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Evidence of reproductive disruption in white
suckers below the City of Boulder

(Vajda et al. 2004; Woodling et al. 2006; Vajda et al. 2007)

. Gonadal Intersex (20%)

. Female-biased
sex ratios (M:F, 1:5)

. Impaired ovarian development

. Decreased testicular sperm abundance

. Elevated plasma vitellogenin in males

(Vajda et al., submitted to ES&T)
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Fathead Minnow (Pimephales promelas)

1. Secondary sex characters

4. Plasma vitellogenin

Recrudescent males
Sampled on days 4, 7, 14, and 28

Stimulatory photoperiod (16L:8D) and
temperature (21°C)

Controlled aeration, feed, and flow




1. Secondary sex characters:




Effluent Reduces Nuptial Tubercle Expression
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Significant effect of exposure (P<0.0001)
(Vajda et al., in review)




1. Secondary sex characters: reduced with 50%
and 100% effluent by day 7.

2. Sperm abundance




Effluent decreases sperm abundance
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Kruskall-Wallis P<0.001
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1. Secondary sex characters: reduced with 50%
and 100% effluent by day 7.

2. Sperm abundance: reduced with 50% and 100%
effluent.

 Plasma vitellogenin




Effluent Elevates Plasma Vitellogenin
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Significant main effect of exposure (P<0.0001) (Vajda et al., in review)




1. Secondary sex characters: reduced with 50%
and 100% effluent by day 7.

2. Sperm abundance: reduced with 50% and 100%
effluent.

3. . Plasma vitellogenin: elevated with 50% and
100% by day 7.
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Conclusions

1.City of Boulder WWTP effluent feminized and
demasculinized breeding male fathead minnows

2. Reproductive disruption evident within 7 days

3. 50% effluent is equipotent to 100% effluent
(for most endpoints)




Vail WWTP - Spring 2007
Collaborators: CU, USGS, CDOW

Analysis of effluent for WWTP EACs

Examination of resident fish for evidence

of reproductive disruption

Controlled exposure of fish for

examination of estrogen-dependent
biomarkers
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(Courtesy of Dr. James L. Gray, USGS)




City of Vail WWTP

Mean Dalily Discharge

1-2 million gallons day-

~10-20% of streamflow
during low base-flow
conditions




1.Stream Survey

-Collect resident Sculpin OuickTime™ and a

TIFF (Uncompressed) decompressor
are needed to see this picture.

- Examine gonads for evidence of
reproductive disruption.
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1.Stream Survey
-Collect resident Sculpin

- Examine gonads for evidence of
reproductive disruption.

2. Controlled Exposure Study

- Immature Brown Trout
- 14 day exposure
- 0%, 20%, 40%, 100% Effluent

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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F.E.M. I
(Fish Exposure Mobile II)
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Vitellogenin in Juvenile Brown Trout exposed
to Vail WWTP effluent
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No significant increase in plasma vitellogenin

(Vajda et al., in prep)




Vail WWTP 2007

Vail WWTP effluent contains natural and pharmaceutical estrogens

14-day exposure of juvenile brown trout to WWTP effluent did not
significantly induce vitellogenin

No intersex observed in downstream sculpin

Study Limitations
e Study timing (spring/off-season)
e  Study duration (14-day exposure)
 Limited scope (species/chemicals)

 Single plant effect not watershed impact




Implications

In-stream estrogenicity Is likely due to an
Interaction of treatment type, discharge volume,

and base-stream flow.
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Implications

In-stream estrogenicity Is likely due to an
Interaction of treatment type, discharge volume,

and base-stream flow.

Reproductive disruption in fishes is most likely

In effluent-dominated streams where estrogen
equivalency exceeds 10 ng E2/L.

Endocrine-active wastewater chemicals are
most likely to impact human health when
wastewater or wastewater-impacted surface
waters are sources for human drinking water.
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