) drip pans clean,

flowing properly, and unobstructed.

. Vent moisture-generating appliances, such as dryers, to the outside where

possible.

. Maintain low indoor humidity, below 60% relative humidity (RH), ide-

ally 30-50%, if possible.

. Clean and dry wet or damp spots within 48 hours. Provide drainage and

slope the ground away from the foundation.

. Wash mold from hard surfaces and dry completely.

(Available on-line at http://www.epa.gov/iag/molds/prevention.html)

Remediation

1.

Always use gloves and eye protection when cleaning up mold. For exten-
sive mold cleanup personal protective equipment (PPE) should be used.
An explanation of PPE use can be found at http://www.epa.gov/iag/
molds/i-e-r_ppe.html.

. A variety of mold cleanup methods are available for remediating dam-

age to building materials and furnishings. The specific method or group
of methods used will depend on the type of material affected. For an
explanation of remediation methods, go to http://www.epa.gov/iaq/
molds/i-e-r_cm.html.

. Absorbent materials, such as ceiling tiles and carpet, may have to be

replaced if they are contaminated with mold.

. Dust mites are microscopic animals that are found in every home. They

survive by consuming dead skin cells and can be powerful triggers for

asthma and allergies. Dust mites live in mattresses, pillows, carpets,

fabric-covered furniture, bedcovers, clothes, and stuffed toys. There are

a few simple steps that can be taken to minimize reactions to dust mites.

a. Wash sheets and blankets once a week in hot water.

b. Choose washable stuffed toys, wash them often in hot water, and dry
thoroughly. Keep stuffed toys off beds.

c¢. Cover mattresses and pillows in dust-proof (allergen-impermeable)
zippered covers.

d. Maintain low indoor humidity.
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RADON

Radon is a naturally occurring radioactive gas that is found in soil and may
seep into buildings from the surrounding soil. The EPA ranks indoor radon
among the most serious environmental health problems facing us today.
After smoking, it is the second leading cause of lung cancer in the United
States, causing an estimated 14,000 lung cancer deaths a year (available
online http://www.epa.gov/iag/radon/pubs/citguide.html). The combina-
tion of exposure to radon and smoking significantly increases the risk of
cancer. Approximately 1 out of every 15 homes in the U.S. is estimated to
have elevated radon levels. You cannot see, taste, or smell radon. However,
radon’s decaying radioactive particies can be trapped in the lungs where
they damage lung tissue and may lead to lung cancer. The risk of devel-
oping lung cancer from radon exposure depends on the amount of radon
in the home (dose), the amount of time spent in the home (duration), and
whether the individual is a smoker or has ever smoked (host factor).
Radon enters buildings by the following means:

—

Cracks in concrete slabs

Spaces behind brick veneer walls that rest on uncapped hollow-brick
foundation

Pores and cracks in concrete blocks
Floor-wall joints

Exposed soil, as in a sump

Weeping (drain) tile, if drained to open sump
Mortar joints

Loose-fitting pipe penetrations

Open tops of block walls

10. Building materials such as some rock

11. Water (from some wells)

i
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Testing is the only way to know if a home has an elevated radon level.
The EPA and the Surgeon General recommend testing all homes below the
third floor for radon. There are many kinds of low-cost do-it-yourself radon
test kits that homeowners can purchase in hardware stores and other retail
outlets. State radon offices also provide a list of trained contractors who
conduct the tests. Nurses should test their homes and encourage neighbors
and patients to test theirs.
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CARBON MONOXIDE

Carbon monoxide (CO) is another colorless, odorless, tasteless poisonous
gas. It is the leading cause of poisoning deaths in the U.S., with more than
3,800 people known to die annually from CO poisoning (accidental and
intentional). It is produced by the incomplete combustion of carbon mate-
rials. Any flame or combustion device such as a stove or furnace is likely
to emit carbon monoxide.

Carbon monoxide combines with hemoglobin to form carboxyhemo-
globin, rendering the red blood cells incapable of carrying oxygen, which
in turn results in tissue anoxia. The health threat from exposure to CO is
especially serious for unborn babies, infants, and people with anemia or a
history of heart or respiratory disease. At moderate levels, carbon monox-
ide can cause severe headaches, dizziness, confusion, and nausea. If these
levels persist for a long time, death can occur. Low levels can cause short-
ness of breath, mild nausea, and mild headaches, and may have longer-
term effects on health. These flu-like symptoms are often mistaken for the
flu or other illnesses, an error that may result in delayed or misdiagnosed
treatment.

To prevent and address low-level, chronic CO exposures, utilizing CO
monitors, maintaining appliances, and recognizing symptoms of possible
poisoning are essential.

IMPORTANT TipPS

I. Never burn charcoal inside a home, garage, vehicle, or tent.

2. Never use portable fuel-burning camping equipment inside a home,
garage, vehicle, or tent.

3. Never leave a car running in an attached garage, even with the garage
door open.

4. Never service fuel-burning appliances without proper knowledge, skills,
and tools. Always refer to the owner’s manual when performing minor
adjustments or servicing fuel-burning appliances.

5. Never use gas appliances such as ranges, ovens, or clothes dryers for
heating your home.

6. Never operate unvented fuel-burning appliances in any room with closed
doors or windows or in any room where people are sleeping.

7. Do not use gasoline-powered tools and engines indoors. If use is unavoid-
able, ensure that adequate ventilation is available and whenever possi-
ble, place the engine unit to exhaust outdoors.
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(Available on-line from the Consumer Product Safety Commission:
http://cpsc.gov/cpscpub/pubs/cospot.html#prevention).

If the CO detector alarm goes off, check to see if any members of the
household are experiencing symptoms of poisoning. If they are, get them
out of the house immediately and seek medical attention. If no one is feel-
ing symptoms, ventilate the building with fresh air; turn off all potential
sources of CO—oil or gas furnace, gas water heater, gas range and oven,
gas dryer, gas or kerosene space heater, and any vehicle or small engine.
Have a qualified technician inspect fuel-burning appliances and chimneys
to make sure they are operating correctly and that there is nothing block-
ing the fumes from being vented out of the house. (Source: www.epa.gov/
iaq/pubs/coftsht.html).

ASBESTOS

Asbestos is a mineral used in a variety of building materials Unlike most
minerals, which turn into dust particles when crushed, asbestos breaks up
into fine fibers that are too small to be seen by the human eye. It becomes
a health threat when these fibers become airborne. Asbestos fibers are per-
sistent in the air because they are small and extremely light. Once inhaled,
they easily penetrate body tissues. Asbestos fibers remain in the lung and
are highly resistant to elimination, so that each new exposure increases the
likelihood of developing an asbestos-related disease. There is no safe thresh-
old level for exposure to airborne asbestos. Constant exposure can result
in lung damage known as asbestosis or white lung, a chronic obstructive
pulmonary disease. Exposure can also cause a rare type of cancer called
mesothelioma. Asbestos is commonly used as insulation wrapping for
pipes. When the insulation becomes dried, damaged, and airborne, it is
referred to as *“friable.” In homes and buildings where insulation wrap is
used, the wrap should be tested by professionals to determine whether it
is asbestos