Emerging Environmental Chemicals: Implications for
Human Health

DDT – Harbinger of Future Problems
• Novel organochlorine insecticide
synthesized in 1873.
• Awarded Nobel prize in 1948.
• Banned from use in U.S. in 1973
• Multiple problems identified
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Environmental persistence
Lack of species selectivity
Biomagnification in food chain
High residue levels in fish and birds
Eggshell thinning and decreased
reproductive success in birds.
• Bioaccumulation in human adipose tissues
and plasma

DDT – An Endocrine Disruptor
• Feminizing effects in males
• Combs and wattles failed to develop
in male roosters
• Testicles 18% of normal size
• Compound shown to mimic effects of
g
((anti-androgenic)
g
)
estrogen.
• If DDT is estrogenic, could exposure
to women increase risk of breast
cancer?
• Are other effects such as
developmental impairment and
reproductive toxicity seen?
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What is an endocrine disruptor?
• A compound that interferes
with the
Synthesis,, Secretion,
Synthesis
Transport, Binding, Action or
Elimination of hormones.
hormones.
• Mechanism of Action
•
•
•
•

Estrogenic
Androgenic
Anti--Estrogenic
Anti
Anti--Androgenic
Anti

Human Endocrine Disruptor
• DES used to prevent
miscarriage and premature
delivery from 19411941-1971.
• 5 to 10 million women and
their male and female
children exposed.
• Cluster of vaginal clear cell
adenocarcinoma identified
(Herbst et al., New Eng J
Med, 1971.

Diethylstilbestrol (DES)
• Clear cell adenocarcinoma vaginal and cervical
• Reproductive tract structural differences
• Pregnancy complications –
• Ectopic & pre-term delivery

• Infertility
Infertility Rates for DES Daughters
vs. Unexposed Women*

Palmer, 2001

Examples of Endocrine
Disrupting Pesticides

Dibromochloropropane (DBCP)
• Used widely as a
nematocide
• Workers at a California
mfg plant found to be
infertile ((Whorton
Whorton,, 1977)
• Azoospermia
• Oligospermia
• Increased gonadotrophin
levels (FSH, LH)

Environ Health Perspect. 1993 October; 101(5): 378–384

Alligator
Phallus Size
•Reproduced in lab with
DDD and DDE

Sperm Concentratioin Decline

‘Teeny Weenies’
• Lake Apopka chemical spill – DDT,
dicofol,, agricultural runoff
dicofol
• Decrease in juvenile alligator
population
• Reduced penis size
size, lower levels of
testosterone, increased estrogen
and anatomical defects in males
• Increased estrogen levels, oocyte
and follicle abnormalities in females
Guillette LJ, et al. (1994). "Developmental Abnormalities of the Gonad and Abnormal Sex
Hormone Concentrations in Juvenile Alligators from Contaminated and Control Lakes in
Florida". Environmental Health Perspectives 102(8):680-688.

Sperm density decline

"Every man sitting in this room today is half
the man his grandfather was, and the
question is, are our children going to be half
the men we are?
are?”
Lou Guillette to the U.S. Congress

Guillette LJ, et al. (1996). "Reduction in Penis Size and Plasma Testosterone Concentrations in Juvenile
Alligators Living in a Contaminated Environment". General and Comparative Endocrinology 101:32-42.

Swan et al EHP 1997

Rates in testis cancer

Testicular Dysgenesis Syndrome
 Increased incidence of testicular
cancer
 Declining semen quality
 Increase in undescended testicles
(cryptorchidism
cryptorchidism)
t hidi )
 Increased incidence of
hypospadias..
hypospadias
 Disruption of embryonal
programming and gonadal
development,
Henrik Leffers, Rigshospitalet, Copenhagen

Skaakebaek Human Repro 2001

Travison et al. A population-level decline in serum testosterone
levels in American men. Journal of Clinical Endocrinology and
Metabolism, 2007

Atrazine

Skaakebaek Human Repro 2001

Previously Observed Effects
Toxicological Studies

Most commonly used
herbicide in the US
Most frequently detected
pesticide
ti id in
i surface
f
water
t
2nd most commonly detected
pesticide in drinking water
Occupational risk to
applicators & families

 Altered Estrus Cycle (rats)
 Delayed Puberty (rats)
 Breast Tumors (rats)
 Gonadal Dysgenesis (tadpoles)
 Hermaphroditism (frogs)
 Decreased Sperm Counts (fish, rodents)
 Pregnancy Loss (rabbits)
 Prostate Inflammation (rats)
 Immune System Impairment (rats, mice, & amphibians)
 Erratic Swimming (fish, salamanders)

Toxicological Findings –Atrazine
Hayes et al 2002
 Induced hermaphroditic deformities
 Demasculinized larynges in male frogs
 Decreased testosterone 10 fold
Testosterone levels in male frogs
exposed to atrazine

Atrazine in Drinking Water and
Menstrual Cycle Activity
ATZ exposure associated with
changes in reproductive
hormone levels
•
•
•

Pesticide Exposure and
Menstrual Cycle Characteristics
 Mean cycle length was approx 4
days shorter at the highest quartile
concentration of DDT and DDE
when compared with the lowest
quartile. (Windham et al. 2005)
 Women who used probable
hormonally active pesticides had a
60--170% increased odds of
60
experiencing long cycles, missed
periods and inter
inter--menstrual
bleeding. (Farr et al 2004)

Emerging Contaminants of Concern
• Persistent Organic Pollutants (POPS)
• Many have endocrine disrupting

properties

Reduced estrogen
Reduced progesterone
Reduced LH (pre(pre-ovulatory and
surge

• Traditional POPs include DDT and PCBs
• Emerging POPs
• Phthalates (plastics, personal care products)
• Bisphenol A
• Polyfluorinated compounds e.g. PFOS (non
(non-stick, nonnon-stain products)
• Polybrominated Diphenyl Esters (flame
retardants)

ATZ exposure associated with
abnormal menstrual cycles
•Irregularity
•Increased Follicular Phase Length
• Increased Cycle Length > 6 weeks

Cragin et al., 2010

Menstrual Cycle Characteristics in Women
Exposed to Atrazine in Drinking Water

PHTHALATES – EXPOSURES
• Phthalates are ‘plasticizers’ widely used to soften plastics such
as PVC for flexibility, including children’s toys. They are also
used to hold color and scent in consumer and personal care
products and in multiple household products.
• Di(2
Di(2--ethylhexyl) phthalate (DEHP), one of the more
commonly
l usedd phthalates,
hth l t leaches
l h from
f
blood
bl d products,
d t
intravenous and dialysate bags, and tubing made with
polyvinyl chloride.
• Phthalates are also present in drinking water, air, and food
• Despite rapid metabolism and elimination of most phthalates,
chronic repetitive, lowlow-level exposures from ingestion,
inhalation and dermal absorption creates chronic exposure.
• Widespread exposure in NHANES sera

Phthalates Impair Testicular
Function in Rodents
Dysgenetic areas in the testes on d4
postnatal after in utero exposure to DBP
(500 mg/kg/day) Fisher et al. Hum Reprod,
2003)

Control

DBP

PHTHALATES – HEALTH EFFECTs

PHTHALATES – HEALTH EFFECTs

• Appear to act as ”anti
”anti--androgenic”

endocrine disruptors.
• Association between excretion of
phthalates in pregnant women’s urine and
ano--genital distance in newborn boys,
ano
Swan et al.
l 2005.
• Association between phthalate levels in
breast milk and changes in hormone levels
in 3 month old boys, Main et al. 2006.
• Less ”male”male-typical” play behavior in boys
(Swan 2009).
2009).

• Most studies of phthalate effects have been in males consistent with
effects in animals.
• Associated with antianti-androgenic effects in humans (Hauser et al.
• Abnormal sperm morphology
• Reduced semen quality in adults
• Sperm DNA damage – comet assay
• Low testosterone associated with increased prevalence of obesity,
insulin resistance and diabetes.
• Several phthalate esters associated with increased waist circumference
and insulin resistance in NHANES data (Stahlhut et al EHP, 2007).
• Requires confirmation in longitudinal studies
• Evidence mounting for phthalate health effects

BISPHENOL A EXPOSURES
• Bisphenol A is an estrogenic, hormonally active monomer widely
employed in the manufacture of consumer products such as
epoxy, polyester-styrene, and polycarbonate resins used in food
and beverage containers, plastic baby bottles, dental sealants
and fillings, adhesives, protective coatings, water supply pipes,
and compact disks.
• BPA h
has a propensity
it tto lleach
h ffrom such
h products
d t under
d normall
conditions, and environmental contamination from this
compound is widespread.
• The extensive use of BPA, the widespread BPA contamination in
the environment, and the consequent increasing BPA exposure
among humans, have led to concern regarding potential
deleterious effects of this compound, and similar compounds, on
human health.

Credit: Bruce Speight

BISPHENOL A HEALTH EFFECTS
•Endocrinologically active as a
xeno--estrogen
xeno
• Very limited human studies.
• NTP report describes ‘some
concern’ for developmental
toxicity for fetuses infants and
children ((2008
2008).
).
•Effects on brain, behavior and
prostate gland.
•Negligible concern for
reproductive toxicity for adult
men and women.

PERFLUORINATED COMPOUNDS

PERFLUORINATED COMPOUNDS

•Grease-resistant food packaging and paper products, such as microwave
popcorn bags and pizza boxes, contain PFCs.
•Perfluorooctane sulfonate (PFOS) was used until 2002 in the
manufacture of 3M's Scotchgard treatment, used on carpet, furniture, and
clothing.
•PFOA is used to make DuPont's Teflon product, famous for its use in
non stick cookware.
non-stick
cookware If Teflon-coated
Teflon coated pans are overheated,
overheated PFOA is
released.
•PFCs are in cleaning and personal-care products like shampoo, dental
floss, and denture cleaners.
•Gore-Tex clothing, known for its ability to shed water, contains PFCs.

 Ubiquitous human exposures.
 PFOA’s halfhalf-life is estimated at more than 4 years. PFOS’s half
half-life is estimated at more than 8 years.
 PFOA is a probable human carcinogen (EPA); it causes liver,
pancreatic, testicular, and mammary gland tumors in laboratory
animals. PFOS causes liver and thyroid cancer in rats.
 PFCs cause liver and kidney damage, as well as reproductive
problems in laboratory animals.
 Developmental delays in growth and maturation have been seen
in the offspring of PFC exposed pregnant rats and mice.
 Studies by 3M of workers exposed to PFCs during
manufacturing show no apparent impact on their health.
 A study of 70,000 people exposed to PFOA in drinking water in
Ohio and West Virginia is underway.

• Evidence of human health
effects is inconclusive but
plausible based on animal data.

PERFLUOROOCTANOIC ACID IN WATER
 Increased diabetes mortality has
been reported in workers exposed
to perfluorooctanoic acid (PFOA
 A study of 70,000 people exposed
to PFOA 80x in drinking water in
Ohio and West Virginia is
underway.
 Recent paper reports no increase
in diabetes or fasting blood
glucose in 13,922 WV residents.
 No effect on birth weight or
gestational age in OH residents
MacNeil et al. Env Res 2009; Nolan et al., Reprod Toxicol 2009
.

PolyBrominated Diphenyl Ethers
PBDEs
 Structurally similar to PCBs (polychlorinated
biphenyls)
 Widespread use as flame retardants
 Used in many consumer products

PDBEs in Consumer Products
Plastics
Computers, televisions, hair dryers, curling irons, copy machines, fax
machines, printers, coffee makers, plastic automotive parts, lighting
panels, PVC wire and cables, electrical connectors, fuses, housings, boxes
and switches, lamp sockets, waste-water pipes, underground junction
boxes, circuit boards, smoke detectors
Textiles
Back coatings and impregnation of home and office furniture, industrial
drapes, carpets, automotive seating, aircraft and train seating
Polyurethane foam
Home and office furniture (couches and chairs, carpet padding, mattresses
and mattress pads) automobile, bus, plane and train seating, sound
insulation panels, imitation wood, packaging materials

PDBE Exposure
 PBDEs migrate out of products into the
environment – persistent and
bioaccumulative pollutants.
 Atmospheric transport – found in arctic
sediment,, mussels,, fish,, seals,, bears.
 Found in house dust and mother’s breast
milk
 PBDEs have health effects at low doses
 Banned by the European Union in 2006
 Highest levels world wide found in North
America

Health Effects of PBDEs
 Similar to PCBs (Polychlorinated biphenyls) which
are known to affect endocrine function, cause
delayed neurological development
 Animals studies indicate that PBDEs
 Affect thyroid hormone levels
 Neurobehavioral toxicity
 Affects development - alters behavior
 Impairs memory and learning
 Delay sexual development

PBDEs Breast Milk - Sweden

PBDEs in Breast Milk (ppb)

(Norén and Mieronyté, 1998)

From EWG - Toxic Fire Retardants in Breast Milk from American Mothers - http://www.ewg.org/reports/mothersmilk/es.php

Schecter et al

Human Health Effects of PBDEs
 Limited human data
 In 405 male sport fish consumers from the Great Lakes
 PBDEs related to T4, thyroglobulin antibodies; inversely
related to T3, TSH (Turyk et al., EHP 2009)
 No evidence of thyroid disease in this cohort associated
with PDBE exposures

