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Review article

The chemical erosion of human health: adverse
environmental exposure and in-utero pollution -
determinants of congenital disorders and chronic disease

The first 38 weeks of human life spent in the allegedly protected environment of the amniotic sac are
medically more eventful and more fraught with danger than the next 38 years in the lifespan of most human
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Abstract

Epidemiological research designed to explore causality
of iliness has produced increasing evidence to verify that
exposure to toxic agents is contributing to the escalating
burden of chronic affliction, including congenital disor-
ders. While endeavoring to facilitate optimal health and
well-being for patients, the medical profession is cur-
rently challenged by the consequences of environmental
factors unique to the modern era. In the last half century,
there have been profound shifts in health-related habits
of individuals and population groups, and recent re-
search suggests that changes in the home and work-
place environment are responsible for many common
health problems including various congenital anomalies.
As a result of increasing concern about environmental
influences on health, ‘Human Exposure Assessment,’ the
investigation and study of specific patient exposures and
related health concerns, is a rapidly expanding area of
scientific research. Practitioners of clinical medicine,
including providers of maternity care, should acquire the
skills to elicit a proper environmental exposure history
and the necessary tools to implement proactive patient
education relating to precautionary avoidance.
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Introduction

As well as the economic burden on public health care
systems, the birth of a child afflicted with a disability
presents myriad challenges to caregivers. The physical
attention and health care involved, the lingering uncer-
tainty about the social and educational future of the
disabled offspring, and the anxiety regarding lifelong
maintenance issues often result in enormous stress and
compromised well-being for families. The recent announ-
cement that an unprecedented one out of every dozen
children in America has a physical or emotional disability
[32], juxtaposed with a report that all of 327 parturients
previously enrolled in a preconception program in the UK
delivered healthy offspring [144], raises intrigue about
the underlying etiology of various congenital disorders.
When the author reviewed the medical literature in pur-
suit for an explanation, it became apparent that en-
vironmental and toxicological factors are significant
determinants of many contemporary health issues,
including birth deformities. As few medical schools
include courses about environmental medicine in their
curricula [50], awareness of toxicants as ubiquitous
determinants of impaired health is often lacking among
physicians and few practitioners have acquired the nec-
essary sKkills to investigate and manage exposure-related
illness [89].

Trends in chronic lliness

Although life expectancy has improved over the last
century in developed nations in large measure due to the
immense progress at reducing infant mortality, the
expanding prevalence of chronic and degenerative illness
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Table 1 Selected trends in American Public Health.

Disorder Incidence status

1. Major birth anomalies Males 3.9% [76]
Females 2.8% [76]
. Congenital hypospadius

. Autism

. Developmental disabilities

. Pediatric attention deficit disorder
. Breast cancer

. Testicular cancer

. Sperm count

. Asthma (self-reported)

10. Preterm birth

11. Hysterectomy

12. Childhood cancer

O ~NO O~ WOWN

©

Increased by >75% from 1970 to 1991 [124]

Increased by more than 500% from early 1980s to 1996 [156]
About 17% of children [18]

Dramatic recent increase in diagnosis and drug treatment [113, 118]
Increased by >35% from 1973 to 1997 [124]

Increased by >60% from 1973 to 1997 [124]

Declined by >40% from 1930 to 1990 [124]

Increased by 73.9% from 1980 to 1996 [81]

Increased by 23% in white infants from 1981 to 1998 [19]
Increased by 24% between 1996-2002 (~ 670,000 performed annually) [75]
Increased by 27.1% from 1975 to 2002 [13]

of late is debilitating many health care systems [68, 94,
96, 143, 155]. A browse through the medical literature
reveals that the tentacles of chronic disease and ill-health
are increasingly evident in a wide variety of medical spe-
cialty areas (Table 1). A few examples illustrate the
situation.

Reproductive problems including infertility, altered sex-
ual functioning, gonadal changes and endometriosis
afflict countless patients worldwide [6, 45, 105, 111, 124,
125]. Gynecological bleeding problems are now so com-
monplace that more than half a million American women
undergo hysterectomies annually [75] with 20% of Cana-
dian women over age 35 having already lost their uterus
[82]. A 2004 World Health Report highlighted the rapidly
increasing number of individuals worldwide who struggle
with all the physical, social and emotional consequences
of cancer [154]. Autoimmune disorders, chronic fatigue
syndrome, fibromyalgia, allergies, mental iliness, and var-
ious other afflictions diminish the health and well-being
of innumerable adults. Chronic iliness is not only a prob-
lem in the adult domain: recent figures suggest that many
chronic afflictions in children are on the rise including
asthma, allergic disease, behavioral disorders and met-
abolic problems such as diabetes. How do these infir-
mities and other health problems relate to environmental
and toxicological considerations?

In the last half century, there have been profound shifts
in the health-related habits and exposures of indivi-
duals and population groups, and recent epidemiologic
research suggests that changes in the environment and
exposure to various toxicants may be responsible, in
part, for escalating rates of some chronic disorders.
While widespread advertising campaigns that discour-
age alcohol intake in pregnancy and recent legislation re-
stricting smoking in public places represent the aware-
ness of chemical toxicants and health sequelae, many
health providers are not cognizant of numerous other
health threatening toxins. Various organizations have
endeavored to emphasize this issue to the medical
community.

Toxicology and health

The Environmental Protection Agency (EPA) [138], the
World Health Organization (WHO) [152], the US Centers
for Disease Control (CDC) [95] and recently published
scientific literature [57, 74, 147] draw attention to chang-
es within the environmental milieu of workplace, home,
and general community that are negatively affecting
human health. Increasing scrutiny of the emissions gen-
erated by the plethora of industrial plants and manufac-
turing processes, and increased awareness of the many
thousands of synthetic agents recently introduced into
the environment [115, 127] has led to identification of
health concerns related to the routine exposure to poten-
tially toxic agents [115]. Toxic synthetic chemicals rou-
tinely “leach out of plastics, carpets, and fabrics into air,
rainwater, and food; are present in many creams, soaps,
and perfumes with which we adorn our bodies; or ema-
nate from exhaust, cigarette, and combustion fumes”
[124]. The sweeping extent of adverse environmental
exposure is illustrated by a study recently publicized by
CDC: the largest and most comprehensive analysis of
toxicant exposure ever performed on humans revealed
that within their body, most American adults and children
have accumulated numerous potentially toxic chemicals,
including several household pesticides as well as phtha-
lates originating from beauty products and soft plastics
[30].

Many skeptics of human exposure medicine claim that
although certain chemical agents may be problematic in
large doses, the usual exposures commonly sustained by
individuals in western culture are insignificant and well
below tolerable levels. While it is true that isolated expo-
sure to various chemicals may be harmless in minute
amounts, recent evidence confirms that the human body
is unable to adequately metabolize and eliminate many
modern chemicals that are typically acquired through in-
gestion, inhalation, cutaneous absorption, vertical trans-
mission or absorbed from dental or surgical implants.
Repeated exposures result in bioaccumulation or stock-
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piling of toxicants within human and fetal tissues with
potentially serious sequelae [15, 33, 41, 69, 107, 116,
121, 138, 139].

Studies of various organ systems confirm that xeno-
biotics (foreign chemicals) can target different tissues
with a wide range of possible effects. With increased risk
for bladder and gastrointestinal malignancies [61], testic-
ular cancer [1, 44, 125, 148], breast cancer [64, 102,
145], leukemia [74], and other tumors as a result of
adverse exposure, it is evident that stockpiling of various
toxins is partially responsible for the anticipated 50%
increase in cancer announced in the United Nations
World Cancer Report [103, 153]. The correlation between
exposure to toxicants and adverse brain development,
behavioral disorders and intellectual dysfunction con-
firms that the central nervous system is also sensitive to
environmental toxins [65, 66, 142]. Reproductive and
immune system function may also be impaired as a result
of toxic exposure [7, 49, 59]. The pathophysiological
change causing such afflictions may involve direct dam-
age to cells and tissues or chemical modulation of cel-
lular activity in various ways.

Research is underway, for example, on many synthetic
agents referred to as ‘endocrine disrupting chemicals’
(EDCs) which, often at minute levels, mimic or block hor-
mones resulting in the potential disruption of critical bio-
logical processes including reproduction, growth and
development [5, 11, 12, 17, 34, 48, 49, 88, 114, 126,
127]. Some xenobiotic EDCs (also known as hormone
disruptors or ‘gender benders’) have chemical structures
that may be very similar to endogenous hormones and
which can act on cell receptors to induce physiological
action. Just as endogenous hormones such as estradiol
or insulin have metabolic impact at levels of parts per
trillion and parts per billion, toxicant EDCs can also exert
bioactive influence at exceedingly low concentrations.
With evidence of pathological change as a result of
adverse exposure, hormone dependent processes such
as prenatal development [12, 17, 31], breast develop-
ment and menarche [17, 36], the menstrual cycle [47],
fertility [21], and gonadal function [24] appear to be very
sensitive to the impact of EDCs. The development of
gynecological afflictions including endometriosis have
also been correlated with exposure to EDCs [14, 63, 100,
111]. Furthermore, increasing speculation exists that hor-
mone disruptors may be contributing to the widespread
prevalence of endocrine disorders [10, 11, 20, 37, 57,
114] and to secular trends within the population including
pubertal age reduction [10, 36, 37, 114].

Exposure to various toxicants, including EDCs, often
originates from unanticipated sources. Many common
foods and fluids, for example, now contain a variety of
toxins including pesticide residue, antibiotics, heavy met-
als, hormones and industrial chemicals [22, 25, 26, 53,
60, 107, 112, 149]. A recent study of commercial baby-
food preparations from supermarkets in America dis-

covered that dioxins (potent disruptors of estrogen
metabolism) were regularly present in ordinary bottled
infant food [122]. Harmful substances called phthalates,
known to cause developmental and reproductive toxicity
in animals, have even been found within neonatal inten-
sive care infants who were exposed to medical products
made with polyvinylchloride (PVC) plastic — including
intravenous fluids from plastic bags delivered through
plastic tubing [58].

Recent medical literature also confirms that exposure
to pharmaceutically active compounds may originate
from the residue of medical therapy that is routinely dis-
charged into the environment [39, 62]. Many tons of
pharmaceuticals consumed annually by the population
are excreted unchanged or through metabolites into
water systems [62, 106, 133]. This emerging health and
environmental concern is intensified as some chemical
residue, including estrogen from oral contraceptives and
hormone replacement therapy, may not be completely
removed by waste-water treatment plants [114, 126, 134,
135, 157]. Accordingly, various chemical agents, in
cluding hormones used in birth control pills “have been
shown to be present in the aquatic environment” [62].
While the effects on humans are yet unconfirmed, phar-
maceutical and other chemical residue have been cor-
related with a variety of adverse effects such as the
feminization or demise of exposed animal species [16,
283, 85, 86, 123, 126, 136, 140, 150].

Prenatal exposure to toxicants

A review of the recent literature exploring the environ-
mental and toxicological implications of chemical expo-
sure on fetal development brings attention to the critical
role of proactive prenatal and preconception care. With
hepatic immaturity, a permeable blood-brain barrier, lim-
ited plasma components to bind absorbed toxicants, and
an inability to adequately excrete various chemical com-
pounds, agents “tolerated by the mother can damage the
rapidly growing tissues of her child” [42]. The extent of
fetal exposure to toxicants was highlighted by the recent
release of study results disclosing toxicant levels in
umbilical cord-blood samples taken by the American Red
Cross: on average, 287 synthetic chemicals (including
mercury, gasoline byproducts, fire retardants, pesticides,
and perfluorooctanoic acids from Teflon) were found per
sample [46]. The potential sequelae of exposing the
developing fetus to chemical toxicants are becoming
increasingly evident. A paper published in the Journal of
the American Medical Association concluded that off-
spring of women exposed to organic solvents in their
occupations (as often occurs in common industries such
as laboratory work, cosmetic manufacturing, dry-clean-
ing, printing, and automotive work) experienced a 13-fold
increase in the occurrence of major congenital malfor-
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mations including cardiac, genital and central nervous
system anomalies [70]. A landmark study recently pub-
lished in the Journal of Epidemiology and Community
Health explored a potential correlation between the birth
addresses for victims of lethal childhood malignancy and
the location of high atmospheric emissions of various
chemical agents. The findings suggest that most cancer
and leukemia in children results from prenatal exposure
to environmental toxins including carbon monoxide from
engine exhausts and certain industrial compounds [74].
Numerous other studies have linked prenatal exposure to
chemical agents with subsequent morbidity in the off-
spring (Table 2).

Exposure to diesel exhaust in pregnancy, for example,
has recently been associated with asthma in offspring
[91], antibiotic exposure in-utero has been correlated
with increased potential for childhood asthma, allergies
and eczema [67, 87], and maternal diuretic use dramat-
ically increases the risk for schizophrenia in progeny
[128]. As well as physical damage, a number of pub-
lications have expressed concern that exposure to ‘gen-
der benders’ during critical periods of gestation may
subsequently affect sexual function and gender indices
in the offspring [10, 35, 43, 90, 107, 116, 120, 130, 131].
When one considers the financial, emotional and person-

al expenditure associated with caring for childhood
malignancy, respiratory problems, and other sequelae of
toxic exposure in pregnancy, the profound advantage of
precluding such afflictions by simple avoidance of toxins
is apparent.

A recent article in Science which reports on innovative
research about the potential transgenerational impact of
exposure to environmental toxins in pregnancy [4] has
brought new intensity to concerns about the sequelae of
adverse toxicity. After researchers exposed pregnant ani-
mals to endocrine disruptors found in common fungi-
cides and pesticides, alterations in fertility as a result of
epigenetic changes were noted in offspring, changes
which then persisted through all four successive gener-
ations examined [4]. In epigenetic transmission, the DNA
sequences of the genes remain the same, but chemical
modifications alter biological functioning and thus
change the way that genes work. (Chemical components
become attached to the DNA but are not encoded in the
DNA sequence and do not cause genetic mutation.) This
appears to be the first multigenerational effect of an envi-
ronmental toxin identified and the first indication that epi-
genetic mechanisms may permanently alter the germ-line
and genetic traits of subsequent generations of an
exposed individual.

Table 2 Examples of prenatal toxic exposure and potential health sequelae.

Prenatal exposure Possible source

Potential health sequelae Reference

Carbon monoxide
Polyaromatic hydrocarbons
Electromagnetic fields

Industry emission
Diesel exhaust
Power lines,
Transformers
Various machines

Pediatric cancer Knox 2005 [74]
Asthma Miller 2004 [91]
Pregnancy loss Li 2002 [78]

Diuretics
Psychotropic drugs

Antibiotics
Organohalogens

Phthaltes

PCBs
(Polychlorinated biphenyls)
Estrogen

DES (Diethylstilbestrol)

Mercury
DDT metabolite
Dioxins

Organic solvents

Prescription
Prescription

Prescription

Contaminated food
Plastic outgas
Industrial chemicals
Adhesives
Contaminated food

Exogenous intake
during gestation

(e.g. oral contraceptives)
Prescription

Contaminated fish
Maternal amalgam
Pesticide spray

Contaminated food
Pesticide exposure
Workplace exposure

Schizophrenia
Impaired psychomotor
development

Asthma & Allergies

Altered puberty
Hypospadius
Preterm birth

Middle ear disease

Testicular cancer

Genital abnormalities
Psychological concerns
Reproductive tract cancer
Neurological defects

Preterm birth
Small for gestational age
Behavioral alterations

Major congenital
malformations

Sorensen 2003 [128]
Mortensen 2003 [93]

McKeever 2002 [87]
Johnson 2003 [67]
Blanck 2000 [17]
Steinhardt 2004 [130]
Latini 2003 [77]
Chao 1997 [31]

Weir 2000 [148]

Saunders 1988 [120]

Gilbertson 2004 [56]
Longnecker 2001 [80]
Vreugdenhil 2002 [142]

Khattak 1999 [70]
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In addition to the multitude of chemical toxins that may
impact human health, other environmental exposures in
pregnancy are becoming the subject of increasing scru-
tiny. Researchers from WHO, the National Institute of
Health, the National Cancer Institute, as well as numer-
ous scientists involved in epidemiology and environmen-
tal medicine have recently drawn attention to alleged
health risks associated with routine exposure to non-
ionizing radiation from electromagnetic fields (EMF) [97,
110, 146]. The magnetic fields emanating from power
lines, transformers, as well as certain electrical devices
have been the subject of much attention and controversy.
A large prospective cohort study recently published in
Epidemiology reported that rates of pregnancy loss grew
significantly with increasing levels of maximum magnetic
field exposure in routine day-to-day life [79]. Recent data
also suggest that significant EMF exposure may be asso-
ciated with such wide-ranging conditions as leukemia,
suicidal depression, certain cancers, and amyotrophic
lateral sclerosis [2, 71, 72, 97, 141, 146]. Results report-
ed in the medical literature on the health risks of EMF
exposure, however, are not consistent suggesting that
further study is warranted before definitive conclusions
and recommendations can be made about exposure to
non-ionizing radiation and associated health concerns.

Medical response to environmental health
issues

A brief venture into the history of Obstetrics reveals that
many post-partum women of the mid-nineteenth century
paid with their lives because of a sluggish response to
evidence that infection in the form of ‘cadaveric particles’
was being transmitted to pregnant women by medical
staff within hospitals [92, 129]. When a Hungarian Obste-
trician, Dr. Ignaz Philip Semmelweis, introduced a simple
hand washing protocol, the medical community was
reluctant to investigate the evidence and, like many other
examples in medical history, several years passed before
this community achieved consensus and new protocols
were implemented. With increasing evidence correlating
environmental toxicity with iliness, how efficiently has
the contemporary medical and public health community
responded?

As a result of increasing concern about environmen-
tal influences on health, ‘Human Exposure Assessment’
[101], the investigation and study of specific patient
exposures and related health concerns, is becoming a
rapidly expanding area of medical research, but one that
generally goes unnoticed in mainstream medicine [50,
55, 83, 101, 104]. Many people are not aware of the sig-
nificance of environmental medicine because the impact
of low level exposure is usually not immediately appar-
ent; toxins may accumulate for many years before
adverse outcomes occur and thus the toxicant-sequelae

correlation may remain unrecognized by caregivers [124].
As well, the field of environmental medicine has not been
a focus for medical training and continuing medical edu-
cation [89] and many medical schools still do not have
any required time in their curricula for this branch of med-
icine [50]. Consequently, environmental history-taking for
common medical problems occurs infrequently in every-
day clinical practice [73, 84]. Furthermore, while some
physicians are not aware of this emerging branch of
healthcare, others dismiss environmental medicine as
irrelevant to their practices. Accordingly, the underlying
etiology of iliness is frequently unexplored [52], leaving
many patients to suffer unnecessarily and medicated to
mitigate symptoms.

Safety levels and exposure to toxic agents

Many individuals assume that there is a list of widely
accepted reference values for all the various toxic agents:
values which designate the level of exposure where risk
becomes significant. By inference, chemical exposure
below this threshold limit is thought to be safe. There are
more than a few difficulties with this assumption.

An ‘innocent until proven guilty’ approach is currently
in effect whereby testing to confirm environmental and
health safety prior to approval and use of potentially toxic
chemical agents, including recognized EDCs, is not yet
required [114]; accordingly, the vast majority of synthetic
chemical agents in daily use have not been subjected to
toxicity testing in order to assign threshold limits for dam-
age. Furthermore, as is the case with the issue of incre-
mental human bioaccumulation of an assorted collection
of varied chemical agents, there is little scientific research
on the cumulative and synergistic impact of chemical
cocktails on the human organism. With the recognition
that “two or more compounds may show additive, antag-
onistic, or synergistic interactions” [27], the permutations
of chemistry that take place when mercury, ethinyl estra-
diol, dioxins, PBDEs, perchlorates, and other agents
combine among themselves and then interact with inher-
ent human biochemistry is an overall mystery.

There is also concern about the database of existing
threshold limits for those specific toxicants known to
have harmful impact as well as considerable unease
about the mechanism used to establish these limits [28,
29, 158]. Accepted reference values often reflect those
measurements for which no recognized and observable
adverse effect is immediately apparent in animal models
(‘no observable effect level’ or NOEL). Human sensitivity
to toxicants, however, may occur at substantially lower
levels than animal susceptibility — recent genome work
has revealed that rodents commonly utilized for research
purposes possess genes adept at inducing detoxification
mechanisms, genes which are not present in the human
[108]. Furthermore, short-term observation can be
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deceiving — the diethylstilbestrol (DES) tragedy illustrates
that a long time lag may occur before sequelae are evi-
dent [120]. The fact that data from animal trials are not
necessarily transferable to humans, that long-term man-
ifestations of toxicity are often unrecognized, that bio-
accumulation is disregarded, that substantial variation
exists in susceptibility to toxicants, that fetal propensity
for toxicant uptake is often ignored and that vested inter-
ests often influence the process of determining reference
levels, are some of the reasons prompting individuals and
groups to object to current NOEL levels and to conclude
that existing toxicology testing has several fundamental
flaws.

After reviewing data related to mercury neurotoxicity
and neurodevelopmental risk in children, for example, the
EPA proposed a reference dose for methyl mercury that
is significantly lower than previous guidelines from WHO,
the US Agency for Toxic Substances and Disease Reg-
istry, and the US Food and Drug Administration [40].
Similarly, Environmental Health Perspectives recently
announced the publication of a study showing that unex-
pectedly low level exposure to PCBs, certain pesticides,
and mercury, can interfere with endocrine function during
gestation; thus demonstrating that reference levels for
adults may differ from limits for developing children
[132]. Upon reviewing the mechanism to assign refer-
ence values for toxicants, a noted author on environ-
mental health issues, Dr. Grace Ziem, commented that
the development process for assigning threshold levels
“has been gravely flawed by lack of scientific rigor, inad-
equate medical input, and lack of attention to financial
conflicts of interest” [158].

Quo vadis

Some medical practitioners are reluctant to acknowledge
the mounting concerns relating chemical exposures to
adverse health outcomes because of conflicting claims
found in research studies. Although there is a lack of
complete consistency in the research thus far, increasing
evidence behooves doubters to re-evaluate the evidence
linking common chemical exposures to illness. A number
of reasons have been proposed for the alleged disparity
in study results including the following: a) most of the
research is carried out by the chemical industry and is
proprietary — it is suspected that unfavorable studies are
often discontinued; b) because of danger to exposed
individuals, it is unethical to perform controlled clinical
trials to conclusively establish a correlation; c) published
conclusions from animal models may not apply to
humans; and, d) occupational toxicant research is
plagued by selection bias often referred to as “healthy
worker effect” [117]. (As chemically sensitive individuals
often self-select themselves out of studies because they
experience symptoms and consequently resign, remain-

ing employees are not a representative sample and thus
compromise the validity of research data.)

Despite the many challenges with previous research,
the recent body of case-control investigations, prospec-
tive cohort studies, and other research work continues
to expose a compelling link between toxicants and erod-
ing health, a link that demands a judicious response from
the medical profession. Five recommendations are pro-
vided for consideration.

Medical education

As the medical community has been charged with pre-
serving the health of the population, it is essential that
physicians take an active role in issues related to human
exposure; innovative measures to preserve the well-
being of individual patients as well as public health
should be considered and implemented [54]. In order to
do this, however, doctors need to be adequately edu-
cated about issues related to toxicant exposure. Various
medical organizations, such as the Ontario College of
Family Physicians [99] and general medical journals
including the Canadian Medical Association Journal [147]
have been at the forefront of educating the general med-
ical community about environmental health issues; other
specialty divisions, and medical publications should con-
sider their role in this regard.

Clinical practice patterns

From an individual clinical practice perspective, it is
important for practitioners to consistently look for etiol-
ogy of disease rather than focusing predominantly on
therapeutics to mitigate signs and symptoms [54]. The
scientific literature confirms that by utilizing basic instru-
ments for clinical assessment of adverse environmental
exposure [50, 83], by implementing precautionary avoid-
ance education in clinical practice [55, 147, 151], and by
aggressively managing patients with evidence of toxic
exposure [109], much affliction and illness can be avoid-
ed or overcome.

Public education and safety

As advocates for public health and community safety,
physicians should be involved in education regarding
precautionary avoidance, whereby all necessary means
are undertaken to educate the public about precautions
to avoid exposure to potentially dangerous toxicants.
Preconception programs offered for individual patients
and the community may avert numerous congenital
abnormalities and preclude various obstetric complica-
tions [3, 8, 51, 144]. Furthermore, public policy relating
to testing, safety approval, and regulation of chemical
agents needs to be re-evaluated and requires vigilant
medical input. The public health benefits, the diminished
suffering of individual patients and their families, and the
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prospective economic advantage to public health care
systems [9] are sound reasons to allocate increased
attention to this emerging area of community healthcare.

Availability of toxicant testing

With the multiplicity of potential exposures (as evidenced
by the recent CDC report [30]), testing for the ‘total load’
or ‘body burden’ of toxicants is required as a primary
step in the investigation and management of human
exposure problems. Many countries including Canada,
however, do not yet have testing for toxic chemicals
readily available to physicians. Without laboratory testing
and the information that it provides, evidence-based
medical decisions cannot be made. Furthermore, without
identifying the toxicants, research cannot advance and
the outcome of therapy to treat toxicant exposure cannot
be verified. In accordance with elementary principles of
science and evidence-based medicine, health service
administrators should make toxicant testing available to
trained practitioners.

Medical research

It is also becoming apparent that toxic chemicals are like-
ly a largely unaccounted for and unrecognized confound-
ing factor in ongoing medical and public health research.
When assessing the impact of an intervention in a clinical
trial, for example, individual differences in toxicant levels
— due to location, lifestyle or dietary practices that may
exist in culturally or geographically distinct individuals
and groups - may significantly affect the response.
Ongoing public health research on interventions such as
fish consumption, for example, may be marred by vary-
ing levels of bioactive contaminants routinely found in
tainted seafood [99, 119]. Accordingly, it is important that
medical researchers become cognizant of and adept at
dealing with adverse exposure concerns as well as hav-
ing the facility to measure and incorporate levels of
chemical toxicants when doing research.

Conclusion

There is compelling evidence that we live in an era of
toxicity and that existing environmental regulations have
fallen short in adequately protecting human health. As a
result, we are the first generation of humankind to be
affronted by exposure to many unsafe toxicants that
potentially bioaccumulate in tissues of unsuspecting
people. The air we breathe, the products we consume,
and the milieu in which we exist are having an adverse
impact on the lives of many individuals. This realization
led to the disquieting observation articulated at the Pedi-
atric Academic Societies’ 2001 Annual Meeting: low level
exposure to environmental toxicity may be impacting the
functioning of the current generation [38]. This realization

also provoked the US Congress to recently authorize a
National Children’s Study “to conduct a national longi-
tudinal study of environmental influences on children’s
health and development” [137].

Environmental medicine is emerging as a medical dis-
cipline of enormous importance to physicians in most
specialty areas including specialties that provide health-
care to reproductive age women. In order to diminish the
risk of congenital anomalies and to potentially identify
and address the etiology of various acute and chronic
conditions, it is important that clinicians acquire the skills
necessary to elicit an exposure history, develop a famil-
iarity with risk factors for environmental illness, imple-
ment proactive education to facilitate prevention, and
learn to manage recognized cases of toxicant exposure.
Because of the serious potential harm associated with
toxicant exposure and the difficulty establishing a cause
and effect relationship with each toxicant, it is prudent to
recommend a precautionary approach to chemical expo-
sures, particularly during the gestational period.

Acknowledgement

Special thanks to Dr. Meg Sears for helpful recommendations
on the final draft of the paper.

References

[1] Adami HO, R Bergstrom, M Mohner, W Zatonski, H Storm,
A Ekbom, et al.: Testicular cancer in nine northern Euro-
pean countries. Int J Cancer 59 (1994) 33

[2] Ahlbom A: Neurodegenerative diseases, suicide and
depressive symptoms in relation to EMF. Bioelectromag-
netics Suppl 5 (2001) S132

[38] Allaire AD, RC Cefalo: Preconceptional health care model.
Eur J Obstet Gynecol Reprod Biol 78 (1998) 163

[4] Anway MD, AS Cupp, M Uzumcu, MK Skinner: Epigenetic
Transgenerational Actions of Endocrine Disruptors and
Male Fertility. Science 308 (2005) 1466

[6] Ashby J, E Houthoff, SJ Kennedy, J Stevens, R Bars, FW
Jekat, et al.: The challenge posed by endocrine-disrupting
chemicals. Environ Health Perspect 105 (1997) 164

[6] Auld RB, G Brock: Sexuality and erectile dysfinction:
results of a national survey. J Sex Reprod Med 2 (2002)
50

[7]1 Baccarelli A, P Mocarelli, DG Patterson Jr, M Bonzini, AC
Pesatori, N Caporaso, et al.: Immunologic effects of diox-
in: new results from Seveso and comparison with other
studies. Environ Health Perspect 110 (2002) 1169

[8] Barnes B, GS Bradley: Planning for a healthy baby. Lon-
don: Vermillion, 1994

[9] Bauer A, C Alsen-Hinrichs: Environmental pollution—
assessment of environmental medicine questionnaires and
data in Schleswig-Holstein from 1995-1997. Fortschr Med
Orig 118 Suppl 2 (2000) 93

[10] Berkson DL: Hormone deception: how everyday foods and
products are disrupting your hormones. Contemporary
Publishing Group, Chicago 2000



192

Genuis, The chemical erosion of human health

1]

2]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

[21]

(22]

(23]

[24]

(23]

(26]

[27]

(28]

Bigsby R, RE Chapin, GP Daston, BJ Davis, J Gorski, LE
Gray, et al.: Evaluating the effects of endocrine disruptors
on endocrine function during development. Environ Health
Perspect 107 Suppl 4 (1999) 613

Birnbaum LS: Endocrine effects of prenatal exposure to
PCBs, dioxins, and other xenobiotics: implications for
policy and future research. Environ Health Perspect 102
(1994) 676

Birnbaum LS: The impact of early environmental chemical
exposure on carcinogenesis. Presentation at ‘Cancer and
the Environment: The Legacy of the Industrial Age’ Con-
ference. Tucson, Arizona. 40t Annual Meeting — American
Academy of Environmental Medicine, October 27-30,
2005

Birnbaum LS, AM Cummings: Dioxins and endometriosis:
a plausible hypothesis. Environ Health Perspect 110 (2002)
15

Bjerregaard P, JC Hansen: Organochlorines and heavy
metals in pregnant women from the Disko Bay area in
Greenland. Sci Total Environ 245 (2000) 195

Blaise C, F Gagne, M Salazar, S Salazar, S Trottier, PD
Hansen: Experimentally-induced feminisation of freshwa-
ter mussels after long-term exposure to a municap efflu-
ent. Fresenius Environ Bull 12 (2003) 865

Blanck HM, M Marcus, PE Tolbert, C Rubin, AK Hender-
son, VS Hertzberg, et al.: Age at menarche and tanner
stage in girls exposed in utero and postnatally to polybro-
minated biphenyl. Epidemiology 11 (2000) 641

Boyle CA, P Decoufle, M Yeargin-Allsopp: Prevalence and
health impact of developmental disabilities in US children.
Pediatrics 93 (1994) 399

Branum AM, KC Schoendorf: Changing patterns of low
birthweight and preterm birth in the United States,
1981-98. Paediatr Perinat Epidemiol 16 (2002) 8
Brucker-Davis F: Effects of environmental synthetic chem-
icals on thyroid function. Thyroid 8 (1998) 827

Buck GM, JE Vena, EF Schisterman, J Dmochowski, P
Mendola, LE Sever, et al.: Parental consumption of con-
taminated sport fish from Lake Ontario and predicted
fecundability. Epidemiology 11 (2000) 388

Buechner P, S Neufeld, B Mausberg: Metallic lunch: an
analysis of heavy metals in the Canadian diet. Environ-
mental Defence Canada, Toronto 2004

Bursch W, M Fuerhacker, M Gemeiner, B Girillitsch, A
Jungbauer, N Kreuzinger, et al.: Endocrine disrupters in the
aquatic environment: the Austrian approach—-ARCEM.
Water Sci Technol 50 (2004) 293

Bush B, AH Bennett, JT Snow: Polychlorobiphenyl con-
geners, p,p’-DDE, and sperm function in humans. Arch
Environ Contam Toxicol 15 (1986) 333

Canadian Food Inspection Agency. Report: On pesticides,
agricultural chemicals, veterinary drugs, environmental
pollutants and other impurities in agri-food commodities
of animal origin. Fiscal year 1998/1999; Vol 1: Ottawa,
1999

Canadian Food Inspection Agency. Report: On pesticides,
agricultural chemicals, environmental pollutants and other
impurities in agri-food commodities of plant origin. Fiscal
year 2000/2001; Vol 2: Ottawa, 2001

Carpenter DO, KF Arcaro, B Bush, WD Niemi, S Pang, DD
Vakharia: Human health and chemical mixtures: an over-
view. Environ Health Perspect 106 Suppl 6 (1998) 1263
Castleman BI, GE Ziem: Corporate influence on threshold
limit values. Am J Ind Med 13 (1988) 531

[29]

(30]

[31]

[32]
[33]

[34]

[35]

(36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

Castleman BI, GE Ziem: American Conference of Govern-
mental Industrial Hygienists: low threshold of credibility.
Am J Ind Med 26 (1994) 133

Centers for Disease Control and Prevention: Department
of Health and Human Services. Third National Report on
Human Exposure to Environmental Chemicals. NCEH Pub.
No. 05-0570 Atlanta: Georgia. July 2005:1-475

Chao WY, CC Hsu, YL Guo: Middle-ear disease in children
exposed prenatally to polychlorinated biphenyls and poly-
chlorinated dibenzofurans. Arch Environ Health 52 (1997)
257

Cohn D: Disability rate of children, teens up sharply-to 1
in 12. The Washington Post. 2002: July 6

Colborn T, D Dumanoski, JP Myers: Our Stolen Future.
New York: Dutton, 1996

Colborn T, FS vom Saal, AM Soto: Developmental effects
of endocrine-disrupting chemicals in wildlife and humans.
Environ Health Perspect 101 (1993) 378

Collaer ML, M Hines: Human behavioral sex differences: a
role for gonadal hormones during early development? Psy-
chol Bull 118 (1995) 55

Colon |, D Caro, CJ Bourdony, O Rosario: Identification of
phthalate esters in the serum of young Puerto Rican girls
with premature breast development. Environ Health Pers-
pect 108 (2000) 895

Cordain L, MR Eades, MD Eades: Hyperinsulinemic dis-
eases of civilization: more than just Syndrome X. Comp
Biochem Physiol A Mol Integr Physiol 136 (2003) 95
Coury D: Biological influences on brain and behavior. Pedi-
atric Academic Societies’ Annual Meeting: Adolescent
Medicine. Baltimore, May 1/2001

Daughton CG, TA Ternes: Pharmaceuticals and personal
care products in the environment: agents of subtle
change? Environ Health Perspect 107 Suppl 6 (1999) 907
Davidson PW, GJ Myers, B Weiss: Mercury exposure and
child development outcomes. Pediatrics 113 (2004) 1023
Dewalilly E, P Ayotte, S Bruneau, G Lebel, P Levallois, JP
Weber: Exposure of the Inuit population of Nunavik (Arctic
Quebec) to lead and mercury. Arch Environ Health 56
(2001) 350

Donald I: Practical Obstetric Problems. London: Lloyd-
Luke Ltd, 1979

Ehrhardt AA, HFL Meyer-Bahlburg, LR Rosen, JF Feldman,
NP Veridiano, | Zimmerman, et al.: Sexual orientation after
prenatal exposure to exogenous estrogen. Arch Sex Behav
14 (1985) 57

Ekbom A, L Richiardi, O Akre, SM Montgomery, P Sparen:
Age at immigration and duration of stay in relation to risk
for testicular cancer among Finnish immigrants in Sweden.
J Natl Cancer Inst 95 (2003) 1238

Elliott S: Orgasmic and ejaculatory problems in clinical
practice. J Sex Reproduc Med 2 (2002) 67
Environmental Working Group. Body burden - the pollu-
tion in newborns: a benchmark investigation of industrial
chemicals, pollutants and pesticides in umbilical cord
blood. (Executive Summary) July 14, 2005. [Accessed
Sept 16, 2005] http://ewg.org/reports/bodyburden2/
execsumm.php

Eskenazi B, M Warner, P Mocarelli, S Samuels, LL Need-
ham, DG Patterson Jr, et al.: Serum dioxin concentrations
and menstrual cycle characteristics. Am J Epidemiol 156
(2002) 383

Etzel RA, SJ Balk, eds: American Academy of Pediatrics,
Committee on Environmental Health. Handbook of Pedi-



Genuis, The chemical erosion of human health 193

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

[59]

(60]

(61]

[62]

[63]

(64]

(63]

[66]

[67]

atric Environmental Health. American Academy of Pedi-
atrics, Elk Grove Village, Il 1999

Forawi HA, PB Tchounwou, RW McMurray: Xenoestrogen
modulation of the immune system: effects of dichlorodi-
phenyltrichloroethane (DDT) and 2,3,7,8-tetrachlorodiben-
zo-p-dioxin (TCDD). Rev Environ Health 19 (2004) 1
Frank AL: Approach to the patient with an occupational or
environmental illness. Prim Care 27 (2000) 877

Frey KA: Preconception care by the nonobstetrical provid-
er. Mayo Clin Proc 77 (2002) 469

Genuis SJ: Back to the future of health care. N Z Med J
118 (2005) U1467

Genuis SJ: Nutritional transition: a determinant of global
health. J Epidemiol Community Health 59 (2005) 615
Genuis SJ, SK Genuis: Exploring the continuum: Medical
information to effective clinical practice. Paper Il. Towards
etiology-centered clinical practice. J Eval Clinical Prac 12
(2006) 63

Genuis SJ, SK Genuis: Human exposure assessment and
relief from neuropsychiatric symptoms. J Am Board Fam
Pract 17 (2004) 136

Gilbertson M: Male cerebral palsy hospitalization as a
potential indicator of neurological effects of methylmercury
exposure in Great Lakes communities. Environ Res 95
(2004) 375

Goldman LR, S Koduru: Chemicals in the environment and
developmental toxicity to children: a public health and pol-
icy perspective. Environ Health Perspect 108 Suppl 3
(2000) 443

Green R, R Hauser, AM Calafat, J Weuve, T Schetter, S
Ringer, et al.: Use of di(2-ehtylhexyl) phthalate containing
medical products and urinary levels of mono (2-ethylhexyl)
phthalate in neonatal intensive care unit infants. Environ
Health Perpsect doi:10.1289/ehp.7932 2005; (accessed at
http://dx.doi.org/): Online 8 June 2005

Greenlee AR, TE Arbuckle, PH Chyou: Risk factors for
female infertility in an agricultural region. Epidemiology 14
(2003) 429

Groth E, CM Benbrook, K Lutz: Do you know what you're
eating? An analysis of US government data on pesticide
residues in foods. Consumers Union of United States, Inc.:
Public service projects department; technical division
1999

Harte J, C Holdren, R Schneider, C Shirley: Toxics A to Z:
A Guide to Everyday Pollution Hazards. University of Cal-
ifornia Press, Berkeley 1991

Heberer T: Occurrence, fate, and removal of pharmaceu-
tical residues in the aquatic environment: a review of
recent research data. Toxicol Lett 131 (2002) 5

Heilier JF, Nackers F, Verougstraete V, Tonglet R, Lison D,
Donnez J. Increased dioxin-like compounds in the serum
of women with peritoneal endometriosis and deep endo-
metriotic (adenomyotic) nodules. Fertil Steril 84 (2005) 305
Hoyer AP, P Grandjean, T Jorgensen, JW Brock, HB Hart-
vig, et al.: Organochlorine exposure and risk of breast can-
cer. Lancet 352 (1998) 1816

Jacobsen JL, SW Jacobson: Intellectual impairment in
children exposed to polychlorinated biphenyls in utero. N
Engl J Med 335 (1996) 783

Jacobson JL, SW Jacobson, H Humphrey: Effects of
exposure to PCBs and related compounds on growth and
activity in children. Neurotoxicology and Teratology 12
(1990) 319

Johnson CC, DR Ownby, EM Zoratti, SH Alford, LK Wil-
liams, CL Joseph: Antibiotics in Infancy-Risk Factor for

(e8]

(69]

[70]

[71]

[72]

[73]

[74]

[73]

[76]

[77]

[78]

[79]

(80]

(81]

(82]

(83]

(84]

(85]

(86]

Childhood Asthma. Presentation at the Annual European
Respiratory Society Conference, Vienna, Sept 30/2003.
Jones K, G Moon: Health, disease and society: an intro-
duction to medical geography. Routledge, London 1987
Kannan K, S Corsolini, J Falandysz, G Fillmann, KS Kumar,
BG Loganathan, et al.: Perfluorooctanesulfonate and relat-
ed fluorochemicals in human blood from several countries.
Environ Sci Technol 38 (2004) 4489

Khattak S, GK Moghtader, K McMartin, M Barrera, D Ken-
nedy, G Koren: Pregnancy outcome following gestational
exposure to organic solvents: a prospective controlled
study. J Am Med Assoc 281 (1999) 1106

Kheifets LI, AA Afifi, PA Buffler, ZW Zhang: Occupational
electric and magnetic field exposure and brain cancer: a
meta-analysis. J Occup Environ Med 37 (1995) 1327
Kheifets LI, AA Afifi, PA Buffler, ZW Zhang, CC Matkin:
Occupational electric and magnetic field exposure and
leukemia. A meta-analysis. J Occup Environ Med 39
(1997) 1074

Kilpatrick N, H Frumkin, J Trowbridge, C Escoffery, R Gel-
ler, L Rubin, et al.: The environmental history in pediatric
practice: a study of pediatricians’ attitudes, beliefs, and
practices. Environ Health Perspect 110 (2002) 823

Knox EG: Childhood cancers and atmospheric carcino-
gens. J Epidemiol Community Health 59 (2005) 101
Kuppermann M, RL Summitt Jr, RE Varner, SG Mc Neely,
D Goodnan-Gruen, LA Learman, et al.: Total or Supracer-
vical Hysterectomy Research Group. Sexual functioning
after total compared with supracervical hysterectomy: a
randomized trial. Obstet Gynecol 105 (2005) 1309

Lary JM, LJ Paulozzi: Sex differences in the prevalence of
human birth defects: a population-based study. Teratology
64 (2001) 237

Latini G, C De Felice, G Presta, A Del Vecchio, | Paris,
F Ruggieri, et al.: In utero exposure to di-(2-ethylhexyl)-
phthalate and duration of human pregnancy. Environ Heal-
th Perspect 111 (2003) 1783

Li D, R Neutra: Magnetic fields and miscarriage. Epide-
miology 13 (2002) 237

Li DK, R Odouli, S Wi, T Janevic, | Golditch, TD Bracken,
et al.: A population-based prospective cohort study of per-
sonal exposure to magnetic fields during pregnancy and
the risk of miscarriage. Epidemiology 13 (2002) 9
Longnecker MP, MA Klebanoff, H Zhou, JW Brock: Asso-
ciation between maternal serum concentration of the DDT
metabolite DDE and preterm and small-for-gestational-age
babies at birth. Lancet 358 (2001) 110

Mannino DM, DM Homa, LJ Akinbami, JE Moorman, C
Gwynn, SC Redd: Surveillance for asthma-United States,
1980-1999. MMWR Surveill Summ 51 (2002) 1

Manzer J: Ontario’s hysterectomy rates too high. Med
Post 38 (2002) 5

Marshall LM: Exposure history. In The Ontario College of
Family Physicians [association website][cited 30 August
03]. Available from the internet: 2002. http://www.ocfp.
on.ca/local/files/EHC/Exposure %20Hx%20Forms.pdf
Marshall L, E Weir, A Abelsohn, MD Sanborn: Identifying
and managing adverse environmental health effects:
1. taking an exposure history. CMAJ 166 (2002) 1049
Matthiessen P, JP Sumpter: Effects of estrogenic sub-
stances in the aquatic environment. EXS 86 (1998) 319
Matthiessen P, Y Allen, S Bamber, J Craft, M Hurst, T
Hutchinson, et al.: The impact of oestrogenic and andro-
genic contamination on marine organisms in the United
Kingdom-summary of the EDMAR programme. Endocrine



194

Genuis, The chemical erosion of human health

(87]

(88]

(89]

(90]

(91]

[92]

(93]

[94]

[99]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

[104]

Disruption in the Marine Environment. Mar Environ Res 54
(2002) 645

McKeever TM, SA Lewis, C Smith, R Hubbard: The impor-
tance of prenatal exposures on the development of allergic
disease: a birth cohort study using the West Midlands
General Practice Database. Am J Respir Crit Care Med
166 (2002) 827

McLachlan JA: Environmental signaling: what embryos
and evolution teach us about endocrine disrupting chem-
icals. Endocr Rev 22 (2001) 319

Merritt EF: Human health and the environment: are phy-
sician educators lagging behind? JAMA 281 (1999) 1661
Meyer-Bahlburg HFL, AA Ehrhardt, LR Rosen, RS Gruen,
NP Veridiano, FH Vann, et al.: Prenatal estrogens and the
development of homosexual orientation. Developmental
Psychology 31 (1995) 12

Miller RL, R Garfinkel, M Horton, D Camann, FP Perera,
RM Whyatt, et al.: Polycyclic aromatic hydrocarbons, envi-
ronmental tobacco smoke, and respiratory symptoms in
an inner-city birth cohort. Chest 126 (2004) 1071

Monif GRG: Puerperal sepsis. Infectious Disease Letters
Obstetrics and Gynecology 4 (1982) 67

Mortensen JT, J Olsen, H Larsen, J Bendsen, C Obel, HT
Sorensen: Psychomotor development in children exposed
in utero to benzodiazepines, antidepressants, neurolep-
tics, and anti-epileptics. Eur J Epidemiol 18 (2003) 769
Murray CJL, AD Lopez (eds): The global burden of dis-
ease: a comprehensive assessment of mortality and dis-
ability from diseases, injuries, and risk factors in 1990 and
projected to 2020. Harvard University Press, Boston, MA
1996, pp 4-990

Needham LL, H Ozkaynak, RM Whyatt, DB Barr, RY Wang,
L Naeher, et al.: Exposure Assessment in the National
Children’s Study: Introduction. Environ Health Perspect
113 (2005) 1076

Nettleton S: The sociology of health & illness. Polity Press,
Cambridge 1995, pp 1-253

Neutra RR, V DelPizzo, GM Lee: An evaluation of the pos-
sible risks from electric and magnetic fields (EMFs) from
power lines, internal wiring, electrical occupations, and
appliances. California EMF Program: Final Report, 2002
Olsen SF: Mercury, PCB, and now eicosapentaenoic acid:
still another reason why pregnant women should be con-
cerned about eating seafood? Int J Epidemiol 30 (2001)
1279

Ontario College of Family Physicians. Pesticides literature
review. April 23, 2004. [Accessed July 16, 2005] http://
www.ocfp.on.ca/English/OCFP/Communications/Current-
Issaues/Pesticides/default.asp?s=1)

Osteen KG, E Sierra-Rivera: Does disruption of immune
and endocrine systems by environmental toxins contribute
to development of endometriosis? Semin Reprod Endo-
crinol 15 (1997) 301

Ott WR: Human exposure assessment: the birth of a new
science. J Expo Anal Environ Epidemiol 5 (1995) 449
Palmer JR, EE Hatch, CL Rosenberg, P Hartge, RH Kauf-
man, L Titus-Ernstoff, et al.: Risk of breast cancer in wom-
en exposed to diethylstilbestrol in utero: preliminary results
(United States). Cancer Causes Control 13 (2002) 753
Perera FP: Environment and cancer: who are susceptible?
Science 278 (1997) 1068

Pope AM, DP Rall (eds): Environmental Medicine: Inte-
grating a missing element into medical education. Wash-
ington, D.C.: National Academy Press, 1995

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]
[116]
[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

Quinn MM, DH Wegman, |IA Greaves, SK Hammond, MJ
Ellenbecker, RF Spark, et al.: Investigation of reports of
sexual dysfunction among male chemical workers manu-
facturing stilbene derivatives. Am J Ind Med 18 (1990) 55
Raloff J: Drugged water: does it matter that pharmaceu-
ticals are turning up in water supplies? Science News 153
(1998) 187

Rapp DJ: Our Toxic World: A Wake Up Call-Chemicals
Damage Your Body, Brain, Behavior and Sex. Buffalo:
Environmental Medical Research Foundation, 2004

Rat Genome Sequencing Project Consortium. Genome
sequence of the Brown Norway rat yields insights into
mammalian evolution. Nature 428 (2004) 493

Rea WJ: Chemical Sensitivity: (Volume 4): Tools of
Diagnosis and Methods of Treatment. Boca Raton: Lewis
Publishers, 1997

Rea WJ, Y Pan, EJ Fenyves, | Sujisawa, N Suyama, GH
Ross: Electromagnetic field sensitivity. J Bioelectricity 10
(1991) 241

Rier S, WG Foster: Environmental dioxins and endometri-
osis. Toxicol Sci 70 (2002) 161

Robbins J: The Food Revolution. Berkeley, CA: Conari
Press, 2001

Robison LM, DA Sclar, TL Skaer, RS Galin: National trends
in the prevalence of attention-deficit/hyperactivity disorder
and the prescribing of methylphenidate among school-age
children: 1990-1995. Clin Pediatr (Phila) 38 (1999) 209
Rogan WJ, NB Ragan: Evidence of effects of environmen-
tal chemicals on the endocrine system in children. Pedi-
atrics 112 (2003) 247

Rogers SA: The Scientific Basis for Selected Environmen-
tal Medicine Techniques. Sarasota: SK Publishing, 1994
Rogers SA: Detoxify or Die. Prestige Publishing, Sarasota
2002

Rothman KJ: Epidemiology: an introduction. Oxford Uni-
versity Press, New York 2002

Rowland AS, DM Umbach, L Stallone, AJ Naftel, EM Boh-
lig, DP Sandler: Prevalence of medication treatment for
attention deficit-hyperactivity disorder among elementary
school children in Johnston County, North Carolina. Am J
Public Health 92 (2002) 231

Sakamoto M, M Kubota, XJ Liu, K Murata, K Nakai, H
Satoh: Maternal and fetal mercury and n-3 polyunsaturat-
ed fatty acids as a risk and benefit of fish consumption to
fetus. Environ Sci Technol 38 (2004) 3860

Saunders EJ: Physical and psychological problems asso-
ciated with exposure to diethylstilbestrol (DES). Hosp
Community Psychiatry 39 (1988) 73

Schecter A, M Pavuk, O Papke, JJ Ryan, L Birnbaum, R
Rosen: Polybrominated diphenyl ethers (PBDEs) in US
mothers’ milk. Environ Health Perspect 111 (2003) 1723
Schecter A, D Wallace, M Pavuk, A Piskac, O Papke: Diox-
ins in commercial United States baby food. J Toxicol Envi-
ron Health A 65 (2002) 1937

Seaman B: The greatest experiment ever performed on
women. New York: Hyperion Books, 2003

Sharpe RM, DS Irvine: How strong is the evidence of a link
between environmental chemicals and adverse effects on
human reproductive health? Br Med J 328 (2004) 447
Skakkebaek NE, E Rajpert-De Meyts, KM Main: Testicular
dysgenesis syndrome: an increasingly common develop-
mental disorder with environmental aspects. Hum Reprod
16 (2001) 972

Snyder SA, P Westerhoff, Y Yoon, DL Sedlak: Pharmaceu-
ticals, personal care products, and endocrine disruptors in



Genuis, The chemical erosion of human health 195

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

water: implications for the water industry. Environ Engineer
Sci 20 (2003) 449

Solomon GM, T Schettler: Environment and health: 6.
Endocrine disruption and potential human health implica-
tions. CMAJ 163 (2000) 1471

Sorensen HJ, EL Mortensen, JM Reinisch, SA Mednick:
Do hypertension and diuretic treatment in pregnancy
increase the risk of schizophrenia in offspring? Am J Psy-
chiatry 160 (2003) 464

Spirer HF, L Spirer: Death and numbers: Semmelweis the
statistician. PSR Quarterly 1 (1991) 43

Steinhardt GF: Endocrine disruption and hypospadias.
Adv Exp Med Biol 545 (2004) 203

Swan SH, KM Main, F Liu, SL Stewart, RL Kruse, AM
Calafat, et al.: Decrease in anogenital distance among
male infants with prenatal phthalate exposure. Environ-
mental Health Perspect 113 (2005) 1056

Tasker L, D Mergler, M Baldwin, S de Grosbois, A Smar-
giassi, J Lafond: Thyroid hormones in pregnancy in
relation to environmental exposure to organochlorine com-
pounds and mercury. Environ Health Perspect 113 (2005)
1039

Ternes T: Drugs and hormones as pollutants of the aquatic
environment: determination and ecotoxicological impacts.
Sci Total Environ 225 (1999) 1

Ternes TA, P Kreckel, J Mueller: Behaviour and occurrence
of estrogens in municipal sewage treatment plants—II. Aer-
obic batch experiments with activated sludge. Sci Total
Environ 225 (1999) 91

Ternes TA, M Stumpf, J Mueller, K Haberer, RD Wilken, M
Servos: Behavior and occurrence of estrogens in munici-
pal sewage treatment plants-I. Investigations in Germany,
Canada and Brazil. Sci Total Environ 225 (1999) 81
Timms BG, KL Howdeshell, L Barton, S Bradley, CA Rich-
ter, FS Vom Saal: Estrogenic chemicals in plastic and oral
contraceptives disrupt development of the fetal mouse
prostate and urethra. Proc Natl Acad Sci USA 102 (2005)
7014

Trasande L, PJ Landrigan: The National Children’s Study:
a critical national investment. Environ Health Perspect 112
(2004) A789

US Environmental Protection Agency. Chemicals identified
in human biological media, a database. EPA-560/5-84-
003, 1984

US Environmental Protection Agency. Broad Scan Analysis
of the FY82 National Human Adipose Tissue Survey Spec-
imens. EPA 560/5-86-035. 1986

Van den Belt K, R Verheyen, H Witters: Reproductive
effects of ethynylestradiol and 4t-octylphenol on the
zebrafish (Danio rerio). Arch Environ Contam Toxicol 41
(2001) 458

van Wijngaarden E, DA Savitz, RC Kleckner, J Cai, D Loo-
mis: Exposure to electromagnetic fields and suicide

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

among electric utility workers: a nested case-control
study. Occup Environ Med 57 (2000) 258

Vreugdenhil HJ, FM Slijper, PG Mulder, N Weisglas-Kupe-
rus: Effects of perinatal exposure to PCBs and dioxins on
play behavior in Dutch children at school age. Environ
Health Perspect 110 (2002) A593

Wagner EH, T Groves: Care for chronic diseases. Br Med
J 325 (2002) 913

Ward N: Foresight 1990-1993 study of preconceptual care
and pregnancy outcome (correspondence). J Nutr Environ
Med 5 (1995) 205

Warner M, B Eskenazi, P Mocarelli, PM Gerthoux, S
Samuels, L Needham, et al.: Serum dioxin concentrations
and breast cancer risk in the Seveso Women’s Health
Study. Environ Health Perspect 110 (2002) 625
Wartenberg D: A meta-analysis of studies of childhood
cancer and residential exposure to magnetic fields. In
Report for the National Institute of Environmental Health
Sciences: Research Triangle Park NC. 1998

Weir E: Identifying and managing adverse environmental
health effects: a new series. CMAJ 166 (2002) 1041

Weir HK, LD Marrett, N Kreiger, GA Darlington, L Sugar:
Pre-natal and peri-natal exposures and risk of testicular
germ-cell cancer. Int J Cancer 87 (2000) 438

Wiles R, K Davies, C Campbell: Overexposed: organo-
phosphate insecticides in children’s food. Environmental
Working Group, Washington, DC 1998

Wilson VS, C Lambright, J Ostby, LE Gray Jr: In vitro and
in vivo effects of 17beta-trenbolone: a feedlot effluent con-
taminant. Toxicol Sci 70 (2002) 202

Wingspread statement on the Precautionary Principle.
(1998) [http://www.gdrc.org/u-gov/precaution-3.html]
Accessed Aug 25/2005

World Health Organization. Geneva. United Nations Envi-
ronment Programme. International Programme on Chem-
ical Safety: Environmental Health Criteria 101: Methyl-
mercury. 1990

World Health Organization. Stewart BW, Kleihues P (eds).
World Cancer Report. International Agency for Research
on Cancer, 2003, 12-337

World Health Organization. The World Health Report 2004:
Changing History (Overview). Geneva 2004

World Health Organization. Preventing chronic diseases: a
vital investment. A WHO global report. Geneva, 2005, pp
1-202

Yeargin-Allsopp M, C Rice, T Karapurkar, N Doernberg, C
Boyle, C Murphy: Prevalence of autism in a US metropol-
itan area. J Am Med Assoc 289 (2003) 49

Yin GG, RS Kookana, YJ Ru: Occurrence and fate of hor-
mone steroids in the environment. Environ Int 28 (2002)
545

Ziem GE, Bl Castleman: Threshold limit values: historical
perspectives and current practice. J Occup Med 31 (1989)
910



