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Biomonitoring of Chemicals & Pollutants

CDC measured 212 substances
in the 2003-04 NHANES cohort

ingicides
[Pertachiorophenal

Herbicides
[Acetochior mercapturate
Alachior mercapturate

iphenyltrichioroethans

chiorod
[\uﬂmmlphel\yidlzhlur iene (DDE;
[\uﬂmmlphm\ylulmlmne\mm (oDT)

[bets -Hexachlonocycionex:
gamima -Hexachiorocyclohexane (Ling

i
hiophosphate (DETR)

thyidithiophosphate (DMOT?)

sthylphosphate (DME)

2H-chromen-2-one/ol
Diethylamino)-6-meth Ip-nlmh!ln4 alfone.
rethyl-6-hydroxypyrimiding
porylic acd

thylcyclopropane
Imethylcycopropane carbaxylic
- dimettyicytlopropane carasyl

uu-mmn-n- Polychiorinated Biphenyls

/A, 4"Tetrachlorabiphenyl (PCE 66)
S-Tetrachlorobiphenyl (PCB 74}
phenyl (PCB 87,

X chiorobiphenyl (PCB 138 & 158)
achlorabipheny! {FCE 146)

lowin (HXCDD)
0-p~Giowin (HXCOD)
odibenzo-p -dioxin (0
chiorodibenzo-p-d

3,4,6,7, B-Heptachiorodibenzofuran (HPCDF)
478, 9 -Heptachiorodibenzofuran (HRCDF)

ofuran {HxCOF)
ofuran {HxCOF)
odibenzofuran {HxCODF)

A1, 5'-Heschlorobiphenyl (FCB 157)
~Hexachlorobiphenyl (PCE 167)

Palycyclic Aromatic Hydrocarbons (PAHs)

e {Monachiono! )
cprepane (DBCP) *

Metnyl tert -butyl ether (MTBE) *
Mitrobenze *

2-Tetrachloroethane =
chicecethyler
Tetraeniorometnane (Carbon tetrachionde)

Toluene =
1,1,1-Trichioroethane {Methyl hloeoform) *
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Biomonitoring of Chemicals & Pollutants:
Umbilical Cord Blood and Breast Milk

PBDE Levels in Breast Milk, Sweden

BodyBurden

A benchmark investigation of industrial
chemicals, pollutants, and pesticides
human umbilical cord blood
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What Does it Mean to Protect Children’s Health?
Vulnerability of Infants and Children

Hazard

Rapidly developing organ systems in utero through puberty?!
Altering gene expression produces later disease?!

Developmental effects can span generations?

Exposure

Lower metabolic enzyme function?

Immature brain, blood/brain barrier3

Children eat, drink and breathe more per pound than adults*>
Increased absorption (skin, Gl) decreased elimination (liver, kidney)?

Increased exposure through hand-to-mouth behavior and breast milk

1. Grandjean, et al. 2007. Basic & Clinical Pharmacology & Toxicology, 102, 73-75
2. Spyker JM, Avery DL.. J Toxicol and Environ Health 1977:989-1002.
3. Rodier PM. Environmental Health Perspectives 1995; 103 Suppl 6:73-6.

4. Plunkett L. in Guzelian PS, Henry CJ, Olin SS, eds. Similarities and Differences between Children and Adults. Washington,
DC: ILSI Press, 1992:79-94.

5. National Research Council. Pesticides in the Diets of Infants and Children. Washington, DC: National Academy Press, 1993.
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Editorial

Role of exposure to environmental chemicals in the
developmental basis of disease and dysfunction
Jerrold J. Heindel*

Division of Extramural Research and Training,
National Institute of Environmental Health Sciences,

Review

The Developmental Origins of Adult Disease

Journal of the American College of Nutrition, Vol. 23, No. 6, 5885-595S (2004)
Published by the American College of Nutrition

MiniReview

Late Insights into Early Origins of Disease

Philippe Grandjean

Department of Environmental Medicine, University of Southern Denmark, Odense. Denmark, and Department of Environmental Health,
Harvard School of Public Health, Boston, MA., USA

Jowurnal compilation © 2008 Nordic Pharmacological Society. Basic & Clinical Pharmacology & Toxicology. 102, 94-99

There is a major paradigm shift taking place in science that
while simple is profound. It states that the root of many diseases,
including reproductive diseases and dysfunctions, will not be
found by examination of disease onset or etiology hours, days,
weeks, or even years prior to disease onset. The new paradigm
suggests that susceptibility to disease is set in ufero or neona-
tally as a result of the influences of nutrition and exposures to
environmental stressorsf/toxicants. In ufero nutrition and/or in
utero or neonatal exposures to environmental toxicants alters
susceptibility to disease later in life as a result of their ability
to affect the programming of tissue function that occurs during
development. This concept, that is still a hypothesis undergo-

Developmental Origins

The recent discovery that people who develop coronary
heart disease grew differently to other people during fetal life
and childhood has led to a new ‘developmental’ model for the
disease [1]. To explore the developmental origins of chronic

The recognition of developmental origins of diseases and
functional deficits constitutes a paradigm shift in toxicology
and public health [1]. This new insight supersedes the past
belief that development was generally a homogeneous and
invariant sequence of developmental stages and instead
stresses plasticity, continuity and multicausality [2]. It will
likely have tremendous impact on prevention and pollution
abatement in the future, and this conference is testimony
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Low Dose BPA and Obesity?
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Figure 3. BPA and E, suppress adiponectin release from mature abdominal SC adipocytes from a non-
obese woman (A) and an obese woman (B). (A) Effect of treatment with increasing doses of BPA or E,.
(B) Effect of treatment with increasing doses of BPA, E,, and ICI. Each value is the mean + SE of four
determinations.

*p < 0.05 compared with control.

Hugo et al. Environmental Health Perspectives, 116:12 (2008)
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Source: CDC Behavioral Risk Factor Surveillance System http://www.cdc.gov/brfss/
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The Obesity Epidemic — a Public Health Priority

34% of the US population is clinically obese (BMI > 30)

Double worldwide average (Flegal et al. JAMA 2010;303:235-241)

Obesity accounts for 8% of healthcare costs in Western Countries
$147 billion annually in US (2009) Finkelstein, et al. Health Affairs 2009, no. 5: w822-w831
§7.7 billion/year in CA (2004) Finkelstein, et al. Obesity Research 2004;12(1):18-24

Obesity is associated with “metabolic syndrome” (includes type 2 diabetes and

cardiovascular disease)

Central (abdominal) obesity

High cholesterol

Hypertension

Insulin resistance

Prothrombotic and pro-inflammatory states

Some endocrine disrupting compounds may act as obesogens
Stimulate adipogenesis and fat storage
Disturb adipose tissue promoting increased fat
Alter appetite control

Disrupt energy balance and metabolism
(Grun Molecular Endocrinology 23: 1127-1134, 2009)

Thanks to Bruce Blumberg, UC Irvine Chabilecd Chestlv BrDSrec.




Green Chemistry Addresses Hazard Across the Product Lifecycle
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Public Health Addresses Hazard Across the Human Lifecycle

Fetajadf\’%elfgnent Infa

&produc eY ars

& Adulthood

ZAGhdhood
%

Adole(s

@h




How Can We Reduce Hazards Associated with All Aspects of the
Product Lifecycle across All stages of the Human Life Span?

Design inherently safer substances:
Connect the dots between molecular mechanisms of disease and chemical design
Identify substances with potential for trans-generational effects (e.g., epigenetic effects,
environmental persistence, bioaccumulation)
Use children’s health outcomes to prioritize substances for substitution
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<EPA The Presidential

United States
Environmental

wein - Green Chemistry Challenge
Awards Program:

Summary of 2010 Award
Entries and Recipients

FRX Polymers Inc.

Green Chemistry to Replace Bromine-Based Flame
Retardants

Flame-retardant materials are a legal requirement globally for many plastics in electrical,
building, construction, fiber, and textile applications. Flame-retardant plastics and additives
comprise a worldwide materials marker of over $15 billion with annual growth rates of 5-6
percent. Over 60 percent of all current plastic formulations include a class of flame-retardant
additives known as brominated hydrocarbons. This popular class of flame retardants is, however,
being shown to have severe, undesirable effects including persistence in the environment,
bioaccumulation, and toxicity in rodent studies. In addition, the burning or thermal disposal
of these additives can result in highly toxic dioxins and furans. These problems combine to
place great pressure on companies to eliminate brominated agents as flame retardants.

FRX Polymers has developed green chemistry that allows diphenyl methyl phosphonate
to polymerize effectively with an aromatic diol into either an oligomer or polymer with a
phosphorus content of greater than 10 percent. This unique polymer has the highest limiting
oxygen index measured for a thermoplastic material. FRX Polymers has also developed a
low-cost, green synthesis for the diphenyl methyl phosphonate monomer. Yields from both
the monomer and polymer processes are essentially quantitative. The phenol coproduct of
polymerization is reused, so that little or no waste (less than 5 percent) is generated from the
production of FRX polymers and copolymers. Eliminating bromine in favor of phosphorus
in flame-retardant additives is expected to allow greater recovery and recyclability of plastics
after use.
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