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Preface 

Where Have All the Plastics Gone? chronicles the research and commentary on two 

environmental issues obscured by the contentious debate on global warming and cataclysmic 

climate change: 

 The breakdown of microplastics into plastic nanoparticles (PNPs) characterized by 

sorbed ecotoxins, including the wide variety of environmental chemicals produced by 

pyrotechnic-petrochemical industrial society 

 The nanoparticles (NPs), including nanoplastics, intentionally or accidentally produced 

by rapidly expanding nanotechnologies, their inherent toxicity, and their tendency to 

sorb and transport ecotoxins at the end of their life cycle 

The annotated bibliography that follows the text provides a topic-specific journey through the 

world of nanoparticles and nanotechnology and their health physics significance. The special 

focus of this text is on the hidden role of invisible plastic nanoparticles as vectors of 

environmental chemicals, and their movement through our hemispheric water cycle.  

This volume includes information on the history of plastics production and the physics of 

nanoparticles and their classification. As nanoparticles decrease in size, their surface to 

mass ratio increases, causing increasing sorbtion of ecotoxins and facilitating their 

transport to all microbiomes. Numerous appendices detailing the vast inventory of 

environmental chemicals in the hemispheric water cycle follow the bibliography. Also 

included is commentary on the social, political, and ecological context of our rapidly 

increasing production of plastics and environmental chemicals. The overview of news bites 

and op-eds includes some of the most interesting quotations from the annotated bibliography. 

A series of biosphere models that sketch the components and dynamics of biocatastrophe in 

our round world commons follow the introductory essays. This volume also includes a 

keyword index, a guide to reporting units and abbreviations, and numerous appendices, charts, 

and graphs. 
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Introduction 

The research cited in this annotated bibliography provides commentary on an 

overlooked component of the impact of our plastic and nanotechnological lifestyles on 

the vulnerable finite ecosystems of a biosphere in crisis. We now see clearly the highly 

visible impact of the use of fossil fuels to power our ever-growing global consumer 

society, manifested in rapid global warming and cataclysmic climate change. The 

transport of environmental chemicals, including persistent organic pollutants (POPs) 

throughout the biosphere by evaporation, long-range atmospheric transport, and other 

pathways is a well documented result of our increasing use of petrochemistry as the 

basis for industrial growth. Much less obvious than greenhouse gas emissions and 

chemical fallout is the invisible role of nanoparticles, including plastic nanoparticles, in 

transporting the ubiquitous environmental chemicals produced by global consumer 

society to all trophic levels of the biosphere. 

All nanoparticles are characterized by an increasing surface to mass ratio as their size 

decreases, as typified by the transformation of microplastics by abrasion, 

photodecomposition, and embrittlement into plastic nanoparticles (PNP). The tendency 

of nanoparticles, including plastic nanoparticles, to sorb (adsorb and/or absorb) 

environmental chemicals and then be ingested by microbiota in all microbiomes 

constitutes the ménage à trois that is an overlooked pathway of human exposure to 

anthropogenic (manmade) ecotoxins.  

The essays in this volume discuss anthropogenic nanotoxins as components of the 

unfolding Age of Biocatastrophe, an ongoing historic event that is the subject of this 

publication series. The phenomenology of biocatastrophe is characterized by numerous 

human activities which alter, degrade, or destroy natural ecosystems. Among the prime 

movers of our assault on nature is the ever-increasing intensity of the chemical warfare 

human society is waging on the biosphere we inhabit. Plastic nanoparticles are an 

important, if invisible, pathway of human exposure to these environmental chemicals. 

The omnipresence of environmental chemicals in the global water cycle can be 

expressed by the metaphor of the biosphere as a hemisphere of organic chemicals—an 

appropriate description of the current status of the global water cycle in view of the 

importance and ubiquitous presence of persistent organic pollutants (POPs) such as 

polychlorinated biphenyls (PCBs), for example, which are among the most biologically 

significant components of our anthropogenic soup. Associated ingredients include other 

organic chemicals, such as organophosphates, volatile organic compounds (VOCs), 

pharmaceuticals, methylmercury, and endocrine disrupting chemicals including 

phthalates, Bisphenol A (BPA), and obesogens. Other constituents of our hemispheric 

water cycle include remobilized inorganic toxins such as arsenic, lead, and 
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anthropogenic radionuclides. Most of these soup ingredients were not constituents of 

the global water cycle before 1940. 

The health physics impact of environmental chemicals associated with the Age of 

Plastics and the Age of Nanotechnology raise public safety issues of compelling 

contemporary interest to all concerned citizens. Mitigation of the impact of our 

behavior on natural ecosystems must include informed debate about the consequences 

of our rapidly increasing production of thousands of anthropogenic chemicals and their 

remobilization by nanoparticles that are difficult to measure or monitor. Awareness of 

what we are doing to the vulnerable, finite biosphere we inhabit is contingent upon the 

documentation of the invisible presence of environmental chemicals in a hemispheric 

water cycle that is the basis for all life on Earth. 

This volume also includes citations pertaining to aquifer depletion, our last source of 

potable water not contaminated by chemical fallout. An increase in the frequency, 

severity, and ecotoxic content of washover-washout events (flooding), especially in 

industrialized and urban environments, will result in the replenishment of many 

aquifers and water supplies with contaminated surface runoff.  

The history of the Anthropocene (the epoch characterized by the imposition of human 

ecosystems on natural ecosystems) can be summarized as the ever increasing growth of 

pyrotechnic petrochemical nuclear society (PPNS) in the context of a vulnerable 

biosphere in crisis. We can Google the impact of our urban, military, and industrial 

complexes on our climate, natural ecosystems, and hemispheric water cycle. Global 

warming, ocean acidification, climate change, smog, and chemical fallout are among 

the highly visible environmental consequences of the growth of global consumer 

society. The Age of Plastics is characterized by invisible plastic nanoparticles (PNPs), 

which sorb and transfer environmental chemicals throughout the biosphere, including in 

all microbiomes. These microbiomes are now characterized by ever-growing debris 

fields of anthropogenic ecotoxins. Plastic nanoparticles are an unfortunate, but invisible 

legacy of our exploitation of the natural resources of a finite biosphere in crisis – the 

downside of the many wondrous products of the Age of Plastics. 
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The Age of Plastics 

Global consumer society and its industrial infrastructure have produced billions of tons of 

plastic since the Age of Plastics began after World War II. Worldwide production was 

estimated at 288 million tons in 2014 and over 300 million tons in 2015 (Rossi 2014). At least 

200 million tons of plastic have been accidentally or deliberately disposed of in marine 

environments since 1950. Hundreds of millions of tons of plastics remain in landfills in urban, 

suburban, and industrial landscapes. The legacy of the Age of Plastics is, in turn, a component 

of the ongoing Age of Petrochemicals, which, as of 2015, is producing billions of tons of 

petrochemicals per year (see appendices 6-10). The Age of Nanotechnology is the latest era in 

our ongoing cascade of Industrial Revolutions, each of which adopt and expand the 

innovations and inventions of the past. What these technological revolutions, including the 

Age of Digital Technology, have in common is the ubiquitous production of massive quantities 

of useful and inexpensive plastics, whic are a key component of the rapid growth of global 

consumer society. Derived from the combustion of fossil fuels, the production of plastics is in 

part responsible for the rapid increase in carbon dioxide (CO2) levels. Well known results of 

elevated levels of CO2 production include global warming, climate change, drought, and 

flooding, which is now spreading environmental chemicals and their nanoparticulate vectors 

over many highly populated landscapes. Ocean acidification caused by CO2 derived carbonic 

acid looms as an imminent environmental crisis of historic dimensions. 

Only a small percentage of plastic debris destined for the marine environment, possibly ±10%, 

finds a permanent residence in marine sediments. Fish netting and other heavy macroplastics 

are often documented or recovered from the sea floor. Most plastic debris is, however, lighter 

in weight than water, explaining the presence of large quantities of floating debris in our now 

famous garbage patches. Much of the highly visible plastic clutter in the marine environment 

has been transformed from macrolitter to microplastics (1 um – 1 mm), and then into invisible 

plastic nanoparticles (PNP) measured in nanometers, i.e. billionths of a meter. Vast ocean 

gyres of plastic litter become invisible as particle size diminishes. This litter is now the subject 

of concern due to its ability to sorb and transport environmental chemicals throughout the 

biosphere. Plastic nanoparticles, many with a size range of 20-200 nm, are an important vector 

transporting ecotoxins to all trophic levels of the biosphere, including pathways to human 

consumption.  

The ménage à trois of nanoparticles, environmental chemicals, and microbiota in the sea 

surface microlayer is recapitulated in all aquatic ecosystems, marine or terrestrial, where 

microbial communities (microbiomes) constitute the foundation of nutrient transfer throughout 

the biosphere. Nanoparticles as vectors of environmental chemicals also characterize rivers, 

lakes, surface runoff, seepage, and wastewater discharges, as well as terrestrial microbial 

communities in biomes ranging from tropical, boreal, and coniferous forests to arctic tundra 

and the grasslands that produce so much of the world’s food.  
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A huge residual inventory of nanosized anthropogenic ecotoxins also litter our military, 

industrial, and urban landscapes, the legacy of pyrotechnic petrochemical nuclear society 

(PPNS) and the Age of Plastics. 

Plastic microbeads, often used as abrasives, are a well known constituent of many consumer 

products. Microbeads typically range in size from 10 µm to 1000 µm [1 mm]. The U.S. 

Congress banned production of all microbeads on December 22, 2015 in a unanimous 

bipartisan vote, including those as large as 5 mm (5,000 um). This legislation provides an 

opportunity to compare the size of plastic microbeads now in our medicine cabinets, waste 

streams, and oceans with much smaller plastic nanoparticles, which should not be called 

microplastics.  

Literature on microbeads as an abrasive additive to soaps, cosmetics, and toothpastes notes an 

8 ounce bottle of skin cream may contain in excess of 4,000 microbeads. The typical diameter 

of such a microbead might be 100 µm, or 100,000 nm. If we idealize a plastic nanoparticle as 

having an exact diameter of 100 nm (such exact dimensions of plastic nanoparticles are very 

unlikely), 1,000 such nanoparticles can fit on the diameter of our soon to be illegal microbead. 

How many such nanoparticles will fit into one such circular microbead? Answer: 

1,000,000,045 (1 billion+). 

If our 8 ounce jar of ointment contains 4,000 100 µm-sized microbeads, how many 100 nm 

plastic nanoparticles can be theoretically derived from this single ±$10 investment in good 

looks at the beach? Answer: 4,000,000,180,000 (4 trillion+). 

The very smallest sized plastic nanoparticles (±20 nm in diameter) are composed of 

fragmented polymers with a wide variety of shapes. 

These include filaments, chains, cones, ribbons, and 

may also be random mixtures of amorphous or 

crystalline structures. Such a plastic nanoparticle 

fragment may take the form of a polymer spaghetti 

ball (illustrated below). All are characterized by large 

surface to mass ratios and continue to be efficient 

vectors of environmental chemicals, such as 

polychlorinated biphenyls (PCBs), a molecule of 

which is ±1 nm in size. If we analyze a plastic 

nanoparticle fragment of a 20 nm diameter size, how 

many plastic nanoparticle spaghetti loops can we set 

on our microbead diameter? The answer would be 

100,000/20 = 5,000 spaghetti loops. How many can 

theoretically fit into our 100 um microbead? Answer: 

125,014,206,159 (125 billion+). 

These huge numbers illustrate the challenges of 

locating and measuring the presence of plastic 

nanoparticles or any other nano-ecotoxins in any trophic level of the biosphere. This data 

Theoretical polymer spaghetti loop form. 

From the UC Davis ChemWiki. Creative 

Commons Attribution-Noncommercial-

Share Alike 3.0 United States License.  
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provides a hint at the large number of plastic nanoparticles that are ever-increasing 

components of the debris fields of all microbiomes.  This is the beginning of their voyage 

throughout the biosphere. Plastic nanoparticles of all sizes are ever increasing components of 

the water we drink, the air we breath, and the food we eat.  

Other possible shapes of plastic polymer fragments are illustrated below. 

 
P.S.: How many 1 nm polychlorinated biphenyl molecules can you fit in our 20 nm spaghetti ball? 

Any corrections to our math or comments welcomed: curator@davistownmuseum.org 

mailto:curator@davistownmuseum.org
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The Physics of Nanoparticles 

The dual focus of this fifth volume in the Phenomenology of Biocatastrophe series is 

the transformation of microplastic debris into plastic nanoparticles and the rapid 

increase in the intentional production of nanoparticles for industrial, medical, and 

consumer product use.  

Evaluation of the biogeochemical behavior, and thus the potential health physics impact 

of plastic nanoparticles derived from macro- and microplastic debris, is made more 

difficult by two factors:  

 Plastic nanoparticles in size ranges above 100 nm but below 1,000 nm are 

frequently referred to as “microplastics” in most scientific studies and almost all 

news media reports, thus diverting attention from the relationship between 

decreasing size and increasing toxicity. 

  The wide diversity of plastic types, the complexity of their polymer chain 

positions, and the random mixtures of plastic nanoparticles as environmental 

contaminants makes scientific analysis of polymer chemistry and behavior 

extremely difficult, including evaluation of their ability to sorb and then transfer 

environmental chemicals to air, water, particulate matter and biological media.  

As nanoparticles decrease in size, the proportionate sorbtion of environmental 

chemicals increases as the surface to mass ratio increases, even as their physical 

presence becomes increasingly difficult to document during translocation to higher 

trophic levels. Fragments of plastic polymer structures, which might be hundreds of 

nanometers in length, are particularly hard to monitor due to their small size, often ±20 

nm.  Oberdörster et al. summarizes the long-known health physics significance of 

increased surface to mass ratio with respect to nanotoxicology: “Surface molecules 

increase exponentially when particle size decreases < 100 nm, reflecting the importance 

of surface area for increased chemical and biologic activity of NSPs” [nanosized 

particles]. (Oberdörster 2005b, 825). Hett (2004) notes that nanoparticles in the 

environment, including intentionally manufactured nanoparticles, “could constitute a 

completely new class of non-biodegradable pollutants…” which are highly reactive and 

“because of their small size, could have a total surface area measuring up to 1000 

square meters per gram.” Welcome to the world of quantum physics. 

The physical characteristics of nanoparticles noted by Oberdörster and Hett applies to 

both plastic nanoparticles (PNP) and intentionally manufactured nanoparticles (IMNP) 

and illustrates why the transformation of plastic debris into plastic nanoparticles is one 

of the most unfortunate achievements of pyrotechnic petrochemical nuclear society 

(PPNS). The invisible spread of nanotoxins, including plastic nanoparticles, throughout 
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the biosphere cannot be stopped or mitigated by legislation, environmental awareness 

and activism, or UN climate change conferences.  

The end of life cycle toxicity of the many manufactured nanoparticles (MNP) which are 

or will be the legacy of the age of nanotechnology replicates the biological significance 

of plastic nanoparticles which sorb environmental ecotoxins. Of particular note is the 

potential toxicity of non-plastic carbon nanotubes, fullerenes, nanocrystal clusters, 

nanobiorods, nanowires, quantum dots and other forms of manufactured nanoparticles 

as they undergo dispersion and mass wasting at the end of their life cycles. Fullerenes, 

for example, also sorb ecotoxins and may move through the biotic environment in the 

same pathways as plastic nanoparticles. 

Fine and ultrafine airborne particles in the size range from 50 nm to 2.5 µm, often 

anthropogenic combustion products (e.g. soot), are also efficient carriers of chemical 

fallout ranging from volatile organic chemicals (VOCs) to anthropogenic radioactivity 

and methylmercury (see Appendix 21). Smog is a highly visible form of particulate air 

pollution in most of the world’s cities under certain weather conditions. Diesel exhaust 

fumes, especially nitrous oxide (NO2), are incorporated in urban smog and create a 

particularly noxious form of air pollution. Smog may also incorporate invisible airborne 

plastic nanoparticles, which have many sources, including landfills, flooding washout 

events, industrial agricultural activities, and, in fact, from human ecosystems of every 

description. These airborne particles are also a component of  the deterioration of global 

air and water quality and provide a pathway for the cycling of ecotoxins through the 

biosphere. Ecotoxins sorbed by airborne particulates are also derived from 

petrochemicals, industrial pollution, and urban wastelands and are circulated by long 

range atmospheric transport. Marine snow may provide a re-entry route into the marine 

environment for airborne plastic nanoparticles; marine aerosols are a tertiary exit route 

for plastic nanoparticles from marine environments. 

It is an unfortunate historical fact that pyrotechnic petrochemical nuclear society 

(PPNS) is now waging unrelenting chemical warfare on the biosphere. The movement 

of anthropogenic ecotoxins, especially organic chemicals, from microbiomes to the 

higher trophic levels of a biosphere in crisis is, in part, associated with invisible plastic 

nanoparticles that are now constituents of all ecosystems. 

The Environmental Protection Agency (EPA) provides a generic description of six 

categories of water contaminants that are often in our drinking water as nanoparticles 

(see below and Appendix 2). This overview provides a useful starting point for 

documenting the large number of organic (carbon-containing) chemicals that are 

moving through the hemispheric water cycle. A more detailed listing of environmental 

chemicals documented by the U.S. Center for Disease Control (CDC) in the human 
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biome is listed in Appendix 3, Chemicals in the CDC Fourth Annual Report on Human 

Exposure to Environmental Chemicals Updated Tables. The EPA listings are water 

contaminants of worldwide concern. Organic chemicals are the most ubiquitous 

biologically-significant anthropogenic ecotoxins in the EPA’s listings. They now 

permeate the hemispheric water cycle, which can now be characterized as organic 

chemical soup, with a wide variety of other ingredients. 

 
(adapted from http://water.epa.gov/drink/contaminants/#List. See Appendix 2.) 

The vast body of research cited in this volume documents the propensity of 

nanoparticles, including plastic nanoparticles, to serve as vectors of the environmental 

chemicals that are the legacy of the Age of Petrochemicals. These studies help define 

the context of the historical evolution of the Age of Biocatastrophe characterized by 

ever intensifying “chemical warfare” on the biosphere (McCauley 2015). The key to the 

future of human society in a biosphere with finite resources lies in the viability of the 

earth’s water cycle. The single greatest challenge to the future of human society is the 

ongoing but invisible contamination of all aquatic and terrestrial ecosystems with 

environmental chemicals. All microbiomes are now characterized by growing debris 

fields of anthropogenic ecotoxins and the many nanoparticles, including plastic 

nanoparticles, which are their vectors. 

The growing presence of environmental chemicals in the hemispheric water cycle is, in 

turn, only one component of a worldwide water crisis with vast environmental, social, 

and political ramifications. Ocean acidification, deforestation, desertification, aquifer 

http://water.epa.gov/drink/contaminants/#List
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contamination and depletion, urbanization, warfare, and the massive industrial impact 

of global consumer society all reflect the influence of human ecology on the viability of 

our natural ecosystems, including our finite global water cycle. Biocatastrophe is the 

result of the synergistic impact of many human activities, including pyrotechnology and 

petrochemistry, on natural ecosystems. A principle legacy of the Age of Plastics is the 

vast landscape of discarded plastic wastes that gradually evolves into microplastic litter 

and then into invisible plastic nanoparticles, many with a size range of 20 to 200 

nanometers (nm). These plastic nanoparticles are now the invisible vectors for the 

transport of ecotoxins throughout the biosphere. 
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Classes of Nanoparticles 

The following classification of nanoparticles provides a guide to the research topics 

cited in this text. While the focus of this annotated bibliography is on the transformation 

of visible microplastics into invisible nanoplastics, all world citizens have a constant 

daily interreaction with nanoparticles of every description, ranging from environmental 

chemicals to the microbial populations in all biomes.  

Nanoparticles are defined as having a size range of 1 nanometer to 1,000 nanometers (a 

nanometer being a billionth of an inch), abbreviated as nm. Nanotechnology utilizes a 

wide range of nanoparticles ranging in size from 1 nm to 100 nm. Wikipedia contains 

an extensive description of the nanoparticles used in nanotechnology, noting their size 

range is 100 nm or less. Immense quantities of plastic nanoparticles derived from the 

breakdown of microplastics are also present in all environments, many of which are 

larger than the 100 nm nanoparticles utilized in the world of nanotechnology.  

Microparticles are defined as having a size range of 1 micrometer to 1,000 micrometers, 

expressed as microns, and abbreviated as um (i.e. millionths of a meter). 1,000 µm is 

the equivalent of 1 millimeter. Particulate matter with a size range above 250 µm to 500 

µm in size can be seen by the human eye. Airborne particulates can take the form of 

naturally occurring smoke or volcanic ash but are usually complex agglomerates of 

anthropogenic combustion-derived smog, which often includes soot, water vapor, and 

associated environmental chemicals, including diesel exhaust (NO2). Combustion 

products in the form of particulate matter (PM) may also be vectors of plastic 

nanoparticles, especially in size ranges below 200 nm. It is widely acknowledged that 

airborne particles in size ranges less than 2.5 microns have the most significant health 

physics impact; the smaller their size, the greater the health hazard associated with their 

inhalation. The smallest sizes of these contaminants, ultra fine airborne particles (≤ 100 

nm), pose the greatest threat to public health. The very small sizes of the airborne toxins 

associated with ultrafine particles make it extremely difficult to evaluate their presence 

or their health physics significance. The association of fine and ultrafine particles with 

airborne chemical fallout is infrequently noted in news media commentary on air 

pollution, as in reports depicting smog in cities in China, India, and elsewhere. Also 

often not mentioned in mainstream media is the phenomena that highly visible macro 

and microplastics in oceanic gyres, for example, gradually break down into invisible 

microplastics < 250 µm and then into smaller nanoparticles < 1µm that sorb 

environmental chemicals.   

The following definitions and acronyms are used in this text to describe the various 

categories of nanoparticles. 
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Naturally occurring nanoparticles (NONP):  

 Naturally occurring nanoparticles from forest fires and volcanic ash (±1 µm) and 

colloidal particles in water, among many NONP. Ultrafine carbon NONPs have 

the same size range and solution components as anthropogenic (manmade) 

carbon ultrafine nanoparticles (ANPs) in air pollution events. 

Anthropogenic nanoparticles (ANP) and plastic nanoparticles (PNP):  

 Man-made nanoparticles (NP): nanoparticles such as ultrafine particles (UFP) 

inadvertently produced by fossil fuel combustion and other anthropogenic 

activities. The US EPA and world environmental agencies classify air pollution 

in three size ranges: 

o PM10: Particulate matter having a diameter smaller than 10 microns (10 

µm). 

o PM2.5: Particulate matter having a diameter smaller than 2.5 microns (2.5 

µm). The EPA air quality standard for PM2.5 is 15µg/m3. 

o PM0.1: Particulate matter having a diameter smaller than 0.1 microns (100 

nm).  

 Intentionally manufactured nanoparticles (IMNP): carbon nanotubes, 

fullerenes, nanocrystal clusters, nanobiorods, nanowires, quantum dots, and 

many other nanoparticles produced for consumer products and medical and 

manufacturing uses. Manufactured nanoparticles, including manufactured 

nanoplastics, are produced using specialized molecular structures that may or 

may not incorporate non-plastic materials such as carbon, kaolinite clay, and 

metals. 

 Plastic nanoparticles (PNP): derived from the breakdown of macroplastics to 

microplastics in oceanic and terrestrial environments resulting from the 

production of over two billion tons of plastic since 1950. 

Where Have All the Plastics Gone? is a question yet to be asked by a self-indulgent 

global consumer society where the mantras remain “growth” and “profit” rather than 

sustainability and survival. The invisible presence of environmental chemicals as 

nanoecotoxins, their association with PNP, and their movement throughout the 

biosphere, unlike highly visible hurricanes, droughts, and tropical rain events, is not 

often a subject of informed debate. The rapid spread of anthropogenic ecotoxins now 

permeating the hemispheric water cycle is an unfortunate historical event. This most 

important achievement of humanity in the Anthropocene is an invisible, but important, 

component of a growing world water crisis now threatening the future of humanity. 
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The Legacy of Environmental Awareness 

As a preface to the following commentary about nanotoxins and the unfolding Age of 

Biocatastrophe, a number of observations need to be made about the growing awareness 

of a biosphere in crisis that can be dated to the mid-1960s. This increasing awareness of 

the environmental issues pertaining to a biosphere under attack by human activity may 

be called the good news. The bad news is that the fundamental activity of humanity in 

the Anthropocene constitutes a massive attack on the diversity and viability of most 

natural ecosystems.  

Most environmental issues of the 1960s are now lost in the fog of anti-Vietnam War 

activism. However, there was a growing awareness of the dangers of a global network 

of nuclear power plants, which followed the widespread opposition to nuclear weapons 

testing that was ended by the US in 1963. By the late 1960s, the persistent organic 

pollutant (POP) polychlorinated biphenyl (PCB) became the subject of extensive health 

physics research, and was eventually banned from production in the US by 1972 and in 

Europe by 2001. Other POPs eventually became the focus of the Stockholm Convention 

in 2001 and were also banned (Appendix 1). Huge quantities of PCBs, as well as 

pesticides and other persistent toxic chemicals, had been in production for several 

decades. Large quantities of PCBs were widely used as coolants in electrical 

transformers, machinists’ cutting oils, and floor varnishes, and for other military, 

industrial, and consumer product uses. Many residual point sources continue to release 

this and other highly toxic chemicals to the environment.  

In the late 1960s ozone depletion caused by the high flying supersonic transport (SST 

aircraft) became a subject of concern. The first Earth Day was held in Boston in April, 

1970, and included the first die-in held at Logan Airport to protest the upcoming use of 

the SST in America. In the fall of 1970, Congress passed legislation barring its use. In 

the early 1970s, the threat of chlorofluorocarbons as another ozone depleting substance 

became the subject of widespread environmental concern. Chlorofluorocarbons were 

frequently used as coolants, to make Teflon, and in a wide variety of other applications. 

Their use and production were gradually restricted during the next 15 years. Their 

continued presence in many water supplies illustrates their status as a persistent organic 

pollutant (POP).  

Between 1970 and 2000, a robust environmental movement, including the Natural 

Resources Defense Council, the Environmental Working Group, Greenpeace, Union of 

Concerned Scientists, and many other non-government organizations (NGOs) helped 

foster an era of governmental and private research, documentation, and regulation of 

numerous environmental chemicals, many of which are referenced in this publication 

series. The Toxic Release Inventory was established in 1986 under the Emergency 
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Planning and Community Right-to-Know Act (US Environmental Protection Agency 

1997a). Of most importance was the establishment of numerous superfund sites in 1988 

as a result of the Comprehensive Responsibility and Liability Act, also known as the 

Superfund Act. The Food Quality Protection Act and the Safe Drinking Water Act 

Amendments were passed in 1996.  

The Centers for Disease Control (CDC), established in 1946, was renamed the CDC in 

1970, and began its extensive documentation of environmental chemicals including 

dioxins, the 209 cogeners of PCBs, and numerous other POPs and persistent 

bioaccumulative and toxic chemicals in human urine, serum, and blood. During and 

after the heyday of the environmental movement, numerous important legislative 

mandates have greatly curtailed sulfur dioxide (SO2), diesel and automotive exhaust 

emissions, leaded gasoline, the use of toxic organotins in marine paints and varnishes, 

and cigarette smoking in public. Most forms of PBDE fire retardants are no longer 

manufactured; phthalates, bisphenol A, and many hormone-disrupting chemicals 

(HDCs) and pharmaceuticals are the subject of continuing efforts towards restrictions 

and/or elimination.  

We now live in the Age of Income Inequality characterized by the simmering 

resentments of a large underclass of marginalized citizens. Donald Trump and Ted Cruz 

now (2016) give voice to their resentment. None the less, we may celebrate the many 

achievements of that other 1%, those ±3,000,000 concerned citizens, activists, 

scientists, and students who were and are at the core of a growing awareness of the 

many environmental crises we now face.  

Unfortunately, much more powerful economic and political forces are undercutting the 

effectiveness of the environmental movement in the US and elsewhere. Entrenched 

anti-environmental interests now range from conservative rural communities, including 

the Tea Party movement, to entrenched fossil fuel industries and diesel exhaust 

producing automobile manufacturers, such as Volkswagen. There is now widespread 

support for continuing and even increasing the use of oil, gas, and coal to fuel our 

global consumer society. Our finite and vulnerable biosphere in crisis is now the subject 

of a rising tide of political anti-environmentalism in the Obama era. A combination of 

social stress, political paralysis, indebtedness, lack of public resources, and widespread 

ignorance of industrial history, chemistry, biology, and the impact of human ecology on 

the natural world are all components of a now inevitable historical event, the genesis of 

biocatastrophe, where human ecosystems envelope and overwhelm natural ecosystems. 

Nanoparticles as vectors of environmental chemicals are an invisible component of the 

Anthropocene’s war on the biosphere.  
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We now live in an Age of Irony. Much of the terrestrial environment looks cleaner, 

especially in the US and Europe, if one ignores the smog in Paris. New restrictions are 

being implemented to restrict greenhouse gas emissions from US coal-fired power 

plants. If they survive legal challenges in the US court system, they will constitute an 

important step in implementing the Paris climate change agreement. Automotive energy 

efficiency is rapidly improving. The world of nanotechnology is introducing a vast 

array of energy saving innovations and inventions. All nations also share a growing 

public awareness of the reality of global warming, cataclysmic climate change, oceanic 

acidification and eutrophication, coral reef die-off, and fisheries depletion. This 

environmental awareness includes an often inarticulated intuitive knowledge of the 

vulnerability of our fragile world commons now under constant assault in the late 

Anthropocene. Invisible nano-molecular ecotoxins now dance and mate with plastic 

nanoparticles in all ecosystems. 

These ecotoxins, egested by our pyrotechnic petrochemical industries, constitute a 

chemical attack on the biosphere in their proliferation and long-range atmospheric 

transport. They are now a constituent of all biotic media ranging from microbial 

communities to human cord blood. Plastic nanoparticles are an invisible vector for the 

movement of these environmental chemicals in all trophic levels of the biosphere. Their 

growing presence is, unfortunately, also a phenomenon that can’t be mitigated by the 

research and activism of the one percent of environmental activists.  

Given the rapid increase in the world’s population since 1970, the accompanying 

expansion of urban and suburban landscapes, including rapidly growing urban 

wastelands, and the reality of a finite round world biosphere in crisis, the good news 

about environmental activism and governmental research and legislation during the last 

5 decades is not enough to counteract the consequences of the accelerating destruction 

of the natural ecosystems that are essential to the viability of human society in the 

coming decades and centuries. The recent conference in Paris (The 2015 United 

Nations Climate Change Conference from November 30 to December 12) clearly 

articulated the hope of all nations that radical steps to change the lifestyle of global 

consumer society will result in a last-minute avoidance of climate disaster due to 

increasing CO2 emissions.  

The invisible but very real threat of chemical fallout, including ecotoxins carried by 

unseen nanoparticles of all kinds, must now be included as a key component of a 

“changing climate.” This is unlikely despite our hope to avoid biocatastrophe. The “B-

word”, as well as the term “plastic nanoparticles”, have not yet appeared in The New 

York Times, Huffington Post, or on Wikipedia (April 1st, 2016). Perhaps plastic 

nanoparticle denial and biocatastrophe denial will join climate change denial as 

phenomena we are just imagining. We will then live happily forever. Tilapia anyone? 



 

 18 

Biocatastrophe: What is it? 

Historically speaking, many events have been the subject of intense rituals of evasion 

while they were taking place. No new stories, op-eds, or concerned citizens meetings 

occurred while the concentration camps in Germany were constructed and utilized to 

incinerate millions of Jewish citizens. So to the present age we have an elaborate ritual 

of the evasion pertaining to the fate of pyrotechnical man. It was the use of fire and fuel 

(wood, coal, oil, and gas) that created industrial society. We have documented the 

romance of the Wooden Age with its bronze, iron, and steel tools that created a 

maritime society that explored and conquered the new world. The petrochemical 

industrial state, which evolved in the 20th century utilizing coal, oil, and now, natural 

gas as its prime movers, has evolved into a global consumer society. And global is the 

key word in the ongoing rituals of evasion as to what is presently occurring in a round 

world biosphere with limited resources now under assault by the many anthropogenic 

ecotoxins produced by pyrotechnic-petrochemical-nuclear society (PPNS). The 

hemispheric water cycle provides the context for the movement of environmental 

chemicals in all trophic levels of the biosphere.  

 Collectively, 7,350 million of us live in a finite biosphere with a vulnerable global 

water cycle and a terrestrial landscape undergoing assault from every direction. If we 

traverse to a high tech National Geospatial Intelligence Agency (NGA) satellite and 

look down on the earth’s surface, we can Google 29 rapidly expanding cities with over 

10 million inhabitants and another 425 urban areas with more than 1 million 

inhabitants, soon to be joined by many more. If we look a little closer, we see the vast 

landscape of industrial activities based primarily on pyrotechnic petrochemistry, with a 

little help from nuclear reactors, which boil water to create electricity. If we Google our 

industrial landscape, including the growing multitude of huge waste landfills, we see 

that petrochemistry is the prime mover of a now globalized consumer society. We 

collectively produce at least 750 million tons of gasoline, chemicals, and plastics every 

year to help at least a few of us to live comfortably within our gated communities or 

fifty story penthouses in New York City. 750 million tons of petrochemicals are only a 

small fraction of the vast production of machinery, transportation equipment, building 

products, and consumer goods that are the constituents of our ever-growing consumer 

society. The end of use fate of the many products of military-industrial-consumer 

society involve the dispersion of tens of thousands of environmental chemicals in our 

vulnerable finite global water cycle, i.e. chemical warfare against the biosphere. Within 

this gestalt of the vast productivity of our pyrotechnic petrochemical industrial society, 

there is a particular topic of special interest, the production of plastics, that wondrous 

facilitator of the many conveniences of global consumer society. The world commons 
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now produces in excess of 300 million tons of plastics a year (2015), soon to reach a 

billion tons every three years. As these plastics are discarded and fragment into smaller 

nonbiodegradable particles, they become a prime mover of ecotoxin transport 

throughout the hemispheric water cycle, beginning in the microbiomes that are the basis 

of life on Earth.  

If we Google our aquatic, and especially our marine, ecosystems, we see that ±10% of 

our annual global production of plastics has been translocated to the marine 

environment, now manifested in highly visible oceanic gyres of metaplastics. These in 

turn degrade into mesoplastics (± 10 mm) and then to microplastics (≤ 1mm). 

Microplastics also include the ubiquitous microbeads derived from cosmetics, 

toothpaste and other consumer products. These gyres, the most famous of which is the 

great Pacific garbage patch, along with extensive shoreline deposits of plastic debris, 

have been the subject of intensive scrutiny by concerned environmental and scientific 

organizations during the last two decades (see bibliography). Unfortunately, systematic 

measurements of oceanic plastic inventories, including microplastics utilizing nets that 

capture debris as small as 380 um, have only accounted for a small percentage of the 

plastics estimated to be in the marine ecosystem. As of 2015, the total of plastics 

accidentally deposited to marine ecosystems since 1950 is at least 200 million tons. The 

question that has arisen is “where are all the plastics?” (Thompson 2004).  

Look again from our GSA satellite perch, and Google what happens to those non-

degradable synthetic consumer products whose useful lifetime varies from a few 

minutes to possibly a decade. Much less than ten percent of the total global production 

of over two billion tons of plastics have been recycled. Possibly another twenty percent 

have been disposed of in high-tech municipal waste incinerators, including waste to 

energy facilities, some of which, with the assistance of high temperature combustion, 

can eliminate most of the hazardous emissions from burning plastics and other semi-

toxic wastes. Congratulations to a half-dozen European nations who lead the world in 

recycling and the safe disposal of plastics (e.g., Germany 80%??).  

Most mega cities including New York City are not doing so well…so where do all the 

other plastics go? Massive landfills such as those in Pennsylvania and elsewhere are 

now the destination of New York City wastes. Landfills of all sizes are the repository of 

most urban and suburban waste streams, which are capped temporary repositories for 

plastics that will gradually disintegrate into small particles if not incinerated in 

inefficient dioxin producing municipal waste incinerators. Smaller landfills in every 

community join backyard dioxin emitting incinerators as another destination of plastic 

wastes. General litter is a worldwide problem, especially in third world locations, which 

often lack municipal landfills. A significant percentage of our plastic wastes (±10%) are 
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translocated, especially by rivers, from waste laden terrestrial environments to our 

marine environments.  

Take another look at the rapidly growing cities that are in our pyrotechnic landscape. So 

where have all the plastics produced by global consumer and industrial society gone? 

The answer comes in the form of an epiphany: using trolling nets with a smaller 

opening (± 63 um vs. 380 um), immense numbers of smaller plastic particles have been 

recovered in proportion to the smaller number of microplastics recovered utilizing the 

larger net size. Could much of our missing plastic – our beloved cosmetic microbeads 

and Saran Wrap – have abraded into microplastics smaller than 63 um?  

In fact, in both aquatic and terrestrial ecosystems microplastics continue to abrade and 

fracture into particles smaller than 1 um, i.e. plastic nanoparticles. Ultraviolet light 

(sunlight) plays a major role in embrittling plastics and allowing them to evolve into 

plastic nanoparticles (PNP). Not yet defined in Wikipedia (4/1/2016), plastic 

nanoplastics are invisible, difficult to measure, and continually evolve into smaller 

nanoparticles, eventually reaching a size range from 25 nm to 100 nm or smaller.  

Here we return to the phenomenon of our sacred rituals of evasion. We now have 

widening ongoing discussions about global warming, climate change, oceanic 

acidification, and marine species depletion. The recent conference in Paris expressed 

the worldwide concern about increasing CO2 emissions and their impact on climate. 

One of the inadvertent achievements of industrial society is the production of 

greenhouse gases in the form of CO2 and many other chemicals that are not so 

frequently the subject of media reporting. Global warming due to these emissions is no 

longer the subject of ritual of evasion, at least outside the world of the American Tea 

Party Taliban. But if we do a data search on components of chemical fallout, including 

POPs, the inevitable result of our pyrotechnic rituals of evasion again become apparent. 

Ocean acidification is the specific focus of ongoing research, so too glacial and sea ice 

melting, increasing sea level change and rising global and oceanic temperatures. We are 

also experiencing increasing frequencies of droughts, permafrost melting, and methane 

release. Hurricanes (Katrina, Sandy, etc.), polar vortexes, and increasingly frequent 

blizzards, are on the news and the weather channels. Tropical forest destruction is now 

estimated at 1 billion acres in the last 40 years. So why not a discussion about the 

synergism of the components of our evolving environmental debacle and a more 

informed debate on the proliferation of environmental chemicals and their transport by 

invisible nanoparticles? That climate disaster is only one component of the historical 

evolution of biocatastrophe is an ecological reality yet to be reported by our mainstream 

media. Our sacred rituals of evasion continue. 
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The presence and the ecological significance of plastic nanoparticles are also the 

subject of an ongoing ritual of evasion. What are plastic nanoparticles, sometimes 

called nanoplastics? If they are not in Wikipedia or written about in the New York 

Times, how can they exist? Herein lies the answer to two questions. One, where have 

all the plastics gone? Two, what is their ecological significance in our finite world 

commons? Microplastic debris continues to abrade, undergo photodecomposition 

(embrittlement), and disintegrate, evolving into invisible particles measured in 

nanometers (nm) or billionths of a meter – of  lesser size than those captured in that 63 

um net. As they evolve into particles less than 1 um (1 micrometer in diameter), they 

become plastic nanoparticles (less than 1000 nm), with continued transformation into 

sizes in the 25 - 100 nm range. Whether macro, micro, or nanoplastics, these particles 

have the same biopersistence; they don’t suddenly decay, and their semipermanent 

longevity makes them a long lived component of the biogeochemical cycles of marine 

and terrestrial environments. All microbiomes are now characterized by ever-growing 

debris fields of manmade ecotoxins, including plastic nanoparticles. In this size range 

they join the world of ultrafine particulate matter (≥ 100 nm), typified by smog, usually 

generated by combustion of coal, gasoline, and petrochemicals. Many other 

nanoparticles are released as deliberately manufactured nanoproducts, including 

nanoplastics, all of which reach their end-of-life-cycle use and disintegrate by abrasion 

and mass wasting in a similar manner as plastic wastes. Both deliberately and 

accidentally produced nanoparticles are characteristic of our brave new world of 

nanotechnology, the cutting edge of the ongoing inventiveness of pyrotechnic 

petrochemical man. In this context, the Age of Plastics (1950) is a precursor as well as a 

participant in the Age of Nanotechnology (2015).  

Manufactured nanoparticles (MNPs) include quantum dots, fullerenes (buckyballs or 

CO60 particles), carbon nanotubes (single walled or multi-walled), nanoboxes, 

nanoclays, nanocrystals, nanocubes, nanosquares, and nanowires, many of which 

incorporate intentionally manufactured nanoplastics (IMNP). Typical products of 

nanotechnology also include nanoarrays, nanoclusters, nanodevices, nanofillers, 

nanomachines, nanometal, nanopharmaceuticals, nanoporous membrane, nanoprobes, 

and nanosensors. These are the tools of nanotechnological industries, the use of which 

is now revolutionizing fields such as medicine (nanomedical products), personal care 

products (sunscreens, etc.), packaging, and consumer products of every description. 

Plastic nanoparticles (PNP) (±200 nm) have an important characteristic they share with 

the intentionally manufactured nanoparticles of nanotechnological industries. As noted, 

as their size becomes smaller, the ratio of their surface area to their mass increases. We 

now begin to enter the world of Quantum Mechanics. The many variations of 

manufactured nanoparticles have the capacity for what is called magical feats of 
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conductivity and reactivity. Plastic nanoparticles share some of these characteristics, the 

most notable of which is their ability to sorb environmental chemicals of every 

description; the smaller the diameter of the PNP the greater the quantity of 

environmental chemicals sorbed in proportion to weight. Invisible PNP and their 

ecotoxic contents are then incorporated in the aquatic food chain by grazing pico and 

nano zooplankton, generically referred to as marine microbes, and then are translocated 

to higher trophic levels within pelagic and benthic environments (see biosphere model 

8). The highly bioactive sea surface micro layer (≤ 1 millimeter in thickness) is an 

especially important location of the nanoplasticizing of microbial ecosystems. The 

translocation and bioaccumulation of PNP transported ecotoxins begins at this bottom 

layer of the aquatic food chain. The United Nations-associated Joint Group of Experts 

on the Scientific Aspects of Marine Environmental Protection provides this description 

of the sea surface microlayer:  

The sea surface of the ocean comprises a series of sublayers. These 

include a thin surface nanolayer (< ~1µm) containing high densities of 

particles and microorganisms; and the surface millilayer (<~10mm) 

inhabited by small animals and the eggs and larvae of fish and 

invertebrates. The sea-surface microlayer is operationally defined in this 

report as the uppermost ~1000µm (1mm) of the ocean surface. It, together 

with an overlying atmospheric layer of thickness 50-500µm, constitutes 

the boundary layer between the ocean and atmosphere…Material 

accumulated in the sea-surface microlayer is ejected into the atmosphere 

in an enriched form as part of the sea-salt aerosol produced by bursting 

bubbles. This provides a mechanism for the selective transfer of materials 

to terrestrial environments. Documented examples of such aerosol 

transport from sea-surface microlayers include bacteria, viruses, ‘red tide’ 

dinoflagellates and artificial radionuclides… High concentrations of toxic 

chemicals are also often found in the surface microlayer compared to the 

subsurface bulkwater in coastal environments. (GESAMP 1995) 

We might describe this biochemical event as a dance of quadrillions of quadrillions of 

microbes with xenobiotic substances (i.e. ecotoxins infused in or sorbed by 

nanoparticles, including plastic nanoparticles [PNPs]). The word microbes is 

insufficient to describe the trophodynamic behavior of the lowest levels of the marine 

food chain, the most dynamic component of which is ironically in the upper millimeter 

of the ocean’s surface. Autotrophic photosynthetic cynobacterium may dance with our 

xenobiotic visitors, but marriage is unlikely. In contrast, the vast array of heterotrophic 

organisms in our biogenic dance will graze on or otherwise ingest tiny PNP (50-200 

nm) and other round particles. These PNP have already married (sorbed) thousands of 
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biologically significant organic chemicals that are an invisible component of marine 

snow, that never ending stream of carbon from atmospheric deposition, which combines 

with the egested particulates in oceanic microbial ecosystems. The chemistry of carbon 

recycling by atmospheric depositions includes a huge variety of airborne anthropogenic 

chemicals, including persistent organic pollutants (POPs), such as PCBs, which were as 

noted, the subject of restriction by the Stockholm Convention. This text uses the 

metaphor of a hemisphere of organic chemicals to describe the ongoing deterioration of 

the earth’s water cycle as these and other chemicals move throughout the biosphere. 

What we have is in fact the phenomenon of PNP-Chemfall couples dancing with and 

being ingested by heterotrophic nanoflagelates, dinoflagellates, and picoplankton. 

Herein we have our unfortunate ménage à trois, an invisible historical event with vast 

repercussions for human society in the Anthropocene. As saprophytic bacterioplankton, 

grazing protozoans, ciliates, and many types of nanoplankton join our dance, they give 

rise to asexual threesomes that then translocate up the food chain. These nanobiotic 

marriages recycle anthropogenic petrochemical ecotoxins, which include HDCs and 

obesogens, to higher levels of the marine food chain. Where did all those 

polychlorinated dibenzofurans (PCDFs) in that tasty black Grouper or shipwrecked 

seals come from? The answer is the eco-technological dances and marriages of the 

nearly invisible inhabitants of our globally contaminated sea surface micro-layer, to 

name the most important of all impacted marine and terrestrial micro ecosystems. All 

microbiomes are now characterized by ever-growing debris fields of anthropogenic 

ecotoxins. Welcome to the free-enterprise age of “where have all the plastic nano 

particles gone?” 

The sea surface microlayer is not the only marine ecosystem impacted by chemical 

fallout laden plastic nanoparticles and other nanoparticles. Benthic communities such as 

coral reefs are rapidly disappearing. As of 2015 approximately 60% of all coral reefs 

have been destroyed or are severely damaged. Rising ocean temperatures and 

greenhouse gas-related acidification, the result of rapidly increasing levels of carbonic 

acid, are considered major causes of coral reef die off. Any underwater Google search 

in the form of a toxological profile of the biochemistry of benthic ecosystems would 

reveal that coral reefs are also a destination of anthropogenic chemicals that now 

number ±100,000, of which at least 10,000 are biologically significant in their 

persistent toxicity. Many others are short lived chemicals which have a health physics 

impact in terrestrial and marine ecosystems before dissipating, often within a few weeks 

or months. So too with the pelagic and benthic courting ceremonies in biotic 

communities in coral reefs and their vulnerable microbiomes. Chemicals that we can no 

longer detect, as well as the congeners, which are their daughter products, may have 

already had a biologically significant impact. The increasing acidity of the marine 
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environment from greenhouse gas emissions is only one component of coral reef die-

off. The ease of documenting increasing acidity levels helps us ignore the growing 

inventories of anthropogenic ecotoxins in coral reef communities as well as in all 

microbiomes. These environmental chemicals are then translocated to all trophic levels 

of our biosphere. 

In the coming age of nanotechnology, growing inventories of intentionally 

manufactured nanotoxins will join plastic nanoparticles in a trophodynamic dance of 

ecotoxins of every description. We hopefully presume that many of the nanotoxological 

safety issues referred to in the following annotated bibliography will be addressed as 

nanotechnology bestows its many benefits on world society. As with the end of the life 

cycle fate of our beloved plastics, the end of life fate of the nanoparticles derived from 

our plastic bumpers, tennis rackets, self-cleaning glass and dental and medical implants 

will also eventually contaminate the vulnerable biogeochemical cycles of a biosphere in 

crisis.  

We are now entering the Age of Biocatastrophe where many unfortunate events occur 

simultaneously. Our oceanic ménage à trois, as it were, of micro biota, plastic 

nanoparticles, and environmental chemicals is a tiny slice of the biocatastrophe pie 

chart.  

The National Security Agency (NSA), with the help of the General Services 

Administration (GSA) Satellite Google masters, have extensive classified inventories of 

environmental chemicals in pathways to human consumption. These include 

toxological profiles of CAFO (caged animal farm operation) products and on other 

foods of every description, including corn, milk, eggs, high fructose corn syrup, cereals, 

etc. Unclassified detailed surveys of environmental chemicals in human urine, blood, 

and serum compiled by the CDC are available to any interested citizen. While many 

governmental surveillance programs that are a legacy of the Age of Environmental 

Activism (1970-2000) will soon be curtailed or defunded in the chaos of post-Obama 

environmental politics, the databases compiled by numerous environmental 

organizations as well as federal and state programs (e.g., Maine on methylmercury or 

New York on plastic microbeads) are still accessible. Notable among continuing 

chemical fallout events which are well documented by both NGOs as well as by 

governmental entities such as the CDC include the following. See Biocatastrophe: The 

Legacy of Human Ecology (Brack 2010c). 

 Cord blood contaminants (Environmental Working Group)  

 Hormone and endocrine disrupting chemicals (Colburn 1997, 194) 

(www.ted.com) (Krimsky 2000) (Brack 2010) 

 Hydrofracking ecotoxins and impacted ground water (Nalbone 2014, 194)  

http://www.ted.com/
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 Greenhouse gas emissions (Intergovernmental Panel on Climate Change)  

 The proliferation and pathways of growth hormones (Torkelson 1988) 

 Pharmaceuticals in our wastewater discharges (US Geological Survey) 

 Methylmercury and its biomagnifications (Watras 1984) 

 Volatile organic contaminants in aqueous environments (Biodiversity Research 

Institute)  

 PBDE in biological media including seals and humans (Shaw 2002; 2003)  

 Drinking water pollutants (US Geological Survey, US Environmental Protection 

Agency)  

 Ozone depleting chemicals (Miller 2008)  

 Enough POPs and PBT surveys to fill Fenway Park  

If we return to our GSA satellite perch and Google the synergistic relationship of the 

many components of the ongoing geochemical contamination of our biosphere we see 

the basic dynamics of biocatastrophe emerging as the history of human ecology 

unfolds. Documenting the history of biocatastrophe necessitates exploring the 

interrelationship of the multitude of unfortunate events. The synergism – the 

interrelationship – of these historical events is the subject of a continuing ritual of 

evasion by a pyrotechnic global consumer society and its mass media digital 

communication systems. The toxic dance of ecotoxin laden plastic nanoparticles with 

the many biota in our marine and freshwater ecosystems is not yet a subject of informed 

public debate. That these accidental byproducts of the Age of Plastics will soon be 

joined by the end of the life cycle nanotoxic remnants of the ongoing 

Nanotechnological Industrial Revolution is another small slice of the biocatastrophe 

pie.  

A larger slice of the biocatastrophe pie is the biogeochemical cycles of the tens of 

thousands of PBT chemicals produced by pyrotechnic-petrochemical industrial society. 

Their atmospheric transport after evaporation, or riverine transport after use and 

disposal, are pathways to human consumption that have vast health physics, economic 

and social impacts. Other slices of our biocatastrophe pie, in addition to cataclysmic 

climate change and its many components, include the world water crisis and the 

dwindling resources of potable water for the world’s growing urban environments. The 

looming impact of the world’s water crisis on industrial agriculture is mirrored by the 

growing unavailability of fresh water for non-industrial agriculture, especially in the 

war torn mid-East (e.g. Syria) and sub-Sahara Africa. Political chaos, social stress, and 

civil and regional warfare follow in the footsteps of depleted water supplies, denuded 

landscapes, and the declining quality of soils.  
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We also live in a world of the growing presence of antibiotic resistant bacterial and 

viral infections, something not visible from our Google satellite perch. Growing income 

inequality and a lack of employment opportunities for over 50% of the world’s 

population, and the accompanying social stress and political paralysis are also not 

visible from our Google perch. Also hidden in the panorama of urban landscapes is a 

flourishing shadow banking network operating in the context of the world economy 

with 750 trillion dollars in debt and 250 trillion dollars in world assets. Vast profits are 

made by a tiny minority selling debt as an asset, while the supposed assets of pension 

and retirement funds are, in fact, a lucrative source of profit. The hidden costs of our 

parasitic shadow banking kleptocracy join the unacknowledged hidden costs of the Age 

of Plastics and the vast debts of unfunded pensions and collapsing infrastructure to 

constitute a threat to the future viability of global consumer society. 

While the vulnerability of a debt ridden world economy and its parasitic hedge and 

equity funds are hidden within the silicon chips of our highly profitable information 

technology economy, the soaring skyscraper penthouses in Manhattan and elsewhere 

are highly visible from our GSA Google perch. Recently the subject of a five part series 

in The New York Times (February 8-12, 2015) the kleptocrats from Malaysia, India, 

Russia, China, and elsewhere who occupy these penthouses join the ranks of several 

thousand successful shadow bankers and oil billionaires who now control many of the 

monetary assets in a debt ridden global economy. Look again at the history of 

pyrotechnic-petrochemical man as the world population reaches and then exceeds the 

limits of a finite world biosphere. Disparities in world income equality highlight an 

essential characteristic of modern society: self-indulgence. In India, ±600 million 

citizens still practice open defecation (politely called egestion) due to a lack of sanitary 

facilities. Global consumer society recapitulates this phenomenon by indulging in the 

magnificent benefits of combustion engines and the world of plastics without 

accounting for the hidden costs of petrochemistry, i. e. petrochemical egestions in the 

form of a hemispheric water cycle as an ecotoxic soup. 

Herein lies the key to success of our round world pyrotechnic-petrochemical consumer 

society. The world of plastics has been a prime mover in the successful evolution of a 

rapidly growing world consumer society based on the imposition of human ecology on 

natural ecology. Now the clock is ticking. Civil unrest and displaced populations are 

spreading. Paralysis, resentment, and anger characterize our political system. The 

growth and spread of antibiotic resistant bacteria and viruses parallel the invisible 

spread of anthropogenic chemical fallout, including ecotoxins transported by 

nanoparticles. The looming threat of cataclysmic climate change cannot be evaded. 

Resource exploitation and depletion and growing urban and suburban wastelands are 

highly visible. Most importantly, the world’s water cycle – a finite resource that cannot 
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be replaced by innovate information technology – is now being irrevocably 

contaminated by the invisible environmental chemicals produced by highly profitable 

petrochemical industries. The imposition of human ecology on the natural ecology of a 

vulnerable finite world biosphere is symbolized by the success, comforts, and profits of 

global consumer society and its world of plastic. Ask the question “where have all the 

plastics gone” and open a Pandora’s box of dancing microbes, anthropogenic 

nanoparticles, and environmental chemicals, a ménage à trois that is the bequest of 

pyrotechnic-petrochemical-nuclear society (PPNS). 

This marriage of environmental chemicals, plastic nanoparticles and manufactured 

nanoparticles, and microbiota is the progeny of what is most accurately labeled 

predatory petrochemical consumer society. We all indulge in the rituals of celebrating 

the many temporary benefits of this milieu. Few of the earth’s human inhabitants do not 

have a relationship with combustion engines, electronic equipment, such as cell phones, 

iPads, and computers, fantastic plastic, and many other accoutrements of a global 

consumer society. The values of a rapidly growing and highly productive consumer 

society are characterized by three words: growth, profit, and free enterprise. For our 

global kleptocracy and their 1%-ers and their 10%-ers, these words are their pledge of 

allegiance to a predatory system of human ecology. For the other 90% of human 

populations, who also practice open petrochemical egestion, as well as for our natural 

ecosystems, another word needs to be substituted for this anthem: survival. 



 

 28 

Overview: News Bites and Op-Eds 

The following commentary consists of editorial opinions and observations by the editor 

of this publication, by other governmental and NGO sources, or selected quotations (in 

alphabetical order) from the annotated citations included in our survey of nanoparticles 

as vectors of environmental chemicals.  

In the century 1915 to 2015 we have witnessed world and regional warfare and 

destruction, as well as industrialization and the growth of a global consumer society, all 

of which produced vast quantities of anthropogenic ecotoxins. Biocatastrophe is an 

historical event. 

The most important of many finite resources of the Earth’s biosphere is water. Without 

water, there would be no biosphere. 

The second law of thermodynamics expresses the reality that environmental chemicals, 

including organic chemicals, when released within the hemispheric water cycle, 

gradually reach equilibrium in biotic environments.  

The movement of water through all living matter—whether in microbiota or in cord 

blood in human embryos—is a part of the global water cycle now being contaminated 

by human activities, including pyrotechnology, petrochemistry and the ubiquitous use 

of pharmaceuticals by global consumer society.  

The world water crisis has a number of ecologically destructive and thus socially 

disruptive components: 

 Increasing air and water temperatures 

 The increasing intensity of rainfall and snowfall events due to global warming 

and increasing atmospheric moisture content 

 The increasing intensity of drought due to global warming  

 Declining surface water supplies due to desertification as a result of human 

activities including farming, cattle grazing, and deforestation 

 The increasing intensity and complexity of atmospheric chemical fallout due to 

anthropogenic activity. Declining worldwide terrestrial water quality is a result 

of petrochemical production, use and combustion, industrial agriculture, and the 

vast inventories of environmental chemicals produced by global consumer 

society 
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 The future threat of vast inventories of environmental chemicals that are now 

stored in waste sites, landfills, urban industrial landscapes, and residential 

households and workshops in most urban and suburban areas 

The uptake of environmental chemicals by nanoparticles including plastic nanoparticles 

is only one of many pathways of ecotoxins to human consumption.  

Black Swan Event (BSE): The mother of all Black Swan events is a severe solar storm. 

Such an event, which occurs every ±150 years, would cause a sudden drop in the 

economic and industrial activities of global consumer society, impact the viability of 

the shadow banking network, and incapacitate the everyday conveniences of the Age of 

Information Technology (computers, GPS, cell phones, etc.) Homeland security has 

recently released or declassified a series of reports depicting what could happen to our 

vulnerable network of high voltage transformers in the event of a solar storm as intense 

as the 1859 Carrington event.  Loss of electricity in impacted urban areas in the Eastern 

United States could last for 2 years or more while damaged transformers were being 

replaced. See the Solar Storms link on the home page of www.davistownmuseum.org. 

The world water crisis is not a black swan event because its many components are well 

documented, even if the growing threat of chemical fallout is often the subject of denial 

or inattention.  

Organochlorines and other organic chemicals are fat-soluble chemical compounds 

resistant to degradation, and are stored in the adipose tissue of most animals on the 

planet, including humans. Accumulation of these compounds in the body is related to 

fat mass, obese individuals having a higher plasma organochlorine concentration than 

lean subjects.   

“Polychlorinated biphenyls (PCBs) are a family of 209 congeners. Polybrominated 

diphenyl ethers (PBDEs) are another family of 209 congeners. Any significant quantity 

of PCBs or PBDEs is by default a blend of multiple molecule types because each 

molecule forms independently, and chlorine does not strongly select which site(s) it 

bonds to.” (Wikipedia 2015) 

“Nanoplastics is just one industry under the much larger umbrella of nanotechnology. 

Nanotechnology creates biochemical machinery on the nanoscale level. A nanometer 

(nano for short) is one billionth of a meter, so nanotechnology deals with molecular or 

atomic processes. At this level of life, proteins and other chemicals interact to form 

bonds and carry out processes. Nanotechnology harnesses those natural processes 

through direct manipulation to create unique configurations that can have profound 

effects on the macro scale. Nanoplastics is nanotechnology applied to plastics.” 

(http://www.wisegeek.com/what-are-nanoplastics.htm) 

http://www.davistownmuseum.org/
http://www.wisegeek.com/what-are-nanoplastics.htm
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“U.S. Geological Survey (USGS) and U.S. Environmental Protection Agency (EPA) 

scientists have shown that wastewater treatment plants are a significant source of 

pharmaceuticals and other emerging contaminants to rivers.” 

(http://toxics.usgs.gov/highlights/tracing_wastewater.html) 

A fundamental threat to the viability of industrial agriculture is the ongoing depletion of 

fresh water aquifers in the central valley of California, the American southwest and the 

central plains, as well as in any nation where surface water supplies and rainfall are 

being supplemented by aquifers. 

Off limit Googles: Some, if not most, GSA satellite Googles are classified as a matter 

of national security interests. Comprehensive aerial radiological surveys were already 

being executed before the National Imaging and Mapping Agency (NIMA) was 

established in (1994). NIMA had the capability of locating radiation sources as 

incidental as radioactive cerium 144 camping lanterns in US hardware stores. To 

establish baseline information on toxic chemicals in the biosphere for evaluation of a 

possible terrorist attack, GSA currently provides the NSA with extremely detailed 

surveys of biologically significant environmental chemicals in all surveyable 

components of the environment: atmospheric, terrestrial, and aquatic. The NSA should 

now declassify all environmental chemical databases pertaining to biotic and abiotic 

media collected by its NSA.net and compiled by its laboratories throughout the US. 

Numerous domestic and international repositories and point sources of anthropogenic 

radioactivity remain classified due to the necessity of maintaining the secrecy of 

radiological surveillance programs. RADNET: Nuclear Information on the Internet 

provides a comprehensive survey of known US and English point source and 

radioactive waste repositories, including those impacting US aquifers. 

(http://www.davistownmuseum.org/cbm/index.html) 

“The size and number of marine dead zones—areas where the deep water is so low in 

dissolved oxygen that sea creatures can’t survive—have grown explosively in the past 

half-century.” (http://earthobservatory.nasa.gov/IOTD/view.php?id=44677) 

Cyanobacteria, an important component of the microbial food web and the sea surface 

microlayer, have been documented in sea water at 100x106 cells per liter. 

“If you give tributyltin to pregnant mice, their offspring are heavier than those not 

exposed...Tributyltin is changing the metabolism of exposed animals, predisposing 

them to make more and bigger fat cells.” (Holtcamp 2012) 

Protozoans are ubiquitous single celled microscopic animals, which as grazers play a 

key role in the uptake and translocation of contaminated marine snow. 

Copper becomes a catalyst for dioxin formation when flame retardants are incinerated. 

http://toxics.usgs.gov/highlights/tracing_wastewater.html
http://www.davistownmuseum.org/cbm/index.html
http://earthobservatory.nasa.gov/IOTD/view.php?id=44677
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“Toxic equivalency factor (TEF) expresses the toxicity of dioxins, furans and PCBs in 

terms of the most toxic form of dioxin, 2,3,7,8-TCDD. The toxicity of the individual 

congeners may vary by orders of magnitude.” 

(http://en.wikipedia.org/wiki/Toxic_equivalency_factor) 

The ecotoxicity of plastic nanoparticles (PNP) is a new and emerging issue. 

8% of oil production is used in the fabrication of plastics. 

The failure of microorganisms to catabolize synthetic macromolecules is the basis for 

trophic level transfer of environmental chemicals to the human biome. 

“Older age is a well established risk factor for increased serum organochlorine 

concentrations, presumably as a consequence of cumulative exposure and temporal 

trends in exposure.” (Choi 2006) 

“Widespread occurrence of neuro-active pharmaceuticals and metabolites in 24 

Minnesota rivers and wastewaters has been documented by the Minnesota Department 

of Natural Resources.” (Writer 2013) 

CO2 is only one of thousands of chemicals in the gaseous component of the chemical 

war on the biosphere. 

“Zooplankton may play an important role in the biomagnification of pollutants up food 

webs.” (Almeda 2013b) 

“In the Great Lakes Basin sport fish consumption has been demonstrated to be an 

important source of PCB and DDE exposure.” (Anderson 2008) 

“Due to the hydrophobic nature of the micro plastics, they attract persistent organic 

pollutants, known as POPs.” (Andersson 2014) 

“Micro plastics are the perfect size (Andrady et al. 2011) to be mistaken for planktons 

and could thus enter the very foundation of the food chain, should they be able to 

migrate from the gastrointestinal area to other bodily tissues.” (Andersson 2014) 

“Through mechanical attrition, often assisted by photodegradation, plastics in the 

marine mileu may undergo very slow embrittlement and break down into 

inconspicuous, very fine detritus, which ultimately disappears from view—but not from 

the environment.” (Andrady 2003, 384) 

“There is little doubt that nanoscale particles are produced during weathering of plastics 

debris.” (Andrady 2011) 

“Nano- and picoplankton are not only the predominant group of plankton biomass but 

are also the predominant contributors to primary production. As plastic nanoparticles in 

http://en.wikipedia.org/wiki/Toxic_equivalency_factor
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the water are of a comparable size scale, understanding their mechanisms of interaction 

with the nano- or picofauna is particularly important.” (Andrady 2011) 

“PCBs were produced commercially in the United States from 1929 until 1977. 

Marketed worldwide under trade names such as Aroclor, Askarel, and Therminol, the 

annual U.S. production peaked in 1970 with a total production volume of 85 million 

pounds (39 million kg) of Aroclors.” (ATSDR 2015) 

“Bisphenol A at low environmentally relevant levels can transfer across the human 

placenta, mainly in active unconjugated form.” (Balakrishnan 2010) 

“Detection of synthetic organic compounds…occurred only in wastewater treatment-

plant effluents and at downstream sites. Concentrations ranged from nanograms per 

liter to milligrams per liter.” (Barber 2011b) 

“In municipal landfill leachates the DOC [dissolved organic carbon] is much more 

important as a transport vehicle for hydrophobic phthalate esters than the suspended 

particles present.” (Bauer 1998) 

“Nanoparticle mobility and toxicity have been shown to be a function of aggregate size, 

and generally increase as size decreases.” (Bennett 2012) 

“The use of brominated flame retardants (BFRs) has increased over the last 30 years 

with present global production about 310,000 tons year…Additive BFRs, including 

PBDEs, are mixed into plastics and foams but do not form chemical bonds. This makes 

them much more likely to leach out of goods and products.” (Besis 2012) 

“The amount of nano- and microplastic in the aquatic environment rises due to the 

industrial production of plastic and the degradation of plastic into smaller particles. 

Concerns have been raised about their incorporation into food webs. Little is known 

about the fate and effects of nanoplastic, especially for the freshwater environment.” 

(Besseling 2014). 

“Because the plastic that enters the ocean tends to fragment, it is likely to remain in the 

environment ‘for hundreds, if not thousands, of years.’” (Betts 2008a) 

“ In 2010, biocidal plastics and textiles are predicted to account for up to 15% of the 

total silver released into water in the European Union. The majority of silver released 

into wastewater is incorporated into sewage sludge and may be spread on agricultural 

fields.” (Blaser 2008) 

“Plastic particles tend to accumulate persistent, bioaccumulating and toxic 

contaminants such as PCBs, DDT and PBDEs. Microplastics have larger surface to 

volume ratios, potentially facilitating contaminant exchange and have been shown to be 

ingested by a range of organisms.” (Bowmer 2010) 
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“Dioxins are a group of chemicals that are similar in their chemical structure and their 

toxic effects on biological tissues (EPA, 2010). They are formed by the incineration of 

products containing polyvinyl chloride (PVC), polychlorinated biphenyls (PCBs) and 

other chlorinated compounds, by industrial processes that use chlorine, and by the 

combustion of diesel and gasoline.” (Breast Cancer Fund 2014) 

“Plastics debris is accumulating in the environment and is fragmenting into smaller 

pieces; as it does, the potential for ingestion by animals increases.” (Browne 2008) 

“Enhanced affinity to soot may not be limited to polycyclic aromatic hydrocarbons but 

may extend as a significant process for a wider range of hydrophobic organic 

compounds.” (Bucheli 2003) 

“Microplastics within the size range 2 – 230 µm can be ingested by and cause harm to 

an array of marine life, including zooplankton, mussels, polychaetes and crabs” 

(Cassone 2014) 

“Up to 10% of all newly produced plastics will eventually find their way to our seas 

and oceans.” (Cauwenberghe 2013a) 

“Microplastic pollution has spread throughout the world’s seas and oceans, into the 

remote and largely unknown deep sea.” (Cauwenberghe 2013b) 

“Urgent efforts are needed to make manufactured nanoparticles less reactive if there is 

any risk that they enter natural environments.” (Cedervall 2012) 

“Triclosan (TCS), a high-production-volume chemical used as a bactericide in personal 

care products, is a priority pollutant of growing concern to human and environmental 

health.” (Cherednichenko 2012) 

“To date, more than 1000 organic chemicals have been identified in groundwater 

contaminated by landfills, most of which fall into the categories: aromatic 

hydrocarbons; halogenated hydrocarbons; phenols; and pesticides.” (Christensen 2000) 

“Microplastic particles (MPPs; <5 mm), also known as microbeads, are found in skin 

cleansing soaps and are released into the environment via the sewage system…MPPs in 

the environment can sorb persistent organic pollutants (POPs) that can potentially be 

assimilated by organisms mistaking MPPs for food.” (Chua 2014) 

“At all the stations, sea-surface microlayer (SML) concentrations of the selected 

organic compounds were significantly higher than sub-surface water (SSL) values.” 

(Cincinelli 2001) 

http://www.breastcancerfund.org/clear-science/radiation-chemicals-and-breast-cancer/vinyl-chloride.html
http://www.breastcancerfund.org/clear-science/radiation-chemicals-and-breast-cancer/pcb.html
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“Contaminants contribute to the increasing prevalence of attention deficit hyperactivity 

disorder, autism, and associated neurodevelopmental and behavioral problems in 

developed countries.” (Colborn 2004) 

“The outmoded ‘Maximum Tolerated Dose’ or the U.S. Agency for Toxic Substances 

and Disease Registry’s (ATSDR’s) Minimum Risk Levels (MRLs) are based on crude, 

traditional toxicological protocols and endpoints that have almost completely missed 

low-dose, endocrine system-mediated effects.” (Colborn 2007) 

“Perpetual fragmentation of plastic litter, coupled with the increasing popularity of 

household products containing microscopic plastic exfoliates suggests marine plastic 

debris is becoming, on average, smaller over time.” (Cole 2013) 

“Leachate from municipal landfills can create groundwater contaminant plumes that 

may last for decades to centuries…Of greater concern are the closed landfills in the 

United States, estimated at more than 90,000 two decades ago. These closed landfills 

are typically unlined so that exposure of buried waste to precipitation and groundwater 

seepage is expected to create leachate plumes containing complex mixtures of organic 

and inorganic contaminants.” (Cozzarelli 2011) 

“The average size of plastic particles in global environments seems to be decreasing, 

while abundance of such particles is increasing due to continuous fragmentation.” 

(Doyle 2011) 

“Microplastics are shed from all plastic-coated paper products during composting.” 

(Ecocycle 2011) 

“Plastic debris also acts as a sink for toxic chemicals. Plastic sorbs persistent, 

bioaccumulative, and toxic substances (PBTs), such as polychlorinated biphenyls 

(PCBs) and dioxins, from the water or sediment. These PBTs may desorb when the 

plastic is ingested by any of a variety of marine species.” (Engler 2012) 

“Plastic debris appears to act as a vector transferring PBTs from the water to the food 

web, increasing risk throughout the marine food web, including humans.” (Engler 

2012) 

“BPA is at unsafe levels in one of every 10 servings of canned foods (11%) and one of 

every 3 cans of infant formula (33%).” (Environmental Working Group 2007) 

 “Gas exchange seems to be the main input mechanism of organochlorine compounds 

from the atmosphere to terrestrial and aquatic systems.” (Fernández 2003)
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Flat world digital technology is derived from round world petrochemistry. 

“Chemicals implicated in endocrine disruption include biocides, industrial compounds, 

surfactants, and plasticizers including bisphenol A (BPA)…Global consumption of 

BPA in 2011 was predicted to exceed 5.5 million metric tons.” (Flint 2012) 

“Humanity has recognized that our own climb up the ladder of technological 

sophistication comes with a heavy price. From climate change to resource depletion, 

our evolution into a globe-spanning industrial culture is forcing us through the narrow 

bottleneck of a sustainability crisis.” (Frank 2015) 

“Engineered nanoparticles (ENPs) may… find their way into the soil environment via 

wastewater, dumpsters and other anthropogenic sources.” (Frenc 2013) 

“Very high concentrations of BPA and phthalates were confirmed in waste dump water 

and compost water samples as well as in the liquid manure samples.” (Fromme 2002) 

“The scientific basis for the cytotoxicity and genotoxicity of most manufactured 

nanomaterials are not understood.” (Fu 2014) 

“Inhaled 100nm particles can negotiate the lung barrier within 60 seconds, then show 

up in the liver and other internal organs within an hour.” (Gatti 2008) 

“Substantial PBDE burdens may be incurred by insects in contact with current-use and 

derelict treated polymers within human spaces and solid waste disposal sites (e.g. 

landfills, automotive dumps, etc.).” (Gaylor 2012) 

“Continuous input of pharmaceuticals into rivers, through wastewater treatment 

systems, may cause adverse effects on the aquatic ecosystems of the receiving 

waterbodies, due to the intrinsic biological activity of these compounds.” (Ginebreda 

2009) 

“PBDEs, like other POPs, can cross the placenta barrier…The presence of PBDEs in 

cord blood and placenta samples indicates that there is prenatal exposure of PBDEs, 

which could continue after birth via breast milk.” (Gomara 2007) 

“Environmental endocrine disruptors (EEDs) are exogenous chemicals that mimic 

endogenous hormones such as estrogens.” (Gorelick 2014) 

“A potential cause of concern…is the influence that microplastic may have on 

enhancing the transport and bioavailability of persistent, bioaccumulative, and toxic 

substances (PBT).” (Gouin 2011) 

“Susceptibility to nanometal toxicity differed among species, with filter-feeding 

invertebrates being markedly more susceptible to nanometal exposure compared with 

larger organisms (i.e., zebrafish).” (Griffit 2008) 
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“The modern world is plagued with expanding epidemics of diseases related to 

metabolic dysfunction…[including] obesity, diabetes, cardiovascular disease, 

hypertension, and dyslipidemias (collectively termed metabolic syndrome)…The 

environmental obesogen hypothesis proposes that exposure to a toxic chemical burden 

is superimposed on these conditions to initiate or exacerbate the development of obesity 

and its associated health consequences.” (Grün 2007) 

“Tens of thousands of organic chemicals are currently in use, however [sewer]sludge 

concentration data could only be found for 516 organic chemicals in the peer reviewed 

literature and official government reports.” (Harrison 2006) 

“Particles in the nanometer range have two particular properties. First, anything smaller 

than about 50 nm is no longer subject to the laws of classical physics, but of quantum 

physics… Second, with decreasing size, the ratio between mass and surface area 

changes… As size decreases and reactivity increases, harmful effects may be 

intensified, and normally harmless substances may assume hazardous characteristics.” 

(Hett 2004) 

Nanoparticles in the environment “could constitute a completely new class of non-

biodegradable pollutants… [They are] highly reactive nanoparticles which, because of 

their small size, can have a total surface area measuring up to 1,000 square meters per 

gram.” (Hett 2004) 

“Absorption [by nanoplastic particles] may be 15-250 times higher than that of 

microplastic particles.” (Hollman 2013) 

“Microplastics may concentrate contaminants such as PCBs up to 106 fold.” (Hollman 

2013) 

“Obesity is rising steadily around the world. Convincing evidence suggests that diet and 

activity level are not the only factors in this trend—chemical ‘obesogens’ may alter 

human metabolism and predispose some people to gain weight. Fetal and early-life 

exposures to certain obesogens may alter some individuals’ metabolism and fat-cell 

makeup for life. Other obesogenic effects are linked to adulthood exposures.” 

(Holtcamp 2012) 

“Nanotechnology is expected to soon pervade, and often revolutionize, virtually every 

sector of industrial activity, from electronics to warfare, from medicine to agriculture, 

from the energy we use to drive our cars and light our homes to the water we drink and 

the food we eat…There are inherent risks as well. What will happen when 

nanomaterials and nanoparticles get into our soil, water, and air, as they most assuredly 

will, whether deliberately or accidentally? …What will happen when they inevitably 
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get into our bodies, whether through environmental exposures or targeted 

applications?” (Hood 2004) 

“By 2020 nanoplastics will be by far the largest section of the nanomaterial market.” 

(Intertech-Pira 2006) 

“POPs are lipophilic compounds and accumulate in the fatty tissue of living 

organisms…Fish oil produced from pelagic fish and their by-products is used as 

polyunsaturated ω-3 fatty acid source in compounded feeds. High inclusion levels make 

it the main POP contributor in Atlantic salmon feed.” (Jensen 2011) 

“POPs are typically ‘water-hating’ and ‘fat-loving’ chemicals, i.e. hydrophobic and 

lipophilic. In aquatic systems and soils they partition strongly to solids, notably organic 

matter, avoiding the aqueous phase…Volatilisation now exceeds deposition, i.e. the 

water bodies now act as sources to atmosphere, rather than as sinks.” (Jones 1999) 

“Toxic substances such as dioxins, mycotoxins, heavy metals, pesticides, veterinary 

drugs and polycyclic aromatic hydrocarbons are almost ubiquitous in the environment. 

Thus, they are also present in ingredients for animal feed.” (Kan 2007) 

“The incidence rates for breast and prostate cancers in the United States have 

progressively risen since 1975. This trend has been attributed to multiple factors 

including increased exposure to endocrine disrupting agents.” (Keri 2007) 

“Ultrafine particles…are unintended particles originating often from combustion 

processes of diverse sources …ultrafine ambient particles are often composed of a 

multitude of compounds, which may be structured in a highly complex 

manner…Particles in the nanometer size range have two particular properties: (a) 

anything smaller than about 50 nm is no longer subject to laws of classical physics but 

of quantum physics. (b) Surface to mass ratio increases with decreasing size.” (Kreyling 

2006) 

“The plastic input via the Danube into the Black Sea was estimated to 4.2 t per day.” 

(Lechner 2014) 

“Browne et al. (2011) report that in excess of 1900 microplastic fibres from clothing 

can be released into domestic wastewater by laundering a single garment in a domestic 

washing machine.” (Leslie 2011) 

“The abiotic and biotic degradation rates of synthetic polymers are extremely low - the 

material is expected to persist for hundreds to thousands of years, even longer in deep 

sea and polar environments.” (Leslie 2011) 

“Stretch film…may make a significant contribution to contamination of foodstuffs by 

BPA.” (Lopez-Cervantes 2003) 
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“Initiatives to improve food security through increases in fish consumption in the 

region may be compromised from bioaccumulation of toxins in coastal and oceanic 

fishes.” (Markic 2014) 

“A total of 129 out of 202 CECs [contaminants of emerging concern] were detected [in 

fresh leachate from landfills in the conterminous United States ] during this study, 

including 62 prescription pharmaceuticals, 23 industrial chemicals, 18 nonprescription 

pharmaceuticals, 16 household chemicals, 6 steroid hormones, and 4 plant/animal 

sterols.” (Masoner 2014) 

“Plastic resin pellets (small granules 0.1−0.5 centimeters in diameter) are widely 

distributed in the ocean all over the world. They are an industrial raw material for the 

plastic industry and are unintentionally released to the environment both during 

manufacturing and transport.” (Mato 2001) 

“Significant knowledge gaps exist in all areas of nanotech risk assessment… About a 

third of the hundreds of nanotechnology-related consumer products now on the market 

are intended to be ingested, or applied to the skin… Are buckyballs (C60) in cosmetics 

harmful? What are the risks in releasing nano-silver into the environment? Do 

nanomaterials in foods and food packaging present a risk? Will exposure to engineered 

nanomaterials lead to ill health? What happens to engineered nanomaterials at the end 

of a nano-product’s life?” (Maynard 2006b) 

“PBDE, BPA, and other EDCs exposure have been implicated as contributing to 

obesity in both humans and model animals, possibly by interfering with estrogen and 

androgen signaling…Weight gain is associated with several commonly used 

medications, including psychotropic medications, antidiabetics, antihypertensives, 

steroid hormones and contraceptives, antihistamines, and protease inhibitors.” 

(McAllister 2009) 

“An unimpeded transition toward an era of global chemical warfare on marine eco-

systems (e.g., ocean acidification, anoxia) may retard or arrest the intrinsic capacity of 

marine fauna to bounce back from defaunation” (McCauley 2015) 

“Urban rivers are an overlooked and potentially significant component of the global 

microplastic life cycle.” (McCormick 2014) 

“The obesogen hypothesis…postulates that pre- and perinatal chemical exposure can 

contribute to risk of childhood and adolescent obesity…Organochlorine chemicals as 

well as several classes of chemicals that are PPAR [Peroxisome proliferator-activated 

receptors] agonists are identified as possible risk factors for obesity.” (la Merrill 2011) 

“Mercury in fillets of shortnose sturgeon from the Penobscot and Kennebec (mean 0.49 

parts per‐million, ppm; range: 0.19 to 1.00 ppm wet weight) were elevated compared to 
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freshwater regional and national fish tissue biomonitoring programs…A suggested 

tissue threshold-effect concentration for mercury in whole‐body fish is 0.20 ppm and 

the Maine Fish Tissue Action Level for consumption is also 0.20 ppm. Both Atlantic 

sturgeon and one shortnose sturgeon fillets were essentially at the mercury tissue 

threshold effect concentration and state Action Level. Eight shortnose sturgeon fillets 

exceeded the whole‐body effect threshold concentration and Maine Action Level.” 

(Mierzykowski 2012) 

“Manufactured nanoparticles, nano-emulsions and nano-capsules are now found in 

agricultural chemicals, processed foods, food packaging and food contact materials 

including food storage containers, cutlery and chopping boards.” (Miller 2004) 

“The surface properties and very small size of nanoparticles and nanotubes provide 

surfaces that may bind and transport toxic chemical pollutants, as well as possibly being 

toxic in their own right by generating reactive radicals.” (Moore 2006) 

“The list of chemicals measured represents only a small fraction of the approximately 

30,000 chemicals widely used in commerce (>1 t/y). The vast majority of existing and 

new chemical substances in commerce are not monitored in environmental media.” 

(Muir 2006) 

“Food contact materials are a major source of food contaminants. Many migrating 

compounds, possibly with endocrine disruptive properties, remain unidentified.” 

(Munke 2009) 

“Comprehensive testing by the Environmental Working Group (EWG) reveals a 

surprising array of chemical contaminants in every bottled water brand analyzed…Our 

tests strongly indicate that the purity of bottled water cannot be trusted.” (Naidenko 

2008) 

“In our waters, microbeads persist for decades, acting as sponges for toxic chemical 

pollutants. Mistaken for food by aquatic organisms, microbeads serve as a pathway for 

pollutants to enter the food chain and contaminate the fish and wildlife we eat…Plastic 

debris accumulates pollutants such as PCBs up to 100,000 to 1,000,000 times the levels 

found in seawater.” (Nalbone 2014). 

“New nanotechnology consumer products emerge at a rate of three to four per 

week…New emerging nanotechnology applications will affect nearly every type of 

manufactured product through the middle of the next decade, becoming incorporated 

into 15% of global manufacturing output, totaling $2.6 trillion in 2014.” (National 

Institute for Occupational Safety and Health 2009) 

“Annual production of plastics topped 265 million tons in 2010 with an expected 40% 

increase in consumption per capita worldwide by 2015…It has been estimated that 10% 
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of globally produced plastics in 1997 ended up as plastic oceanic waste. If these 

estimates are correct and these trends continue, an estimated 38 million tons of debris 

will enter the marine environment in 2015 alone… Policies to reduce the amount of 

plastics entering consumer and manufacturing markets are currently unlikely to gain 

traction.” (National Oceanic and Atmospheric Administratin Marine Debris Program 

2014) 

“~75-80% of the tracked increase in autism since 1988 is due to an actual increase in 

the disorder rather than to changing diagnostic criteria…Among the suspected toxins 

surveyed, polybrominated diphenyl ethers, aluminum adjuvants, and the herbicide 

glyphosate have increasing trends that correlate positively to the rise in autism.” 

(Nevison 2014) 

“Obesity is quickly becoming a significant human health crisis because it is reaching 

epidemic proportions worldwide…The obesity epidemic coincided with the marked 

increase in use of industrial chemicals in the environment over the past 40 years.” 

(Newbold 2008) 

Data “support an association of endocrine disrupting chemicals, such as 

diethylstilbestrol, bisphenol A, phytoestrogens, phthalates, and organotins, with the 

development of obesity.” (Newbold 2010) 

“There is a considerably higher amount of small plastic particles when using an 80µm 

mesh to concentrate the water samples. Up to 100,000 times higher concentrations of 

small plastic fibers was retained on a 80µm mesh compared to a 450µm mesh.” (Norén 

2008) 

Obesity levels for adults in the United States was 33.9% to 35.6% in 2013, the highest 

in the world. (OECD 2014) 

“Most plasticizers appear to act by interfering with the functioning of various hormone 

systems, but some phthalates have wider pathways of disruption.” (Oehlmann 2009) 

“Biological behaviour of NPs and their effects on living organisms can become totally 

different when particle size decreases.” (Ostiguy 2008) 

“Fish and consequently fishmeal and fish oil has been identified as one of the most 

important contributors to the level of dioxins and DL-PCBs in food and feed products.” 

(Oterhals 2011) 

“It has been concluded that humans are exposed to toxic compounds via diet in a much 

higher degree compared to other exposure routes such as inhalation and dermal 

exposure…All US government pesticides datasets showed that persistent OCP 

[Organochlorine pesticide] residues were surprisingly common in certain foods despite 
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being off the market for over 30 years… About one quarter of samples of organically 

labelled fresh produce contained pesticides residues, compared with about three 

quarters of conventional samples.” (Panseri 2013) 

“During body weight loss, lipid mobilization and a decrease in fat mass result in 

increased concentrations of organochlorines in plasma and adipose tissue.” (Pelletier 

2003) 

“Carbon nanotubes have distinctive characteristics, but their needle-like fibre shape has 

been compared to asbestos, raising concerns that widespread use of carbon nanotubes 

may lead to mesothelioma, cancer of the lining of the lungs caused by exposure to 

asbestos.” (Poland 2008) 

“Airborne particles are covered with various contaminants, and have been found to 

penetrate the subcellular environment and induce oxidative stress and mitochondrial 

damage in vitro.” (Raz 2014) 

“The deep-water Oculina coral reef ecosystem is unique and exists solely off the east 

coast of central Florida…Submersible and ROV surveys conducted from 2001 to 2006 

suggest that much of the Oculina habitat has been reduced to rubble by bottom trawling 

which unfortunately is a trend for deep-water reefs worldwide.” (Reed 2007) 

“Feeding on plastic biofilm is not restricted to zooplankton, and possibly occurs with 

rafting organisms such as amphipods, gastropods, and chitons, which are known to 

associate with floating debris such as plastics.” (Reisser 2014a) 

“Terrestrial landmasses are conspicuously empty on maps of global microplastic 

distribution: they have simply not been studied…Very small particles or fibers could be 

spread further by becoming air-borne (for example from landfills, or other surface 

deposits) and then enter terrestrial systems and the soil through atmospheric 

deposition.” (Rillig 2012) 

“Plastics are primarily synthetic organic polymers derived from petroleum. When 

exposed to UV radiation in sunlight, these polymers break into smaller and smaller 

pieces, but they are still present as plastic, and they are not biodegradable in any 

practical human scale of time.” (Rios 2007) 

“E-waste comprises discarded electronic appliances, of which computers and mobile 

telephones are disproportionately abundant because of their short lifespan…Most E-

waste[is] being produced in Europe, the United States and Australia. China, Eastern 

Europe and Latin America will become major E-waste producers in the next ten 

years… Burning E-waste may generate dioxins, furans, polycyclic aromatic 

hydrocarbons (PAHs), polyhalogenated aromatic hydrocarbons (PHAHs), and hydrogen 
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chloride…In 2006, the world’s production of E-waste was estimated at 20–50 million 

tonnes per year.” (Robinson 2009) 

“Small plastic particles are hazardous and in addition they sorb hazardous chemicals. 

Thus, aquatic plastic debris is unique to other materials that accumulate priority 

pollutants, like sediments and algae, because of the combination of plastic with sorbed 

chemicals. This ‘Cocktail of contaminants’ may cause effects beyond those caused 

from each contaminant alone.” (Rochman 2013a) 

“Largely because of a rapidly growing reliance on fossil fuels and industrialized forms 

of agriculture, human activities have reached a level that could damage the systems that 

keep Earth in the desirable Holocene state…We have found nine such processes for 

which we believe it is necessary to define planetary boundaries: climate change; rate of 

biodiversity loss (terrestrial and marine); interference with the nitrogen and phosphorus 

cycles; stratospheric ozone depletion; ocean acidification; global fresh water use; 

change in land use; chemical pollution; and atmospheric aerosol loading.” (Rockström 

2009a) 

119,557 commercial chemicals, including pesticides, biocides, and pharmaceuticals 

were evaluated as persistent (P), bioaccumulative (B), or very bioaccumulative (VB), 

and as persistent organic pollutants (POPs) in this detailed survey. Of these chemicals, 

the report indicates 64,721 chemicals were “substances for which P- and B-score score 

could be calculated.” (Rorije 2011) 

“Bacteria and their consumers are generally important components of energy flow and 

nutrient cycling in a wide variety of aquatic ecosystems…heterotrophic nanoplanktonic 

protists (2 to 20 µm microorganisms, primarily flagellated protozoa) have been 

implicated as the major grazers of bacteria in most pelagic freshwater and marine 

communities.” (Sanders 1992) 

“We ranked 2986 different pharmaceutical compounds in 51 classes relative to hazard 

toward algae, daphnids, and fish…Modifying additives were the most toxic classes. 

Cardiovascular, gastrointestinal, antiviral, anxiolytic sedatives, hypnotics and 

antipsychotics, corticosteroid, and thyroid pharmaceuticals were the predicted most 

hazardous therapeutic classes.” (Sanderson 2004) 

“The soot when generated [from burning waste plastics] is accompanied with volatile 

organic compounds (VOCs), semi-VOCs, smoke (particulate matter), particulate bound 

heavy metals, polycyclic aromatic hydrocarbons (PAHs), polychlorinated 

dibenzofurans (PCDFs) and dioxins and has the ability to travel thousands of 

kilometers.” (Saskatchewan Ministry of Environment 2012) 
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“Rorije et al. (2011) identified, in a set of 65,000 industrial chemicals, pharmaceuticals, 

pesticides and biocides, almost 2,000 substances that may fulfill the persistence and 

bioaccumulation criteria of the Stockholm Convention…Similarly, Strempel et al. 

(2012) identified 3,000 to 5,000 potential PBT chemicals in a set of 95,000 industrial 

chemicals…Our database of 93,144 substances does not contain all relevant types of 

chemicals.” (Scheringer 2012) 

“Ingestion of soil particles from environmentally contaminated areas may contribute to 

elevated dioxin levels in free-range chicken eggs.” (Schoeters 2006) 

“Antidepressant pharmaceuticals are widely prescribed in the United States; release of 

municipal wastewater effluent is a primary route introducing them to aquatic 

environments, where little is known about their distribution and fate.” (Schultz 2010) 

“Some eight million metric tons of plastic waste makes its way into the world’s oceans 

each year, and the amount of the debris is likely to increase greatly over the next 

decade.” (Schwartz 2015) 

“Reproductive disorders of newborn (cryptorchidism, hypospadias) and young adult 

males (low sperm counts, testicular germ cell cancer) are common and/or increasing in 

incidence…It has been hypothesized that these disorders may comprise a testicular 

dysgenesis syndrome (TDS) with a common origin in fetal life.” (Sharpe 2008) 

“PCBs, dioxins, and mercury (Hg) are prevalent in Maine’s marine environment and 

are of concern because of their documented immune and endocrine-disrupting potential 

in seals, other marine wildlife, and humans.” (Shaw 2002) 

“Brominated flame retardants, especially the polybrominated diphenyl ethers (PBDEs), 

are ubiquitous persistent organic pollutants (POPs) that biomagnify and are associated 

with endocrine-disrupting and neurodevelopmental effects in rodent studies…Concern 

has increased about human health risks in tandem with evidence of rising PBDE 

concentrations in human breast milk, particularly in the United States.” (Shaw 2005a) 

“Recent studies have shown that concentrations of PCBs, dioxins, and other persistent 

organic pollutants (POPs) can be significantly higher in farm-raised salmon than in wild 

salmon.” (Shaw 2005b) 

“PCBs, DDTs, and CHLs were the major persistent organochlorines in harbor seal 

blubber…DDT and PCB concentrations have declined from the high levels reported in 

the early 1970s, but no declines were observed in our samples over the ten-year period 

1991–2001.” (Shaw 2005c) 

“HBCD [Hexabromocyclododecane] was detected in 87% of the fish samples at 

concentrations ranging from 2.4 to 38.1 ng/g, lw (overall mean 17.2±10.2 ng/g, lw) 
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…Biomagnification factors (BMFs) from fish to seals averaged from 17 to 76, 

indicating that tetra- to hexa-BDEs are highly biomagnified in this marine foodweb.” 

(Shaw 2009b) 

“U.S. and EU regulatory bodies have concluded that nanoparticles—especially those 

smaller than 30 nm—have the potential to pose an entirely new health risk and that it is 

necessary to carry out an extensive analysis of such risk.” (Sherman 2012) 

“Just one computer can contain hundreds of chemicals, including lead, mercury, 

cadmium, brominated flame retardants (BFRs) and polyvinyl chloride (PVC).” (Silicon 

Valley Toxics Coalition 2015) 

“Exposure to phthalates in the United States is widespread. We found measurable 

concentrations of MEP, MBP, and MBzP in > 97% of the samples tested.” (Silva 2004) 

“Many of the engineered nanomaterials assessed were found to cause genotoxic 

responses, such as chromosomal fragmentation, DNA strand breakages, point 

mutations, oxidative DNA adducts and alterations in gene expression profiles.” (Sing 

2009) 

“Fetal exposure to environmental oestrogens may play a role in the increased incidence 

of breast cancer… There is widespread human exposure to bisphenol A, an oestrogenic 

compound that leaches from dental materials and consumer products.” (Soto 2008) 

“Aside from plastic which has been incinerated, some scientists believe it is plausible 

that all the plastic ever created since its invention in the late 1940s still exists on the 

planet, either buried in landfills, buried on shorelines, floating in the ocean, or on the 

ocean floor.” (Stevenson 2011) 

“Certain chemicals leached from plastic may have contributed to the huge die-off of 

American lobster in western Long Island Sound in the last decade. Researchers found 

that lobsters in the western Long Island Sound, the south shore of Massachusetts and 

Cape Cod Bay are contaminated with alkyphenols, used commonly in plastic and 

rubber manufacturing.” (Stevenson 2011) 

“Mercury intake from food is .03-1.5 ug/kg body weight/week. The food with the 

largest amount of methyl mercury is fish and seafood products, and methyl mercury is 

absorbed 95-100% from the intestinal tract.” (Takagi 2013) 

“Components used in plastics, such as phthalates, bisphenol A (BPA), polybrominated 

diphenyl ethers (PBDE) and tetrabromobisphenol A (TBBPA), are detected in 

humans…BPA is one of the highest production volume chemicals in commerce, with 

over 6 billion pounds produced in 2003.” (Talsness 2009) 
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“TBBPA is the classical halogenated flame retardant chemically bonded to epoxy and 

polycarbonate resins. It is present in printed circuit boards and casings used in personal 

computers, printers, fax machines and copiers.” (Talsness 2009) 

“Model calculations and experimental observations consistently show that polyethylene 

accumulates more organic contaminants than other plastics.” (Teuten 2009) 

“Around 4 percent of the world oil production is used as a feedstock to make plastics 

and a similar amount is used as energy in the process. Yet over a third of current 

production is used to make items of packaging, which are then rapidly discarded…this 

linear use of hydrocarbons, via packaging and other short-lived applications of plastic, 

is simply not sustainable.” (Thompson 2009a) 

“Plastic items fragment in the environment because of exposure to UV light and 

abrasion, such that smaller and smaller particles form…but the resulting material does 

not necessarily biodegrade…Microplastics have a relatively large surface area to 

volume ratio and are therefore have greater capacity to facilitate the transport of 

contaminants…but due to limitations in analytical methods, the abundance of smaller 

fragments is unknown.” (Thompson 2013) 

“Po-210 is relatively long-lived fallout from the decay of radon in…uranium-

contaminated calcium phosphate fertilizer used on tobacco fields…Uranium has a very 

long half-life and will accumulate in the soil with repeated applications of fertilizer. As 

a result, modern cigarettes may contain higher levels of Po-210 than those measured 40 

years ago.” (Tidd 2008) 

“Relatively high concentrations of PCBs, CHLs, HCHs, and HCB were also observed 

in [skipjack tuna] samples collected from some locations in the middle of the Pacific 

Ocean, indicating the expansion of OC contamination on a global scale.” (Ueno 2003) 

“Dioxins are produced primarily during the incineration or burning of waste; the 

bleaching processes used in pulp and paper mills; and the chemical syntheses of 

trichlorophenoxyacetic acid, hexachlorophene, vinyl chloride, trichlorophenol, and 

pentachlorophenol.” (US CDC 2009) 

“Ground water responds more slowly than stream water to changes in pesticide use. A 

persistent pesticide or degradate can remain in ground water long after its use is 

discontinued because of the slow rates of ground-water flow and the resulting long 

residence time of water and pesticides in ground-water flow systems.” (US Geological 

Survey 2006) 

“There appears to be a considerable proportion of the manufactured plastic that is 

unaccounted for in surveys tracking the fate of environmental plastics.” (Woodall 2015) 
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“Certain polychlorinated biphenyls, organochlorine pesticides, PFCs, phenols, PBDEs, 

phthalates, polycyclic aromatic hydrocarbons, and perchlorate were detected in 99–

100% of pregnant women.” (Woodruff 2011) 

“Embryonic exposure to certain marine toxins or toxicants alters epigenetic 

programming, leading to long-term effects on gene expression in adult tissues and 

ultimately contributing to altered neurobehavioral function in adults.” (Woods Hole 

Oceanographic Institution 2014) 

The progeny of pyrotechnic-petrochemical-nuclear technology is a global consumer 

society that wages chemical warfare on the biosphere. “Microplastics are liable to 

concentrate hydrophobic persistent organic pollutants (POPs), which have a greater 

affinity for the hydrophobic surface of plastic compared to seawater. Due to their large 

surface area to volume ratio, microplastics can become heavily contaminated up to six 

orders of magnitude greater than ambient seawater with waterborne POPs.” (Wright 

2013) 

“Some commercially important fish and their larvae are visual predators, preying on 

small zooplankton, and may feed on microplastics which most resemble their prey i.e. 

white, tan and yellow plastic… Microplastic ingestion due to food resemblance may 

also be applicable to pelagic invertebrates, which are visual raptorial predators.” 

(Wright 2013) 

“As plastic continues to fragment, the potential for it to accumulate within the 

circulatory fluid and phagocytic cells of an organism is likely to increase, as the smaller 

the microplastics, the greater the abundance available for translocation.” (Wright 2013) 

“The widespread occurrence of neuro-active pharmaceuticals and metabolites in 

Minnesota effluents and surface waters indicate that this is likely a global 

environmental issue.” (Writer 2013) 

“Due to its unique chemical composition, the upper organic film of the SML [Sea 

surface microlayer] represents both a sink and a source for a range of pollutants 

including chlorinated hydrocarbons, organotin compounds, petroleum hydrocarbons, 

polycyclic aromatic hydrocarbons (PAH) and heavy metals…These pollutants can be 

enriched in the SML by up to 500 times relative to concentrations occurring in the 

underlying bulk water column…The SML is also a unique ecosystem, serving as an 

important habitat for fish eggs and larvae…Due to its unique chemical composition––in 

particular, its high content of lipids, fatty acids and protein…the SML plays an 

important role in the fate of persistent organic pollutants (POPs) in aqueous 

ecosystems…Sources of SML contaminants in the marine environment can be mainly 

attributed to terrestrially derived wastewater discharges, agricultural and industrial run-
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off, atmospheric deposition of combustion residues, and shipping activities.” (Wurl 

2004) 

“Hazardous materials that are released as the result of a technologic malfunction 

precipitated by a natural event are referred to as natural-technologic or na-tech 

events…Disaster-associated hazardous material releases are of concern, given increases 

in population density and accelerating industrial development in areas subject to natural 

disasters. These trends increase the probability of catastrophic future disasters and the 

potential for mass human exposure to hazardous materials released during disasters.” 

(Young 2004) 

The imposition of human ecology on natural ecology has resulted in a biosphere in 

crisis. The number of self-sustaining ecologically integrated human communities are 

now declining rapidly in a world of social and political turmoil, declining economic 

opportunities, infrastructure collapse, mass migration and refugee flight.  
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Urban Areas as Reservoirs of Environmental Chemicals 

If we return to our GSA satellite perch and take another look at our 454 urban areas 

with over 1 million inhabitants, we observe many of these urban areas are shrouded in 

vast clouds of effluents derived 

from industrial activities and 

transportation networks, 

especially diesel trucks and the 

ubiquitous automobile. Urban 

environments are the subject of 

widespread monitoring with 

respect to air pollution 

particulate size (PM), the 

reporting units for which range 

from PM10 (10 µm) to ultrafine 

PM0.1 (±100 nm). As noted, 

associated sorbed chemicals are 

not often mentioned in media 

reports on smog pollution 

events, which are growing in 

duration and intensity in 

countries like India, China, and 

elsewhere. Growing populations, 

more affluent lifestyles, and 

access to automobiles are now 

resulting in increasing levels of 

air pollution in most urban areas. 

From our GSA satellite 

overview we can also observe 

vast landscapes including 

massive landfills contaminated 

with in excess of 100,000 types of anthropogenic (manmade) environmental chemicals.  

Most of these urban areas are located along rivers that drain into the marine 

environment. In an age of increasing storm intensity, only a few drought stricken areas 

will not experience washover-washout events of increasing frequency. Such events 

have included hurricanes Katrina and Sandy, as well as the recent el Nino derived 

flooding in South Carolina, Texas, Missouri, Northern England, and other locations. 

Every washover (flooding) event is characterized by remobilized environmental 

Tianjin, China factory explosion, satellite image, 2015-

08-13. Image by EPA. 
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chemicals and other water-born contaminants that are then transported by water in our 

hemispheric water cycle. The primary destination of these ecotoxins is the marine 

environment; terrestrial aquatic environments such as the Great Lakes are secondary 

destinations. Underground aquifers are an unseen tertiary destination now being 

resupplied with contaminated surface water. The remobilization of environmental 

chemicals by washover-washout events in highly contaminated urban and industrial 

landscapes is a key component of ecotoxin transport throughout the biosphere. 

Nanoparticles, including plastic nanoparticles, are also present in washover-washout 

events, also eventually reaching all microbiomes where they are components of ever-

growing anthropogenic debris fields and are then recycled to higher trophic levels of the 

biosphere.  

There is now a broad public awareness of the unfortunate environmental changes 

occurring in our round world biosphere in crisis, few of which can be mitigated by 

well-intentioned meetings such as the recent agreement in Paris (November 30th to 

December 12th 2015) to limit CO2 emissions. 

 

Airspace over Mumbai, September 5
th
, 2010. Image by P.P. Yoonus. 
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The Legacy of Human Ecology 

The following biosphere models are sketches of the imposition of human activities on 

natural ecosystems. They begin with biogeochemical transport pathways and include 

sketches of important anthropogenic ecotoxins and the environmental, social and 

political context of their dispersal. Over 200,000 types of petrochemical effluents are 

now produced at the rate of tens of billions of tons per year and are continuously 

dispersed in the atmospheric, terrestrial and aquatic environments of a finite, vulnerable 

biosphere. These round world biosphere sketches illustrate the cumulative impact of 

5,000 years of human civilization, the legacy of humanity in the anthropocene.  

Part 1: Pathways of Nanotoxin Translocation 

Part 2: Dynamics and Petrochemistry of Biocatastrophe 

Part 3: Socio-political Context of Biocatastrophe 

 

Part 1: Pathways of Nanotoxin Translocation 

Model 1: Pathway analysis for radionuclides to human consumption, circa 
1965. 
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Model 2: The Biosphere and its Environments 

 

 Model 3: Biogenesis 
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Model 4: Terrestrial Ecosystems Dynamics 

 

Model 5: Chemical fallout Pathways 
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Model 6: Atmospheric Transport Dynamics 

 

Model 7: Contaminants in Terrestrial Water Supplies 
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Model 8: The Marine Environment: Microbial Ecosystems in the Sea Surface 
Microlayer 

 
Judy Weed, Beach Point Shack, Clearwater, FL 
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Part 2: The Dynamics and Petrochemistry of Biocatastrophe 

Model 9: Hydrocarbon Intermediates used for Petrochemical Products 

 

Model 10: List of Stockholm Convention Chemicals 
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Model 11: Chemicals of Concern: HDCs, Carcinogens, etc. 

 
(adapted from World Health Organization 2012) 

Model 12: Environmental Working Group’s “Dirty Dozen” 
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Model 13: Contaminants in Aquifers 

 

Model 14: Human Health 
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Model 15: Pharmaceuticals 

 

Most ubiquitous pharmaceuticals detected in the Llobregat River 

(adapted from Ginebreda 2009) 

 
Model 16: Known and Suspected Obesogens 

 
(Adapted from Holtcamp 2012) 
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Model 17: Former End Uses for Various Aroclors (PCBs) 

 
(Adapted from ATSDR 2015, Table 5-1) 



 

 60 

Part 3: Socio-political Context of Biocatastrophe 

Model 18: Geosphere as Bank Account 

 

Model 19: Biosphere as Bank Account: Assets 
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Model 20: Biosphere as Bank Account: Withdrawals 

 

Model 21: Phenomenology of Technology Part 1: Age of Pyrotechnology 
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Model 22: Phenomenology of Technology Part 2: Age of Pyrotechnology 
Continued 

 

Model 23: Phenomenology of Technology Part 3: Urbanization 
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Model 24: Phenomenology of Technology Part 4: Cascading Industrial 
Revolutions 

 

Model 25: Politics in the Age of Biocatastrophe 
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Model 26: Sociology of the Age of Biocatastrophe 

 

Model 27: Parasitic Shadow Banking Network 
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Model 28: Sociopolitical Instability 

 

Model 29: Indebtedness 
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Model 30: Biocatastrophe: The Imposition of Human Ecosystems on Natural 
Ecosystems 

 

Model 31:  
Footnote to Biocatastrophe: Cataclysmic Climate Change 
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Postscript 

A massive variety of anthropogenic environmental chemicals are now moving 

throughout the biosphere. All trophic levels of both terrestrial and marine ecosystems 

are now contaminated with ecotoxins derived from our pyrotechnic-petrochemical 

lifestyles. The National Security Agency (NSA) has compiled massive classified 

databases documenting environmental chemicals in pathways to human consumption in 

all media – air, water, soil, agricultural produce, meat, fish, and drinking water. 

Nanoparticles are only one of many vectors for their movement throughout the 

biosphere. The president, Congress, and the NSA have a responsibility to declassify this 

vast database on environmental chemicals so that individuals and local communities 

can be alerted to the public safety implications of a biosphere now under attack by the 

effluents of our pyrotechnic-petrochemical lifestyles. Mitigation of the health physics 

impact of our accelerating chemical war on the biosphere must begin with community 

awareness of the persistence and pathways of environmental chemicals, the necessity of 

increased biological monitoring, and the urgent need for lifestyle changes in the context 

of sustainable economic activities that minimize the spread of chemical effluents in the 

biosphere. 
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Glossary 

Additive: A material added to a polymer to enhance processability, performance, or 

aesthetics. The major types of plastic additives include: antioxidants, antistatic agents, 

blowing agents, colorants, flame retardants, impact modifiers, lubricants, plasticizers, 

and heat and ultraviolet (UV) light stabilizers. 

Adsorption: “The adhesion of atoms, ions or molecules to a surface; the opposite is 

desorption; commonly confused with absorption in which a substance permeates 

another substance.” (Stevenson 2011) 

Amphipod: “Amphipoda is an order of malacostracan crustaceans with no carapace 

and generally with laterally compressed bodies. Amphipods range in size from 1 to 340 

millimeters (0.039 to 13 in) and are mostly detritivores or scavengers. There are more 

than 9,500 amphipod species so far described. They are mostly marine animals, but are 

found in almost all aquatic environments.” (http://en.wikipedia.org/wiki/Amphipoda) 

Anthropogenic: Effects, processes or materials derived from humans; not natural. 
(Stevenson 2011) 

Autotroph: An organism that is able to form nutritional organic substances from 

simple inorganic substances such as carbon dioxide. Compare with heterotroph. 

(Oxford 2010)  

Bakelite: “The first fiber-reinforced plastic.” (Wikipedia 2015) 

Benthic: On the ocean bottom. (Stevenson 2011) 

Bioaccumulate: The phenomena of a substance becoming concentrated inside the 

bodies of living things. 

Biogenic compound: Chemical compound having a natural origin. 

Biokinetics: 1) “The science of the movements within organisms.” (Dorlands Medical 

Dictionary 2014)  2) Including “…the movements of tissue and related phenomena that 

occur during the development of organisms” (Miller-Keane Encyclopedia 2014). With 

respect to this publication, biokinetics is the science of the movements of nanoplastics 

and nanotoxins within organisms. 

Biomagnification: “Biomagnification is the sequence of processes in an ecosystem by 

which higher concentrations of a particular chemical, such as the pesticide DDT, are 

reached in organisms higher up the food chain, generally through a series of prey-

predator relationships.” (http://toxics.usgs.gov/definitions/biomagnification.html) 

Biome: Regions of the world characterized by common climates with similar plants and 

animals adapted to those climates. 

http://en.wikipedia.org/wiki/Amphipoda
http://toxics.usgs.gov/definitions/biomagnification.html
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Biomimetics: Relating to or denoting synthetic methods that mimic biochemical 

processes. (Oxford 2010) Also called bionics, re. the application of biological processes 

to engineered systems. 

Bisphenol A (BPA): 1) A building block of polycarbonate (#7 is often polycarbonate) 

plastic that is used in thousands of consumer products, including food packaging. 2) 

“BPA is employed to make certain plastics and epoxy resins. BPA-based plastic is clear 

and tough, and is made into a variety of common consumer goods, such as water 

bottles, sports equipment, CDs, and DVDs. Epoxy resins containing BPA are used to 

line water pipes, as coatings on the inside of many food and beverage cans and in 

making thermal paper such as that used in sales receipts.” (Wikipedia 2015). 3) BPA 

exposure may disrupt normal breast development in ways that predispose women for 

later life breast cancer. (Breast Cancer Fund 2014). 

Carbon 60 (CO60)/Buckyball (BB60)/C60: A subset of fullerenes. The term “buckyball” 

only refers to the spherical fullerenes and is derived from the word 

“Buckminsterfullerene,” which is the geodesic dome/soccer ball shaped C60 molecule 

nanostructure. C60 was the first buckyball to be discovered and remains the most 

common and easy to produce. (Cassone 2007) 

Carbon nanotubes: Nanotubes have two forms: single walled (SWCNT) and multi-

walled (MWCNT). They are manufactured by thermal stripping carbon atoms from 

carbon bearing compounds. Their unique electrical, mechanical, and thermal properties 

put them at the forefront of scientific research and technological development 

(electronics, computers, aerospace, etc.) They have the strongest tensile strength of any 

synthetic fiber. Superconducting at low temperatures, they are 1,000 times longer than 

wide. Carbon nanotubes deteriorate by mass wasting (wear and tear) and by 

incineration. 

Catalyst: Chemical substance that causes or accelerates a chemical reaction without 

itself being affected. (Rossi 2014) 

Chemical fallout: Wet and dry deposition of anthropogenic and remobilized naturally 

occurring chemicals. Chemicals are often sorbed on particulate matter during dry 

deposition; chemicals are usually incorporated in rainfall during wet deposition. 

Radioactive particles in dry deposition are often greatly magnified in wet deposition; 

during Chernobyl fallout events, radioactive fallout was often two orders of magnitude 

greater during rainfall events as compared to dry deposition.  

Chemical feedstock: For plastic production, chemical feedstocks can be derived from 

fossil fuels (crude oil, natural gas, and coal) or bio-based resources. Crude oil 

feedstocks are derived from the “cracking” and distillation (separation) of the 

http://en.wikipedia.org/wiki/Bisphenol_A
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feedstock. Feedstocks from natural gas are derived from the processing or separation of 

that raw material. These processes yield the feedstocks ethane, propane, butane, 

methane and others. Sources of biobased chemicals include algae, corn, sugarcane, 

sugar beets, potatoes, and other biological feedstocks. (Rossi 2014) 

Chemical footprint: The measure by number and mass of chemicals of high concern, 

as determined by hazard level, in products and supply chains. (Rossi 2014) 

Chemical of high concern (CoHC): Substance that has any of the following 

properties: 1) persistent, bioaccumulative and toxic (PBT); 2) very persistent and very 

bioaccumulative (vPvB); 3) very persistent and toxic (vPT); 4) very bioaccumulative 

and toxic (vBT); 5) carcinogenic; 6) mutagenic; 7) reproductive or developmental 

toxicant; 8) endocrine disruptor; or 9) neurotoxicant. “Toxic” (T) includes both human 

toxicity and ecotoxicity. (Rossi 2014) 

Compounded plastic product: A product or material consisting of a polymer and a 

package of additives (for example, colorants, softeners, and flame retardants). (Rossi 

2014) 

Colloid: Hydrophilic substance that does not dissolve. 

Dioxin: Unintentional by-products of high-temperature processes, such as incomplete 

combustion and pesticide production and are typically emitted from the burning of 

hospital waste, municipal waste, and hazardous waste, along with automobile 

emissions, peat, coal, and wood. (Wikipedia) 

Endocrine disruption: “The endocrine system is made up of glands throughout the 

body (e.g., the hypothalamus, pituitary, thyroid, pancreas, adrenals, testes, ovaries) and 

the hormones that are made by the glands. These hormones (e.g., estrogen, testosterone, 

growth hormone, insulin, epinephrine and many more) travel through the bloodstream, 

acting as chemical messengers, regulating many critical bodily functions such as 

metabolism, blood sugar levels, reproductive function, development, and growth. 

Mammals, fish, birds, and many other living organisms have endocrine systems. An 

endocrine disrupting chemical is one that affects the normal functioning of the 

endocrine system by mimicking the behavior of normal hormones or blocking the 

effects of normal hormones. Endocrine disruption, especially over long periods of time, 

can have a broad range of consequences from abnormal growth, to delayed or inhibited 

reproductive function, to cancer. Regarding endocrine disrupters, the U.S. 

Environmental Protection Agency (EPA) states that ‘there is strong evidence that 

chemical exposure has been associated with adverse developmental and reproductive 

effects on fish and wildlife in particular locations.’ There are known instances of human 

endocrine disruption; however, in general, the field of human endocrine disruption 
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caused by exposure to environmentally released chemicals is not well understood.” 

(Stevenson 2011) 

Endocrine disruptor: An exogenous substance that causes adverse health effects in an 

intact organism, or its progeny, consequent to changes in endocrine function. 

(Lintelmann 2003) 

Endocrine system: “The collection of glands of an organism that secrete hormones 

directly into the circulatory system to be carried towards distant target organs.” 

(Wikipedia 2015) 

Endocytosis: “A form of active transport in which a cell transports molecules (such as 

proteins) into the cell by engulfing them in an energy-using process.” (Wikipedia 2015) 

Entropy: A thermodynamic quantity representing the unavailability of a system’s 

thermal energy for conversion into mechanical work, often interpreted as the degree of 

disorder or randomness in the system. (Oxford 2010) 

Epigenetics: “The study of mitotically heritable alterations in gene expression potential 

that are not caused by changes in DNA sequence. Epigenetic mechanisms are 

established during prenatal and early postnatal development and function throughout 

life to maintain the diverse gene expression patterns of different cell types within 

complex organisms… Epigenetics confers an extra level of information which is 

layered above the DNA sequence information and which, like the sequence, is 

replicated during cell division.” (McAllister 2009) 

Estrogenic chemicals: Steroid hormones responsible for feminization. Environmental 

chemicals that mimic estrogenic steroid hormones. 

Eukaryote: “Any organism whose cells contain a nucleus and other organelles 

enclosed within membranes.” (Wikipedia 2015). 

Eutrophication: The depletion of oxygen in a nutrient rich environment, such as a 

marine ecosystem, by overly abundant microbial organisms. 

Exogenous agonist: A ligand that can bind to a receptor like the natural substrate and 

“turn it on.” The activation of the hormone receptor then finally leads to the same 

effects that can be caused by endogenous hormone action. (Lintelmann 2003) 

Fiber-reinforced plastic (FRP): “A composite material made of a polymer matrix 

reinforced with fibers. The fibers are usually glass, carbon, aramid, or basalt. Rarely, 

other fibers such as paper or wood or asbestos have been used. The polymer is usually 

an epoxy, vinylester or polyester thermosetting plastic, and phenol formaldehyde resins 

are still in use… In the late 1970s world polymer production surpassed that of steel, 

http://en.wikipedia.org/wiki/Cell_(biology)
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making polymers the ubiquitous material that it is today. Fiber-reinforced plastics have 

been a significant aspect of this industry from the beginning.” (Wikipedia 2015) 

Fullerene: Pure carbon, cage-like molecules composed of at least 20 atoms of carbon. 

(Cassone 2007). See Carbon 60. 

Genome: “The genome is the genetic material of an organism. It consists of DNA (or 

RNA in RNA viruses).” (Wikipedia 2015) 

Graphene: “Graphene is an atomic-scale honeycomb lattice made of carbon atoms; 

pure carbon in the form of a very thin, nearly transparent sheet, one atom thick. It is 

remarkably strong for its very low weight (100 times stronger than steel) and it 

conducts heat and electricity with great efficiency...it was first produced in the lab in 

2003... it is virtually two-dimensional, it interacts oddly with light and with other 

materials. Researchers have identified the bipolar transistor effect, ballistic transport of 

charges and large quantum oscillations.” (Wikipedia 2014). Also considered as a PAH. 

Global distillation or the grasshopper effect: A geochemical process wherein volatile 

chemicals vaporize in warmer regions of Earth and are deposited in colder regions. This 

concentrates persistent organic pollutants at the poles and mountaintops. (Simonich 

1995) 

Heterotroph: An organism deriving its nutritional requirements from complex organic 

substances [such as CO2, especially by photosynthesis]. Compare with autotroph. 

(Oxford 2010) 

Hydrophilic: Having an affinity for water, or causing water to adhere. 

Hydrophilic effect: The tendency of polar molecules to be dissolved by water or other 

polar substances. 

Hydrophobic: Having no affinity for water, or repelling water. 

Hydrophobic effect: The segregation and repulsion between water and non-polar 

substances, as in protein folding, lipid bi-layer formation, and insertion of membrane 

proteins into non-polar lipid environments. 

Hydrophobic pollutants: Chemicals that, when in water, preferentially adhere to other 

substances like plastic, sediment, or fatty tissues. 

Hypospadias: “A birth defect of the urethra in the male where the urinary opening is 

not at the usual location on the head of the penis. It is the second most common birth 

abnormality in boys, affecting approximately 1 of every 250.” (Wikipedia 2015) 
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Intermediate chemical: Chemical produced by the chemical conversion of primary 

chemicals to more complicated derivative products such as ethylbenzene, ethylene 

dichloride, and lactic acid. (Rossi 2014) 

Lipophilic: Tending to combine with or dissolve in lipids or fats. 

Macrophage: A phagocytic tissue cell of the reticuloendothelial system that is derived 

from the blood monocyte. The monocyte migrates from the blood into tissues where it 

transforms into a macrophage. Macrophages are present in most tissues. Macrophages 

ingest and process degenerated cells and foreign invaders, such as viruses, bacteria, and 

particles. The long-lived macrophages are reservoirs of HIV. (Buzea 2007) 

Marine ecosystem: “They include oceans, salt marshes, intertidal zones, estuaries, 

lagoons, mangroves, coral reefs, the deep sea, and the sea floor… Marine waters cover 

two-thirds of the surface of the Earth.” (Wikipedia 2015) 

Marine microbes: Tiny, single-celled organisms that live in the ocean and account for 

more than 98 percent of ocean biomass. They include microalgae, bacteria, archaea, 

protozoa fungi, and viruses. They are only 1/8000th the volume of a human cell and 

span about 1/100th the diameter of a human hair. Up to a million of them live in just one 

milliliter of seawater. (http://oceanexplorer.noaa.gov/) 

Marine snow: Marine snow consists of egested zooplankton fecal matter, atmospheric 

carbon deposited at the sea surface, anthropogenic chemical fallout deposited by long 

range atmospheric transport and plastic nanoparticles incorporated in fecal matter or 

sorbed during transport. Particulate matter in marine ecosystems derived from microbial 

community systems, marine debris, and atmospheric carbon fallout, including sorbed 

environmental chemicals. 

Mesopelagic: A zone in the ocean between 200 meters and 1000 meters depth. 

(Stevenson 2011) 

Mesoplastic: Plastic particles ±10 mm in diameter or length. 

Metabolite: “A chemical alteration of the original compound produced by body 

tissues.” (US CDC 2012) 

Microbiomes: Microbial communities which are the basis of all biotic communities, as 

typified by the seasurface microlayer consisting of multiple microbial communities in 

the top 1 mm (1,000 um) of water. 

Mixotroph: “An organism that can use a mix of different sources of energy and carbon, 

instead of having a single trophic mode on the continuum from complete heterotrophy 

at one end to autotrophy at the other.” (Wikipedia 2015) 

http://oceanexplorer.noaa.gov/
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Monomer: The molecular unit from which polymers are prepared. REACH Article 3(6) 

defines a monomer as a substance “which is capable of forming covalent bonds with a 

sequence of additional like or unlike molecules under the conditions of the relevant 

polymer-forming reaction used for that particular process.” (Rossi 2014) 

Moulin: A sinkhole on an ice sheet, as on the Greenland ice sheet, in which surface 

water in ice sheet rivers cascades into the sink holes and eventually reaches the ocean 

by traveling underneath the ice sheet. 

Nanoaerosol: A collection of nanoparticles suspended in a gas. (NIOSH 2009) 

Nanobeads: Nanoparticles that  range in size from “0.004 mm to 1.24 mm.” 

(Schneiderman 2014) 

Nanoparticle: An aggregate of atoms bonded together with a radius between 1 and 100 

nm. It typically consists of 10–105 atoms. (Bhushan 2007). Nanoparticles behave like 

neither solids, liquids, nor gases, and exist in the topsy-turvy world of quantum physics, 

which governs those denizens small enough to have escaped the laws of Newtonian 

physics. This allows them to perform their almost magical feats of conductivity, 

reactivity, and optical sensitivity, among others. (Hood 2004) 

Nanoplankton: Plankton whose size is between 2 to 20 µm. (Wikipedia 2015)  

Nanotechnology: The ability to observe and manipulate matter at the nanoscale size 

range of 1 to 100 nanometers. “The National Nanotechnology Initiative… defines 

nanotechnology as the manipulation of matter with at least one dimension sized from 1 

to 100 nanometers… [taking advantage of] the special properties of matter that occur 

below the given size threshold… Nanotechnology as defined by size is naturally very 

broad, including fields of science as diverse as surface science, organic chemistry, 

molecular biology, semiconductor physics, microfabrication, and molecular self-

assembly.” (http://en.wikipedia.org/wiki/Nanotechnology). “The creation, 

manipulation, and application of materials at the nanoscale—involves the ability to 

engineer, control, and exploit the unique chemical, physical, and electrical properties 

that emerge from the infinitesimally tiny man-made particles.” (Hood 2004) 

Nanotoxicology: “Nanotoxicology is defined as the study of the nature and mechanism 

of toxic effects of nanoscale materials/particles on living organisms and other biological 

systems. It also deals with the quantitative assessment of the severity and frequency of 

nanotoxic effects in relation to the exposure of the organisms.” (Zhao n.d.) 

Naturally occurring nanotoxin: Nanotoxins produced as a result of forest fires and 

volcanoes, usually in the form of ultrafine particles (UFPs). 

http://en.wikipedia.org/wiki/Nanometers
http://en.wikipedia.org/wiki/Nanotechnology
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Nekton: Aquatic animals that are able to swim and move independently of water 

currents. Often contrasted with plankton. 

Neuston: Small aquatic organisms inhabiting the surface layer or moving on the surface 

film of water. (Oxford 2010). 

NHANES: Administered by the Centers for Disease Control and Prevention (CDC), it 

is a cross-sectional, nationally representative survey of the health and nutritional status 

of the US population (Grindler 2015). 

Nonylphenol: “A toxic xenobiotic compound classified as an endocrine disrupter 

capable of interfering with the hormonal system of numerous organisms. It originates 

principally from the degradation of nonylphenol ethoxylates which are widely used as 

industrial surfactants.” (Soares 2008) 

Nurdles: Thermoplastic pre-production resin pellets; the pre-cursor raw material to 

plastic products, usually <5 mm. (Stevenson 2011) 

Obesogen: Chemical agents that inappropriately regulate and promote lipid 

accumulation and apidogenesis. (Grun 2009). They induce weight gain via endocrine 

disrupting activity. 

Organic Solvents: Solvents used in the computer manufacturing industry and in 

cleaning products, cosmetics and dry cleaning, including toluene, methylene chloride, 

and trichloroethylene.  

Organotin: “Organotin compounds or stannanes are chemical compounds based on tin 

with hydrocarbon substituents. Organotin chemistry is part of the wider field of 

organometallic chemistry.” (Wikipedia 2015) 

Ozone: “Ground-level ozone, which is the type that is harmful to human health, is 

formed by the reaction of nitrogen oxides (NOx) and volatile organic chemicals 

(VOCs) in the presence of sunlight. Motor vehicle exhaust and industrial emissions, 

gasoline vapors, and chemical solvents as well as natural sources emit NOx and 

VOC[s] that help form ozone.” (www.epa.gov/glo). The stratospheric ozone layer 

protects the biosphere from intense ultraviolet radiation. Exhaust from the supersonic 

transport planes (SSTs) provided the potential to deplete the ozone layer, which can 

also be destroyed by chlorofluorocarbon emissions.  

Pacific decadal oscillation (PDO): A recurring pattern of ocean and atmosphere 

climate variability centered over the mid-latitude Pacific basin, measured as warm or 

cool surface waters in the Pacific Ocean north of 20 degrees latitude. 

Particulate matter (PM): A mixture of solid particles and liquid droplets found in the 

air and can be composed of many types of materials and chemicals. 

http://www.epa.gov/glo
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(http://www.epa.gov/ncer/science/pm/). Particulate matter often sorbs environmental 

chemicals, which then can be transported in marine ecosystems by marine snow. See 

the three categories of PM (PM0.1, PM10, and PM2.5). 

Perfluorinated chemicals (PFCs): Active ingredients or breakdown products of 

Teflon, Scotchgard, fabric and carpet protectors, and food wrap coatings. A global 

contaminant, PFCs often accumulate in the environment and the food chain; linked to 

cancer, birth defects and more. (EWG 2009) 

Photolysis: Also known as photodecomposition, photolysis “is a chemical reaction in 

which a chemical compound is broken down by photons. It is defined as the interaction 

of one or more photons with one target molecule… Photolysis is part of the light-

dependent reactions of photosynthesis.” (Wikipedia 2015) 

Phthalates: “Phthalates are a group of chemicals used to make plastics more flexible 

and harder to break. They are often called plasticizers. Some phthalates are used as 

solvents (dissolving agents) for other materials. They are used in hundreds of products, 

such as vinyl flooring, adhesives, detergents, lubricating oils, automotive plastics, 

plastic clothes (raincoats), and personal-care products (soaps, shampoos, hair sprays, 

and nail polishes). Phthalates are used widely in polyvinyl chloride plastics, which are 

used to make products such as plastic packaging film and sheets, garden hoses, 

inflatable toys, blood-storage containers, medical tubing, and some children’s toys.” 

(CDC Factsheet 2015) 

Picoplankton: “Plankton composed of cells between 0.2 and 2 μm.” (Wikipedia 2015) 

Plastic: Generically, a polymer and/or the product made from the polymer through its 

entire life cycle. “The term ‘plastics’ is used to describe plastic polymers with additives 

to enable processing and/or give the properties needed for a desired application . . . 

[including] ...polymer substances, ...polymer substances in mixtures and final articles.” 

(Rossi 2014) 

Plastic compounding: The process of preparing plastic materials with desired 

properties by mixing or blending polymers and additives in a molten state. (Rossi 2014) 

Polybrominated dibenzodioxins and furans (PBDD/F): Contaminants in brominated 

flame retardants; pollutants and byproducts from plastic production and incineration; 

accumulate in food chain; toxic to developing endocrine (hormone) system (EWG 

2009) 

Polybrominated diphenyl ethers (PBDEs): The toxic flame retardants added to the 

plastic cases of televisions, electronic equipment, and the fibers in draperies, furniture, 

and other textiles. (Schmitt 2007) 

http://www.epa.gov/ncer/science/pm/
http://en.wikipedia.org/wiki/Plankton
http://en.wikipedia.org/wiki/Cell_(biology)


 

 77 

Polychlorinated biphenyl (PCB): “A synthetic organic chemical compound of 

chlorine attached to biphenyl, which is a molecule composed of two benzene rings… 

130 of the different PCB arrangements and orientations are used commercially… 

Polychlorinated biphenyls were widely used as dielectric and coolant fluids, for 

example in electrical apparatus, cutting fluids for machining operations, carbon paper 

and in heat transfer fluids… Their destruction by chemical, thermal, and biochemical 

processes is extremely difficult, and presents the risk of generating extremely toxic 

dibenzodioxins and dibenzofurans through partial oxidation… Volatilization of PCBs in 

soil was thought to be the primary source of PCBs in the atmosphere, but recent 

research suggests ventilation of PCB-contaminated indoor air from buildings is the 

primary source of PCB contamination in the atmosphere.” (Wikipedia 2015) 

Polychlorinated naphthalenes (PCNs): Wood preservatives, varnishes, machine 

lubricating oils, waste incineration; common PCB contaminant; contaminate the food 

chain; cause liver and kidney damage 

Polymer: Long chain of molecules made from repeating parts, called monomers, which 

are a product of a polymerization reaction. A polymer can be natural or synthetic. In 

relation to a “compounded plastic product”, “polymer” is the stage prior to the addition 

of performance additives. REACH Article 3(5) defines “polymer substance” as “a 

substance consisting of molecules characterized by the sequence of one or more types 

of monomer units.” (Rossi 2014) 

Polymeric materials: A special kind of formulated mixture made of polymers and 

typically containing additives to improve performance (e.g., compounded plastics, 

adhesives, foams, and resins). Polymeric material is a broad term used to describe 

plastics, resins, adhesives, foams, etc. 

Primary chemicals: Fossil fuel-based primary chemicals derived from petroleum, 

which are the building block chemicals that the vast majority of other chemicals and 

plastics are manufactured from, e.g. ethylene, propylene and butadiene (olefins); 

benzene, toluene, and xylene (aromatics); and methanol. Biobased primary chemicals 

include sugars (glucose) and ethanol from corn. (Rossi 2014) 

Quantum dot (Q dot)/(QD): QDs are semiconductor crystals with a diameter of a few 

nanometers, having many properties resembling those of atoms (Buzea 2007), whose 

size and shape can be precisely controlled by the duration, temperature, and liquid 

molecules used in their synthesis. “Researchers have studied applications for quantum 

dots in transistors, solar cells, LEDs, and diode lasers. They have also investigated 

quantum dots as agents for medical imaging and as possible qubits in quantum 

computing. The first commercial release of a product utilizing quantum dots was the 

Sony XBR X900A series of flat panel televisions released in 2013… The excitation and 

http://en.wikipedia.org/wiki/Stain
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emission of quantum dots [is] highly tunable. Since the size of a quantum dot may be 

set when it is made, its conductive properties may be carefully controlled. Quantum dot 

assemblies consisting of many different sizes, such as gradient multi-layer nanofilms, 

can be made to exhibit a range of desirable emission properties.” (Wikipedia 2015) 

Remineralization: The transformation of organic molecules into inorganic forms, 

which especially occurs in microbiomes. If POPs could be remineralized by 

microbiomes, they wouldn’t be transferred through the food chain to higher trophic 

levels.  

Sea surface microlayer (SML): The top 0.04 millimeter of the sea. 

Single-walled carbon nanotube (SWCNT or SWNT): “A long, hollow structure with 

the walls formed by one-atom-thick sheets of carbon… Most single-walled nanotubes 

have a diameter of close to 1 nanometer, with a tube length that can be many millions 

of times longer.” 

Sorption: Absorption and adsorption considered as a single process. (Oxford 2010)  

Styrene: “Also known as ethenylbenzene, vinylbenzene, and phenylethene… it is a 

colorless oily liquid that evaporates easily and has a sweet smell, although high 

concentrations have a less pleasant odor. Styrene is the precursor to polystyrene and 

several copolymers… Various regulatory bodies refer to styrene, in various contexts, as 

a possible or potential human carcinogen.” (Wikipedia 2015) 

Synergistic effects: The toxicity of each compound is enhanced by the other 

compounds in the mixture. When put together, the effects can far exceed the 

approximated additive effects of, for example, the POP compound mixture. (Wikipedia 

2015) 

Multi-walled carbon nanotube (MWCNT or MWNT): “Multi-walled nanotubes 

consist of multiple rolled layers of carbon.” (Wikipedia 2015) 

Sorbtion: “Plastic debris remains in the environment for a long period of time and 

sorbs increasing concentrations of a mixture of pollutants over time.” (Rochman 2014) 

Toxic Equivalents (TEQs): These are used to “report the toxicity-weighted masses of 

mixtures of PCDDs, PCDFs, and PCBs… TEQs are then used for risk characterization 

and management purposes, such as prioritizing areas of cleanup.” (Wikipedia 2015).  

Tributyltin: A highly toxic antifouling compound containing organotins. 

Ultrafine particle (UFP): Airborne particles smaller than 100 nm in diameter, 

frequently occurring in the context of nanometer-diameter particles that have not been 

intentionally produced but are incidental products of processes involving combustion, 

https://en.wikipedia.org/wiki/Liquid
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welding, or diesel engines. (NIOSH 2009). “The term ‘ultrafine particle’ is identical 

with that of nanoparticle.” (Hett 2004, 28) 

Vinyl chloride: Vinyl chloride is formed in the manufacture of polyvinyl chloride 

(PVC) or #3 plastic. It was one of the first chemicals designated as a known human 

carcinogen by the National Toxicology Program (NTP) and the International Agency 

for Research on Cancer (IARC). It has also been linked to increased mortality from 

breast cancer among workers involved in its manufacture. 

Xenobiotic: Relating to or denoting a substance, typically a synthetic chemical, that is 

foreign to the body or to an ecological system. (Oxford 2010) 

Zooplankton: Tiny floating marine organisms near the bottom of the marine food 

chain. (Stevenson 2011) 

http://www.breastcancerfund.org/clear-science/radiation-chemicals-and-breast-cancer/vinyl-chloride.html
http://www.breastcancerfund.org/clear-science/race-class-occupation-genetics-breast-cancer-risk/workers-and-occupational-breast-cancer-risk/
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Keyword Index 

This keyword index provides an introduction to the subject matter in the bibliographies. 

The mission of this text is the exploration of the phenomenon of the degradation of 

microplastics into plastic nanoparticles (PNPs), which then sorb environmental 

chemicals, and their similarity to the nanoparticles and nanotoxins intentionally and 

accidentally produced by nanotechnological industries. The key question, which may 

not be answered for decades, is: will the waste stream produced by nanotechnological 

industries also sorb environmental chemicals in the same manner as the plastic 

nanoparticles derived from the degradation of microplastics in the environment? The 

following keyword index is intended as a guide to the biogeochemical cycling of 

nanotoxins in our finite round world biosphere. 

We have divided the keyword list into five categories:  

Biological 

Nano 

Chemical 

Medical 

Ecological 

Biological 

Antibacterial Properties 

Antimicrobial 

Bioaccumulation 

Bioaccumulation of nanoparticles 

Bioactive nanoparticles 

Bioavailability 

Biobricks 

Biocybernetics 

Biodegradation 

Biodevices 

Biodistribution 

Bioenergy 

Biogeographic connectivity 

Biofilm 

Biofilm food  

Biofilm lattice 

Biofouling 

Biofusion 

Bioinformatics 

Biokinetics 

Biological application 

Biological behavior 

Biological microenvironment 

Biological pump 

Biological self assembly 
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Biomagnification 

Biometrics 

Biomimetics 

Bionanoscience 

Biopersistence 

Biosensor 

Biotransformation 

Biouptake 

Coaxial silicon 

Ecotoxicological 

Ecotoxicological impact 

Egestion 

False satiation 

Global microbiome research 

High resolution optical imaging 

Impact assessment 

Interaction between abiotic and biotic 

environments 

Interaction of nanomaterials with 

microbes 

Interactions with subcellular structures 

Intracellular uptake of nanomaterial 

In vitro 

In vivo 

Leaching of constituent contaminants 

Microbial synthesis of nanomaterials 

Microbiomes 

Mitogen 

Molecular kinetics 

Mulching  

Nanophytoplankton 

Nano-zooplankton 

Nonpolar lipid environments 

Novel toxicological risks 

Oceanic biogeochemical processes 

Picoplankton 

Primary emission 

Root-soil-microbe interface 

Scats contained microplastics 

Sea-surface microlayer 

Toxicological analysis 

Xenobiotic 

 

Nano 

Aged nanomaterials 

Airborne nanoparticles 

Airborne nanoaerosols 

Biochip device 

Bimetallic nanoparticles 

Colloidal semiconductor nanocrystal 

Complex nanodevices 

Dendrimers 

Edible nanocoatings 

Engineered plastic nanoparticles 

Environmental chemistry of nanometals 

Exposure to nanoparticles 

Fungal-derived nanoparticles 
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Inherently ecotoxic nanoform 

Intradermal infiltration 

Lipid nanotechnology 

Metallofullerene 

Nanoagriculture 

Nanoagrochemicals 

Nanoarrays 

Nanobacteria 

Nano-based antimicrobial packaging 

Nano-biointerface 

Nanobiotechnology 

Nanoboxes 

Nano-carrier 

Nanocellulose 

Nanochemistry 

Nanoclay 

Nanoclusters 

Nanocomposites 

Nanocrystal 

Nanodevices 

Nanodivide 

Nanoelectric power 

Nanoelectronics 

Nanoemulsion 

Nanoenhanced 

Nanoexposure 

Nanofillers (inorganic) 

Nanofluidics 

Nanofood 

Nanofood nonstick lining 

Nanofoundaries 

Nanohybrid 

Nanolithography 

Nanomachine 

Nanomaterial 

Nanomaterial byproduct 

Nanomaterial durability 

Nanomaterials: diversity of engineered 

techniques 

Nanometaloxides 

Nanomedicine 

Nanometals 

Nanometer scale 

Nanometric 

Nanonutrient inhibitor 

Nano-oncology 

Nanoparticle application 

Nanoparticle interaction with cells 

Nanoparticle production: by chemical 

manufacture, combustion processes, and 

environmental transformation 

Nanoparticle toxicology 

Nanoparticle tracking analysis 

Nanoparticle translocation 

Nanoparticles (anthropogenic) 

Nanoparticles (incidental) 

Nanoparticles (manufactured) 
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Nanoparticles (naturally occurring) 

Nanopathology 

Nanopesticides 

Nanopharmaceuticals 

Nanoplastic fragments 

Nanoplastics 

Nanoplatform 

Nanoplanktonic protozoa 

Nanoporous membrane 

Nanoproducts (accidental) 

Nanoproducts (engineered) 

Nanoproducts (naturally occurring) 

Nano-object 

Nanoremediation technologies 

Nanorisk 

Nano-organism 

Nanoscale 

Nanoscale hole formation 

Nanoscience 

Nanoscopic pollution 

Nanosensors 

Nanosensor packages 

Nanosilver 

Nanosilver antibacterials 

Nanosized particles (NSP) 

Nanostigma 

Nanosystems 

Nanosphere 

Nanotechnologies for packaging 

Nanotechnology-specific safety laws 

Nanotoxic additives 

Nanotrees 

Nanotribology 

Nanotube integrated circuits 

Non-degradable nanoparticles 

NSP-induced inflammatory and 

oxidative stress response 

NSP: intrinsic toxic properties 

NSP lifecycle: manufacture - use – 

disposal 

NSPs: wires, rings, particles, tubes, 

shells, dots, etc. 

Natural nanocomposites 

Persistent nanosubstances 

Powders of nanomaterials 

Self assembling nanotubes 

Self assembled quantum dots (5 to 50 

nm) 

Semiconductor nanoplastics  

Semiconductor quantum dots 

Synergy of nanotechnology 

 

Chemical 

Affinity of POPs with soil organic 

matter 

Agglomeration 

Biophysico chemical interaction 

Black Carbon 
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Catalytic behavior 

CdSe (Cadmium Selenium) 

CdTe (Cadmium Tellurium) 

Chemical constituent declaration 

Chemicals of high concern (CoHC) 

Chemicenteric colloids 

Clumping (particle aggregation) 

Colorants 

Combustion-derived organic volatile 

compounds 

Crystal structure dependent toxicity 

Degradation 

Degradation products 

Diversity of chemical exposure routes 

Diversity and versatility of polymers 

Gas exchange 

Hopane chemical biomarker 

Hydrophobic organic contaminant 

(HOC) 

Flame retardants 

Floating properties 

Glancing angle deposition 

High oxygen-moisture barrier property 

Insoluble organic polymer 

Kinetics of NSP 

Lipophilic chemicals (e.g. POPs) 

Mass concentration 

Neustonic plastic 

Nonstick compounds 

Macromolecule 

Methylsiloxanes 

Microbiocide 

Microelectronic fabrication 

Microfabrication 

Microfabricator 

Microinstruments 

Micromachinery 

Microplastics < 1 mm 

Microsensor 

Molecular assemblies 

Nanoparticle metal oxides (TiO2, SiO2) 

Optoelectronic 

Organochlorines 

Organic solvent 

Organophosphate pesticides 

Particle surface adhesion 

Persistent free radicals 

Physicochemical characterization 

Physicochemical properties 

Phthalates (DEHP and MEHP) 

Plastic microspheres 

Plastic scrubbers 

Plasticizers 

Polycyclic aromatic hydrocarbons 

(PAHs) 

Polyacrylate nanoparticle 

Polyfilament nylon 
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Polymer degradates 

Polymer degradation 

Polymers of high concern 

Polytetrafluoroethylene fume 

POPs (Persistent organic pollutants)  

Priority pollutants 

Post-combustion POP formation 

Pyrotechnic society 

Semiconductor metal compounds 

Silicon revolution 

Size dependent toxicity 

Size range 

Superhydrophobicity 

Surface area to volume ratio 

Thermal formation of persistent organic 

pollutants 

Toxic volatilization product 

Toxicity increases with decreased 

particle size 

Toxicokinetics 

Trace concentrations 

Transformation of nanomaterials to 

more toxic metabolites 

Triclosan in PVC  

Ultrafine diesel exhaust nanoparticles  

Unknown and unintended byproducts 

UV Stabilizers 

Virgin resin pellets as mesoplastics 

Volatilization 

ZnS 

 

Medical 

Biomarkers of toxicity 

Blood brain barrier 

Carcinogenic trihalomethanes 

Cell imaging 

Cellular internalization of nanoscale 

particles 

Chronic effects 

Chronic neuroinflammation 

Chronic toxicity 

Cryptorchidism (non-descending testes) 

Cyototoxicity 

Direct exposure 

Disruption of endocrine function 

Endocytosis reactive oxygen species 

Endocrine disruption 

Endometrics  

Epigenetic signature of PBTs 

Epithelial boundaries 

Epithelial injuries 

Estrogenic environmental chemicals 

Fibrosis 

Foreign body granulomas 

Genotoxicity 

Gynecomastia 

Hypoxemia 
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In situ blood-brain barrier transport of 

nanoparticles 

Inspiration 

Intradermal translocation 

Life cycle risk assessment 

Lipoxidation 

Lipophilicity 

Low dose chronic exposure 

Medbiotech (toxicology, molecular 

biology) 

Mitochondrial damage 

Neurogenesis 

Neurodegeneration 

Obesogenic 

Particle inhalation toxicology 

Pathogenesis 

Personal hygiene products and 

cosmetics 

Phagocytosis  

Photothermal therapy 

Pleural effusions 

Protein engineering nanoform 

Protein folding 

Pulmonary fibrosis 

Risk benefit analysis 

Risk profile 

Risperdal 

RoHS directives  

Shape related toxicity of nanoparticles 

Synergism of endocrine disruption 

impacts 

Testicular dysgenesis syndrome (TDS) 

Toxic assessment 

Toxicity threshold 

Toxicological endpoint 

Toxicological analysis 

Toxicology of nanoscaled materials 

Toxological profile 

Unopposed estrogen 

Unusual toxicological effects 

Uterine leiomyomas 

Xenoestrogens 

 

Ecological 

Adhering persistent contaminant 

Air nanopollution 

Airborne plastic nanoparticles 

Air-surface exchange 

Anthropogenic chemical fallout 

Anthropogenic deforestation 

Anthropogenic infrastructure collapse 

Aqueous environment 

Atmospheric aerosol loading 

Atmospheric degradation pathway 

Atmospheric deposition 

Attenuation mechanism 

Automobile exhaust soot 
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Bacteria 

Bacterioplankton 

Benthos entanglement 

Bioaccumulation of HOC 

Bioavailability of contaminants 

associated with microplastics 

Biosolid application 

Biosphere in crisis 

Bioturbation 

Carriers of pollutants 

Cause effect relationship 

Chemical footprint 

Chemical weathering process 

Colloidal matter 

Coprophagy 

Coral Reef Bleaching 

Creation-exposure pathways 

Cumulative atmospheric global 

emissions 

Defaunation 

Degradation in sediment: aerobic and/or 

anaerobic conditions 

Depth transfer process 

Disposal-to-emissions pathways 

Dissolution 

Drifting pollutants 

Ecolotoxological impact 

Ecophysiological function 

Ecotoxicology 

End of life destination 

Emerging contaminants 

Evapotranspiration 

Environmental concentration 

Environmental fate 

Environmental risk assessment 

Exposure routes for a diversity of 

chemicals 

Extreme miniaturization  

Fate and transport 

Finite biosphere 

Food chain transport 

Food web transfer 

Fouling as a transport mechanism 

Fragmentation of microplastics 

Global distribution mechanisms for 

plastic 

Global source point 

Global transport: natural and 

commercial 

Global warming potential of 

hydrofluorocarbons 

Green chemistry 

Growth hormone pathways 

Habitat alteration 

Habitat degradation 

Habitat fragmentation 

Heterotrophic nanoflagellates (HNF) 
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Human impact on the atmospheric water 

cycle 

Human interference with the climate 

system 

Human interference with the nitrogen 

cycle 

Indicator species 

Invisible fog 

Leaching 

Life cycle analysis 

Life cycle of microplastics in marine 

environments 

Life cycle risk assessment 

Long range atmospheric transport 

Macrozooplankton 

Marine biosphere 

Marine debris 

Marine pelagic ecosystem 

Mass wasting abrasive 

Mediating POP transport 

Mesozooplankton 

Microlitter 

Microplasticizing of zooplankton 

Natural-technologic event (NA-TECH) 

Newston net 

Organic micropollutants 

Organochlorine soup 

Oxidation 

Palm oil disaster 

Pelagic microplastics 

Phytodetritis 

Plankton fecal pellet flux 

Plankton vs nekton community 

Planktonic vector 

Plastic concentration vector 

Plastic exfoliating microbead 

Polylactic acid (PLA) from GEM corn 

Post consumer recycled (PCR) 

Primary emissions 

Progressive fragmentation 

Rainfall events 

Rainfall washout 

Razorbills 

Riverine input 

Safe operating space 

Sedimentary habitat 

Sewage sludge 

Sink areas 

Sinking phytoplankton bloom 

Soil microbes 

Sorption 

Surface erosion 

Synergistic biotic/abiotic interaction 

Technological convergence 

Temporal plastic distribution 

Teixobactin 

Transfer to depth 
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Translocation processes 

Translocation volatilization 

Tree bark concentrations 

Tribology 

Trophic ecology 

Trophic interaction 

Trophic level translocation 

Trophic transfer 

Trophodynamic behavior of emerging 

pollutants 

Ultrafine particle 

Unsustainable land use policies 

Upper trophic level birds 

Washover – washout 

Waste stream 

Weathering surface photooxidation 

Windblown ecotoxins 

Windblown nanoplastics 
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Reporting Units 

An appropriate introduction to nanoparticles as vectors of environmental chemicals are 

the reporting units used by the CDC to document environmental chemicals in human 

urine, blood, and serum. Some of these chemicals are so toxic that the CDC measures 

them in parts per quadrillion, e.g. femtograms. Most chemicals, however, are measured 

in picograms (pg), parts per trillion. Many other chemicals and nanoparticles are 

measured in nanograms or parts per billion. Some ubiquitous ecotoxins, such as 

methylmercury in higher trophic levels (e.g. mammals) are measured in micrograms, 

i.e. parts per million. 

 

Reporting units table from the Center for Disease Control’s Fourth Annual Report on 

Human Exposure to Environmental chemicals (2012). 

Other Reporting Units 

picometer: pm. 1/1,000,000,000,000th of a meter. (one trillionth of a meter) 

Angstrom: Å. 1/10,000,000,000th of a meter. (one ten billionth of a meter) 

nanometer: nm. 1/1,000,000,000th of a meter. (one billionth of a meter) 

micrometer: µm. 1/1,000,000th of a meter. (one millionths of a meter) 

millimeter: mm. 1/1000th of a meter. (one thousandth of a meter) 

ng/L: nanograms/liter: parts per trillion 

µg/L: micrograms/liter: parts per billion 
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mg/L: milligrams/liter: parts per million 

pg/g: picogram per gram dry weight = ppt (parts per trillion) 

mg/kg dry weight: milligrams per kilogram 

Definitions from the US EPA’s Drinking Water Contaminants List 

Source: US Environmental Protection Agency. (2009). Drinking Water Contaminants. 

US EPA, Washington, DC. http://water.epa.gov/drink/contaminants/index.cfm 

 Maximum Contaminant Level Goal (MCLG) - The level of a contaminant in 

drinking water below which there is no known or expected risk to health. 

MCLGs allow for a margin of safety and are non-enforceable public health goals. 

 Maximum Contaminant Level (MCL) - The highest level of a contaminant that is 

allowed in drinking water. MCLs are set as close to MCLGs as feasible using the 

best available treatment technology and taking cost into consideration. MCLs are 

enforceable standards. 

 Maximum Residual Disinfectant Level Goal (MRDLG) - The level of a drinking 

water disinfectant below which there is no known or expected risk to 

health. MRDLGS do not reflect the benefits of the use of disinfectants to control 

microbial contaminants.) 

 Treatment Technique (TT) - A required process intended to reduce the level of a 

contaminant in drinking water. 

 Maximum Residual Disinfectant Level (MRDL) - The highest level of a 

disinfectant allowed in drinking water. There is convincing evidence that 

addition of a disinfectant is necessary for control of microbial contaminants. 

Examples of relative size 

Biological Media 

Human hair: 80 µm; range: 17 to 181 µm. (Ley 1999) 

Human red blood cell: 7,000 nm (7 µm); range of 6-8 µm 

Protozoa like Giardia, Cryptosporidium: 5 microns or larger 

Bacteria like holera, E. coli, Salmonella: 0.2-0.5 microns 

Viruses like Hepatitis A, rotavirus, Norwalk virus: 0.004 microns or 4 nm (Curtis 1998) 

Human Immunodeficiency Virus: 100 nm diameter (University of Wisconsin Madison 

2014)  

DNA strand: 2.5 nm wide 

Protein molecule: 5 nm 

http://water.epa.gov/drink/contaminants/index.cfm
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Smallest discovered prokaryotes: 2-9 nm3 (Luef 2015) 

Nanoparticles 

Nanocrystal clusters (e.g. quantum dots): range of 2-20 nm diameter  

Ceramic oxide nanoparticles: range of 2-200 nm diameter  

DNA nanobiorods: 5 nm diameter 

Nanomaterial: 0.2 – 100 nm 

Nanobiomaterials, photosynthetic reaction center (membrane of proteins and pigments 

that photosynthesizes): 10-20 nm diameter 

Nanowires: 1-100 nm diameter 

Nanotubes: 1-100 nm diameter (Gogotsi 2006) 

Carbon nanotubes – 1-4 nm diameter. (University of Wisconsin Madison 2014) 

Plastic nanoparticles: 20-200nm  

Plastic nanoparticle fragments: 2-20nm 

Chemical Media 

Volcanic Ash: 1µm to 2mm (USGS 2009) 

Food plastic wrap: 12.5 µm (Dow Industrial 2014) 

Naturally occurring colloidal matter in water: 1 nm-1 µm (Nowack 2007) 

Ultrafine particles (UFP): < 100 nm in diameter  

Ultrafine Soot Particles:  <1 µm 

Soot particles: < 2.5 µm 

Benzene ring corner to corner: 280 pm 

Smallest and biggest size of PCB cogeners (~500-600 pm to ?) 

Radius (Van der Waals) of a Carbon atom: 1.7 Angstroms or 0.17 nm 

Distance between H and O molecules in water: 0.9584 Angstroms or 0.09504 nm 
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(USGS 2011) 
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Abbreviations/Acronyms 

ABRB: Antiobiotic Resistant Bacteria 

ABS: Acrylonitrile butadiene styrene 

ACD: Anthropogenic climate disruption 

ADME: Absorption, distribution, 

metabolism, elimination 

AEGL: Acute exposure guideline level 

AF: Accumulation factor 

AGE: Anogenital distance 

AgNP: Silver Nanoparticle 

AhR: Aryl hydrocarbon receptor 

ANP: Anthropogenic nanoparticle 

ASA: Acrylonitrile styrene acrylate 

ASD: Autism spectrum disorder 

ASR: Automotive shredder residues 

BAF: Bioaccumulation factor 

BCF: Bioconcentration factor 

BCS: Biochemical soup 

BEI: Biological exposure index 

BFR: Brominated flame retardant 

BL: Blood lead 

BMI: Body mass index 

BPA: Bisphenol A 

BRFSS: Behavioral Risk Factor 

Surveillance System 

BSE: Black swan event 

CAFO: Confined animal feeding 

operation 

CBI: Confidential business information 

CDC: Centers for Disease Control 

CDNP: Combustion derived 

nanoparticle 

CEL: Cancer effects level 

CEMP: Community environmental 

monitoring program 

CMCA: Combined maximum 

covariance analysis 

CMR: Carcinogenic, mutagenic, or 

toxic for reproduction 

CNF: Carbon nanofibers 

CNT: Carbon nanotube 

COD: Chemical oxygen demand 

CoHC: Chemicals of high concern 

COPC: Contaminants of potential 

concern 

CPP: Central precocious puberty 

CTD: Characteristic travel distance 

CWAB: Chemical Warfare Against the 

Biosphere 

CWAEG: Cyber Warfare Against the 

Electronic Grid 

DBS: Dried blood spot 

DEHP: di-(2-ethylhexyl) phthalate  

DES: Diethylstilbestrol  

DOC: Dissolved organic carbon 

DOHAD: Developmental origins of 

human adult disease 
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EA: Endocrine Activity 

EAC: Environmental assessment 

criteria; Endocrine active chemicals 

EBA: Ethyl-butyl acrylate 

EDC: Endocrine disrupting chemical 

EED: Environmental endocrine 

disruptors 

EEDC: Estrogenic endocrine disrupting 

chemical 

EDSP: Endocrine disruptor screening 

program (EPA 1996) 

EDSTAC: Endocrine disruptors 

screening testing advisory committee 

EN: Engineered nanoparticle 

ENM: Engineered nanomaterial 

ENSO: El Nino Southern Oscillation 

ENSP: Engineered nanosized particle 

EPCRA: Emergency Planning and 

Community Right-to-know Act 

ESEM: Environmental scanning 

electron microscope 

FCM: Food contact materials 

FMD: Floating marine debris 

FQPA: Food quality protection act 

FRP: Fiber-reinforced plastic 

FT-IR: Fourier transform infrared 

spectroscopy 

GC-MS: Gas chromatography – mass 

spectrometry 

GEM: Gaseous elemental mercury 

GEOINT: Geospatial Intelligence 

GESAMP: Group of Experts on the 

Scientific Aspects of Marine 

Environmental Protection 

GHG: Greenhouse gas 

GHS: Globally harmonized system of 

classification and labeling of chemicals 

GIC: Geomagnetically induced current 

HAB: Harmful algal bloom 

HBCD: Hexabromocyclododecane 

HCB: Hexachlorobenzene 

HCH: Hexylcyclohexane 

HDPE: High density polyethylene 

HF: Heterotrophic flagellate 

HFC: Hydrofluorocarbon 

HFCS: High fructose corn syrup 

HHW: Household hazardous waste 

HNF: Heterotrophic nanoflagellate 

HOC: Hydrophobic organic 

contaminant  

HRT: Hydraulic retention time 

IMI: International Microbiome Initiative 

IMNP: Intentionally manufactured 

nanoplastic 

KOA: Octanol-air partition coefficient 

KOW: Octanol-water partition coefficient 

IARC: International Agency on 

Research on Cancer 

LD50: Lethal dose, 50% (median lethal 

dose) 

LDPE: Low density polyethylene 
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IFCS: Intergovernmental forum on 

chemical safety 

IUPAC: International Union of Pure and 

Applied Chemistry 

IWGN: Interagency Working Group on 

Nanoscience 

LCA: Life cycle assessment 

LC50: Lethal concentration 50% 

LDPE: Low density polyethylene 

LOAEL: Lowest observed adverse 

effect level 

LOD: Limit of detection 

LRAT: Long range atmospheric 

transport 

LSGM: Least square geometric mean 

MCL: Maximum contaminant level 

MEHP: Mono-(2-ethylhexyl) phthalate 

MBR: Membrane bioreactors 

MISR: Multi-angle imaging 

spectroradiometer 

MNM: Manufactured nanomaterial 

MNP: Manufactured nanoparticle 

MNP: Metal nanoparticle 

MODIS: Moderate resolution imaging 

spectroradiometer 

MOL: Maximum contaminant level 

MPP: Microplastic particles 

MQL: Method quantization limit 

MSW: Municipal solid waste 

MSWC: Municipal solid waste 

combustion (plant) 

MWCNT: Multiwalled carbon nanotube 

MWS: Municipal waste stream 

NADP: National Atmospheric 

Deposition Monitoring Network 

NAPAP: National Acide Precipitation 

Asessment Program 

NATA: National air toxics assessment 

NCCOS: National Center for Coastal 

Ocean Science 

NEI: National emission inventory 

NEMS: Nanoelectromechanic systems 

NHANES: National Health and 

Nutrition Examination Survey 

NIMA: National Imagery & Mapping 

Agency 

NMDMP: National Marine Debris 

Monitoring Program 

NNI: National nanotechnology initiative 

NOAEL: No observed adverse effect 

level 

NOM: Natural organic matter 

NONP: Naturally occurring nanoparticle 

NP: Nonylphenol  

NPF: Nanoparticle formation 

NPL: National priorities list 

NSAID: Nonsteroidal anti-inflammatory 

drug 

NSP: Nanosized particles 

NTP: National Toxicology Program 
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OC: Organic carbon 

OCP: Organochlorine pesticide 

OMI: Ozone monitoring instrument 

OPP: Office of Pesticide Programs 

(EPA) 

OPP: Organophosphorus pesticide 

OWC: Organic wastewater compound 

PA: Polyamide 

PAH: Polycyclic aromatic hydrocarbon 

PBB: Polybrominated biphenyl 

PBDE: Polybrominated diphenylether 

PBT: Persistent bioaccumulative and 

toxic (chemicals) 

PBM: Polymer-based material 

PC: Polycarbonate 

PCB: Polychlorinated biphenyl 

PCDD: Polychlorinated dibenzo-p-

dioxin 

PCDF: polychlorinated dibenzofuran 

PCP: Personal care products 

PD: Pharmacodynamic 

PDO: Pacific Decadal Oscillation 

PE: Polyethylene 

PE-HD: Polyethylene, high density 

PE-LD: Polyethylene, low density 

PE-MD: Polyethylene, medium density 

PEL: Probable effect level 

PET or PETE: Polyethylene 

terephthalate 

PFOA: Perfluorooctanoic acid 

PhAC: Pharmaceutically active 

compounds 

PHAH: Polyhalogenated aromatic 

hydrocarbon 

PK: Pharmacokinetic 

PMD: Plastic marine debris 

PMMA: Polymethyl methylacrylate 

PNP: Plastic nanoparticle 

POP: Persistent organic pollutant 

POSI: Perfluorooctane sulfonate 

PP: Polypropylene 

PPA: Pollution Prevention Act 

PPAR: Peroxisome proliferator-

activated receptors 

PPCP: Pharmaceutical and personal care 

product 

PPCS: Pyrotechnic Petrochemical 

Consumer Society 

PPNS: Pyrotechnic-Petrochemical-

Nuclear Society 

PRTR: Pollution release and transfer 

register 

PS: Polystyrene 

PS-E: Polystyrene, expandable 

PTWI: Provisional tolerable weekly 

intake 

PUR: Polyurethane 

PVC: Polyvinylchloride 

RDF: Refuse derived fuel 
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RGM: Reactive gaseous mercury 

REACH: Registration, evaluation, and 

authorization of chemicals 

REL: Recommended exposure limit 

RoC: Report on cancer (by the National 

Toxicology Program) 

RoHS: Registry of Hazardous 

Substances 

ROS: Reactive oxygen species 

SAN: Styrene-acrylonitrile 

SDWA: Safe drinking water act 

SeaWiFS: Sea-viewing wide field-of-

view sensor 

SEM: Scanning electron microscope 

SL: Soil lead 

SML: Sea surface microlayer 

SMM: Sustainable materials 

management 

SMX: Sulfamethoxazole 

SOG: Soil organic matter 

SRT: Solid retention time 

SSL: Soil screening limit 

SST: Sea surface temperature. Also 

Supersonic transport. 

STEM: Scanning transmission electron 

microscope 

STP: Sewage treatment plant 

SVOC: Semivolatile organic compound 

SWNT: Single walled carbon nanotubes 

TBBPA: tetrabromobisphenol A 

TBT: Tributylin compounds 

TCS: Triclosan 

TDS: Testicular dysgenesis syndrome 

TEF: Toxic equivalency factor 

TEL: Threshold effect level 

TEQ: Toxic equivalent 

TK: Toxicokinetic 

TOC: Total organic carbon 

TOMP: Toxic organic micro pollutants 

ToxPF: Toxicological profile 

TP: Transformation product 

TRI: Toxics release inventory 

TT: Treatment Technique 

UMI: Unified Microbiome Initiative 

UFP: Ultra fine particles 

vZVI: Nanoscale zero-valent iron 

VOC: Volatile organic compound 

WEEP: Waste electronic & electrical 

products 

WTE: Waste to energy 

WWTP: Wastewater treatment plant 
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Links 

Suggestions, corrections and updates welcomed: curator@davistownmuseum.org 

 

US Government 

Agency for Toxic Substances and Disease Registry (ATSDR) 

 Toxicological Profiles and ToxFAQs: http://www.atsdr.cdc.gov/toxpro2.html 

 Toxic Substances Portal: http://www.atsdr.cdc.gov/substances/index.asp 

Centers for Disease Control and Prevention (CDC) Resources:  

 National Biomonitoring Program: http://www.cdc.gov/biomonitoring/ 

 National Center for Health Statistics (NCHS): http://www.cdc.gov/nchs 

o National Health and Nutrition Examination Survey (NHANES): 

http://www.cdc.gov/nchs/nhanes.htm 

o Fourth National Report on Human Exposure to Environmental chemicals: 

http://www.cdc.gov/exposurereport 

 National Institute for Occupational Safety and Health (NIOSH) 

o Databases and Information Resources: 

http://www.cdc.gov/niosh/database.html 

o Registry of Toxic Effects of Chemical Substances (RTECS): 

http://www.cdc.gov/niosh/rtecs 

Lawrence Livermore National Laboratory 

 Global Security: https://www-gs.llnl.gov/ 

National Institutes of Health (NIH) 

 National Institute for Environmental Health Sciences (NIEHS): 

http://www.niehs.nih.gov 

 National Toxicology Program (NTP): http://ntp.niehs.nih.gov 

 National Library of Medicine (NLM), Toxicology Data Network: 

http://toxnet.nlm.nih.gov 

NOAA  

 Marine Debris Program: http://marinedebris.noaa.gov/ 

 Sea Grant Program: http://seagrant.noaa.gov/Home.aspx 

mailto:curator@davistownmuseum.org
http://www.atsdr.cdc.gov/toxpro2.html
http://www.atsdr.cdc.gov/substances/index.asp
http://www.cdc.gov/biomonitoring/
http://www.cdc.gov/nchs
http://www.cdc.gov/nchs/nhanes.htm
http://www.cdc.gov/exposurereport
http://www.cdc.gov/niosh/database.html
http://www.cdc.gov/niosh/rtecs
https://www-gs.llnl.gov/
http://www.niehs.nih.gov/
http://ntp.niehs.nih.gov/
http://toxnet.nlm.nih.gov/
http://marinedebris.noaa.gov/
http://seagrant.noaa.gov/Home.aspx
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U.S. Environmental Protection Agency (EPA) 

 Endocrine Disruptor Screening Program (EDSP): 

http://www.epa.gov/endo/index.htm 

 Ground level ozone: http://www.epa.gov/glo/ 

 Integrated Risk-Information System (IRIS): http://www.epa.gov/iris 

 Office of Prevention, Pesticides, and Toxic Substances (OPPTS): 

http://www.epa.gov/opptsmnt/index.htm 

 Particulate matter: http://www.epa.gov/ncer/science/pm/ 

 Toxics release inventory: http://www2.epa.gov/toxics-release-inventory-tri-

program 

U.S. Food and Drug Administration (FDA) 

 Center for Food Safety and Applied Nutrition: http://www.cfsan.fda.gov 

 National Center for Toxicological Research: http://www.fda.gov/nctr 

U. S. Geological Survey (USGS) 

 Environmental Health – Toxic Substances: http://toxics.usgs.gov/ 

 Ground-water Contaminant Transport: 

http://toxics.usgs.gov/topics/gwcontam_transport.html 

 National Water Information System: http://waterdata.usgs.gov/nwis 

International 

Food and Agriculture Organization (FAO) of the United Nations: 

http://www.fao.org/home/en/ 

International Agency for Research on Cancer (IARC): www.iarc.fr 

 Monographs on the Evaluation of Carcinogenic Risks to Humans: 

http://monographs.iarc.fr/ENG/Monographs/allmonos90.php 

International Occupational Safety and Health Information Center 

 International Chemical Safety Cards: 

http://www.ilo.org/public/english/protection/safework/cis/products/icsc/dtasht

/index.htm 

National Institute for Public Health and the Environment (Netherlands): 

http://www.rivm.nl/en/ 

http://www.epa.gov/endo/index.htm
http://www.epa.gov/glo/
http://www.epa.gov/iris
http://www.epa.gov/opptsmnt/index.htm
http://www.epa.gov/ncer/science/pm/
http://www2.epa.gov/toxics-release-inventory-tri-program
http://www2.epa.gov/toxics-release-inventory-tri-program
http://www.cfsan.fda.gov/
http://www.fda.gov/nctr
http://toxics.usgs.gov/
http://toxics.usgs.gov/topics/gwcontam_transport.html
http://waterdata.usgs.gov/nwis
http://www.fao.org/home/en/
http://www.iarc.fr/
http://monographs.iarc.fr/ENG/Monographs/allmonos90.php
http://www.ilo.org/public/english/protection/safework/cis/products/icsc/dtasht/index.htm
http://www.ilo.org/public/english/protection/safework/cis/products/icsc/dtasht/index.htm
http://www.rivm.nl/en/
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World Health Organization  

 International Programme on Chemical Safety (IPCS): http://www.who.int/pcs 

 Monographs of the Joint FAO/WHO Meeting on Pesticide Residues: 

http://www.inchem.org/pages/jmpr.html 

 WHO Global Alert and Response: http://www.who.int/csr/en/ 

Other Links 

Adventurers and Scientists for Conservation (ASC) Microplastics Project: 

http://www.adventurescience.org/microplastics.html 

Beat the Microbead: http://www.beatthemicrobead.org/en/ 

BioDiversity Research Institute: http://www.briloon.org/ 

Breast Cancer Research Foundation: http://www.bcrfcure.org/ 

Center for Responsible Nanotechnology (CRN): http://crnano.org/ 

Centre for the Study of Existential Risk (CSER): http://cser.org/ 

Coral Reef Monitoring Network: http://www.icriforum.org/gcrmn 

Endocrine Society: http://www.endocrine.org/ 

Foresight Institute: http://www.foresight.org/ 

Future Earth: Research for Global Sustainability: http://www.futureearth.org/ 

Future of Humanity Institute: http://www.fhi.ox.ac.uk/ 

Future of Life Institute (FLI): http://futureoflife.org/ 

Global Catastrophic Risk Institute: http://gcrinstitute.org/ 

GoodGuide Scorecard, suspected endocrine toxicants: 

http://scorecard.goodguide.com/health-effects/chemicals-

2.tcl?short_hazard_name=endo 

Greenpeace: http://www.greenpeace.org/international/en/ 

Intergovernmental Forum on chemical safety (IFCS): http://www.who.int/ifcs/en/ 

International Conference on Chemical Management (ICCM): 

International Pellet Watch (IPW): http://www.pelletwatch.org/ 

International Program on Chemical Safety (IPCS): 

International Union of Pure and Applied Chemistry (IUPAC): http://www.iupac.org/ 

http://www.who.int/pcs
http://www.inchem.org/pages/jmpr.html
http://www.who.int/csr/en/
http://www.bcrfcure.org/
http://crnano.org/
http://cser.org/
http://www.foresight.org/
http://www.futureearth.org/
http://www.fhi.ox.ac.uk/
http://futureoflife.org/
http://gcrinstitute.org/
http://www.greenpeace.org/international/en/
http://www.who.int/ifcs/en/
http://www.iupac.org/
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Interagency Working Group on NanoScience, Engineering and Technology (IWGN): 

http://www.wtec.org/loyola/nano/toc.htm 

Katriana sampling results: Bywater/Marigny including agriculture street landfill: 

http://www.nrdc.org/health/effects/katrinadata/bywater.asp. 

Lifeboat Foundation: Safeguarding Humanity: http://lifeboat.com/ex/main 

Machine Intelligence Research Institute (MIRI): https://intelligence.org/ 

Marine & Environmental Research Institute (MERI): http://www.meriresearch.org/ 

Millennium Alliance for Humanity & the Biosphere (MAHB): 

http://mahb.stanford.edu/ 

National Nanotechnology Initiative (NNI): http://www.nano.gov/ 

New Orleans environmental quality test results: 

http://www.nrdc.org/health/effects/katrinadata/contents.asp. 

Professor Zhon L. Wang’s Nano Research Group: 

http://www.nanoscience.gatech.edu/zlwang/research.html 

Project on Emerging Nanotechnologies (PEN): http://www.nanotechproject.org/ 

Red List Index (RLI): http://www.iucnredlist.org/ 

Schoodic Institute: http://www.schoodicinstitute.org/ 

Silicon Valley Toxics Coalition: http://www. http://svtc.org/ 

Stockholm Convention: http://chm.pops.int/ 

Strategic Approach to International Chemicals Management (SAICM): 

http://www.saicm.org/ 

Union of Concerned Scientists: http://www.ucsusa.org/ 

Worldwatch Institute: http://www.worldwatch.org/ 

 

http://www.wtec.org/loyola/nano/toc.htm
http://www.nrdc.org/health/effects/katrinadata/bywater.asp
http://lifeboat.com/ex/main
https://intelligence.org/
http://www.meriresearch.org/
http://mahb.stanford.edu/
http://www.nano.gov/
http://www.nrdc.org/health/effects/katrinadata/contents.asp
http://www.nanoscience.gatech.edu/zlwang/research.html
http://www.iucnredlist.org/
http://www.schoodicinstitute.org/
http://www.saicm.org/
http://www.ucsusa.org/
http://www.worldwatch.org/
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polymers present in macroplastic debris are not representative of the mixture of 

polymers found as microplastic debris.” 

Browne, M., Crump, P., Niven, S., et al. (2011). Accumulation of microplastic on 

shorelines worldwide: Sources and sinks. Environmental Science and Technology. 

45(21). pg. 9175-9. http://pubs.acs.org/doi/abs/10.1021/es201811s 

Browne, M., Stewart, N., Galloway, T., et al. (2013). Microplastic moves pollutants and 

additives to worms, reducing functions linked to health and biodiversity. Current 

Biology. 23(23). pg. 2388-92. http://www.cell.com/current-biology/abstract/S0960-

9822(13)01253-0 

 “Microplastic transferred pollutants and additive chemicals into gut tissues of 

lugworms, causing some biological effects, although clean sand transferred 

larger concentrations of pollutants into their tissues. Uptake of nonylphenol from 

PVC or sand reduced the ability of coelomocytes to remove pathogenic bacteria 

by >60%.” 

Brumfiel, G. (2006). Consumer products leap aboard the nano bandwagon. Nature. 440. 

pg. 262. http://www.nature.com/nature/journal/v440/n7082/full/440262b.html 

Buckley, Christine. (August 10, 2010). Lobster dieoffs linked to chemicals in plastics. 

UConn Today. University of Connecticut, Storrs, CT. 

http://today.uconn.edu/blog/2010/08/lobster-dieoffs-linked-to-chemicals-in-plastics/ 

Bucheli, T. and Orjan, G. (2003). Soot sorption of non-ortho and ortho substituted 

PCBs. Chemosphere. 53. pg. 515-522. http://www.ncbi.nlm.nih.gov/pubmed/12948535 

 “This strong interaction with soot, particularly of non-ortho substituted PCBs, 

may fundamentally affect their environmental distribution and bioavailable 

exposure.” 

Bundy, A., Shannon, L, Rochet, M., et. al. (2010). The good(ish), the bad, and the ugly: 

A tripartite classification of ecosystem trends. Oxford Journals. 67(4). 

http://icesjms.oxfordjournals.org/content/67/4/745.full.pdf+html 

Buxton, H.T. and Kolpin, D.W. (2002). Pharmaceuticals, hormones, and other organic 

http://www.researchgate.net/publication/43078614_Spatial_patterns_of_plastic_debris_along_Estuarine_shorelines
http://www.researchgate.net/publication/43078614_Spatial_patterns_of_plastic_debris_along_Estuarine_shorelines
http://pubs.acs.org/doi/abs/10.1021/es201811s
http://www.cell.com/current-biology/abstract/S0960-9822(13)01253-0
http://www.cell.com/current-biology/abstract/S0960-9822(13)01253-0
http://www.nature.com/nature/journal/v440/n7082/full/440262b.html
http://today.uconn.edu/blog/2010/08/lobster-dieoffs-linked-to-chemicals-in-plastics/
http://www.ncbi.nlm.nih.gov/pubmed/12948535
http://icesjms.oxfordjournals.org/content/67/4/745.full.pdf+html


 

 134 

wastewater contaminants in U.S. streams. U.S. Geological Survey Fact Sheet FS-027-

02. http://toxics.usgs.gov/pubs/FS-027-02/pdf/FS-027-02.pdf 

Buzea, C., Blandino, I. and Robbie, K. (2007). Nanomaterials and nanoparticles: 

Sources and toxicity. Biointerphases. 2(4). pg. MR17-MR172. 

http://arxiv.org/ftp/arxiv/papers/0801/0801.3280.pdf 

 “Humans have always been exposed to tiny particles via dust storms, volcanic 

ash, and other natural processes, and that our bodily systems are well adapted to 

protect us from these potentially harmful intruders. The reticuloendothelial 

system in particular actively neutralizes and eliminates foreign matter in the 
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 Marcus Eriksen. Microplastics and suspected microbeads in the Laurentian Great Lakes of 
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 Amy Lusher. Microplastics in our food: Ingestion by commercially important fish species 
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 Stephanie Wright. Microscopic PVC as a vector for PAHs: Bioaccumulation and toxicity in 

a sediment dwelling marine polychaete 
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 “Stream flow of the Colorado River Basin is the most over allocated in the 

world. Recent assessment indicates that demand for this renewable resource will 

soon outstrip supply, suggesting that limited groundwater reserves will play an 

increasingly important role in meeting future water needs.” 

 “The rapid rate of depletion of groundwater storage (-5.6 ± 0.4 km3yr) far 

exceeded the rate of depletion of Lake Powell and Lake Mead. Results indicate 

that groundwater may comprise a far greater fraction of Basin water use than 

previously recognized, in particular during drought, and that its disappearance 

may threaten the long-term ability to meet future allocations to the seven Basin 

states.” 

 “At question is the potential impact of solely managing surface water allocations 
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future water demands.” 
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disintegrate some particles and many of the breakdown products (e.g., oils, fats 
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o Toxicity will very likely be highly dependent on their physic-chemical 

properties, but how? 

o Data on nanoparticles are almost exclusively limited to metal and metal oxide 

particles” 

 “Bioavailability of additives and contaminants in plastic particles is not known.” 

 “Research on the potential health risks of food microplastics is needed. The 

following is proposed: Development of a quantitative method to measure 

microplastics in foods. The method should be able to distinguish between 

microparticles (0.1-5µm) and nanoparticles (< 0.1 µm). The polymer 

composition of the particles should be determined. Determination of selected 

additives and adhering contaminants should be considered.” 

 “A recent UNEP/WHO report on the state of the science of endocrine disrupting 

chemicals expressed concerns over endocrine disrupters because of the high 

incidence and increasing trends of many endocrine-related disorders in humans 

and of endocrine-related effects in wildlife populations.” 

 This report contains the following two tables: 
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 “Due to economic pressures the availability of nanotechnology-based consumer 

products are increasing rapidly while the development of regulatory frameworks 

and environmental impact assessment tools regarding nanotoxicity to the 

environment are lagging behind.” 
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 “The PCB WHO-TEQs in the organically farmed salmon from Norway in this 

study were an order of magnitude higher than those of the conventional farmed 

salmon from Maine and eastern Canada.” 

Shaw, Susan D., Brenner, D., Bourakovsky, et. al. (2005c). Polychlorinated biphenyls 

and chlorinated pesticides in harbor seals (Phoca vitulina concolor) from the 

northwestern Atlantic coast. Marine Pollution Bulletin. 50. pg. 1069-84. 

http://www.ncsu.edu/project/bio183de/Black/science/science_reading/lab1article.pdf 

Shaw, Susan D., Brenner, D., Berger, M., et al. (2006a). PCBs, PCDD/Fs, and 

organochlorine pesticides in farmed Atlantic salmon from Maine, eastern Canada, and 

Norway, and wild salmon from Alaska. Environmental Science and Technology. 40. pg. 

5347-54. 

http://www.meriresearch.org/Portals/0/Documents/Shaw%20et%20al%202005,%20Org

%20Cmpds,%20PCBs%20in%20salmon.pdf 

Shaw, Susan D., Berger, M., Brenner, D., et. al. (2006b). Polybrominated diphenyl 

ethers (PBDEs) in harbor seals (Phoca vitulina concolor) from the northwestern 

Atlantic. Organohalogen Compounds. 68. pg. 600-3. 

http://www.meriresearch.org/Portals/0/Documents/Shaw%20et%20al%202006,%20Org

%20Cmpds,%20PBDEs%20in%20NW%20Atlantic%20Harbor%20Seal.pdf 

 “The Gulf of Maine is a shallow, semi-enclosed sea receiving significant 
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years), and accumulate high concentrations of persistent organic pollutants 

(POPs) and mercury through the food chain.” 

 “Harbor seals feed on a variety of fish including hake, herring, alewife, haddock, 

redfish, and winter flounder in coastal and estuarine environments and are 

exposed to contaminated habitats and prey across their range.” 

 “Lipophilic (fat soluble) POPs including PCBs, dioxins, and DDT build up in 

fatty tissues such as blubber and have been shown to cause immune- and 

endocrine-disrupting effects in seals and other marine wildlife.” 

 “PCB burdens in harbor seals from the northwestern Atlantic exceed the 

estimated threshold level of 17µg PCB/g, lw in blubber for adverse effects on 
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 “Unlike the trend for PCBs, no decreasing gradient from urban to rural/remote 

areas was observed for PBDEs…No significant temporal trend was observed for 

PBDEs in harbor seals between 1991 and 2005.” 
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 “Perfluorooctane sulffonate (PFOS) concentrations were the highest in liver (8-

1388 ng/g, ww), followed by perfluoroundecanoic acid (PFUnDA) (<1-30.7 

ng/g, ww).” 

Shaw, Susan D. and Kannan, Kurunthachalam. (2009a). Polybrominated diphenyl 
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 “The oceans are considered global sinks for PBDEs, as higher levels are found in 

marine organisms than in terrestrial biota. For the past three decades, North 

America has dominated the world market demand for PBDEs, consuming 95% 
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increasing. Despite recent restrictions on penta- and octa-BDE commercial 

formulations, penta-BDE containing products will remain a reservoir for PBDE 

release for years to come, and the deca-BDE formulation is still in high-volume 

use.” 

 “We outline here our concerns about the potential future impacts of large 

existing stores of banned PBDEs in consumer products, and the vast and growing 

reservoirs of deca-BDE as well as new and naturally occurring brominated 

compounds on marine ecosystems.” 

Shaw, Susan D., Berger, M., Brener, D., et al. (2009b). Bioaccumulation of 

polyrominated diphenyl ethers and hexabromocyclododecane in the northwest Atlantic 
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 “BDE-209 concentrations in liver were up to five times higher than those in 

blubber.” 

 “Although detection frequency was low, BDE-209 levels in seal liver were up to 

ten times higher than those in their prey fish, suggesting that the 

accumulation/biomagnification of Deca-BDE in marine food webs is tissue-

specific.” 
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Appendix 1: The Stockholm Convention: Overview, Definitions 
and Targeted Chemicals 

Source: Secretariat of the Stockholm Convention. (2008). Listing of POPs in the 

Stockholm Convention. 

http://chm.pops.int/TheConvention/ThePOPs/ListingofPOPs/tabid/2509/Default.aspx 

“The Stockholm Convention on Persistent Organic Pollutants was adopted by the 

Conference of Plenipotentiaries on 22 May 2001 in Stockholm, Sweden. The 

Convention entered into force on 17 May 2004. [Chemicals that] remain intact in 

the environment for long periods, become widely distributed geographically, 

accumulate in the fatty tissue of humans and wildlife, and have harmful impacts 

on human health or on the environment. Exposure to Persistent Organic 

Pollutants (POPs) can lead to serious health effects including certain cancers, birth 

defects, dysfunctional immune and reproductive systems, greater susceptibility to 

disease and damages to the central and peripheral nervous systems. Given their 

long range transport, no one government acting alone can protect its citizens or its 

environment from POPs. In response to this global problem, the Stockholm 

Convention, which was adopted in 2001 and entered into force in 2004, requires its 

parties to take measures to eliminate or reduce the release of POPs into the 

environment…As set out in Article 1, the objective of the Stockholm Convention is to 

protect human health and the environment from persistent organic pollutants.” 

Numerous other articles and annexes describe the provisions and requirements of the 

convention, including the future listing of POPs.  

Listing of POPs in the Stockholm Convention: 

Annex A (Elimination) 
Aldrin, Chlordane, Chlordecone, Dieldrin, Endrin, Heptachlor, Hexabromobiphenyl, 

Hexabromocyclododecane (HBCD), Hexabromodiphenyl ether and 

Heptabromodiphenyl ether, Hexachlorobenzene (HCB), Alpha hexachlorocyclohexane, 

Beta hexachlorocyclohexane, Lindane, Mirex, Pentachlorobenzene, Polychlorinated 

biphenyls (PCB), Technical endosulfan and its related isomers, Tetrabromodiphenyl 

ether and pentabromodiphenyl ether, Toxaphene 

Annex B (Restriction) 

DDT, Perfluorooctane sulfonic acid, its salts, and Perfluorooctane solfonyl fluoride 

Annex C (Unintentional production) 
Hexachlorobenzene (HCB), Pentachlorobenzene, Polychlorinated biphenyls (PCB), 

Polychlorinated dibenzo-p-dioxins (PCDD), Polychlorinated dibenzofurans (PCDF) 
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Appendix 2: EPA Drinking Water Contaminants List 

Chemical Contaminants 

Source: US Environmental Protection Agency. (2009). Drinking Water Contaminants. 

US EPA, Washington, DC. http://water.epa.gov/drink/contaminants/index.cfm 

Substance Name CASRN Use 

1,1,1,2-
Tetrachloroethane 

630-20-6 It is an industrial chemical used in the production of 
other substances. 

1,1-Dichloroethane 75-34-3 It is an industrial chemical used as a solvent. 

1,2,3-Trichloropropane 96-18-4 It is an industrial chemical used in paint manufacture. 

1,3-Butadiene 106-99-0 It is an industrial chemical used in rubber production. 

1,3-Dinitrobenzene 99-65-0 It is an industrial chemical and is used in the production 
of other substances. 

1,4-Dioxane 123-91-1 It is used as a solvent or solvent stabilizer in the 
manufacture and processing of paper, cotton, textile 
products, automotive coolant, cosmetics and shampoos. 

17alpha-estradiol 57-91-0 It is an estrogenic hormone and is used in 
pharmaceuticals. 

1-Butanol 71-36-3 It is used in the production of other substances. 

2-Methoxyethanol 109-86-4 It is used in consumer products, such as synthetic 
cosmetics, perfumes, fragrances, hair preparations, and 
skin lotions. 

2-Propen-1-ol 107-18-6 It is used in the production of other substances, and in 
the manufacture of flavorings and perfumes. 

3-Hydroxycarbofuran 16655-82-6 It is a carbamate and is a pesticide degradate. The 
parent, carbofuran, is used as an insecticide. 

4,4'-Methylenedianiline 101-77-9 It is used in the production of other substances. 

Acephate 30560-19-1 It is used as an insecticide. 

Acetaldehyde 75-07-0 It is used in the production of other substances, and as a 
pesticide and food additive. 

Acetamide 60-35-5 It is used as a solvent, solubilizer, plasticizer and 
stabilizer. 

http://water.epa.gov/drink/contaminants/index.cfm
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Substance Name CASRN Use 

Acetochlor 34256-82-1 It is used as an herbicide for weed control on agricultural 
crops. 

Acetochlor 
ethanesulfonic acid 
(ESA) 

187022-11-3 Acetochlor ESA is an acetanilide pesticide degradate. The 
parent, acetochlor, is used as an herbicide for weed 
control on agricultural crops. 

Acetochlor oxanilic acid 
(OA) 

184992-44-4 Acetochlor OA is an acetanilide pesticide degradate. The 
parent, acetochlor, is used as an herbicide for weed 
control on agricultural crops. 

Acrolein 107-02-8 It is used as an aquatic herbicide, rodenticide and 
industrial chemical. 

Alachlor ethanesulfonic 
acid (ESA) 

142363-53-9 Alachlor ESA is an acetanilide pesticide degradate. The 
parent, alachlor, is used as an herbicide for weed control 
on agricultural crops. 

Alachlor oxanilic acid 
(OA) 

171262-17-2 Alachlor OA is an acetanilide pesticide degradate. The 
parent, alachlor, is used as an herbicide for weed control 
on agricultural crops. 

alpha-
Hexachlorocyclohexane 

319-84-6 It is a component of benzene hexachloride (BHC) and 
was formerly used as an insecticide. 

Aniline 62-53-3 It is used as an industrial chemical, as a solvent, in the 
synthesis of explosives, rubber products and in 
isocyanates. 

Bensulide 741-58-2 It is used as an herbicide. 

Benzyl chloride 100-44-7 It is used in the production of other substances, such as 
plastics, dyes, lubricants, gasoline and pharmaceuticals. 

Butylated 
hydroxyanisole 

25013-16-5 It is used as a food additive (antioxidant). 

Captan 133-06-2 It is used as a fungicide. 

Chlorate 14866-68-3 Chlorate compounds are used in agriculture as defoliants 
or desiccants and may occur in drinking water related to 
use of disinfectants such as chlorine dioxide. 

Chloromethane (Methyl 
chloride) 

74-87-3 It is used as a foaming agent and in the production of 
other substances. 

Clethodim 110429-62-4 It is used as an herbicide. 
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Substance Name CASRN Use 

Cobalt 7440-48-4 It is a naturally-occurring element and was formerly used 
as cobaltus chloride in medicines and as a germicide. 

Cumene hydroperoxide 80-15-9 It is used as an industrial chemical and is used in the 
production of other substances. 

Cyanotoxins (3)*   Toxins naturally produced and released by cyanobacteria 
("blue-green algae"). Various studies suggest three 
cyanotoxins for consideration: Anatoxin-a, Microcystin-
LR, and Cylindrospermopsin. 

Dicrotophos 141-66-2 It is used as an insecticide. 

Dimethipin 55290-64-7 It is used as an herbicide and plant growth regulator. 

Dimethoate 60-51-5 It is used as an insecticide on field crops, (such as 
cotton), orchard crops, vegetable crops, in forestry and 
for residential purposes. 

Disulfoton 298-04-4 It is used as an insecticide. 

Diuron 330-54-1 It is used as an herbicide. 

equilenin 517-09-9 It is an estrogenic hormone and is used in 
pharmaceuticals. 

equilin 474-86-2 It is an estrogenic hormone and is used in 
pharmaceuticals. 

Erythromycin 114-07-8 It is used in pharmaceutical formulations as an antibiotic. 

Estradiol (17-beta 
estradiol) 

50-28-2 It is an estrogenic hormone and is used in 
pharmaceuticals. 

estriol 50-27-1 It is an estrogenic hormone and is used in veterinary 
pharmaceuticals. 

estrone 53-16-7 It is an estrogenic hormone and is used in veterinary and 
human pharmaceuticals. 

Ethinyl Estradiol (17-
alpha ethynyl estradiol) 

57-63-6 It is an estrogenic hormone and is used in veterinary and 
human pharmaceuticals. 

Ethoprop 13194-48-4 It is used as an insecticide. 

Ethylene glycol 107-21-1 It is used as an antifreeze, in textile manufacture and is 
a cancelled pesticide. 
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Substance Name CASRN Use 

Ethylene oxide 75-21-8 It is used as a fungicidal and insecticidal fumigant. 

Ethylene thiourea 96-45-7 It is used in the production of other substances, such as 
for vulcanizing polychloroprene (neoprene) and 
polyacrylate rubbers, and as a pesticide. 

Fenamiphos 22224-92-6 It is used as an insecticide. 

Formaldehyde 50-00-0 It has been used as a fungicide, may be a disinfection 
byproduct and can occur naturally. 

Germanium 7440-56-4 It is a naturally-occurring element and is commonly used 
as germanium dioxide in phosphors, transistors and 
diodes, and in electroplating. 

Halon 1011 
(bromochloromethane) 

74-97-5 It is used as a fire-extinguishing fluid and to suppress 
explosions, as well as a solvent in the manufacturing of 
pesticides. May also occur as a disinfection by-product in 
drinking water. 

HCFC-22 75-45-6 It is used as a refrigerant, as a low-temperature solvent, 
and in fluorocarbon resins, especially in 
tetrafluoroethylene polymers. 

Hexane 110-54-3 It is used as a solvent and is a naturally-occurring 
alkane. 

Hydrazine 302-01-2 It is used in the production of other substances, such as 
rocket propellants, and as an oxygen and chlorine 
scavenging compound. 

Mestranol 72-33-3 It is an estrogenic hormone and is used in veterinary and 
human pharmaceuticals. 

Methamidophos 10265-92-6 It is used as an insecticide. 

Methanol 67-56-1 It is used as an industrial solvent, a gasoline additive and 
also as anti-freeze. 

Methyl bromide 
(Bromomethane) 

74-83-9 It has been used as a fumigant as a fungicide. 

Methyl tert-butyl ether 1634-04-4 It is used as an octane booster in gasoline, in the 
manufacture of isobutene and as an extraction solvent. 

Metolachlor 51218-45-2 It is used as an herbicide for weed control on agricultural 
crops. 
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Substance Name CASRN Use 

Metolachlor 
ethanesulfonic acid 
(ESA) 

171118-09-5 Metolachlor ESA is an acetanilide pesticide degradate. 
The parent, metolachlor, is used as an herbicide for 
weed control on agricultural crops. 

Metolachlor oxanilic 
acid (OA) 

152019-73-3 Metolachlor OA is an acetanilide pesticide degradate. The 
parent, metolachlor, is used as an herbicide for weed 
control on agricultural crops. 

Molinate 2212-67-1 It is used as an herbicide. 

Molybdenum 7439-98-7 It is a naturally-occurring element and is commonly used 
as molybdenum trioxide as a chemical reagent. 

Nitrobenzene 98-95-3 It is used in the production of aniline, and also as a 
solvent in the manufacture of paints, shoe polishes, floor 
polishes, metal polishes, explosives, dyes, pesticides and 
drugs (such as acetaminophen). 

Nitroglycerin 55-63-0 It is used in pharmaceuticals, in the production of 
explosives, and in rocket propellants. 

N-Methyl-2-pyrrolidone 872-50-4 It is a solvent in the chemical industry, and is used for 
pesticide application and in food packaging materials. 

N-nitrosodiethylamine 
(NDEA) 

55-18-5 It is a nitrosamine used as an additive in gasoline and in 
lubricants, as an antioxidant, as a stabilizer in plastics 
and also may be a disinfection byproduct. 

N-
nitrosodimethylamine 
(NDMA) 

62-75-9 It is a nitrosamine and has been formerly used in the 
production of rocket fuels, is used as an industrial 
solvent and an anti-oxidant, and also may be a 
disinfection byproduct. 

N-nitroso-di-n-
propylamine (NDPA) 

621-64-7 It is a nitrosamine and may be a disinfection byproduct. 

N-
Nitrosodiphenylamine 

86-30-6 It is a nitrosamine chemical reagent that is used as a 
rubber and polymer additive and may be a disinfection 
byproduct. 

N-nitrosopyrrolidine 
(NPYR) 

930-55-2 It is a nitrosamine used as a research chemical and may 
be a disinfection byproduct. 

Norethindrone (19-
Norethisterone) 

68-22-4 It is a progresteronic hormone used in pharmaceuticals. 
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Substance Name CASRN Use 

n-Propylbenzene 103-65-1 It is used in the manufacture of methylstyrene, in textile 
dyeing, and as a printing solvent, and is a constituent of 
asphalt and naptha. 

o-Toluidine 95-53-4 It is used in the production of other substances, such as 
dyes, rubber, pharmaceuticals and pesticides. 

Oxirane, methyl- 75-56-9 It is an industrial chemical used in the production of 
other substances. 

Oxydemeton-methyl 301-12-2 It is used as an insecticide. 

Oxyfluorfen 42874-03-3 It is used as an herbicide. 

Perchlorate 14797-73-0 It is both a naturally occurring and human-made 
chemical. Perchlorate is used to manufacture fireworks, 
explosives, flares and rocket propellant. 

Perfluorooctane 
sulfonic acid (PFOS) 

1763-23-1 PFOS was used in fire fighting foams and various 
surfactant uses; few of which are still ongoing because 
no alternatives are available. 

Perfluorooctanoic acid 
(PFOA) 

335-67-1 PFOA is used in the manufacture of fluoropolymers, 
substances which provide non-stick surfaces on 
cookware and waterproof, breathable membranes for 
clothing 

Permethrin 52645-53-1 It is used as an insecticide. 

Profenofos 41198-08-7 It is used as an insecticide and an acaricide. 

Quinoline 91-22-5 It is used in the production of other substances, as a 
pharmaceutical (anti-malarial) and as a flavoring agent. 

RDX (Hexahydro-1,3,5-
trinitro-1,3,5-triazine) 

121-82-4 It is used as an explosive. 

sec-Butylbenzene 135-98-8 It is used as a solvent for coating compositions, in 
organic synthesis, as a plasticizer and in surfactants. 

Strontium 7440-24-6 It is naturally-occurring element and is used as strontium 
carbonate in pyrotechnics, in steel production, as a 
catalyst and as a lead scavenger. 

Tebuconazole 107534-96-3 It is used as a fungicide. 

Tebufenozide 112410-23-8 It is used as an insecticide. 
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Substance Name CASRN Use 

Tellurium 13494-80-9 It is a naturally-occurring element and is commonly used 
as sodium tellurite in bacteriology and medicine. 

Terbufos 13071-79-9 It is used as an insecticide. 

Terbufos sulfone 56070-16-7 Terbufos sulfone is a phosphorodithioate pesticide 
degradate. The parent, terbufos, is used as an 
insecticide. 

Thiodicarb 59669-26-0 It is used as an insecticide. 

Thiophanate-methyl 23564-05-8 It is used as a fungicide. 

Toluene diisocyanate 26471-62-5 It is used in the manufacture of plastics. 

Tribufos 78-48-8 It is used as an insecticide and as a cotton defoliant. 

Triethylamine 121-44-8 It is used in the production of other substances, as a 
stabilizer in herbicides and pesticides, in consumer 
products, in food additives, in photographic chemicals 
and in carpet cleaners. 

Triphenyltin hydroxide 
(TPTH) 

76-87-9 It is used as a pesticide. 

Urethane 51-79-6 It is used as a paint ingredient. 

Vanadium 7440-62-2 It is a naturally-occurring element and is commonly used 
as vanadium pentoxide in the production of other 
substances and as a catalyst. 

Vinclozolin 50471-44-8 It is used as a fungicide. 

Ziram 137-30-4 It is used as a fungicide. 

 

Microbial Contaminants 

Microbial 

Contaminant 

Name 

Information 

Adenovirus 
Virus most commonly causing respiratory illness, and occasionally 
gastrointestinal illness 

Caliciviruses Virus (includes Norovirus) causing mild self-limiting gastrointestinal illness 
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Microbial 

Contaminant 

Name 

Information 

Campylobacter jejuni Bacterium causing mild self-limiting gastroentestinal illness 

Enterovirus 
Group of viruses including polioviruses, coxsackieviruses and echoviruses 
that can cause mild respiratory illness 

Escherichia 
coli(0157) 

Toxin-producing bacterium causing gastrointestinal illness and kidney 
failure 

Helicobacter pylori 
Bacterium sometimes found in the environment capable of colonizing 
human gut that can cause ulcers and cancer 

Hepatitis A virus Virus that causes a liver disease and jaundice 

Legionella 
pneumophila 

Bacterium found in the environment including hot water systems causing 
lung diseases when inhaled 

Mycobacterium 
avium 

Bacterium causing lung infection in those with underlying lung disease, and 
disseminated infection in the severly immunocompromised 

Naegleria fowleri 
Protozoan parasite found in shallow, warm surface and ground water 
causing primary amebic meningoencephalitis 

Salmonella enterica Bacterium causing mild self-limiting gastrointestinal illness 

Shigella sonnei 
Bacterium causing mild self-limiting gastrointestinal illness and bloody 
diarrhea 
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Appendix 3: Chemicals in the CDC Fourth Annual Report on 
Human Exposure to Environmental Chemicals Updated Tables 

Source: US CDC. (2014). Fourth national report on human exposure to environmental 

chemicals: Updated tables. Centers for Disease Control. 

http://www.cdc.gov/exposurereport/ 

 

http://www.cdc.gov/exposurereport/
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Appendix 4: World Health Organization List of Unique Groups 
of Endocrine-Disrupting Chemicals 

Source: World Health Organization. (2012). State of the science of endocrine disrupting 

chemicals, 2012. Inter-organization Programme for the Sound Management of 

Chemicals (IPCS). United Nations Environment Programme. 

http://www.who.int/ceh/publications/endocrine/en/ 

 

http://www.who.int/ceh/publications/endocrine/en/
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Appendix 5: World Health Organization List of Unique 
Endocrine Disrupting Chemicals 

Source: World Health Organization. (2012). State of the science of endocrine disrupting 

chemicals, 2012. Inter-organization Programme for the Sound Management of 

Chemicals (IPCS). United Nations Environment Programme. 

http://www.who.int/ceh/publications/endocrine/en/ 

 

http://www.who.int/ceh/publications/endocrine/en/
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Appendix 6: Total Production of Environmental Chemicals 

Note: comprehensive databases on the annual and total production of anthropogenic 

ecotoxic substances are difficult to locate. Much information remains classified about 

US production of environmental chemicals of every description. Information about the 

quantities of methylmercury now in the environment are difficult to quantify and are 

not presently available. 
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Aldrin: production, import, export and stockpile amounts unknown (ATSDR 2002c) 

Dieldrin: production, import, export and stockpile amounts unknown (ATSDR 2002c) 

Chlordane: 100,000 to 1,000,000 pounds in US (ATSDR 1994); at least 5,490,000 

pounds in China, still in production/use (Wang 2013) 

Chlordecone: 3.6 million pounds produced in US from 1951-1975 (ATSDR 1995b) 

Endrin: No data was collected on the production of Endrin (ATSDR 1996) 

Heptachlor: No data was collected on the production of heptachlor (ATSDR 2007b) 

Hexabromobiphenyl (PBDE congener):  

Hexabromocyclododecane (HBCD): 28,000 known tons annually in 2009-2010 

(UNEP 2001) 

Hexabromodiphenyl ether (PBDE congener):  

Heptabromodiphenyl ether (PBDE congener): 

Hexachlorobenzene (HCB): Little data available on total production, created as a 

byproduct of numerous industrial processes (ATSDR 2013) 

Lindane (Gamma-HCH), Alpha hexachlorocyclohexane, Beta 

hexachlorocyclohexane: 4.8 Million tons of Gamma-HCH (Lindane) and byproduct 

HCH isomers from Lindane production, still in production in Romania (Commission 

for Environmental Cooperation 2006, Vijgen 2006) 

Mirex: Over 4.8 million pounds produced in U.S., still in production (National 

Toxicology Program 2014) 
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Technical endosulfan and its related isomers: 

Tetrabromodiphenyl ether (PBDE congener): 

Pentabromodiphenyl ether (PBDE congener): 

Toxaphene: 720 kilotons from 1947 to 1986 (Li 2001) 

DDT: 1.8 million tons since 1940 (US ATSDR 2002) 

Perfluorooctane solfonyl fluoride (POSF): 122,500 tons (Paul 2009) 

Perfluorooctane sulfonic acid (PFOS): 450-2,700 tons (from decay of POSF) (Paul 

2009) 

Hexachlorobenzene (HCB): 

Polychlorinated biphenyls (PCB): 1.3 million tons (Breivik 2007) 

Polychlorinated dibenzo-p-dioxins (PCDD):  

Polychlorinated dibenzofurans (PCDF):  

Total Known Production of Various Other Hazardous Chemicals 

Glyphosate: 1.1 million tons/year in 2012, in production since 1950 (Hasaneen 2012) 

Bisphenol A: 42 metric tons/year in 1942 in the US; 3.2 million metric tons/year in 

2003 (Flint 2012) 

PBBs (Polybrominated biphenyls): 13.3 million pounds in U.S. 1970 to 1976 (US 

ATSDR 2004b); 67,000 metric tons globally annually in 2000 (US CDC 2013) 

PBDEs (Polybrominated diphenyl ethers): 310,000 tons annually in 2001 (Besis 

2012) 

All Phthalates: 11 billion pounds (Lowell Center for Sustainable Production 2011) 

Phthalic anhydride: 3 million tons annually in 2000 (Lorz 2007) 

Bis(2-ethylhexyl)phthalate (DEHP): over 3 billion kilograms annually in 2005 (Lorz 

2007) 

Dibutylphthalate (DBP): over 22 million pounds annually (Versar 2010) 

Butylbenzylphthalate (BBP): below 40 million pounds annually in 2009 (Versar 

2010) 

Diisodecyl Phthalate (DIDP): 270 million pounds annually in 2002 (Versar 2010) 

Diisoonyl Phthalate (DINP): 356 million pounds annually in 2002 (Versar 2010) 
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Appendix 7: Uses and Production Rates of Common Plastic 
Types (2014) 

Source: Rossi, M. and Blake, A. (2014). The plastics scorecard: Evaluating the 

chemical footprint of plastics. Clean Production Action. 

http://www.ksat.com/content/dam/pns/ksat/news/defenders/2014/07/Plastics-

Scorecard.pdf 

 

Type SPI# Common Uses Annual 
Production* 

Polyethylene  2, 4 Plastic bags, packaging, bottles 78.07 million 

tons 

Polypropylene 5 Textiles and fabric, packaging, 

automobiles 

52.75 million 

tons 

Polyvinyl 

Chloride 

(PVC) 

3 Plumbing, house hardware, wiring, 

clothes 

37.98 million 

tons 

Polyethylene 

Terephthalate 
1 Textiles and fabric, food packaging, 

bottles 

18.99 million 

tons 

Polystyrene 6 Packing peanuts, plastic tableware 10.55 million 

tons 

Acrylonitrile 

Butadiene 

Styrene  

7 Computer hardware, auto parts, injection 

molded toys like Lego bricks 

8.44 million 

tons 

Polycarbonate 7 CDs, glasses, lenses, windows 4.22 million 

tons 

Miscellaneous 7 Various specialty plastics 77 million tons 

Total:   288 million 

tons 

* metric tons 

http://www.ksat.com/content/dam/pns/ksat/news/defenders/2014/07/Plastics-Scorecard.pdf
http://www.ksat.com/content/dam/pns/ksat/news/defenders/2014/07/Plastics-Scorecard.pdf
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Appendix 8: Hazard Ranked Plastic Polymers 

Source: Lithner, D. (2011). Environmental and health hazards of chemicals in plastic 

polymers and products. University of Goethenburg, Department of Plant and 

Environmental Sciences. https://gupea.ub.gu.se/handle/2077/24978 

 

https://gupea.ub.gu.se/handle/2077/24978


 

 410 

 

• Substances causing acute toxicity to Daphnia magna leached from one third of all 

83 tested plastic products and synthetic textiles even during the short term (1-3 d) 

leaching period in deionised water [I-III]. 

• The toxic leachates came mainly from products that were soft to semi-soft, i.e. 

plasticised PVC (11/13) and polyurethane (3/4), and from epoxy products (5/5), and 

from synthetic textiles made from various plastic fibres [I-III]. 

• Only one each of the 13 polyethylene, 10 polyester and 9 polypropylene leachates 

were acutely toxic [I-III]. 
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• A considerable number of leachates from products intended for children (5/13) 

were toxic [I-III]. 

• None of the 12 leachates from articles for food or drinking water contact were 

acutely toxic [I, II]. 

• The toxic leachates from discarded electronic products came from the mixed 

material or the metal fraction, but none came from the pure plastic fraction [IV]. 

• Toxicity Identification Evaluation, performed on some leachates, indicated that 

the major toxicants were hydrophobic organics for the plastic product [I, II] and 

synthetic textile [III] leachates, and metals for the electronic product leachates [IV]. 

• Many other toxic responses than acute toxicity are highly relevant in plastic 

leachates [V], and leaching is suspected to be more likely to occur at low 

concentrations during a long period of time. 

• The plastic polymers ranked as most hazardous are made of monomers classified 

as either carcinogenic or both carcinogenic and mutagenic (category 1A or 1B) [V]. 

• These belong to the polymer families of polyurethanes, polyacrylonitriles, PVC, 

epoxy resins, and styrenic copolymers (ABS, SAN and HIPS), and have a large 

global production (1-37 million tons/year). PVC accounts for 17% of the global 

production of plastics [V]. 

• The polymers that ranked as least hazardous, i.e. polypropylene and polyethylene, 

account for 54% of the global production of plastics [V]. A considerable number of 

polymers (31 out of 55) are made of monomers that belong to the two highest of the 

ranking model’s hazard levels, i.e. levels IV and V [V]. 

• Polymers which are composed of level IV monomers, and also have a large global 

production (1-5 million tons/year), are phenol formaldehyde resins, unsaturated 

polyesters, polycarbonate, polymethyl methacrylate, and urea-formaldehyde resins 

[V]. 

• The most toxic plastic product leachates [I, II, III] were dominated by the 

polymers which had been ranked as the most hazardous [V], however, in many 

cases additives were suspected to be a more likely cause of toxicity than monomers. 

• For several of the identified hazardous substances used in polymer production the 

risks ought to be evaluated for decisions on need for risk reduction measures, 

substitution, or even phase out [V]. 

• The hazard ranking model is a useful tool for comparing substances, mixtures or 

articles which can be used in hazard and risk assessment. 

• There is a need to assess the risks from exposure in a wider context, including 

plastic pollution in the environment, degradation products, hazardous additives and 

mixture toxicity. 
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Appendix 9: European Plastics Demand by Resin Type (2012) 

Source: Plastics Europe. (2013). Plastics: The facts, 2013. Association of Plastic 

Manufacturers. http://www.plasticseurope.org/documents/document/20131014095824-

final_plastics_the_facts_2013_published_october2013.pdf  

Type SPI# Uses Market percent 

Polyethylene 

Terephthalate (PET) 

1 Bottles, food packaging 6.5% 

High Density 

Polyethylene 

(HDPE) 

2 Jugs and bottles, caps, food 

packaging 

12% 

Polyvinyl Chloride 

(PVC) 

3 PVC windows, pipes, boots 10.7% 

Low Density 

Polyethylene 

(LDPE) 

4 Shopping bags, wire cables, 

agricultural mulch plastic 

17.5% 

Polypropylene 5 Car parts, flower pots, binders 18.8% 

Polystyrene 6 Yogurt containers, glasses frames 7.4% 

Miscellaneous 7 Sponges, toys, Teflon, etc. 19.8% 

http://www.plasticseurope.org/documents/document/20131014095824-final_plastics_the_facts_2013_published_october2013.pdf
http://www.plasticseurope.org/documents/document/20131014095824-final_plastics_the_facts_2013_published_october2013.pdf
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Appendix 10: Examples of Toxic and Potentially Toxic 
Leachates from Plastics 

Sources: Chanda, Manas. (2012). Plastics technology handbook, fourth edition (plastics 

engineering). CRC Press, FL.  

Groß, R., Bunke, D., Gensch, C., et al. (2008). Study on hazardous substances in 

electrical and electronic equipment, not regulated by the RoHS directive. Öko-Institut 

for Applied Ecology. 

http://ec.europa.eu/environment/waste/weee/pdf/hazardous_substances_report.pdf 

Kusy, R. and Whitley, J. (2005). Degradation of plastic polyoxymethylene brackets and 

the subsequent release of toxic formaldehyde. American Journal of Orthodontic 

Dentofacial Orthopedics. 127(4). pg. 420-7. 

http://www.ncbi.nlm.nih.gov/pubmed/15821686 

Lithner, D., Damberg, J., Dave, G. and Larsson, Å. (2009). Leachates from plastic 

consumer products: Screening for toxicity with Daphnia magna. Chemosphere. 74(9). 

pg. 1195-200. http://www.ncbi.nlm.nih.gov/pubmed/19108869 

Lithner, D. (2011a). Environmental and health hazards of chemicals in plastic polymers 

and products. University of Goethenburg, Department of Plant and Environmental 

Sciences. https://gupea.ub.gu.se/handle/2077/24978 

Lithner, D., Nordensvan, I. and Dave, G. (2012). Comparative acute toxicity of 

leachates from plastic products made of polypropylene, polyethylene, PVC, 

acrylonitrile-butadiene-styrene, and epoxy to Daphnia magna. Environmental Science 

Pollution Research International. 19(5). pg. 1763-72. 

http://www.ncbi.nlm.nih.gov/pubmed/22183785 

Loyo-Rosales, J., Rosales-Rivera, G., Lynch, A., et al. (2004). Migration of 

nonylphenol from plastic containers to water and a milk surrogate. Journal of 

Agriculture Food Chemistry. 52(7). pg. 2016-20. 

http://www.ncbi.nlm.nih.gov/pubmed/15053545 

Lyon, F. (2008). IARC Volume 97: Monographs on the evaluation of carcinogenic risks 

to humans. International Agency on Research. 

http://monographs.iarc.fr/ENG/Monographs/vol97/mono97.pdf 

Nakashima, E., Isobe, A., Kako, S., et al. (2012). Toxic metals derived from plastic 

litter on a beach. In: Interdisciplinary Studies on Environmental Chemistry—

Environmental Pollution and Toxicology. Kawaguchi, M., Misaki, H., Sato, T., et al. 

eds. pg. 321-8. http://www.terrapub.co.jp/onlineproceedings/ec/06/pdf/PR639.pdf 

http://ec.europa.eu/environment/waste/weee/pdf/hazardous_substances_report.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15821686
http://www.ncbi.nlm.nih.gov/pubmed/19108869
https://gupea.ub.gu.se/handle/2077/24978
http://www.ncbi.nlm.nih.gov/pubmed/22183785
http://www.ncbi.nlm.nih.gov/pubmed/15053545
http://monographs.iarc.fr/ENG/Monographs/vol97/mono97.pdf
http://www.terrapub.co.jp/onlineproceedings/ec/06/pdf/PR639.pdf
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Plastics Europe. (2013). Plastics: The facts, 2013. Association of Plastic Manufacturers. 

http://www.plasticseurope.org/documents/document/20131014095824-

final_plastics_the_facts_2013_published_october2013.pdf  

Rutkowski, Joseph and Levin, Barbara. (1986). Acrylonitrile-Butadiene-Styrene 

copolymers (ABS): Pyrolysis and combustion products and their toxicity: A review of 

the literature. Fire and Materials. 10. pg. 93-105. 

http://fire.nist.gov/bfrlpubs/fire86/PDF/f86017.pdf 

Smiley, Robert. (2002). Ullmann’s encyclopedia of industrial chemistry: Phenylene- 

and toluenediamines. Wiley-VCH, Weinheim.  

US Environmental Protection Agency. (2013b). 1,3-Butadiene. US EPA, Washington, 

DC. http://www.epa.gov/airtoxics/hlthef/butadien.html 

US Environmental Protection Agency. (2013c). Phthalic anhydride. US EPA, 

Washington, DC. http://www.epa.gov/airtoxics/hlthef/phthalic.html 

World Public Union. (2013). Plastic numbers to avoid: BPA numbers. World Public 

Union. http://www.worldpublicunion.org/2013-06-01-NEWS-plastic-numbers-to-

avoid-bpa-numbers.html 

Leachate: Found in: 

Metals: 

Chromium Polyethylene, Polypropylene, PVC1 

Cadmium Polyethylene, Polypropylene, PVC, Polystyrene1 

Tin Polyethylene, Polypropylene, PVC, Polystyrene1 

Antimony Polyethylene, Polypropylene, PVC, Polystyrene1 

Antimony Trioxide Polyethylene6 

Lead Polyethylene, Polyethylene, Polypropylene, PVC, 

Polystyrene1 

Silver Polycarbonate (compact discs)4 

Monomers used in Production: 

Bisphenol A PVC, Polystyrene, Polycarbonate2, Reactive epoxy, 

ABS5 

DEHP PVC2 

Styrene PVC2 

http://www.plasticseurope.org/documents/document/20131014095824-final_plastics_the_facts_2013_published_october2013.pdf
http://www.plasticseurope.org/documents/document/20131014095824-final_plastics_the_facts_2013_published_october2013.pdf
http://fire.nist.gov/bfrlpubs/fire86/PDF/f86017.pdf
http://www.epa.gov/airtoxics/hlthef/butadien.html
http://www.epa.gov/airtoxics/hlthef/phthalic.html
http://www.worldpublicunion.org/2013-06-01-NEWS-plastic-numbers-to-avoid-bpa-numbers.html
http://www.worldpublicunion.org/2013-06-01-NEWS-plastic-numbers-to-avoid-bpa-numbers.html
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Methyl methacrylate Poly(methyl methacrylate)3, Unsaturated Polyester7 

Tetrafluoroethylene PTFE (Teflon)3 

Formaldehyde Bakelite, Novolacs, Resol and other phenol-

formaldehyde and melamine-formaldehyde resins3,7, 

Polyoxymethylene13 

Hexabromocyclododecane Polystyrene5 

Medium-chained 

chlorinated paraffins 

PVC5 

Short-chained chlorinated 

paraffins 

Flame retardant in numerous rubbers, paints, adhesives, 

sealants and plastics5 

Butylbenzylphthalate PVC5 

Dibutylphthalate Most plastics, printer ink, paints5 

Nonylphenol and 

nonylphenol ethoxylates 

HDPE, PVC6 

Diethylhexyl adipate PVC, Polyethylene6 

Propylene oxide Polyether foam, Polyurethane7 

Acrylonitrile, Acrylamide ABS, Modacrylic, Polyacrylonitriles7 

Vinyl chloride PVC7 

4,4'-methylenediphenyl 

diisocyanate (MDI) 

Thermoplastic polyurethanes, Polyurethane7 

4,4'-methylenedianiline Epoxy resin, polyurethane7 

1,3-butadiene ABS7, Rubbers, acrylics8 

Epichlorohydrin (decays 

into 3-MCPD) 

Epoxy resin DGEBPA (used on teabags)8 

Phthalic anhydride Unsaturated polyester7, PVC, rubber, dyes, lacquer9 

Maleic anhydride Unsaturated polyester, Polybutylene terephthalate 

(PBT)7 

Isophthaloyl chloride Poly(m-phenyleneisophtalamide) or “Nomex”7 

m-phenylenediamine Nomex, epoxy resins7 
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Phosgene Polycarbonate7 

Sodium sulphide Polyphenylene sulfide (PPS)7 

Trioxymethylene Polyoxymethylene plastic7 

Ethylene oxide Polyoxymethylene plastic7, Polyester, Polyethylene 

terephthalate10 

p-phenylenediamine Kevlar (p-phenyleneterephtalamide)7, urethanes, hair 

dye11 

Diphenyl carbonate Polycarbonate7 

Adipic acid Nylon, Thermoplastic polyurethanes7 

O-acetyl tributyl citrate PVC, rubber5 

Di(2-ethylhexyl) 

phosphate 

Cellulose ester plastics5 

Tri(2-ethylhexyl) 

phosphate 

PVC, nonylcarbonate5, 12 

Tri-2-ethylhexyl 

trimellitate 

PVC5 

Polymer degradation products: 

Hydrogen Cyanide Nylon, Polyacrylonitrile, Polyurethane3, ABS14 

Hydrogen Chlorine PVC3 

Hydrogen Fluoride Polyvinylidene fluoride, PTFE3 

 (1
Nakashima 2012; 

2
World Public Union 2013; 

3
Lithner 2012; 

4
Lithner 2009, 

5
Groß 2008, 

6
Loyo-Rosales 2004, 

7
Lithner 2011a, 

8
US EPA 2013b, 

9
US EPA 2013c, 

10
Lyon 2008, 

11
Smiley 2002, 

12
Chanda 2012, 

13
Kusy 2005, 

14
Rutkowski 1986) 

Production of Plastic by Country (2012) 

China: 23.9% 

Europe: 20.4% 

NAFTA: 19.9% 

Asia (other than China): 15.8% 

Middle East and Africa: 7.2% 

Latin America: 4.9% 

Japan: 4.9% 

Commonwealth of Independent States (former USSR): 3% (Plastics Europe 2013) 
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Appendix 11: World Coal Production by Country 

Source: US EIA. (2015). International energy statistics database. US Energy 

Information Administration. 

http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=1&pid=7&aid=1 

(in thousands of tons) 

Country: 2008 2009 2010 2011 2012 

China: 3,099,061 3,301,803 3,560,635 3,878,012 4,017,920 

United States: 1,171,809 1,074,923 1,084,368 1,095,628 1,016,458 

India: 570,010 614,918 619,843 633,774, 649,644 

Europe: 796,478 763,584 739,872 779,441 773,613 

Australia: 432,383 449,631 467,823 443,390 463,783 

Russia: 336,163 304,228 354,615 354,869 390,152 

World: 7,470,959 7,601,609 7,999,455 8,443,803 8,687,297 

http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=1&pid=7&aid=1


 

 418 

Appendix 12: US Field production of crude oil 

Source: US EIA. (2015). U.S. field production of crude oil. US Energy Information 

Administration. 

http://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=MCRFPUS1&f=M 

 

http://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=MCRFPUS1&f=M
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Appendix 13: World Crude Oil Production 

Source: US EIA. (2015). International energy statistics database. US Energy 

Information Administration. 

http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=1&pid=7&aid=1

 

 

http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=1&pid=7&aid=1
http://www.eia.gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=1&pid=7&aid=1


 

 420 

Appendix 14: Concentrations of organic chemicals reported in 
sewage sludges 

Harrison, E., Oakes, S., Hysell, M. and Hay, A. (2006). Organic chemicals in sewage 

sludges. Science of the Total Environment. 367. pg. 481-97. 

http://cwmi.css.cornell.edu/Sludge/organicchemicals.pdf 

 

 

http://cwmi.css.cornell.edu/Sludge/organicchemicals.pdf
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Appendix 15: Number of chemicals reported in sewage 
sludges of various classes 

Source: Harrison, E., Oakes, S., Hysell, M. and Hay, A. (2006). Organic chemicals in 

sewage sludges. Science of the Total Environment. 367. pg. 481-97. 

http://cwmi.css.cornell.edu/Sludge/organicchemicals.pdf 

 

 

http://cwmi.css.cornell.edu/Sludge/organicchemicals.pdf
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Appendix 16: Compounds found in combustion gases 

Source: Andersson, Berit. (2003). Combustion products from fires: Influence from 

ventilation conditions. Lund University, Sweden, Department of Fire Safety 

Engineering. 

http://lup.lub.lu.se/luur/download?func=downloadFile&recordOId=642023&fileOId=6

42045 

 

 

http://lup.lub.lu.se/luur/download?func=downloadFile&recordOId=642023&fileOId=642045
http://lup.lub.lu.se/luur/download?func=downloadFile&recordOId=642023&fileOId=642045
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Appendix 17: Temporal Trends in Obesity 

Sources: OECD. (2014). Obesity update: June 2014. Organization for Economic 

Cooperation and Development. 

http://www.medicosypacientes.com/gestor/plantillas/articulos/archivos/imagenes/www.

oecd.org_els_health-systems_Obesity-Update-2014.pdf 

US CDC. (2010). Prevalence of overweight among children and adolescents: United 

States, 2003-2004. Centers for Disease Control. 

http://www.cdc.gov/nchs/data/hestat/overweight/overweight_child_03.htm 

Weight-control Information Network. (2014). Overweight and obesity statistics. US 

Department of Health and Human Services. Washington, DC. 

http://win.niddk.nih.gov/publications/PDFs/stat904z.pdf 

 

(Weight-control Information Network, 2014) 

 

http://www.medicosypacientes.com/gestor/plantillas/articulos/archivos/imagenes/www.oecd.org_els_health-systems_Obesity-Update-2014.pdf
http://www.medicosypacientes.com/gestor/plantillas/articulos/archivos/imagenes/www.oecd.org_els_health-systems_Obesity-Update-2014.pdf
http://www.cdc.gov/nchs/data/hestat/overweight/overweight_child_03.htm
http://win.niddk.nih.gov/publications/PDFs/stat904z.pdf
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(US CDC 2010) 
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Obesity Among Adults, 2012 or Nearest Year 

 
(OECD 2014) 
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World Obesity Trends over Time  
(Top: Adults, Bottom: Children) 

 

 

(OECD 2014) 
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Appendix 18: Temporal Trends in Diabetes 

Source: US CDC. (2011). Diabetes: Successes and opportunities for population-based 

prevention and control at a glance, 2011. Centers for Disease Control. 

http://www.cdc.gov/chronicdisease/resources/publications/AAG/ddt.htm 

 

 

http://www.cdc.gov/chronicdisease/resources/publications/AAG/ddt.htm
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Appendix 19: Temporal Trends in Autism 

Source: Blaxill, Mark F. (2004). What’s going on? The question of time trends in 

autism. Public Health Reports. 119. 

http://www.publichealthreports.org/issueopen.cfm?articleID=1413 

 

 

http://www.publichealthreports.org/issueopen.cfm?articleID=1413
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Appendix 20: Conceptual Model of the Sea-Surface Microlayer 
Ecosystem 

Source: GESAMP. (1995). The sea-surface microlayer and its role in global change. 

Report No. 59. GESAMP, The Joint Group of Experts on the Scientific Aspects of 

Marine Environmental Protection. London. 

http://www.gesamp.org/data/gesamp/files/media/Publications/Reports_and_studies_59/

gallery_1358/object_1388_large.pdf 

 

M/W = typical microlayer to water concentration ratios based on a number of studies.  

http://www.gesamp.org/data/gesamp/files/media/Publications/Reports_and_studies_59/gallery_1358/object_1388_large.pdf
http://www.gesamp.org/data/gesamp/files/media/Publications/Reports_and_studies_59/gallery_1358/object_1388_large.pdf
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Appendix 21: Diagrams from State of the science of endocrine 
disrupting chemicals, 2012 on methylmercury and EDCs 

Source: World Health Organization. (2012). State of the science of endocrine disrupting 

chemicals, 2012. Inter-organization Programme for the Sound Management of 

Chemicals (IPCS). United Nations Environment Programme. 

http://www.who.int/ceh/publications/endocrine/en/ 

Watras, C., Bloom, N., Hudson, R., et. al. (1994). Sources and fates of mercury and 

methylmercury in Wisconsin lakes. Lewis Publishers, Boca Raton, FL. 

 

http://www.who.int/ceh/publications/endocrine/en/
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