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Presentation Outline

° How Long - PIEs

* Why Are We Just Hearing About It?

* What Do We Really Know?

* Is The Problem Here?



" Definition of Pharmaceuticals

For the purposes of this presentation, pharmaceuticals
are defined as: Active pharmaceutical ingredients (APT)
in FDA-approved products for use in the diagnosis,
cure, mitigation, treatment, or prevention of disease,
or intended to affect the structure or any function of
the body of humans or animals. This definition excludes
ingredients that do not provide pharmacological
activity, such as excipients and additives. This
definition is also consistent with the FDA definition of
APT.



e

How Long Pharmaceuticals?

* Ever Since Humans Have Been medicated

* Since/Before Dr. Fleming's Penicillin



What Has Changed?

* Increased Population Density

* Increased Use of Pharmaceuticals

* Increased Diversity of Pharmaceuticals
* Improved Analytical Methods Sensitivity

* Increased Discharge of Treated Sewage to
Water Bodies

°* A More Drug Oriented Society
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The Early Reports

* Dominated by European Scientists

°* Then the USGS (1990s)

°* Then the USEPA
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The USGS Reports

* Occurrence Only

* Limited Number of Analytes

* Questionable Data Reliability



e

USGS Site Monitoring Map

EXPLANATION

Sampling site




Results of USGS Studies

(USGS) Kolpin (1999) Occurrence Data Only

Nothing Excitingl!l



The US EPA Reports - (2009)

* Occurrence Only - Influent & Effluent

* EPA Method 1694 for Pharmaceuticals

» Improved EPA 1699 & EPA 1614

“Occurrence of Contaminants of Emerging Concern in Wastewater From Nine
Publicly Owned Treatment Works.” August, 2009.



Some Results of European
Studies - (Ternes, 1998)

Influent/Effluent Data

No Data to be Presented Herelll
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The Universe of Sources

* All Pharmaceuticals Originate at the
Production Facility

* Extended Care Facilities* ~45,000

° Veterinary Medicine



e

Some Specific Source/Activities (1)

* WW Discharge >POTW:s

* Packaged Medicine to Distributors

—
— - — - -

° Patient Excretions >WW Discharge >POTWs

* Unused/Expired >Landfills >POTWs >Groundwater
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Some Specific Source/Activities (2)

e Urine >POTWs

* Sweat >POTWs

* Hospitals, Extended Care Facilities

* Public Events/Sports



The Advent Of Sweat

°* APT via Sweat ~1950s
* Sweat-Patch Testing - Forensics

* Cocaine via Sweat - Unchanged Parent
Form

* Published Excretion Data - Limited

* Up to 2% of Total Oral Dose Escape via
Sweat
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Pathway - After Sorensen
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Maodified from Halling-Sorensen, 1998




Patterns Of Medlca’rlon Use
in US Slone, 200€

* People >65 Years = Largest Consumers

* About 30% Take at Least 5 Meds. in a
Week

* The Use of Multiple Medications 5+ is
Increasing



Contributions To PIEs

: A‘/\oS‘_r.-Si-gr.livfi’ca‘n'.r-.;,ource - Medicated Individuals

* Via POTWs >Surface Waters

— —

* Therapeutic Uses - Low by Comparison

» ~24 .6 million pounds in 2001

» ~70% of Total US Antimicrobial Use (100 mg/Ib meat produced)
* Total US Production ~35 million Pounds

* Run-Off From Manured Fields



Human Health Effects

* Pharmaceuticals Undergone Extensive Human
Clinical Testing

* Toxicological Databases are Rich

* Acute Risks not Considered Significant



Lets Do The Math For Benicar

* Benicar @40mg/day = Therapeutic Dose

or
100x1000L to Ingest 1.0 mg API, or
40x100x1000L to Ingest 40 mg API
= 4,000,000 Liters to Ingest 40mg API
* Drink 2L/day =4,000,000/2=2,000,000 days

= 2,000,000/365= 5,479 Years to Ingest
40 mg of Benicar



hm‘ We Thin We Know

Human Health Effects®

Finisheo b ¥ olume to
Water Daily Dose | Coneume
Max. Conc. Single Dose & -~
Dose
(ng/L) (Mg) (L (vears)
atenolol 18 75 4 166,66 / 5,708
carbamazepine 18 1,000 55,555 556 76,104
Diazepam 0.33 10 30,303,030 41,511
fluoxetine 0.82 20 24,390,244 33,411
gemfibrozil 2.1 1,200 571,428,571 | (74 4
sulfamethoxazole 5 2,000 666,666,667 | <l




Some Characteristics 61’
Pharmaceuticals

» Complex Chemical Structures - Digestion

* Some Designed to be Radioactive

* Some are Endocrine Modifiers



Water/Wastewater
Treatment

Research With:

* Extended SRTs

* MBRs, Microfiltration

* Activated Carbon, Fine Filtration
* Reverse Osmosis

* Thermal Hydrolysis

* Ozonation
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Industrial Waste Treatment
- Wyeth, Ireland

Technologies Tested (Helmig, 2009, p, 273):
°* GAC

* Acid & Alkaline Hydrolysis

* Ultrasound
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Industrial Waste Treatment
- Wyeth, Ireland

Technologies Adopted:

°* Membrane Bio-Reactor, Followed by
~High-Level Ozonation (Helmig, 2009, p. 273)

* Some Operation Parameters - (Ozone)



Ozone System Opemﬁhg

Parameters
* Applied dosage: ~70 mg/L

* Contact Pressure: 2.3 Bar (Atmo)

* Number of O; Injectors: lof 3

* Process Parameters at End of Presentation
(Helmig p.272-3)
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So Is The Problem Here?

* Are We at Significant Risk

General Consensus:

* The Human Health Assessment Indicates that
Pharmaceuticals in Drinking Water for the
Compounds Investigated to Date Pose No
Appreciable Risk to Human Health
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" What Do The WHO Experts Think
(The June 2009 Singapore Meeting)

Occurrence:
* Available studies show traces of a few

pharmaceuticals in water in the low ng/L
range, typically more than 1,000 times less
than the therapeutic doses



- What Do The WHO Experts Think

(The June 2009 Singapore Meeting)
Human Health risk:

* Based upon current evidence on margins of exposure to
individual compounds, the development of global drinking water
quality guideline values for pharmaceuticals is not warranted

* Currently risk assessment methods do not explicitly address
human health effects at low-level chronic exposure to chemical
mixtures, including pharmaceuticals



_..""'"-

“What Do The WHO Experts Think

(The June 2009 Singapore Meeting)

Human Health risk (contd.):

* Appreciable adverse impacts on human health
are unlikely at current levels of exposure
from drinking water



~ What Do The WHO Experts Think
(The June 2009 Singapore Meeting)

Human Health risk (contd.):

® Current evidence does not support a general
requirement for additional or specialized drinking
water treatment to reduce levels of
pharmaceuticals from water sources






Pathway -

Sources of PPCPs

= Dispesal of umsed outdated medication to sewage systems
- auttamized 'medicated animal carcasses serving as food for scaveneers (1c)

[ - potease of reated imireated bospita] wastes to domestic sewage systems
(weighted toward acutely tric drugs and diagnostic agents, a5 oppesed to long-fem
medications); also disposal by pharmacies, physicans, bomanitanan dnig sophs
[ - Retmase to private sptic/leach fields (3a)
= Treated efffuent from domestic sewaze ireatment plants & o surface waters, re-mjected
mbo aquifers (echarzs), recyded reused (imization or domestic uses) (3b)
= Owerflow of unireated sewaze fom storm events and system failures direcily to surface waters (3b)

El = Tramsfer of sewage solids ("hiosolids") to land (p.g ., soil amendment fertilization)
= "Simirht-piping” from bomes (unireated sewage dischareed directty to surface waters)
= Release from apricuthme- spray drift from tree ooops (... antibistics)
= Dung from medicated domestic animals (g, feed) - CAFOs (confined animal feeding operations)

EI-D' jease o open S T —
m-mmﬁmpmmmmmgmm
= Dispesal Telease from clandestine drop 1abs and illict doe usage

Christian 1. Damghicn, 11,5, ET%-Las Vagas

USEPA.

Origins and Fate of PPCPs' in the Environment

‘Pharmaceuticals and Personal Care Products

. U.S. Emvironmental Protection Agency

Office of Research and Development
& National Exposure Research Laboratory
Environmental Sciences Division

Environmental Chemistry Branch

medical wastes, and other hazardms wastes
[® -Eelease to open waters from aquacliure (medicated feed and resilting exoreta)
= Future potential for release from molecolar pharming {prodiction of therapeutics in aops)

[# - Release of drags that sarve double duty as pest control agents:

analpesic —+brown ree snake control; caffeine, stimmlant —+ coqur frog comirol
Emmmﬁm

» most PRCEs eventnally transporied from terrestrial domain to aqueous domain
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