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The estrogen story

• Why put an estrogen into a whole lake?

• What happened after it was added?
• Chapter 1: Direct effects on fish

• Chapter 2: Indirect effects on other species

• Chapter 3: Was there any recovery?

• What are the implications for wild fishes and 
aquatic food webs?
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Urine and feces contain:
• drugs we use
• natural hormones we produce

Flushed into sewage system

In the beginning…..



Why did we do this study?

Male fish exposed to 
sewage effluents have:
• Smaller gonads
• Vitellogenin (egg yolk protein)
• Eggs (intersex)

100% of males in 
some rivers in U.K.

Caused by exposure to
- Synthetic hormones
- Natural estrogens
- Anti-androgens  



60% of male greenside darter downstream of 
sewage outfall (M. Servos et al., University of Waterloo)

Eggs!

Testes

Photos: M. Servos and P. Bahamonde

Intersex in wild fish in Canada





Max depth – 14 m
Surface area – 36 ha

outflow

inflow

Lake 260 - Estrogen Addition Lake



Study Design

estrogen additions

recovery?

effects on individuals & populations 

reference lake data

baseline data

2000 2001 2002 20031999 2004 2005 thru 2010



How and how much of “the pill” did we add?

• One pill 30 mg EE2; added ~ 10,500 pills worth of EE2/day
• Dosed 3 times/week, 20-21 weeks 

Measured EE2 in water column each week
Targeted and achieved 5 ng/L (parts per trillion)



Chapter 1: What happened to the main character?

Fathead minnow
- mature at age 2, live 2-3 

years
- spawn once mid-summer, 

then most die
- important prey for many 

sports fishPhoto credit: P. Blanchfield
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What happened to their ability to develop sperm?

Delayed sperm cells, fibrotic

1 year of
EE2

Presence of eggs

spermatogonia spermatocytes        spermatozoa

100% 

before

Normal sperm cells

100%

3 years of
EE2



Photo: infotrek.er.usgs.gov/wdnr_fishes/

Kidd et al. Proc. Nat. Acad. Sci. 2007

Fathead minnow - adults
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Why was there a reproductive failure?

Likely combination of 

• Delays in spermatocyte development

• Loss of secondary sex characteristics

• Smaller nests

• Changes in sexual 

behavior
Photos: J. Parrott

Photo: P. Blanchfield and D. Callaghan

Male guarding nest



M. Leclerc

Chapter 2: What happened to the other taxa?



Any effects of EE2 on plankton and littoral macroinvertebrates?

Rotifera
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• All increased from 41-89%
• Not because more food was available



What about the lake’s top predator?

Lake trout
- Elevated vitellogenin
- No effects on oocytes or 

spermatocytes

Decline in lake trout biomass from loss of prey – indirect effects

25%

Kidd et al. Phil. Trans. Royal Soc. B 2014

Lake trout
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Chapter 3: Was there any recovery of the fathead minnow population? 

Photo credit: P. Blanchfield
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Did the males recover ability to develop sperm?

Delayed sperm cells, fibrotic

1 year of
estrogen 

before

3 years of
estrogen

Presence of eggs

4 years after

Normal sperm cells

Normal sperm cells



What about the 
population?

Lake 260

Photos: kpolsson.com/novelty/bill048.htm
infotrek.er.usgs.gov/wdnr_fishes/



3. Indirect effects on 
fish prey

1. Direct effects on 
fish population

2. Indirect effects on 
fish predators

4. Whole lake experiments invaluable

What did we learn from this study?



Does this mean that women should stop 
taking the birth control pill?

• No
• Answer is better wastewater 

treatment and management

• Primary treatment
• Physical (~37%)

• Secondary treatment
• Activated sludge (~33-85%)

• Advanced treatment
• N and P removal (>90%)
• Ozonation (>97%)

Zhou et al. 2012; Baronti et al. 2000; D’Ascenzo
et al. 2003; Huber et al. 2003; Vethaak et al. 2005



Wastewater treatment plant upgrades 
make a difference for effluent quality

Hicks et al. 2017 ES&T

Plant in southern Ontario 
upgraded to nitrifying 
system in 2012

Decreases in several 
pharmaceuticals and in 
estrogenicity of effluents

after upgrade
(2013-16)

before upgrade
(2007-12)



Municipal wastewater treatment plant upgrades 
make a difference for fish

Intersex in male darter declined 
within 3 years at downstream sites

upstream to downstream

year

Hicks et al. 2017 ES&T



What happens when you put fish on the pill?

Bad news
• Estrogens from municipal wastewater can affect 

sustainability of fish populations
• “The pill” is as effective for fathead minnow as for 

humans (~ 99%)
• Indirect, trophic cascades can also occur – not often 

considered 

Good news
• Recovery of fish populations possible with removal of 

estrogens (upgrades have co-benefits)
• Move towards resource recovery from wastewaters 

likely also beneficial for pharmaceuticals
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Photo credit: Folke Ryden

Tack!Thank you!
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