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Executive Summary

California presently recycles approximately 650,000 deet of water per year, but has
identified the potentid to reuse an additional 1.5 million acfeet in the future To encourage
expanded reuse in a state that is experiencing water shortages, the California State Water
Resources Control Board (SWRCB) adopted a Recycled Water Policy in February 2009 intended
to provide permitting clarig for recycled water project©ne challenge in developing that
policy was how to address new classes of chemicals, syaeasiaceuticals, current use
pesticides, and industrial chemicals, collectively referred tchasnicalsof emerging concern
(CECs). Many CECs are potentially present in recycled watéhehdetection ofmanyof these
chemicalss so recent that robust methods for their quantificatiand toxicological data for
interpreting potential human or ecosystem &léh effects are unavailable.

Recognizing that consideration of CEC effentbuman health and aquatic life a rapidly
evolving fieldand that regulatory requirements need to be based on best available sgidree
SWRCIhcluded a provision in thedgycled Water Policy to establish a Science Advisory Panel.
¢CKS tlIyStQa LINAYFNE OKIFNHS Aa (2 LINRPOARS 3IdzZAR
assespotential CEGhreats from various water recycling practices, including indirect potable
reuse viasurface spreading; indirect potable reuse via subsurface injection into a drinking water
aquifer; and urban landscape irrigation

The Panel was formed in May 2009 and includes six national experts in the fields of
chemistry, biochemistry, toxicology, egmiology, risk assessment and engineering, with more
than 100 years of combined experience investigating CEC issudRaiiélbeld four in-person
meetings and numerous conference calls over the last.ydameetingsincludedthe
opportunity for stakehdder input in clarifying their chargexchange oinformation, dialog
with the Panel and consideration of public comments on the draft repints report provides
0KS NBadzZ Ga FTNRY (KS tlySfQa RSfAOSNSBtitea 2y asz A
in refining its recycled water policy.

Product #1: A conceptual framework for determining which CECs to monitor

Given that thousands ohemicalsare potentially present in recycled water and that
information about those chemicals is rapidly evotyithe Panel recommends that the State
rely on atransparent sciencebasedframework to guide prioritization of which CECs should be
included in recycled water monitoring programs both now and in the future as additional data
become available. FiguES RS a ONR 6 Sa GKS tIySftQa NBO2YYSYRSR
four steps:

1. Compile environmental concentrations (e.g., measured environmental
concentration or MEC) of CECs in the source water for reuse projects;

2. Develop amonitor triggering levelNITL for each of these compounds (or groups
thereof) based on toxicological relevance;

3. Compare the environmental concentration (e.g., MEC) to the MTL. CECs with a
a9/ ka¢[ NFYGA2 3ANBIFIISNI GKIFY amé &aKz2dAZ R 0S5
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witharatiolessthy Gmé akKz2dzZ R 2yfeé 6S O2yaiARSNBR
treatment process performance indicators; and,

4. Screen the priority list to ensure that a commerciaiyailable robust analytical
method is available for that compound.

This part of the frameworls focused orCEC#$or which there are concentration data from
recycled source water and toxicological information. The framework also includes a provision
for prioritizing chemicals for which such information is presently unavailable and which are
referred to in the framework ag dzy' 1 Y 2 6 Y dggrth¢se éhghndicals, the framework
focuses orthe prediction of environmental concentrations and thse of bioanalytical and
chemical screening methods to identify chemicals for which there is the greatestaygn
developing MEC and MTL data for

further assessment. The Panel e

understands that a chemichly- ,‘

chemical approacfor prioritization BN

of CECs is difficult because of limited m demtified Cs?
resources and the growing number v

of CECs beirigentified. The Panel e _ Deembee mozaned
recognies that bioanalytical v e
methods will likely be the best way | sty usacuns .

to accomplish this task. Althoughe | " ey

USEPAave developed high ) <>, Dol Montorng
throughput bioanalytical screens for K

chemical testing, a prioritization

framework for the evaluation of — ——

water using bioanalytical metls is MEC/MTL1 MEC/MTL<1

not available at this point in time. = \
However, the Panel encourages this Sutable
topic to be a focus of researemnd ™ ows | e

development and futureeview : .
meetingsby an independent advisory e
panel(suggested foR013) as more commercially available

. . . analytical methods exis!
information becomes available. i

Figure ES1. Conceptual framework to prioritize CECs for
inclusion in recycled water monitoring programs.

In addition to defining an approach to sel€ZECs to monitor based on thptential to
pose ahealth risk, the Panel also defined an approach to idgntiflicator compounds for
assessing treatment performance. Most reuse projects employ multiple treatment processes
with a demonstrated ability to remove contaminants, but the treatment processes need a
monitoring program designed to protect against systed® NJF 2 NY' I y OS FI A f dzZNBa o
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recommended approach for monitoring removal of CECs during treatment is to use a
combination of surrogate parameters and CEC indicator compounds tailored to monitor the
removal efficiency of individual unit processes. Adi¢ator compound is an individual CEC that
represents certain physicochemical and biodegradable characteristics of a family of trace
organic constituents. The indicator compounds are relevant to fate and transport of broader
classes of chemicals and pid& a conservative assessment of removal during treatment. A
surrogate parameter is a quantifiable change of a bulk parameter that can measure the
performance of individual unit processes (often in riiade) or operations in removing trace
organic compouds and/or assuring disinfection.

Product #2: Application of the framework to identify a list of chemicals that should be
monitored presently

To assist the State in shedrm program implementation, the Panel compiled available
California MEC data ancetdvedinitial MTLs from drinking water benchmarks to apply its
recommended screening approach and identify the chemicals that should be prioritized for
present CEC monitoring. In applying the framework, the Panel madenaer of conservative
assumptionge.g.,MECs reported to the Panel are indeed representative for the entire state
analytical method used to quantify are accuraté;.) to maximize the number of candidate
chemicalghat are toxicologically relevant.

For groundwater recharge project®ur indicatorcompounds were prioritized based on
their toxicological relevancéN-nitrosodimethylamine 1 7beta-estradiol,caffeine, and triclosan.
In addition, four additionaCEC¢N,N-Diethylmeta-toluamide (DEET), gemfibrozil, iopromide
and sucraloseyere identifiedfor surface spreading and direct injection operati@ssviable
performance indicator compounddong with certain surrogate parameters (e.g., ammonia,
dissolved organic carbon, conductivity), which differ by the type of reuse prattie®anel
also recommended method reporting levels (MRLSs) that were compound specific and that
ranged from 1 to 100 ng/L for these CEH&s. monitoring programs to assess CEC threats for
urban irrigation reuse, none of the chemicals for which measurement otsttand exposure
data are available exceeded the threshold for monitoring priority. This is largely attributable to
higher MTLs because of reduced water ingestion in a landscape irrigation setting compared to
drinking water. For irrigation applications,glPanel recommends monitoring emphasis be
placed onuse of surrogate parameters that can demonstrate that the treatment processes
employed are effective in removing CECs.

The Panel emphasizes thalt compounddisted aboverepresentan initiallist basedon the
limited data that are presently available and on a number of qualifying assumptions discussed
in the report.The Panel believes it is critical to emphasize that if a measured or predicted
concentration of a CEC at the point of monitoring (POM) edsats respective MTL, the finding
R2S&8 y20 AYRAOFIGS || LlzotAO KSFHEGK NAR&a] SEA&GA
proposed framework are developed to be conservative and used only for the purpose of
prioritizing CECs for monitoring. The Per@d LINRP L2 aSR a9/ ka¢[ NI GA2a
make predictions about risk.
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While thepriority list of CECspresensl O2y A SN G6A GBS aONBSyAy3a 27F
information available for such screening is growing rapidlytaedPanel urges th&tate to
reapply this prioritization process on at least a triennial bdsisrder to fill data gaps for CECs
with limited or no information on MECs in California, the Panel suggests that the State initially
conduct a more thorough review of CECs likelgccur in recycled water using MEC and
predicted environmental concentration (PE@ja from the peerreviewed literature and
200dzNNBy OS aitdzRASa 2dziaARS / FEAF2NYAIFI® ¢K2a$s
be placed on a secondary monitogitist that is measured less frequently to confirm either
presence or absence of these CECs in recycled water in Califoraddition, this secondary
monitoring list could be populated by CECs that exhibit a relatively low MTL (less than 500 ng/L)
based2y G KS tIyStQa AyAlGAlFIfT &AONBSyAy3d 2F @I NRA 2 dz
STF2NI & f2y3 6AGK GKS Y2yAdG2NARAy3 RIEGF O2fttS
can provide the basis for revising the proposed initial monitoring lisihduthe next, and each,
triennial review.

Product #3: A sampling design and approach for interpreting results from CEC monitoring
programs

The Panel recommendsphased, performancéasedapproach for implementing CEC
recycled water monitoring prograsnanda multi-tiered framework forinterpretingthe resulting
data. Use of multiple tierallows for a flexible, adaptable response to increase or decrease the
information requirements from the monitoring program based on the initial results, providing a
cost-effective means for incremental information gathering. The report also contains specific
performancebasedrecommendations regarding strict sampling aarthlyticalmeasurement
guality assurance guidelines that are required at eplohse

The firstphase involves screening that would be initiated at project stgptand continue
through the early years of project operation. Recommended monitoring frequency during this
first phase would be quarterly at project starp decreasing to twice annually for meomature
operational phases. If a specifiE@onsistently exhibits low occurrencthe Panel
recommends deleting th€EQGrom further monitoring provided that production data do not
suggest a significant increase in us&CECs exceed thresholdsntified in the report, the
Panel recommends moving to a second phase of enhanced monitoroanfom the presence
and frequencyof suchCEC(s)The third phase, should concentrations continue to be high
would require initiation ofsource identificabn and/for toxicology studiesThe finalphase
would involve engineering removal studies and/or modification of plant operation if found to
be warrantedby the results othe third phase

While the Panel provides recommended thresholds for each of these phasesgreative
values were selected because of limited MEC data and constraints on the time the Panel had to
review toxicological information. The Panel also understands that differences in recycled water
quality and facility operations will occur by regiamdathat investigation of chronic exceedances
will need to be tailored on a regionalr caseby-case basidMoreover, the Panel recognizes that
these monitoring recommendations are appropriate for investigative purposes and should not
be construed as direlst applicable for determination of regulatory compliance.
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Product #4: Priorities for future improvements in monitoring and interpretation of CEC data

The science of CEC investigation is still in its early stages and the State can undertake
several advitiesthat will greatly improve both monitoring and data interpretation for recycled
water managementThe Panel provides a number of such recommendations, including: 1)
Develop and validate more and better analytical methods to measure CECs in recgtded)
Encourage development of bioanalytical screening techniques that allow better identification of
GKS adzy 1 y26y dzy:and beyetop apikotessiopredici likely environmental
concentrations of CECs based on production, use and enveotaifate as a means for
prioritizing chemicals on which to focus method developmemd toxicological investigation.
These investigations should be conducted with guidance and review by a Science Advisory
Panel.

In addition to these research recommeritms, the Panel recommends that the State
develop a process to rapidly compile, summarize, and evaluate monitoring data as they become
available. The Panel further recommends that the State establish an independent review panel,
such as this one, that caovide periodic review of the proposed selection approach, reuse
practices, and environmental concentrations of ongoing CEC monitoring efforts, particularly as
data from the monitoring programs recommended here become available.

Vi
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1.0 Introduction

1.1 Background
wSOeOf SR 4IFGSNI Aa 06SO2YAy3 |y AYyONBIlIaay3ate A
California presently recycles approximately 650,000 &ee¢ of water per year, an amount that

has doubled in the last twenty yeaf@/ateReuse, 2010Future reuse ptential in the State is
estimated to bean additional 1.4 to 1.6 million acffeet per year by 2030.

To encourage expanded reuse in a state that is experiencing water shortage, the California
State Water Resources Control Board (SWRCB) adopted in Bep0@® an updated Recycled
Water Policygdopted underResolution No. 2009011) intended to provide permitting clarity
while ensuring protection of water quality. The Policy states that local water and wastewater
entities, together with stakeholders, wiund locally driven and collaborative processes to
develop salt/nutrient management plans for each groundwater basin-sagin in Californian
addition, the Policy and supporting information provide further definition and clarification to
the collaboative roles of the SWRCB, the California Department of Public Health (CDPH), the
Regional Water Quality Control Boards (RWQCB), and the California Department of Water
Resources (DWR).

One challenge in developing that policy was how to address new classesricals, such
aspharmaceuticalendpersonal care products (PPCRsirently usedpesticides, and
industrial chemicals, collectively referred to@semicalnf emerging concernQECS)This
diverse group of relatively unmonitored chemicals has bieemd to occur at trace levels in
wastewater discharges, ambient receiving waters, and drinking water supplies, but many of
them areso new that standardized measurement methods and toxicological data for
interpreting their potential human or ecosystem Htaeffects areunavailableThislack of
0FlaA0 AYyTF2NXIFGAZ2Y YR GSOKy2ft238 (2 STFFTFAOASYD
assess their potential risks and develop regulatory proto¢als many of these chemicals, even
information about productspecific apptations isunavailable, making it difficult to ascertain
the probability of exposure and the potential to impact beneficial uses of water resources in
California

1.2. The Science Advisory Panel

Recognizing that consideration of CEC effeatbuman health and aquatic lifs a rapidly
evolving fieldand that regulatory requirements need to be based on best available scigree
SWRCIhcluded a provision in the Recycled Water Policy to establish a Science Advisory Panel
that would provideguidance in developing monitoring programs that assesgttential
health threatof CECs from various water recycling practidése Panel was formed in May
2009 and includeé six national experts in the fields of chemistry, biochemistry, toxicology,
epidemiology, risk assessmemind engineeringThese experts have more than 100 years of
combined expeence investigating CEC issukdirief biography of each panel member is
provided in Appendix A:

e Dr. Paul Anderson,RCADIS and Boston University
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e Dr. Narry Denslow, University of Florida

e Dr. Jorg E. Drewes, Colorado School of MiGésif)

e Dr. Adam OlivierEOA, Inc.

e Dr. Daniel Schlenk, University of CaliforRiaerside

e Dr. Shane Snyder, Total Environment Solutions, Inc.

ThePanelheldfour in-person metings and numerous cderence calls. Theeetings
includedthe opportunity for stakeholder input in clarifying their chargexchange of
information, dialog with the Panel and consideration of public comments on the draft report
This report provides thtlS & dzf 6§ & FNRY GKS tIFyStQa RSt AOSNI GA

1.3 Charge to lhe Science Advisory Panel

The Panel was provided with five specific charge questions (see accompanying box), but was
generally asked to review the occurrence, relevance, and quantification ofiCECgcled
water in the State of California with the goal to provide recommendations for development of a
monitoring program of CECs in recycled waldre Panel was asked to focus on three reuse
practices in which CECs may represent a potential

threat to human and aquatic health: Charge to the Science Advisory Pane
1) Indirect potable reuse via surface spreading of =«  what are the appropriate constituents
recycled water; to be monitored, including analytical

2) Indirect potable reuse via subsurface injection o methods and method detection limits

recycled water into a potablaquifer; and O WSS e e teriesiepes]

S _ information for he above constituents?
3) Urban landscape irrigation with recycled water.  ;  \would the above lists of constituents

change based on level of treatment anc
use? If so, how?

The Panel chose focus its recommendations on , \vnat are possible indicators that

toxicological relevance of CECs to human health represent suites of CECs?
because most water reuse practices have limited 4 \hat levels of CECs should trigger
impact on ecological receptorse@ Appendix B for a enhanced monitoring of CECs in reaycl

more detailed discussionther reuse practices that water, groundwater, and/or surface
could result in dischamgof recycled water to surface waters?

water, estuaries, and the ocean were also not

addressed by the Panel. Howevlre SWRCB, in

collaboration with the Packard Foundation, established another Science Advisory Panel in
January 2010 that was charged to addres€ @ischarge to the ocean and potent#éfiects of
exposureof humarsand ocean lifédo CEC&om this practice. The report issued by the ocean
discharge panel is forthcoming in the spring of 2011.

In considering the charge, the Panel defined CECs to remresrsonal care products,
pharmaceutica including antibiotics and antimicrobialsdustrial, agricltiural, and household
chemicals; natural hormonefod additives (e.g., phyt@rogens, caffeine, sweeteners);



CEC Panel FINAL REPORTJune 2010 Section 1

transformation products, inorganic coristents (e.g., boron, chlota, gadolinium)and
nanomaterials. The Panalsochose not to consider the occurrence of waterborne microbial
pathogensor their acquisition of antibiotic resistanc&iven the multiple barrier concept and
water treatment proess redundancy requirements in place, the Panel believes that the
potential public health risk associated with exposure to pathogens in recycled water used for
landscape irrigation or groundwater rechafde very small. However, the Panel acknowledges
that some uncertainties exist regarding the occurrence of emerging waterborne microbial
pathogens and encourages additional research into their fate in water reuse systems.

The Panel digrovidea cursory review c@ntibiotic resistance in relation to wateeuse
practices (see Appendix C) amedlizedthat the issue was complex and that a thorough
treatment required more resources than the Panel had accesdwvertheles based on the
cursory review the Panel conducted, antibiotic resistadaes not appeato be an issue with
the water reuse practices considered, but the Paaleb recommensdthat a more appropriate
panel (e.g., Centers for Disease Control and Preventmmplete a morghorough review and
gl £ ARI UGS préliiSarytconglSione a

1.4 Organization of theReport

This report contain® sectiors and13 appendicesThe remainder of thisectiondescribes
the potential exposurescenariodor each of the three reuse practices tRanel was asked to
consider. Sections 2 throughprovide bacground material on the regulatory framework for
CECs, the water reuse practices in Califgama a review of toxicological relevanceCECs.
Sections 5 through describe the California relevant information needed to develop a
recommended monitoring pgram. Sectioy RS & ONX 6 Séopodel Bamework forf a Q
selecting CECs for monitoripgogramns, and Sectiond summarizesi KS t | ySf Q&
recommendations

1.5 Reuse Practices and Pathways to Exposure to CECs

To illustrate potential pathways of exposusé CECs to humans and aquatic life for the
three reuse practices the Panel was asked to consider, the key treatment elements of each
application, the points afmonitoring (PQMs) from a regulatory standpoint, and potential points
of exposure (PGEto humans and aquatic life are illustrated in Figures 1.1 to 1.3.

Groundwater recharge to augment drinking water supplies is currently practiced in several
reuse projects in California. These projects apply recycled water either via surface spreading or
subsurfce injection. Surface spreading operations utilize recycled water with a quality equal to
that resulting from tertiary treatment that then is applied to infiltration or recharge basins.
Subsequently, this water is subjected to sauifer treatment (SATresulting in additional

! Multiple barriers for the groundater recharge projects includsmurce control andonsideration of the
treatmernt processes at the water recyclimant, attenuation duringgroundwaterrechargeincluding detention
time, dilution, and dieoff, and various potable water treatment processes associated with the production of
finished potable water.
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improvements of water quality in the subsurface. During recharge, recycled water is subject to
dilution with native groundwater and other recharged water sources, such as stormwater and
imported surface water. Subsurface injectiprojects require more advanced treatment prior

to injection and also take advantage of dilution with native groundwater and recharged water
from other sources. For groundwater recharge projects in California, the recharged water is
required to remain in tk subsurface for a minimuf sixmonths prior to extraction. Following
extraction, the water is disinfected and may also receive other forms oftpeatment prior to
entering distribution systems for drinking water supply.

1.5.1Surface Spreading Opédrans

For surface spreading operations, the Panel recommends monitoring for CECs in the
recycled water applied to a spreading basin amthe mound of the uppermost groundwater
or a lysimeter in the vadose zone (Figure 1Thjs monitoring regime willonfirm the presence
of CECs and allow an assessment of the efficiency ofC®ASidering the ubiquitous
occurrence of many CECs, it is noteworthy that CECs in recharged groundwater can also be
introduced through other sources such as natural recharge sarface ruroff or blending
with native groundwater that is impacted by CECs.

3° Treatment

Diluent:
Stormwater
Surface Water

. all PoM |
v N
. 4

v 6 months

Diluent
—_— Native
Groundwater

Figure 1.1. Conceptual model of surface spreading reuse operations in California (recycled water
contribution <50% at point of extraction).

For the practice of suatce spreading, the Panel discusgedential POEs faremaining CECs
relatedto human health and identified agxtractionor pumping well downstream of the
spreading operation as the most important pathway for potential exposure. Due to the depth
of groundvater where surface spreading is practiced, recycled water used in groundwater
recharge operations usually does notfdicate into lakes, reservoirs, or streams located
downstream of a recharge facility. Thus, the Panel felt that the potential expos$imenoans or
aquatic life to CECs in recharged recycled water in surface water sources downstream of the
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recharge basins is considered negligible (Figure 1.1). Surface spreading operations are usually
subject to wet/dry cycles involving periodic drying akaharge basin. This mode of operation
does not provide a habitat for establishment of perennial fish populations. Thus, the Panel felt
that both the exposure of aquatic life, such as fish, to CECs in spreading basins during a wet
cycle as well as humaaxposure to CECs through consumption of fish from spreading hasins
assumed to be negligible.

1.5.2Subsurface Injection Operations

For direct injection into a potable aquiferojects using highly treated recycled water, the
POMis the recycled wateafter aboveground advanced treatment prior to injection into an
aquifer (Figure 1.2). Considering the isolation of recycled water from direct contact after
injection into the subsurface, the Panel concluded that any potential exposure to humans by
remainng CECs in recycled water is limited to water extracted from the pumping well
downstream of a recharge facility.

Membrane Filtration
|
Reverse Osmosis Concentrate
|
Advanced Oxidation Process
(UV/H,0,)

— A >
% | \ 12 mnnths\‘ Diluent:

Surface Water
Native Groundwater

Figure 1.2. Conceptual model of subsurface spreading reuse operations in California (recycled water
contribution >50% at point of extraction).

In California, direct injection projects require treatment of recycled water using reverse
osmosis (RO) followed byn some caseg advanced oxidation processes (AORNdRse
0sSmosigs a physical separation process generating a concentrate tmtams all chemicals
that are rejected by the RO membrane. CECs are concentrated in this brine stream and where
ocean discharger discharge to surface wates practiced, aquatic life can be exposed to CECs
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at the point or in the vicinity of the dischargPotential exposure pathways to CECs from this
practice were not addressed by this Panel but will be evaluated by another Science Advisory
Panel that was specifically charged to address CEC discharge to the ocean and potential
exposure to human health @nocean life from this practice.

1.5.3Landscape Irrigation

Landscape irrigation is the most commonly practiced form of reuse in the State of
California. Recycled water used for these applications requires either secondary or tertiary
treatment (asspeck SR Ay [/ T AFT2NYALF QA ¢AGES wH NB3Idz | GA
unrestricted access of areas irrigated with recycled water (FigureNuB)eric vater quality
permit effluent requirementsgenerally have to be met once the finished recycled water
compldes the final stage of treatment.

cl,

L 2 - —

POE
Terrestrial

Figure 1.3. Conceptual model of reuse operations for landscape irrigation in California using recycled
water meeting Title 22 requirements.

State Water Resources Control Board requirements also address guatkty objectives in
receiving waters (i.e., surface and ground watersladdition, lmth restricted and unrestricted
landscape irrigation applications are subjexspecific permit requirement§.e., best
management practices) that minimize any unimienal discharge, ponding, flooding of
recycled water, and subsequent public exposure. Thus, the Panel concluded that exposure of
aquatic life to any CECs remaining in recycled water used for landscape irrigation is considered
negligible and unintentionglublic exposure is minimized. Exposure to terrestsigdlife from
CECs might occur in the topsoil or root zone that usually is exposed recycled\Wihiler.
human exposure to CECs can occur through incidental contact with and accidental consumption
of recycled water from sprinkler heads, faucets, or hydraittdoes not warrant a monitoring
program for CECs to protect public health
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2.0Regulatory Paradigm to Protect U&d Glifornia Drinking Water

2.1 Defining the Universe of CECeRvant to Water Recyclingin California

After reviewing the federal regulatory approach to identify potential contaminants in
RNAY1Ay3 6F0GSNI & Sttt & [/ FEAF2NYAF QA | LILINE I
efforts in drinking and recycled water, the Panehcluded that it is important to develop a
sound and transparent process that can guide in the prioritization of CECs to be included in
monitoring programs of recycled water applications within the State. In order to be all
encompassing, the Panel considéd CECs at large as a starting point for its deliberation and
agreed that theUnited States Environmental Protection Age(0$sEPA) Candidate
Contaminant List 3 (CCL3) selection process represents a transparent and comprehensive
approach that provides aevy good basis for identifying CECs that are relevant and potentially
present in recycled water and not already regulated at the federal or state level. However, as
noted previously, the Panel also recognizes that even CCL3 is not likely inclusivesosity dif/
monitoring data that has been collected in the State of California for various CECs.

The Panel acknowledged that recycled water quality is subject to ongoing monitoring
requirements and although recycled water has been extensively researcliee past, it has
the potential to contain compounds that have yet to be identified and quantified using
flro02NF 02N FyFfe@dAOlrtf YSGK2R& O6CAIdzNBE HOMUOL D ¢
dzy1y2e6yaé NBLNBaSyiliAy3d OKS vYateOs unkndvn andhoOK LINB A& S
analytical methods currently exist for their detection. Some of these compounds might pose a
potential threat to human health and the environment.

ChA Measured A Measurad

envirenmental

enviremmerntal
concentrations
{MECs) avallable for
CCL, CECS?

concentrations
|MECs) available for
non-CCL, CECs?

Figure 2.1. Classes of CECs potentially present in recycled water to be considered for monitoring
programs in California.

Recycled water also contains chemicals that have been previously identified, analytical
methods exist for their detection, and measured environmental concentrations (MECs) are
available in California recycled wateK(6a4 S 02 YL}R2 dzyRa Oly ©6S RS&AONAOG
¢tKSasS /9/a NS SAGKSNIfAaAGSR 2y (GKS-gcL o o6a/ /
/| 9/ a€0®

Other compounds, such as transformation products, are known to occur in recycled water
but the concentréions at which they occur have not yet been quantified. These compounds can
0S RSAONAOSR | a adzylyz2e6y l1y2eyaé FyRI | GK2dz3
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available in California, predicted environmental concentrations (PECs) could be developed fo
such compounds if use and other information are available.

The Panel concluded that any proposed monitoring strategy for CECs needs to address the
different categories of compounds present or potentially present in recycled water as well as
theirreled YOS (2 Lzt AO YR SY@ANRYYSyi(lt KSIf{iK®
health relevance of CECs in recycled water is described in Section 4 of this report. MECs of CECs
in California are presented in Section 5. Bioanalytical methods thatmaggeful for a better
OKI NI} OUSNRT FdA2y 2F adzyly26y dzylyz2e6yaé | NB RA

H®H | {Candlda&é Contaminant List 3

To protect public health, the United States (US) Government has a long and rich history in
developing regulations for contamants in drinking water. The process has evolved over
several decades and the key elements that are most germain to this effort were instituted as a
result of the Safe Drinking/ater Act (SDWA) of 1974, and more specifically, can be found in the
identification of currently noaregulated contaminants on the USEPA Candidate Contaminant
List (CCL). The process to develop the current list, CCL3, was far more systematic and objective
than the more subjective selection of contaminants used for its predecess@is] and CCL2.
The CCL3 selection process utilized the expert opinions provided by National Academy of
Sciences (NAS)/National Research Council (NRC) Panels as well as the National Drinking Water
Advisory Council (NDWAC) and Science Advisory Board (BiaBjuTiistep process includes
three key elements:

¢ Identification of a broad universe of potential biological chemical and chemical
contaminants (CCL Universe);

e Application of screening criteria based on potential occurrence and human health
relevance (peliminary CCL or PCCL); and,

e Selection of priority contaminants based on more detailed occurrence and health effect
data as well as expert judgment, public comment, and external advisory committees
(draft and final CCL).

A draft of the CCL3 was releasad-ebruary 2008 and the final CCL3 was published in
October2009 Appendix DTable B1). The general process utilized in the development of the
CCL3 is shown schematically in Figure 2.2. The CCL3 Universe is to encompass a wide array of
potential water camtaminants, both chemical and microbial. The Universe includes not only
compounds known or anticipated to occur in water supplies, but also releases to the
environment and production volume. Additionally, the Universe is to include contaminants with
demondrated or adverse health effects, regardless of occurrence data. Due to the wide array
of potential data, the USEPA chose to follow the advice of the NDWAC, in relying primarily on
easily accessible databases for the information that would be used to gentre CCL3
Universe. The accessibility became a highly limiting factor, as any database to be used must be
electronically accessible and free of charge. The EPA initially identified some 284 potential
databaseon which they could rely for populating thHeéCL3 Universe
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(http://www.epa.gov/safewater/ccl/pdfs/ccl3_docs/CCL3_Chemicals_Univers&108

09 508 v3.pdf); however, these databases were culled based on relevance, completeness,
redundancy, and retrievability (AppendixElgure B1). Of the 284 databa&s initially

identified, 142 were eliminated due to relevance, 12 eliminated due to completeness, 26
eliminated due to redundancy, and 64 eliminated due to retrievability. In terms of relevance,
several databases were found to contain only descriptive datd as used for pesticide

labeling or nomenclature that is not related to occurrence or toxicity and these were not
utilized. Completeness was gauged based on minimum documentation and quality
requirements, such asontact information, description of da elements, information on how
data were obtained, and whether or not data were peeviewed. Redundancy was assessed
to avoid duplication and when redundant data was found, the more comprehensive database
was utilized. Retrievability was a major lintiba for database inclusigrdatabases that

provided information in tabular format that could be extracted and formattegle used while
databases providing information in text format were generally not considered. However,
databases with simple lists iext format that could be easily imported were sometimes used.
Due to transparency concerns, databases that were available only by subsc(ipgehor

were proprietary were not utilized. Ultimatelgnly 40 databases were utilized (Appendix D
Table B2). The limitations on the

databases that were screened are likely

the greatest hindrances in utilizing the . ¢ ing the ccr
CCLa3 for prioritization of CECs in reuse Universe
systems. While some databases are
clearly relevant, much of the data
published in peereviewed literature

and various reports would not have been
considered in the CCL3 Universe.
Without question, monitoring data from
water agencies/utilities in California
would not likely have been included
among the databases evaluated, which [ Fsssssssssssssssssssnsgus e es e s
a major limitation of relyingolely on the
CCL3 as a priority list for CECs of interes
to California.

L d3l1S

Evaluation
Expert Review

u
Figure 2.2. The CCL3 process (from
http://www.epa.gov/safewater/ccl/ccl3_processflowdia
gram_docs.html).

From the 40 databases screened, nearly 26,000 substances were ideritiieefore,
USEPA developed a pdniverse selection process to evaluate those compounds that were
most suitable for inclusion in the Universe (Figure 2.3). The initial process essentially
determined whether or not a contaminant had health effects (HE)@ualirrence data. If only
HE data were available, these contaminants would be screened to determine if the
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contaminant was toxicologically relevant (see section of PCCL process regarding relevance).
Chemicals for which onbyccurrence data were available veesequentially evaluated for

finished or ambient source water data, release data, or production of over 1 billion
pounds/year Appendix DTable B4).

This preUniverse selection process identified 7,720 chemicals, which went on to the final
selection pr@ess Appendix DFigure 4). The final selection process first evaluated whether
or not primary drinking water standards already existed, which eliminated 1,009 chemicals
(mostly radionuclides and compounds with multiple isomers, sugiobghlorinatedbiphenyls
(PCBs). Fothlrundred thirty substances that are considered mixtures, such as petroleum
products and resin acids, were eliminated from further consideration. Also, substances that are
y2i GOKSYAOIfft& RSTAYSREé 0 dsjner elimiaated. 2ath, v dza
substances were removed because they are considered biological and would not be considered
within the chemical Universe. The USEPA also considered 174 contaminants that were
nominated through the public input process and21&f those nominated were already
considered. The remaining nominations were evaluated through the same criteria as all other
chemicals for consideration of the CCL3 Universe. Once the draft CCL3 was released in February
2008,the USEPA subsequently reasivl77 comments. From these comments, 30 additional
contaminants were added to the Universe.

CCL Universe of Chemicals - Evaluation of Chemical Occurrence and Health
Effects Data

Universe of Data Sources
# of Unigque Chemicals = 25,980

Is the chemical found in 2n occurrence Procesd 1o
and HE source? Exhibit 7
(7.720)

Mo = 18,651

-~ Chemicals in HE sources
5,107

L]

Yes =122

Is the Chemical of Toxicological Concern?

No = 4,565

" Chemicals in Dccurrence sources
13,544

s it found Is it found
in a finished water —l—dS-E d-td
or ambient water som
\\ :-un:—

fes 42 '\e5— 35 Yes =191

Chemicals Not
Added to
Universe
(18,.260)

Figure 2.3. Initial process for selecting the CCL3 Universe.
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2.3 FederalRegulatory MonitoringRequirements

To monitor the list of regulated contaminants, imdiual water systems submit samples of
their water for laboratory testing to verify that the water they provide to the public medits a
federal and state standard$he frequency and location of sampling varies among systems and
by contaminant but is baskon a Standard Monitoring Framework established byUlsEPA to
provide a uniform structure for monitoring requirements for current and subseduaenking
water regulationsThis framework consists of a niyear compliance cyclevhich is divided
into threethree-year compliance periods4onitoring requirements vary depending on the
contaminant group, whether the water system uses ground water or surface water, and on the
number of people served.

In addition, states may grant monitoring waivers in cartsituations and for certain
contaminants after the requed initial monitoring periodAs a state gains a better
understanding of the contamination sources that may affect the quality of a drinking water
supply, it can tailor the monitang requirementdor the systemThe SDWAherefore, provides
that a state may allow a waiver if the state has an approved source water assessment program
and has completed a source tea assessment for that system. The SDWA further requires
USEPA to issue guidance foasts to use in meeting these source water assesgmen
requirements and directs EEPA to issue the source water assessment guidance at the same
time as these alternative monitoring guidelines.

For a state to issue a waiver in the form of alternative momigiguidelines, it must ensure
that the public health will be protected from drinking water contamination, and waivers must
address contaminants individuallizurthermore, the public water system must show the state
that the contaminant is not present imé drinking water supply or, if it is present, that it is
reliably and consisteihyt below its maximum contaminant level (MCL). The guidefungiser
require that if a contaminant is detected at levels at or above its MCL or if its concentration is
no longer reliably or consistently below the MCL, the system must either demonstrate that the
contaminant source has been removed or that other action has been taken to eliminate the
contamination or test for the detected contaminant according to the appliclaitonal
Primary Drinking Water RegulatioNRDWR The following boxes provide illustrative examples
for both select regulated and unregulated contaminants.

Bromate

Amendments to the SDWA in 1996 required the USEPA to develop rules to balance the risks betweg
microbial pathogens and disinfection byproducts (DBPs). This was done to strengthen protectish agai
microbial contaminants, especially Cryptosporidium, and at the same time reduce potential health risks g
DBPs. The Stage 1 Disinfectants and Disinfection Byproducts Rule, announced in December 1998, was
the first of a set of rules under the 198PDWA Amendments. The rule established maximum residual
disinfectant level goals (MRDLGs) and maximum residual disinfectant levels (MRDLSs) for three chemica
disinfectants chlorine, chloramine and chlorine dioxide. It also established maximum contam@ahigoals
(MCLGs) and MCLs for total trihalomethanes, haloacetic acids, chlorite and bromate.

Under this rule, all drinking water treatment plants that use ozone during the treatment process are
required to test for bromate on a monthly basis.Mgiane is based on thannual average of bromate
concentration in the finished water, which must not exceed the MCL of 10 pg/L.

11
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Perchlorate

The EPA uses the Unregulated Contaminant Monitoring (UCM) program to collect data for contamin
suspected to be present in drinking wateyt that do not have healtibased standards set under the SDWA.
The first cycle of the UCKIle (UCMRL1), covering the period 2@@2D05, was published in the Federal Regist
September 17, 1999 for a list of contaminants that included perchlorate.

UCMRL1 estblished a tiered monitoring approach based on the availability of analytical methods for e
contaminant and the size of the utility. All large drinking water utilities (>10,000 persons served) and a
randomly selected group of small utilities (<10,0005e@s served) were required to monitor perchlorate.
Surface water systems were monitored quarterly durirgna-year period and ground water systems were
monitored twice in ane-year period. One of these quarterly or semiannual sampling events waseddgair
occur in the most vulnerable period of May through Jolyan alternate vulnerable period designated by the
State, to ensure monitoring of potentially higher perchlorate concentrations. The monitorindgsdésam
these systems werased to estimatenational occurrence of perchlorate.

N-nitrosodimethylamine (NDMA)

The UCMR supporting the second cycle of monitoring (UCMRZ2) was signed on December 20, 2006.
requires monitoring a select group of contaminants during 22080, including NDMA. Similar to UCMR1,
UCMRZ2 uses a tiered monitoring approach based on the availability of analytical methods for each
contaminant and the size of the utility. NDMA was placed on the screening survey list, for which monitori
requires analtical method technologies not commonly used by drinking water laboratories.

All drinking water utilities serving more than 100,000 people, 320 representative utilities serving-10,0
100,000 people, and 480 representative utilities serving less than 1@86ple are required to monitor for
NDMA during a 1-Pnonth period between January 20@8d December 2010. For systems using groundwate]
monitoring must occur twice in a consecutive-tidnth period and sample events must occuins months
apart. For sy'ems using surface water or groundwater under the direct influence of surface water, monito
must occur irfour consecutive quarters, with sampling events occurtimge months apart. Therefore, a
system could conduct monitoring in either: (1) Januaqyril, July, October; (2) February, May, August,
November; or (3) March, June, September, December.

Atrazine

Atrazine is defined as a synthetic organic chemical in 40 CFR 141.61(c). Therefore, monitoring and {
potential for a waier are determined as follows (per 141.24(h); note that some sections have been remoy
for brevity):

(1) Groundwater systems shall take a minimum of one sample at every entry point to the distribution
system, which is representative of each well after treatin@ereafter called a sampling point). Ead
sample must be taken at the same sampling point unless conditions make another sampling poi
more representative of each source or treatment plant;

(2) Surface water systems shall take a minimum of one sampleiatio the distribution system that
are representative of each source or at each entry point to the distribution system after treatmen
Each sample must be taken at the same sampling point unless conditions make another samplir
point more representatig of each source or treatment plant;

(3) If the system draws water from more than one source and the sources are combined before
distribution, the system must sample at an entry point to the distribution system during periods g
normal operating conditions @., when water representative of all sources is being used);

12
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Atrazine (Continued)
(4) Monitoring frequency:

(i) Each community and nefmansient norcommunity water system shall take four consecutive
guarterly samples for each contaminant listed in § 141.61(c) during each comptiariod
beginning with the initial compliance period.

(ii) Systems serving more than 3,300 persons which do not detect a contaminant in the initial

compliance period may reduce the sampling frequency to a minimum of two quarterly sampl
one year duringach repeat compliance period.

(iif) Systems serving less than or equal to 3,300 persons which do not detect a contaminant in th
initial compliance period may reduce the sampling frequency to a minimum of one sample d
each repeat compliance period.

(5) Each community and nemansient water system may apply to the State for a waiver from the
requirement of paragraph (h)(4) of this section. A system must reapply for a waiver for each
compliance period; and

(6) A State may grant a waiver after evalungf the following factor(s):

Knowledge of previous use (including transport, storage, or disposal) of the contaminant within t
watershed or zone of influence of the system. If a determination by the State reveals no previous
of the contaminant withirthe watershed or zone of influence, a waiver may be granted. If previou
use of the contaminant is unknown or it has been used previously, then the following factors sha
used to determine whether a waiver is granted.

(i) Previous analytical results;

(i) Theproximity of the system to a potential point or ngooint source of contamination. Point
sources include spills and leaks of chemicals at or near a water treatment facility or at
manufacturing, distribution, or storage facilities, or from hazardous andicipel waste landfills
and other waste handling or treatment facilities. Nonpoint sources include the use of pesticig
to control insect and weed pests on agricultural areas, forest lands, home and gardens, and
land application uses;

(i) The environmerdl persistence and transport of the pesticide or PCBs;

(iv) How well the water source is protected against contamination due to such factors as depth ¢
well and the type of soil and the integrity of the well casing.

(7) If an organic contaminant listed B1141.61(c) is detected (as defined by paragraph (h)(18) of this
section) in any sample, then:

(i) Each system must monitor quarterly at each sampling point which resulted in a detection.

(i) The State may decrease the quarterly monitoring requirementiigel in paragraph (h)(7)(i) of
this section provided it has determined that the system is reliably and consistently below the
maximum contaminant level. In no case shall the State make this determination unless a
groundwater system takes a minimum of twaarterly samples and a surface water system tak
a minimum of four quarterly samples.

(i) After the State determines the system is reliably and consistently below the maximum
contaminant level the State may allow the system to monitor annually. Systemich monitor
annually must monitor during the quarter that previously yielded the highest analytical result

(iv) Systems which have 3 consecutive annual samples with no detection of a contaminant may
to the State for a waiver as specified in paragréip}{6) of this section.

(v) If monitoring results in detection of one or more of certain related contaminants (aldicarb,
aldicarb sulfone, aldicarb sulfoxide and heptachlor, heptachlor epoxide), then subsequent
monitoring shall analyze for all related contamants.
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Atrazine (Continued)

(7) If an organic contaminant listed in 8 141.61(c) is detected (as defined by paragraph (h)(18) of thi
section) in any sample, then:

(i) Each system must monitor quarterly at each sampling point which resulted in detection.

(i) The State may decrease the quarterly monitoring requirement specified in paragraph (h)(7)(i
this section provided it has determined that the system is reliably and consistently below the
maximum contaminant level. In no case shall the State maisedéttermination unless a
groundwater system takes a minimum of two quarterly samples and a surface water system
a minimum of four quarterly samples.

(iii) After the State determines the system is reliably and consistently below the maximum
contaminant level the State may allow the system to monitor annually. Systems which monitg
annually must monitor during the quarter that previously yielded the highest analytical result

(iv) Systems which hawiree consecutive annual samples with no detectioraafontaminant may
apply to the State for a waiver as specified in paragraph (h)(6) of this section.

(v) If monitoring results in detection of one or more of certain related contaminants (aldicarb, ald
sulfone, aldicarb sulfoxide and heptachlor, hegtbor epoxide), then subsequent monitoring shd
analyze for all related contaminants.

(8) Systems which violate the requirements of § 141.61(c) as determined by paragraph (h)(11) of th
section must monitor quarterly. After a minimum of four quarterlyrgdes show the system is in
compliance and the State determines the system is reliably and consistently below the MCL, as
specified in paragraph (h)(11) of this section, the system shall monitor at the frequency specified
paragraph (h)(7)(iii) of thisestion.

(9) The State may require a confirmation sample for positive or negative results. If a confirmation sa
is required by the State, the result must be averaged with the first sampling result and the avera
used for the compliance determination apecified by paragraph (h)(11) of this section. States hav
discretion to delete results of obvious sampling errors from this calculation.

(10)The State may reduce the total number of samples a system must analyze by allowing the use
compositing. Compsite samples from a maximum of five sampling points are allowed, provided t}
the detection limit of the method used for analysis is less thaniftie of the MCL. Compositing of
samples must be done in the laboratory and analyzed within 14 days ofls@wifection.

(i) If the concentration in the composite sample detects one or more contaminants listed in 8
141.61(c), then a followap sample must be taken within 14 days at each sampling point inclug
in the composite, and be analyzed for that contaarih

(ii) If duplicates of the original sample taken from each sampling point used in the composite sa|
are available, the system may use these instead of resampling. The duplicates must be anal
and the results reported to the State within 14 dayseacompletion of the composite analysis o
before the holding time for the initial sample is exceeded whichever is sooner.

(iii) If the population served by the system is >3,300 persons, then compositing may only be
permitted by the State at samplingpbil & A GKAY | aAiAy3If S38a0ads
persons, the State mayepmit compositing among different systems provided thegbnple limit
is maintained.

(15)The State may increase the required monitoring frequency, where necessary, to detietionasr
within the system (e.qg., fluctuations in concentration due to seasonal use, changes in water sour

(16)Each public water system shall monitor at the time designated by the State within each complian
period.
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In order to assess the occurrence of contaminants suspected to impact drinking water, the
USEPA established doCM programThe initial UCM round took place between 1988 and 1993,
when 62 contaminants were monitored in 40 states. The resulting data became part of the
Unregulated Contaminant Monitarg Information System (URCI¥)e second rood of UCM
occurred between 1993 and 1997 and included data from 35 stdtd8 ¢hen) unregulated
contaminantsln 1996, the SDWA was amended and the UCM program was significantly revised
and a new Unregulated Contaminant MonitoriRggulation (UCMR) e&tiished.Contaminants
detected under the UCMR must be reported to customers in a Consumer Confidence Report
issued by the system and reviewed by the state. The EPA is required to review aiel iined
UCMR every five yearghe first UCMR (UCMR1) was e&in September 1999 and the second
UCMR (UCH2) was issued in January 200CMR data are entered into the National
Contaminat Occurrence Database (NCOD). The UCMR3 is currently in development and will
likely include steroid hormones, organic perfluotieé compounds (PFCs), and other CECs.
While the UCMR is generally based on the CCL, this is not always the case. The primary
exception involves compounds included within an analytical method. For instance, even though
perfluorooctanoic aid (PFOA) andgrfluorooctanoicsulfonate (PFOS) are the only PFCs
specifically included in the CCL3, it is expected that the UCMR PFC list will include other PFCs
that are simultaneously monitored using USEPA method 537. Therefore, while the UCMR
generally follows the CCit pften contains other compounds that are simultaneously measured
using the methods employed.

2.4 California Specific Regulations of Drinking Water and Water Reuse

Under USEPA granted primacy, the state of California has the authority to uphold the
provisions of the Safe Drinking Water Act and to enforce all related federal standards. While the
state is not permitted (without special exemption) to relax the drinking water standards of the
Safe Drinking Water Act, the state may develop and enforcéiaddl and/or more stringent
requirements. The State of California has a fstanding history of developing rigorous
standards beyond the requirements of the USEPA. The CDPH enforces both the federal and
state drinking water regulations through the dring water program (DWP) within the Division
of Drinking Water and Environmental Management. Field operations branches are responsible
for water regulation enforcement and work with the USEPA, the SWRCB, the Regional Water
Quality Control BoardRWQCBs and other interested parties to achieve regulatory goals. A
monitoring and evaluation unit exists under the technical programs branch, which collects
results from analytical laboratories and reports subsequent drinking water quality data that
meets the USEPQA& RIF G NBLER2NIAYy3I NBIdZANBYSyiad ¢KS
in California are generally comparable to those mandated by the USEPA, albeit at times
California regulations are more stringent. However, there are several contaminants regulated
by the State of California for which no federal standard currently existisl¢ 2.]). Considering
the charge of this Panel, these chemicals were not considered CECs since they are already
regulated in the State of California.

California administers a dunregulated contaminant monitoring rule prografiaple
2.2), which requires routine monitoring and reporting. The State of California also has
established a series of notification levels for 29 unregulated contamin@atdd 23).
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Interestingly, beside notification compounds that are also listed in the California UCMRSs, these
contaminants are not part of mandated monitoring programs, nor is reporting to the public
mandated, but it is recommended. Notification levels are established by the State wsfig-h

based criteria described in detail at
http://www.cdph.ca.gov/certlic/drinkingwater/Documents/Notificationlevels/NotificationLevels.pdf

Thus, contaminants listed in Tables 2.2 and 2.3 were considered CECs.

Table 2.1. Contaminants regulated in California, but not by USEPA.

Contaminant CA MCL
(mgl/L)
1,1-Dichloroethane 0.005
1,3-Dichloropropene 0.0005
Methyl-tert-butyl ether (MTBE) 0.013
1,1,2,2-Tetrachloroethane 0.001
Trichlorofluoromethane 0.15
1,1,2-Trichloro-1,2,2-trifluoroethane 1.2
Bentazon 0.018
Molinate 0.02
Thiobencarb 0.07
Perchlorate 0.006

Table 2.2. California Unregulated Contaminant Monitoring Requirements for Drinking Water.

Contaminant Detection Limit for Reporting
(eg/L)

Boron 100

Chromium-6 1

Dichlorodifluoromethane 0.5

Ethyl tertiary butyl ether 3

Tertiary amyl methyl ether 3

Tertiary butyl alcohol 2

1,2,3-Trichloropropane 0.005

Vanadium 3
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Table 2.3. California notification substances and levels.

Section 2

Compound Notification Level (mg/L)
1 Boron 1
2 n-Butylbenzene 0.26
3 sec-Butylbenzene 0.26
4 tert-Butylbenzene 0.26
5 Carbon disulfide 0.16
6 Chlorate 0.8
7 2-Chlorotoluene 0.14
8 4-Chlorotoluene 0.14
9 Dichlorodifluoromethane (Freon 12) 1
10 1,4-Dioxane 0.003
11 Ethylene glycol 14
12 Formaldehyde 0.1
13 HMX 0.35
14 Isopropylbenzene 0.77
15 Manganese 0.5
16 Methyl isobutyl ketone (MIBK) 0.12
17 Naphthalene 0.017
18 N-Nitrosodiethyamine (NDEA) 0.00001
19 N-Nitrosodimethylamine (NDMA) 0.00001
20 N-Nitrosodi-n-propylamine (NDPA) 0.00001
21 Propachlor 0.09
22 n-Propylbenzene 0.26
23 RDX 0.0003
24 Tertiary butyl alcohol (TBA) 0.012
25 1,2,3-Trichloropropane (1,2,3-TCP) 0.000005
26 1,2,4-Trimethylbenzene 0.33
27 1,3,5-Trimethylbenzene 0.33
28 2,4,6-Trinitrotoluene (TNT) 0.001
29 Vanadium 0.05
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As discussed in Section 3, draft regulations have been established for groundwater recharge
with recycled water. These draft regulations require that monitoring for all primary and
secondary MCLs take place as well as testing for tattalgen (TN) and total organic carbon
(TOC). Additionally, the draft groundwater recharge regulations suggest quarterly monitoring
F2NJ LINA2NRAGE G2EAO LRftdzilyia tA8GSR Ay GKS {
with State notificationevels (Table 2.3), and additional constituent monitoring as specified by
the State. The requirements for additional constituent monitoring are provided in Endnote 4
and 5 of the draft regulations. Endnote 5 suggests that indicators of wastewater be meahito
which may include unregulated compounds, such as pharmaceuticals, endocrine disruptors,
personal care products, and2 § KSNJ AYRAOI G2N&R 2F GKS LINBaSyoS
ALISOAFASR o0& /5t1¢
(http://www.cdph.ca.gov/Healthinfo/environhealth/water/Pages/Waterrecycling.agpx
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3.0Water ReusePracticesn California Assurance of Plant Performance, and
Current Monitoring Requirements

3.1 Introduction

Water reclamation, recyclingand reuse are integral components of water resource
planning and managemenin the pastthe driving motivation for water reuseas to
supplement scarce resources andpimvide a means of avoiding effluedisposal into surface
waters.With increased water demand brought on by continued drought and increasing
population,recycledwastewater is now consided an important water resourcéNon-potable
and potable use aofecycledwater can enable communities to maximize and extengldise of
limited water resources.

Utilization of appropriately treated wastewater as alternative and/or supplemental water
sources tancrease the supply of higluality water for potable uses includes applications such
as:

e lLandscape irrigation (e.g., parkgolf courseggesidential);
e Agricultural irrigaion (e.g., crops, commercial);

e Industrial uses (e.gcooling towers, construction);

e Urban nonpotable (e.g.toilet flushing, fire fighting);

e Potable water uses (e.g., blending in reservoirs, blagdngroundwater, direct use);
and

¢ Recreational/environmental uses (e.g., lakes, marshes, stream flow augmentation).

The purpose of this sectids to provide a summary of the followikgy items. A more
detailed discussion can be found in Appendices E (TD&HGroundwater Recharge
Regulations), F (Recycled Water Case Examples), G (Concept of Reliability), and H (Pretreatment
Regulatory Authority for Source Control).

3.2 Current Levels of Water Recycling and Future Resource Demands

For nearly a century, oycled water has been used intentionally as a-potable water
supply source in California. The implementation of reclamation projects has increased
significantly even in the face of regulatory, economic, and social constraints. In 1989, reuse of
municipd wastewater in California was estimated at 325,000 degt per yeaf. In 2002 the
SWRCB conducted a comprehensive statewide survey of municipal facilities that focused on
documenting the current levels of nguotable reuse of treated municipalastewate. The
results of the 2002 survey indicated thag of the end of 2001, approximately 525,000 acre
feet per year of recycled water was used in CaliforiMire recent SWRCB data indicate that

’One acrefoot is equivalehto approximately 325,851 gallons of water.
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during 2009 approximately 646,100 adeet per year of recyedd water was used (WateReuse,
2010).A summary of the statewide survey is shown in Figure 3.1 suggesting that the top three
reuses are for agricultural uses (37%), landscape irrigation (18%), and groundwater recharge
and seawater intrusion barrier uses (@]. At the present time, estimates indicate that about 8
to 10 percent of municipal wastewater is recycled in planned reuse projects. Estimates
regarding future reuse indicate that California has the potential to recycle an additional 1.4 to
1.6 million ace-feet per year of water by the year 2030/ateReuse, 2010).

BAG OCOM/IND CLANDSCAPE IRRIG BGWR ®HABITAT BQOTHER

Figure 3.1 Types of recycled water use in California as a percentage of annual use, 2009 (Source:
WateReuse, 2010).

3.3 Current Water Recycling Regulations, Criteria and Policy

Recycledvastewater in California is mainly regulatedthyee state agencies: the
Department of Public Health (DPH), tB&/RCB, aritie nineRWQCBThe SWRCB and the
RWQ@s have the primary responsibility for the protection and enhancement of the waters of
the Sate. The SWRCB also has the primary responsibility for administering water rights. The
DPH has the authority and responsibility to establish public health criteria for wastewater
reclamation, including groundwater recharge, and reviews all proposals and far such
projects throughout the statel.ocal health agencies and water districts can develop policies
and programswhich are more stringent than those specifieg the DPH.

State statutes and regulations pertaining to the use of recycled watealifofia can be
found in the California Water Code (CWC), California Code of Regulations (CCR), and California
Health and Safety Code. Water quality control plans (basin plans) may also contain the recycled
water use policy of individu®WQCB. ThePH Watewater Reclamation Critergoverning
various uses other than indirect potable reusm® contained in Title 22, Division 4 of the CCR. A
summary of the Title 22 iteria is presented in Table 3.1
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Table 3.1 .Summary of California Department of Public Health Water Recycling Treatment Requirements.

Purpose of Qe TreatmentRequirement

Orchards and Vineyards (no contact with edible  Undisinfected Seconag’®
crops), Nonfood bearing Trees, Fodder or Fiber

Crops, Seed Crops (not eaten by humans), Food

Crops (with additional patheam treatment for crop),

and Flushing Sanitary Sewers

Cemeteries, Freeway Landscaping, Gold Courses Disinfected Secondary, 23 MPN/100°mL
(restricted access), Ornamental Nursery stock, So

farms, Pasture (milk animals), Nedible vegetation
(controlled access), Commercial/Industrial cooling
towers (with drift reduction), Landscape
impoundments (no decorative fountains), Industria
boiler feed, Soil compaction, Mixing concrete, Dus
control (roads), Cleaning roads, Nonstructural fire
fighting

Food crops (edible portion above grouqdo Disinfected Secondary, 2.2 MPN/100°mL
contact), Restricted recreational impoundments

Food crops, Parks and playgrounds, School yards Disinfected Tertiary
Residential landscaping, Golf courses (unrestrictet
Commercial/lndustrial cooling towers (mist devices

Unrestricted recreational impoundments (with

specific @thogen monitoring), Flushing toilet and

urinals, Structural fire fighting, Decorative fountain

Artificial snow making, Commercial car washes,

Groundwater recharge (with additional treatmeqt

see CDPH draft groundwater regulations)

a Undisinfected secondatyeatment: means oxidized wastewateDkidized wastewater: wastewater in which the organic matter has been
stabilized, is nomutrescible, and contains dissolved oxygen.

b Disinfected secondaxy23 recycled water: oxidized and disinfected so that the median concentration of total coliform bacteria does not
exceed a most probable number of 23 per 100 mLthedVIPN does not exceed 240 per 100 mL in more than one sample in any 30 day
period.

cDisinfectedsecondary 2.2 recycled water: oxidized and disinfected so that the median concentration of total coliform bacteria does not
exceed a most probable numbef 2.2 per 100 mL and the MPN does not exceed 23 per 100 mL in more than one sample in any 30 day
period.

d Disinfected tertiary recycled water: means a filtered and disinfected wastewater that meets a CT (product of total gatire¢ and modal
contad time measured at the same point) value of not less than 45@wimg per L at all times with a modal contact time of 90 min.
(based on peak dry weather design flow) or provides a 5 log removal/reduction of-s[&zific phage or polio virus or similarug).

Filtered wastewater: an oxidized, coagulated, clarified wastewater which has been passed through natural undisturbefiltsoitaefia,
such as sand or diatomaceous earth, so that the turbidity, as determined by an approved laboratory me#sodotdexceed 5
turbidity units more than 5 percent of the time during any-2dur period an average of 2 NTU during af2dur period, and does not
exceed a 10 NTU at any time; in addition, the filter may not exceed 5 gals per min per square foohdttarigdje automatic backwash
filters cannot exceed 2 gals per min).

(Source:Summary adapted fror@alifornia Code of Regulations, Title 22, Division 4, Division of Environmental Health.)
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A summary of the August 2008 CDPH draft groundwater Recharge Regskations is
presented in Table 3.Zhe draft recharge regulations address the supplementing of
groundwater through surface or subsurface application of treated municipal wastewater prior
to eventual extraction via drinking water wells for potable uBkee proposed California criteria
for groundwater recharge reflect a cautious approach toward potential skaword longterm
health concernsThe recently adopted State Water Board Recycled Water Policy and supporting
information provide further definitiorand clarification to the collaborative roles of the SWRCB,
the CDPH, and the RWQCBs as they relate to permitting and monitoring water recycling
projects. The Policy and supporting documentation clearly and appropriately envision that the

RWQCBsrelyonth 5t 1 Q& SELISNIA&S T2N SadloftAaKAy3d LIS

conditions) needed to protect human healthmore detailed discussion of tHeey California
regulations(both current and draft)criteria, and policy thaimpact reuse projects igrovided

in Appendix E.

To protect public drinking water supplies, tiBPH also has regulations to prevent cross
connections between recycled water systems and potable water systems. Local health
departments and th€€DPH have enforcement authority over tleesross connection

prevention regulations. The California Building Standards Commission sets plumbing standards

for use of recycled water in buildings and industries.

Table 3.2. Summary of CDPH Draft Groundwater Recharge Regulations (DRAFT August 5, 2008).

Contaminant

Reuse Applications

Surface Spreading

Direct Injection

Pathogenic microorganisms®

Secondary treatment
Filtration
Disinfection

Retention time underground

Control nitrogen compounds

Reqgulated contaminants

Recycled Water Contribution RWC)

Initial Operation

Max RWC

Disinfected secondary and filtered
recycled water

Oxidized
<2 NTU

<5-log virus inactivation, < 2.2 total
coliform per 100 mL

Min. 6 months

Three optionsi e.g., Option1 = TN
<5 mg/L as N in reuse water

Meet all drinking water MCLs

20 to <50% depends on % RO and
AOP treatment and NDMA and
1,4-dioxane reduction

Up to 100% (see note 2) plus TOC
performance over 20 weeks meets
TOC max ©0.5 mg/L / RWC proposed
(may be increased with DPH
approval)

Disinfected secondary and filtered
recycled water

Same

Same

Same

Same

<50% plus all RW treated with RO
and AOP treatment and NDMA and
1,4-dioxane reduction

Up to 100% (see note 2) plus TOC
performance over 20 weeks meets

TOC max ©0.5 mg/L / RWC proposed

(may be increased with DPH
approval)
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Table 3.2. Continued

Contaminant Reuse Applications
Surface Spreading Direct Injection
Diluent Water Implement monitoring program, Same

quality < to primary MCLs, meet
nitrogen controls, determine
volume for credit

D dient Monitori One location at least 3 months Same
owngradient Vonitoring prior to domestic supply

Additional points including each
aquifer

Source Control and Outreach Industrial monitoring and Same
investigation

Unregulated Contaminants Data collection for Data collection for
pharmaceuticals, endocrine pharmaceuticals, endocrine
disruptors and other indicators disruptors and other indicators

Notes:
L.See Title 22 requireemst for disinfected filtered (section 60301.320) and tertiary (section 60302.230) recycled water.

?Increasing RWC requires meeting a number of criteria. For example, a health effects study must be conducted inclugioglaed ex
assessment, review of/ailable epidemiology studies, and evaluation of individual and cumulative effects of regulated contaminants.

BOD = biochemical oxygen demand; NA = not applicable; NTU = nephelometric turbidity unit; RWC = the percent recycledribat@rcm
groundwater extracted by drinkingvater wells; SAT = soil aquifer treatment; TOC = total organic carbon.

3.4 Key Criteria Governing Planned Indirect Potable Reuse Projects

In May 1993a California Potable Reuse Committee was formed by the DPH and the
Californa Department of Water Resources to look into the feasibility and safety of potable
reuse ofrecycledwater following advanced treatment. The members concluded that planned
indirect potable reuse of advanced treategcycledwater using surface water resews is
feasibleif six specificriteriawere addressed (see Appendix E).

In addition, in 1998the National Research Council (NR@)luated the issue of potable
reuse and provided speciffecommendationgo consider in both evaluating and governing
such uses (NRC, 1998). Although the NRC recommendatiensot specifically part of the
California water reclamation and reuse laws, regulations and/or guiddheg
recommendations are relevant to the specific questidoeing addressed by this Panel. In
addition, therecommendation®f the NRGre consistent with and expand the
recommendations contained in the 98 California surface water augmentation framework
document(see Appendix E)

The 1998 NRC report recommended that water agencies consideriaglpaeuse fully
evaluate the potential public health impacts from the microbial pathogens and chemical
contaminants found or likely to be found in treated wastewater through special
microbiological, chemical, toxicological, and epidemiological studiesjtoring programs, risk

23



CEC Panel FINAL REPORTJune 2010 Section 3

assessments, arglystem reliability assessmenta.addition, the1998NRC report also provided
some specific recommendations regarding reliability and quality assurance

The NRC recommendatiofNRC, 1998)ombined with current pactices and recommended
criteria established in the State of California, as summarized below, should be carefully
considered for evaluating and managing potable reuse projects:

1.
2.

Utilize the Best Available Technology in advanced wastewater treatment;

Utilize multiple, independent barriers, especially using robust barriers for the removal of
microbiological contaminants

Employ quantitative reliability assessments to monitor and assess performance and
reliability (i.e., both process control and final watgrality monitoring and assessment
as well as assessment of mechanical reliability);

| @2 A R -ciécaitihg iN&nvironmental buffers including the maintenance of
appropriate retention times within the environmental buffers as well as the
maintenance of wter quality in the environmental buffer (i.e., groundwater and/or
reservoir(s));

Provide for alternative means for disposing of the production water that does not meet
required standards;

Develop and implement a well coordinated public health surveillayséems to
document and possibly provide early warning of any adverse health events associated
with the ingestion ofecycledwater;

Implement an effective source control program;

Operators of water reclamation fdities should receive trainingnd certfication

regarding the principles of operation of advanced treatment processes, the pathogenic
organisms likely to be found in wastewaters, and the relative effectiveness of the
various treatment processes in redog contaminants concentrations;

Utilizeanindependentmonitoring oversightauthority to provide a thirdparty review of
operational, regulatory, and environmental issues associated with the indirect potable
project;

10. Institute formal channels of coordinatidmetween water reclamation agencies,

regulatory agencies, and agencies respblesfor public water systemsind

11.Establish a CEC monitoring program that incorporates use of indicators and surrogates

to represent CECs.

¥ See Sakagit al. (Sakaji, 1998) and Oliviei al. (Olivieri, 1999jor additional detail and discussion.
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3.5 RecycledVater - Case Examples

In California, a typically arid andrsearid region of the United States, groundwater
recharge and irrigation are major reuse options to a) replenish existing groundwater resources,
b) to protect groundwater resources via salt water intrusion barriers and c) to augment and
replace potable wadr currently used for agricultural and irrigation practices. Summaries were
prepared for two of the oldest and largest groundwater recharge projectse nation
(Appendix F):

e Orange County Water DistricGroundwater Replenishment vérect injectionand
surfacespreading and

e Montebello Forebay Groundwater Recharge Projeatsurface spreading

In addition, summaries were providdadr two of the manyongoing landscape irrigation
projects (i.e., City of Sunnyvale and City of Sa@);JJeemmaries arpresented in Appendix.F
The summaries briefly cover how the projects address many of the above key factors and
identify how to locateadditional information. A summary of the basic treatment processes/
operations typically utilized for wastewatere@tment is provided in Table 3.and a summary
of those processes used for groundwater recharge reuse projects and for landscape irrigation
projects is provided in Table4.

Table 3.3. General summary of wastewater treatment processes/operations. (Adapted from Asano et al.
2006).

Treatment Level Description

Preliminary Removal of wastewater constituents, such as rags,
sticks, grit etc., that may cause operational problems

Primary Partial removal of suspended solids and organics

Advanced primary Enhanced removal of suspended solids and organic

matter (via chemical addition and filtration)

Secondary Removal of biodegradable organic matter (in
solution or suspension) and suspended solids

Secondary with nutrient removal Secondary treatment with additional processes
designed specifically to remove nutrients such as
nitrogen and phosphorous

Tertiary Removal of residual suspended solids through use
of granular/surface filtration and/or membranes

Advanced Removal of total dissolved solids and trace
constituents (nutrient removal may be included as
well) with membranes and advanced oxidation
processes

Disinfection Removal/destruction of microbial pathogens
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Table 3.4. General summary of water reuse application and wastewater treatment processes/operations.

Water Reuse Application Treatment Level

Groundwater Recharge i Surface Water Spreading Preliminary, primary, secondary (sometimes
advanced secondary), nutrient removal, tertiary,
disinfection

Groundwater Recharge i Direct Injection Preliminary, primary, secondary (sometimes
advanced secondary), nutrient removal, tertiary,
advanced, and disinfection

Landscape Irrigation i Restricted Preliminary, primary, secondary (sometimes
advanced secondary), disinfection

Landscape Irrigation - Unrestricted Preliminary, primary, secondary (sometimes
advanced secondary), tertiary, disinfection

In summary,all of the above kepotable reuse projecelements(see Section 3.4), except
for the items noted belowappear to be adequately addressed as part of curi&tate
regulations and guidance.

e (#3) Employ quantitative reliability assessments to monitor and assess performance and
reliability (i.e., both process control and final water quality monitoring and assessment
as well as assessment of mechanical relighilit

e (#6) Develop and implement a well coordinated public health surveillance systems to
document and possibly provide early warning of any adverse health events associated
with the ingestion ofecycledwater;

e (#9) Utilize anndependentmonitoring oversght authority to provide a thirdparty
review of operational, regulatory, and environmental issues associated with the project;
and

e (#11) Establish a CEC monitoring program that incorporates use of indicators and/or
surrogates to represent suites of CECs.

Further, based on the preliminary review of two major indirect reuse projects, the above
key elements appear to be required and implementedindirect potable reuse. Additional
information on key elements that are not currentigingadequately addresd (numbers 3, 6,

9 and 11 above} providedin Appendices G and H.
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4.0 Toxicological Relevance of CECs in Redy@/ater to Human Health

4.1 Introduction

The purpose of thisectionA & G2 Ay (i NP R dzO $r dét&Siningthg” St Qa LINE O
toxicologi@l relevance of CECs in recycled water with respect to human health.

To evaluate the known toxicological information for CECs regarding human héalth, t
Panel reviewed results ohany of the key studies conducted over the past 40 years on the
toxicologi@l relevance to humans of CECs in recycled water. Those studies include
epidemiological studies examining effects in humans directly, studies in which laboratory
animals have been exposed to recycled water;dmalytical studies, and risk assessments that
predict the potential effects to humans of individual CECs in recycled water (see summary in
Appendixl). While almost all of thesgtudies report the absence of adverse effects from
recycled water use, thepeédemiological studiearex Ay (0 K S , particyld@ly ifgortadtA S &
¢tKS SFENIASad addzRASE 6SNBE O2yRdzOGSR taly GKS wm
effects of disinfection lgyroducts producedollowing disinfection ofdrinking water with
chlorine.Some of those early studies report antiease in bladder and rectal cancers possibly
associatedvith chlorination byproducts (see summary in Sloss, 1996)e recent studie®f
recycledwater find, essentially, no adverse healthtoomes in populations using recycled
water (see summary in Agmdix ). Though epidemiologic studies, like any study, can have
limitations, in particular the influence of confounding factors such as uncertainty about the
exact amount of exposure to recycled water (NRC, 1998) or whether long term exposure to
CECs ovagenerationscan affect human health through as yet unknog@., epigenetic)
mechanisms, the fact that different research groups have investigated different populations
over the course of several decades, and reported similar results, is important. The
epidemiologic studies are particularly important, as are laboratory animal andrmtytical
studies, because they look at exposure to the entire mixture of chemicals that may be present
in recycled water. That mixture includes chemicals, both naturattymwing and marmade,
that have not been identified yet, agell as the interations between those that have been
previously identifiedin summary, the Panel views the predominantly negative findings of the
combined epidemiological studies, laboratory erd studies, bieanalytical screening studies
and risk assessments as several concordant lines of evidencepgpidpriately treated
recycled water represents safesource ofwater to supplement potablérinking water
supplies

4.2 Screening Process thssess Toxicological Relevance of CECs

The predominantly negative findingkescribed above doot preclude the need to monitor
recycled water ® assure its continued safet@ne reason for monitoring is the potential
presence of newly developed compoundisit were not being manufactured at the time the
above mentioned epidemlogical studies were conducteds describedh Section2 of this
report, CECs to be considered in monitoring programs can be selected for a variety of reasons,
only one of which is th potential to pose a risk to human health (i.e., toxicological relevance).
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To identify CECs that have the greatest potential to be of toxicological relevance to human
health, the Panel developed a screening process.

In principle, the screening processsimple MECsr PECs of CE@sthe POMfor a
particular water reuse scenario are compared tonitoring trigger levelsNITLs) developed for
GKFG LI NGAOdzE I NI g1 G§SNJ NBdzaS A0Syl NA2® ¢ KAA& LIN
a9/ kat¢[ ¢ }ICtheoabeBtratiobana CEC is less than the MTL, then that CEC is
assumed to have little or no potential to pose an unacceptable potential risk to human health
and does not need to be included in a CEC monitoring program, at least with respect to its
G2EAO2f 23A0Ft NBtSOIyOS 064dzOK | / 9/ ¢g2dA# R FI ¢
G9ELIZ A&dzNBE { ONBSyAy3Ié Ff260KFENIS CAIdzNBE nomo o
monitoring program because they may be relevant as indicator compounds (See th{ dzA G I 6 f S
LYRAOIG2NE LRNIA2Y 2F GKS Ff260KINIovd LF GKS
MTL, then the CEC should be considered for inclusion in a monitoring program (such a CEC
g2dzf R FlLtt Ayid2 GKS a/ 2NOSINGNS Sy F2 T 284 Q@I NI
believes it is important to stress that exceedance of a MTL by a measured or predicted
concentration at theeOMdoes not mean that the CEC poses a health risk to humans. The
comparison to MTLshould beconducted at the?OM not the point of exposure. As discussed
in Section5, CEC concentrations at the point of exposure are likely to be many fold lower than
they are at thePOM

Toxicity Data
available?

Mo [

Develop o

Jata

Y

Develop MTLs

Screen for
Concern Mo Concern
Indicataor . :
MEC/MTL>1 MEC/MTL:1

Sultable
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Tesi ﬁn —> Drop

Figure 4.1. Conceptual exposure screening of CEC regarding relevance in recycled water.
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Central to the screening process is the developmeM®ts for each water reuse scenario.
It is important to note that the process the Panel has recommended should not be viewed as a
process to establish drinking water or surface water critéor CECs, though such a process
may bear substantial similarity to the MptocessRegulatory agencies already have policies
and procedures in place to develop such criteria. The chemical and toxicological properties of
compounds currently viewed as GE&e not unique compared to substances already
considered by the State for regulatory purposes and thus CECs are amenable to the typical
criteria development process. When regulatory agencies determine that a drinking or surface
water criterionisrequirR F2NJ I O2YLIRdzyR GAS6SR Fa + [/ 9/ % A&
established policies and procedures should be followed (see discusstection?).

In recommending an approach to develop MTLs, an overriding goal for the Panel was that
the MTLsbe sufficiently lowi(e.,conservative) such that a compound which has the potential
to pose a human health concern can be identified and incluaed potential CEC for
monitoring. The Panel could have recommendeat Californiasimply using drinking wat
benchmarks (e.g., either drinking water standarcigeria or screening levejsalready derived
by various regulatory agencies and peeviewed publications to establish MTLs (see Aje
Jfor such a compilationHowever, the Panel felt reliance ap existing benchmarks assembled
from a variety of sources haat least two importandrawbackghat must be kept in mind when
developing MTLs.

First, it leads to the establishment of MTLs derived using different assumptions, which, in
turn, means that néher the Panel nor anyone using such MTLs understands how conservative
each one is; at least not without reviewing the details of the derivation of each of the drinking
water benchmarks upon which the MTLs are based. The protectiveness of a benchmark will
depend upon the information and methods used to derive it. For examelectngthe lowest
of two benchmarks withoua detailed review of their derivation precludes the user from
understandinghe basis and protectiveness of each benchmahle [Bwer ofthe two
benchmarksnay bebased upon new toxicological information not available to the authors who
derived the higher benchmarllternatively both groups of authorsnay have usethe same
toxicity informationbut differed in their application of unceainty factors for various reasons
While having a set of benchmarks that vary in their level of protectiveness is not inherently
unacceptable, the Panel sees value to having MTLs that have a common level of protectiveness
because they are derived using@mmon set ofexposure and toxicitpssumptions.

The second drawback of using existing drinking water benchmarks to establish MTLs is that
such benchmarks are only available for CECs that we know about today. A substance that is not
1y26y (2RI GZOONBRA a2 IRWNBSRAOGSR (G2 06S Ay NBO&
Fa | aly2e¢y dowvthdrRimRgéare 2 ywould Kdb likely have a literatuseased
benchmark. For such a compound, a monitoring program would not haviaking water
benchmark to which to compare a measured concentration and, thusMB€or PE®f the
compound could not be compared to an MTL.
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In lieu of recommending use of already established drinking water benchmarks from several
sources, the Panel reviewed the retditerature on CECs to determine whether anyone had
published a relatively simple process that could be used to derive screening level allowable
daily intakes (ADIs) that could then be employed to establish MTLs that have a common
derivation and a condient and transparent level of protectiveness. In the course of that review
the Panel identified a process to derive screening lageeptable daily intake@\DI3 for a
variety of CECs in recycled water presentedih RSY GAFe Ay 3 | 2NX¥gylFtte | Oi
Pharmaceuticals, and Personal Care Product Ingredients of Health Concern from Potential
t NBASYOS Ay 2 0SN) LyGSy(Sngdeet dl.2000).8nydemt BIR20ID) t 2 G | 0
developeda common process based upon a simple decision tree, lseadailable information
for each compound, and a common set of assumptions to establish a screening level ADI (Figure
4.2). The process of deriving an MTL is presented in the boxes in the flowchart to the left of the
Exposure Screening box (Figure 4rijhht process the flowchart asks whether toxicity data to
develop an ADI are available, and if they are, the process described below is followed to
develop a MTL

Figure 4.2Final Decision Tree for PNEC Determining Scheme for New and Emerging Comésr{idopted
from Snyderet al. 2010.

* The Panel wishes to point out that if the State of California, or another agency that the S@aéfofnia
recognizes as having the expertise to develop Atas,developed an ADI for a potential CEC, then the Panel
recommends that the ADI developed by the Stsiteuld be used to establish &ATL in lieu of the process
described in Snydest al. (2010).
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