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Endocrine DisruptionEndocrine Disruption

Endocrine SystemEndocrine System
Regulation of immune, metabolic, Regulation of immune, metabolic, morphogenicmorphogenic, , 
neural, & reproductive functionsneural, & reproductive functions
Glands Glands Hormones Hormones Receptors Receptors ResponseResponse

Endocrine DisrupterEndocrine Disrupter
Interferes in some way with the endocrine systemInterferes in some way with the endocrine system

Synthesis, Secretion, Transport, Binding, Action, or Synthesis, Secretion, Transport, Binding, Action, or 
Elimination of hormones from the bodyElimination of hormones from the body

Types of Endocrine DisruptersTypes of Endocrine Disrupters
NaturalNatural

PhytoestrogensPhytoestrogens hormonehormone--mimicking substances naturally mimicking substances naturally 
occurring in over 300 plant speciesoccurring in over 300 plant species

SyntheticSynthetic
AlkylphenolsAlkylphenols (i.e. PCPs & Detergents)(i.e. PCPs & Detergents)

BisphenolBisphenol--A in polycarbonate plasticsA in polycarbonate plastics
TCDD & TCDFTCDD & TCDF

Stable dioxins released as byproducts of the                    Stable dioxins released as byproducts of the                    
paper & wood industriespaper & wood industries

PharmaceuticalsPharmaceuticals
Birth ControlBirth Control

NO 
STRUCTURAL 
SIMILARITIES

Endocrine DisruptionEndocrine Disruption

Herbicides

Fungicides

Insecticides

PCBs

Alkylphenols

TCDD & TCDF

Pharmaceuticals

HistoryHistory
1930’s - Endocrine Disrupting Chemicals were 1st manufactured                                   

- 1938 – First signs of reproductive changes from EDC’s

1950’s - Increased use of Diethylstilbestrol (DES) to help prevent miscarriages, but 
later shown to cause decreased fertility in offspring

1970’s
- 1976 – The British Water Research Centre published a report called “Steroids 
as Water Pollutants”

1990’s
- 1991 – The term “Endocrine Disrupter” was coined                                         
- 1996 – EPA’s Office of Development & Research identified endocrine 
disruption as one of it’s 6 main priorities

1960’s - Negative effects of DDT documented after heavy use throughout the U.S.

2000’s - Over 500 studies on endocrine disruption in the last 10 years by EPA
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Hormonal ContaminantsHormonal Contaminants

Hormonal ConcernsHormonal Concerns
EstrogenEstrogen

1717αα--ethynylestradiolethynylestradiol (EE2)(EE2)
Active FormActive Form
StableStable
LOELLOEL

TestosteroneTestosterone
Persistence & Persistence & 
ConcentrationConcentration

Hormonal ContaminantsHormonal Contaminants

Hormonal ConcernsHormonal Concerns
SourcesSources

Point SourcePoint Source
WWTPsWWTPs

NonNon--Point SourcePoint Source
Agricultural RunoffAgricultural Runoff
Sewage Effluent IrrigationSewage Effluent Irrigation

EffectsEffects

Demasculinization of adult and juvenile 
male otters in the Columbia River (1996)

Feminized behavior of male Western 
Gulls in southern California & Herring 
Gulls in the Great Lakes (1981)

Demasculinized male and ‘super-feminized’
female American alligators (1994)

Demasculinized male 
Florida panthers (1995)

What about us fish?!
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Effects on FishEffects on Fish

MasculinizationMasculinization
Early maturation of male Early maturation of male 
juvenilesjuveniles
Smaller female body sizeSmaller female body size
Smaller offspringSmaller offspring
Less offspringLess offspring

FeminizationFeminization
Delayed sperm/egg Delayed sperm/egg 
developmentdevelopment
Smaller testesSmaller testes
Eggs on testesEggs on testes
Inc. production of the Inc. production of the 
female protein female protein vitellogeninvitellogenin

Why are fish more affected?

-No escape!

-Bioconcentration

ResearchResearch

RutilusRutilus rutilusrutilus (roach fish)(roach fish)
Fresh/brackish water fish Fresh/brackish water fish 
native to most of Europe & native to most of Europe & 
western Asiawestern Asia
1985 1985 anglers began catching anglers began catching 
hermaphroditic fish hermaphroditic fish 
downstream from London downstream from London 
sewage treatment plantssewage treatment plants
Caged rainbows downstreamCaged rainbows downstream
Findings:Findings:

Dose dependent Dose dependent vitellogeninvitellogenin
productionproduction
Every sewage treatment plant Every sewage treatment plant 
investigated was releasing investigated was releasing 
increased levels of estrogenincreased levels of estrogen

ResearchResearch

CarpCarp
1996 1996 USGS studyUSGS study
26 streams in 11 river basins 26 streams in 11 river basins 
throughout U.S.throughout U.S.
Measured:Measured:

1717ββ--estradiolestradiol
1111--ketotestosteroneketotestosterone
VitellogeninVitellogenin

Findings:Findings:
All river basins had carp All river basins had carp 
showing signs of endocrine showing signs of endocrine 
disruption disruption Estrogen / Estrogen / 
Testosterone RatiosTestosterone Ratios
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ResearchResearch

Small & Largemouth BassSmall & Largemouth Bass
2006 2006 Potomac RiverPotomac River
Fish dieFish die--offs in 2002offs in 2002

Internal investigation found Internal investigation found 
intersexedintersexed fishfish

Began looking for evidence of Began looking for evidence of 
endocrine disruption in spring endocrine disruption in spring 
20032003
FindingsFindings

Headwaters of Potomac:     Headwaters of Potomac:     
8080--100% of male smallmouth 100% of male smallmouth 
producing immature eggsproducing immature eggs
Potomac River (near D.C.):    Potomac River (near D.C.):    
7 of 13 male largemouth 7 of 13 male largemouth 
showing signs of feminizationshowing signs of feminization

ResearchResearch

Rainbow TroutRainbow Trout
2007 2007 study of effects study of effects 
on gameteson gametes
Exposed gametes to EE2Exposed gametes to EE2
Findings:Findings:

Prior to initiation of Prior to initiation of 
spermatogenesis embryo spermatogenesis embryo 
survival not affectedsurvival not affected
During late During late 
spermatogenesis embryo spermatogenesis embryo 
survival significant reducedsurvival significant reduced

ResearchResearch

Fathead MinnowsFathead Minnows
2007 2007 Population level Population level 
effectseffects
Added EE2 to 34 ha lake Added EE2 to 34 ha lake 
from 2001 from 2001 –– 20032003
Findings:Findings:

VitellogeninVitellogenin levels levels 
increased after 7 weeksincreased after 7 weeks
Degenerated ovarian Degenerated ovarian 
folliclesfollicles
Immature Immature oocytesoocytes in male in male 
testestestes

from Kidd et al., 2007from Kidd et al., 2007

♀

♂
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Human Effects?Human Effects?

Endocrine disruption from sewage effluent theorized to be Endocrine disruption from sewage effluent theorized to be 
linked to:linked to:

Supposed decline in sperm counts of adult malesSupposed decline in sperm counts of adult males
Younger age for onset of pubertyYounger age for onset of puberty
Increased incidence of prostate & breast cancerIncreased incidence of prostate & breast cancer

Cancer Incidence Rates* for Cancer Incidence Rates* for 
Men, 1975Men, 1975--20032003

*Age-adjusted to the 2000 US standard population and adjusted for delays in reporting.
Source: Surveillance, Epidemiology, and End Results Program, 1975-2003, Division of Cancer Control and
Population Sciences, National Cancer Institute, 2006.
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Cancer Incidence Rates* for Cancer Incidence Rates* for 
Women, 1975Women, 1975--20032003

*Age-adjusted to the 2000 US standard population and adjusted for delays in reporting.
Source: Surveillance, Epidemiology, and End Results Program, 1975-2003, Division of Cancer Control and
Population Sciences, National Cancer Institute, 2006.
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Human Effects?Human Effects?

DonDon’’t risk it!t risk it!
EstroblasterEstroblaster

What Next?What Next?

Wastewater TreatmentWastewater Treatment
Removal MethodsRemoval Methods

Membrane Biological Membrane Biological 
ReactorsReactors
Activated Sludge Process Activated Sludge Process 
With Nutrient RemovalWith Nutrient Removal
Trickling FiltrationTrickling Filtration
UntreatedUntreated

40 – 90% Removal

What Next?What Next?

Wastewater TreatmentWastewater Treatment
ProblemsProblems

NonNon--active active ActiveActive
Mixtures more potentMixtures more potent
PharmaceuticalsPharmaceuticals

Increased UsageIncreased Usage
Naturally DerivedNaturally Derived

No requirementsNo requirements
Updates cost $Updates cost $



8

What Next?What Next?

Wastewater TreatmentWastewater Treatment
ProblemsProblems
Future WorkFuture Work

Better treatment methodsBetter treatment methods
Updated EDC listUpdated EDC list
Study of population level Study of population level 
effects on longer lived effects on longer lived 
speciesspecies
Understanding the Understanding the 
mechanism of interactive mechanism of interactive 
chemical effectschemical effects

What Next?What Next?

Wastewater TreatmentWastewater Treatment
ProblemsProblems
Future WorkFuture Work
““Precautionary PrinciplePrecautionary Principle””

“Where there are threats of serious or irreversible 
damage, scientific uncertainty shall not be used 
to postpone cost-effective measures to prevent 

environmental degradation." 

Questions?

Buy it today!


