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Preface

Despite noteworthy developments and technological advances in the health and biomedical sciences
in the last decades, with obvious improvements in the prevalence of some communicable diseases and
in disease treatment in general, contemporary societies continue facing very significant health chal-
lenges. The average human life span has increased but individual wellbeing is challenged by an array of
“contemporary” diseases. Differences in the health challenges industrialized nations and less developed
countries face persist. Life expectancy at birth continues being higher in North America, Oceania and
Europe, while mortality continues to be significantly higher in poor countries (European Environment
Agency, 2013; United Nations, 2017), while the health issues that constitute priorities in these two broad
categories of countries are also different (Priiss—Ustiin, Wolf, Corvalan, Bos & Neira, 2016; European
Environment Agency, 2013). Communicable diseases are a major concern in developing countries, while
non-communicable diseases like cancers, diabetes, asthma, Autism Spectrum Disorders (ASDs) or heart
attacks are on the rise in the industrialized world.

Albeit these disparities, there is a common trend relating to health issues worldwide. Environmental
exposures or pressures constitute a major cause of contemporary diseases (Priiss-Ustiin et al., 2016; Eu-
ropean Environment Agency, 2013). WHO highlights the significance of environmental factors — which
it defines as “factors external to a person, and all related behaviours, but excluding those natural environ-
ments that cannot be reasonably modified” (Priiss-Ustiin et al., 2016) — for the state of human health.

In this context, environmental health arose as a science that studies the relation of different en-
vironmental factors with health impacts or correlates diseases with environmental exposures. It is a
field of rising interest and particular relevance in our times, with important insights for environmental
and health policy making. Given our increasing understanding of the intricate network of interrelated
factors that contribute to environmental concerns as well as of the multiple impacts on human health,
environmental health is a body of knowledge that draws from a variety of disciplines: medicine and
public health, environmental sciences, sociology and communications, technology, policy-making, and
legislation. As a consequence, it is a multidisciplinary field with noteworthy challenges and significant,
much-promising developments.

Exposures to a great variety of environmental toxins and stressors pose serious risks to individual and
public health. Environmental hazards include biological, chemical, physical and cultural ones, as well as
some lifestyle choices (Priiss-Ustiin et al., 2016). Biological hazards refer to disease-causing organisms
such as bacteria, fungi and parasites including diseases caused by viruses. Chemical hazards include all
harmful chemicals to which people get exposed in their environment via air, water, soil, food or human
made products. Physical hazards can be natural phenomena such as fires, floods, earthquakes, hurricanes
and volcanic eruptions, but also physical agents such as electromagnetic radiation (ultraviolet, radio
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waves), noise, nanoparticles and climate change effects. Cultural hazards are associated with the social
environment of an individual; e.g. conditions such as an unhealthy workplace, poverty and criminality.
Lifestyle choices refer to those hazards that are a matter of individual choice, or at least are influenced
by choice, like smoking, over-eating, alcohol or drug abuse. In contemporary societies, malaria and
respiratory infections such as tuberculosis, diarrhea and various parasitic intestinal diseases constitute
significant biological hazards. Humans get exposed to a wide and increasing range of chemical hazards;
carcinogenic and mutagenic chemicals, heavy metals, persistent organic pollutants and endocrine disrup-
tors are among the groups of chemicals that are of particular concern. Climate change, nanoparticles,
noise and exposure to electromagnetic radiation (from radiofrequencies and infrared to UV and X-rays),
constitute significant and disconcerting new physical hazards. Workplace exposures and stresses continue
being an issue of concern, although technological approaches have contributed to the control of such
hazards; however, new challenges arising from socio-political changes such as migration and ageing
societies need to be addressed.

Due to the massive amount of health-related issues, scientific literature related to environmental health
issues has increased significantly. Recent developments in the human genome, in epigenetics (Bollati
& Baccarelli, 2010; Herceg, 2016; Lin, Liu, Hu, Cottrell, & Kass, 2018) and different omics (e.g. tran-
scriptomics, metabolomics) and in environmental sciences, along with increased and more systematic
environmental and biological monitoring have made invaluable contributions to our understanding of
environmental challenges and human diseases. However, additional research investigating the interrela-
tions of environment and health is required to improve the wellbeing of citizens worldwide. A primary
challenge in the environmental health field is the effective combination of environmental monitoring data
and bio-monitoring information (Dennis et al., 2017) taking into account many and diverse parameters
such as genetic predisposition, environmental exposures, the processes that constitute these exposures
and various threats throughout one’s life time starting from conception. Thus, recent developments such
as the exposome (Wild, 2005; Rappaport, 2011; Lioy & Rappaport, 2011; Wild, Scalbert & Herceg,
2013; Vrijheid, 2014; Buck Louis, Smarr & Patel, 2017; Johnson et al., 2017; Stingone, Buck Louis,
Nakayama, Vermeulen, Kwok et. al., 2017; Sarigiannis, 2017; Sarigiannis, Karakitsios et al., 2018;
Sarigiannis, Gotti, Handakas & Karakitsios, 2018) and the use of data analytics are promising future
directions in the field (Lytras, & Papadopoulou, 2018). Now, massive amounts of medical and public
health data related to numerous human health issues are available and there is an urgent need to apply big
data analytics in healthcare (Papadopoulou, Lytras & Marouli 2018). Hot issues in the relevant sciences
include single gene polymorphisms, genome sequences, gene expression data, exposure to carcinogens,
endocrine disruptors, heavy metals (Ellis, et al., 2012) and other toxins, their metabolism and health
impacts, exposome analysis (Larkin & Hystad 2017), risk analysis, (Turner et al., 2017) bioinformatics
and data storage and handling (Papadopoulou, Lytras, & Marouli, 2018).

However, understanding only the science of the intricate relation between the environment and human
health, a daunting task by itself, is limited. The uneven distribution of environmental health hazards and
the marriage of informatics with health science and management make a discussion of social inequali-
ties and injustices particularly relevant. Environmental health is a political and cultural issue, and these
dimensions need to be understood and effectively addressed if we are to transition to sustainable and
healthy societies (Papadopoulou, Lytras, & Marouli, 2018; Spruit & Lammertink, 2018). Environmental
justice literature relating to a great variety of environmental issues, from waste management, air pollu-
tion, water pollution, to food, Genetically Modified Organisms (GMOs) or climate change, emphasize
the different level of environmental risks various social groups are exposed to, the differential impact

XVi



Preface

of environmental exposures to human health in relation to social inequalities, as well as the differential
access of marginalized peoples to the benefits healthy environments offer (Masuda, Poland & Baxter,
2010; indicatively, see also: Walker, 2012; Carmin & Agyeman, 2011; Gaffron, 2012; Wolch, Byrne
& Newell, 2014; Cutts, Darby, Boone & Brewis, 2009; Bardsley & Wiseman, 2012). Social and power
inequalities are important parameters that influence health. These beg for close consideration in the ex-
ploration of environmental health issues, and especially for the drafting of policies that promote healthy
communities for all. Discourses from the environmental health sciences and the environmental justice
field underline the need for contemporary societies to focus on interrelations, adopting a systemic view
that incorporates knowledge from the environmental, bio-medical and socio-political sciences, and to
develop integrative policies and other mechanisms — like education and public accountability. Given the
increasing use of data analytics, policy, ethical and justice issues related with bio-data management and
use are also important parameters that should be considered (Papadopoulou, Lytras, & Marouli, 2018).

This publication contributes to this challenging scene and presents some major contemporary en-
vironmental health hazards and their impacts. It approaches the contemporary exciting developments
in the environmental health fields in an interdisciplinary manner covering from cutting-edge scientific
developments to environmental justice and policy issues.

THE CHALLENGES

Human health hazards are intricate, their causes multi-faceted and health impacts are influenced by both
individual characteristics and practices — like genetics or lifestyle choices — and social structures and
inequalities. The challenges environmental health science faces are:

e  Research: Establishing research efforts that are multi-disciplinary in terms of design, goals and
methods is a persisting challenge, as well as the effective dissemination of the results to all stake-
holders via good academic and management practices in a geographically dispersed environment.

e  Policies: Establishing policies, legislation and procedures that aim for both a clean environment
and health and wellness for all, while adequately reflecting the local and global organizational
context and processes, is a prerequisite for the transition towards healthy societies.

e  Privacy and Security of Personal Health Data: Establishing appropriate information technol-
ogy precaution measures and socially appropriate policies for the handling and storage of health-
related big data is a major challenge of our times. Securing personal privacy in the age of con-
nected health data is a big challenge.

e  Social Inequalities: Addressing social inequalities in exposure to environmental hazards and in
access to proper health care with appropriate socio-political processes, policies, strategies, struc-
tures and institutions, as well as education for a wellness- and social solidarity-oriented culture
and ethos.

e  Points of Intervention: Identifying the most effective points of intervention in the spectrum so-
ciety-politics-environment-health for sustainable and healthy communities, which requires fur-
ther multidisciplinary and integrative research and inclusive governance processes. Establishing
appropriate information technology precaution plans and disaster recovery plans is also a big
challenge.
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Numerous studies have been carried out toward meeting those challenges and continue onto provid-
ing good and sustainable solutions. Back in 2009 the International Life Sciences Institute (ILSI) Health
and Environmental Sciences Institute (HESI) scientific portfolio, groups of experts of key government,
academic, and industry scientists from around the world were assembled with the main goal to map
the human and environmental health challenges for the decade (2010-2020) and offer suggestions and
develop tools on the current and future landscape of scientific and regulatory challenges. This scientific
mapping could serve as a valuable tool indeed which “HESI, individual companies, research institu-
tions, government agencies, and regulatory authorities could use to anticipate key challenges, place
them into context, and thus strategically refine and expand scientific project portfolios into the future”
(Bonnefoi et al., 2010). As we are heading to the end of the decade it would be interesting to examine
if such goals were met. The challenges of high or medium priority as defined at the January 2009 HESI
Scientific Mapping Meeting in Japan are outlined and their present status is considered in comparison
to what has been planned and what seems to have been achieved. Overall, it appears that whereas the
goals and objectives were set in a clear way by the International Life Sciences Institute (ILSI) Health
and Environmental Sciences Institute (HESI) scientific portfolio, groups of experts, the implementation
for most of the plans is far from being materialized in most parts of the world despite some additional
serious efforts to achieve such goals. Furthermore, many policies have been adopted for the protection
of the environment, sustainable development and better health, but their implementation has still not
brought about the desired results.

SEARCHING FOR SOLUTIONS: RECOMMENDATIONS

The book “Environmental Exposures and Human Health Challenges” aims to provide interdisciplinary
insights into concepts and theories related to environmental health, and environmental exposures via
chemical, biological or physical factors in the air, water, soil or food (Priiss-Ustiin et al., 2016). It covers
a diversity of environmental health topics of concern today. The exposome approach is one of the latest
and very promising developments in the field, as it aims to connect both environmental and biological
monitoring for amore holistic understanding of the way different exposures affect health. Autism spectrum
disorders (ASDs) (Theoharides, Tsilioni, Patel & Doyle, 2016) and various autoimmune and inflamma-
tory disorders have increased in the recent years, and it has been shown that environmental exposures,
such as neurotoxins in commonly used synthetic fragrances, endocrine disruptors, (Braun et al., 2014)
various molds and viruses among a number of other harmful exposures at critical stages of a human’s
life are main parameters contributing to their prevalence. Heavy metals constitute an important category
of environmental health hazards in contemporary societies. Arsenic is one of these health risks and due
to its serious health impacts, it has been investigated in several situations. Genetically modified food is
another major challenge of our times, with health consequences that require further research and explo-
ration. This need is further enhanced by recent research on the effects of Glyphosate on human health,
a major constituent of the widely used pesticide Roundup, including research on toxicity of formulants
and heavy metals in glyphosate-based herbicides and other pesticides. (Mesnage, Defarge, Spiroux de
Vendomois & Seralini, 2015; Myers et al., 2016; Townsend, Peck, Meng, Heaton, Robison & O’Neill,
2017; Séralini et al., 2014; Defarge, Spirouxde Venddmois & Séralini, 2018). Food is generally a main
issue of concern for human health, both in terms of food security — availability of adequate and good
quality food - and of food quality. Cotton is a frequently used material in the world and its production
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with conventional agricultural practices, including the use of pesticides, constitute a significant threat
to human health. Appropriate methods for investigating environmental health issues are also discussed.
The book also addresses environmental health policies as well as inequalities and injustices in relation
to environmental exposures and health impacts.

This book examines in a cross-cutting way, how various environmental exposures affect individu-
als, workers, professions and populations from different regions of the world. It offers suggestions and
recommendations so as to help increase awareness on issues of sustainability and to help improve hu-
man health and healthcare. Grounded on scientific evidence and up-to-date socio-political discourses
on environmental health issues, this book aspires to contribute to the improvement of health, wellbeing
and healthcare of citizens worldwide. This publication is designed for public health professionals, pre-
ventive medicine specialists, clinicians, data scientists, environmentalists, academicians, practitioners,
researchers, and students. The book can also stimulate sharing opinions and ideas, so as to facilitate
a better fusion of health-related issues and challenges including health informatics and other big data
emerging technologies, including exposome analytics, to the academic and industry research, which
combined, can lead to improvements in the quality of people’s daily life.

ORGANIZATION OF THE BOOK

The book is organized into two sections. The first section focuses on the science of environmental expo-
sures and their health impacts, while the second one delves into a discussion of policy and environmental
justice aspects of selected environmental health issues.

The book includes 15 chapters. A brief description of each of the chapters follows:

Chapter 1 identifies how connectivity introduces a new exposome based paradigm in environmental
health. This denotes an approach that builds on the exploration of the interconnections between the co-
existence of multiple exogenous and endogenous stressors and the different scales of biological orga-
nization. Coupling the two results in the final adverse health effect. This differs from the conventional
paradigm, which seeks to shed light on the identification of singular cause-effect relationships between
stressors and health outcomes. It creates a new way of combining health-relevant information coming
from different disciplines, treating all factors affecting internal and external exposome as covariates.
Their functional integration results in understanding the complex interaction between genome and ex-
posome. The connectivity approach is applied on toxicity assessment of nanomaterials; here multiple
assays, human multi-omics and in vitro data are used to elucidate toxicity mechanisms.

Chapter 2 presents Autism Spectrum Disorder (ASD) as a developmental condition characterized
by impaired social interactions and communication, as well as by stereotypic movements, that affects
1 in 59 children. The authors state that ASD is expected to reach 1 in about 40 children by 2020, yet it
remains without distinct pathogenesis and effective treatment. Children with ASD respond with high
anxiety to almost any unknown stimulus and appear to misread danger/threat signals, and may not ex-
perience anxiety in situations where normotypic children do. The authors propose that environmental
stimuli stimulate the unique immune cells, known as mast cells (MC), which then trigger microglia,
leading to dysfunctional neuronal connectivity in the amygdala. This process lowers or disrupts the
“fear response” and leads to an exaggerated “fight-or-flight” reaction. Corticotropin-releasing hormone
(CRH) could have a synergistic effect with environmental stimuli, especially mycotoxins. The authors
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propose that recognizing this association and preventing stimulation of mast cells/microglia could lead
to effective treatment of ASD.

Chapter 3 explores how the human brain develops and what the critical stages are in which a fetal
brain may acquire genetic and developmental abnormalities through environmental agents. The authors
summarize the prevailing theories regarding the etiologies of autism and present scientific data supporting
the thesis that some of the most commonly used environmental agents that we have so easily accepted
into our social fabric of life may be major contributors in the development of autism spectrum disorders
(ASD). They provide a large body of scientific data carried out in their laboratory, utilizing developing
human neurons exposed to femtomolar concentrations of chemicals found in fragrances. Their studies,
the authors argue, demonstrate that synthetic fragrances can impart profound neuromodifications at the
morphologic, immunologic and molecular levels. They hypothesize that high exposure to teratogenic
neurotoxins in our environment during critical periods of development best explains the rapid rise of
autism spectrum disorder diagnosis over the past three decades.

Chapter 4 focuses on the possible sources of arsenic (As), leading to environmental contamination,
followed by its hazardous effects which pave the way to various human health manifestations. The authors
explore how arsenic can cause various health disorders through acute and chronic exposures such as
gastrointestinal, hepatic, respiratory, cardiovascular, integumentary, renal, neurological and reproductive
disorders including stillbirth and infant mortality.

Chapter 5 is a specific case study of Arsenic exposure via contaminated water in Bihar, India of about
50 million people. In addition to health-related problems in the population like skin diseases, anemia,
bronchitis, gastrointestinal problems, hormonal imbalance, according to the author’s recent study, cancer
risk is associated with daily consumption of 2 litres of water with inorganic arsenic 50 pg/L which has
been estimated to be 1/100 denoting that elevated blood arsenic levels in a population can lead to various
diseases including cancer. Skin and several types of internal cancers, including bladder, kidney, liver,
gall bladder, lung, uterus and prostate cancers have been found associated with arsenic ingestion. Their
hospital- based study also correlates the cause of cancer with arsenic contamination.

Chapter 6 reviews chemsensors and their role in various aspects of biomedical science, analytical
and environmental chemistry. The toxic metal ions like Zn, Cd, Cu, Pb and Hg have increased gradually
but now have reached an alarming situation, crossing the threshold value. Due to high toxicity of these
heavy metals, there is an obvious need for a sensor system to detect their presence. The authors argue
that chemsensors including surface acoustic wave sensors, enzymes, carbon nanotubes, nanoparticles and
chromophore-based sensors have attracted increasing attention during the last few years. Chemsensors
prove very promising as the system is rapid, selective, sensible, low cost, easy to use and has the ability
to furnish real time signals. However, during recent times, considerable efforts have been devoted to the
synthesis of sterically encumbered selenium containing species reported to display strong affinities with
Hg?* or Ag*. This chapter overall, reviews the basic principles involved in the design of chemsensors,
their variety and applications in various established and emerging fields.

Chapter 7 examines occupational epidemiology studies in terms of the distribution of health events
and health-related determinants and its relation to the working environment. Environmental epidemiology
focuses on the involuntary exposure to physical and chemical factors in the indoor or outdoor environment
that may affect health patterns. Occupational and environmental epidemiology use similar methodol-
ogy although the conditions differ. The environmental epidemiology studies, beyond the health effect
of exposure to specific environmental factors, must consider the long-term impact of the environment
on the populations. Molecular technologies allow to detect effects at the molecular level originated by

XX



Preface

very low levels of exposure. The concept of the exposome is also briefly discussed as a kind of database
with information concerning environmental exposure measurements in a life time and corresponding
biomarkers concentrations in different biospecimen, considering internal individual genetic characteristics.

Chapter 8 seeks to highlight general concerns and potential lifelong effects of consuming GM plant-
based food. The author argues that consumption of GM plant-based food is as risky as consuming
conventional plant-based food. However, the alien genes in these products may be unstable leading to
antinutritional and unintended short-term consequences. The author believes that due to the paucity of
research, no long-term effects have been attributed to the lifelong consumption of these products. Nonethe-
less, possible lifelong health and socioeconomic effects may result from outcrossing of genes, increasing
antibiotic resistance, development of new diseases, as well as potential effects on the environment and
biodiversity. The author advises biotechnology companies to invest more in interdisciplinary research
addressing the potential lifelong effects of these products. Although GM foods are safe for consumption,
the author believes that clarification of current risks and lifelong effects is required.

Chapter 9 addresses the issue of the world dairy consumption. The author examines the impact
the use of dairy products has on sustainability and health. This chapter provides an overview of milk
consumption around the world, sustainability, health concerns, and dairy milk alternatives. In addition,
advantages and disadvantages are discussed, as individuals are often faced with choosing the option that
best meets their individual needs.

Chapter 10 informs the reader about cotton uses for the production of cotton textiles and apparel and
the three different possibilities for cotton growth in the world: production of conventional, organic or
genetically modified cotton. Their influence on human health, due to the application of pesticides, is
discussed by the author. The influence of the pesticides on the environment, which, in turn, affects the
human health through the water, soil, and food chain, is also discussed. The preferable cotton sector is
presented, giving a chance to the customers of cotton textiles and apparel, to assess the positive influence
of the existing initiatives in the cotton field on the human health and the environment.

Chapter 11 explores climate change and how it threatens human life and health by causing severe
storms, floods, temperature fluctuations and droughts. The authors hold the belief, as predicted for the
coming decades, that most of the global population will be impacted and the lives of millions will be
at risk. In this context, the chapter investigates the existence of a symmetric and asymmetric causality
between climate change and health between 1990 and 2015 for European countries, including EU, EFTA
member and EU candidate states. In the first stage of the analysis, health scores are estimated by cluster
and discriminant analyses; in the second stage, the relationships among these scores and climate vari-
ables are examined. The country-specific findings are obtained for the health effects of climate change
variables according to factors such as geographical structure and seasonal characteristics. According
to the results, while the health effects of changes in temperature and greenhouse gas emissions differ
from country to country, the reduction in precipitation for nearly half of the countries is found to have
a negative effect on health.

Chapter 12 examines how supporters of agricultural biotechnology have maintained a high enthusiasm
for its role in improved agricultural yields and enhanced sustainability, for instance, in Africa. However,
according to the author, critics are deeply skeptical. This chapter sketches some of the main arguments
on both sides to provide a summary analysis. The discussion includes multiple climatic, socioeconomic,
and public policy drivers that have collided with the ability of the average person to achieve food secu-
rity. If food security is to be understood as a matter of human health, then the author argues, definitions
and designs must recognize food’s many roles in creating positive public health outcomes. Hence, the
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discussion expands to include an integrative model of food security linking sociocultural, public policy,
and ecological aspects to public health. The chapter concludes that extensive work must be done to steer
policy initiatives toward common sense sustainability paths to achieve food security and/or sovereignty.

Chapter 13 explores how pharmaceuticals and personal care products (PPCPs) constitute an integral
part of modern healthcare system which enter environment through various routes. Because of their in-
herent biological activity, their presence in soil and aquatic environment poses several eco-toxicological
problems. Antibiotic contamination of soil and water bodies is leading to development of microbial
resistance to antibiotics and this has been recognized by several global bodies like WHO and EPA.
Effective steps need to be taken in this regard including increased awareness, reduced pharmaceutical
discharges in environment, green and sustainable pharmaceutical practice by pharmaceutical industry and
healthcare professionals and improved remediation/bioremediation methods. This chapter outlines the
various anticipated routes of exposure of pharmaceuticals to the environment along with their detrimental
effects, fate and degradation in aquatic and terrestrial environments. The chapter also dwells upon the
role of various regulatory bodies and plausible measures that may be adopted to alleviate the problem.

Chapter 14 addresses the main issues that pertain to the health burden from waste management and
energy resource use by highlighting the aspects that determine actual exposures and the socio-economic
conditions that underlie them. Case studies covering biomass burning, acute and chronic exposure to
urban and industrial waste are described by the authors. They refer to different areas in Europe and socio-
economic strata focusing on susceptible population groups, which may be affected by enhanced exposure
to environmental toxicants stemming from municipal and industrial waste management and domestic
heating or cooking using biomass. These features, the authors argue, make socio-economic status and
the consequent social (in)justice a key determinant of overall exposure early in life. The latter results in a
high probability of onset or exacerbation of adverse health outcomes both in the medium term and later
in life. Additional factors that affect the health impacts of environmental exposures comprise choice of
diet, education level of parents, access to green or blue space and housing condition.

Chapter 15 explores the glaring scientific differences in the human health assessment of the popular
herbicide glyphosate between European and American institutions. The International Agency for Research
on Cancer (IARC) classified glyphosate as a probable human carcinogen, while the U.S. Environmental
Protection Agency (EPA) concluded that glyphosate is not likely to be carcinogenic to humans. Both
IARC’s and the EPA’s carcinogenic risk assessment processes are discussed by the author. With this
work the author argues that uncertainties are reviled in the sciences of toxicology and epidemiology,
as well as assumptions made in their applications for evaluating glyphosate. These uncertainties, along
with the political context of chemical risk assessment, the author believes, are at the root of the divergent
findings on the carcinogenic risks of glyphosate.
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