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Presentation Overview

• What are ECOC, PPCPs, EDCs?
• Occurrence in Environment
• Wastewater Treatment
• Reuse 
• Source Control
• Conclusions and Recommendations



Emerging Contaminants of Concern
• Emerging contaminants of 

concern (ECOC) are 
defined as those 
chemicals that are not 
commonly monitored, but 
have been shown to occur 
in the environment and 
may have the potential to 
represent an ecosystem or 
public health risk

• Pharmaceuticals and Personal 
Care Products (PPCPs)

• Endocrine Disrupting 
Chemicals (EDCs)



A Tongue-in-cheek Guide to Emerging 
Contaminants of Concern

• Generally have long and unpronounceable names 
No one is sure what their presence means 

– So everyone assumes it has got to be bad

• Practically unlimited in number 
– No sooner do you get a handle on one, another pops up

• Improving analytical methods only make it worse

• Guaranteed to keep regulators (and researchers) busy for years to 
come



So what is an Emerging Contaminant of 
Concern?  If it quacks like a duck…

• Present at trace concentrations
– Typically part per trillion
– At or near detection level

• Heath effects data lacking at concentrations of interest
– Frequently adverse effects at concentrations several magnitudes higher than 

occurrence

• Pathways and magnitude of exposure uncertain

• Regulatory framework lacking



Pharmaceuticals and Personal Care Products 
(PPCPs)
• PPCPs comprise a very broad, diverse collection of 

thousands of chemical substances, including prescription 
and over-the-counter therapeutic drugs, fragrances, 
cosmetics, sun-screen agents, diagnostic agents, 
biopharmaceuticals, and many others. 

• Any product consumed by individuals for personal health 
or cosmetic reasons 

• Not new, analytical instrumentation now allows us to see 
ppb and ppt range



Occurrence in the Environment





Pharmaceuticals and Personal Care Products 
(PPCPs)

• Peer-reviewed papers reporting 
measurable levels of PPCPs in waters 
(soils)
– Municipal effluents
– Surface, ground and drinking water 

• Levels are typically low (ng-µg/L)

• Potential Concern – chronic, 
developmental or reproductive effects in 
aquatic organisms due to biological activity 
of PPCPs (Datson et al., 2003)

Ref: Ref: Env. Health PerspEnv. Health Persp., Oct 2000.., Oct 2000.



Tadpole Development

Two tadpoles after 57 days of development in the 
lab. The one on the right, which has yet to sprout 
limbs, was exposed to (at unknown levels) Prozac. 



Wastewater Treatment



Endocrine Disrupting Chemicals (EDCs)

Trussel, R. 2001. JAWWA 93(2):58-65

Endocrine DisruptorEndocrine Disruptor –– an an 
exogenous substance or mixture exogenous substance or mixture 
that alters functions of the that alters functions of the 
endocrine (hormone) system and endocrine (hormone) system and 
consequently causes adverse consequently causes adverse 
health effects.health effects.

DoseDose--Response RelationshipResponse Relationship

•• EDCs mimic or antagonize EDCs mimic or antagonize 
natural hormonesnatural hormones

•• LowLow--dose effects dose effects --
controversialcontroversial

•• Timing of exposure is criticalTiming of exposure is critical

WHO. 2002. Global Assessment of EDCs.



Suspected 
EDC

Metals

Pesticides
Herbicides
Fungicides

Industrial
Chemicals

Synthetic &
Naturally occurring 

hormones
Pharmaceutical

drugs

Personal 
Care Products

Some Chemicals From These Groups are  
Potential EDCs



What Are The Concerns?
• WEF Congressional Briefing March 

23, 2007
– Ed Ohanian, EPA Office of Water 

• Fish Tissue Study of 37 
Pharmaceuticals in Discharges From 5 
Plants – Dec 2007

• Study of Discharges of 10 Plants --
2008

• Biosolids Study of 75 Compounds –
Dec 2008

• Dana Kolpin, Chief USGS Toxic 
Substances Hydrology Program
– USGS has "definitive" evidence from 

laboratory experiments in Boulder, 
Colo…….. that chemical compounds 
found in pesticides, agricultural runoff, 
stormwater runoff, household 
detergents, and drugs that pass 
through wastewater treatment plants 
are responsible for "feminizing" 
male fish downstream of such 
plants. 

'Intersex' fish found 
off Calif. coast
LOS ANGELES — Scientists have discovered 
sexually altered fish off the Southern 
California coast, raising concerns that treated 
sewage discharged into the ocean contains 
chemicals that can affect an animal's 
reproductive system.
Nearly a billion gallons of treated sewage 
are released into the Pacific Ocean every 
day through three underwater pipelines off 
Huntington Beach, Playa del Rey and Palos 
Verdes Peninsula.

Male fish producing 
eggs; is pollution to 
blame?
The Washington Post
WASHINGTON — Abnormally developed 
fish, possessing both male and female 
characteristics, have been discovered in the 
Potomac River in Washington, D.C., and in 
tributaries across the region, federal 
scientists say — raising alarms that the 
river is tainted by pollution that drives 
hormone systems haywire.



Mechanisms of EDC Removal
• Adsorption
• Biological Degradation
• Transformation/Degradation
• Volatilization

• Key Factors in EDC 
Removal
– Physical/Chemical 

Properties of EDCs
– Temperature
– Sludge Age
– Treatment Process
– Influent Concentrations
– Acclimation time
– Concentration of Co-

metabolites 
– Hydraulic Retention Time 



Liquid Stream Wastewater Treatment 
Process Effectiveness

Treatment 
Process 

Parameter Removal 
Efficiency 

References and Comments 

• Secondary 
Treatment 
(Activated Sludge, 
Trickling Filter, 
MBR) 

Naproxen 
 
Estrogens 
 
 
 
Sulfonamides, 
macrolides, and 
trimethoprim 

Low removal 
 
77% to ?90% 
 
 
 
Incomplete 
removal 

• Metcalfe et al., 2003 low removal of naproxen with 
short HRT 

• Joss et al. (2004) observed >90% removal estrogens 
(estrone, estradiol, and ethinylestradiol) in activated 
sludge, and 77% estrone and ?90% estradiol in fixed 
bed reactor. 

• Göbel et al. (2005) found removal of sulfonamides, 
macrolides and trimethoprim incomplete activated 
sludge treatment  

• Disinfection (Cl2) Naproxen, 
phenols, 
aromatic ether 
and amine-
containing 
pharmaceuticals 

Oxidation and 
formation of 
rxn products 

• Boyd et al. (2005) showed that synthetic waters 
containing elevated concentrations of naproxen were 
oxidized by free chlorine and formed disinfection 
products 

• Recent research aimed at characterizing 
transformation kinetics and identifying reaction 
products with chlorine (Gallard and von Gunten, 2002 

• Disinfection 
(Ozone)  

Pharmaceuticals, 
PPCPs 

Effective 
removal 

• Huber et al. (2005) showed that many pharmaceuticals 
in wastewater can be effectively oxidized with  

• Other studies reported by Zwiener and Frimmel (2000); 
Ternes et al. (2003); Huber et al. (2003).  

• Effluent Filtration 
(Membrane) 

  • Heberer et al. (2002); Nghiem and Schäfer (2002). 

 



Solids Stream Treatment Process 
Effectiveness

Treatment Process Parameter Removal 
Efficiency 

References and Comments 

• Anaerobic 
Digestion  

EDCs Possible 
increase in 
estrogenic 
activity 

• Holbrook et al. (2002) reported increase in estrogenic 
activity 

• Andersen et al. (2003) reported an increase in natural 
estrogen concentrations in the water and sludge phases 
from a mesophilic anaerobic  

• Aerobic Digestion EDCs Possible 
increase in 
estrogenic 
activity 

• Holbrook et al. (2002) reported an observed increase in 
estrogenic activity  

 



WERF Fate of Pharmaceuticals and Personal 
Care Products Through Municipal Wastewater 
Treatment Processes

• PPCP Removals
– 6 Activated Sludge Plants
– 2 MBR Pilot Plants



WERF Fate of Pharmaceuticals and Personal 
Care Products Through Municipal Wastewater 
Treatment Processes
• Key Study Findings

– Increased SRT Enhanced 
Removal of Majority of 
PPCPs

– SRT Required for >80% 
Removal is Compound 
Specific

• Many in Range SRT 5 to 15 
Days

• Complete Removal of Most 
with SRT>10 Days

– Long SRT for 80% 
Removal of Some PPCPs

• Galaxolide, Musk Ketone, 
Tri(chloroethyl) Phosphate

• To Achieve Good Results 
for Most Compounds, a 
Second Barrier Might be 
Necessary

• No Obvious Advantage of 
MBR over CAS for Similar 
SRT
– Micro and Ultra Filtration 

Membranes Cannot 
Remove PPCP Molecules 
100 Times Smaller Than 
Pore Size of Membranes

• No PPCPs Detected 
Following Reverse 
Osmosis Treatment



MBR vs Conventional Activated Sludge 
(CAS)

• Estrogenic Steroid Removals 
– E1 (metabolite of E2) 
– E2 (natural estrogen)
– EE2 (synthetic estrogen)

• Enhanced MBR Removals
– 99% Removal E1 and E2
– 90% Removal EE2

• Lower Conventional Activated 
Sludge Removals 
– 90% Removal E1 and E2 
– ~59% to 82% Removal EE2

• Select Pharmaceuticals 
• No Removal in MBR or CASf

– Carbamazepine (anti-epileptic 
drug)

– AMDOPH (metabolite of an 
analgesic)

• MBR 30% Removal vs CAS 
15%
– Phenazone (analgesic), 

Propyhenazone, and FAA 
(metabolite)

• MBR Conclusions
– Allows Retention and Cultivation 

of Slow-growing Metabolic 
Specialists

– Adaptation Period of ~5 Months 
Required

Zuehlke, et al, “Long-Term Comparison of Trace Organics Removal 
Performances Between Conventional and Membrane Activated Sludge 
Processes,” Water Environment Research, Vol. 78, No. 13, December 2006



Reuse



Reuse and Emerging Contaminants of Concern 

• Most common wastewater reuse in Idaho is 
irrigation (agricultural lands, golf courses, parks)

• Slow rate systems, applied during the growing 
season

• Fate and transport of ECOC in the soil system?



Reuse and Emerging Contaminants of Concern 
• Reuse studies looking at ECOC

– Presence and Distribution of Wastewater-Derived 
Pharmaceuticals in Soil Irrigated with Reclaimed
Water. Kinney et al., 2006, Environmental Toxicology and 
Chemistry, Vol. 25, No. 2, pp 317-326



Colorado Study (Kinney et al, 2006)
• Medium size Front Range city
• Sprinkler irrigated reclaimed water from single 

source. 
• Investigated 3 locations: City Hall lawn; Golf 

course; treatment facility lawn
• Reclaimed water (Class A): coagulation and 

filtration, disinfection with chlorine



Soils



Concentrations (ng/L)



Integrated Mass 0-30 cm City Hall (ng)



Colorado Study
• Use of Reclaim water can result in presence and 

accumulation of pharmaceuticals in soil
• Some are mobile (30 cm)
• Additional studies needed to determine leaching
• Soil organic matter controlling factor in retention



Colorado Study
• Unknown if existence of pharmaceuticals at 

concentrations observed pose a risk to human or 
environmental health.



Microbial decomposition
Abiotic reactions
Pytoremediation
Substantial sorption
High oxygen transfer
Highly buffered system

Microbial decomposition
Abiotic reactions
Photolysis
Small to moderate sorption
Low to moderate oxygen 
transfer

Pathways

Years to decades1 to 20 daysResidence Time

1 X 1010-12 cells/g1 X 107 cells/LMicrobial Populations
40,000 mg/Kg4 mg/LOrganic Carbon

Soil SystemAquatic (river)Parameter

Aquatic versus Soil SystemAquatic versus Soil System

Phenol toxic to m/o 0.001 to 0.2 mg/L in aquatic system
Phenol at 200 mg/L no toxic effect m/o in soils 



Source Control



Source Control for EDCs

Water 
Reclamation 

Facility Ri
ve

r

Urban Irrigation
•Parks, Schools, Fairgrounds

Industrial Reuse
•Paper Mill, Rock Crushing, Concrete

Wetlands Restoration
•Creation, Restoration, Enhancement

Groundwater Recharge
• Surface Percolation

R
eu

se

Other
•Agricultural Land, Poplar Farms

Reduce Quantities 
Entering Collection 
System



Pharmaceutical Collection Programs -
Benefits and Challenges

• Public Education 
– Foster Understanding of Water 

Quality Impacts
– Reduce Medications Flushed to 

Sewer
– Disposal Information on 

Medication Containers
• Provide Collection Programs

– Collection Bins in Retail 
Pharmacies

– Household Pharmaceutical 
Collection Days

• "Green Guide for Healthcare“
– Design, Construction, Operation 

BMPs based on LEED System

• Broad Group of Stakeholders
– Wastewater Utility
– Solid Waste Utility
– Health Care Industry

• Pharmacies, Hospitals, Nursing 
Homes, Extended Care 
Facilities

– Law Enforcement
• DEA Regulations to Eliminate 

Drug Diversions
– Prescription Controlled 

Substances
– Closed System Manufacturers, 

Distributors, Pharmacies, and 
Physicians – But Not Patients

• RCRA Challenges to Managing 
Pharmaceutical Wastes
– Epinephrine, Warfarin, Lindane, 

and 9 Chemotherapy Agents 
Classified as Hazardous Waste



White House Guidelines for Proper 
Disposal of Prescription Drugs – Feb 2007

• The FDA advises that the following 
drugs be flushed down the toilet
instead of thrown in the trash:

– Actiq (fentanyl citrate) 
– Daytrana Transdermal Patch

(methylphenidate) 
– Duragesic Transdermal System

(fentanyl) 
– OxyContin Tablets (oxycodone) 
– Avinza Capsules (morphine sulfate) 
– Baraclude Tablets (entecavir) 
– Reyataz Capsules (atazanavir sulfate) 
– Tequin Tablets (gatifloxacin) 
– Zerit for Oral Solution (stavudine) 
– Meperidine HCl Tablets
– Percocet (Oxycodone and 

Acetaminophen) 
– Xyrem (Sodium Oxybate) 
– Fentora (fentanyl buccal tablet)



NACWA Response to White House Guidelines for 
Proper Disposal of Prescription Drugs – May 
2007



Oregon Senate Bill 737
• Passed House June 26, 2007

– Vote of 51 to 8 with 1 Excused
– Will Take Effect Immediately Upon Governor’s Signing

• Focus on Pollutant Reduction
• Phase 1

– Oregon Department of Environmental Quality (DEQ) 
– Assess Persistent Pollutants in Environment 
– Create Priority list of Most Harmful
– Identify Best Means to Reduce at Source

• Phase 2
– Major Municipal Dischargers 
– Develop Pollutant Reduction Plans Based on Source 

Prevention
• Pharmaceutical Collection Programs
• Removing Mercury in Schools
• Legacy Pesticide Collection



Conclusions and Recommendations


