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Executive Summary

Pharmaceuticals have been discovered in this rist@onbient waters, wastewater, and
drinking water at very low levels. EPA has a sggtt respond to this issue, including
improving science through research, improving pubhderstanding, identifying
partnership opportunities, and taking regulatotyoacwhen appropriate. As a part of this
strategy, EPA is examining ways to screen and iimerpharmaceuticals that occur in
drinking water for potential human health risk@w/lconcentrations. This white paper
summarizes the different approaches taken in sidles considering risk assessment of
pharmaceuticals in drinking water, examining thaltieendpoints used, the data sources,
occurrence data, and key distinctions of each ampr.olhe similarities and differences
between the approaches are outlined, includingltise metrics used as the health
endpoints and the sources of occurrence data.

Introduction

The presence of pharmaceuticals in drinking wat@ot a new issue. In the 1970’s,
several researchers reported the presence of ritodibid, a breakdown product of
several blood lipid regulators, and salicylic a@dyreakdown product of aspirin, in waste
water. However, as analytical techniques grew rseresitive over the years, many more
pharmaceuticals have been detected in ambient wedstewater, and drinking water.

During 1999-2000, the U.S. Geological Survey cdroat the first national survey of the
occurrence of pharmaceuticals, hormones, and ottenicals in 139 streams from 30
states. A total of 95 contaminants were targeteith 80 percent of the streams testing
positive for one or more contaminants.

Pharmaceuticals enter water through: flushing uthusedications down the toilet or
sink; excreting unabsorbed medications into theagevsystem; farm animals excreting
veterinary drugs into fields where they run ofitdkes and streams; and commercial
improper disposal methods. Conventional water aastewater treatment methods allow
many pharmaceuticals to pass through unchangestjramnthe environment and
ultimately the drinking water.

One problem with assessing risk of pharmaceutioadsinking water is the very large
number of pharmaceuticals in use today. Informatiothe occurrence of
pharmaceuticals in drinking water is available diolya limited number of compounds.
In addition, many pharmaceuticals are biologicdlgraded to active metabolites that
have not been evaluated.

A number of different approaches have been sugdjesie published in the peer
reviewed literature for screening and prioritizthg hazard posed by low concentrations
of pharmaceuticals in drinking water. This whitggpasummarizes and evaluates a
number of risk assessment approaches (includingsEEgtArent approach), that EPA is
aware of, that have been described in the litegatdihis paper is not a comprehensive



compilation of all published approaches. In additithis paper describes EPA’s current
activities and research strategy for pharmaceuticalvater.

Approaches Described in the Literature

1. Drinking Water Inspectorate (DWI). 2007. Dé&sksed Review of Current
Knowledge on Pharmaceuticals in Drinking Water Bstimation of Potential
Levels.

1.1  Summary of Approach

The DWI (2007) approach consisted of determinimgaagin of exposure (MOE) for
each pharmaceutical by dividing the minimum theutigedose by the theoretical
maximum intake from drinking water. The drinkingtesaintake was obtained by a
modeling approach which used two methods: 1) ahitéstic method that resulted in
estimates of worst case concentrations in drinliater, and 2) a probabilistic method
that resulted in more realistic estimates of theceatrations in drinking water. All
pharmaceuticals were first evaluated using therotestic method, and for those 24
compounds that had the lowest MOEs, further evanatas done using the
probabilistic method.

1.2 Health Endpoint

The health endpoint used was the minimum therapeose (MTD). There was no
discussion in the report as to why the MTD was ehoff an MTD was not available for
a pharmaceutical because the drug was topicallyegiymn MTD of 10 mg was used.
For those compounds for which it was not possiblegtermine an MTD because the
required information was not available, as wasctiee for all the illegal drugs, a very
precautionary MTD of 1 mg was used.

1.3 Data Sources

The MTD was obtained from several sources includid.ist (an internet database:
http://www.rxlist.com/script/main/hp.ajhe British Medical Association New Guide to
Medicines and Drugs (Watts and Crane Associateg)2@8d the WHO Model
Formulary (Watts and Crane Associates 2007).

1.4 Occurrence Data

To calculate the concentration of the pharmacelstioadrinking water, an approach was
used based on a model proposed by the EuropearciMesiEvaluation Agency (EMEA,
2005) for risk assessment of pharmaceuticals irrtivronment. The DWI model uses
an equation based on usage, population, and wastegraduction that generates the



predicted concentration in drinking water (R&Cwhich provides a likely estimate of
the concentration of the pharmaceuticals in drigkimater:

PEGw=A X (100-R) x (100-M) x (100-W)
365 xPxVxDx100 x 100 x 100

Where:

PECdw is the predicted concentration in drinkindengmg/L)

A is the amount of active ingredient used per ye#he catchment (mg/yr)

R is the removal rate in sewage treatment (satescentage)

M is the percentage metabolized in humans

W is the removal rate in the appropriaialdng water treatment scenario

P is the population under consideration (i.e. fier t).K.; 59,600,000 or the
population equivalent for each catchment scenario)

\% is the volume of wastewater producedgagita per day (assumed to be 200 L)

D is the dilution factor in the environmiéderived as the 5% flow rate)

Five drinking water treatment scenarios were matdl@ee scenarios consisted of
normal drinking water treatment but different typésource waters (two with high and
one with low sewage input), and two scenarios adediof more advanced treatment
from different types of source waters.

Two approaches were used, based on the above @yuatidetermine the concentrations
of the pharmaceuticals in drinking water. The fapproach was a deterministic
modeling approach where no metabolism, no losswage treatment, no loss or further
dilution during transport in rivers between sewaigatment plant discharge points and
drinking water treatment intakes, and no loss inkilng water treatment plants was
assumed. The total UK usage per year (A in theteap)dor each of the medically used
pharmaceuticals was set at twice the value estdvfeden IMS data
(http://www.imshealth.cointo allow for uncertainties in the data. (IMS contai
information on the total amounts of active ingredisein human pharmaceutical
preparations sold in the U.K.). As a consequendbefssumptions made, this is a worst
case assessment, and the concentrations estimiited thhe highest that could be
expected under the most extreme conditions.

The second approach was probabilistic modelingttadt into account: metabolism - the
range of values used was set as a range from @& talue obtained from literature
searches; loss in sewage treatment plants - tlye @invalues used was set based on the
literature reported range, or the QSAR estimatdt\(HN) removal percentage loss;
dilution factor — used a river flow rate, which whs 5" percentile value from the data
supplied covering several years of flow measuresyamtd loss in drinking water
treatment plants - the range of values used wdsased on the literature reported range
or a default range of 50-100%. The total UK usagieyear (A in the equation) for each
of the pharmaceuticals was the value estimated theMS data.



1.5 Key Distinctions Relevant to Prioritization

This approach consists of two different methodsai&sessing the concentrations of the
pharmaceuticals in drinking water. The first metlideterministic modeling approach)
results in a worst case estimate, while the secwgitiod (probabilistic modeling
approach) may result in a more accurate estimée rdsults from deterministic
modeling showed that only 10 substances produce&ess than 1,000. The
deterministic modeling approach is viewed as reddyisimple and does not involve
literature or database searches for the pharmaedsjtand thus, can be carried out in a
short time period. The probabilistic modeling aygwh takes into account degradation,
metabolism, and loss in drinking water treatmeahde, it may provide a more accurate
estimate of the actual concentrations of the pheeunizcals in drinking water.

The approach used for assessing the health etfsetsthe minimum therapeutic dose
and divides all pharmaceuticals by the same séhetgr of 1000. A consideration for
this approach is that it does not take into accdifféring mechanisms of action of the
pharmaceuticals, which if known, could lead totise of a variety of safety factors
which may be more representative of the actuattgxof the compounds.

2. Global Water Research Coalition. 2008. Develepnof an International Priority
List of Pharmaceuticals Relevant for the Water €ycl

2.1  Summary of Approach

The GWRC (2008) approach is a method that was tasdevelop a list of
pharmaceuticals that are most likely found in watgplies and that may have
significant impacts on human and environmentalthedhese pharmaceuticals are
identified for further study because the model itssudicate potential exposure. The
approach used was to identify major existing ptization efforts across the world, and
evaluate criteria used in these prioritization ebsss. A total of 17 criteria were
mentioned in the 25 base documents used in thiy skrom these, seven criteria were
used to develop three lists of priority pharmaazi$. These criteria were: regulation,
consumption/sales, physicochemical properties,atkpility/persistence, resistance to
treatment, toxicity (human) and ecotoxicity, andwecence in surface waters,
groundwater, drinking water, and wastewater. Thermaceuticals were scored based
upon the number of criteria that had been useddéh eocument. Class 1 (high priority)
were those pharmaceuticals that were mentionegti@erof more of the base documents
cited, and that fulfilled more than 4 of the 7 en&; Class 2 (medium priority) contained
pharmaceuticals that were mentioned in more thanofithe base documents cited, and
that fulfilled more than two criteria, and Clas@@v priority) were those
pharmaceuticals mentioned in two documents of #seldocuments cited, and fulfilled
two or more of the criteria selected.



2.2 Health Endpoint

This was not a risk assessment approach; howesalthhwas considered in the criteria
that were used to evaluate the prioritization ef pharmaceuticals in the reports. The
criterion of toxicity (human) and ecotoxicity waseoof the seven criteria evaluated to
select pharmaceuticals from the reports.

2.3 Data Sources

A total of 25 reports and references were usedwhad the prioritization of
pharmaceuticals as the key subject. The numbeppdarances of pharmaceuticals in the
25 base documents was scored.

2.4 Occurrence Data

No occurrence data were used in this approach. Menveccurrence in surface waters,
ground water, and drinking water was one of theseayiteria evaluated to select
pharmaceuticals from the report.

2.5 Key Distinctions Relevant to Prioritization

As a result of this approach, three lists of phareaiéicals were developed based on

priority. Therefore, this approach may be usefuldbtaining lists of pharmaceuticals
that could be considered priority compounds fourf@tresearch and evaluation.

3. Australian Guidelines for Water Recycling, Augmation of Drinking Water
Supplies, May 2008.

3.1  Summary of Approach

The Australian Guidelines for water recycling wedeveloped to establish Drinking
Water Guidelines (DWGSs) for recycled wastewatehustralia. These guidelines were
established for microbial and chemical risk, inghgdpharmaceuticals detected in water.

Pharmaceuticals were divided into two categorig¢shdse used solely for humans, and
2) those used for veterinary purposes (some oflwimay also be used for humans). For
those pharmaceuticals used for veterinary purp@dsagptable Daily Intakes (ADIs)
established by the Joint Food and Agriculture Ozgtion of the United Nations
(FAO)/WHO Expert Committee on Food Additives, theséralian Therapeutic Goods
Administration, and the European Medicines Ageneyaeaused to determine guideline
values. For pharmaceuticals used solely for hunthedpwest daily therapeutic dose
was divided by safety factors ranging from 1,00Q@g000 to determine a surrogate-ADI.
For most pharmaceuticals, a safety factor of 1\088 applied to the lowest daily
therapeutic dose, with an additional factor of #iflexd for cytotoxic drugs and another
factor of 10 for hormonally active steroids.



The drinking water guidelines for pharmaceuticatsendetermined based on the
following calculation:

Drinking water guideline (ug/L) = (ADI or s-ADI x\® x P)/V, where

ADI = Acceptable Daily Intake (ng/kg-day) as detared by international organizations
s-ADI = surrogate ADI (pg/kg-day) = lowest dailyabtherapeutic dose for an adult
(mg/day)/safety factor of 1,000 or 10,000

BW = bodyweight (70 kg)

V = volume of water consumed (2 L/day)

P = proportion of s-ADI from water = 100%

The Australian Guidelines then compared calculdtetking water guidelines with the
highest concentrations of the pharmaceuticals nmedsao secondary treated effluent.
The margins of exposure for most pharmaceuticate @eeater than 1, with many being
1,000 or more. The guidelines concluded that, gthanthis does not take into account
reductions achieved by advanced treatment procassesnlikely that pharmaceuticals
will be present at levels approaching the recomradrtttinking water guideline, or cause
untoward effects in people drinking water produfredh recycled water.

3.2  Health Endpoint

For pharmaceuticals used for veterinary purposeshéalth endpoint was the ADI. The
health endpoint for pharmaceuticals used solelyéonans was the s-ADI, which was
the lowest daily oral therapeutic dose for an adliided by safety factors ranging from
1,000 to 10,000. A safety factor of 1,000 was agapto the lowest daily oral therapeutic
dose, which consisted of a 10-fold factor for sevesihumans, a 10-fold factor for infants
and children, and a 10-fold factor for the loweailydtherapeutic dose not being a no
effect level. An additional 10-fold factor was ajgpl for cytotoxic drugs, due to the
higher level of toxicity associated with these camnpds, and another factor of 10 was
applied for hormonally active steroids, on the grdaithat potential effects on hormonal
function and fertility is unwanted in those notrggireated.

3.3 Data Sources

ADIs established by the Joint Food and AgricultOrganization of the United Nations
(FAO)/WHO Expert Committee on Food Additives, thes#ralian Therapeutic Goods
Administration, and the European Medicines Ageneyenapplied for those
pharmaceuticals used for veterinary purposes, laatbtvest daily oral therapeutic dose
was applied for pharmaceuticals used solely fordms{The paper does not state the
source of the lowest daily oral therapeutic doses).

3.4 Occurrence Data

The highest concentrations measured in secondzatett effluent were compared with
the drinking water guidelines.



3.5 Key Distinctions Relevant to Prioritization

This approach uses already established ADIs ordodely oral therapeutic doses. The
approach uses varying safety factors dependingore ©f the characteristics of the
pharmaceutical. It does not take into accountdsifit mechanisms of action of the
pharmaceuticals (e.g., carcinogenic effects).

4, Report on Pharmaceuticals and Personal Caoi&min lllinois Drinking Water,
IL EPA, June 2008

4.1  Summary of Approach

The IL EPA developed an approach to screen fompiaiehuman health effects from
pharmaceuticals and personal care products (PRELEshcentrations found in drinking
water. This approach was used to develop thesemsiag levels because no guidelines
or established standards exist for these chemigatspften the toxicological information
pertaining to these agents is confidential and@adily accessible. This approach was
based on théustralian Guidelines for Water Recycling (2008) (see above).

The IL EPA utilized the Lowest Daily Therapeutic§as (LDTDs) and a safety factor of
10,000 to develop their own Acceptable Daily Ingk&DIs). The maximum
concentrations of PPCPs in drinking water that wadt result in consumption of
PPCPs at concentrations that exceed their ADIs theredeveloped utilizing the
following calculation:

Criterion (ng/L) = [(ADI x BW)/IR] x RSC, where

ADI = Acceptable Daily Intake (ng/kg/d)

BW = body weight (kg)

IR = drinking water ingestion rate (L/d)

RSC = relative source contribution (% of daily keaattributable to
drinking water)

The IL EPA approach relied on a BW of 10 kg to batgctive of children, an IR of 1

L/d, and an RSC of 100%, because it was assumethéra were no additional sources
of exposure, unless an individual had been presdribe drug. This resulted in screening
levels that were at least 3.5 times more consemvdtian the Australian DWGs, which
were based on a BW of 70 kg and an IR of 2 L/d.

The final step in the IL EPA approach was to corapghe detected concentrations of
PPCPs in drinking water to the DW criterion concatidn, and calculate a Hazard Index
(HI) for each chemical. Ratios of actual to accklg@xposure concentrations, the Hl
ratios, are acceptable if the HI does not exceed 1.



4.2 Health Endpoint

The ADI is an estimate of the daily amount of amlwal that can be ingested for a life
time and is considered safe. In this approachAfbkewas calculated as the LDTD
divided by four safety factors, each with a valid@ and then divided by an assumed
body weight of 10 kg.

The safety factor of 10,000 in their screening pesctook into account extrapolation
from a lowest observed effect level (LOEL) to aaliserved effect level (NOEL),
intrahuman variability (adults vs. children), shtatm vs. long-term effects, and
therapeutic use vs. non-therapeutic need.

4.3 Data Sources

LDTDs were utilized for the chemicals of conceffhe paper does not state the source
of the LDTDs).

4.4 Occurrence Data

Water supplies from Chicago and five surroundingpemnities were sampled. Chicago
was selected due to its dense population, andhttieHat most of the residents purchase
water from the city. The four other communities &eelected since they were located
downstream, close to a wastewater treatment placharge. Samples were collected by
agency staff and the water samples were analyaad ngethods certified for
pharmaceutically active compounds.

4.5 Key Distinctions Relevant to Prioritization

This approach is based on the utilization of ARHculated from LDTDs, and
incorporating a total safety factor of 10,000. Heefe no scientific rationale is provided
for the use of the additional safety factor foretthpeutic use vs. not therapeutic need”
that results in a total safety factor of 10,000maArgin of safety is determined, and in
this case was estimated to be at least 333, aradlysauch higher.

5. Risks to Aguatic Organisms Posed by Human Phegotical Use, Kostich and
Lazorchak, 2008.

5.1  Summary of Approach

In this publication, the authors present a potemmynalized concentration addition
model based on interaction between Active Pharnteatungredients (APIs) with
common modes of action (MOA) (i.e. a potential mress risk). The APIs were
distributed between narrowly and broadly categariZEOA classes based on
descriptions available in the prescribing inforraatiThe classes were determined using
the World Health Organization’s Anatomical TherageChemical classification system



(http://www.whocc.no/atcddd/indexdatabase/). ARiasures that belong to a particular
MOA category were expressed as the number of dayster consumption required to
ingest what would be equivalent to a single minindarly therapeutic dose. The only
routes of exposure that were considered in theysiuigate either consumption of water or
contact with water. The authors also assumed lieatritical rate of exposure that
induces significant human effects was similar e rtinimum therapeutic dose rate. The
marketing data was divided by the therapeutic dos®mrmalize the potency of agents
studied.

5.2 Health Endpoint

No health endpoint is presented in the documetitpagih the minimum therapeutic dose
was used in the calculation of the exposure rdkesrumber of days of water
consumption required to ingest the equivalent @& mmimum daily therapeutic dose of
a pharmaceutical). The minimum therapeutic doseeglised in the calculations are
presented in the paper as supplementary data.

5.3 Data Sources

Data were indirectly obtained from marketing andnpimacological data. A total of 371
active pharmaceutical ingredients dispensed ittieed States (U.S.) in 2004 were
estimated from marketing data.

54 Occurrence Data

No actual occurrence data were used in this saithypugh pharmaceutical marketing
data were used to calculate predicted wastewateretrations.

55 Key Distinctions Relevant to Prioritization

This approach may be a way of screening large grofipgents that may be applicable
to metabolites, as well as mixtures of agents. @eoge data was not used and a
dosimetric approach (i.e. the days of water congiompwas used to reach a minimum
therapeutic dose.

6. Human Pharmaceuticals in U.S. Surface Watetduan Health Risk
Assessment, Schwab et al., 2005.

6.1  Summary of Approach

In this publication the author presents a predicie@ffect concentration (PNEC)
approach to assess human health risks from exgosueetive pharmaceutical
ingredients (API) in drinking water and via fistgastion. The PNEC was derived using
acceptable daily intake (ADI) values. The ADIs weoenbined with standard
assumptions with regards to potential exposure filanking water and fish consumption



to derive a PNEC for each API. The PNEC is defiag@ “concentration in water at or
below which no adverse human health effects areagp.” The author derived three
categories of PNECSs; one for drinking water, thebad for water from which potential
exposures are limited to fish consumption, andrd for water used both as a drinking
water source and as a source of fish consumptidB(3 were derived both for adults
and children using equations that are consistetht thhose used by the U.S.
Environmental Protection Agency (U.S. EPA) for depeng concentration limits to
protect against threshold-type effects, such agd\thbient Water Quality Criteria
(AWQC) for the protection of human health or maximaontaminant levels. The
equations used are as follows:

1) PMNEC = 1000 ADEEWHAT
IngRga EF X ED
2) FMNEC = 1000 ADIXEWVHAT

BCFX IngRex EF X ED

3) FREC ppup= TO00XADLKEWV AT

(INgRp+BCF+INgRe ) X EF X ED
Where:

PNEGw = PNEC in drinking water, ng/L

PNEG: = PNEC via fish consumption, ng/L

PNEGw:r = PNEC in drinking water and via fish consumpting/L
ADI = Acceptable Daily Intakglg/kg/day

BW = Body weight of child or adult, kg

AT = Averaging time, day

BCF = Bioconcentration factor for fish, L/kg

IngRow = Child or adult water consumption, L/person/day
IngRe = Child or adult fish consumption, kg/person/day
EF = Exposure frequency, days/year

ED = Exposure duration, years

The PNECs were then compared to measured envirdahwamcentrations (MECs) from
published literature, and to maximum predicted emmental concentrations (PECSs),
which were estimated using theATE model.

6.2 Health Endpoint

The ADI, which was estimated using an API's lowtkstrapeutic dose, no observed

effect levels from animal studies, or human sevigjtio intestinal microflora, was used
as the health endpoint in this publication.
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6.3 Data Sources

This study used 26 APIs, both prescription drugs@m-prescription drugs. These 26
APIs were extracted by the authors from a publicaliy Kolpin et al. (2002). The lowest
therapeutic doses were obtained from FDA-approabdling, FDA summary basis of
approved documents, material safety data shedttisped information on the substance,
standard drug information resources (e.g., GoodananGilman), subscription databases,
or the manufacturers of the substances.

6.4 Occurrence Data

Concentrations of pharmaceuticals in U.S. surfaagtrg, as reported by Kolpin et al.
(2002), were used as a conservative estimate afaheentration of pharmaceuticals in
drinking water. This was supplemented by searcthiegpeer-reviewed literature and
running the BATE model (Anderson et al. 2004).

6.5 Key Distinctions Relevant to Prioritization

Aspects of this approach include the use of an d@érmined by the lowest therapeutic
dose for an API, which in turn allows the derivatiaf the PNEC; the use of EPA default
exposure factors for adults and children; and pesltiae availability of data on the APIs
from various sources.

EPA's Current Activities and Research

EPA is responding to the issue of pharmaceuticadgater using the following four-
pronged strategy aimed at:

* improving science;

* improving public understanding;

* identifying partnership and stewardship opportesitiand

» taking regulatory action when appropriate.

EPA is working in three main areas to improve ttiersce concerning pharmaceuticals in
water: methods development, occurrence studiesteamaéirch. Methods development
consists of the development of analytical method=liably detect pharmaceuticals in
water, wastewater, and biosolids. EPA recently ibgpesl methods to analyze
approximately 100 pharmaceuticals, personal caréyats, steroids, and hormones in
wastewater and biosolids.

Occurrence studies are needed to better undergtarssburces and occurrence of
pharmaceuticals in water and other sources. ERArrently investigating and funding a
number of studies evaluating the occurrence ofrphaeuticals in wastewater, fish
tissues, and biosolids. EPA’s Office of Researah @avelopment is engaged in a large
number of research projects associated with expgsathways, health, and aquatic life
effects of pharmaceuticals in water. These resganajects cover a broad range of areas,
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such as treatment and removal technologies, ma@eowuicators, ecological effects, and
persistence in the environment.

EPA is working to improve public understanding aftjoliarmaceuticals in water by
developing a website focusing specifically on tkgie:
http://www.epa.gov/waterscience/ppcBPA is collaborating with Federal, State, and
local agencies, and industry and others to buitthpaships and address issues regarding
pharmaceuticals in water. Examples include pamgesith the White House Office on
National Drug Control Policy to issue drug dispagaldelines in 2007 to help reduce the
guantities of pharmaceuticals entering our natieveserways, and participating in the
World Health Organization Task Force on pharmacaigiand personal care products in
drinking water. EPA has also been working on thesttgment of take-back programs
that would allow consumers to properly disposerafanted or unused pharmaceuticals.

EPA will use existing regulatory tools, when apprafe, to address pharmaceuticals in
water. For example, EPA recently published an@é&kisig comment on the draft Third
Drinking Water Contaminant Candidate List (CCL3SEPA 2008). The draft CCL3
consists of 104 contaminants that may require egigul under the Safe Drinking Water
Act. EPA used a multi-step process to identify eamnants for inclusion in the draft
CCL3, which involved:

» identifying a broad range of potential drinking eatontaminants

» applying screening criteria to these contaminamidéntify those that should be
evaluated further (the preliminary CCL) based @oataminant’s potential to
occur in public water systems and the potentiapfdslic health concern

» identifying contaminants from the preliminary CCLinclude on the CCL3 based
on more detailed evaluation of occurrence and hedlects

* using expert judgment, and incorporating publicutngnd expert review in the
process.

EPA identified 287 pharmaceuticals in its initigting of a broad range of potential
drinking water contaminants in the draft CCL3 thatl data to indicate a potential to
occur in drinking water and health effects. Thelthedata used was primarily from the
FDA'’s Database on Maximum Recommended Daily Doséglae occurrence data was
from the U.S. Geological Survey’s Toxic Substarndgdrology Program’s National
Reconnaissance of Emerging Contaminants, and TéRhayh production volume
chemical data. Further screening moved approxiypa@ipercent of the pharmaceuticals
to the preliminary CCL. Only one of the pharmaceals, nitroglycerin, was included in
the draft CCL3. EPA is currently reviewing pubticmment on the draft CCL3.
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Summary

EPA is working in a number of areas to addressmheeuticals in drinking water. One

of these areas is screening and prioritizing themi@l human health risk from low

levels of pharmaceuticals in drinking water. Thisite paper summarizes six articles that
address this issue. Five of these articles preggbaches for screening and prioritizing
the risk or hazard from pharmaceuticals in drinkivager. The sixth article (GWRC,
2008) does not present a risk assessment applibech;description of a method that
was used to develop a priority list of pharmacelsien drinking water.

Four of the articles, (DWI, 2007; Australian Guidels, 2008, IL EPA, 2008, and
Schwab et al., 2005) use a hazard index type abapp to assess the hazard from
pharmaceuticals in drinking water. This approaamscgis of comparing the measured or
modeled environmental concentrations of pharmacaistin drinking water with a health
screening level. The farther apart the two valuesthe lower the risk. This comparison
may be expressed as a margin of exposure (DWI,,2005tralian Guidelines, 2008), a
hazard index (IL EPA, 2008) or a ratio (Schwable2@05).

The fifth article (Kostich and Lazorchak, 2008) ggats a different approach in which the
number of days of water consumption required testghe pharmacological activity
equivalent to one minimum therapeutic human dadlgedis calculated. In addition, this
paper presented an approach to evaluate the padtefiicts on aquatic organisms from
pharmaceuticals in drinking water.

The health dose metric used in the DWI articldnesminimum therapeutic dose without
a safety factor (DWI, 2007). This is similar to theEPA approach and the Australian
Guidelines, which both used the lowest daily thetaije dose (LDTD) in their
calculations; however, IL EPA divided the LDTDs dgafety factor of 10,000, while the
Australian Guidelines divided the LDTDs by safedgtbrs ranging from 1,000 to 10,000
(IL EPA, 2008, Australian Guidelines, 2008). Schvedilal. (2005) also used the lowest
therapeutic dose divided by a safety factor, bey tised varying safety factors
depending on the adequacy of the data. The minithenapeutic doses in all four
approaches were obtained from pharmaceutical degala from published literature.

All of the articles used different types of occunce data. DWI (2007) and Schwab et al.
(2005) both used models to calculate the estimatedentrations of pharmaceuticals in
drinking water. IL EPA (2008) sampled water supplie Chicago and the surrounding
areas to obtain analytical drinking water data.tihsand Lazorchak (2008) used
pharmaceutical marketing data to calculate predistastewater concentrations, which
were used to calculate the exposure rates, weldttstralian Guidelines (2008) used the
highest concentrations measured in secondary tredfleent.

Each of the articles presented approaches in vihighesults showed little to no risk
from pharmaceuticals in drinking water; howevemeof the approaches considered
exposure of different life stages, other than the of the 10 kg child in the calculations.
In addition, none of the approaches made use dfdlod and Drug Administration’s
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extensive database on adverse drug reactionsd@tascould be used to modify the
uncertainty factor that is applied to each pharmatical. An additional issue is that only
one of the approaches (Australian Guidelines, 2@d8yessed carcinogenic or
chemotherapeutic drugs.
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