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Impact statement

There is a rapidly occurring, dynamic
change, in the causes of morbidity and
mortality in different populations across the
globe. More people today are being diag-
nosed and treated for chronic diseases
such as cancer, cardiovascular disease,
and diabetes than ever before.
Environmental exposures across the life-
span have a profound impact on the out-
comes of these chronic diseases. Further,
there are more people living today who
have survived their therapy from these
diagnoses and who are now differentially
susceptible to environmental exposures.
Collectively, this poses both the challenge
and opportunity to the experimental biolo-
gy and medicine community to build new
models that reflect this changing human
situation. The extraordinary advances in
our understanding of the biology of disease
provide extraordinary insights for both
therapeutic and prevention strategies.
Multidisciplinary teams including biologi-
cal, physical, engineering and social and
behavioral scientists will be needed to
address this problem over the next sever-
al decades.

Abstract

Within the last decade, for the first time in human history, deaths from chronic diseases
have exceeded mortality from acute causes worldwide. These chronic diseases encom-
pass a spectrum of cancers, cardiovascular diseases, neurological diseases, and the emerg-
ing consequences of obesity and over nutrition. Further, there are more people today who are
cancer survivors as well as people who are afflicted with multiple chronic diseases. This
results in an emerging new group of susceptible populations with complex biology’s that
will drive the development of new experimental models. Since environmental exposures have
a profound impact from the etiology of disease through progression and response to thera-
peutic and preventive interventions, a new appreciation of the role of environmental health
has emerged. This mini-review will attempt to provide a global perspective on the transitions
that have occurred in environmental health over the last 200 years and how these transitions
are impacting diverse populations globally. The extraordinary advances in our understanding
of the biology of normal development and the molecular progression of disease processes
have created unprecedented opportunities for the translation of basic science to therapy and
prevention. The need to integrate findings from the biological, physical, engineering, social,
and behavioral sciences, sometimes called convergence, points to an imperative to develop
new team science approaches to address the health consequences of environmental expo-
sures. Finally, as it is increasingly recognized that disease outbreaks in one part of the world
are no longer isolated from global impacts, there is a need to assure that our next generations
of trained scientists have grounding in global collaborations.
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Introduction

have occurred, a greater proportion of our populations are

Over the past 150 years, the spectrum of illnesses affecting
human populations across the globe has dramatically
changed. This epidemiologic transition from acute to
chronic disease dominance is mirrored by the remarkable
upward trajectory in life expectancy, and this is a reflection
of successful multidisciplinary efforts in the basic, applied,
social and clinical sciences. As greater opportunities for the
translation of our sciences that impact many acute diseases
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now at risk for chronic diseases such as the varied cancers,
cardiovascular, diabetes and neurological afflictions.
Further, in our most recent past, starting at the end of the
20th century, over nutrition and consequent diseases, such
as diabetes, all reflecting the obesity epidemic are dramat-
ically changing the substrate upon which environmental
exposures become manifest. Collectively, while dramatic
successes have occurred in the clinical management and
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cure of specific diseases our overall ability to design pre-
vention strategies for populations that are at high risk for
many different complex diseases remains a significant chal-
lenge for the future. This mini-review will provide a per-
spective on how environmental health plays a critical role
in the transition from population-based prevention to per-
sonalized prevention that employs the translation of many
of our basic science breakthroughs.

In this mini-review, a framework for the differences in
environmental health challenges for the 19th, 20th and 21st
centuries will be provided followed by an overview of pop-
ulation health during this timeframe and perspectives
throughout the rest of the 21st century. There will be a
specific case study that reflects the critical years starting
in 1960 to 1975 that represented a watershed moment in
the development of environmental health policies and reg-
ulations that have greatly impacted air, food, water, and soil
exposure vectors. In this current century, the rapid devel-
opment of personalized exposure monitoring, personalized
therapy and the potential for personalized prevention is
becoming deployed across many communities. As a para-
digm for environmental health causality and opportunities
for prevention, a discussion of the changes in liver cancer
will be used as an illustration. Finally, several of the chal-
lenges for research community will be described as oppor-
tunities for the future.

Environmental health in the 19th, 20th
and 21st centuries

The chemical, physical, and biological contributors to envi-
ronmental health have proportionally changed over the
past 200 years. A crude delineation can be framed by
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framing the 19th century as the century of chemistry, the
20th century as a century of physics and the 21st century as
a century of biology (Figure 1). As always, great advances
in each of these disciplines have had both positive and neg-
ative impacts on human health. In many instances, studies
of chemistry, physics, and biology have led to remarkably
rapid cures through therapeutic advances for many human
ailments. In contrast, the legacy of a number of industries
built upon these scientific fields have not only impacted
workers and their families at the time of their exposures
but have also contributed to long-term contamination that
expose people to these risks over many decades later.
Scientific discovery during the 19th century propelled
our understanding and abilities to manipulate chemical
reactions that produced a wide array of organic and inor-
ganic compounds. The organic chemistry revolution can be
traced to a number of founder studies exemplified by
William Perkin’s synthesis of mouveine in the mid-1850s."
This triumph in organic chemistry led to the industrial scale
synthesis of many synthetic dyes that were then employed
in the textile industry. Since the modern analytical tools of
mass spectrometry, spectroscopy, and other analytical cor-
nerstones were far into the future at the time of these initial
syntheses, the large scale, given the analytical methods of
the time, at which these agents had to be produced imme-
diately led to significant environmental contamination. The
toxicological and biological consequences of this contami-
nation would not be recognized for many decades. The
explosion of the organic chemistry-based dye industries
was rapidly exploited with the formation of many compa-
nies including BASF (Badische Anilin und Soda Fabrik),
Bayer, IG Farben (Syndicate of Dyestuff industry Corp.).
Worker exposure in these industrial facilities led to
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Figure 1. Time line of the chemistry, physics and biology centuries. (A color version of this figure is available in the online journal.)
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a dramatic increase in a number of cancers, including blad-
der cancer, that propelled the occupational exposure field
starting in the 1890s.” Indeed, some of the earliest insights
into chemical agents causing human cancer came from
these worker exposure situations where high exposure to
these potent agents in a relatively small number of workers
induced what were at that time very rare cancers.

By the early 20th century, there were many documented
instances of workers developing heretofore rare cancers
from exposures occurring in the workplace. However, as
is often found in scientific development, the chemistry
that led to the production of many dye compounds also
produced some of the original antibiotics that have been
of profound importance in saving many lives. In 1932,
Gerhart Dogmak (Nobel Prize in Physiology or Medicine
1939) used Prontosil red, to treat his daughter who was
desperately ill with a streptococcal infection.>* She recov-
ered and much of the organic chemical driven antibiotic
revolution was initiated. Hundreds of millions of people
have been treated with these drugs to great success.
Further, these same synthetic methodologies also led to
the development of a number of pesticides, herbicides,
and insecticides that have been deployed for the eradica-
tion of organisms that contribute to many human diseases
including malaria, yellow fever, schistosomiasis, and
others. Collectively, these agents are all members of the
persistent organic pollutants (POPs) that constitute major
environmental concerns nearly 100 years after the original
synthesis. A recent review of the International Agency for
Research on Cancer (https://monographs.iarc.fr/), whose
risk evaluations are a cornerstone in cancer risk assessment,
shows the overwhelming majority of agents that cause
cancer in people are direct descendants of this organic
chemistry revolution of the 19th century.”

While the roots of the chemistry century started in the
1850s, the advances in physics very much dominate the
20th century. Wilhelm Rontgen was the first recipient of
the Nobel Prize in physics in 1901 for his discovery of
X-rays and their use in imaging, which had been reported
only six years earlier. The initial manuscript of these dis-
coveries was submitted for publication on 27 December
1895 and published the next day in the Proceedings of the
Physico-Medical Society of Wiirzburg.® Perhaps no other
scientific discovery was so rapidly translated into clinical
practice than the X-ray imaging technology. Its deployment
to characterize bone fractures and other injuries occurred
over a matter of months and this had a profound impact on
clinical practice. Unfortunately, within several years, work-
ers such as Clarence Dally who was in Thomas Edison’s
laboratory succumbed to what was characterized as X-ray
cancer.” While his death in 1904 might have been the first
documented mortality case, it still took over 20 years for
the International Commission on Radiation Units and
Measurements (ICRU) to develop standards for radiation
exposure to protect people from deleterious exposure.
Thus, radiation has both positive therapeutic and negative
health consequences, and ionizing radiation exemplified by
X-rays represents one of the few examples where exposure
and dose are identical. The radiation biology field that has
evolved from these early investigations has been extremely

influential in standardizing exposure and dose for spec-
trum of environmental agents.

Populations and population health in
the 21st century

The demography of the planet has been changing very rap-
idly since the 19th century; in 2019, the four most populous
countries are China, India, United States, and Indonesia
(www.census.gov). Just 30 years in the future, the most
populous countries in order will be India, China, United
States and Nigeria. Very dramatically, the population in
China will be plateauing while the population in Nigeria
will have almost doubled in 30 years and is projected to
double again by the end of the 21st century. In 2100, both
India and China will have a total of 800 million fewer
people due to the confluence of a lower birthrate and eco-
nomic development not contributing to longer life expec-
tancy. These data are all summarized in Figure 2. Thus, the
demographics of our planet is about to dramatically change
over the course of the century, and the population centers of
Asia and South Asia in Africa will become the major frac-
tion of people. This demographic change will challenge the
broad prevention community to develop strategies to pro-
tect against avoidable disease risk factors.

Since the 1850s, survival in the first five years of life has
increased remarkably.*’ In England, nearly 25% of males
died before age 5 in the 1850s and now that fraction is
extremely small, less than 0.4%. This success is then
reflected in the overall increase in the fraction of people
who live until and past age 75 at which time there is a
nearly exponential increase in the proportion of individuals
diagnosed with chronic diseases. Two examples in the
United States that serve as guideposts for the future reflect
the remarkable changes that have occurred in both cardio-
vascular disease and overall cancer mortality since 1970. In
the United States, the overall death rate per hundred thou-
sand for cardiovascular disease has decreased by nearly
45%.1%1 Overall heart disease has decreased by 75%
between 1969 and 2013. Overall cancer deaths in the
United States from 1991 until the present has decreased
rapidly such that there are nearly 2.5 million people who
were projected to succumb from cancer in 1990 to the pre-
sent did not because of the reduction in tobacco smoking.'?
Tobacco reduction use has also contributed greatly to the
reduction in cardiovascular disease deaths along with a
number of therapeutic agents that have reduced the
impact of hypertension and arteriosclerosis. The successes
seen in the United States are now being rapidly seen in
other countries globally. While this is all good news, it is
still clear that poverty and economic opportunities
contribute to smaller successes in the reduction of overall
mortality from environmental exposures.

The dramatic environmental pollution exposures seen in
many urban areas during the mid-20th century contributed
greatly to the demand for policy and regulations that strove
to control these contaminants in both air and water.
Legislation such as the clean air act contributed to the
requirement for the reduction of air pollution. The World
Health Organization (WHO) has provided analyses that
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215t Century Population Statistics

2019 2050 2100
1 China 1,382,920,713 |1 India 1,807,878,574 |1 India 1,551,612,713
2 India 1,315,379,910 |2 China 1,437,161,948 |2 China 941,079,910
3 USA 328,159,265 |3 USA 420,080,587 |3 Nigeria 730,812,035
4 Indonesia 263,271,879 |4 Nigeria 356,544,098 |4 USA 478,271,879
5 Brazil 207,939,227 |5 Indonesia 313,020,428 |5 Tanzania 316,739,227
6 Pakistan 196,242,560 |6 Pakistan 294,995,104 |6 Pakistan 261,242,560
7 Nigeria 191,269,059 |7 Bangladesh 279,955,405 |7 Indonesia 254,065,352
8 Bangladesh 163,065,352 |8 Brazil 228,426,737 |8 Congo 212,269,059
9 Russia 142,059,244 |9 Congo 183,260,098 |9 Philippines 178,059,244
10 Japan 126,763,244 | 10 Mexico 147,907,650 |10 Brazil 177,063,244

» Note: Data updated 8-8-2018
= Source: U.S. Census Bureau, International Data Base.

Figure 2. Top 10 countries in population over time. (A color version of this figure is available in the online journal.)

upwards of 7 million people die each year from the impact
of air pollution exposure.” Further, WHO concluded that
40% of ischemic heart disease, 40% of stroke, 11% of chronic
obstructive pulmonary disease (COPD) and 6% of global
lung cancer deaths are caused by outdoor air pollution.
Indeed, in 2013, the International Agency for Research on
Cancer (IARC/WHO) classified outdoor air pollution as a
Group 1 known human carcinogen recognizing that this
complex mixture, of which benzene is a significant contrib-
utor, has both anthropogenic and biogenic sources.'?

The biology century and convergence

The 21st century is arguably the century of biology, and our
understanding of biology is expanding at an extraordinary
pace. The development of our understanding of basic biol-
ogy was certainly accelerated by the characterization of the
structure of DNA in 1953. The two decades that followed
involved intensive studies at both the molecular and cellu-
lar level generally using prokaryotic systems as models.
The next wave of investigations that started in the 1980s
was propelled by rapid development of genomic sequenc-
ing technologies and the discovery of the polymerase chain
reaction. This culminated with the initial drafts of the
human genome that were reported at the start of the
21st century. All of these findings are now converging
through the merging of life, engineering in physical scien-
ces that will fundamentally change the approach to disci-
plinary strategies in human health and the global scale.'*'*
Public health practice in training will be greatly impacted
by the need for multidisciplinary approaches to address the
chronic diseases that will be the major sources of morbidity
for the rest of the century.

Technologies built upon our genomic foundation
include the new strategies that deploy Crispr, biologically
directed engineering, the design of both genetically modi-
fied organisms and genetically edited organisms are chang-
ing the landscape of research strategies. As always, there
will be both positive and negative consequences from these
technologies and hopefully we will be able to be ahead of

the curve in contrast to other technological advances that
have already been described.

There is a revolution occurring that will continue to
impact personalized exposure monitoring, therapy, and
prevention. Much of this effort is encompassed in the
exposome projects.'® Personalized electronics, global posi-
tioning detection, and sensors that can contribute to indi-
vidualized exposure assessment are rapidly emerging.'”'®
These were first deployed using accelerometers in order for
people to monitor exercise but this is very rapidly expand-
ing into many physiological and environmental measure-
ments that can be integrated into health status assessment.
The areas of personalized medicine, personalized preven-
tion in personalized genomics are greatly expanding as
each of these types of technological strategies become less
expensive for the individual. The liquid biopsy is now
becoming standard of care for the monitoring of patients
following their cancer therapy in order to detect the earliest
recurrence of disease that in turn can lead to the use of
different therapeutic options."” The use of liquid biopsy
to measure both DNA and protein molecules, better signa-
tures of cancer development and risk, will continue to
expand as basic discovery is made of these mechanistic
processes. Similar strategies are now being deployed in
fetal diagnosis due to the ability to measure fetal DNA in
the maternal circulation that in turn can provide early
insights into health concerns prior to birth.***'

Liver cancer as a paradigm in
environmental health

Collectively, liver cancer accounts for nearly 9% of all
reported cancer deaths and is one of the most common
causes of cancer mortality worldwide, http://gco.iarc.
fr/.*? The incidence of liver cancer varies enormously glob-
ally and unfortunately the burden of this nearly always
fatal disease is much greater in the less economically devel-
oped countries of Asia and sub-Saharan Africa.” HCC is
also the most rapidly rising solid tumor in the US and
Central America and is overrepresented in minority
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communities, including African-Americans, Hispanic/
Latino-Americans and Asian-Americans.”>>* Overall,
there are more than 850,000 new cases each year and
more than 300,000 deaths annually in the People’s
Republic of China (PR.C.) alone.” In contrast with most
common cancers in the economically developed world
where over 90% of cases are diagnosed after the age of
45, in high-risk regions, liver cancer onset begins to occur
in both men and women by 20 years of age and peaks
between 40 and 49 years of age in men and between
50 and 59 years of age in women.*>~*” This earlier onset of
HCC might be attributable to exposures that are both sub-
stantial and persistent across the life span. Gender differ-
ences in liver cancer incidence have also been well
described, and worldwide the number of cases among
men were 554,000 and 228,000 among women in 2012.%
These epidemiologic findings are also reflected in experi-
mental animal data for one potent liver carcinogen linked to
human HCC, aflatoxin, where male rats have been found
to have an earlier onset and higher incidence of cancer
compared to female animals.”’ Thus, the consistency of
the experimental animal and human data points to the
important role that environmental exposures play in
gender differences in HCC risk.

To date, the significant etiological factors associated with
the development of HCC have been defined by biomarker
studies and they are infection in early life with hepatitis
B virus (HBV) and lifetime exposure to high levels of afla-
toxin B; (AFB;) in the diet.’*”' Over the past 25 years, an
appreciation for the role of the hepatitis C virus (HCV) has
also emerged. HCV is contributing to HCC being the most
rapidly rising solid tumor in the US and Japan.** Detailed
knowledge of the etiology of HCC has spurred many mech-
anistic studies to understand the pathogenesis of this
nearly always-fatal disease.’®*>** Fortunately, the success-
ful development and deployment of some highly effective
new drugs that cure HCV infection is a major advance
and will hopefully diminish the role of this virus in
liver cancer.*>>*

Alcohol is a recognized human carcinogen and has been
causally linked to HCC. Alcoholic cirrhosis and heavy alco-
hol use have been repeatedly associated with an increase in
HCC risk.*” However, it is unclear if alcohol use in the
absence of cirrhosis influences HCC development.®®
Several studies have demonstrated an increased risk of
HCC up to 5-fold with consumption of more than 80 g of
alcohol per day or approximately 6-7 drinks per day.”” The
risk of HCC ranges from borderline statistically significant
to more than two-fold with chronic alcohol consumption of
less than 80 g/day.*” A synergism between alcohol and
HBYV and HCV infections has also been described.*”*

In addition to the association of alcohol and HCC, in
economically developed countries the dramatic rise in
overweight and nonalcoholic fatty liver disease has also
been related to increased HCC.***** Of major concern for
the future are the role that obesity, diabetes, and general
underlying fatty liver disease will play in the development
of liver cancer.”>™* While the historic risk factors for liver
cancer described above are addressed through a spectrum
of prevention methods, these new etiologic factors portend

an increasing trajectory in the incidence of this disease.
Both therapeutic and pre-disease interventions will need
to be deployed now to blunt the impact of these risk factors
in the decades to come. Collectively, the development and
validation of a new generation of biomarkers reflecting
complex processes such as inflammation will need to
be deployed.

The challenge

There are major challenges ahead of us for the translation of
our basic science findings to improving the health status
of populations over the next century. An example of one of
those challenges using cancer as a model is the recognition
that only 10% of the biology development occurs following
the diagnosis of the cancer. Ninety percent of that biology
occurs prior to diagnosis and that provides the opportunity
for the development of prevention and its interventions.*®
We also need to recognize that there are many regulations,
policies and interventions that have been successfully used
over the last century that improved the public health. These
include legislation from the clean air act and other
progressive policies that have saved many lives.””
Collectively, the deployment of science has been extremely
positive and one of the best examples is the extrapolation of
science from initial hypotheses that reflected concern over
stratospheric ozone depletion through the use of chloro-
fluorocarbon propellants. We are well on the way to
seeing a healing of the ozone hole through the banning of
these types of compounds. We should recall it was 50 years
ago when we got our first visualization of the blue planet
from the perspective of astronauts orbiting the moon that
collectively we realized that this was the only environment
we had and it was a call to challenge us to solve the solu-
tions on our planet in order to assure the improvement of
everyone’s health.
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