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OverviewOverview
What compounds should we be concerned about?

Where should we look for effects?

How can we reduce concentrations?

When should we take action?



Endocrine Disruption ConcernsEndocrine Disruption Concerns
Observations of feminized wild fish
Feminization of trout by wastewater effluent

Gonad of feminized male

Harries et al. (1997)



Causes of Endocrine DisruptionCauses of Endocrine Disruption
• E2, E1, EE2 and NP thought to be main causes
• Aire River catchment models (Sumpter et al. 2006) 



Current

Low NP

Potential for Source ControlPotential for Source Control
• NP reduction could reduce impacts



Other Potential Concerns
• Carbamazepine in sediments (Knacker et al. 2005)



Where Should We Look? 
• Effluent-Dominated Waters (Fono et al. 2006)

Trinity River, Texas



Slow Attenuation in Surface Waters 

Organic I: Wastewater tracer Reactive compounds

(Fono et al. 2006)



HalfHalf--Life EstimatesLife Estimates



Comparison w/ Santa Ana RiverComparison w/ Santa Ana River
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Steroids and Chlorine DisinfectionSteroids and Chlorine Disinfection

Treatment Plant Laboratory Study



Chlorine and PharmaceuticalsChlorine and Pharmaceuticals

10 mg/L, 1 hr

Pinkston and Sedlak
ES&T,38,4019-4025, 2005



Ozone and PharmaceuticalsOzone and Pharmaceuticals
Huber et al.  ES&T, 37, 1016-1024, 2003



Can We Reduce Concentrations?
• Source Control

-product selection
-takeback programs

• Improving Biological Treatment
-SRT (Clara et al. 2005)
-membrane bioreactors

• Transformation During Disinfection
-free chlorine
-ozone

• Enhanced Natural Attenuation
-engineered wetlands
-soil aquifer treatment



Wetland TreatmentWetland Treatment

Prado Wetland



Gray and Sedlak (2005) 
-1 wetland cell (HRT~4 days)
-Pulse: 30 mg Estradiol, ethinyl estradiol

50 gm Li+
-Result ~35% removal

PradoPrado Test Cell Spiking StudyTest Cell Spiking Study

0

50

100

150

0 100 200 300

E2
EE2
Li

C
on

ce
nt

ra
tio

n 
(n

g/
L 

or
 µ

g/
L)

Time (hours)



Drinking Water/Human Exposure

Most likely exposure: 
• unplanned indirect potable reuse
• planned indirect potable reuse

Compare risks to other chemical contaminants:
• nitrate
• DBPs
• NDMA

Should We Take Action?Should We Take Action?



NDMA in WastewaterNDMA in Wastewater
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Sedlak et al. (2005) 
Water Environ. Res., 77, 32-39.

CDHS notification level



Endocrine Disruption in Surface Waters

Most likely exposure: 
• effluent-dominated surface waters
• sources unrelated to municipal wastewater

Examples of other sources:
• CAFOs
• Grazing Rangelands
• Agricultural Runoff

Should We Take Action?Should We Take Action?



Wastewater vs Agriculture
• Santa Ana River (CA)

– Urbanized watershed
– Clear, shallow
– Effluent-dominated ~2 d

• Trinity River (TX)
– Dallas to Houston
– Turbid, deep
– Effluent-dominated for ~14 d



Beef Cattle Feed LotsBeef Cattle Feed Lots

Soto et al.  (2004)



Endocrine Disruption in Inland WatersEndocrine Disruption in Inland Waters

Trout liver hepatocyte assay
•C-18 water extracts
•Steroids, NP below effect levels
•In vivo assay also shows activity 
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ConclusionsConclusions
• Main Concern: Feminization of Fish

-steroid hormones in effluent-dominated waters
-other potential sources in agricultural watersheds

• Other Concerns
-other impacts in effluent-dominated waters (e.g., CBZ)
-wastewater contaminants and human health (e.g., NDMA) 

• Control Options Available
-improved wastewater treatment
-disinfection (free chlorine, ozone)
-engineered wetlands

• Need for additional research
-endocrine disruption in surface waters
-wetlands and aquifer treatment
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