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EXECUTIVE SUMMARY

The purpose of this documerg todefine a process talentify a prioritygroupof Contaminant®f
Emerging Concern (CE@)marine and freshwatemonitoring programsn the Pacific Northwest Tte
prioritization approach includethree keyprinciples integraing CEC science and technology
advancements; maintaing programmatic transparency; and engagstakeholders and end users
throughout the prioritization process.

A number ofiocal and regiongbrogramshave evaluatedhe occurrence and impacts 6ECs in the
environment. There remains, howevemuchuncertainty associated witthe extent and variability of
occurrence, and associated impac@onsidering theemaining uncertainties, and the number of
candidate compounds for monitoring, it was demined that a systematic prioritization process would
be integral inthe development of effective and efficient CEC monitoring programs

The followingelementswere included in the process
1. Develop clear objectives, de&iCECs, anidentify target audierce;
2. Use conceptual models to target appropriate medial determinefrequencyfor monitoring
3. Define the prioritization process
a. ldentify chemical characteristics important to prioritization
b. Deermine how criteria/propertiesareincorporated
c. Deermine anapproach for compounds with limited information
d. Include consideration dfiological enepoints
e. Develop a target CEC list
4. Incorporate transparency through stakeholder engagement
This generalized approach was adopted and refined for applicatithve region.

A first step was to define the CECs of interdsir the purposes of this exerci€eiECs include
compounds that:

9 are primarily unregulated (i.edo not have standards);
9 are poorly characterized in terms of occurrence (and/or occurrence patteand);
1 have the potentialor are suspectedo cause adverse ecological impacts.

A key objective of a CEC monitoring progianheminimization of risk to human health and the
environment. As suchit was determined that a riskased approackvould form the basis of the
prioritization process Arisk-based approackntailsprioritizing CEGby comparing a measure of
occurrencewith a measure of effect. Compounttsat occur at levels higher than the selected risk
threshold should be included for prioritgonitoring. Conceptual exposure scenarios may help refine
setsof compounds for consideration by highlighting potential sources, pathways, and receptors.



Data availabilitywill likely be limiting Prioritizing a compound based on inadequate informatiam c

result in an unreliable ranking. It is recommended that a preliminary categorization be done based
solely on data availability and data quality. Those compounds for which there is sufficient information
can be subject to a prioritization. Those lackcan be categorized based on research needs (i.e.,
development of analytical methods, ecotoxicity evaluation,)etc

Actual measured environmental concentrations (MEC) are prefernediise of predicted

environmental concentratioPECyata shouldaccount for fate and transport processes, including
losses through WWTPs. Not accounting for fate and transport will likely lead to poor estohat
environmental concentrations and unrealistic prioritization outcor{igeng, Senn, Moran, & Shine,
2013. Environmental toxicity information maglsobe limited to only a few receptors or exposure
scenarios. It may be possible to utilize other toxicological measures to estimate potential ecological
impacts(Dong et al., 20LXumar & Xagoraraki, 2010

In addition to a compoundbcused approach, the prioritizatigerocessalso includegonsideration of
biological endpoints for tweyreasons

1. There are scenar®where aiological response is observed in the environment but the
causativeagent has not been identified. Based on exposesponse and Adverse Outcome
Pathway research, information about the presence of an effect may be useful in identifying an
associated compound or class of compounds, which can then focus monitoring efforts.

2. The monitoring of biological endpoints can also be useful for evaluating the status and/or
changes in environmental condition.



1 INTRODUCTION

Contaminants of Emerging Concern (CECs) present a challemg@r@nmental monitoring and
management programsThere are thousands of individual compounds to consider and available data on
their use, occurrence, fate, transport, and toxicity is limited. In additionrdpélly developingstate of

the knowledgeabout these conpoundsrequires an adaptiverocess It is beneficial, then, tandertake

a prioritization process that wiltlentify the most important compound, or class ofrapounds, on

which to focudimited resources. The objective of this work is &velop such a process.

This approaclof developing an adaptive process instead of a stagnant compourisl tishsistent with
recommendations found elsewhere. The International Joint Commission, for example, recommended
that future CEC monitoring planscinde a description of underlying principles and process by which
priorities were established, and not just a specific(listernational Joint Commission, 2009Similarly,

the NORMAN Association (a network of reference laboratories and related European government
organizations for monitoring emerging substances) did not simply produce a list but rather deaigne
process that could be followed to evaluate groups of compouyBdsio & von der Ohe, 2013 The

process presented here is similarly flexible and adaptable and can be adjusted to specific program
objectives and needs. While outcomes and recommendation dpedlin this work focus on conditions
of Puget Sound, they could be adapted to other ecosystems.

Several steps were taken in process development including: developing a clear definition of CECs,
interviewing representatives from regional agencies and pnogranvolved in similar work, and
performing a detailed review of the recent literature. These steps are described below.

1.1 Objective:

The objective of thigffort is to develop gorioritization procesdo identify CECsand biological endpoints
for current andfuture monitoring programsvith a focus ormarine and freshwatesystems The
prioritizationapproachincorporatesthree keyprinciples the integration of scienceand technology
advancementsmaintainingprogrammatictransparencyand engagity stakeholders andend users In
addition, this approachaccounsfor advancesn analytical chemisy, environmental toxicology,
environmental occurrengeand changinguse patterns.

1.2 Program Review and Scoping

To capture the experiences and lessonsgdiby othersvho have undertakea similartask a detailed
literature reviewwas performed. In addition, a set of interviews was conducted pritlgramstaffin
Washington, Oregon, and California. The needfared responsibility and leveraging agosany
programs was evaluated through a series of webinars with other programs studyingr€k@sgthe
Columbia River Toxié&duction Working GroupYashington Department of Ecolo¢fgzcology,) Oregon
Department of Environmental Qualig@DEQ)Southern California Coastal Waters Research Project
(SCCWRPand San Francisco Bay Regional Monitoring Progkemlessons learned from each of these
programs aresummarized irrablel.



The program review identified sevesiepsthat should be included in the development of a
prioritization process for CE@onitoringin the region Steps include

1. Develop clear objectiveand definitions ofCECs, and identify the target audience

2. Use conceptual models to target appropriate media for monitoring each chemical and at what
frequency

3. Define the prioritization process
a. Define approach for compounds with limited information
b. Identify chemicalpropertiesimportant to prioritization

c. Define low chemical properties and criteria are incorporated into a ranking system
(e.g., screening, weighting, etc.)

d. Identifybiological enégpointsto be used in the prioritization process
4. Include tansparency through stakeholder engagement
a. Create a formal revig process
b. Develop an advisory team
In addition to the procedural steps, the program review revealed several important factors that may
impact the development and implementation of a prioritization process. These include:

1 the availability and suitabilitgf analytical methods;

1 the relative loadings from municipal wastewater treatment facilities, stormwater, and
commercial and industrial discharges;

9 compound fate and transport;

9 the appropriate environmental matrices (e.g., water, sediment, biota); and

1 theincorporation of biological effects information.

These considerations were incorporated into the development of the prioritization process, as described
below.

1.3 Definition of Contaminants of Emerging Concern

Thousands of different compoundlsat areused in pharmaceuticals, consumer products, and industrial
applications have been identified as CEBswever,a commonly accepted definitidior CECs has not

been establishedeven amongst regulatory agencig®ioritization schemesnd studies definerad limit

CECs by chemical propertigtoward & Muir, 2010Strempel, Scheringer, Ng, & Hungerbihler, 2012

by usecategoriesor effects such as pharmaceuticals, endocrine disrupting compounds(Btsse &

Garric, 2008Carlsson, Johansson, Alvan, Bergman, & Kuhler, Ra@6ar & Xagoraraki, 201®lurray,

Thomas, & Bodour, 2018&chriks, Heringa, van der Kooi, de Voogt, &Wazel, 201} or known

environmental occurrencéDiamond et al., 203, von der Ohe et al., 20)1Diamondet al. (2011)

defined CECas ¢cchemicals that are known or suspected to be released to aquatic environments but are
not commonly regulated or monitored, and whose potential risk to ecological health are relatively
unknown¢ Similarly Andersoret al.(2012A y Of dzRS (K2 4S 02YLRdzyRa ¢ KA OK
F'YRK2NJ dzy Y2YAU2NBR Ay GKS Iljdzr GAO SY@ANRBYYSyYy( oé



For the purposes of this effort, CE&e defined ascompounds that:
1. are unregulated,;
2. are poorly characterized in terms of occurrence (amdccurrence patternsyand
3. have the potential, or are suspectg causeadverseecologicabr human healtiimpacts.

It is acknowledged that there amanyother compoundghat may be included within Broader
definition of CECsThis could incluelsituations where newtoxicological concemare attributed to
contaminans previouslyclassified as Eegacy persistent contaminaffor example)r perhapsasthe
result of a political or regulatory directive. Howemiis work will focus omompounds thafit the
criterialisted above.

1.4 Literature Reviewg review of other prioritization efforts

A number ofpublicationshavedescribed different prioritizatiompproachegor monitoring CEC# the
environment Resultsvarygreatly, not onlyaccording tahe approach taken but also on how various
chemicalspecific propertiesvere determined.

Rooset al. (2012, for examplecompared results of nine previoughublished prioritization schemes
developedfor a first tierprioritization process for pharmaceutically active compounde nine
schemes included several riblased approaches, which compared environmental concentrations
(Predicted Environmental Concentration [PE@¢asured Environmental Concentratiod G, modeled
fish plasma steady state concentration, etc.) with ef§econcentrationsRredicted No Effects
Concentration PNEG; fish taicity, etc), and several approaches thaitl not consider exposure. Each
scheme was applied to a suite of 582 active pharmaceutical ingredi@ntemparison of the ranks
indicated wde differences betweeprioritizationmethods Lless than a quarter of the paivise
correlationsbetween ranking schemegere greater than 0.5. A prioritization apprdafocusing solely
on productionvolume was the leastvell correlated to the othemethods and was otherwise
problematic due to lack of consideration of environmental fate and transport processes.

To get a measure of performanaevenwell characterizedompoundg(in terms of environmental risk)
were run through each prioritization scime. Compoundsncluded ethinylestradiol and levonorgestrel
(high potential for adverse outcomes), carbamazepine, diclofenac, and fluoxetine (moderate potential
for adverse outcomes), and atenolol and paracetaffaw potential for adverse outcomes)n general,
approacheghat determined risk based on chemical properties (e.g., kg $Uccessfully classified
compoundsdnto high, medium, or low riskategories particularly compared to methods that utilized
incomplete PECs, i.e., thodet did not incoporate degradation or losses into calculation methods.
The riskbased approach utilizing MEC wasferred though a lack of environmentabth may limit its
application; mly 12% okvaluatedcompounds had environmental concentration datauthors
conclided that xposure assessments require refinement and should indhgdeer information on
degradation removal insewage treatmenplants, and bioconcentratianMeasured concentrations are
preferred, though lack of data will limit theumberof conpoundsthat can be evaluated.



The followingsections focusn recer publicationsthat describe a process farioritize CECbéased on
risk (i.e., consider both exposure and effectd)emical properties (i.e., PBT), or apply some other
method (Appendix A

1.4.1 Rik-Based Prioritization

Riskbased prioritization efforteompare measured or predicted environmental concentrations with a
measure of toxicity, either to humans or one of many ecological receptors, to identify compwaithds
the highest probability oddverse impacts.

1.4.1.1 Ecological Risk

von der Oheet al.(2011) applied the NORMARKamework for emerging substancéSulio & von der
Ohe, 2013to prioritize a suite of 500 compounds occurring in European river basins based on both
exposure and potential toxicity. THemework calls out three distinct step$) @ategorize compounds
Ayid2 alb Ol Akaged dhlthé &@ra dfknSidrimental mivoring and toxicity data2) prioritize
within each category according tarisk-based evaluationand 3) a review process to validate results
and update as new informath becomes availableThe rationale behind the first categorization step is
that prioritization based on limited or low quality information will likely produce-tpyality results.
Datalimitationsare explicitly identified, along with specific follam actionsfor each compounde.g.,
fund toxicological studies for compounds without sufficient informatiohhe categorization is
performedbased on a decision trespproach(Figurel). Once the compounds are sorted into
categorieghey can be prioritizeavithin each categonaccording to a riskased criteria.

von der Ohe et al2011) determined prioritieshased on the frequency of exceedarceimber of sites
where an effect level is exceedeaf)dthe extent of exceedancéhe magnitude by which the effects

level is exceeded)Exposure was determined based on reported M&QG given site, or the 95

percentile of all MEC values reported for all sites (MECGHazard was evaluated based on the lowest
reported PNEC levels, either acutechronic. In cases where no PNEGidatisted, provisional PNECs
were determined with predictive modeling. The frequency and extent of exceedance were calculated

by:

R e A BE
CNB |j d2SByEIBS SR OS

where, n is the number of sites where MEC>lowest PNEC, and N is total number of sites
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Unit scores were thenalculatedbased on the Viae of the extent of exceedancand a priority ranking
(PR) value was determined by the sum of the measures. Gi0heompoundsconsidered, 73 had
sufficient occurrence and toxicity date be included in Category 1 (potential hazattle majority of
whichwere pesticides Approximately 44 compounds were determined to be of low risk.



In another approachDonget al. (2013 evaluatedthe 200 mostprescribed pharmaceuticals in the US
focusing on toxic loadings from WWTRsvokeyassumptiors of the method wee that the primary
exposure pathwajor pharmaceuticalsvasviaWWTP effluentand that relative mass loading wa
equivalent to relative exposureComparisons were made witbxic loading (TL)definedas

alb&aa [21 RAy3
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where:

alaa [20 Raya 0Q
P=prescribed mass,zfraction utilized (=1),efraction excreted, andidfraction discharged
from WWTP.

Prescribed mass and excretion valuegevebtained from the literature. Fraction dischadyfrom
WWTPs is estimated utilizing the STPWIN program in U.S. EPA EPI Suite software
(http://www.epa.gov/oppt/exposure/pubs/episuite.htipn The toxicity threshold waevaluated with 12
possible endpointsincludng: algae 96h EG (effectsconcentrationfor 50% of test populationpalgae
chronic valuedaphnid 48h LG, (lethal concentrationfor 50% of test population), daphnid chronic
value, fish 9éh LGy, fish chronic value, adult mmum initial dosehuman LOAEILL¢wes$ Observed
Adverse Effect LevelatrLRo(lethal dose for 50% of test populationat LOAELMmMouse Lk, and
mouse LOAEL.

Priority scoresvere calculated bastonthe difference between TL for a given compound compared to
the mean TL for all other compounds by:

aeND  a€ QYD

YO @€ QYD

This method allows for the prioritizatiasf compounds for which there onsumption or use data, bu
lack environmentaineasurements. Urther, the approach allow$ocus on a specific receptor or group
of receptors based on selected toxicological endpoints. The exposure scenarios, however, do not
account for different transport pathwaysutside WWTP duents.

Carlssoret al.(2006) evaluated risks associated with 27 common pharmaceuticle compounds

were selected based on sales volume in Sweden and reports of environmental occurrence. As above, a
risk quotient (RQ) was calculated by comparing a PEC WNEL The PECs were determined through

a consideration of consumption datagatment through WWTP, and dilution (séependix A The

PNECs were determined basedlowest available acute k& EGo-, or 1Go-values, or chronic NOEC

values with each being corrected by appropriatesafety factor(from 101000 depending on metrjc

An RQ > 1 indicated a potential riskard&etamol, ethinyloestradidEE2)pestradiol(i 9)Hand oestriol

were found topotentially poseaquatic environmentatisksbased on this processHoweverthe authors
identify a critical weakness @ascompléde or inaccurate fate, transporgr chronic toxicity data

potentially contributing to erroneous results.

Besse and Garr{008), identified prioritypharmaceuticad basedeither on predicted occurrence or
through evidence provided by one of several measurdsxtity. Previous work had demonstrateal


http://www.epa.gov/oppt/exposure/pubs/episuite.htm

lack of PNEC valussitablefor risk-based prioritizationand so other measures of toxicity coddrve as
proxies to identify priority compoundsPEC values were determined based on consumption and dilution

in receiving watersbut assuned no losses through WWTPs. A secondarywds@etermined by

adjusting for thepercent of acompound excreted; agn it was assumed there were no losses in
WWTPs.Compounds were included as priorities if the PEC > 106.nGampounds were also

considered priorities if: a) the chromo observed effect concentratioNQEE< 10 ud-?, b) there was

a relevantmode of action (e.g., alter serotonin reuptake, estrogenic activity, antibiotic), c) there were
known side effects in humans, d) there was enzymatic induction or inhibition (e.g., CYP450; glycoprotein
P modulation), oe) log Kow > 4.5 and PEC > 1Q-hgApplication of these criteria identified

approximately onehird of the pharmaceuticals and metabolites as priorities.

The California Water Resources Control Bo#iitbugh SCCWRP, convened a study panel to prepare a
monitoring strategy for CECs in Calffok I Q& | |j dzI (\id@soisedd. 22812 AriSkbased
approachwas used tassess CECs fmioritization. The first step was to identify NGHiCfish and non

fish species based on a reviefithe literature and toxicity databaseEPA EcoTand the
MistraWikiPharmy and select priority comounds based on a NOEC < 0.1lrhgSedimenbased

NOECs were determined only for compounds with occurrence ddia.potential for human exposure
through consumption of freshwater, or antibiotic resista& based on published minimum inhibitory
concentrations was alsconsidered. Eighttwo compoundswere identifiedin this initial evaluation

The second step was to collect occurrence data (in WWTP effluent, receiving waters, sediments, and
biological tssues). In the third step, compounds were screened through the determination of a risk
based monitoring trigger quotient (MTQ), which is the ratio mfieonmental concentrations tblOECs.
AnMTQ > 1 results in inclusion in the final priority list. sSTéxercise was performed for threkferent
exposurescenarios: a WWTP effluedbminated idand freshwater receiving watea, caastal

embayment receiving WWTP effluent and stormwater, and an offshore discharge. Ten corapaoened
identified for the freskvater systemsX7 -estradiol EJ and estrone[EL metabolite of E2]bifenthrin,
permethrin, and chlorpyrifos; and ibuprofen, bisphenol A, galaxolide, diclofenac, and triclosan). Eight of
the ten compounds identified in freshwater scenario were also iifiexat for monitoringin the marine
embaymentscenario

Diamondet al.(2011) appliedthree different screening approaches in thefforts to prioritize CECs.
The first approach considered only ritke second approach consideredk, persistence, and
bioaccumulation andthe third approach considered toxicity (i.e., independent of measuared
predicted concentration). The ridglased approaches focuset compounds withmeasured
environmentalconcentrations. Predicted or caletdéd concentrations based on production information
were not usedsincenot all high production chemicals reach the environment, and low production
compounds may have high potential for impacts.

The riskbased approach ranked compounds according to eutatled hazard value (HV, for toxicity) or
endocrine risk values (based on either a no effects lewpta@bable effects level)

al EAYdzY 204SNWSR 02y OSy iGN GAzY
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Compounds with &VVof greater than 1.0 are likely to cause adverse impacts; compoundshtivth
greater than 0.1 were considered priorities.

The second prioritization approach considered Hié in addition to persistencand bioaccumulation
potential. Persistence was estimatedwkK | { 9t ! (BiactuRakive,and SigkRrdiiler (PBT
Profiler,www.pbtprofiler.net) Bioaccumulation potential was estimated based on lgg Kn overall

priority score was determined by assigning from one to three points for each paramisterR, and B;
Appendix Aand summing points give a total rank score. Priority compounds were those which received
a score of seven or higher and could, for example, include those with high persistence and
bioaccumulation but low toxicity.

The thirdprioritization approach considered toxicifgot risk) persistence, and bioaccumulatioihis
describedn sectionl.4.2 The results of each approacgsulted in a differenprioritizedlist, clearly
illustrating that themethod will influence the outcome. By category, natural and synthetic hormones
made up the highest proportion of theompounds identified byisk-based approach, while pesticides
made up the highest proportion of the second and third approaches (those thatdemed persistence
and bioaccumulation potential for each compound).

1.4.1.2 Human Health

Several studies prioritized CECs based on the potential risk posed to eml#mthrough consumption
of groundwater or surface wateVulliet and CretDlive(2011) screered pharmaceuticals and
hormones in groundwater and surface water to evaluate risk to human populatibmsy collected
approximately 70 groundwater and 70 surface watamples in France and analyzed for a suite of
compoundddentified inBesse and Garr{008. Risk was determined by calculatingvhlues which is
the ratio of potential lifetime exposure (lifespan = 70 years, consumption é'2dose = max.
measured concentration) to the minimudaily therapeutic dose. For pharmaceuticals, the highest risk
was presented bpenzodiazepingwhichstill had a potential indirect exposure 125,000 tinfedow the
therapeutic dose. Three hormonesofethindrone, ethinylestradiolnd levonorgestrgiwere detected
at concentrations resulting ingl> 1, indicating some potential for risk.

Schrickst al. (2010 screened a suite of 100 CECs for potential huheaidthimpacts by first
establishingorovisional drinking water guidelinegnd then comparing the provisional guidelines to
environmental concentrations detected in surface water or groundwater of the Rhine or Meusse river
basins. Guidelines were established from (in order of priority)existing statutory guideline value®),
publishedTolerable Daily Intake (TDI), Acceptable Daily Intake (ABRgference Dose (Rftdlues, 3)
published lowest/no observable effects levels (LOEL, NOEL), or 4) other toxicological data. Compounds
without effects data were not included in trsereening. A Benchmark Quotient (BQ) was calculated by
comparing the guideline value with the measured occurrence data; a BQ >0.1 indicated a priority
compound. For the majority of the compounds theveasa significant margin of safety between
environmental concentrations ad the provisional guidelinesith 1,4-dioxane, carbamazepindiuron,
p,p&sulfonyldiphenol and PFO®FOAapproaching the priority criteria.

Murray et al. (2010 evaluated 71 compounds within three broad classes of chemicals (industrials,
pesticides, and PPCPs) to assess the relativeorlakman health. Compounds were selected based on



frequency of reporting in the literature. Risk was determined by comparing reported ADI values to

exposure via direct consumption of surface waters. Based on an adstonsumption threshold of 20

Ld?! (2 Ld!with a safety factor of 1Q)erfluorooctanoic aid (PFOA perfluorooctanesulfonic acid
(PFOBbisS G Ket KSEef v LIKGKIfFGiST GKS K2NX2yS& 99HZ i 9H
triclosan, and acetaminophen, and several pesticides (diazmethoxychlor, and dieldrinyere

identified as priority compoundsThey were unable to evaluate several compounds due to the lack of

toxicity data.

As described above, there have been several efforts to prioritize CECs usihgs&kapproaches
whichrequire eitherMECsr PEC$0 assess exposure scenarios. There is, however, a paucity of such
information (Roos et al., 2002 There are several other efforts that have performed prioritization work
considering only compound specific properties, similar to the PBT approacmnioimiet al. (2011).

These will be discussed in more detail, below.

1.4.2 Prioritization Based on Chemical Properties

Under the European Union chemical legislation (REACH), chemical compounds are evaluated based on
persistence (Phioaccumulation potential (B), artdxicity (T) Strempekt al.(2012) performed this
evaluation for approximately 95,000 chemicals. Chemical properties were determined based on either
YSIadz2NBR @I fdzSa NBLR2NISR Ay (EMSUtsBIOWINS fordeN Sz 2 NJ OF
biodegradation half-livesunder aerdic conditions;BCFBAF fdxioconcentration factor (BCFand

ECOSAR faooxicity (the 96h EGo or LG for fish and 48 h Bgor LG, for Daphnig). Predicted values

were compared tdhreshold valuest{,s.i= 120 days BCF 2000; andchronic NOEC of 0.0ig L™ or an

acute efect concentration of 0.1 mg?). Qub-scoresfor P, B, and T were calculateglative to the

threshold values (se@ppendix Aandsummed to determine a final rankindrResults indicated that

3.1% of all compounds (n=2930) wetassified as PBT, while 61.3% did not exceed any threshold
category. Fiftysevenof the PBT compounds were high production volurthemicals

Howard and Muir have undertaken a series of studies to identify compounds of concern used in
commerce(Howard & Muir, 201§ pharmaceuticalgHoward & Muir, 201}, or byproducts, impurities,
and transformation productgHoward & Muir, 2013 In each case they compiled an extensive list of
compounds from published governmental databases (e.g., Canadian Doi@abstance List, U.S. EPA
Toxic Substances Control AESCAInventory Update Rule databadg,S. FDA. Drugs@FDA data files
etc.) and evaluated the potential for persistence and bioaccumulation of the individual compounds;
measures of toxicity were natcluded. Persistence and bioaccumulation were based on QSAR
modeling in the EPI Suite softwar€he KOWWIN programas used to estimatig k. and the BCFBAF
programwas used to determinbioconcentration factos (BCF).BIOWIN was used to estimate
persistence. A compound was judged as being micaly bioaccumulative ibg kw> 3. Persistent
compounds were those with the BIOWIN output of less than 0.5 (50% probability that biodegradation
will not be fast); or where chemical structure suggegpedsistence (e.g., highly halogenated, highly
branched, nitroaromatic). In each caseextensivdist of compounds was identified to help focus
monitoring efforts.

As described above, Diamond et(@011) evaluated three prioritization s&mes applying different
selection criteria for each. Two of the approaches included an element of risk while the third focused
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solelyphysical/chemical propertie@oxicity, persistence, and bioaccumulatipbyt not occurrence.

Persistencavas determing with the US EPA PBT profiler, bioaccumulation predicted fromylo@uikd
t2EAOQOAGE 61 & o6llaSR 2y &0GNUzOGdzNB | OGAGAGe NBfLFlA2Y A
program fttp://www.epa.gov/oppt/newchems/tools/21ecosar.htin A score was determined

according to thevalue of each parameteAppendix Aand summed to give a total rank score

Importantly, the resulting ranking was markedly different from this approach comparttetother

two described.

Sandersoret al. (2004 utilized QSAR modeling (US EPA EPIWtimateEC50 values for algae,
daphnid, and fish for a group of 2986 pharmaceuticals. The EC50 valgesomgerted to a HQ based

on an EC50/PNEC safety factor of 1000 and assumed environmental concentration o ihjoyder to
identify groups of priority compounddResults suggested that paraffins and anionic surfactants had
highest predicted toxicity Treatability of compounds was also estimated through the US EPA STPWIN
model. These values were not used to estimate or adjust PECs.

1.4.3 Other Approaches

Kumar and Xagoraraf@010 developed a ranking system for PCPPs and EDCs in surface waters and
drinking water based on four criteria: occurrence, treatmpatential, ecological effects, and human
health effects. The ranking was performed by calculating a utility function for each of the criteria and
then combining the utility function values based on a weighting scheroe.example, the occurrence
criteria is determined by:

¢ T — ™

where: df = detection frequency and Grafand Gin, are the measured, maximum, and
minimum environmental concentrations.

The utility functionfor each criteria rangéom 0 to 1 and allow incorporation of qualitative and
guantitative data into the ranking schem&Veighting is used to combineit scores of each criterion

into an overall rankingThe ranking scheme was applied to a suite of 100 PCPPs and EDCstim orde
identify a list of 20 priority compounds. The list of 20 varied depending on the individual criteria as well
as thesystemor water of interest suggesting that the results of the ranking exercise will vary according
to local scenarios.

de Voogtet d. (2009 performed a review of several existipgoritization processes for

pharmacetically active compoundsased on an extensive set of criteria. They reviewed 25 different
publicatiors, covering 153 compounds and aigol 17 unique evaluation criteria. They chose to focus

on seven criteridor afocusedre-evaluation. Theriteria were: regulation(i.e., appearance on

regulatory list); consumption/sales; physiochemical properties; occurrence in waters (e.g., surface

water, groundwater, drinking or wastewater); toxicity/ecotoxicity; degradability/persistence; and

resistance to treatmen The compounds were separated into three priority classes based on their

frequency of mention in the documents reviewed and the number of criteria each satisfied. High

priority chemicals included carbamazepisea/famethoxazolediclofenac, ibuprofennaproxen,

bezafibrate, atenolol, ciprofloxacin, erythromycin, and gemfibrd28 & dzft & 2F RS +22 30 Q&


http://www.epa.gov/oppt/newchems/tools/21ecosar.htm

used to create a higpriority list of compounds for WWTP effluent and biosolid monitoring by the
Washington State Department of Ecoldgubliner, Redding, & Ragsdale, 2D10

1.4.4 Literature Reviewg CEC occurrence data

A suite of regional projects provadnformation on the occurrence of CECs in various compartments,
including wastewate(Hope, Pillsbury, & Boling, 20121bliner et al., 201Morace, 2012, freshwater
(Dougherty, Swarzenski, Dinicola, & Reinhard, 2Btinds, Doyle, Edwards, & Furlong, 20@®arine
water (Keil, Salemme, Forrest, Neibauer, & Logsdon, R&EHimentgLong, Dutch, Weakland,
Chandramouli, & Benskin, 2012and biota(da Silva et al., 20)3other investigations are underwayA
summary ofresultsis presented irmmable2. These studies provide a strong base of monitoring
information on the occurrence of CECs and allow some predicative capalaliteag the occurrence of
CECs in general:

1 Many CECs are present at low levels (<100%éLmarine waters of Puget Sound.
Conservative and highly used consumer products are nearly ubiquitdiile, more labile
compounds are regularly detected.

9 CECs are also detected in lowland streams. Concentrations and detection fregaeamore
variablecompared to marine waters.

Limited CECs are present in marine sediments. Detection frequency &vkawin urban bays.

WWTPs are effective at removing some but not all CECs. Advanced treatment processes may be
more effective at CEC removal compared to standard secondary treatment systems.

1 Synthetic hormonesavenot beendetected in fish bile.OtherEDC¢e.g., bisphenol A and 2
however,have been detected

There also remain many fundamentidtagaps in regional occurrence information. Indeed, a major
objective of this current work is to develop a meaningful and rational process by which these ga
particularly with regard to compounds of highest concern, arerasged. In addition to specific or
groups of compounds, there are some environmental compartments whighbe of interest due to
potential exposures buack monitoring data These intkude:

9 rivers and marine waters proximate to WWTP outfalls;
lowland streams;

stormwater outfalls;

livestock handling operations; and

surface waters receiving runoff from areas of bioseéigplication.

Literature Review Summary

As demonstrated abovéhere are a wide variety of approaches can be used to prioritize
monitoring of CECs in the environment. The method chosen will impact the suite of compounds
identified as priorities.

1 Measured or reported data will likely be limiting in the applicatiom @irioritization scheme.
¢KS dzasS 2F a4k OGAz2y OFdS3I2NARSa¢ Oy oS | gle G2
information, while identifying research needs for those with¢uan der Ohe et al., 20)1
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Risk based approaches (i.e., comparing a measure of occurrence with a measureity) toxi
have demonstrated promis@iamond et al., 201, 1Roos et al., 2092

Measured environmental concentration data may be limited. The use of predicted
environmental concentration data should account for fate and transport processssding
losses through WWTPs. Not accounting for fate and transport will likely lead to poor
estimations of environmental concentrations and unrealistic prioritization outcofdesg et
al., 2013

Environmental toxicity information may be limited to only a few receptors or exposure
scenarios. It may be possible to utilize other toxicological measures to estimate potential
ecological impactéDong et al., 201, Xumar & Xagoraraki, 2010

Conceptual exposure scenarios may help refine sets of compounds for consideration.
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2 IDENTIFY CONCEPTNRIDELS

A conceptual model can be used to explicitly identify relationships betweerahautivities and
environmentl impacts The exercise of developing a conceptual model: dghighlight sourceand
exposure pathwaythat have the potential to cause the highest degree of impact, either to humans or
to the environmenfand?2) improve esmates of CEGlistribution among aqueous, particulate,
sediment,vapor, or biological compartmentdVith respect to the prioritization afnonitoring of CECs,
conceptual models can define areas of interest for focused investigation.

Andersoret al.(2012) utilized a pressure framework to identify three priority exposure scenarios to
focus monitoring. These included an efflugldminated inland waterway, a estal embayment

receiving WWTP discharge and stormwater, and an ocean discharge of WWeért.e@ithers have
developedprioritization schemes based on specific exposure scenarios including sources (e.g., human
pharmaceuticals), pathways (e.g., WWTP effluent), and exposure (e.g., dissolved phase in aquatic
environment)(Besse & Garric, 20080thers have evaluated similarly specific exposure scenédiosg

et al., 2013Drewes et al., 203Kumar & Xagoraraki, 201®unoz et al., 2008Murray et al., 201D

There is generally a lack of extensive discussion ongbeficonceptual exposure models these

studies though their implicit use likely resulted in the identificatioha given scenario.

Conceptual models have been developed for Puget Sound to support coordinated ecosystem recovery
efforts using Miradi software (version 4.1 A pressure framewonkasdeveloped based on a regional
pressure taxonomyStiles & Redman, 201.3rom this framework, a conceptual model was developed

to provide an overview of the sources of contaminants to algeaticfood weh Itis specific to the
freshwater system and associated food wélitcan be easily adapted to focus on the marine system

and associated food welfFigure2).

Severatonceptual model$ocusing on contamignt fate and transport havbeen devéoped o depict
transference of contaminastthrough the marine systermarine food web, and to théeshwater and
terrestrial systemsOveral| the modes aregeneral and the strength of each connection depends on the
physiochemical properties of a compound or suite of compounds. CECs have a variety of accumulative
properties due to varying mechanisnfor metabolism and varying degrees of solubility in the water
column. Thus, no single model can be created to show movement of CECs through a feinteeb

they are specific tahe system of interest, i.eRuget Sound.

The generalized moddFigure3) shows linkages between different sources of compounds, how they
enter and travel through the food weModifications to exposur@athwayscan be made to represent a
different significance of a particular pathway for a specific compound.

Generalized modelsanbe modified according to compourgpecific properties. For exampkemodel
could be created to elaboraten sources, fate, and traport ofa suite of CEQhkat arehydrophobic

and undergo some level of metabolism within organismgdrbphobic compoundassociate more
stronglywith sedimens compared to waterAs a result, organisms that spend a greater portion of their
life cyclein the benthic environment will accumulate a higreamtaminantload. Compounds that are
readilymetabolizedare not biomagnifiedn the food web. Afraction of the compoundsre water
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soluble, andnay betaken up by plankton and aquatic plants. The desrloop also plays a role in
primary exposure. The secondary route of @syre is consumption of benthic organisms.

2.1 Conceptual Model Recommendation/Next Step

It is recommended that the generalized pressure and fate and transport conceptual modeiszeel u
to develop versions for specific sources and associated compound groups, and that these specific
models be utilized to focus and communicate recommendations for monitoMuagdels could include
human health exposure from freshwater.
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3 DEFINHHE PRIORITIZATIORACESS.

The need for a process to prioritize CEB64d biological endpoint®r monitoring has been
demonstrated(Boxall et al., 202;2/on der Ohe et al., 20)1there are thousands of compounds with a
likelihood of occurrence and limited resourdes monitoring,characteriation, orevaluaton. As
previowslydiscussed, arioritization process should include scientific/technical evaluatian
independent reviewand stakeholder involvementThere are many decision points aadobust
stakeholder involvement program can offer significant opportesitor review andto strengthenthe
decisionprocess Ths section will focus on the scientific and technical decision points.

A fundamental, framing objective of this exercise is the reduction or elimination of the potential for
environmental harm due to theccurrence of anthropogenic compounds. As such, any prioritization
process identified should inclugeconsideration of riske.g., exposure andiological responsgPrewes
et al.,2013 Roos et al., 20%20n der Ohe et al., 20)1A discussion of the ridkased prioritization
approach is presented in secti@?2.

The quality of any such evaluation is dependent on the quality of data (occurrence and toxicity) upon
which key factors are determined. Quality information on many CECs is, by definition, lacking. As such,
it is recommended that a categorization step befpemed on the compounds under consideration

based on the extent and quality of information available. This step is discussed in Settion

Further, it is recommended thdhe prioritization process includes consideration @blbgical endpoirg
where observations of ecological impacts (e.g., endocrine disruption, feminization, etc.) inform and
focus chemical monitoring; an impactrieted and followed by an investigation of potétcausative
agents. A discussion is includadsection3.7.

3.1 CompoundPrioritization - Categorization

A riskbased prioritization process must be basedreliable and accurate occurrence and effects data
Otherwise the outcome may be meaningle3$ere iextensivedatafor some compounds while a
complete laclof for others. A rational prioritization program showddeconsideration to the extent

and quality of information available for compounaisinterest,including that for occurrence and

toxicity. This has been aakwledged elsewhere. von der Ohe et(@011) and Dulio and von der Ohe
(2013 recommend an initial screening step where compouadscategorized based on the extent of
knowledge of exposure and effects. Fipabritizationwould only be made for compounds with

sufficient information, witha recommendation ofurther research for those withoutDrewes et al.

(20131 Ol y 26t SRASR (G KS SERA &I ScgnipSunds or whidayhery Rag peithdry 1 Y 2 6y
occurrence nor toxicological informatiagnand recommended that these not be includedany

prioritization schemeintil reliable measurements or estimates could be maemarand Xagoraraki

(2010 calculated data gap scores to quantify and compare the uncertainty of various parameters (e.qg.,
occurrence, magnitudestc.) for individual compoundsThe data gaps and priority rankings were
determined independntly and so a compound could have both a high uncertainty and a high priority
ranking.
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Others have chosen not to perforacategorizatiorstep, but have either selected an initial candidate

list that includesonly compounds with existindataor have used surrogate measurements to estimate
exposure or effectsAs a managemergupport evaluation, one of the objectives of this exercise is to
identify follow-up activities for consideration (monitoring, ecotoxicological research, analytical mhetho
development.etc.), whichis consistent withthe idea of explicly categoriingcompounds based on
available data.lt is recommended that categorization be an integral part of the prioritization prockss.
potential approach is showm Figurel, where individual compounds could be evaluated with a decision
tree resulting in several distinct groups clearly categorized for fellpwaction.

3.1.1 Management Categories

Table3 listsrecommended managemermiategoriesconsistent with the decision tree shownkigurel.
As shownfollow-on activities can be identified for each grob@sed on measures of the extent and
quality of supporting data For examplecompounds irCategoryl (sufficientoccurrence anaecotoxicity
data, potential risk)or Category2 (lackoccurrencedata, sufficieniecotoxicitydata, unknown riskrould
be selected for inclusion in a monitoring program based on the resultpobatization exercise
(section3.2), while compounds irfCategon (sufficient occurrence and ecotoxicity datao potential
risk)can be removed frorfuture monitoring programs as they are unlikely to cause ha@ompounds
in the other groups will require investment inndamental research prior to deciding whether or not to
include themin a monitoring programCategory3 compounds lack ecotoxicity data atetrefore some
measure of their potential harm/outcome should determinedprior to monitoring. FoCategory
compounds, current analytical methods are not sufficient to measure the compounds in the
environment at levelshat are anticipated to causkearm. As such, there should be investment in
analytical method developmentCategorys compounds lack informatiomampacts and there is little
analyticalcapacity to determine the exterdr magnitude of occurrence. These information gaps should
be filled prior to their inclusion in any monitoring program.

The theoreticgllongterm outcome of this categorization es@se is that all compounds will either end
up inCategoryl (sufficient occurrence and ecotoxicity data, potential YiskCategory6 (sufficient
occurrence and ecotoxicity datao potential risk). Those posing a potential risk will be subject to a
management or control measure (e.g., water quality standards, chemical action plan, labeling
restrictions,etc.) and continued monitoring, while those not posing a risk can be categorized as such.
Investments will be made to fill knowledge gaps associatéial @@mpounds in the other groups (i.e.,
those which lack ecotoxicity data or sufficient analytical methods), allowing a fulbassd evaluation.
The riskbased evaluation wilhform on the final status (i.e., pose risk or not) of the compounds under
investigation allowing them to bplaced intoCategoryl or & This process can didthe definition of a
long-term investment strategy.

3.1.2 Management Category Decision Criteria

Classifyin@CECs into management categories requastsblishing criteria to determine if availabldata
are sufficient and reliable. Other$or examplehave suggested thatn ecotoxicological evaluation be
based on laboratory studies for at least three traplevelsge.g.,algae (Selenastrum capricornutuma
cladaceran Paphnia magnaand the fathead minnowRimephales promelgsto be considered
sufficiently reliable to support further classificatipron der Ohe et al., 20)1 Similarly, sufficient
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occurrence data has been defined by having measurable concentratiomsiatraum of20 different
sites.

With regard to the sufficiency of occurrence data, it is important awdnactual measurements to
determine exposureoncentrationgo environmental receptors at a given locatiolt.is not necessary,
however, that a given evaluation effort measures concettres of a speific compound at every
location. Similarities in use and behavior patterns and sources allow the transference of information
gained in one system to be reanablywell transferred to anotherFor example,liere are ample
measurements of GEs in WWTP efflueiHope et al., 2012 uo et al., 2014Michael et al., 2013

Miege, Choubert, Ribeiro, Eusebe, & Coquery, 2B@8 Gin, Lin, & Reinhard, 2QHnhd such

information could be used to inform categorization, so long@ssideration oflata quality and use
patterns (e.g.petween countrie¥are included.

With regard to the sufficiency of effects data, it is recommahtieat effects and/or impacts be

determined based on experimental dagad thatisdocumented in the published literatureThere are
several approachef®r developing a suitable effects leglahn et al., 2014 As such it is imperatite
document decision pats associated with, among other things, the species and ecosystems of interest,
the effectsand species of concern, and the use of safety factors. The trophic level approach outlined in
(von der Ohe et al., 20)tan be adopted for local application.

3.2 CompoundPrioritization ¢ Risk Based Characterization

The categorization exercise will identify groups of compounds with sufficient dathow for
prioritizationbased on potential to cause environmental har@ompounds irfCategon?2 (insufficient
occurrence data, sufficiemcotoxicitydata, unknown riskrould also be included f@onsideration in an
environmental monitoring progragthoughtheywould not be prioritized througlarisk based process.
Compounds in the other groups would not be included in a risk based prioritization due to the lack of
sufficient data.

A riskbased approach compares a measure of occurrence of a given cohpath a measure of
potential impact. In the simplest method, compounds witttcurrencdevelsgreater thanimpact levels
are considered priorities for follow up. The resulting quotient has been described varioudliglas a
guotient (RQ) monitoringtrigger quotient (MTQ), risk value (RV)penchmark quotient (BQ)Similar
measures have also been devised strictly for human exposimegeneral terms, the risk quotient is
calculated by:

X x h OOdZNNBEYy OS / 2y OSYyUuNX GA2Y
whal deg%éﬁ‘ﬂ’j;ﬂé ¢KNBaK2f R

Priorities are identified by those compounds displaying the highest quotient oanidigenerally include
all compounds with a risk quotient value > 1Sufficient safety factors are included to account for
potential uncertainties.

It is recommended that dagk quotient (or equivalent) be utilized to prioritize compounds with sufficient
occurrence and toxicity information.

16



3.3 Compound Prioritization; Hazard Based Characterization

Advances in analytical techniques have allowed the identification of anthroppgempounds in the
environment at part pebillion levelsand below(Kolpin et al., 2002 many of which had not previously
been observed.The implication is that thereemain a larg number of compounds that occur at
comparable levels but have not yet been detected or reported. In order to account foit iis,
recommended thathe prioritization list includecompoundghat have toxicity datandicatinga PNEC <
0.1 ug &, incling those without occurrence dat&€étegory2). The highest priority compounds
identified in this step will be those with the lowest PNEC.

3.4 Determination ofoccurrencelevelsandtoxicologicalthreshold

Todetermine absolute or relative risk, measures of occurrence and toxicity are needed. Various
measures have been usedlbrief discussion of these is presented below.

3.4.1 Predictedvs. Measured Environmental Concentratien

Measued environmental concentratiaare the preferred method of estimating environmental

occurrence of a given compound though availaddéa may belimited (Anderson et al., 203 Roos et

al., 2012. MECs may lack sufficient coverage to adequately characterize spatial and temporal variations
and, further,the rangeof parametersmaybe limited Quality sampling programs can be expensive.
Advances in instrumentation make broadscan gsial possible which provide information on a wide

range of compounds in a single sampling effort. Howewarnevith sufficient time and budget, there
remainanalytical challengesDespite cost and complexities,may be necessary to collect

environmentl data through sampling (even in cases where a modeling approach is preferred) in order
to verify model outputs.

Data sets describing environmental measurements in other locations can be used to inform on local
conditions. However, prior to utilizing datt is importantto note considerations in sampling program
designand implementation(C. Ort, Lawrence, Reungoat, & Mueller, 20@Bistoph Ort, Lawrence,
Rieckermann, & Joss, 2Q1fkegionaldifferences irchemical us€Curtis et al., 2006and physical
characteristics which impact fate aféhnsport, all of which can influence whether measurements
accurately depicthe environment of interestwhether they are trasferrable, and whether compounds
are susceptible to similar environmental processes. Careful consideration is required before adopting
external data sets

In additionalto MECsseveral approaches for determining E€Ghave been developefhppendix A
Carlsson et a[2006) estimated PEC based on sales data, dosing, and assumed dilution factors.
Estimates were later refined to incorporate partitioning and degradation through a WWTP, though the
accuracy of the model for CECs was ristussed.Besse and Garr{@008) followed a similar approach
however, theydid not account for degradationOthers have sedmodeling(e.g., USEPA EPI Shite

based on a compour@ physical and chemical properties to estiméisses and environmental

expasures (Cooper, Siewicki, & Phillips, 20@nderson et al., 2004 The validity of such an approach
has been questioneflunkel, Mayo, Austin, Hickerson, & Howard, 2086me biodegradation models
can providegualitative or quantitative predictions for some compounds, though the user needs to be
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aware of the appropriate model domain prior to application. Not all models have predictive capability
for all compounds An evaluation oBiowinmodels to predict tk biodegradability of pharmaceuticals
(which are necessary parameters for fate and transport modefmg)d that they performed poorly
(Rucker & Kummerer, 20).2

Pistocchi et al(2010 reviewed the state o§patially explicit chemical fate and transpanbdeling
summarizing approaches taken with multiple box modelsnerical solutions of simultaneous
advectiorgdispersion equationsand metamodels. All models require information dime physicat

chemical properties of the compousdf interest, the environmentalonditionswhere the model is

applied, andactorsrelated to emissions and releases of the compounds to the environmafhile

remote sensing has increasavailability andaccuracy otlata describingnvironmentalconditions(e.g.,
landscapes, spatial and temporal weather pattests,), thereremains a paucitgf information on the
physicalchemical properties and, in particular, emissions, whiclkereccurate modelindifficult to

achieve In any case, models require validation prior to acceptance, which relies on actual observations
and environmental data.

There are currently a limited number of environmental fate and transport models avaitatilee Puget
Soundregion. The Washington State Department of Ecology has combined a box model to estimate
spatial and temporal patterns in circulatigBabson, Kawase, & MacCready, 2a06levelop the Puget
Sound Regional Toxics Modelmass balance model of contaminant fate and transport to investigate
responses to management scenarios for the condfd®CBsA revisionof the model to evaluate PAHSs,
PBDEs, and selected metals is ongoing.

The use of MECs is preferred over PECs. Thereuarntly a few data setgenerallydescribing the

presence of a selected number of CECs in the Puget Sound (see $gcfiorAdditional monitoring

should be focused on areas that may experience high exposures to inputs of CECs (near WWTP outfalls
in rivers and the Puget Sound, CSO outfatls).

The seof a statistical measure of MEC to represent poteh&&posure scenario in a given environment
is recommended A 95" percentile of measured data (or equivalent) may be used to represent a higher
end of potential environmental occurrences without the consideration of outli€&sternal (i.e., non

local) cata may be used to augment data sets after careful consideraticuitability.

3.4.2 Ecotoxicity Haluation

A risk based evaluation requires estimates of exposures and effects. Effects measures can be associated
with acute or chronic toxicity, endocrine disruption, carcinogenic effects, mutagenesis, and/or
teratogenicity. Compoundbat bioaccumulate, biomagfyi, orare otherwise persistenare often

classified as having a higher potential to cause adverse impaAatdogous to occurrence, effects
estimates can be based on modeled or experimentally determined outcoff@m®xample Diamond et

al. (2012), utilized predicted chronic toxicity thresholds for fiflgphnig and algae determined from
ECOSAR and PBT profiler, and an estrogenic activity derived from a Food and Drug Administration
databaseghttp://edkb.fda.gov/). Kumar andXagorarak{2010 utilized publishedicute measure Lsgfor
aqguatic indicator species, such as fish, daphnids, and algae to rank effects. They also allowed for the
incorporation of othemeasures of health impacts such as evidence of risk during pregnancy or
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evidence of carcinogenicity, mutagenicity, or impant to fertility. The risk score was determined by
reportsin the literature; if any study indicated that a compound was carcinogenic, for example, the
given compound would increase its risk rating through a weighted determination of unit functions
(Appendix A. Others have used information that is not strictly ecotoxological to screen for the potential
to cause harm to nottiarget organisms such as side effects in humans, enzymatic induction or inhibition,
or glycoprotein P modulatio(Besse & Garric, 2008The proper method for incorporating such
information into a risk assessment has been identified as a significant researckBweed et al., 2012

In addition, concentrations of compounds associated with the promotion of antibiegistancehas

also been used as a criteria for prioritizatigmderson et al., 2012

von der Ohg2011) estimated toxicity through the determination of a PNiE&Sed on experimentally
determined or modeled value€Experimentally determined PNECs were either from existing risk
assessments or pubhied L& values for standard test organisms correcteith a safety factor. In case
where there was ndoxicity datathe PNEC wasstimated using a-kearest neighbor readcross
methodology based on experimental data from similar compounds, or esiifadm the octancl

water partitioning coefficient when data for similar compounds was not available. When more than one
PNEC was available, the lowest was utilized in the determination to evaluate risk. It is important to note
that the authors specifidly categorized compounds with insufficient toxicity data as needing a rigorous
effects assessment and did not consider the use of modeled toxicity to be sufficiently robust for final
classification/categorization.

Fick et al(2010 developed acritical exposure concentrations/hich is the concentratioaf a
pharmaceutical in wateexpected tocause a response in fiflased on theherapeutic level in humans
and a bioconcentration factor. A drug that is measured in the aquatic environment above the critical
exposure concentration is considered a priority. Thisragph is based on thessumption that drugs

will acton the same targets in humans and fish; the validity of this assumption has been questioned
(RandWeaver et al., 2013

The use of models/QSARs to determine toxicity threshadsbe problematic. de Roode et §2006)
evaluated the ability of four QSARs to predict toxicity for 170 compoandgound that they are not
suitable astand-alonetools to produce ecotoxicological data. As with fate and transport modeling,
consideration of chemical domain is important, and new substances may fall outside the doifiaéns.
OECD has published several guidelines for model validation and use. Q@A&®bave a defined

endpoint, clear algorithm, clearly defined domain, clear statistical measures of predictive capability, and
mechanistic interpretation, if possib(€herkasov et al., 201.30nly theresults of a wellvalidated

model should be utilizeth a prioritization sceme.

There remain many important questions associated with characterizations of effects associated with
CECs in the environment (see Boxall et al, 2012, for an excellent reienganingful prioritization
scheme should account for these and associateckutainties to avoid misclassification or the
production of nonsensical results.

With regard to utilizing effects thresholds, it is important to ensure that relevant exposure/receptor
relationship be considered, which can be achieved through the apjplicaficonceptual exposure
frameworks as described above (Sect®)n Potential impacts on ecological receptors can be included
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though the use of PNEC values; the use of human health exposure measures could be appropriate in
other exposure scenarios. When available, an Adverse Outcome Pathway (AOP; see below) process can
provide additional refinements by specifically estimating the threshold environmental concentration

likely to cause target organ concentrations of concern. Tihéssmally considers bioavailability and

target tissue levelswhich may not be included in the PNEC process.

3.5 Prioritize biological endpoints

As clearly demonstrated in the literature review (Sectlod), there are many differenapproaches and
factors to consider in the development of a prioritization scheme for monitoring of CECs in the
environment. Severabpproaches incorporatbiological impacts through a ridlasedevaluation
wherebythose compoundsnost likely tocauseecdogical impacts wuld be those mostlosely
monitored. Identified imitationsinclude the fact that overall biological risk may not be accurately
estimated byconsideration ofndividual compoundsFurther, monitoring for individual compounds can
be a dainting prospect due to the sheer numbers in the environment. An alternative prioritization
approach would be through effectiirected analysis, wheranalytical workis driven by the presence of
a biological impact such as endocrine disruptitonitoring would focus on areas of concern identified
through a biological assay, supporteddisectedanalytical work to identify the causative age(Bsack,
2011). Likewise, Johnson et 42010 proposed biotic mesures of effects as an important
consideration in contaminant monitoring programshe rationale is that the priority driver ought to be
the reduction of harm and not necessarily the charaiz&ion of the occurrence of lbégn compounds;
the occurrence bcaffeine at the ng-tlevelcanbe informative (e.g.(Buerge, Poiger, Muller, & Buser,
2003 but is unlikely to result in significant environmental impaétgrocess summary is shown in
Figured.

Biological impacts have been identified in several different ways incltldéngvaluation of biomarkers
(e.g.,vitellogenin(Hinck et al., 2004.. L. Johnson et al., 20)&cute toxicity assayand a range of
surrogate systems. For examptiee YeastEstrogenScreen (YES) and Estrogen Receptor mediated
Chemical ActivatetlUciferasgene eXpression (ERALUXare in vitrosurrogatemethods thathave

been applied taevaluate the estrogenic activity of a given sample based on receptor activation. Similar
assays exist to evaluate other endocrine disruption pathways (@gesterone activity, specific

toxicity (e.g.Aryl hydrocarbon receptceaictivation), or genotoicity. The in vitro assays focus on a

specific impact or pathway and, as such, it is important to ensure that they are reflective of the
processes of the organisms of interegtn adverse outcome pathway (AGRImework can be a
valuableapproachto link specific responses identified in screening assays to impacts on an individual or
population scaléHutchinson, Lyons, Thain, & Law, 2D1Bhe AOP approadthmeant to utilize

information on specific modes of action (that may be shared between species) to guide the prediction of
adverse outcomes at a biological level of organization through quantitative linkages with population
models(Ankley et al., 201,Kramer et al., 201)1 Becausehe health of populations is a primary driver

of environmental regulation and ecosysten@storation programs, the AOP framework may be an
informativemethod of focusing monitoring of CECs in the environment by highlighting ®&€ethat
havehighest potentiato cause gopulation risk.
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There are significant challenges teing AOP# a prioritizationframework (e.qg., there are few complete
AOPs linking measured biochemical exposesponses to population outcomes, there is natural
variabilty between populations which lends uncertainty to predictive relationshipd multi-
generational adaptation may alter response pathways, @camer et al., 201). These challenges,
though, are not specific to the AOP process and are common to much of the work associated with
monitoring and evaluatinggace compounds in the environment.n@oing research in the region and
elsewhere is strengthening oability to apply AOPSs in risk assessment and prioritization processes.
Examples of the interest and growth in AOPs is the recent launch of websites and WIKI programs by the
US EPAN(tp://www.epa.gov/research/priorities/docs/aopviki.pdf) and the European Union
(http://www.oecd.org/chemicalsafety/testing/advese-outcomepathwaysmolecularscreeningand-
toxicogenomics.htry which are designed to facilitate creation of new AOPs.

3.5.1 Biological Endpoints Recommendations/Next Steps
1 Useexisting monitoring dat#o identify potential modes of toxic action (e.g. mutaje/
carcinogenic, estrogeni@associated wittCEC& Puget Sound

Prioritize modes of action based on likelihood of imgamtfish and othermquaticanimals
Identify biological endpoints that are diagnostic for specific modes of toxic action

Assess fedlsility of measuring selected biological endpoints in Puget Sound relevant species

= =4 =4 =4

Recommend specific biological endpoints for monitoring

3.6 Other Considerations

The steps described above will result in the identification of a suite of compauruslogical
endpoints for ecosystem monitoring-here are other considerations which may influence the final
selection. These could include cqsipportunities for management response, etc.

3.7 Summary- Identifying Priority CECand biological monitoring

The prioritzation process consists of several steps and includes consideration of the calculated risk, the
potential to cause risk, and observations driven by biological endpaiuproaches utilizing calculated

or potential risk focus on individual compounds arsg information related to those specific

compounds to focus a monitoring campaign. Biological endpoints, on the other floand,onobserved
conditionsin hiota in anecosystem of interest to drive monitoring throughdwledgeof endpoints,
pathways, angotential causative agentdt is imperative to approach thgrioritization of CECfsom

both ends of the exposureesponse spectrum. This includes focusing on compounds believed to
impose a risk on human health or the environment with the intentnainitoring to discover whether

the potential risk is real, as well asng observedbiological responset® identify compounds that may

be responsible.

Thecompoundfocused aspeabf prioritization will:

1. Categorize compounds based on sufficiency of oetwe and toxicity data;
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2. For those compounds with sufficient occurrence and toxicity data;

a. Prioritize compounds anticipated to present risk for monitoring;

b. Remove compounds anticipated to present insignificant risk from further consideration;
3. For those compunds with sufficient toxicity data;

a. Prioritize compounds with PNEC < 0.1Ljdor monitoring

4. Consider investment in fundamental research (analytical method development or ecotoxicity
evaluation) for other compounds.

The biological endpoint aspect ofigritization can serve tadentify the presence otausative agentsin
cases where the AOP/exposuresponse has been identified and is understood, biological monitoring
efforts can be used to prioritize CECs for monitoring. In many cases, howevesiudesffect
relationship is not clearly known and monitoring key biological endpoints can give important
information on biological conditionThe change of expression of an endpoint may be reflecifve
management actions (e.g., bioinfiltration systenppeaar to reduce the expression of toxicity associated
with stormwater exposure) without explicitly identifig the contaminant of interest and, as such, can
demonstrate progress towards ecological restorati@iological monitoring may give a more hotisti
evaluation of risk compared tmonitoring of specific compounds, CECs or otherwise.
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4 RECOMMENDATIONS FORAY STEPS

Based on the findings of this review the following recommendatant next stepsire presented for
consideration

1 Developfocussheetdescribing examples of regional investigations on the occurrence and
impacts of CECs in the Pacific Northwest. The intent of developing the workstweetisethe
awareness opolicy makers regardinGECs The focus sheet wille developed in agiunction
with the Columbia River Toxics Reduction Workgrewpch has been conducting a parallel
process to the onéor Puget Sound. This focus sheéll present regional examples of impacts
caused by CECs in the Northwest.

1 Secure fundingo implementnext steps in the process of developing a target list of CECs for
Puget Sound monitoring.

1 Develop gpressure, fateand transport conceptual model identify specificscenarios to focus
monitoring efforts. Models couldalsoinclude human healtimpact associated witlexposure
via CECs ifreshwaterpathways. Candidate conceptual models have been identified; the
selection of a final set of conceptual models should be done when applying the prioritization
process.

9 Categorization should be performed igrto prioritization) to evaluate whether there is
sufficient occurrence or toxicity information for a given compound. A decision tree format can
be used to categorize all compounds, clearly identifying follow up activities.

o Prioritization should only bapplied to compounds for which there is sufficient
occurrence and toxicity data.

o0 Additional priority compounds can be identified as those with toxicity data supporting
the conclusion thathe PNEC < 0.1 jig.

0 Investments in analytical method developmentecotoxocity evaluation should be
made for compounds for which there are not sufficient data.

9 The prioritization process should be Hs&sed and based on a comparison of exposure levels
versus effects levels.

o Occurrence data should be measured, naidaled, unless the model has been verified
for performance for the environment and compound in question. Data should be of
sufficient quality and quantity to determine tH#sth percentileconfidence interval.

0 Toxicity data should be represented as a PN&Sed orexperimental results on
organisms representing at least three trophic leveélexicity data should not be
obtained through QSAR modeling unless the models have been verified to be
representative for the compound in question.

1 The use of biologic&ndpoints should be an integral part of the CEC monitoring and
prioritization program the following steps should be considered:
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o ldentify biological endpoints that are diagnostic for specific modes of toxic action

0 Assess feasibility of measuring seledbéalogical endpoints in Puget Sound relevant
species

0 Rely on existing monitoring data, begin to identify potential modes of toxic action (e.g.
mutagenic / carcinogenic, estrogenic) associated with contaminants occurring in Puget
Sound

o Prioritize modes oaction based on likelihood of impacting fish and othquatic
animals

1 This process has been developed within the Puget Sound Ecosystem Monitoring Program Toxics
(PSEMPWorkgroup, and in conjunction with the Columbia River Toxics Reduction Working
Group n order to increasé¢ransparency ad stakeholderinvolvement. This involvement will
continue through the refinement and application of the CEC prioritization prod&sadvisory
process should be develop to review the proposed procesislémtifyingCECs. This should
include ultimate enelisers of the process, and incorporate knowledge and concerns across the
region.

1 The next step in developing a target list of CECs for monitoring for Puget Sound would be to
apply the risk based approach recommendedekisting information in Puget Sound. The
outcome of this effort would then be subjected to expert pasd stakeholder review
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TABLES

Southern California

San Francisco

Oregon

Prioritization

monitoring f the CEC
exceeded ristbased

Tiered prioritization
based on risk and

(chemicals with
friends), available

Estuary Institute: Washington
Coastal Waters stuary Institute Department of ashingto
: Regional . Department of
Research Project Monitoring Environmental Ecology
(SCCWRP) Program Quality
CECs with no
Compoundsof CECs with no Defined chermcals regulatory limits Not. rule maklng but
Interest regulatory limits based on science, Compounds investigatory
usage, PBT partially definedby monitoring
legislative process.
Exposure scenarios
including WWTP Estuary and marine Relevant media for
Media effluent in rivers and Y each chemical
. . water
estuaries and marine group
sediments
Usage, stakeholder
Selectedor review, political

Define chemicals
based on usage

monitoring quotient management benchmarks and (TRI) and PBT
cost
Highest
prioritization based
Moving toward on biological Available Available
EndPoints biological screening thresholds,
o benchmarks benchmarks
tools detection in apex
predators, and
unknown sources
Technical panel
Stake_holder gnd members reviewed| Agency reporting PSEMP working
Transparency technical review : .
chemical and review groups
panels e
classifications
Leverage;
additional Leverage
groups or stakeholder process PSEMP and other
resources including NIST, programs
involved in universities, etc.
program

Tablel. Summary ofedectedpointsfrom review ofregional progams thathave performed an
evaluation and/or prioritization of Contaminants of Emerging Concern in the environriregeneral,
each program made decisionencerning factors listed on left column which impacted the
implementation of the monitoring program.
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Year Analytes Matrix Site Description Summary Methods Reference
Selected compounds with hiogh frequency|1 L water sample James, C.A., Miller-Schultze, J.P., and Ultican, S.
Freshwater 20 sites with range of septic |occurrence can be associated with septic |SPE Contaminants of Emerging Concern and their Use a
2014 25 anthropogenic CECs WWTP effluent system impacts system impacts LC/MS Tracers of Bacterial Pollutiom preparation
Sanpshot of 40 samples in Pu{Snapshot - range of concentrations nad Miller-Schulze, J.P., Gipe, A., and Overman, D.
Sound. detection frequecies. Some correltions 1L water sample Contaminants of Emerging Concern in Puget Sound
20 samples at Foss for time  |between conservative compounds. SPE Comparison of Spatial and Temporal Levels and
2014 25 anthropogenic CECs Marine Water series. TIme series - limited correlations LC/MS Occurrenceijn preparation
Associated Ref:
EDCs: da Silva, D. A. M.; Buzitis, J.; Reichert, W. L.; West,
MTi MSAGNI RAZ2E 0 O'Neill, S. M.; Johnson, L. L.; Collier, T. K.; Ylitalo, G|
SEGNR2f 69003 | EE2, OP and NP were below LOQ. Fish bile extraction an{Endocrine disrupting chemicals in fish bile: A rapid
ethynylestradiol (EE2), bispheno .t gl & FNBIdzSydt e [processing method of analysis using English sole (Parophrys
(BPA), octylphenol (OP) and Male and female English sole [higher is fish bile from urban and near-urb{SPE vetulus) from Puget Sound, WA, USA. Chemospherg
2013 nonyphenol (NP) Fish bile from 10 locations sites. LC/MS 2013, 92 (11), 1550-1556.
Long, E. R.; Dutch, M.; Weakland, S.; Chandramouli
14 of 119 PPCPs and 3 of 13 PFASs were Benskin, J. P., Quantification of pharmaceuticals,
abpve LOQ. Diphenhydramine was most personal care products, and perfluoroalkyl substanci
30 sites in Bellingham Bay frequently detected (87.5%). Triclocarban in the marine sediments of Puget Sound, Washingto
119 PPCPs and 13 perfluoroalky| 10 sites throughout Puget was detected in 35.0% of the samples. PHEPA Method 1694 USA. Environmental Toxicology and Chemistry 2013
2013 substances (PFASs) Marine Sediments |Sound were detected in 2.5% of analyses. (LC/IMS) (8), 1701-1710.
Dutch, M.; Weakland, S.; Partridge, V.; Welch, K.,

13 of 119 PPCPs and 3 of 13 PFASs were Pharmaceuticals, personal care products, and

above LOQ. Triclocarban, diphenhydrami perfluoroalkyl substances in Elliott Bay sediments: 2
119 PPCPs and 13 perfluoroalky| and triamterene were detecetd > 50%. PF/EPA Method 1694 data summary. Washington State Department of

2013 substances (PFASSs) Marine Sediments (30 sites in Elliot Bay were detected in 6.9% of analyses. (LC/MS) Ecology publication no. 14030xin draft.

73 of 145 compounds detected in reclaime

water.

15 compounds detected in groundwater at|PPCPs Johnson A and P. Marti. 2012. Pharmaceuticals, per:

lower concentrations than reclaimed water|EPA 1694 care products, hormones, and sterols detected in

WWTP (tertiary) Carbamazepine, meprobamate, and process water and groundwater at three reclaimed

118 PPCPs and 27 hormones aneffluent 3 reclaimed water facilities anqsulfamethoxazole were consistently detectfHormones water treatment plants. Publication 12-03-032.

2012 sterols Groundwater groundwater at recharge sites |in reclaimed water and groundwater. EPA 1698 Washington State Department of Ecology, Olympia,
Most chemcials were detected more Keil, R.; Salemme, K.; Forrest, B.; Neibauer, J.; Logs
frequently and at a hgher range of M., Differential presence of anthropogenic compoun

37 compounds - 15 anthropogen concentrations in Puget Sound compared {1-2.5 L Water Samplegdissolved in the marine waters of Puget Sound, WA
8 suspected anthropogenic, 14 [Marine Water Puget Sound (n=66) and Bark|Barkley Sound, suggesting anthropogenic [SPE Barkley Sound, BC. Marine Pollution Bulletin 2011,
2011 mixed source. Sound (n=22) impact. GC/MS (11), 2404-2411.
and L.L. Johnson. 2011. Development of an enzymg
linked immunosorbent assay for quantifying vitellogg
Method development. in Pacific salmon and assessment of field exposure
Vitellogenin levels in juvenile Fish plasma and |6 sites (urban and non-urban)|Fish from 2 of 3 urban sites had elevated \Developed ELISA for |environmental estrogens. Environ Toxicol Chem
2011 salmon serum Puget Sound levels compared to non-urban VTG onYnttqnyco
406 compounds total Hope, B. K.; Pillsbury, L.; Boling, B., A state-wide su
118 persistent defined by SB737| 15 methods were usedin Oregon (USA) of trace metals and organic chemic
PPCPs, pesticides, industrial 52 WWTPs in Oregon with to capture suite of municipal effluent. Science of the Total Environment|
2010 intermediaries, metals WWTP effluent discharge > 1 MGD 114 compounds detcted above the LOQ. |analytes. 2012, 417, 263-272.
14 surface waters throughout
Freshwater Washington. Three rivers and|Total PFC ranged from 1.11-185 (median 5Water Furl, C. and C. Meredith. 2010. Perfluorinated
WWTP effluent one lake in Puget Sound 7.47) ng/L in spring, and <0.9-170 (median|1 L sample compounds in Washington rivers and lakes. Publica
Fish tissue watershed. Two sites along |3.60) ng/L in fall. At least one PFC was |SPE 10-03-034. Washington State Department of Ecologyf
2010 13 perfluoroalkyl acids Osprey eggs Columbia river. detected in all but 2 samples. UPLC/MS/MS Olympia, WA, USA.

Table 2: Regional studies investigating the occurrence of Contaminants of Emerging Concern in the aquatic environmeatexyastdstormwater
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Year Analytes Matrix Site Description Summary Methods Reference
WWTP effluent:
210 compounds (PPCPs, PCBs,
PBDEs, legacy compounds, Sampling performed in nine cities. In WW Morace, J. L. Reconnaissance of contaminants in
pesticides, Hg, and estrogenicity, effluent, 53% of compounds were detected selected wastewater-treatment-plant effluent and
Stormwater: with DF generally >80%. Similar patterns oj stormwater runoff entering the Columbia River,
PCBs, PBDEs, organochlorine WWTP and sotmrwtaer detection detected among the WWTPs. Columbia River Basin, Washington and Oregon,
compounds, PAHSs, pesticides, |WWTP effluent collected at 9 cities along In stormwater, 58% of analytes detected. Hnny¢mny ' {D{ {OASYGATA
2008 - 2010 |trace elements, Hg, and oil and |Stormwater Columbia River. Stormwater was heterogeneous. GC/MS asdescribed HaAMHCcpAncy T ! ®{d DS2f 2340
EPA Method 1694 Lubliner, B.; Redding, M.; Ragsdale, D. Pharmaceuti
One sample collected at influent, effluent, [(HPLC/MS/MS) and Personal Care Products in Municipal Wastewatg
172 organic compounds (PPCPs|WWTP influent 5 WWTPs total. 2 secondary |and biosolids at each site. There was a w|EPA Method 1698 and Their Removal by Nutrient Treatment Technolog
hormones, steroids, semi-volatilgWWTP effluent treatment and 3 tertiary range of occurrence and removal. Some |(GC/MS) Publication Number 10-03-004.; Washington State
2008 organics) Biosolids treatment. compounds were only detected in biosolid{EPA Method 8270d  |Department of Ecology: Olympia, WA, 2010.
{®Pa® hQbSAffs Wo 2SaiGz |
Xenoestrogen exposure through 16 sites in Puget Sound. Significant levels of vitellogenin were found Xenoestrogen exposure and effects in English sole
vitellogenin measurements in 8 urban, 5 near-urban, and 3 |in male fish from several urban sites (Parophrys vetulus) from Puget Sound,WA. Aquat
2008 bottom fish. english sole non-urban. compared to non-urban. ¢C2EAO2f yyYHdcoy®
Dougherty, J. A.; Swarzenski, P. W.; Dinicola, R. S.;
Reinhard, M., Occurrence of Herbicides and
Pharmaceutical and Personal Care Products in Surfg
12 of 25 compounds were detected at leas|1-2 L Water Sample S|Water and Groundwater around Liberty Bay, Puget
25 compounds (PPCPs, flame |Surface Water 8 creek sites once. Only 3 compounds were detected inPOCIS passive sampl¢Sound, Washington. Journal of Environmental Quali
2007 retardants, herbacides) Groundwater 3 shallow groundwater more than one sample. LC/MS 2010, 39 (4), 1173-1180.
Nilsen E.B., R.R. Rosenbauer, E.T. Furlong, M.R.
Burkhardt, S.I. Werner, |. Greaser, and M. Noriega. J
Reconnaissance study Pharmaceuticals, personal care products and
Pharmeceutical compounds detected at anthropogenic waste indicators detected in streambg
Nine sites in Columbia river. [13/14 tributary sites, and 4/9 Columbia R. sediments of the lower Columbia River and selected
20 pharmaceuticals. Five sites in Willamette river. |sites. 16 of 33 compounds were detected.|Accelerated solvent |tributaries. Proceedings from 6th International
13 antidepressants. Two sites in Tualatin river. At least 2 Anthropogenic Waste Indicators|extraction. Conference on Pharmaceuticals and Endocrine
61 anthropogenic waste indicato Seven sites in tributaries or  |detected at every site. Detected compoun{LC-MS/MS Disrupting Chemicals inWater. Costa Mesa, CA:
2007 compounds. River bed sedimentslough. included EDCs. GC-MS National Grround Water Association. p. 15. (Paper
screening analysis for pharmaceuticals in wastewatel
Reconnaissance study treatment plant effluents, wells, and creeks in the
Tertiary WWTP effluent from |16 of 24 coumpounds detected in WWTP Sequim-Dungeness Area. Publication 04-03-051.
Sequim and Sunland efflunet. Only caffeine, nicotine, and 1 L water sample. Washington State Department of Ecology, Olympia,
Freshwater development and nearby creel metformin were consistently detected well [SPE USA.
2004 24 PPCPs WWTP effluent and groundwater and creek samples. HPLC/MS
Rounds, S.A., Doyle, M.C., Edwards, P.M., and Furld
E.T., 2009, Reconnaissance of pharmaceutical chem
10 site in urban stream 1 L water sample in urban streams of the Tualatin River basin, Oregor]
21 pharmaceuticals and representing gradient of SPE 2002: U.S. Geological Survey Scientific Investigation
2002 metabolites Surface Water development 6 of 21 compounds detected. LC/MS wSLIZNI HnndpcpMMpYE HH LD

Table2. Regional studies investigating the occurrence of Contaminants of Emerging Concern in the aquatic environment, wastevsitemaadier
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Category | Occurrence | Ecotoxicity Potential | Management Action
Data Data Risk?

1 + + Y Priority Compounds Include in
monitoring. Highest priority compounds
would be those with highest risk quotient.

6 + + N No further action

3 + - ? Develop measure of ecotmity

2 - + ? Develop monitoring programCan
prioritize compounds in this category
through hazard assessmeqfocus on
those with lowest effects levels

4 - + ? Develop analytical methods (if lacking),

5 - - ? Require both analytical and effects
investigation

Table3. Proposed categorization scherioe Contaminants of Emerging Concern (CB&s2d on availability of environmental monitoring data
or experimental ecotoxicity datd. abé¢ AYRAOFGSa GKSNB A & Azy/dRTiAoRk: @igSstficienRdata to cafryzodarS @1 € dzl
evaluation. The potential risk is determined based on the calculation of a risk quotient.
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FIGURES

Isthere sufficient
environmental

monitoring data?

IsLevel of
Isthere sufficient Quantification less
effectsdata? than
PNEC?
YES | : , NO ~ NO | - | YES
Doesthe CATEGORY3 CATEGORY 4
environmental P B Isthere sufficient
monitoring data Perform arigorous Develop Analytical effects data?
suggest risk? effect assessment | Methods |
YES | |
[ - _ 1 NO YES | : 1 NO
A 1 CATEGORY 6 CATEGORY 5
Apply Management Action - CATEGORY 2 s ===
(e.g., Derivation of Water No Predicted Impacts B e — Hazard Assessment
Quality Sandards, Chemical Remove from Monitori and Screening Sudy
P onitoring
Action Plan, etc) Monitoring
Inclusion in Monitoring
Program

Figurel. Proposed decision tree to categorize and group Contaminants of EmE&ugiagrns for follow
up actions. All compounds of interest can be categorized according to the decisiolCtragounds
with sufficient data to allow for a full ridkased evaluation will be in Category 1 or Category 6. Those
lacking will be assigned ather category. Investmerih monitoring, effects assessments, and/or
analytical method development will allow the eventualaategorization of compounds into Category 1
or Category 6 Adapted from von der Ohe et al (2012).
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Non-Freshwater Systems

Human health & quality of life

Freshwater Food Web

Figure2. Pressureslriven model detailing potential sources of contaminants to Puget Sound, the
compounds associated with a given source, and transport pathway from source to ecosystem and food
web.
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Terresirial System

(" Freshwater Systems

Referances:

Ruckelshaus et al. Pollution DPSIR
Pelletier and Mohamedali 2008
Osterberg and Pelletier 2012
Johnson et al. 2010 (TBIOS]

Figure3. Conceptual fate and transport model for bioaccumulative chemicals in Puget Sound. Note that
the loadingsand sourcesre general. Information on loading to a given ecosystem can be obtained by
combining the fate and transport model shown here withrad3ure Framework={gure2).
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Complex contaminant
mixtures
Emerging Legacy
synthetic synthetic
chemicals chemicals

Regulatory chemical monitoring needs:

e ’ (1) Single legacy chemicals - eg endosulfan
(2) Groups of legacy chemicals — eg PCBs
(3) Natural chemicals - eg cadmium

Natural
chemicals

Biological analysis
Chemical analysis

Confirmation

Fractionation Biological analysis

Figure4. Schematic of biological effeetbrected analysis with chemical monitoring to focus
investigation and identification of priority chemicals (adapted frgtatchinson et al., 2003
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LIST OABBREVIATIONS

=A =4 =4 =4 4 A

=

= =

= =4 =4 4 4 4 4 A A - A A A - - - - s o e

ADI¢ Acceptable Daily Intake

AOP¢ Adverse Outcome Pathways

B ¢ Bioaccumulation

BQc¢ Benchmark Quotient

CEQ;, Contaminants of Emerging Concern

EGo - Half maximal effective concentration. Concentration that induces a response level

halfway between the bseline and maximum
HV¢ Hazard Value

IGo ¢ The half maximal inhibitory concentration. Concentration that inhibits a given biological

process by half
Kow ¢ Octanol Water partitioning coefficient

LGo ¢Half lethal concentration. Concentration that kill3% of biological subjects following

exposure.

LDy ¢Half lethal dose. Dse that kills 50% of biological subjects following exposure.

LOAEL Lowes Observed Adverse Effect Level
LOEC Lowest Observable Effects Concentration
LOEIc Lowest Observable EffescLevel

MECc Measured Environmental Concentrations
MTQc¢ Monitoring Trigger Quotient

NOEILc No Observable Effects Level

P ¢ Persistence

PEQ; Predicted Environmental Concentration
PNEG, Predicted No Effects Concentration

PPCPR Pharmaceutical and PersainCare Products
PSEMPR Puget Sound Ecosystem Monitoring Program
QSAR,; Quantitative Structure Activity Relationship
RfD¢ Reference Dose

RQc Risk Quotient

RVc Risk Value

T ¢ Toxicity

TL¢ Toxic Loading

TDIg Tolerable Daily Intake

WWTP¢ WastewaterTreatment Plant
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APPENDIX ACEC PRIORITIZATIONERATURE REVIBWMMARY

This @pendixpresents a brief summary of published prioritization efforts. For each paper, the following
was recorded:

Summary

Compound grou the chemicals of interest which were included in the study

Determination of Environmental Concentratigra summary of thenethod used to determine

the environmental concentration, either measured or predicted

Endpointc the receptor of interest

Impact Measure; the measure by which the impact of exposure was quantified.

Evaluation Measure the measure that was used to quafiytthe level of potential impact

Prioritization Benchmark the method or level that was used to determine if a compound was a
priority

= =4 =4

=A =4 =4 =4

Summaries are included below.



Reference:
Dong et al. (2013)

Summary:
Prioritization of pharmaceuticals based on predicted occurrence (by # of prescriptions, metabolism, and
WWTP remowvid and environmental toxicity

Compound Group:
200 mostprescribed pharmaceuticals in US

Determination of Environmental Concentration
Predicted

Endpoint
Aquatic environment

Impact Measure
Mass Loading
Toxicity Threshold

Toxic Load (TL) =

Mass Loading=P xuxexd
P = mass of compound prescribeer year (kg/yr)
u = fraction of compound utilized by consumer (assume = 1)
e = fraction of compound excreted
d = fraction of compound discharged from WWTP

Toxicity Threshold12 endpoints considered:
(1) Adult Minimum Initial Dose,
(2) Human LOAEL (Lowe3bseved-AdverseEffectLevel),
(3) Rat LD50 (lethal dose for 50% of test population),
(4) Rat LOAEL,
(5) Mouse LD50,
(6) Mouse LOAEL,
(7) Algae 96h EC50 (concentration at which 50% of test population exhibit toxic effect)
(8) Algae Chronic Value (ChV, concentration showing mifisignt toxic effect during a 3@ay exposure
period),
(9) Daphnid 4&h LC50 (lethal concentration for 50% of test population),
(10)Daphnid Chronic Value,
(11)Fish 96n LC50, and
(12)Fish Chronic Value.

Evaluation Measure
e logTL; — logTL;
Y Std(logTL;)
TLij = toxic load of compound | on endpaint
TLj = mean toxic load of all compounds on endpoint |

Prioritization Benchmark
Higher P& higher priority



Reference:
Howard and Muir (2013)

Summary:
Identification of compounds of interested based on persistence and bioaccumulation potential
byproducts, impurities, and transformatigroducts

Compound Group:
Started with 610 P&B compounds from Howard and Muir (2010) and applied University of Minnesota
Biocatalysts/Biodegradation Database Pathway Prediction System

Determination of Environmental Concentration
NA

Endpoint
NA

Impact Measure
NA

Evaluation Measure
Bioaccumulation potential, log Kow, and biodegradability per EPI Suite software

Prioritization Benchmark

Bioaccumulation log Kow>3

Persistence BIOWIN1 or BIOWWIN5 models output < 0.5 (50% probability that biodegradaliomwt

be fast); or chemical structure suggest persistence using the (e.g., highly halogenated, highly branched,
nitroaromatic)



Reference:
Anderson et al. (2012)

Summary:
Assess CECs with highest potential to cause impact in Califeceiaing waters

Compound Group:
CECs with occurrence information reported in literature or in monitoring programs. Also included
compounds with NOEC < 0.1 mg/L.

Determination of Environmental Concentration
Measured- obtained from literature review

Endpoint
Human
Ecotoxicological

Impact Measure
No Observable Effects Concentrations (NOEC) from the literature

Evaluation Measure
MTQ (monitoring trigger quotient) = Max Environmental Concentration/NOEC

Prioritization Benchmark
MTQ > 1.0



Reference:
Roos et al. (2012

Summary:
Evaluate nine prioritizatioschemes in terms of ranking aimput data Found considerable viation in
ranking results Recommended improved exposure data

Compound Group:
582 active pharmaceutical ingredients available in Sweden

Determination of Environmental Concentration
Varied

Endpoint

Impact Measure

Evaluation Measure

Prioritization Benchmark



Reference:
Strempel et al. (2012)

Summary:
Screening of compounds based on predicted P, B, and T propestigzared to the threshold values
published in EU REACH program.

Compound Group:
~95,000 chemicals. Also to 2576 high production volume chemicals and 2781 "new" chemicals to
compare properties of replacement compounds

Determination of Environmental Concdration
Measured where available. Predicted based on EPA EPI suite

Endpoint
Aquatic organisms

Impact Measure

Persistence half-life measured or calculated in BIOWIN3
Bioaccumulation measured or calculated with BCFBAF
Toxicity- measured or ECOSAR

Evaluation Measure

TR . INoEC, . 1c, EC, |
miﬂ:%-‘l: mm:ﬁBCF’l: o 00T meL 0.1melL 0. JIL’ '>
PBT=E _13,.0 + _,.3000 i L 0.0l mg .3 mg dmgLl |

where:
t12 - degradation haHife in soil
BCF bioconcentration factor
NOEGhonic- chronic no observable effects concentration
LC50 acute lethal concentration to 50% of test subjects
EC50 acute effective concentration f@0% of test subjects

Prioritization Benchmark

PBT = 1, persistent, bioconcentrating, and toxic

PBT = (0.333, 1) compounds with one or more PBT threshold exceedance
PBT = [0, 0.333) nonpersistent, nonbioconcentrating, and nontoxic
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Reference:
Diamond et al. (20119 Method 1

Summary:
Evaluated three different methods: 1) risk only based on measured concentrations; 2) risk, persistence,
and bioaccumulation; and 3) toxicity, persistence, and bioaccumulation

Compound Group:
517 CECs which occur in US surface waters

Determination of Environmental Concentration
Measured/Occurrence Database

Endpoint
Aquatic organisms

Impact Measure

Method 1:

Risk- Compare measured environmental concentrations with predicted chronic or estiogéects
from EPA ECOSAR and PBT profiler.

Evaluation Measure

Prioritization Benchmark
Method 1:
risk > 0.1 => priority compound
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Reference:
Diamond et al. (20119 Method 2

Summary:
Evaluated three different methodg) risk only based on measured concentrations; 2) risk, persistence,
and bioaccumulation; and 3) toxicity, persistence, and bioaccumulation

Compound Group:
517 CECs which occur in US surface waters

Determination of Environmental Concentration
MeasuredOccurrence Database

Endpoint
Aquatic organisms

Impact Measure

Risk- Compare measured environmental concentrations with predicted chronic or estrogenic effects
from EPA ECOSAR and PBT profiler.

Bioaccumulation log Kow

Persistence Predicted degradatio in water" "

Evaluation Measure

Risk

risk > 0.1 = 3 points

0.01 >risk > 0.1 = 2 points
risk < 0.01 =1 point

Persistence

t1/2 > 180 days = 3 points

180 days > t1/2 > 60 days = 2 points
t1/2 < 60 days = 1 point

Bioaccumulation

log Kow > 5 = 3 points
3>log Kow > 5 = 2 points
log Kow < 3 =1 point

Prioritization Benchmark
1 o0wAal b t SNBAAUGSKDSitysompourdi OOdzydzZt F GA2Y 0 B T



Reference:
Diamond et al. (20119 Method 3

Summary:
Evaluated three different methodg) risk only based on measured concentrations; 2) risk, persistence,
and bioaccumulation; and 3) toxicity, persistence, and bioaccumulation

Compound Group:
517 CECs which occur in US surface waters

Determination of Environmental Concentration
Measured/Occurrence Database

Endpoint
Aquatic organisms

Impact Measure

Toxicity- Predicted chronic or estrogenic effects from EPA ECOAR and PBT profiler
Bioaccumulation log Kow

Persistence Predicted degradation in water" "

Evaluation Measure

Toxigty

< 0.01 mg/L = 3 points

0.01 < toxicity < 1 mg/L = 2 points
>1 mg/L = 1 point

Persistence

t1/2 > 180 days = 3 points

180 days > t1/2 > 60 days = 2 points
t1/2 < 60 days = 1 point

Bioaccumulation

log Kow > 5 = 3 points

3 > log Kow > 5 = 2 points
logKow < 3 =1 point

Prioritization Benchmark
1 o0wAal b t SNBAAUGSKDGitysompourdi OOdzydzt F GA2Yy 0 B T
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Reference:
Howard and Muir (2011)

Summary:
Identification of compounds of interested based on persistence and bioaccumulation potential
pharmaceuticals

Compound Group:
Approximately 2700 drugs identified by the UF®od and Drug Administration includes prescription and
overthe-counter drugs in addition to top 300 Rx prescriptions

Determination of Environmental Concentration
NA

Endpoint
NA

Impact Measure
NA

Evaluation Measure
Bioaccumulation potential, log Koand biodegradability per EPI Suite softwédre

Prioritization Benchmark

Bioaccumulation log Kow>3

Persistence BIOWIN1 or BIOWWIN5 models output < 0.5 (50% probability that biodegradation will not
be fast); or chemical structure suggest persistencagitiie (e.g., highly halogenated, highly branched,
nitroaromatic)
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Reference:
von der Ohe et al. (2011)

Summary:
Step 1- categorize CECs based on occurrence and toxicity data.
Step 2- (for those with sufficient information) prioritize CEC for each category

Compound Grop:
500 compounds identified in environmental measurements

Determination of Environmental Concentration
Measured. Data obtained in measurements in Elbe, Scheldt, Danube, and Llobregat river basins.

Endpoint
Aquatic Environment

Impact Measure
Predicted N Effects Concentration (PNEC):
Lowest of:

1) PNEGue

2) I:)NEQnonic

3) P-PNECLGY1000

Evaluation Measure
1) Frequency of Exceedaneaumber of times that MEC>lowest PNEC
2) Extent of Egeedance = MEC95/lowest PNE@lesl from G1

a) 1-10, 0.1 points,

b) 10-100,0.2 points,

¢) 100-1000, 0.5 points,

d) >1000, 1 point

PR = frequency of exceedance value + extent of exceedance

Prioritization Benchmark
PR = priority ranking

All



Reference:
Vulliet and CrefOlive (2011)

Summary:
Evaluate priority list of compounds (from Besse and Garric) in surface and groundwater intended for
human consumption

Compound Group:
52 pharmaceuticals and hormones

Determination of Environmetal Concentration
Measured

Endpoint
Humans

Impact Measure
Lifetime dose to humans

Evaluation Measure
I70 = total consumption based on consumption of water (2 L/d) with compound at maximum
environmental concentration for 70 years

Prioritization Benchmark
170 > daily therapeutic dose (TD) = priority compound

Al2



Reference:
Fick et al. (2010)

Summary:
Determined Critical Environmental Concentration (CEC) in water based on fish plasma model. Levels
above CEC are expected to cause pharmacological response in fish.

Compound Group:
500 pharmaceuticals

Determination of Environmental Concentration
NA

Endpoint
Aquatic organisms (fish)

Impact Measure

phbE e g e <

2 ] =I]| "' F

I= > s

Imog B qg»

HTPC = human therapeutic plasotacentration
CR = critical ratio. Effects conc. in fish vs effects conc. in humans.
Pblood:water = partitioning between water and blood (based on Kow)

Critical Environmental Concentration is based on steady g@titioning from water to fish plasma.
Assumption was that pharmacological response in fish would occur at same plasma concentration as
observed in humans

Evaluation Measure

Prioritization Benchmark
Ranked list based on Critical Environmental Concentration.

Al3



Rderence:
Gotz et al. (2010)

Summary:

Occurrencebased ranking. Identified 7 exposure catgge according to potential to occur in surface

waters based on physicahemical properties and input dynamics

Compound Group:

250 compounds based on EU Water Framework Directive and had been measured in Swiss surface

waters

Determination of Environmerdl Concentration
Predicted based on watesoil distribution, degradation time, and input

Endpoint
NA

Impact Measure
NA

Evaluation Measure
Distribution in water phase: equilibrium partitioning coefficients
Persistence:
t12 < 1 day = readily degradable
ti2 > 1 day, BIOWIN: moderately persistet moderately persistent
ti2 > 1 day, BIOWIN: highly persistest highly persistent
Input: continuous or complex

Prioritization Benchmark

Exposure category Distribution into water phase Persistence Input dynamics Potential to occur in surface waters®
I >10% High Continuous Very high

I =10% High Complex Very high

I >10% Moderate Continuous High

v =10% Moderate Complex High

v <10% ne ne Moderate-low

VI =10% Low nc Moderate—low

VII One of the attributes above is not known Unknown

Categories-IV are generally relevant for surface water quatind should be considered for further

monitoring or risk assessment
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Reference:
Howard and Muir (200)

Summary:
Identification of compounds of interested based on persistence and bioaccumulation potential
chemicals of commerce

Compound Group:
22 000 commercial chemicals from the Canadian Domestic Substances List and EP Toxic Substances
Control At Inventory Update Rule

Determination of Environmental Concentration
NA

Endpoint
NA

Impact Measure
NA

Evaluation Measure
Bioaccumulation potential, log Kow, and biodegradability per EPI Suite software

Prioritization Benchmark

Bioaccumulation log Kow>3

Persistence BIOWIN1 or BIOWWIN5 models output < 0.5 (50% probability that biodegradation will not
be fast); or chemical structure suggest persistence using the (e.g., highly halogenated, highly branched,
nitroaromatic)
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Reference:
Kumar and Xagoraraki (2010)

Summary:
Applymulti-criteria rank scheme for EDCs and PCPPs in surface water and drinking water

Compound Group:
100 PCPPs and EDCs

Determination of Environmental Concentration
Measured

Endpoint
Human
Eco toxicological

Impact Measure
Weighted sum of ranking criteriaccurrence, treatment, ecological effects, and health effects.

Evaluation Measure

The value of each of the criteria is based on the determination of specific utility functions. And a
weighting scheme. For example, the value of Occurrence is the avefrége utility function for
prevalence and magnitude, as shown below. Values of each criteria are added to determine ranking.

Prioritization Benchmark
Based on final ranking value
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