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Outline

* Whole Lake Dosing Experiment - Collapse of a Fish
Population Following Exposure to a Synthetic Estrogen
(1999 — 2006)

* Results of a 21-Day Fathead Minnow Fecundity Study
Following Exposure to 17a-ethinylestradiol (EE2) (2015)

* South Platte River, Colorado Wastewater Treatment Plant
(WWTP) Field Study (2012 — 2015)

* National Municipal Effluent Contaminants of Emerging
Concern (CEC) Study Sampling
(December 2010 — April 2011)
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Collapse of a Fish Population Following
Exposure to a Synthetic Estrogen

Kidd Karen?!, Blanchfield Paul?, Mills Ken!, Palace Vincel, Evans Bob?, Lazorchak James?, and
Flick Robert? 2007, Proceeding National Academy of Science

L Fisheries and Oceans Canada, Freshwater Institute, Winnipeg Manitoba, Canada
2 .S, EPA, National Exposure Research Laboratory, Cincinnati, OH, USA

Summary

*Dose a Whole Lake for 3 years during Spring — Fall
*Collect Fathead Minnows, Pearl Dace and Lake Trout
*Measure molecular to population endpoints
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58 Designated Research Lakes
and their Watersheds
Detailed Monitoring since 1969

Located in northwestern Ontario approximately 250 km

Protection

east of Winnipeg and 50 km east-southeast of Kenora~
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" Whole Lake Dosing Experiment

e

Lake 26

Estrogen
Addition
Lake

Courtesy of> K. Kidd
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Whole Lake Dosing Experiment
Study Design

recovery?
e

effects on individuals & populations
' 4

ethinylestradiol (EE2) additions

baseline data Y
i >

) reference lake data

Courtesy of> K. Kidd
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" Whole Lake Dosing Experiment
Additions of EE2 to Lake 260, 2001-2003

e EE2 added 3 times a week for 5 months

* 100-450 mg added/day to maintain constant concentration
(4.5% loss/day)

* Season mean g5

of 6.1 (+2.9), el

5.0 (+1.8), 5
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Whole Lake Dosing Experiment
Concentrations of EE2 in Stratified Lake 260

Epilimnion EE2 = 6.1+/- 1.3 ng/L

Metalimnion EE2 =1.9 +/- 0.93 ng/L

Hypolimnion EE2 =
1.7 +/- 0.61 ng/L

Courtesy of> K. Kidd
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"EPA Molecular Endpoint
Vitellogenin Gene Expression
Analyzed by quantitative real-time polymerase chain reaction (RT-PCR)

S * Extrapolation to standard curve

Quantitation

* Use of reference
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Vitellogenin Gene Expression
2001 Objectives

* Evaluate exposure of Cincinnati male fathead minnows to
grab water samples from Lake 260 and Control Lake 114
and test at the U.S. EPA Aquatic Research Facility in
Cincinnati, OH

* Evaluate short-term (13-day) exposure of Control Lake
114 male fathead minnows deployed in Lake 260

* Evaluate exposure of indigenous Lake 260 male fathead
minnows to EE2 and compare to indigenous Control Lake
114 male fathead minnows
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o Vitellogenin Gene Expression
Results from Shipped Water Samples (2001)

Vitellogenin Gene Expression by RT-PCR
Cincinnati Fathead Minnow Adult Male Livers
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" Vitellogenin Gene Expression

Results of 13-Day Deployment Study (2001)
1.2 Vitellogenin Gene Expression by RT-PCR

Fathead Minnow Adult Male Livers
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Vitellogenin Gene Expression
Results of Indigenous Fathead Minnows
Collected from Lakes 260 and 114 (2001)

Vitellogenin Gene Expression by RT-PCR
Fathead Minnow Adult Livers EIMale Female T
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Vitellogenin Gene Expression
2002 Objectives

* Evaluate exposure of indigenous Lake 260 male fathead
minnows to EEZ2 using vitellogenin gene expression
before and 3 times throughout the dosing and compare to
vitellogenin gene expression in indigenous male fathead
minnows collected from Control Lakes 114, 302, and 442

* Evaluate exposure of Cincinnati male fathead minnows to
Lake 260 water at the U.S. EPA facility in Cincinnati, OH

* Evaluate exposure of Cincinnati fathead minnow fry to
sediment from Lake 260
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Vitellogenin Gene Expression

Results from Males Collected in 2002
Vitellogenin Gene Expression by RT-PCR

4
3.5 Male Fathead Minnows
3 . - . . .
Males in Lake 260 exhibited high vitellogenin
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E, 2 remaining high at least until October \
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0.5 all males from all control lakes
0 —_— — — — - — - o — - = L
) > A b M i\ o~ ) o N A i\ C) & N
—0.59&* @,5\\ \x\ﬁ\q’ eée‘q’ brJ’O':’ \55\(]’ 5‘)06 5\}‘:\0 (\a\ 00‘;]’ 6&{» \x{s\q’ é@\ S Q('f‘
e,er 4 b-br‘b DP?" a \"b‘ \'\b‘ \'\b‘ \'\5‘3 ,\\"‘b ,\\"‘ q,'be ,L@h Q"Ir@ 6‘13’
\/&- \/‘39 V’ﬁg) \,'5"_@ \’# \/5-?J \/,ﬁ-?‘ \«é-a \,’3-0 \?p \?g‘ \:3-0 \/@p \’é{- \,6{‘
15|

20025, CELNMERERLTVWVET . BRIIMICATVNEET L, ChEM
BODFEHIZTONTTY , BZELFRELTIBIZLLTHTLET A, R
HOTRTCIZBLWTEREARADETOF ZUEBEFERIZIEHOMNELEN
STERDOMYET,

E31DDMBEEL T, (IKEHDMTHOETOS ZUFENEIIEAE#H R
THHE TR ETT,

15



SEPA

United States
Environmental Protection
el

Vitellogenin Gene Expression

Results from Females Collected in 2002
Vitellogenin Gene Expression by RT-PCR

3.5
3 - Female Fathead Minnows
25 Females in Lake 260 continued to have higher
2 vitellogenin gene expression into October,
@ compared to Contrql}ake 114 and 442 females
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Vitellogenin Gene Expression
o A Male Fathead Minnows - May 2003
"u ted Stat 2.5
Agency 2
. . @B 1.5 1
Vitellogenin |5 |
Gene = 05 A .
Expression 0 . .
ReSUItS from Lake 114 Lake 442 Lake 260
Vitellogenin Gene Expression
Males Male Fathead Minnows - Sept 2003
. 2.5
Collected in
2 .
2003
g 1.5 1
S 1
= 0.5 +
0 S
Lake 114 Lake 442 Lake 260
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Vitellogenin
Gene
Expression
Results from
Females
Collected in
2003
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Vitellogenin Gene Expression
Female Fathead Minnows - May 2003
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Lake 442 Lake 260

Vitellogenin Gene Expression
Female Fathead Minnows - Sept 2003

Lake 442 Lake 260
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years of the study.

Courtesy of: Kidd et al.

E"\Wlitellogenin Protein

* Mean (= SE; n= 4-7) vitellogenin
concentrations in whole body
homogenates from fathead
minnows captured in 1999-2003
from Control Lakes 114 and 442

260 before and during addition of
* Low catches of fish in Lake 260 in

2004 and 2005 did not allow for
these analyses in the latter two

VTG (pg/g wet bodyweight)

10000

8000 1
6000 -

4000 1
y

A\

1250
1000 1
750
500
250

] Bl D
1 'r .l ?-_ ‘TT

A = | ake 260
— Lake 114

272 Lake 442 iI I i
™

T

ANY

’

No EE2 Addition EE2

12000 1
10000 1
8000 1
6000 1
4000 1
2000

III‘:I J

A

2003
Fall 1999

I

I

4
o
i
ut

CHLITEABEEHFTNET, 2000FELIFIN DA TWLET A, IFERTD
EIZECRLEL-. HIcBWTHHIZEWLWTHEETFOS U EREOEREMN
EWWELNSTENOMET, SAEEIL. ERICAZERLETOS ZVERE

REZAELTVET,

19



Gonad Histopathology Results
Fathead MlllllOW Ovarles and Testis (2003)
- . b2

A R : B
Control Lake [« 588 . Lake 260
442 Ovary ' . Ovary (EE2
Dosing)
C D
Control Lake } = Lake 260
442 Testis = Testis (EE2
Dosing)
Lake 260 Testes (D) demonstrating inter-sex

Courtesy of: Kidd et al.
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Pearl Dace Population Structure — Lake 260

Pearl Dace Sex Ratio

Male ;: Female Ratio
o
[0}

2001 2002 2003 2004 2005
Courtesy of: K. Mills Year
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wEPA Lake Trout Abundance — Lake 260
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Lake 260

-Fall 2003
[

Lake 224

» adecline in lake trout in exposed Lake 260 coinciding with a decline in fathead minnow
populations.

-Courtesy Ken Mills
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Whole Lake Dosing Experiment
Fathead Minnow Summary
* Spring 2001 - EE2 additions began
- Vitellogenin gene expression induction in Control Lake 114
fish within 24 hours of deployment in Lake 260
- Significant vitellogenin plasma induction after 7 weeks

* Fall 2001 (4 months)
- Proteinaceous accumulation in kidney

- Liver cell size increased

FEOTHFTE. BRYDFMEEHATHET L ETOAOSNZVERFOHE
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Whole Lake Dosing Experiment
Fathead Minnow Summary
Spring 2002 (12 months)

- Disorganized testes, immature ovaries

- Decreased spawning aggression, fewer and less-developed
eggs

- Reduction in 2° sex characteristics

- No fish population impacts observed

Fall 2002 (17 months) - Reproductive failure, few age 0 fish
Spring 2003 (2 years) - Only age 2 fish remaining

- One male found, females with large ovipositors

2006 (3 years post EE2 addition) — Fathead minnow population
recovered

- FBENINEELTLS, ZLTHRECEENAONT-EWNSTETT,
Ff- . ErEESTIEEYENTHEREICRIFZTHZELTHDDIELEINENEL
WDTIN, BEIMLZHDO I7IRAYRS/—E0VSDIE D HZEIRLD TS
SO I BYT T LY ITEFENAHLNEDITTTH., TNHEL<LAE-TLY
=&V,
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" Whole Lake Dosing Experiment
Pearl Dace and Lake Trout Summary — Lake
260

* Fall 2002 (17 months) - Pearl dace male/female ratios <40%

* 2004 — 2006 (2-4 years post EE2 addition) - Pearl dace
catch per unit effort (CPUE) and Lake trout abundance lower

LIRE, COMIZITRSTWELD T, ZFORESIHE =DM BHENDTY
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21-Day Fathead Minnow Fecundity
Study Following Exposure to
Ethinylestradiol (EE2)

Armstrong Bl, Lazorchak JM?Z, Jensen KM3, Haring HJ4, Smith ME4, Flick RW2,
Bencic DC?, Biales AD?

1 Department of Fisheries and Wildlife, Michigan State University, East Lansing, MI, USA
2U.S. EPA, National Exposure Research Laboratory, Cincinnati, OH, USA

3 U.S. EPA, National Health and Environmental Effects Research Laboratory, Duluth, MN, USA
4 The McConnell Group c/o U.S. EPA, Cincinnati, OH, USA
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21-Day Fathead Minnow Fecundity Study
Endpoints Following Exposure to EE2 (0.5,

* Fecundity 1.5, and 4.5 ng/L)
* Fertility
° Mortality Ankley GT, Jensen KJ, Kahl MD, Korte JJ, and
. . . Makynen EA (2001). Environ Toxicol Chem 20:
* Vitellogenin Expression 1276-1290.

- Liver and Plasma
* Metabolonomics - Urine
* Tissue Weights Relative to Body Weight
- Fatpad Index
- Tubercle Counts
- Gonadosomatic Index
- Hepatosomatic Index

CHELTIM. SEBDEHMNEng/LEE>=0ITTT M, TELIFIEFEIZHL
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21-Day Fathead Minnow Fecundity Study

Number of eggs produced per female per day Cumulative Egg Production
during a 21 day EE2 exposure

faibe aftera 21 day EE2 exposure
7000
6000

1200 5000

# Eggs produced per female per day
Cumulative Number of
Eggs Spawned
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| 24 2000
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Error Bars are +/- 1 standard error
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» Immediate decline in egg production compared to control in 0.5 and 1.5
ng/L EE2 treatments

> Initial increase then cessation of egg production at 4.5 ng/L EE2.
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EPA

United States
Environmental Protection
Agency

21-Day Fathead Minnow
Fecundity (FHM) Study

FHM male liver VTG expression after a 21 day
EE2 exposure
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FHM male liver VTG expression after a 21 day
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Relative expression

FHM female liver VTG expression after a 21 day
EE2 exposure
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EPA

United States
Environmental Protection
Agency

21-Day Fathead Minnow Fecundity Study
Plasma-Level Vitellogenin Expression

Average Male Plasma VTG aftera 21 day EE2 Average Female Plasma VTG after a 21 day EE2
Exposure exposure lELA Cone
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* Plasma vitellogenin concentration elevated in male AND female

minnows exposed to 1.5 and 4.5 ng/L EE2

Courtesy of: K. Jensen
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o)
SEPA Summary
gﬁ\‘ftisgnsrrgzl:tsai Protection
gency
Endpoint LOEC NOEC PNEC" NOEC™
ng EE2/L ng EE2/L ng EE2/L
Fecundity 0.47 (0.19-0.76) <0.47 (0.19-0.76) 0.35°-0.96""
Egg Fertilization >39 >3.9 <0.32"
Aver Egg/Female/Day  0.47 <0.47
Plasma Vg Male 1.55 0.47
Plasma Vg Female 3.9 <3.9
Vg Expression Male 1.55 0.47
Vg Expression 1.55 <1.55
Females
GSI >3.9 >3.9
Urine Metabolites Urinary metabolite males shows potential for assessing
profiling of exposures to
estrogens
-* Caldwell, et. al. 2008, * Parrott and Blunt, 2005
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