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Our Many Names For Pollutants

Contaminants of 

Emerging Concern

Micropollutants (organic micropollutants OMPs)

Trace Organic Contaminants (TOrCs)

Pharmaceuticals and 

Personal Care Products 

(PPCP)

Microconstituents

Trace Organic Contaminants (TOrCs)



Where do they come from?



In the News – What Does it Mean?



Seminal Study – They Are Everywhere



Seminal Study – They Are Everywhere





Do they have any impact?
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Lake Experiment – Spike in Realistic Dose

5-6 ng/L 

17α-ethynylestradiol (EE2)



Evidence for Fish Feminization



Eventual Collapse of Population



Nice experiment, but are there any 

real world impacts?real world impacts?
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Wastewater Influences Minnow Gender

Downstream of WWTP

17-21% Males
18-22% Intersex

Upstream of WWTP

36-46% Males



Micropollutants, with Designed 

Biological Impacts,

Impact Biological SystemsImpact Biological Systems



Acute Toxicity � Chronic Low-level exposure
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What about micropollutants in 

biosolids?
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What micropollutants are in biosolids?
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The Broad Research Question

Do triclosan and triclocarban select for antibiotic 
resistance genes in anaerobic digestion? 

Why Do We Care?
Antibiotic resistance genes could subsequently be Antibiotic resistance genes could subsequently be 

released to the environment with biosolids



Research Approach



Lab Scale Digesters Amended with TCC

Carey et al., Environ. Sci. Technol. 2016, 50 (1), 126-134
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This reactor set “died”

This reactor set was uninhibited
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Antibiotic Resistance Genes
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Carey et al., Env. Sci: Proc. & Imp. 2016, 18, 1060-67



Triclosan and triclocarban can select for antibiotic 
resistance genes at environmentally relevant 

Key Finding:

resistance genes at environmentally relevant 
levels in anaerobic digesters



Implications

• Consumer product chemicals are likely already 
selecting for resistance in treatment systems

• TCS and TCC selected for a multidrug resistance gene 
at concentrations between 30-850 mg/kg



FDA bans Triclosan and 

Triclocarban from soaps

http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm517478.htm



What next?
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Triclosan Still in Top-Selling Toothpaste

33https://www.statista.com/statistics/195650/leading-us-toothpaste-brands-in-2007-and-2008-based-on-

sales/



Triclosan Free Soap
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Benzalkonium Chloride
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Benzalkonium Chloride: Limiting Stressors?
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MU Research
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Updates on PFAS
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PFAS found at ng/g in biosolids
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PFAS annual load less than other 

micropollutants
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Short-chain PFAAs (C5 –C7 PFCAs and PFBS (C4)) 

can be generated from their precursors in AD
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Influent PFAS Load Matters
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We know micropollutants are in 

biosolids – are there technologies 

to get rid of them?to get rid of them?
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Biomass
• Wood
• Switchgrass
• Biosolids

Py-gas (5-30%)

Bio-oil (20-50%)

H2, CO, CH4

Pyrolysis: Heating Without Oxygen

Bio-oil (20-50%)

Biochar (~50%)

~500°C



Pyrolysis removes micropollutants from biosolids



Pyrolysis removes micropollutants from biosolids

BD: Below Detection Limit

Ross J.J., Zitomer, D.H., Miller, T.R., Weirich, C.A., McNamara, P.J. 2016. Emerging investigators series: pyrolysis removes 

common microconstituents triclocarban, triclosan, and nonylphenol from biosolids. Environ. Sci.: Water Res. Technol (2) 

282-289.



Pyrolysis removes micropollutants from biosolids

BD: Below Detection Limit

Hoffman TC., Zitomer, D.J. McNamara, P.J. 2016. Pyrolysis of wastewater biosolids significantly reduces estrogenicity. J. Haz. 

Mat. 317, 579-584

Ross J.J., Zitomer, D.H., Miller, T.R., Weirich, C.A., McNamara, P.J. 2016. Emerging investigators series: pyrolysis removes 

common microconstituents triclocarban, triclosan, and nonylphenol from biosolids. Environ. Sci.: Water Res. Technol (2) 

282-289.



Pyrolysis for removal of PFAS
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Pyrolysis removes PFAS to below 

detection limit in biochar
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Can changes be made to conventional 

treatment to improve removal?

The upgrade [from trickling filter to activated sludge] of the 
WWTF resulted in improved removal efficiency for many 
endocrine-disrupting chemicals, particularly 17β-estradiol 
and estrone, and fish exposed to the postupgrade effluent 
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and estrone, and fish exposed to the postupgrade effluent 
indicated reduction in endocrine disruption relative to 
preupgrade conditions



What if we mitigate discharge?

Results from this whole-lake experiment demonstrate that 
fish can recover from EE2 exposure at the biochemical 
through population levels, although the timelines to do so are 
long for multigenerational exposures. These results suggest 
that wastewater treatment facilities that reduce discharges of 

57

estrogens and their mimics can improve the health of 
resident fish populations in their receiving environments.
■
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Questions?

Contact Information:

Thank you

Contact Information:

patrick.mcnamara@marquette.edu

414-288-2188
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