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Background

• Pharmaceuticals and Personal Care 
Products (PPCP)

• Human and Ecosystem Adverse Impacts?
– PPCP detected in water sources
– Analytical methods measure ppt or lower

– Endocrine Disruption (DNA replication, 
hormonal issues)?

– Bioaccumulative, toxic and persistent effects?



Governmental Studies

• USGS studied several US waterways
• Several individual States have studied 

various waterways
• Similar studies in Canada, EU, Asia, Latin 

America – Netherlands, Sweden, Italy, 
Germany, UK, Brazil, Argentina, Thailand, 
India

• Result: Measurable PPCP



Typical Drugs

US Study Findings
• 17b-Estradiol
• 17a-Ethinylestradiol
• Acetominophen
• Ibuprofen
• Erythromycin
• Trimethoprim
• Triclosan
• Caffeine
Range in streams/rivers 10 to 1000 

ng/l conc

Canadian Study Findings
• Bezafibrate – Lipid Regulator
• Dichlofenac – Analgesic
• Gemfibrozil – Lipid Regulator
• Ibuprofen – Analgesic
• Naproxen – Analgesic
• Acetaminophen – Analgesic
• Carbamazepine – Antiepileptic
Range in the 10 to 20,000 ng/l conc



UK





Identified PPCP Pathways

• Human PPCP use and excretion
• Animal pharmaceutical use and excretion
• Disposal of Excess PPCP

– wastewater treatment plants

– direct discharges
– wastewater sludge

– landfill disposal



Risk Assessment Studies

• Human Health
– Acute - No effects indicated or observed at 

detected concentrations
– Chronic – No indication between ECDs & 

adverse health outcomes

– Not enough samples taken to characterize 
exposure or associated risk

– Levels measured are 50 to 100,000 times lower 
than what might be  considered a “safe” level 
(1000 x < therapeutic dose)



Risk Assessment Studies

• Ecological Risk
– Observed WWTP Discharge estrogenic effects 

on fish
– No PIE limits established in US water quality 

criteria or “safe” levels

– England & Wales setting estrogen limits in 
WWTP discharge – 0.1 to 3 ng/l

– Very few chronic studies conducted



US FDA New Drug 
Environmental Assessment

• Expected Introductory Concentration (EIC) 
determined

• EIC = (kg/year production volume x 
conversion factor:106 mg/kg)/(liters/day 
entering POTW x 365 days/year)

• EIC > 0.001 mg/l then fate and effects 
required



EU EMEA Environmental Risk 
Assessment

• Predicted Environmental Concentration for 
surface water (PEC) determined

• PEC = (dose: mg/day x market penetration: 
default = 1%)/(wastewater discharge per 
inhabitant x dilution factor)

• PEC >0.01 µg/l then fate and effects testing 
required



Identified PPCP Pathways



Possible Methods to Reduce or 
Eliminate PIE

• Drug Design
– Rapid biodegradation vs. slow

– Rapid dissolution vs. slow
– Drug delivery mechanisms

– Smaller dosages
– Rapid Metabolite degradability



Possible Methods to Reduce or 
Eliminate PIE

• Drug Design
– Gene Therapies

– Efficient drug discovery
– Drugs that mimic natural bio defenses

– Reduction or elimination of animal testing
– Reduced quantities – higher potency

– Improved shelf life
– Science-based expiry dating



Possible Methods to Reduce or 
Eliminate PIE

• Patient/Medical Practioner Actions
– Appropriate prescribing

– Lower vs. established dosing
– Individualized therapy

– Alternate delivery - nasal, pulmonary
– Patient Compliance

– Health Care Practioner Education
– Disposal of medication contents

– Less Confusing Names - errors, waste



Dealing with Unused 
Medicines

• All the member states of the EU must                            
have collection systems for unused medicines

(EU Directive 2001/83 as amended (Article 127b))

• Patients in Europe are advised not to ‘throw or flush’
but to take unused medicines back:
(EU Guidance Document 

(EMEA/CHMP/SWP/4447/00))

• Patients in United States advised to put unused 
medicines in domestic trash, or use ‘take-back’
programs where available.

Reduce problem at source - what 
isn’t prescribed can’t become ‘unused’



Wastewater Treatment Options

• GAC Adsorption

• PAC Adsorption
• Nanofiltration

• Ultrafiltration
• Reverse Osmosis

• Chlorination
Percent removals range 

from <1% to 99%

• Biological 
Deactivation

• Membrane Bioreaction

• Ozonation
• Hydrogen Peroxide
• UV Irradiation



Allergan Product Design

• New delivery mechanisms are actively 
being developed

• Dosage reduction considered
• Targeted delivery ongoing
• Shelf life extension ongoing



Allergan Product Example 
Ozurdex™



Ozurdex™(Dexamethasone 
Intravitreal Implant) 0.7 mg

• Time released over several months
• Biodegradable implant
• Injected in eye – localized treatment
• Small dosage
• Drug degrades rapidly
• Metabolites are non-toxic and also degrade 

rapidly



Conclusions

• PIE Exists & Measurable
• Pharmaceutical Companies designing drugs 

to improve delivery and reduce dose
• Education on preferred drug disposal 

ongoing
• Education on drug use compliance ongoing
• Wastewater treatment options exist
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