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Wilson and Schwarzman (2009) Toward a New U.S. Chemicals Policy: Rebuilding the Foundation to Advance 

New Science, Green Chemistry, and Environmental Health, Environ. Health Perspect. 117:1202-1209. 
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Rockström et al. (2009) A safe operating space for humanity, Nature 461: 472-475. 

Chemical Pollution is a planetary 

boundary that is currently not quantified 
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Sumpter & Jobling (1995) Vitellogenesis as a biomarker for 

estrogenic contamination of the aquatic environment. Environ 

Health Perspec. 103:173-178. 
Feminization of fish downstream 

of wastewater treatment plants. 
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 Pharmaceuticals, personal care 

products, trace organic pollutants add a 

new dimension to the notion of  toxicity. 
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Should We Care? 
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Fent, Weston and Caminada (2006)  Ecotoxicology of 

human pharmaceuticals, Aquatic Toxicology, 76:122-159. 

Wide range of  variation in 

treatment efficiencies 

across studies a result of  

not understanding 

treatment conditions that 

actually influence 

biotransformation 
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Nitrification/nitrogen removal processes, which occur with 

long solids residence times, are found to have higher 

removal efficiencies for some pharmaceuticals 
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We hypothesized that biotransformation of  aromatic 

pharmaceuticals depend on the activity of  

nonspecific oxygenase enzymes. 

Monooxygenases 
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Aromatic rings are common in many 

pharmaceuticals 
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carbamazepine 17α-ethinylestradiol 
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NH2H3CO

NH2

trimethoprim atenolol Desvenlafaxine 

Phenytoin (Dilantin) Sulfamethoxazole Ibuprofen 

NG Love, Univ Michigan 



Ammonia 

oxidizing 

bacteria 

Heterotrophic 

bacteria 

4-OH-EE2 

sulfo-EE2 

4-OH-EE2 

sulfo-EE2 

CO2 

17-ethinylestradiol (EE2) 

Ammonia 

oxidizing 

bacteria 

Heterotrophic 

bacteria 
trimethoprim 

m/z 221 

 
m/z 183 

?? 

 

HO

OH

CH


EE2 

OH
CH3

O

CH

S

O

O
OH

Sulfo-EE2 

 

HO

OH

CH

 EE2 

OH
CH3

O

CH

S

O

O
OH

Sulfo-EE2 

Excreted 

Deconjugation in 

aquatic species? 

Effluent 
(Microbiological 

conjugation) 

? 

Influent 

45(8):3605-3612 (2011) 

NG Love, Univ Michigan 



Ammonia 

oxidizing 

bacteria 

Heterotrophic 

bacteria 

4-OH-EE2 

sulfo-EE2 

4-OH-EE2 

sulfo-EE2 

CO2 

17-ethinylestradiol (EE2) 

Ammonia 

oxidizing 

bacteria 

Heterotrophic 

bacteria 
trimethoprim 

m/z 221 

 
m/z 183 

?? 

 

HO

OH

CH


EE2 

OH
CH3

O

CH

S

O

O
OH

Sulfo-EE2 

 

HO

OH

CH

 EE2 

OH
CH3

O

CH

S

O

O
OH

Sulfo-EE2 

Excreted 

Deconjugation in 

aquatic species? 

Effluent 
(Microbiological 

conjugation) 

? 

Influent 

45(8):3605-3612 

NG Love, Univ Michigan 



Clarifying the relevancy of  ammonia oxidizing 

bacteria in estrogen biotransformation 

Ammonia-limited conditions 
 

Estrogens are biotransformed 

 

 

Ammonia-sufficient conditions 
 

Estrogens are not biotransformed 

 

 

Suggests competition for active site on AMO 

between estrogen and ammonia 
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Do microaerobic environments enhance pharmaceutical 

removal through high affinity oxygenase activity? 

Ma and Love, 2001. J. Env. Eng. 

Benzene 
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How does redox environment influence 

pharmaceutical removal? 

Fully aerobic 
Anoxic/ 

aerobic 

Microaerobic 

Aerobic 

 

Anoxic/Aerobic 

 

Microaerobic 
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Modes of  transformation 

varies between 
pharmaceuticals 

• SMX response relative to 

ammonia is the opposite 

of EE2 

 

• ATE biotransforms 

independent of ammonia 

concentration, but rate 

slows as DO decreases 

Anoxic/aerobic 

Aerobic 

Microaerobic 
Atenolol, beta-blocker 

Sulfamethoxazole, antibiotic 
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Nitrogen and Estrogen Transformation/Removal  

in Managed Dairy Manure is Enhanced by Aeration 

 

Zhao, Z., K. F. Knowlton, N. G. Love, and J. A. Ogejo.  2011. Estrogen removal from dairy manure 
by pilot-scale treatment reactors.  Transactions of the American Society of Agricultural and 
Biological Engineers (ASABE). 53(4):1295-1301. 
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DEMON (microaerobic nitritation plus 

anammox) achieved very good 

estrogenicity removal 

Musabyimana, Khunjar and Love, 

unpublished data 

2007 ASA pilot plant 
NG Love, Univ Michigan 



UASB = upflow anaerobic sludge blanket effluent 

PN = partial nitritation effluent 

AMX = anammox effluent 
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Keen, Love and Linden. Accepted pending minor changes. The role of effluent 

nitrate in contaminant oxidation during UV disinfection. Water Research. 

Polychromatic UV-irradiated nitrified effluents are subject 

to  advanced oxidation of  trace organic chemicals. 

Nitrifying wastewater treatment 

plants utilizing polychromatic 

UV systems at disinfection dose 

levels can be expected to 

achieve up to 30% degradation 

of some micropollutants by 

hydroxyl radical oxidation.  

Increasing UV fluence to levels 

used during advanced oxidation 

could achieve over 95% 

degradation of some 

compounds. 
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Possible “Treatment Plant  

of  the Future” 

Raw
Wastewater

Screening

Grit
Removal

FeCl3

UV Disinfection

Anaerobic 
Treatment

Anaerobic MBR or 
Biofilm Process

Deammonification

CH4

Discharge to 
Chesapeake BayPartial

Nitritation

RAS

Gravity
Thickener

Waste
Sludge

Centrifuge

Multiple Hearth 
Incinerators

CH4

ASH

FeCl3

Anammox Tertiary
Filtration

WAS

Energy
Generation

From Charles Bott, HRSD 



WERF Report No. INFR4SG09b-Source Separation and 

Treatment of Anthropogenic Urine 

Source Separation as a 

Sustainable Waste Management 

Solution for the Future 

[Larsen et al. Environ. 

Sci. Technol. 2009] 

Black Water Yellow Water 

~75% N 

~55% P 

 

Majority of COD 

About 65% of pharmaceuticals 

end up in urine and 35% in feces.  
Lienert et al. (2007) Water Sci. Technol. 56:87-96 

The ecotoxicological risk of 

pharmaceuticals and metabolites in 

urine and feces are equal.   
Lienert et al. (2007) Environ Sci Technol. 41:4471-

4478. 
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Utility Collaborators: Ann Arbor WWTP; ASA-Alexandria; Blacksburg VPI 

WWTP; Boulder CO WWTP; DC Water; HRSD; Loudoun County VA 
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