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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);
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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
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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
Indicator?

Tesi ﬁn —> Drop

Figure 4.1. Conceptual exposure screening of CEC regarding relevance in recycled water.

PRIORITY CEC

MOMNITORING LIST
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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

. Divide by 10 if nongenotoxic
Chemical X Divide therapautic carcinogen or 10 if EDC
"| dose by 3,000

. Divide by 10 if
Yeg Divide NOAEL by .
Pharmaceutical? 1,000 ar LOAEL ;,a”ri.”ng.f l:t?rmm e Select
’ by 3,000 neg lowest value
if EDC
@

If tumor data are available,
derive S5F and screening leval
Gerlotnmc. using 10 risk; if no tumor data, et
carcinogen? use lower of VS or
Cheeseaman et al. (1993) TTC
Available NOAELs
or LOAELS, or genotoxic Fnllluw AIE‘ Sl“"E':[
carcinogen? owesl value

Apply
TTC approach

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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I ONRAGAOIFE O2yaARSNIYGA2Y Ay (GKS tlySftQa
derivation of screening level ADIs was the involvement of a large number of potential
stakeholders and experts in the developmentiué screening benchmark derivation process
described irSnyderet al. (2010)and what the Panel viewed as a comprehensive review of
available screening benchmark derivation methods undertaken by the authors and
stakeholders involved iSnyderet al. (201Q.

The overall goal dbnyderet al. (2010)was to review methodologies for developing
screening level human health riblased criteria for GEs potentially present in recycledater.
Snyderet al. (2010)identified several methodologies that could be dge develop screening
level benchmarks for protection of public health. From those methodologies, the authors, in

RSOA

conjunction with outside experts devised a simple, conservative approach for the development

of health riskbased guidelines for CEG€i Kdledts the lowest calculated level (i.e., most
protective of human health) from several possible risk assessment séhdhedanel

emphasized that application of the decision tree in the development of screening values should

be performed in consultatiowith appropriate experts imoxicology and risk assessme#t
summary of the proposed approach is excerpted from the Executive Summanydéret al.
(2010)below:

1) If the chemical is a pharmaceutical, select the lowest value from among comparison
values derived using the following processes:

a) Divide the therapeutic dose (on a milligram per kilogram body weight basis, based
upon range of doses and age groups for which the chemical is prescribed) by a
default uncertainty factor (UF) of 3,000; divide byaaiditional UF of 10 if the
compound is either a negenotoxic carcinogen or andocrine disrupting
compounds EDG.

b) Divide the literaturebased no observed adverse effect level (NOAEL) by a default UF

of 1,000 or the lowest observed adverse effect leU€AEL) by a default UF of
3,000; divide by an additional UF of 10 if the compound is either agemotoxic
carcinogen or an EDC.

c) If the compound is a genotoxic carcinogen and tumor incidence data are available,

develop a slope factor and establish a comgan value assumingde minimis
cancer risk of 1 in 1,000,000.

d) If the compound is a genotoxic carcinogen and no tumor incidence data are

available, use the lower of the virtually safe dose derived using the method of Gaylor

and Gold (1998) or the threshbof toxicological concern (TTC).

2) If the chemical is not a pharmaceutical and either a literatoased NOAEL or LOAEL
can be identified or the chemical is a genotoxic carcinogen, set guidelines based on
toxicological data following (b), (c), and (d), abo

3) If the chemical is not a pharmaceutical but does not have either a literdiased

NOAEL or LOAEL or there is no evidence it is a genotoxic carcinogen, derive a screening

level based on the TTC.
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The Panel appreciates that the process describeghier et al. (2010)is meant for
derivation of screening level human health rlsksed criteria for CECs present in drinking
water. Though not specifically derived for applicatiorVaELs, the Panel believes the
conservative nature of the toxicity benchmaitksing the process described $myderet al.
(2010) will result in trigger levels that are sufficiently conservative to be used as MTLs for the
protection of human helth. Though theSnyderet al. (2010)process was developed f&PCPs,
and endocrine disipting compoundsthe Panelbelieves the process can be appliednost
any CEC for calculatiagp MTL. Users of the MTLs derived usingShgderet al. (2010)process
should note that MTLs so deriveldt not consideprotection of ecological receptors.

The authors oBnyder at al. (201@Isoa NEO2 YYSYRSR GKIFG AF (GKS Nz
y2iSa | aFflF3¢ adzZaA3SaldlAyd GKS LRGSYGAILIf F2N dz
suggests the compound is a frank teratogen at the lowest dastthe compound is a
chemotherapy agent), then the compound should be subject to a full comysmaadic risk
FyFrfteaira NIYGKSNI GKFy dzaAy3 GKSindeveloping MELONS Sy Ay
for the initial list of candidate CE@sbe monitored, the Panel came across another situation in
which the screening level ADIs derived using$hgderet al. (2010)decision tree likely need
additional careful consideration before being used to deM/ELs. The specific examplehs
screening ADlaue (i 2  dza S-esFagliblXER)E2 has been extensively studjeahd its
potential effects are well understood. Several expert scientific bodies and regulatory agencies
have conducted reviews of available toxicity informat(sae text box below)Some dthose
agencies have selected an ADI that is about Zo@Dhigher than the screening level ADI
determined using the&lecision tree presented in Snydetral. (2010) (see textdx below).

Toxi ci tystadiol (EZ) b

Various expert bodies have recognized that E2 is a potential carcinogen (WHO 2000 (Toxicological Evaluation of Certain
Veterinary Drug Residues in Food. WHO Food Additive Series: 43. Estradiol-17E , Progesterone, and Testosterone.
Geneva:World Health Organization, International Programmeon Chemical Safety. available:
http://www.inchem.org/documents/jecfa/jecmono/v43jec01.htm); EPA in the CCL dossiers.) Sufficient data are
available to derive a cancer slope factor (SF) of 39 (mg/kg-day)'1 (CAOEHHA, 1992 as cited in Snyder et al. (2010)).
Based on the carcinogenic potential of E2 and the availability of the SF, the Snyder et al. (2010) decision tree would lead
to the establishment of a screening level ADI of 0.000026 pg/kg-day assuming an allowable excess lifetime cancer risk of
one in one million (1x10'6). This screening level ADI is nearly 2000 times lower than the ADI of 0.05 pg/kg-day
recommended by Australia (Australian-guideline, 2008), the only regulatory body that has proposed a drinking water
guideline for E2 (see Appendix J summarizing drinking water levels identified by the Panel). The Australia drinking water
guideline is based upon the WHO ADI, which is derived through the application of a total uncertainty factor of 100 to a
NOAEL of 0.3 mg/day derived from studies of changes in several hormone-dependent parameters in postmenopausal
women.Gi ven the WHOOG6s review of the extensi vaeE2taoddécisiontoypasa n g
the ADI for E2 on a non-cancer endpoint, the Expert Panel believes the WHO ADI is just as valid as the ADI that can be
derived using the CA OEHHA slope factor and a 1x10°® excess lifetime cancer risk level. Indeed, given that the mechanism
by which tumors were induced in the rodent study, upon which cancer slope factor is based, has no equivalent in humans,
the WHO ADI may have greater validity than the ADI based upon the results of the rodent cancer bioassay. The decision
of which ADI to use for compounds like E2 is one of science policy and needs to consider previous precedent as well as
new precedent such a decision establishes. For example, if the ADI based upon the CA OEHHA slope factor is accepted
and used to establish MTLs, it likely means that many common dietary items that contain naturally occurring E2 and other
steroid estrogens (e.g., dairy products and various meats) pose a potentially unacceptable cancer risk. If WHOO ADI is
used, consumption of many common dietary items would not pose an unacceptable risk.
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The Expert Panel was not prepared to conduct a detailed revighedbxicity of EZor any
other CECdpr the purpose of developing an initiasst of CECs to monitofhe Panel believes
that as part of developing a finatonitoring listof CECs tprotect public health, substantial
discrepancies between screeningéeDIs should be carefully examined and understood
before a final ADI is selected for the derivation of a MTL.

4.3 Derivation of Monitoring Trigger Levels

Two unique sets of MTLs need to be developed, corresponding to the diffiegrge of
exposure tarecycledwater this is assunteto be associated with the twawater reusepractices
described in Section To translate the screening level ADIs derived using the decision tree
presented in Snydest al. (2010)into MTLs for potable water use (as opposedandscape
irrigation), the Panel adopted the common approach of assuming that an adult female (the
tySt NBO2YYSyYyRa dzaAy3da ! {9t! Qa RSTFlLdA G o02ResgS
consumes 2 liters of watgyer day for her entire life. Thus, theeening level ADI is multiplied
by 60 kg and divided by 2 liters/persaay Eguation 4.1) to derive the potable water us&TL
The Panel also believes that it is appropriate to incorporate a relative source contribution (RSC)
in the derivation of MTLshbugh the value of the RSC shoukpdnd upon the particular CEC.
For CECs where drinking water is assumed to be the dominant exposure pathway for the
general publican RSC of 1.0 is appropriate (e.g., human use pharmaceuticals, disinfection
byproducts) While CECs with many potential environmental sources other than drinking water
(e.g., most pesticideshould emfoy an RSC of lessthan ID0A Sy (G KS t | ySf Qa NB
time constraints, it did not feel it was in a position to recommend specific REEgdcific
classes of CEQsut recommends that the next Panel review the development of RSCs and
recommend values to use in the development of MTLs

Monitoring Trigger Level Screening Level ADI x 60 kg x RSC (Eq. 4.1)
2 L/day

Toderive the MTLs for landscape irrigation, the Panel recommends using the same
assumptions as used to derive MTLs for potable use, with the exception of the water ingestion
rate. Few quantitative data were available to rigorously characterize the potentialental
ingestion rate of water for the landscape irrigation scenafioe Panel started by reviewing
information compiled by USEPA on incidental water ingestion while swimtd®gHRA 2069
as a possible source to develop an estimate of the amountadémconsumedn the landscape
irrigation scenario. The Panel felt that in most cases, measured amounts of water ingested
incidentally while swimming would bmubstantiallygreater than the amounts of water that
might be ingested from landscape irrigatidiSEPA reports that children ingest more water
while swimming than adults (mean and uppeg®igestion rates of 37 and 49 hiour for
children and 16 and 20 rfitour for adults).The Panel also reviewestudies reporting on the
proportion of daily drinkingvater intake due to park irrigation (Cooper & Olivieri, 1998; Sakaji
et al. 1998; Ottoson & Stenstrom, 2003)hese studies form a better basis from which to
estimate incidental irrigation exposures thatudies of swimming exposurd3ased upon these
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studies, the Panel selected a highd incidental ingestion fraction of 1% of total daily water
intake being comprised of intake from landscape irrigation. Given that total daily intake is
assumed to be 2 liters per day for the derivation of potable use Mmkdntake for landscape
irrigation was assumed to be 0.0felis, or 20 milliliters per day. Thuke expected ingestion
of water associated with landscape irrigation i946ld lower than thatassumed for potable
water use. As thiss the only diffeence between the two sets &fiTLs for the two reuse
practices the landscape irrigation MTLs areQltines greater than the MTLs for potahieuse.

4.3.1 InitialMonitoring Trigger Levels

ThePanel believes that MTLs derived following the process destebeve, will be
consistent, protective of public health, and when compared to representaiz€ or PEG,
will lead to the identification of CECs that should be included in a monitoring program based
upon their toxcological relevance to humanBhe Pankalsorecognizeghat full
implementation of its recommended proce@acluding derivation of MTLs®)ill require more
resources tha were available to the Pandtor example, review of available toxicity
information for each CEC and the use of that infation in theflow chart presented in Snyder
et al. (2010)(see Figure 2), could take significant effort and toxioglical expertise and
judgment.The Panehad the required expertise and judgment, ksimply did not havéhe
time andresources at itglisposal to conduct such a reviewhat being said, the Panel did want
to develop an understanding of whether its recommendeaneworkof comparing measured
(or predicted) environmental concentrations kTLs to identify CECs to include in a monitoring
program was workableThe Panel also felt it was within their charge to provide regulators with
initial MTLs so that monitoring could be readily implemented.

To conduct such an evaluation, the Panel derivatthl MTLs based upon drinking water
benchmarks avéble from seven ifferent sources (see Appendix Jhese sources include
drinking water benchmarks developed by three regulatory agencies (USEPA, CDPH, ustralia
Environmental Protection and Heritage Coundivo papers recently published in scientific
journals (Schwabt al. 2005, Schriket al. 2009), and two peereviewed research reports
focusing on the development of benchmarks for CECs (Sey@¢r2008a, Cotruvoet al. 2010).

The key assumptions each of the sources used to derive drinking bextehnmarks are
described in Appendix J

When information from these seven sources is combined, drinking water benchmarks are
presented for418compounds that might be classified as CECs. The majority of CECs have only a
single benchmark (i.e., only onetbe sourcesgpresents a benchmark for that CER3t could
beused as the MTL. However, several CECs, often the pharmaceuticals, have multiple
benchmarks. For some CECs, those benchmarks are similar (e.g., codeine, ethinyl estradiol, di
butyl phthalate)while for others, the benchmarks can be quite disparate (e.g., ibuprofen, DDE,
DEETtriclosar).

The drinking water benchmark selected as the basis foirtiti@l MTLSor each compound
is highighted (in pink) in Appendix J. As described in Apperfdiatdotes, the benchmarks are
derived by combining assumptions about the toxicity of a CEC and potential exposure to the
CEC via consumption of drinking water. The assumptions about the potential toxicity of a
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particular CEC and how ti#&Ifor that particdar CEC was derived can vary between the
sources of the benchmarks. Details of those differences are available from the sources.
Summarizing the derivation of the allowable intake for each benchmark was beyond the scope
2T UKS tlyStQa OKINBSO®

Just as assaptions about the potential toxicity of a CEC can vary between sources, so can
assumptions about exposure. For example, some sources developed drinking water
0SYOKYIFNJa oFaSR dz2al2y | OKAfRQa 02Re@¢SAIKI |y
rate;howewver,2y | LISNJ {Af 23aNI Y ol &AlAES NI (OKIAY RIQE AR/l
(Schwalet al. 2005) while the others were based anl Rdzf 6 Qa G241t Aydal1So |
assumed longerm daily consumption of drinking water. Some sources consistentlystatju
the allowed exposure from drinking water to account for potential exposure from other
pathways (e.g., diet) while other sources did not. Thisistthent is referred to as the RSC
the US. The Australian guidelines refer to it as a proportion (R) water (Australian
guideline, 2008)The decision to use or not use an RSC (or P) does not appear to be random.

For exampleSchwalet al. (2005) did not use an RSC because the only CECs they evaluated

were pharmaceuticals. For people not taking a paticpharmaceutical for therapeutic use,
RNAY1AY3 61 0SSN SELIR&dzNE tA1Ste& O2YLINRaSa G(KS
need to account for exposure from other sources is compesjpecific. In other words, the RSC

can be set to 1.0 for pharaceuticals. The Australian guidelines similarly use a P of 1.0 for
humanuse pharmaceuticals but use a P of 0.1 for other compounds, including pharmaceuticals
with veterinary or agricultural applicatior{dustralianguideline, 2008)

Given the conservatesnature of the initial MTL selection process followed by the Panel for
the purposes of this report, the Panel believes the MTLs highlighted in Appendix J are health
protective and appropriate for use in a CEC monitoring program. This report refers @ thos
a¢[ & a GAYAGALFft ac¢[aé (2 SYLKFIaAl S G(GKFd (KSe@
one recommended by the Panel. A key part of the framework proposed by the Panel is periodic
review of the MTLs and MECs/PECs used to identfgator CEC® be included in a
monitoring program. The Panel anticipates that as part of such future periodic reviews, the
GAYAUGALFE a¢[ d¢ LINBASYGSR Ay (GKAA& NBLERNI oAff
approach.

4.4 What are the appropriae constituents to k@ monitored?

EstablishingMTLsis only half of the information required to determine whether a CEC
needs to be included in a monitorimogram.The other set of needed information is on
predicted orMECs of the CEC in recycled wat#Cs with concentrats that have been
documented to be belowTLs would not need to be included in a monitoring progrdECs
with concentrations above th®TLwould be candidates to be included in or retained in a
monitoring program.

Currently, baseline moniting data eist for many CECs occurring in recycled water in
California.These data can be comparedMTLsto determine whether to includeltem in a
monitoring programThe Panel has summarized available data relevant to Califior@eaction
5.
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The Panel believesit critical to emphasize that if measured or predicted concentrations of
a CEC at the POM exceed respective MTLs, exceedences do not necessarily indicate the
SEA&GSYOS 2F LWzt AO0 KSIfGK Nralaoe ¢KS ac¢[a |y
framewolk are developed to be conservative and used only for the purpose of prioritizing CECs
F2N) Y2YAU2NAY3IP ¢KS tFySftQa LINPLRZASR FTNIYSH2N
potential risk from CECs in recycled water
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5.0 Measured Environmental Conceations of CECs indtycled Watelin
California

5.1 Introduction

In order to compileMECsf CECs in recycled water in California, the Panel developed a
survey that considered sampling locatioasalyticalmethodsused for their quantification
frequencies and treatment processdsr the water reuse practices of interest to the State
Board The survey was provided to stakeholders in California and CEC monitoring data were
requested for the time period 200&nd 2009 The Panel received survey responses froater
and wastewater utilities in California, the WateReuse Association of California, commercial
laboratories, and research laboratories that were engaged in monitoring efforts for CECs in
recycled water projects in California. The Panel screened thasdasesand summarized the
occurrence of CE@sthese reuse applications.

While the Panel acknowledged that these reuse practices engage conventional and
advanced water treatment processes that result in very different water qualities, the Panel
chose aconservative approach in comparing MECs to MTLs (see Section 4) for the exposure
screening that was proposed to seléotlicator CECi®r monitoring programs. This
conservative measure considered a water quality that represents a secondary or tertiary
treated effluent qualityY SSGAY 3 / FE AFT2NY AL QA ¢ At STheses NI Ij dzA |
MECs were also chosen as a representative wastewater effluent quality for groundwater
recharge practices using surface spreading or direct injection into a paghiéer. The Panel
acknowledged that the water quality for these groundwater recharge reuse practices both at
the POM after travel through the vadose zone and the aquifer, as well as at the point of
exposure, are likely to be matigld lower. Neverthelesghe effect of additional water
treatment on water quality was not considered in deriving MECs and the most conservative
values were used in the prioritizatio@iven that no standardized methods were used to
generate MEC data in the past, the Panel atsmgnizes that variability and false
positive/negative issues likely confound the MECs considered for the development of the
tFyStQa / 9/ LINA2NRGe fAal®

5.2 Occurrence of CE Recycled Water in California

MECs for CCL3 and r@CL3 CECs (seection2) representing secondary or tertiary
effluent qualitieswere compiledrepresentative of a Title 22 water quality as noted above) to
represent the final MEC for the purposes of the reports analy$is combined effluent
gualities represent a conservativetesate of MECs for groundwater recharge projects since
treatment credit is not including additional advanced water treatment processes, dilution in the
aquifer, and/or incidental treatment in the sealquifer system. In addition, the combined
secondary/tetiary effluent derived MEC represents a reasonable and conservative estimate for
all landscape irrigation uses (restricted and frestricted). Further, if CECs were reported as
not detected, the method detection limit (MDL) was adopted as the lowest oecoe value, a
conservative assumption. For each CEC various statistical parameters were determined as
illustrated for ibuprofen in Figure 5.1. Distribution plots for all CECs are listed in Appendix K. For
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the CCL3 and neBCL3 CECs, thé"9ercentile ofeach MEC was recorded. Table 5.1
summarizes the 90percentile MECs of CCL3 CECs. THi@éentiles of MECs for neBCL3

CECs are summarized in Table 5.2. Of the chemicals considered by the Panel, MECs for eight
CCL3 CECs were compiled. For the@@8 CECs, 43 MECs were identified.

Ibuprofen
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Quantiles

100.0% maximum 1000
99.5% 1000
97.5% 1000
90.0% 500
75.0% quartile 370
50.0% median 50
25.0% quartile 16
10.0% 10
2.5% 5.5
0.5% 5.5
0.0% minimum 5.5
Moments

Mean 191.21053
Std Dev 253.12773
Std Err Mean 58.071484
Upper 95% Mean 313.21419
Lower 95% Mean 69.206866
N 19

Figure 5.1. Statistical assessment of CCL3 CECs and non-CCL3 CECs (e.g., ibuprofen).
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Table 5.1. 90" percentile MECs of CCL3 CECs in recycled water.
CCL3 CECs Occurrence in MTLs MEC/MTL
Recycled Water
Secondary/Tertiary
Treated (ng/L)
Potable S Potable N
Reuse Irrigation Reuse Irrigation
17a-estradiol 1 3.5E+02 3.5E+03 0.00 0.00
17B-estradiol 8.4 9.0E-01 9.0E+00 9.33 0.93
Erythromycin 113 4.9E+03 4.9E+04 0.02 0.00
Estrone 73 3.5E+02 3.5E+03 0.21 0.02
Ethinyl estradiol 1 2.8E+02 2.8E+03 0.00 0.00
PFOA 28 1.1E+03 1.1E+04 0.03 0.00
PFOS 90 2.0E+02 2.0E+03 0.45 0.05
Nitrosodiethylamine 68 1.0E+01 1.0E+02 6.80 0.68
(NDMA)
Table 5.2. 90" percentile MECs of non-CCL3 CECs in recycled water.
Non-CCL3 CECs Occurrence in MTLs MEC/MTL
Recycled Water
Secondary/Tertiary
Treated (ng/L)
Potable Reuse Irrigation PF;)tabIe Irrigation
euse
4-Nonylphenol 161 500000 5000000 0.00 0.00
Atorvastatin 79 5000 50000 0.02 0.00
Diclofenac 230 1800 18000 0.13 0.01
Epitestosterone 10 N/A N/A
(cis-Testosterone)
Ketoprofen 43 3500 35000 0.01 0.00
Metoprolol 246 25000 250000 0.01 0.00
o-hydroxy 10 N/A N/A
atorvastatin
Propanolol 25 40000 400000
Simvastatin 25 N/A N/A
hydroxyacid
Sucralose 26390 N/A N/A 0.02 0.00
Acetaminophen 550 350000 3500000 0.00 0.00
Bisphenol A 286 350000 3500000 0.00 0.00
Dilantin 217 N/A N/A
Tris (2-chloroethyl) 688 2500 25000 0.28 0.03

phosphate (TCEP)
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Table 5.2. Continued

Non-CCL3 CECs Occurrence in MTLs MEC/MTL
Recycled Water
Secondary/Tertiary
Treated (ng/L)

Potable Irrigation  Potable Reuse  Irrigation
Reuse
4-octylphenol 207 50000 500000 0.00 0.00
Atenolol 1780 70000 700000 0.03 0.00
Azithromycin 1200 3900 39000 0.31 0.03
Caffeine 900 350 3500 2.57 0.26
Carbamazepine 400 1000 10000 0.40 0.04
Ciprofloxacin 100 17000 170000 0.01 0.00
Clofibric acid 820 30000 300000 0.03 0.00
DEET 1520 2500 25000 0.61 0.06
Diethylstilbestrol 10 N/A N/A
Fluoxetine (Prozac) 31 10000 100000 0.00 0.00
Furosemide 38 N/A N/A
Gemfibrozil 3550 45000 450000 0.08 0.01
Ibuprofen 500 34000 340000 0.01 0.00
lopromide 2174 750000 7500000 0.00 0.00
Meprobamate 430 260000 2600000 0.00 0.00
Methylisothio- 114 N/A N/A
cyanate
Musk ketone 25 350000 3500000 0.00 0.00
Naproxen 851 220000 2200000 0.00 0.00
Primidone 264 N/A N/A
Progesterone 18 110000 1100000 0.00 0.00
Salicylic acid 110 29000 290000 0.00 0.00
Sulfamethoxazole 1400 35000 350000 0.04 0.00
TCDPP 296 1000000 10000000 0.00 0.00
TCPP 5920 N/A N/A
Testosterone (trans- 37 7000 70000 0.01 0.00
Testosterone)
Triclocarban 223 N/A N/A
Triclosan 485 350 3500 1.39 0.14
Trimethoprim 112 61000 610000 0.00 0.00
Warfarin 16 2300 23000 0.01 0.00
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5.3 Recommendations to Gather Additieh MEC Data for CECs in California

As stated above, tnMEC data considered by the Panel for CECs in California secondary and
tertiary treated effluents were provided by various stakeholders in response to the occurrence
survey the Panel distributed. It is important to note that the survey was unspecificdiaga
which CEC ME@/ere requested. Thus, the survey resulted in some data gaps regarding MEC
data for all CCL3 CECs. For-@@L3 CECs, MECs were reported for those CECs that were part of
previously developed analytical methods and previous monitoriregesgies for CECs in
recycled water in California. Thus, the list of FBEL3 CECs for which MECs were available does
not represent the entire spectrum of neBCL3 CECs potentially present in recycled water or
the most important CECs based on productiotunee, use practice, or physicochemical
properties suggesting a high likelihood of occurrence in recycled water.

In order to fill data gaps for CECs with limited or no information on MECs in California, the
Panel suggests that the State conduct a more thuigh review of CECs likely to occur in
recycled water using MEC and Ria€ from peerreviewed literature and occurrence studies
2dz0i AARS / EAFT2NYAL® ¢K2aS /9/4&8 GKIG SEKAOAG a
secondary monitoring list of CE®ith low frequency of occurrence to confirm either presence
or absence of these CECs in recycled water in Califdnréaldition, this secondary monitoring
list could be populated by CCL3 CECs that exhibit a relatively low MTL (less than 500 ng/L)
based oni K S t durnyintafy Of&vailable drinking water benchmarkable 5.3 lists CCL3
CECs with no MEC information for Califoama with initial MTLs of less than 500 ngilhe
Panel conducted a cursory review of production data and physicochemical proparties
suggested a few CCL3 CECs that could be targeted through a secondary monitoring program to
confirm their presence or absence in recycled water. Results of these efforts, along with the
Y2YAG2NRAY3I RFEGE O2ff SOGSR I 4an,XtaNgrovideThe bakiS t Iy S
for revising the proposed initial monitoring list during the next, and each, triennial review.

Table 5.3. CCL3 CECs with MTLs of less than 500 ng/L and no MECs in Recycled Water in California. 90"
percentile MECs in recycled water were not available for these CECs.

CCL3 CECs MTLs Note Recommend Available
Potable Gathering MEC Analytical
Reuse Information Method
(ng/L)

1,2,3-Trichloropropane 5.0E+00 On Cal UCMR Yes Yes

1,3-Butadiene 1.0E+01 High production volume industrial No No

chemical; rapid volatility from
water; log Kow 1.99; main uptake
via lungs in humans
3-Hydroxycarbofuran 4.2E+02 Pesticide; low likelihood to occur No No
in recycled water at elevated
concentrations
4,4'-Methylenedianiline 2.2E+01 Industrial chemical; only slightly No No
soluble in water; low likelihood to
occur in recycled water at elevated
concentrations
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Table 5.3. Continued
CCL3 CECs MTLs Note Recommend Available
Potable Gathering MEC Analytical
Reuse Information Method
(ng/L)

Acetamide 5.0E+02 Industrial chemical; well water No No
soluble; low likelihood to occur in
recycled water at elevated
concentrations

Alachlor OA 4.0E+02 Herbicide; low likelihood to occur No No
in recycled water at elevated
concentrations

Alpha.- 6.0E+00 Pesticide; log Kow 3.78; low No No

Hexachlorocyclohexane likelihood to occur in recycled
water at elevated concentrations

Benzyl chloride 2.0E+02 Not stable in activated No No
sludge/wastewater

Cumene hydroperoxide 7.6E+01 very unstable in the environment; No No
unlikely to persist during water
reclamation

Dicrotophos 4.9E+02 Insecticide; low likelihood to occur No No
in recycled water at elevated
concentrations

Equilenin 3.5E+02 Steroid replacement drug; low No No
likelihood to occur in recycled
water at elevated concentrations

Equilin 3.5E+02 Steroid replacement drug; low No No
likelihood to occur in recycled
water at elevated concentrations

Estriol 3.5E+02 Steroid; occurrence in recycled No No
water usually less than 5 ng/L

Ethylene oxide 1.1E+02 intermediate industrial chemical; No No
unstable in the environment; low
likelihood to occur in recycled
water at elevated concentrations

Hydrazine 1.0E+01 Industrial chemical Yes Yes

Mestranol 2.8E+02 Synthetic estrogen; low likelihood No No
to occur in recycled water at
elevated concentrations

Nitroglycerin 2.9E+02 Industrial chemical; low likelihood No No
to occur in recycled water at
elevated concentrations

N-nitrosopyrrolidine 2.0E+01 Low likelihood to occur in recycled No No

(NPYR) water at elevated concentrations

Norethindrone 4.0E+01 Contraceptive drug; low likelihood No No
to occur in recycled water at
elevated concentrations

o-Toluidine 1.9E+02 Herbicide; low likelihood to occur No No
in recycled water at elevated
concentrations

Oxirane, methyl- 2.3E+02 Industrial chemical; low likelihood No No
to occur in recycled water at
elevated concentrations

Oxydemeton-methyl 9.1E+02 Insecticide; low likelihood to occur No No

in recycled water at elevated
concentrations
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CCL3 CECs MTLs Note Recommend Available
Potable Gathering MEC Analytical
Reuse Information Method
(ng/L)
Oxyfluorfen 4.8E+02 Herbicide; low likelihood to occur No No
in recycled water at elevated
concentrations
Profenofos 3.5E+02 Pesticide; low likelihood to occur No No
in recycled water at elevated
concentrations
Quinoline 1.0E+01 Industrial chemical Yes Yes
RDX (Hexahydro-1,3,5- 3.0E+02 Explosive residue; low likelihood No No
trinitro-1,3,5-triazine) to occur in recycled water at
elevated concentrations
Terbufos 3.5E+02 Pesticide; low likelihood to occur No No
in recycled water at elevated
concentrations
Terbufos sulfone 3.5E+02 Pesticide; low likelihood to occur No No
in recycled water at elevated
concentrations
Triphenyltin hydroxide 1.9E+00 Pesticide; low likelihood to occur No No

(TPTH)

in recycled water at elevated
concentrations
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6.0 ScreeningJnknown CECs in Recycled WaterAssess Exposure

6.1 Introduction

For unknown CECs (e.g., CECs that may be unknowingly released into the environment and for
which there are cuently no known methods for their quantification), biological monitoring or
chemical screening methods could be used to quantify effects/equivalents or identify unknown
chemicals and thus may offer an additional
safeguard for human health (Figure 6.1). The
main advantage of bioassays is that they are

able to detect the presence of chemicals Endpoint of
based on their bioactivity rather than on their rem—e coneen
detection by analytical chemistry. For this to No methods (—]
work, however, robust, reproducible and high v walishie?

throughput assays need to leveloped. This | .00, Ay

is one of the primary ways to evaluate the method Yes

occurrence of unknown/unknown CECs. It is

imperative to specify the endpoint of concern Commercial

in this process. Several examples are No method

discussedn Appendix LThe USEP#as v ';:m;':;“:;a‘

focused on compounds that intexfe with Develon available?

estrogen, androgen and thyroid hormone method

responses. Other potential candidate
endpoints of concern include genotoxicity ana
steroidogenesis.

Yeas

Figure 6.1 Screening approach for unknown
unknown CECs in recycled water.

Advances in qualitative determation of unknown chemicals (i.e., chemical screening with
high resolution mass spectroscopy) can be linked with biological effects to help identify agents,
which can subsequently be evaluated for exposure or effects (see Figure 6.1). For biological
monitoring there are bothn vivoandin vitroassays that have been developed. Their use in the
regulatory context was the topic of a debate sponsored by the Society of Toxicology in 2008
(Hartung & Daston, 2009) here are advantages and disadvantages to e&these monitoring
systems, and possibly a mixture of bathvivoandin vitrotesting systems will be necessary. A
distinct advantage ah vivotests is that the chemical exposure is to the whole animal where all
the tissues and toxicity pathways areuaily exposed; however, the apical end points that are
normally measured including survival, reproduction and growth, are not specific to a
mechanism of actiofSnyderet al. 2008h. However, research has demonstrated that
sometimes extreme differences wih and among species confound the useénofivoassays
especially for prediction of human health (i.e., strain differences in mice and rats seen during
the Endocrine Disruptors Screening Program (EDI8Rjjrotests, on the other hand, are very
specifc for a mechanism of action, but are artificial and fpdtysiological representations of
what may be happeningp viva Novel methods in genomics and proteomics slyveat
promise to bridge the advantages of both timevivoandin vitro methods, by allowg the
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exposures to occun vivobut analyzing the effects to provide mechanistic information through

systems toxicology approaches. The genomics and proteomics methods promise to be sensitive

and accurate in determining the presence of possible hazartisman health in drinking

water and conversely of clearly showing no observable toxiGignhomianethods are still

being developed in research laboratories and are not currently used for regulatory applications.
However, USEPA has proposed thattheséiile2 R4 oAt t S@Sydlddztfte o6S dz
biological responses (adverse outcome pathways) (Beratett, 2010), which will be

employed in risk assessment paradigms in the future.

An added benefit of bioassays is they can be used to measuregsstieradditive, and
antagonistic interactions between compounds that may be present in a mixture. Toxicity
evaluations based on singemical analyses will generally miss the synergistic, additive, or
antagonistic potential found in mixtures, thus prowg a false sense of security or false
indication of a potential risk.

6.2 Bioanalytical Screening Tools

Bioanalyical sreens can be used to develop integratgaproaches that a capable of targeting

a wide spectrum of CEGand when calibrated, may alprovide somendication of adverse

effect. While analytical chemistry requires the availability of standards and known compounds,
bioanalytical methods include the ability to integrate unknown compounds and mixture
interactions within an environmental nt@x. In addition, with recent movement by regulatory
agencies toward a mode of action approach in risk assessment paradigms, several bioassays
have recently been developed for the screening of compounds for specific biological target
activities such as dkin-like activity €.g., toxic equivalentsTEQ) (Van derBerget al., 1998)
endocrine responses (i,@estrogen, androgen, thyroid), and genotoxicity.

After nearly 10 years of scientific evaluation, the USEPA hasthe@mnounced the EDSP
Tier Ibioassays recommended by tBadocrineDisruptors Screeningand TestingAdvisory
GCommittee (EDSTAC) (USEPA, Bp)dany of these methods are now commercially available
and have adequate quality assurance guideliflezble 6.1)In the case oEhemicalghat
behave as hormone mimics (e.g., estrogen, androgen, thyroid hormones), these bioassays could
play a role as an initial screening tool for CECs, which could then direct specific analytical
chemistry measurements. For example, if a water sample faileldtoonstrate estrogenic
activity in one of the assays described below, the measurement of difficult analytes by
analytical methods may not be necessary. Thus, exposure could be described in terms of
equivalent mass of estradiol (EEQ) per unit volume usiteriaed EEQ value (e.g., ng/L).
Although a high degree of correlation exists between chemically derived EEQ and bioassay
derived EEQ (Figure 6.2), false negatives may be present in a small percentage of samples that
possess antagonistic activity, partiady in the yeast estrogen screening (YES) assay.
Consequently, it may be prudent to use more than one bioassay{MERCALUX) to confirm
negative results.
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Table 6.1. Commercially available EDSP Tier | Bioassays with adequate quality assurance guidelines
(http://www.epa.gov/scipoly/oscpendo/pubs/assayvalidation/tierlbattery.htm#assays).

Test Environment Endpoint Assay
In vitro Estrogen receptor (ER) binding Rat uterine cytosol
Estrogen receptor (hERa) transcriptional
activation Human cell line (HeLA-9903)
Androgen receptor (AR) binding Rat prostate cytosol
Steriodogenesis Human cell line (H295R)
Aromatase Human recombinant microsomes
In vivo Uterotrophic (rat)

Pubertal female (rat)
Pubertal male (rat)

Amphibian metamorphosis (frog)
Fish short-term reproduction
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Figure 6.2. Correlation between chemically estimated EEQs and bioassay EEQs (Bulloch et al., in press).
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6.3 Strengths and Weaknesses oioBssays

6.3.1Strengths

Bioassays that measure binding equivalency €EQ, TEQ) are very powerful because they
can be used to determine the bioactivity of a water extract on specific biological endpoints and
thus provide information on unknown/unknown CECs. Seldom are chemicals present alone and
rarely can all be measure@.2 NJ SEI YL ST |y SEGNI Obethinkl G O2y Gl
estradiolEE2 (< 1 ng/L), which by itself may be below the threshold for biological or toxic
responses, and also other estrogenic chemicals that act via the same soluble sex steroid
receptors can increase the activity above the threshold (Beaal., 2007). For maximum
protection of human health, one needs to group chemicals by their modes of action and test
them in bioassays that have been calibrated to mammalian toxitiyvoand clealy
distinguish biological effects attributed to potential mixtures. This is especially true if it is
possible that unknown chemicals are present in the treated water.

Bioassays can be very useful to evaluate active constituents of unknown chemicalrstruct
in TIE methods. For this to be practical, high throughpuwitro assays should be used to
reduce the amount of time required for TIE procedures. Some of the assays mentioned above
can be done in a matter of hours.

Another important aspect of bioaays is that they can be used in mode of action
assessments of individual chemicals and inlcafled assays to help distinguish agonist from
antagonist activities. Some cell types also allow metabolism to occur within the test, thus
including health assesent tests for potent metabolites of chemicals, which may on their own
be much less toxic. Severalvitro bioassays have undergone round robin testing including
those for estrogenic activity, steroidogenic impacts, and genotoxicity. The USEPA and the
Netional Institute of Environmental Health Sciences/National Toxicology Program (NIEHS/NTP)
are using these assays in screening tiers for testing purposes.

6.3.2Weaknesses

While strengths include exposure assessment for unknown/unknown CECs, the primary
weakness of using bioassays is the uncertainty surrounding the potential for quantifying
adverse effects in humans associated with a positive response. Few of these bioassays have
been calibrated to higher order effects (i.e., adverse effects in humans)e T$a possibility of
false positives especially for low concentrations of chemicalsii.eitrothe chemicals signal
activity butin vivothey fail to do so, or vice versa). The most likely explanation for these
inconsistencies is metabolism and waarganism integrated responses compared to specific
bioassay response. In addition, extraction procedures have not been evaluated irnaind
intercalibration studies. For the most part, thevitroassays rely on chemical extraction of the
contaminarts from the water column, without knowing if the extraction methods reliably
obtain the chemical contaminant or not. For example, perchlorate would have been missed by
these assays. And, there is uncertainty as to the proper volumes of water to extrget &min
vitro response and how these concentrations can be extrapolated to human health.
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Few commercial testing companies currently have the equipment and trained staff to
perform bioassays creating a significant need for training. But, this shouldomthe process
It is likely that suppliers of the biological test systems and kits (such as Invitrogen) would
provide courses for personnel in testing companies to teach them how to run the assays under
GLP conditions. Alternatively, continuing educatimurses associated with the Society of
Toxicology (SOT) or Society of Environmental Toxicology and Chemistry (SETAC) could provide
this service. As with medical tests for human disease, commercial companies can hire medical
technicians that are adequatetyained to run the tests.

Another shortterm problem with bioassays is that many, particulanlyivoand microarray
assays, still need to be vetted in rounobin studies to determine the limits of the
methodology, the variability of response and tlabustness and sensitivities of the assays. In
addition, special emphasis should be placed on extraction procedures since most round robin
tests were carried out on a common extract. This level of quality assurance/quality control
(QA/QC) validation will guire resources in parallel with other tests that are ongoing. While in
the short run these additional resources will cost more than just performing chemical analyses,
in the long run, the bioassays may help reduce the overall costs of monitoring reysetprén
this scenario, the bioassays could indicate which analytical methods one must employ to
identify the chemicals of greatest concern

Thus, bioassay methods hold great promise for monitoring the safety of recycled water.
| 26 SOSNE A vew BekeBal stepsyoflte Précess still need to be developed. These
include:

¢ Development of bioassay methods that measure the critical human health
endpoints/mechanisms of action. Currently, bioassays measuring estrogenic effects
appear closest to being agly. These should be implemented as soon as possible to
begin evaluating the efficacy of bioassays in CEC monitoring;

e Developing a trigger level for bioassay respolisked to effects in humangégain, given
that human health ADIs exist of estrogen expesand can be expressed on an
estrogenequivalent basis, suggests that at least for bioassays the measure estrogen
response, relatively rapid development of hamhealthbased trigger levelsay bebe
possible For full application of bioassdyased screeimg, such trigger levels would be
needed for all key human health endpoints; and

e Developing a response to thkeeedance of a trigger levd@lhe Panel believes such a
respase can take one of two form@ne response could be to conduct a TIE to identify
the compound(s) responsible ftre exceedance of the triggefhat compound(s) could
then be includedn the CEC monitoring prograi@iven that monitoring safety of water
supplies still relies on compoudr/~-compound evaluations, this is the most likely nea
term response. An alternate response would be developing an understanding of how
the measured biologiactivity in water leaving a treatment plant is linked to treatment
methods within the treatment plant. Such an understanding might lead to the reductio
in biologicactivity of an effluent through modifications in treatment methods, without
the need to conduct chemicaipecific measurements.
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The Panel believes full implementation of bioassay screening methods is still several years
away and, thus, the P&l is not recommending the adoption of such methods at this time.
However, the Panel does recommend that development of such methods be given high priority
and that the State should charge the next independent advisory panel with developing a pilot
program that documents the efficacy of bioassays as monitoring tools, assuming bioassay
methods are commercially available, and compares their predictions to those of a chémical
chemical monitoring program.

6.4 Quantifying Unknown Kown CECs in Recycledafér

Many of the compoundased in commerce, or that are known or suspected of being
excreted by humans, occur at concentrations too low to be detected by currently available
analytical methods. Such compounds can be included in the CEC screening process
recommended by the Panel, if PECs can be developed (Figurél&3anel believes
developing a process that allows for estimating the possible concentration of CECgdlede
water is key to determining whether compounfis which MECs are not availalde for which
available analytical detection limits are
well above theMTL, have the potential to
CA MECs avallable for pose a human health risk. In concept, a

CCL; or non-CCL, .
" CECs? process to develop screening level

predicted concentrations of CECs in
recycledwater is fairly simple. One simply
Relevant to reuse? m needs to know how much of the

Historical data?

compound is used each year in a
v m household or per capita, make an
assumption about how much water a

personor householduses every day,
o ’;'::fl‘a‘;fe‘: estimate the amount entering a
- treatment plant,decide how many

CD:Z?:OFZ'M " i’s possible loss mechanisms dugithe use,
avallable? transport and treatment process one
/ wants to account forand thenpredict a
'\ Develop concentration in recycled water. Hannah
method et al. (2009) describe such a process to
Develop PECe develop PECs for ethinyl estradiol in US

surface waters.
Figure 6.3. Estimating PECs for unknown known CECs.

The greatest challenge to implementing a productionusebased model to predict
concentrations of known unknowns in recycled water is developing an estimate of the mass of
a compound used and released into the waste water systumh data are available; for most
compounds they just may not have been compiled in a readily accessible location. If the
compound in question is in commerce, the amount sold every year should be available from
manufacturers who know how much of compoury sell. If the compound in question is a
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metabolite, information on its excretion may be available in the scientific literature or could be
estimated based upon intake and information about metabolism.

The value of developing a simple model to predmhcentrations of compounds in reused
water is that comparisons to MTLs can be conducted even for compounds that do not yet have
analytical methods. The availability of such a productased screening system would allow
for the screening of far more cgmounds than we currently have analytical methods for.

Results of such a screening analysis could then be used to prioritize the development of
analytical methods for CECs. The Panel recommends that the State charge the next
independent advisory panel wittvaluating a production volumbased system to prioritize
known unknown CECs for a monitoring program.
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7.0Prerequisites for Monitorirg CECs in Recycled Water

7.1 Background and Analytical Components for Monitoring CECs in Recycled
Water

Althoughthe ttfNlY G SYSNEBAY 3 O2y il YAYylylaég KFra 2F0Sy
been recentlydetected in the environment, the analysis of EDCsRRE&Pkas been ongoing
for decades. Despiteeveral earlyeports of EDCs and pharmaceuticals in the environment,
they received little attention until researchers in the United Kingdom and United States linked
the occurrence of trace steroids to biological activity in fish and cellular bioag3agbrowet
al., 1998; Routledget al., 1998; Snydeet al.,, 2001)and the oft-cited study published in 2002
by the USGeological Survefolpinet al,, 2002 (i Phatr@adeuticals, hormones, and other
organic waste contaminants in US streams, 19000: a national reconnaissarcd hislatter
manuscript reported summed steid hormone concentrations as higls several pg/L and
maximumEE2 and I@orethisterone concentrations of 831 and 872 ng/L, respecti€bdlpin
et al, 2002)

These developments, along with advances in analytical instrumentdtaore led to aapid
increase in the number of analytical techniques used to study steroid hormones and other
exogenous agents such as PPCPs in watealyticaltechniques have increased the sensitivity
and accuracy d€EGnalysis, allowing ultrirace levels of a wide varigtof contaminants to be
identified and quantifiedn, for instance, US drinking water (Benetial., 2009; Quinones &
Snyder, 2009).

BecauseCECsepresent an extremely broad spectrum of compounds, developing a single
all-encompassing technique for threanalysiss highly unlikely. These chemicadsy widely in
their physicechemical properties (e.g., polarity, molecular weight, pKa, water solubility, etc.)
making analysis by traditional analytical techniques difficult. Additionally, the concentiation
many CEQs the environment can be quite low, typically sub/L, which further increases the
complexity of analysis by necessitating extraction and comaéoh steps. In generghowever,

a plan for the analysis of targ€ECgencompassesimilar pimary steps, includingsample
collection/preservation, analysiand quantification.

7.2 Sample Collection/Reservation

7.2.1Sample Collection

Due to the common use of pharmaceuticals, the ubiquitous nature of personal care
products and thecommon ocurrence of nearly ubiquitous commercial products containing
flame retardants, plasticizers, and other industrial chemiaaisat care must be taken to avoid
contamination of samples by samplers, sampling equipment and laboratory personnel.
Communicatiorbetween the laboratory and those collecting samples regarding the list of
target compounds is important to help prevent contamination by identifying and eliminating
possible undesired sources of target analytes. In general, nitrile gloves should betvatirn a
times during the collection and handling of samples to prevent contamination with personal
care products applied directly to the sKsuch as triclosan, DEET, and various sunscreen
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agentg. Similarly, smoking and handling or ingesting pharmacestmataffeinated beverages
should be avoided shortly before and during samppnggrams designed to detect trace levels
of PPCR4& 0 monitor background levels of thi@rget CECdravel blanks shouldlwaysbe
included

It is generally recommended tmwllect samples in amber, glass bottles to prevent analyte
loss due to photodegradation, contamination with various plasticizers, and adsorption to the
walls of plastic sampling bottl§¥anderfordet al., 2006).Special attention must be given to
compounds soh as fluorochemicalsvhich are known to be present in Teflon lined bottle caps
and which can bind strongly to gla&3uinones & Snyder, 200 ample bottles should also be
cleaned thoroughly with applicable solvents (evgater, methanol, acetone, didgbromethane,
hexane) to ensure the cleanlinesstbé bottles prior to sampling-urthermore, sampling
equipment should be composed of materials such as stainless steel that will not leach target
CECsand should be cleaned with solvent between sample locet to prevent cross
contamination.

7.2.2Preservation

At the time of collection, samples are generally preserved to reduce microbial degradation,
hydrolysis, and adsorption of the target analyté&his is typically accomplished through
lowered temperatue and/or chemical preservativeslowever, it must be noted that
preservative selection depends greatly on thECselected for analysis:or example, some
CECsay have an adverse reaction with a chemical preservative; therefore, it is advisable to
testthe target analytes with the selected preservative in a controlled experiment before using
it in the field.

After samples are collected, they should be cooled to prevent analyte degradahac.
usually involves placing the sample in a cooler with icdendther samples are taken and when
they are transported back to the laboratory.samples are to be transported over long
distances, it is recommended that blue ice be used to maintain sample temperature during
shipment. Once samples have been receivedhe laboratory, they may then be stored at 4°C
or less until analysist is strongly advised to conduct holding studies using the matrices of
interest to verify the maximum holding time without degradation.

Chemical preservativese often used to preent analyte degradation. Several have been
commonly used including reducing the sample pH to 2 or below using either sulfuric
(Vanderfordet al., 2003)or hydrochloric acigHernandoet al., 2006) adding formaldehyde to a
final concentration between ¢ 4 percent(Barontiet al., 2000; Fergusoet al., 2001) or
adding sodium azide to a final concentration of 1 (¢/anderford & Snyder, 2006As stated
above, care must be taken to ensure the preservative of choice wnloiesiterfere with the
target analyes. For example, formaldehyde has been extensively used to preserve samples for
steroid analysis; however, Vanderfoetial. (2003)reported that using formaldehyde for the
preservation of pharmaceuticals resulted in significant chang#sein concentrdions over
time.
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Although sample preservatives can reduce the amount of degradation that occurs before
the samples are extracted and/or analyzed, it is recommended that samples be extracted as
soon as possible after they are receivedng storagéimes can result in sample adsorption to
both the bottle and suspended/dissolved organic matter in the sample. Typical holding times
range from 24 to days(Hernandocet al., 2006; Miao & Metcalfe, 2003; Moldovan, 2006; Vieno
et al., 2006)

7.2.3Residual OxidanQuenching

When collecting and analyzing samples from drinking whasatment or potable reuse
facilities, it is important to know whether residual oxidants, such as free chlorine, may be
present.If the residual oxidants are not quenched, target analytédscontinue tobe exposed
to chlorine until the samples are extractedinalytes that are susceptible to oxidation will be
further degraded due to this increase in contact time, leading to misinterpretation of analyte
concentrations present at the timef @ampling. Therefore, residual oxidants must be quenched
using suitable chemical agents.

Commonly used quenching ageimtslude sodium thiosulfatéAceroet al., 2005) sodium
sulfite (Hoet al., 2006) ammonium chlorid€¢Pepichet al., 2004) and ascorlz acid(Yeet al.,
2007) However, researchers have found that some quenching agents react adversely with
various target analyte€lrenholmet al., 2006; Yet al., 2007) Therefore, it is essential that,
like the preservation agents, tests are perforntecensure the selected quenching agent does
not interfere with the target analytes. Furthermore, adverse reactions between preservatives
and quenching agents should be explored, especially with regard to safety.

7.3 Instrumental Analysis

The combination btechniques of chromatographic separation and detection is the
standard for detection of environmental contaminant$he two most powerful and most
widely usedcombinedtechniques are gas chromatographyass spectrometry (GRS) and
liquid chromatographymass spectrometry (-RS) due to their robustness, sensitivity and
selectivity.

7.3.1GGMS

Because MS separates and detects an analyte based on mass to charge ratio (m/z), the
compound must be charged (ionized) before it enters the MS. MG Qhereare two common
ionization techniques: electron ionization (El) and chemical ionization (CI). In El, the GC column
eluent is directed through a beam of electrons created by a filament that produces electrons
having an energy of 70 eV. The electron interagth analyte molecules in the gas phase,
resulting in the loss or gain of an electron by the analyte creating a positively or negatively
charged molecule, respectivelyhis type of ionization results in molecular fragmentation,
which is related to the stictural properties of the compound. Thus, each compound has a
dzy AljdzS a{ GFAYIASNIINAYy(Ge OGKIOG ftft26a F2N G4KS
fragmentation patternHowever, because the analyte is fragmented before it reaches the
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detector, a lossn sensitivity resultsin Cl, a gas (typically methane or ammonia) is first ionized

and then interacts with the analyte, resulting in the gain (positive ionization) or loss (negative
A2YAT FOGA2Yy0 2F | LINRPG2y ® / L kalise Dgeyesally RSUNSS R | &
in less fragmentation than Hiesulting in the potential for increased sensitivity contrast,Cl

often provides less structural information.

7.3.2LGMS

Unlike GEMS, the separation of analytes in-MS occurs in the liquigdhase. Thus, analytes
reach the MS as dissolved solutes in the liquid phase rather than in the gaseous phase.
lonizationof the target analyten LGMSalso differs from G®S in that there ar¢hree
common ionization techniques: electrospray ionizati&$[), atmospherjgressurechemical
ionization (APCland atmospheric pressure photoionization (APBY)far the most utilized
form of LEMS ionization ESI produces fine mist of charged droplet®ontaining the analyte of
interest Droplets arereduced in sizeuntil the charged analyte escapes the droplet (ion
desorption) or the solvent has evaporated to leave the charged analyte in the gas phase. This
process can form positive and negative itmased on the polarity of appliegbltages The
terms ESt and ESlrefer the polarity of ionization imparted to the fragment idn APCI, the
eluent from the LC column is nebulized dwehtedto completely vaporize th solvent and
targetanalytes.The evaporated solvent thdmecomes a reagent gaghich is thenonized and
whose charge is then transferreéd the target analyte creating charged ions for detection by
MS APPI is similar to APCI, except a phegomitting krypton lamp is used to directly ionize the
target analyte APCI and APPieagenerally only usefor compounds found to béessamenable
to ionization by ESI.

7.3.3GCGMS vs. LS

In general, GBS is more amenable to volatile, thermally stable, less polar compounds.
Therefore, it has been the method of choice in the past for legacy pollutanksasic
polychlorinated biphenyl§?CB) polycylic aromatic ydrocarbongPAH$ and
dichlorodiphenyltrichloroethan€DDT). However, newly discovered contaminants, such as
PPCRsare often polar and nowolatile. This has, in part, led to the surge of paguty for the
use of LEMS to monitor emerging contaminants. For many of these compounds to be
monitored by GEMS, they need to be derivatized prior to analy3isis process can be
painstaking, labemtensive and ineffectiveOn the other hand, L.®IS haghe ability to analyze
a wide variety of compounds without the need for derivatization.

However, the ESI process that is most frequently used durifd3 @nalysis can be
susceptible to matrix effects. During the ionization process;taoget analytes aa greater
concentration and/or that have a higher affinity for becoming charged will exhaust the available
charge and leave target analytes unchargédncorrected, matrix effects may result in
improper data interpretation because the effects can vargstantially between matrices and
lead to the reporting of artificiallyolw concentrations. Researchers have tried to minimize
matrix effects using various extraction, cleanup, and elution techni@leepferet al., 2005;
Quintanaet al., 2004; Reemtsm&003)or compensate for them using different calibration
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techniques(Fergusoret al., 2000; Lindsegt al., 2001). However, mostalibration techniques
become problematic when applied to the simultaneous analysis of a broad range of compounds
that enconpass many different classes and structures in matrices having varying degrees of
suppression and enhancemef\tanderford & Snyder, 2006).

7.3.4 Isotope Dution LGMS

Perhaps the most promising method to date is the use of isotope dilution to correct for
matrix effects. In this method, isotopicaligbeled versions of each analyte are added to all
samples prior tsolid phase extractiorSPE Results obtained for unlabeled target analytes are
corrected for matrix effects based on the recovery of the labelersion. This method has
shown promise when applied to the analysis of a varied grolRR@Resticides and EDCs
(Vanderford & Snyder, 2006)

7.3.5Quality Assurance/Quality Control Measures

A comprehensive, performandeasedQA/QCapproach for CEGsich as EDCs and
pharmaceuticals is critical generating high quality data for decision making purposes
Because€CE@oncentrations are often less than 100 ng/L, extensive care must be taken to
prevent accidental contamination by sampling and laborafmysonnel(see Section 7.2 of this
report). In a report following their nationakeconnaissance diSstreams, the U&eological
Qurveyreported a significant number of episodes of blank contaminaf®erneset al., 2002)
suggesting that even the moskgerienced laboratories encounter blané&lated issuesThus
blanks should be an integral portion of evesgmpling event andnalytical batchto ensure that
reported concentrations are present in the environment and, if contamination is suspected, to
help determine a source of contaminatiofrequent travel, field andlaboratory reagent
blanks as well asnstrument blanksare recommended.

The laboratory fortified blankused to evaluate the performance of the total analytical
system, including all pparation and analysis steps highlyrecommended folCEGnalysis.
Results of the laboratory fortified blardee compared to established criteria and, if found to be
outside these criteria, indicate that the analytical system is not performing corraatiymay
not be producing acceptable results. Fortified blanks are typically prepared using a standard
spike from a different source/batch from the one used to calibrate the instrument. To account
for matrix effects, matrix spikes are also recommended toitow the accuracy and
guantitative recovery of target analytes. In this manner, deficiencies in the method can be
revealed and corrected by techniques such as isotope dil{if@mderford & Snyder, 2006)
Duplicate matrix spikes are also recommended tovte an indication of precision.

7.3.6 Method Detectionilmits

The limits of detection and quantification define the lowest levels at which an instrument
can differentiate between a signal and noise and the lowest level at which a value may be
reported, respectively. The determination of these values is especially important for the
analysis of CECs, as many of these compounds occur at trace levalg/lsuli-ormal detection

55



CEC Panel FINAL REPORTJune 2010 Section 7

and reporting limit studies are highly recommendgtlaseret al., 1981; USEPA984; Martin et

al., 2007; Winslovet al,, 2006) In addition, every effort should be made to determine and
verify the reporting limit in the matrices to be analyzed. This should include analyzing sample
matrices fortified at or slightly above the deterneith reporting limit of the method to detect

the presence of potential interferences that may lead to false negative or positive results.
Furthermore, reporting limits should be-#valuated frequently as sample matrices change or
instrumental performance wés.

7.4 Requirements fortCEQMonitoring

Public water systems are responsible for complying with all regulations, including
monitoring, reporting, performing treatment techniques, record keeping, and public notice
requirements. States, in turn, keep tldatafor public water systems in the state data files.
States report violations of MCLs, as welhamitoring violations, to the USPA.

Compliance is based on a number of factors and depends on the individual contariinese.
factors are summarized iippendix Musingatrazineas anexample

7.5 Monitoring for CECs using Commercially Available Methods

Approved analytical methods must be used when analyzing water samples to meet federal
monitoring requirements or to demonstrate compliancetwirinkingwater regulations.
Approved methods are listed in the Code of Federal Regulations after publication in a final rule
or aspart of an expedited approvalhey are developed by tHeEPA, other government
agencies, universities, consensus methods orgawastiwater laboratories, and instrument
manufacturers. Laboratories that analyze compliance samples must be certified b\EERA
or each individual state, although recently there has been movement to nationalize
accreditation through the creation of thidational Environmental Laboratory Accreditation
Gonference Institute (TNI'NI is an organization that 1) develops and adopts for use into its
programs consensus standards for accreditation of environmental testing laboratories and
other organizations dectly involved in the environmental measurement process; 2)
implements a national program for the accreditation of environmental laboratories; 3) develops
and maintains a national proficiency test program; 4) develops and maintains a national
database of ecredited laboratories; and 5) provides training and technical support to facilitate
the implementation of a national accreditation program by accreditors (e.g., state agencies)
and those entities pursuing accreditation (e.g., environmental laboratoff@sgnsure the
quality of the data, methods approved lblye USEPA demand rigoro8A/QC measures. These
guidelines can be found kppendixM.

7.5.1Availability of Commercial Laboratories for CEC Analyses

During the course of this study, the Panel awied five commercial laboratories in order to
evaluate the commercial availability of CEC analyses. From the data received, it was obvious
that there was relatively little consistency in compounds and method reporting limits among
the laboratories surveyeé The Panel strongly recommends that once the initial priority list of
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CECs is implemented by the State, commercial laboratories again be surveyed for capability of
analysis of thenitial CEQist. Additionally, it is recommended that the State conductritial
performance evaluation of all laboratories, who respond by providing a series of blinded
samples of recycled waters from the state, both unspiked and spiked with target CECs.
Moreover, the initial performance testing should include randomizedhkdaand several

replicate samples. From these data, the State will better be able to gauge the robustness of
analytical methods available fordicator CECs

A currently ongoing study sponsored by the Water Research Foundation (WRF #4167) lead
by the Soutlern Nevada Water Authority is evaluating several commercial and academic
laboratories with respect to analysis of a specific group of pharmaceuticals and suspected
endocrine disrupting compounds. Data collected thus far for spiked laboratory purified water
has shown that variability is both laboratory and compound specific. Moreover, the rate of false
positives (blank contamination) and false negatives (spiked but not detected) also was related
to both laboratory performance and MDLs, as well as being camgaependent.

The Panel also recognizes that variability and false positive/negative issues likely confound
the MECs considered for the development of their CEC priority list (see Section 5). However, a
detailed evaluation of the performance standarddized by laboratories reporting measured
CECs in California was beyond the scope of this project. It was obvious that some compounds in
this dataset were more variable than others. In summary, the Panel believes that laboratory
validation studies are dhe utmost importance should the exposure screening approach
proposed by this Panel be adopted by the State.

7.6 Selection/Establishment of Appropriate Method Reporting Limits

The Panel recognizes that monitoring at the lowest possible analytical detdutit is
often not productive anaften leads to erroneous dat@nalytical variability and influence of
false positive/negative results becomes a more sigaifiéssue at minute levels. Thiarkel
recommends that fohealth-based values, or MTLs MRLof 10x lower than MTL be utilized
(Table 7.1)However, in many cases, a 10x lower MDL may not be achievable using currently
available methodologied-or instance, the MTL of NDMALiag/L, which would esult in a
suggested MRL of Orfg/L, far below commonly employe analytical methods for NDMAn
these cases, the Panel suggests the use of the MRL that is closest to tigodlIRhd has
proven reliability.For CEC performance indicators, the Panel recommends MRLs that are of
sufficient sensitivity to moitor attenuation yet provde robust analytical resultIherefore, the
Panel has collected recommended approximate MRLs for performance indicabssiggests
that these values are not prescriptive and should be based ahaodeperformance
measurementsThe Panel stresses that accurate and precise QA/Qtligwall monitoring
programs.The Panestrongly recommensthe inclusion of field blanks, laboratory blanks,
replicate samples, and matrix &g within each sampling everithe Panehalso advissthat
the samples be sent to the analytical laboratories as anonymous randomized samples, that is,
samples should not indicate the source and should provide information that allows them to be
identified as blanks or matrix spikels.monitoring program tryl is only as good as the
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reliability of the data collectedTherefore, it is vital that a robust QA/QC program be utilized at
all stages of the monitoring program.

Table 7.1. Recommended MRLs for health and performance based indicator CECs.

Compound Health-based MRL Health-based Performance indicator MRL
(ng/L) MRL practical (NG/L) (ng/L)
17beta-estradiol 0.09 1 1
NDMA 0.1 2 2
Caffeine 35 50 50
Triclosan 50 50 50
Sucralose N/A N/A 100
lopromide N/A N/A 50
DEET N/A N/A 50
Gemfibrozil N/A N/A 50
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8.0Monitoring Program for CECs in Water Reussading to Urban Irrigation and
Drinking Water Augmentation

8.1 The Proposed Prioritization Scheme for CECs in Recycled Water
iKS t

¢KS 02y O0SLIidz ¢ Iy S praggams LILINE | C

is illustrated in Figure 8.1.
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This prioritization scheme provides guidance on how to select suitable, toxicologically
relevant chemicals for monitoring purposes and considers that recycléer wantains an
unknown pool of CECs at large. CECs are classified into chemicals that have not been previously
ARSYUAFTASR odadzyly26y dzyly2eéyaéov |yR GK2asS GKI
GKAOK I LIISEN 2y (GKS | { 9tFor@i@violsly jdentifiediCEGsthe y R 2 (i K
selection approach consists of fosteps:

e Compileenvironmental concentrations of either measuredpredicted environmental
concentrations ofCECs irecycledwater thatis thesource for water reuse projects;

e Develp a MTL for each of these compounds (or groups thereof) based on toxicological
relevance;

e Compare the environmental concentration (e.g., MEC, PEC) to the MTL. CECs with a
a9/ ka¢[ NIGA2 INBFGSNI GKIY damé akKz2dzZ R 6S LI
NI A2 2F tSaa GKIy amé aK2dAZ R 2yfeé 06S O2yal
process performance indicatorand

e Screen the priority list to ensure that a commercially available, robust analytical method
is available for that compound.

Fora | Yy 2&/y ¥y 2C&EFsHncentrations potentially present in reused water can be
estimated using information on per capita use or production volume and combined with
information on per capita water use to develop a PEC as discussed in Section 6. The PECs for
oknown unknowrs€ can then be compared to MTLs to identify the CECs with the greatest
urgency to develop analytical methods and confirm the PECs.

Foradzy | Y2 6y ORCYigadabytical and chemical screening methatisuld be
employed, when commercially availe,to quantify effects or equivalent concentrations and
identify chemicals for which there is the greatest urgency in developing MEC and MTL data for
further assessmentHigure8.1). As discussed Bection6, bioanalytical methods are currently
being sed by severdkederalagencies to evaluate chemical safetyhich will likely diminish
input of hazardous chemicals into wastewater. Federal agencies have expressed similar
concerns as thetate regulatory entities regarding their inability to keep up fwthe regulation
of CECs on a chemidal-chemical basis using current risk assessment guidelines. Federal
agencies have provided new risk assessment paradigms that incorporate high throughput
models and bioanalytical assays to screen chemicals with gpacimal testing directed only at
OKSYAOFfa GKFG AYLI AN GONRGAOFE Y2RS&a 2F | OdA
regulatory community and the current development and testing of bioanalytical methods, the
Panel estimates that bioanalytical methodglwventually be formally utilized for chemical and
mixture assessments within the next®10 years. Since tlsemethods are still in
development, it is recommended that futuseience advisorganels (i.e.review panel
suggested foR013) update the poritization framework as bioanalytical methods become
ALISOAFTFAOIf e SYyaAySSNBR F2NJ iKSecyBleiwdtedzl GAZ2Y 27F

A number of conservative assumptions are embedd&finthe framework utilized to
identify potential CECs fanonitoring in recycled wateiThe assumption ¢agory and an
estimated levelg 2 NRSNJ 2 F Y 3y A deR@aked to @pical @ 2onen&NID | G A aY
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expected exposureisiclude the following:

e Slection of the ME@s the combined secondary/tertiary treatedfluents for a
particular reuse practice will result in MECs that anethe order of40to 800 times
higher than what is likely observed at the POM sinocereditwas given for consistent
tertiary treatment or for advanced treatment processes requireddirect injection
groundwater recharge projeci®reweset al.,, 2008) For example, the MEg, for
triclosan was reported as 485 ng/L; however, both SAT and RO can reduce this
concentration to less than 50 ng/L reducing the MTL/MEC ratio from 1.39.4b O.

e For groundwater recharge projects, no credit was included to address dilution provided
by mixing with native groundwater, and/or incidental treatment provided by the soil
aquifer system. Dilution credit for this assumption could provide an estimsaéety
factor of two-fold (e.g., based on the assumption of 50:50 dilution of recycled water
with native groundwater). Treatment credit in the safjuifer system (e.g., adsorption,
biodegradation) could provide a safety factor on the order oftb®0-fold (Dreweset
al., 2008).

e For the environmental exposure concentrations, thd'@@rcentilesof MECs were
utilized which provides a safety factor of approximatelyfdd (e.g., based on
comparison of the ratio of the 90percentile to median concentratis contained in
Appendix K).

e For CECs with MECs below detection limits, the valtieeaeported MDL was used to
represent the MEC providing an additional margin of safety;

e Chemical toxicity assumptioriacluded total uncertainty/safety factors that geradly
range from100 to 10,00(and, thus, added additional degrees of conservatism (see
Section 4).

e Overall, the assumptions utilized to identify potedtCECs for monitoring include
between4 to 6 orders of magnitude of conservatisior landscape irrigabn projects
and between 6 to 11 orders of magnitude of conservatism for indirect potable reuse
projects

8.2 Application of the EC Prioritization Schem# ldentify Chemicals that should
be Monitored at the Present Time

To assist the State imearterm program implementation, the Panel compiled available
California MEC data and derivamtial MTLs from drinkig water benchmarks to apply the
proposed scheme and tdentify the chemicals that should be prioritized for present CEC
monitoring. In applyinghe frameworkand in recognition of the time and resource constraints
faced by the Panel for the purposes of this repdine Panel madef the following
assumptions:

e ¢KS SYGANRYYSyYyGltf O2yOSyiNIdGAz2ya O2YLAf SR
seconary/tertiary treated effluent quality across the state;
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The MECs of CECs reported to the Panel were derived using validdteobaist
analytical methods;

The Panelised the benchmarks summarized in Appendix J to devalbal MTLs for

the purpose ofdentifying an initial list of£ECs to be included in a monitoring program.
The Panel wishes to point out that the MTLs presented in Tables 8.1 and 8.2 are
provided as initial values, based in part on the safety factors and assumptions identified
above, to tle State for thepurposeof establishing interim recycled water monitoring
plans. The Panel, as is discussed below in Sectiarr@:3 the State toeconvene the

Panel to periodically update the initi®TLs as well as any subsequently developed
MTLs, usig ADIs developed by the State, or if such are not availebked upon further
review of toxicity informatiorusingthe process outlined in this report; and

For compounds with multiple drinking water benchmairikéjal MTLs were selected in

the order d priority described below:

A Giventhati KS t I ySf Qa OKI NBS ¢Fa (G2 RS@St 2L
the State of California, the drinking water benchmarks developed by CDPH were
given highest priority. Thus, when a CEC has a CDPH derived benc¢hatark,
benchmark formed the basis for theitial MTL for that CEC, regardlestsvhether
other sources also had a benchmark that could have beed tsderive an initial
MTL for that CEC;

A Given thatthe drinking water benchmagkpresented in the preliming CCL and
CCLa3 lists were derived by a regulatory agency$se#don?), those were givethe
next highest priority. Thus, for compounds without a CDPH drinking water
benchmark but with a benchmark presented in the USEPA CCL dossiers, the CCL
dossier beshmark was employed, regardlesswhether the remaining sources also
had a drinking water benchmark for that CEC; and

A For CECs without either a CDPH or USEPA CCL benchmark, thdriowiest water
benchmark from the remaining five potential sources wasd as the basis for the
initial MTL.

Theinitial MTLs selected as described above were comparddE@dor recycled water in
Californiato determine whether or not a CEC should be included in a monitoring program for
potableand nonpotable rause systms. To derive thaitial MTLs for landscape irrigation, the
Panel multiplied potable usaitial MTLs by 10to account for the assumed reduced amount of
water ingestion in a landscape irrigatigetting (as described in Section @)ven that the
expeced ingestion of water associated with landscape irrigation Gfb lower than that
assumed for potable water use, and that is the only difference between the two sets of MTLs
for the two scenarios, the landscape irrigatimitial MTLs are 10times geater than theinitial
MTLs for potable use

NS

For the CCL3 CECs for which MECs were available in California (considering data available to

idKS
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potable reuse applicationsyhich were E2 and NDMA (see Section 5, Table 5.1). For the non
CCL3 CECs for which MECs and MTLs were available, only caffeine and triclosan exceeded a
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a9/ kat¢[ NXséeNable3.Frordhm norpotable reuse practices, none of the CCL3
CECs and meCCL3 CECs exceeded a MEC/MTL ratio of 1.

The Panel wislsto reiterate the conservative nature of the initial MTLs for the CECs
indentified for inclusion on a monitoring list (Table 8.1).

e 17B-estradiol is a steroid estrogen, the majority of which hasrbeeported to occur in
wastewateras a result of natural excretion by humans rather than use of
pharmaceuticals and that it is not predicted to be associated with adverse effects in
drinking water (Caldweét al. 2010. The primary reason that Ead a ME/MTL>1.0 is
that the initialMTL was based on the Califori@éfice of Environmental Health Hazard
AssessmenfOEHHMcancer slope factor, as opposed to the ADI developed by the
World Health Organizatiod{HO, whichhas been used by AustraljAustralian-
guideline, 2008)o develop its drinking water guidelisgsee text box in Section 4jad
the Australian guidelines been ustadevelop the initial MTL, B&2ould not be
identified as a CEC todiade in a monitoring program in California.

e Caffeineisd AGAYdzE I yi yIFGdzNIffe LINBSBaSyd Ay @GANLd
tea, chocolate, as well as in some pharmaceuticatipcts.The initial MTL for caffeine
of 0.35ug/l is the drinking water guideline established by Australia (Appendix J). Based
upon the chemical structure of caffeine, Australia assumes that caffeine is a Threshold
2F ¢2EAQO2t23A0Ft /2y OSNYy { GNHzOGdzNI £ /£ &&
features or likely metabolic pathways either permit no strong presumption fetgaor
I Olidzl £ f & &dza3S & (AustaliaBglifiefing, Q00g)Australia dedvesihe & ® ¢
caffeine drinking water guideline by dividing the AL for chemicals in Structural Class
Il by a safety factor of 1,5080th the assumption that caffeinis a Structural Class IlI
compound and the use of an uncertainty factor of 1,500 result in an exceptionally
conservaive guideline and initial MTIA sense of the degree of conservatism of the
initial MTL of 0.3%ug/l is provided by a comparison of thatial MTL to the
concentration of caffeine in brewed coffeehich can range between 250,000 and
500,000ug/l and in back tea is about 200,000 pg/Thus, the concentration of caffeine
in coffee is approximately one million (1,000,000) times greater thannitial MTL and
in black tea is about 500,000 timgeeater than the initial MTLGiven that the MEC for
caffeine only exceeds the initial MTL by aboutflél, hadcaffeine been assigned to a
different Threshold of Toxicological Concern Structula$<; for example to Class I, to
GKAOK INB FaaA3dySR aGadzmnaidlyOSa 2F aAyYLX S
LI 6Kgl&ad YR Ayy20dz2dza SYyR LINRPRdzOGA - 0K
guideline, 2008), the initial MTL would have been 2Cesmgreater and caffeine would
not be considered aitial CEGor monitoring.

D¢ O

e Triclosan is an antibacterial and antifungal agent used in a variety of consumer products,
including toothpastes, deodorants, and soaps. As with caffeine the initial MTLSof 0.3
Mg/L for triclosan is based on thkinking water guideline established by Australia
(Appendix J). Based upon the chemical structurgicibsan, Australia assumes that
triclosanis a Threshold of Toxicological Concern Structural Class |1l Conmguudien
applies the safety factor of 1,500 to the NOEL described above to derive their guideline
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(Australianguideline, 2008). Unlike caffeine, two of the other sources of drinking water
benchmarks reviewed by the Panel had drinking water benchmarks farsiaic! Snyder

et al. (2008a) report a drinking water benchmark of 2,600 ug/L derived from by applying
a safety factor of 1,000 to a NOEL of 75 mgllg for systemic effects in hamsters.
Cotruvoet al. (2010) report a drinking water benchmark of 500 pghese benchmarks

are between more than 1,000 to nearly 10,000 times greater than Australian benchmark
and more in line with the widespread use of triclosan at levels of between 0.1 and 1.0%
in common consumer products such as soaps and toothpastes. Hadl eftthese
alternative benchmarks been used, triclosan would not have been identifiednstsaa
CEGQGor monitoring.

¢ NDMA is a disinfection byproduct that also occurs in various foods and alcoholic
beverages. California has established a notificatieellef 0.01 ug/L for NDMA based
upon on an excess lifetime cancer risk level of 3.3xtbich is similartai KS ! { 9t ! Q&
cancer risk benchmark of one in one million.

Table 8.1. Exposure screening for CCL3 and non-CCL3 CECs in recycled water.

Secondary/Tertiary Initial MTLs MEC/MTLs
Treated MEC 90"
(ng/L)
Potable Reuse Irrigation Potable Reuse Irrigation
CCL3 CECs
17B-estradiol 8.4 9.0E-01 9.0E+00 9.33 0.93
NDMA 68 1.0E+01 1.0E+02 6.8 0.68
Non-CCL3 CECs
Caffeine 900 350 3500 2.57 0.26
Triclosan 485 350 3500 1.39 0.14

These brief summaries presented above of the background exposures andlogical
bases for thendicator CEQgsoint to the need tdfully understand the conservative nature of
the initial MTLs. It is for these reasons that the Panel urges people interpreting the results of
the exposure screening that forms the core of theCGfioritization framework shown in Figure
8.1, to always keep in mind that the exposure screening was developed to prioritize CECs for a
monitoring program; not to conduct an evaluation of potential risk. Inclusion of a CEC on the
priority monitoring listdoes not mean the CEC poses a health risk. Further analyses outside of
the framework proposed by the Panel are needed to evaluate the potential for a health threat.

The overarching goal eafCEGnonitoring program is to ensure that the expected
performance of arecycledwater treatment plant operates consistentlover extended periods
of time and, thus, reliably produces recycled watiat matches, or is superior to
predetermined standardand thus,can be used as source water for indirpctable reuse
projects. Since water quality standards for CECs are not currently avaitiability then must
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be definedas the likelihood of achieving a consistent efflugoglity’. For the purposes of

developing the CEC monitoring program (i.e., stgriand basline defined as the monitoring

program conducted after PH approval of indirect potable reuse project operation), consistent
SFFtdzSyid ljdaatAGe A& RSFAYSR Fa GKS FAylLf NBOe@
MEC/MTL for théndicator CECissted in Table8.1. It should be noted again, that tHeECs

listed in Table 8.1 represent an initial list of monitoring compounds based on a number of

qualifying assumptions previously discussed. As such, whiliedieator CECsere selected

using thescreening approach developed and applied by the Rdhey canalsobe used in

preliminary screening evaluatisiof effluent quality

8.3 Indicator Compoundand Surrogate Parameter$or Treatment Performance
Assessment

As previously described, a conservative regulatory approach for the design and opefation
potable reuse systems has evolved that employs multiple barriers of treatment processes with
a demonstrated ability to remove contaminar(tee Section 3)The treatment processes are
subjected to intensive water quality monitoring programs designeddtect failures in system
performance. Traditional water quality methods of measuring bulk organic matter in
wastewater, such as measurements of chemical oxygen demand (COD), total organic carbon
(TOC)total organic halides (TOX9r, conductivity, continte to be used in monitoring programs,
even though their ability to serve as surrogates for CECs has only been demonstrated very
recently(Dreweset al., 2008;Dickensoret al. 2009 Dreweset al., 2010h. These studies
demonstrate that changes ioulk paranetersdo correlate with changes of indicator chemicals
in the subsurfacer during RO treatment leading to direct injectiDreweset al. 201@&). Thus,
to ensure proper performance of unit operations regarding the remova@8le€sa combination
of appropiate surrogate parameters arerformanceindicator CECshould be selectethat
aretailored to monitor the removal efficiency of individual unit processes comprising an overall
treatment train. Performancendicator CECand surrogate parameters are deéid as follows:

e Indicator-- An indicator compound is an individUGEMccurring at a quantifiable level
that represents certain physicochemical and biodegradable characteristics of a family of
trace organic constituents that are relevant to fate and spart during treatment. It
provides a conservative assessment of removal.

e Surrogate- A surrogate parameter is a quantifiable change of a bulk parameter that can
measure the performance of individual unit procesgaften in realtime) or operations
in removing trace organic compounds.

An indicator and surrogate approach utilizes only a limited set of analytes for the evaluation
of potable reuseorojects The selection ad practical set of indicator compounds is driven by

® The definition of performance reliability only encompass the variability associated with effluent quality related to
by inplant treatment processes and assumes that the plant is properly designed, operated and maintained.
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treatment performance and less &y toxicological relevance. Thus, selecting multiple
indicators representing a broad range of properties will allow accounting for compounds

OdNNByidte y2i0 ARSYGATFASR 6d4adyly26yaé0 YR Y

environment in the future (e., new pharmaceuticals) provided they fall within the range of
properties covered. The underlying concept is that absence or removal of an indicator
compound during a treatment process would also ensure absence or removal of unidentified
compounds with snilar properties.Table 8.2 lists healtbased indicator CECs along with
performancebased indicator CECs for the two groundwater recharge practices of interest to
the Panel. Please note that certain healihsed indicator CECs are also fulfilling the tiomcof
performancebased indicators (e.g., caffeine, NDMA). For these reuse practices as well as urban
irrigation, performance surrogate parameters are also listed. It is noteworthy, that
performancebased measures (using the select indicator CECs armbates) are differential
measures (i.e., difference between the influent and effluent of a process). For both the-health
and performancebased indicator CECs; MRLs are provided

Table 8.2. Health-based and performance based indicator CECs and performance surrogates for potable and
non-potable reuse practices.

Reuse Health- MRL Performance- Expected MRL Surrogate Method  Expected

Practice based (ng/L) based Removal® (ng/L) Removal®
Indicator Indicator

Groundwater  17p- 1 Agemfibrozil® >90% 10 Aammonia SM >90%

Recharge estradiol*

SAT Triclosan? 50 ADEET® >90% 10 Anitrate SM >30%
Caffeine® 50 ACaffeine® >90% 50 ADOC SM >30%
NDMA?* 2 Aiopromide® >90% 50 AUVA SM >30%

ASucralose’ <25% 100

Direct 17B- 1 ADEET >90% 10 Aconductivity SM >90%

Injection estradiol*
Triclosan? 50 ASucralose >90% 100 ADOC SM >90%
Caffeine® 50 ANDMA 25-50% 2
NDMA* 2 ACaffeine >90% 50

Landscape None None Turbidity SM

Irrigation

CI2 Residual SM
Total Coliform SM

'Steroid hormones”Antimicrobial *Stimulant “Disinfection bproduct *Pharmaceutical residyéPersonal
care product ‘Food additivetravel time in subsurface two weeks and no dilution, see details in Dretves
al. 2008; SM; Standard Methods

The determination of these differentials (for performance indicator CECs and surrogates) for
individual unit processes comprising an overall treatment train is distinguished into two phases:
piloting/start-up and fullscale operation momnoring (Table 7.3). In order to apply the
surrogate/indicator framework to a given or proposed treatment train, first operational
boundary conditions of treatment processes need to be identified, ensuring the performance of
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each unit process according thdir technical specifications. During a piloting/stag phase

for each unit process, the surrogate or operational parameters that demonstrate a measurable
removal (differential) under normal operating conditiosX(= [ - Xout]/Xin) need to be

identified. In parallel, an occurrence study is to be performed confirming the presence of the
proposed performance indicator CECs in the feedwater of each unit process (in the case of a
surface spreading facility, recydlevater prior to and after SAT; in case of direct injection,
recycled water prior to and after RO/AOP). During piloting or 4tprof a new treatment

process, monitoring for a short time period should be conddatéth the proposed
performancebased indiator CECs to determine the removal differentid under normal
operating conditions. For the fuficale operation, the operational boundary conditions and
removal differentialAX andAY for selected surrogate and operational parameters and indicator
compounds should be confirmed. To ensure the propafgrmance of each fucale unit
operation, select surrogate and operational parameters should be measured on a regular basis.
While it is implied that proper performance of the fgltale treatment train will ensure
appropriate removal of CECs, the posed performance based indicator compounds for each
water reuse practice should be monitored at frequencies in the order of semiannually or
annually.

Table 8.3. Application of surrogate/indicator framework to an overall treatment train (adopted from Drewes et
al. 2010b).

Surrogate Parameters Performance Indicator CECs
Piloting and/or Statip
Step 1 Define operational boundary conditio

surface spreading (SAT) or direct inje
(RO/AQOP) for proper operation accor
to technical specifications

Step 2 For each unit process, identify those Conduct occurrence study to confirm pres:
surrogate or operational parameters ' performance based indicator CECs in the
demonstrate a measurable removal « feedwater of each unit process
normal operating conditions and qual
their removal differential

(AX = PR- Xoud/ %)

Step 3 Select viable surrogate and operatior Monitor for performance indi€&€s during
parameters for each unit process pilot scale or stap to determine the remov:
differentials under normal operating condit

(AY = [\6- Youﬂ/Yin)

FullScale Operation and Performance Monitoring

Step 4 Confirm operational boundary conditi
fullscale operatiamd removal differen
AX for selected surrogate and operat
parameters

Step 5 Monitor differenth of select surrogat Monitor differentid of selected iratior
and operational parameters for each compounds for each unit process
process on a regular basis (daily, we semiannually/annually
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In addition to identifying thesurrogate, reatime or online water quality monitoring
represents an issue of concern and uncertainty:lida@ monitoring involves constam-situ
measurement of body of water as opposed to analyzing samples in therédbry. As
California and worldide reuse treatment plant performance and reliability requirements
become more stringent the topic will require éncreasing level ahvestigation and
development Faced with compliance with more stringent environmental regulations, plant
operators as well as instrument manufacturers will need new standards and improved
techniques. Currently available methods tend to foonsorntline monitoring on a small subset
of general organic parameters (e.g., BOD, COD, TOC) and some physical parameters (e.g.,
volume, flow, pH, turbidity, salinity). Currdptbiosensors, optical sensors and sensor arrays as
well as virtual sensors for the monitoring of wastewater organic kxad other chemical
constituents are nder investigation/developmentAs reliable methods and equipment become
available they should be incorporated into the water reuse regulatory and industry standards
of practice.

8.4 Monitoring Program and Suggeste®esponse(s) for Indirect Potable Reuse
Projects

Due to time and resource constraints, the guidance provided regarding augtamd
baseline monitoring program does not address all situations that the regulator and regulated
entity will need to addresdJnder these circumstances, the Panel recommends that the
affected stakeholders consult experts to recommend a plant or regigp@tific solution.

To carry out the monitoring program for thedicator CECslentified above, the Panel
recommends a mukliiered approach for implementing and interpreting results from CEC
monitoring programs for recycled water. While the Panel provides recommended thresholds
for each of these tiers, conservative values were selected because of the limited toxicological
information available and the interim nature of the initial MTLs. When drinking water
benchmarks or ADIs derived by the State are available, those should be used to update and
establish MTLs. The Panel also understands that differences in recycled water qudility a
facility operations will occur by region and that investigation of chronic exceedances will need
to be tailored on a regiofvy-region or caséy-case basis.

CKS FT2tft26Ay3 RA&AOdza&AA2Y LINRPOARSAa (GKS tIySftc¢
response ad the subsequent review/updating of those plans for groundwater recharge
projects used for drinking water augmentation.

8.4.1 Guidance on Staup andBaseline CEC Monitoring Prografor Groundwater
Recharge Projects

The sampling location, type of IPRject (including treatment processes), CEC
constituent(s), and frequency of sampling all depend on the sampling objective. Two types of
monitoring are suggested, stadp and baseline monitoring. Also, the suggested constituents
contained in Table 8.2 haween identified as either an indicator of health relevance, overall
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plant efficacy or a surrogate to represent treatment process performance. Based on the above,
the Panel provides the following guidance:

Overall Treatment Plant Efficaein general, sapling for CECs indicators should occur

at the POM (as discussed in Section 1). To meet the draft CDPH groundwater recharge
reuse regulations additional sampling is typically necessary from downgradient wells,
from monitoring wells representing the undeiyg groundwater and/or from shallow
lysimeter wells. The location and monitoring criteria for selection and use of these
sampling locations are sigpecific and need to be defined on a cdgecase basis. The
guidance provided within this report shoule luised to supplement the monitoring
conducted as part of compliance with the draft CDPH regulations;

A Plant Startup Monitoring Frequency nitial startup monitoring should include,

at a minimum, quarterly analyses of the compounds identifisdndicatoiCECs
(see Table 8.2) for the first year of project operation. The surrogates identified in
Table 8.2 should be monitored using online devices, where feasible.

Baseline Monitoring FreqgueneyBaseline monitoring should occur twice per

year for allindicator CEG at the POM for a minimum of three years. Consistent
water recycle plant operation should produce final effluent IPR project source
water containing Table 8.2 CEC concentrations that are consistently less than 5
times the ratio of MEC/MTL. The sugates identified in Table 8.2 should be
monitored using online devices, where feasible.

Treatment Unit Process Performanc&he following guidance is provided for
monitoring the surrogates and indicators during stapt and baseline operations.

A Plant Stat-up Monitoring Frequency nitial startup monitoring should include,

at a minimum, quarterly analyses of the compounds identified as indicator CECs
(see Table 8.2) for the first year of project operation. The surrogates identified in
Table 8.2 shoulddmonitored using online devices, where feasible. To provide
certainty that the individual treatment processes are performing according to
their technical specifications, monitoring (depending on the type of IPR project)
should occur at the following repsentative locations. The following example is
for a direct injection based IPR (i.e., using RO/AOP). Duplication of effort at the
POM is not the intent, but just shown for completeness.

o0 Between secondary and membrane treatment processes;
o0 Between membraa and advanced oxidation treatment; and

o Final effluent after advanced oxidation and prior to groundwater
injection (POM).

The following sampling locations are suggested for an IPR using surface
spreading. As noted above the selection of monitoring andngser wells are
site-specific and need to be selected consistent with DPH regulations.

o Final effluent after tertiary treatment and prior to release to the
groundwater spreading basin (e.g., POM).
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o At monitoring wells representing the underlying groundwaaeid/or
from shallow lysimeter wells.

o At downgradient well(s) representing the potable source water prior
to the potable water treatment plant.

A Baseline Monitoring FrequeneyBaseline monitoring should occur twice per
year for allindicator CEG at the DM for a minimum of three years. Consistent
water recycle plant operation should produce final effluent IPR project source
water containing Table 8.2 CEC concentrations that are consistently less than 5
times the ratio of MEC/MTL. The surrogates identifie Table 8.2 should be
monitored at the various treatment unit locations noted above using online
devices, where feasible.

¢ Increasing Monitoringtf indicator CEG exceed the suggested thresholds during stgurt
or baseline monitoring, the Panel recomntnthat the recharge agency work with DPH
and theRWQCB#® identify the need for and extent of increased monitoring to confirm
the presence of problematic CEC(s), source identification studies, and/or toxicological
studies. If appropriate, increased momiing might involve engineering removal studies
and/or modification of plant operation if found to be warranted.

e Commercial Laboratory Conditiaridethods used to quantifindicator CEG need to
meet stringent QA/QC measures, including blangplication,and matrix spikesThe
Panelrecommends the use of isotopdilution and tandem mass spectreetry
whenever possibleA detailed description of analytical considerations is provided in
Section7 and Appedix M.

8.4.2Response to Monitoring Results

Should here be positive baseline monitoring results, the recharge ageReyQCBand
CDPH needs to consider whether the result is of concern. Consideration should entail topics
such as: review of the basis of the (initial) MWhat is known and what is not knovabout the
particular chemical, the chemi@lpotential health effects at the given concentration, the
source of the chemical, as well as possible means of better control to limit its presence,
treatment strategies if necessary, and othegpropriate actns.

The Rinelprovides the following guidance relative to defining positive monitoring results
and the potentialassociated followup actior(s).While the Panel provides guidance on
thresholds for each of these tiers, conservative values were seleeealise of the limited
toxicological information availabl&@he guidance is provided based on the assumption that the
tyStQa 02y OSLIidz-f FNIYSE2N] =S dziAft AT SR 6AGKAY
approximately 10,000o0ld. The Panel recommels that the recharge agency confer with the
DPH and the appropriate RWQCB to develop a response plan with specific actions to be
implemented by the recharge agency as part of interpreting appropriate responses to the
monitoring results.
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If no more than 2%ercent of the samples during pha&smonitoring exceed a
MEC/MTL ratio of 0.1, the Panel recommends tihaDPH consider deleting the
compound from further monitoring, if requested by the permitted agency. In cases
where a reduction of monitoring is regsted, the MTL(s) should be updated, if feasible,
as part of reviewing the request.

If 1<MEC/MLT< 10: data check, continue to monitor, until 1 year and the MEC/MLT < 1
and preferably i€onsistently less than ttmes the ratio of MEC/MTL

If 10<MEC/MLT<0D: data check, immediate-samplingand analysisto confirm MEC,
continue to monitor, until 1 year and the MEC/MLTart preferably igonsistently less
than 5times the ratio of MEC/MTL

If 100<MEC/MLT< 1000: all of the above plus enhance sourceficatimn program.
Also monitoring at a point in the distribution system closer to B@BEo confirm
attenuation ofthe CEC is occurring and to confirm the magnitude of assumed safety
factors associated with removal efficiency. The POE should be setamisistent with
the DPH regulatioris

MEC/MTL200Q all of the above plus immediately confer with the CDPH and the
RWQCB#® determine the required response action. Confirm plant corrective actions
through additional monitoring that indicates the CEC Is\we below at least an
MEC/MTL of 100.)

Please note that the baseline monitoring recommended byRieel and additional follow
up monitoring to investigate and address positive findings should not be considered for
complianceand/or regulatorypurposes but for investigation and potential use for additional
follow-up actions onhas part of conferring with the CDPH and the RWQCBSs.

8.4.3Review/Update of Monitoring and Response Plans

In addition to the above suggested monitoring and resblsed resposes, the Panel
suggests the following actions relative to updating and confirming the plant data as well as the
list ofindicator CECl®r monitoring purposes.

Once every five years, one additional round of CEC monitoring should be conducted to
confirm montoring results. The monitoring list should reflect suggestions of an
independent panel, preferably a single nproject based State panel, following a
selection process outlined in this report. The monitoring results should be submitted,
along with all othe previous monitoring data, as part of the five year CDPH report (see
draft CDPH regulations, section 60320.090).

The State independent panel should review and update the listdi¢ator CEG at least
triennially. The review and update should inclutie following:

® Refer to drafttOPHregulations sections 60320.070 and 60320.090, for example.
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A Collect and revie readily available toxicity data and update MTLs;

A Collect and review California advanced treatment plant effluent data including
IPR monitoring data collected as part@PH pemitted projects and update
MECs;

A Updatelist of indicator CEC® include newly identifie€CECsvhere the
MEC/MTL>1 and remov@ECsvhere updated data indicate that the current
MEC/MTL<]1

A Review CECs that have come off the monitoring list to see whether use patterns
have changed and whether this afge warrants their rdisting for monitoring;

A Review and update guidance sampling frequency and location;
Review and update conclusions regardialgdratory analytical methods;

N >\

A Review and update biological and chemical screening methods, as discussed in
Section6, and provide guidance on potential new monitoring methods/tools that
would significantly enhance chemical conventional chemical monitoring
methods;

A Develop guidance to the State for updating the monitoring requirements in
groundwater recharge mject permits;and

A Review and update Panglidance orselecting viablesurrogateparametes and
performanceindicator CEG.

8.5 Monitoring for Additional CECs with Insufficient MECs

As pointed out repeatedly, the Panel selected theicator CEC®r amonitoring program

based on MEC data available to the Panel. As some of the CCL3 CECs did not Gaki®amg

MEC data, the Panel reviewed the entire data base of CCL3 CECs attidtskatiose CECs

with MTLs of less than 500 ng/L that could havepbgential to trigger a MEC/MTL ratio of

fIF NBESN) 6Ky amé 6aSS ¢1o6fS podoxr {SOGA2Y puvd ¢
of these CECs to the water recycling practices of interest, the Panel suggests monitoring select
CCL3 CECs for whichiremtly no California MECs awmevailable in secondary/tertiary treated

effluent representing the feed water quality to either surface spreading or advanced water
treatment (i.e., RO/AOP) ahead of direct injection. Monitoring should occur quafterbne

year. Table 8.4 lists these suggested CCL3 CECs for which commercial methods are available and
their corresponding method reporting limits.

Table 8.4. Suggested CECs with limited MEC for additional monitoring.

CECs for Additional Monitoring MTL MRL (ng/L)
1,2,3-Trichloropropane 5.0E+00 5
Hydrazine 1.0E+01 1
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Quinoline 1.0E+01 1

In order to fill data gaps regarding CECs with limited or no information on MECs in
California, the Panel also suggests that the State initially conduct a more thorough oéview
CEC:s likely to occur in recycled water using MEC and PEC data from thevpaeed
literature and occurrence studies outside California. Those CECs that exhibit high MECs and
PECs could be placed on a secondary monitoring list that is measurecktpsantly to confirm
either presence or absence of these CECs in recycled water in California providing commercial
analytical methods are availableesults of this effort will provide the basis for revising the
proposed initial monitoring list during theext triennial review.
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9.0 Recommendations

Becausehe science of CEC investigation is still in its early stagetharfhnel was limited
in both time and resourceshe State can undertakseveral activities to improve the quality of
future monitoringand toxicological informationat feeds intothe process that the Panel has
identified for this inaugural CEC monitoring effort. The State should utilize a Science Advisory
Panel to conduct and oversee these activities. This Expert Panel provides a mimber
recommendations that are geared toward ensuring that monitoring data is of appropriately
high quality and identifying those CECs in recycled water that are of greatest concern and
relevance to ecosystems and human health, including:

1) In order to populag¢ a recycled water data base of CECs with MEC and PEC data, conduct
a comprehensive reviewf CECs likely to occur in recycled water based on-peer
reviewed literature and occurrence studies outside Califgrnia

2) Develop robust and reproducible analytical inetls to measure CECs in recycled water;

3) Performlaboratory performance and analytical method validation studies for CECs
adopted by the State as monitoring priorities;

4) Develop aletailedprocedureto estimate PECs f@EC$or which MECs are currently
not availablebased on production, use and environmental fate

5) The SWRCB should convene and charge a Science Advisory Panel to scope out an
investigative, shorterm monitoring study (e.g. quarterly sampling over a gmar
period) for CECs that exhibit relaily low MTLs (e.g. < 500 ng/L), but for which no or
littte MEC or PEC information is available for secondary/tertiary effluents used for the
water reuse practices of interest; and

6) Encourage development of bioanalytical screening techniques that incla@s C
OdzZNNBy Gt e y20 ARSYUAFASR odzi LRGSYGAlff e
chemicals). Develop appropriate trigger levels for these bioanalytical screening
techniques that correspond to a response posing a concern from a human health
standpant.

The Panel emphasizes that the compousdkected for monitoring in indirect potable reuse
applicationgepresent a preliminary list based on the limited data that are presently available
in Californiaand on a number of qualifying assumptions disedss the report. While they
NBELINSEASYG | O2yaSNBIFGAGBS aONBSyAy3a 2F a/ 9/ a
screening is growing rapidly @ the sheer volume of monitoring and supporting toxicological
information. Thus,n addition to the resarch recommendationsom above, thePanel urges
the State to

1) Develop a process to rapidly compile, summarize and evaluate monitoring data as they
become available. Identify trends in occurrence pattern as a functigime and
sampling locations;

2) Reapply the prioritization procesat leaston a triennial basisand
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3) Establish aStateindependent review panel that can provide a periodic review to the
proposed selection approach, reuse practices, B3 of ongoing CEC monitoring
efforts.
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Postdoctoral Fellowship, Harvard School of Public Health, Interdisciplinary Programs in Health
Postdoctoral Fellowship, Harvard University, Biology Department

Ph.D., Biology, Haard University

M.A., Biology, Harvard University

B.A., Biology, Boston University

Dr. Anderson has over 20 years of experience in human health and ecological risk assessment. Since
2000, Dr. Anderson has led several research efforts investigating teatj@ presence and effects of

active pharmaceutical ingredients (APIs) and personal care products in surface water as well as other
environmental media. His research in the area of constituents of emerging concern (CECs) began with
the development of ageening level model (the Pharmaceutical Assessment and Transport Evaluation
(orPl ¢9u0v Y2RSE O GKFG LINBRAOGA (K SuséhafmabeyticaslandA 2 y Ay
other compounds released from sewage treatment plants across the United States (including the
Sacramento and Lower Colorado Rivers). The model has since beslvocared and was published in
Environmental Science and Technology in 2004. Additionally, Dr. Anderson helped develop and
continues to oversee the use of a database that summarizes the English languageviesed

literature on aquatic toxicity, environental fate in surface water and treatment plant removal of
pharmaceuticals. The database is designed to make all historical information easily accessible to users as
well as providing them with up-date information. Dr. Anderson and his colleagues hased these

tools to conduct several evaluations, including an assessment of the potential human health effects of
several therapeutic classes of pharmaceuticals in US surface waters; the development of a predicted no
effect concentration for protection adquatic receptors from ethinyl estradiol (EE2); a comparison of
predicted to measured concentrations of EE2 in surface water to establish the range of likely EE2
concentrations (submitted for publication); an evaluation of the potential for estrogens {ietcribed

and naturally occurring) in drinking water to pose a potential risk to humans in the United States
(submitted for publication); and characterization of the potential ecological risk associated with EE2 in
surface water (manuscript in preparatip More recently, Dr. Anderson has expanded his research in

the area of trace compounds in surface waters to include two comprehensive reviews of existing
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information and ongoing research effort¥he first was aaview of the stateof-the-science of

endocrine disrupting compounds (EDCs) and the implications of the presence of such compounds for
wastewater treatment, published by the Water Environment Research Foundation in 2005. It described
the sources of EDCs in wastewater, their fate in wastewatatitnent plants, and impacts in the
environment as a result of discharges. The second project, published in 2008, updated and expanded
the 2005 work on EDCs to include the full range of organic compounds that may occur at trace levels in
wastewater treatmenplant effluents. The research included: a review of the different sources and
categories of trace organic compounds; how they are measured; their removal in treatment plants; an
introduction to the potential ecological and human health effects associaidtrace organics in

treated wastewaterrecycledwater, and receiving streams; and an overview of current research needs
including a summary of welinks describing major current research initiatives. Dr. Anderson is also an

adjunct professorinthe CnSNJ F2 NJ 9y SNH& YR 9YGBANRYYSydlt {GdzRA

Geography Department.

ENVIRONMENTAL TOXIQ@IST

Dr. Daniel Schlenk

Professor

Department of Environmental Sciences
University of California, Riverside, CA 92521
Phone: 951827-2018

Email: daniel.schlenk@ucr.edu

Education:
Postdoctoral Fellow, Duke University
Ph.D., Biochemical Toxicology, Oregon State University

B.S., Toxicology, Northeast Louisiana University

The overall focusof Dr.&¢ Sy 1 Q& t+F062NI G62NEBE KIFa 0SSy (2 S@If dz G &

aquatic and marine organisms. For the past 15 years, Dr. Schlenk has been interested in the estrogenic
effects of legacy and emerging chemicals of concern. Initial work begamexytoring the

stereoselective biotransformation and activation of the legacy contaminant, methoxychlor. His lab
helped develop a method to measure the egg yolk protein, vitellogenin in channel catfish and Japanese
medaka. This metric was used to evaluastrogenic activity in wastewater treatment plants in the

south and east coasts and waterways of the United States. From there, his laboratory evaluated the
effects of Badrenergic antagonists and other pharmaceutical agents on aquatic fish and inveetebra
5N { OKf Sy1Qa NBASEFNOK Ay [ fAF2NYAl KIFa F20dzaSR
reproduction and populations as well as the identification of causal agents in sediments and water
receiving oceanic discharge from municipal wastewateatireent facilities, particularly off the coast of
Orange County. In addition, his laboratory conducted studies evaluating thedangeffects of
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recycledwater on fish health. Current studies are underway to identify unknown estrogenic compounds
in surfa@ waters of the Central Valley and Santa Ana River. Specific agents that have been examined
include current use pesticides (such as pyrethroids and herbicides), surfactants @othééveen

agents. It is his goal to understand the modes of action of tkesgpounds alone and in mixtures to
determine the interactive roles each may have in endocrine disruption. In 2008, Dr. Schlenk served on
the USEPA Science Advisory Board to evaluate potential changes to the Aquatic Life Criteria for
Compounds of Emergingp@cern. From 2002006, he was a member of the Board of Directors for the
North American Society of Environmental Toxicology and Chemistry. He isBuitosin Chief of

Aquatic Toxicologgind serves on the editorial boards Béxicological SciengégheAsian Journal of
Ecotoxicologwnd Marine Environmental Researdde has been a permanent member of the USEPA
FIFRA Science Advisory Panel since 2007, and has participated in proposal review panels for the USEPA,
NOAA, and the National Institute of Enwvimental Health Sciences.

BEPIDEMIOLOGIFRISKASSESSOR

Dr. AdamOilivieri, P.E.

Vice President

EOA, Inc.

1410 Jackson Street, Oakland, CA 94612
Phone: 510832-2852 ext.115

Email:awo@eoainc.com

Education:
Postdoctaal Fellow, School of Public Health, University of California, Berkeley
Dr. P.H., University of California, Berkeley

M.P.H., University of California, Berkeley
M.S., Civil and Sanitary Engineering, University of Connecticut

B.S., Civil Engineering, Usmsity of Connecticut

Dr. Olivieri has over 30 years of experience in the technical and regulatory aspects of water recycling,
groundwater contamination by hazardous materials, water quality and public health risk assessments,

water quality planning, waswater facility planning, urban runoff management, andsite waste

treatment systems. He is a Registered Civil Engineer and a Registered Environmental Assessor with the

State of California. Dr. Olivieri has extensive experience in the area of micishiassessment and the

application of such models to make engineering and public policy decisions. Recently he served as

Principal Investigator on the development of a user friendly microbial risk assessment tool (MRAIT) for

the Water Environment Resear&loundation. Dr. Olivieri served as thepwject director at the Public

I SIHf 0K LYyadAGdziSk2SAGSNYy /2yaz2NliAdzy F2NJ tdofAi0 | S
Effects Studies at Mission Valley and San Pasqual, investigating the rsdaltbf potable reuse of
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recycledSan Diego municipal wastewater. The overall research plan was developed to address the
fundamental issues raised by the 1982 National Research Council, and consistent with their
recommendations involved a comprehensive isigation and comparison of bothracycledand a

current potable water supply. The research project involved developing research plans and managing
NEA&ASEFNOK | ONRPaa | ¢6ARS o6lFaS 2F /IEtATFT2NYAlIQa LINBad
San Francisco, and Scripps (San Diego), San Diego State University and several laboratories of the
California Department of Public Health Services. The project involved research in the following major
areas: a) Infectious Disease Agentsmthogenic virges, parasites, and bacteria (including indicator
organisms), b) Chemical Screeningplatile and semvolatile organics, metals, PCBs, dioxins, TOC, and
TOX, ¢) Genetic Toxicity Bioass@dymes Assay, Micronucleus testsTBioguanine Resistance Assay,

and Cellular Transformation Assay, d) Fish Biomonitoring, e) Plant Rel@ap#itiormance and

mechanical reliability analysis and chemical and microbial agent unit and plant spiking studies, f)
Chemical Risk Assessmerttarcinogenic and nenarcinogenicg) Epidemiology baseline information
(reproductive outcomes, vital statistics, and neural tube defects), and h) aTlemgHealth Effects
Monitoring Plan. The San Diego Health Effects investigations have been recognized by the Science
Advisory Boardrad a special publication by the Water Environment Federation and the American Water
Works Association covering the userefycledwater to augment potable water resources. The San
Diego Health Effects investigations have also been recognized and udesl Aydtralian government

and the University of New South Wales in the development of water reuse guidelines. Dr. Olivieri has
and continues to serve on a number of national technical review panels. Currently he serves on two
National Water Research Institutechnical review panels, one for Orange County (CA) evaluating the
alternative disinfection options for the wastewater treatment plant along with potential public health
implications related to recreation exposure. The second is for Monterey Countyw@idh is evaluating
groundwater recharge usingcycledwater. At the request of th&J3House of Representatives
Subcommittee on Water Resources and Environment, he provided testimony on April 13, 2005 on
microbial agents and risk assessment relativehnational wastewater blending issue.

BIOCHEMIST

Dr. Nancy Denslow

Professor

Dept. of Physiological Scienaasd Center for Environmental and Human Toxicology
University of Florida, Gainesville, FL 32611

phone:352-294-4642

email:ndenslow@ufl.edu

Education:

Postdoctoral Fellow, University of Florida

Ph.D., Biochemistry and Molecular Biology, University of Florida

M.S., Biochemistry and Molecular Biology, Yale University

B.S., Chemistry, Mary Washington Cgptle

5N 5Syatz260a8 NBaSI NOK Ayg2t @3Sa Sy@aANRyYSyidlt (2E
and pharmaceuticals in the environment. Her interests include defining molecular mechanisms of action

of endocrine disrupting chemicals that adveysaffect reproduction in fish that are exposed to the
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contaminants in surface waters. Her research covers both sex hormone receptor mediated and
independent mechanisms. Favorite model systems include largemouth bass, fathead minnow,
sheepshead minnow anchrafish. Common research tools include traditional toxicology assays,
biochemical pathways, histopathology, microarrays, real time PCR, proteomics, tissue culture based
assays, transfections and in vivo determination of reproductive endpoints. In additroenslow has
initiated research to understand the effect of nanomaterials on fish health. These experiments are
integrated to look at gill function, histopathology, nanomaterial uptake and nanomaterial
characterization. In addition, microarrays and@omics tools are used to characterize the effects of

the exposures. She has published more than 120-pmgewed publications and has led research
projects supported by NIH/NIEHS, NSF, USEPA, alBney Corps of Engineers. Dr. Denslow also
serves a Associate Editor fa&Eomparative Biochemistry and Physiology Part D Toxicogenanacs
Ecotoxicology and Environmental Safetgd received the Pfizer Award for Research Excellence in 2007
and a UFRF professor designation for 20092. Dr. Denslow pr@usly served for 15 years as the
Director of the Protein Chemistry and Molecular Biomarkers Core Facility at the University of Florida.
She has served on the Executive Board of the Association for Biomolecular Research Facilities (ABRF) and
is a member ofhe Society of Environmental Toxicology and Chemistry (SETAC) and the Society of
Toxicology (SOT) serving as senior councilor in the Molecular Biology Specialty Section. She is also a
member of the American Association for Biochemistry and Moleculao@idASBMB).

QVIL ENGINEER FAMIRIWITH THE DESIGNDACONSTRUCTION GERCLED WATER TREEBNMFACILITIES

Dr. Jorg E. Drewg®anel Chair)

Professor and Director

Advanced Water Technology Center (AQWATEC)
Environmental Science and Engineering imis
Colorado School of Mines

Golden, CO 80401887

Phone: 302273-3401

Email: jdrewes@mines.edu

Education:
Postdoctoral Fellow, Arizona State University
Ph.D., Environmental Engineering, Technical UniversityrbthB&ermany

Dipl. Ing., Environmental Engineering, Technical University of Berlin, Germany

Dr. Drewes has been actively involved in research in the area of water treatment axmbtadie and
potable water reuse for more than 18 yeaFor the last 14/ears, Dr. Drewes has been conducting
research on indirect potable reuse projects in the State of California, including surface spreading as well
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as direct injection projects. The main focus of these studies has been the fate and transport of trace
organt chemicals in these systems. He has led research as the principal investigator (FR) tw Co

better understand the rejection of trace organic chemicals during-pigissure membrane treatment
(nanofiltration, reverse osmosis) as well as the fate aadgport of micropollutants in sedquifer

treatment systems. A common theme in all these projects was to identify meaningful trace organic
compounds that can serve as indicator compounds for system performance assessments. He has also
conducted tailored widies to further develop this concept for multiple treatment processes commonly
employed in indirect potable reuse followed by more focused efforts for surface spreading and direct
injection projects. This indicator concept has been adopted in the Aigstrd@ater Recycling Guidelines
for Drinking Water Augmentation in 2008. In addition, he has been involved in several studies
addressing the occurrence of emerging contaminants in recycled water and to provide guidance to the
water industry regarding occwgnce, fate and transport, health effects, analytical methods and
communication. Dr. Drewes research group is currently working on developing more predictive tools for
the fate of trace organic chemicals in various reuse schemes using quantitative strpctperty
relationships (QSPRs) coupled with process mobBeldDrewes has published more than 160 journal
papers, book contributions, and conference proceedings. He was awarded the 2007 AWWA Rocky
Mountain Section Outstanding Research Award, the 2008{Bvis Cook Excellent in Teaching Award,

the Quentin Mees Research Award in 1999, and the \Wilger Award in 1997. In 2008, he was
appointed to the National Research Council Committee on Water Reuse as an Approach for Meeting
Future Water Supply NeedSince 2007, Dr. Drewes has held an Adjunct Professor appointment at the
University of New South Wales, Sydney, Australia.

CHEMIST FAMILIAR WITHE DESIGN AND OPERN OF ADVANCED DEATORY METHODS AGE DETECTION
OF EMERGING CONSHNUS

Dr. Shae Snyder

Director and Vice President

Total Environmental Solutions, Inc.
1402 Pueblo Drive

Boulder City, Nevada 89005
Phone: 7027439674

Email: snyders22@cox.net

Education:
Ph.D., Zoology and Environmental Toxicology, Michigan State University
B.A., Chmistry, Thiel College

Dr. Shane Snyder is the-fmunder and vice president of Total Environmental Solutions Inc (TES). TES
was founded in 1999 as a solutiebased company offering consulting and laboratory services to a
diversity of government, munigal, and private sector clients. Dr. Snyder also served as the R&D Project
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Manager for the Southern Nevada Water Authority (SNWA) for over a decade. He has published more

than 90 manuscripts on the occurrence and fate of emerging contaminants in wat&98, he was

credited with the first discovery of natural and synthetic estrogens in North American waters. Dr.

Snyder also linked the occurrence of steroids in wastewater to potential endocrine impacts in fish in the
f1L0S mMdpdnQad  degoneiofithenrdst doBprehdnsive stuslieshtdvestigating the efficacy

of conventional and advanced water treatment processes for the removal of endocrine disruptors and
pharmaceuticals (AwwaRF 2758). Dr. Snyder serves as an Associate Adjunct Professoistf/Git

the University of Nevada, Las Vegas. He has served two terms SR Federal Advisory

Committee for the Endocrine Disruptor Screening Program and has served on two expert panels for

UDt! Qa /FYRARFGS / 2yl Yafihé RedearhMdvisorylCbunaihfortieS A a Y
2 §SwSdzaS C2dzyRIFI A2y YR A& | YSY0oSNI2F (GKS ! YSN&R
Research Division Board of Trustees. Dr. Snyder was one of six experts to testify befi$€¢hate
regardingpharm®S dzi A O & Ay ' { 6 GSNBR Ay !LINARE 2F wHnnyo
the first national survey of pharmaceuticals in US drinking water. Beginning in 2010, Dr. Snyder has
accepted the position of Professor of Chemical and Environmentah&ering at the University of

Arizona. He is also the ©urector of the Arizona Laboratory for Emerging Contaminants at the

University of Arizona.
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AppendixB - Ecotoxicology Assessment

Most water reuse practicetend to have limitedmpact on ectogical receptorsBased upon
the conceptual modeldiscussed in Section 1 and reuse practices of interest to this Panel
urban irrigation and groundwater recharge operations are discussed for potential
ecotoxicological effectsThe two potential ecologat receptors of interest identified in the
conceptual models for groundwater recharge are fish and birds (Figures 1.1 and 1.2). The
stocking of reharge basins with fislwhich is not common practicegpresentsa unique
potential exposurepathway formigratory birds and humans tGECd=ish clearly represent a
G62RBAESE A0Syl NA2 F2NJ SELRA&dzNB (2 /9/& o6l asSR
which may contain CEG5s such, fish are typically viewed as excellent bioindicators of
exposure (through biaaxumulation) and direct adversédfects of compounds in water.

Two CECs have received extensive attention in the ecotoxicology community: the synthetic
estrogen lé-ethinylestradiol (EE2) and the nateroidal antiinflammatory pharmaceutical
diclofenac. Experimental exposure of fish to EE2 in a Canadian lake caused significant
population declines in fish and dramatic declines in South Asia vulture populations were
observed following use of diclofenac in cattle rearing. EE2 is a potent feminizing gyt |
laying vertebratesSudies in Canadian lakes indicated exposure-®rig/L to EE2 significantly
diminished populations of fathead minnow after one yeaegposure(Kidd, Blanchfielét al.

2007) Although laboratory studies have indicated otf@ECsnay possess sihar estrogenic
activities, with the exception of EE2, no sinGEGas demonstrated significant population
declines in the fieldHowever, based upon a recent review of measured and predicted
concentrations of EE2 in surface water, it appears that thesupe concentration of & ng/l

of EE2 in the Canadian lake experiment was five to ten times higher than the highest
concentrations expected in US surface water and that typical concentrations are substantially
lower than that(Hannah, D'Acet al. 2009) Consequently, the experimental Canadian Lake
observations are not likely to be representative of conditions in most US surface waters and the
dramatic effects observed in that experimtal setting are not expected in US surface waters as
a result of normal humaiwise of EE2.

Becauseseveral species of fisdlre sometimes stocked within cearge basinthat also
serve recreational purpos€s.g., rainbow trout, largemouth bass, channatfish), it is unclear
whether fish populations are impaired within these systems. However, fish and other
invertebrates within reeharge basins may provide a means for dietary exposucemnsumers in
0KF G oS Gavarghe teltieydapid halife of EE2 in fish (~50 hr with a 1 mg/kg
intravenous dosejSchultz, Orneet al. 2001) accumulation would not be likely unless fish
GSNB dzy RSNH2AyYy 3 O2yiAydz £ SHEIGNENE Soyidi € A @R yRIA &

"l 26SOSNE dzy OSNI I Ayide SEAaGA 6AGK NBIAFINR (2 GKS LRGSydA
reverse osmosis or other physical separation processes. In many cases, thsettmams are commonly blended

with treated wastewater effluents prior to discharge to the ocean and virtually no published studies exist on their

potential impacts. As noted above, the State Board, in cooperation with the Packard Foundation, established

another Science Advisory Panel that was charged in January of 2010 to address questions related to CEC discharge

to the ocean and exposure to human health and ocean life.)
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(Daughton and Ternes 1999hus, although other specieependent differences may be
present, avian receptors should be free from risk due to dietary consumption of fish cimigtain
EE2However, additional studegeto confirm this hypothesis are necessary.

While limitedecological risk may exist froBEEZn natural settingsdietary exposuref
avian receptorgo other CECs in contaminated pregs been reported in Pakistan and India
where populations of endanged vultures Gyps sp were significantly impacted by the
consumption of carrion derived from livestock treated with the reiaroidalanti-in
flammatory drugdiclofenac(Oaks, Gilberet al. 2004) Daily intake concentrations necessary to
exceed LB values in these species werepapximately in the mg/kg rangélowever, relative
to North American species of turkeylture or other species of birds which are more resistant
than Gyps sp.more than 26100 times greater concentrations of diclofenac would be necessary
to observe similar pathological effects notedGyps sp(Hussain, Khaet al. 2008) Given the
ng/L concentrations of diclofenac observed in surface wateeoycled waterand
concentrationdependert bioconcentration factors (BCF) of @732 in the liver, §971 in the
kidney, %763 in the gills, and 0¢89 in the muscle, respectively in rainbow trq@&chwaiger,
Ferlinget al. 2004) deterministic evaluabns of exposure to effect indicate little risk to bird
populations from diclofenac in the UBowever, uncertaintgontinues tosurround the
potential risk of otherCEG recentlyreportedin fish across North Ameri¢iottaleb, Usenkeet
al. 2009) While several recent studies have evaluated the effects ofsternidalanti-in
flammatory drug in avian speciefhje effects of otherCEG that accumulate in fistare limited.
CEG that have showelevatedaccumulation in fish are thgyntheticfragrance musks of which
galaxolide is a representativ®f additional concern is the effect of contaminant mixtures and
unknown transformation products.

Irrigation of urbanlandscapege.g., golf courses and sports fields, and parktt) recycled
water is a common practice in Californi&or example, one Northern California community
typically utilizes 4,110 gallons/acre/day (0.15 inchesfiapplied from April to Novembe214
days)for golf-courseand sports field¢California 2009) Assuming concentrations of ng/L of
CECs, approximately 3.5 mg of CEC could be loaded to eadh aagiven year. CE®gh high
Koc Valuescould bindto soilswith high organicarboncontentresulting in exposure to
terrestrial organismsKinneyet al. (2006a) evaluated thiate of 19 pharmaceutical residues
soils from 3 sites i€olorado irrigated with recycledater and reported loadings in the ngg
level with measured concerdtions ranging from 0.02 to 4&g/kg dry soilSeveral of the
selected pharmaceuticals increased in total soil concentration at one or more of the sites. The
four most commonly detected pharmaceuticals were erythromycin, @andzepine,lioxetine,
and diphenhydramineGiven the low concentrations, uptake into terrestrial organisms, such as
earthworms, would likely be limited. Kinney al. (2008) evaluatedptake of multiple CECs

8Application rates will vary across the State (as well as across the nation) wighwater utilized in dryer and

hotter southern California climate conditions and less in northern climates. For comparison purposes, information
from Texas regarding landscape irrigation indicates that application rates vary from roughly 1,500 gakddayacr

to 5,000 gallons/acre/day (U®D1994).

°The City of Sunnyvale is located in the San Francisco Bay area. Sunnyvalet#sreamean climatewith mild,
moist winters and warm, very dry summers.
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from biosolids into earthworms, bioaccumulatifectors (BAFs) wenmelatively low andanged
from 0.05 (galaxolide) to 27 (triclosaiyhen concentrations of CEC in biosolids (mp&«g
compared to concentration of soils treated with recycled wateg/kg), bioaccumulation into
terrestrial organisms seems unlikely esgally with the limited BAFslowever, additional
studies areneeded to confirm these predictions and better understand the effects of these
compounds in trophic food webs.
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Appendix C- Antibiotic Resistant Bacteria and Antimicrobials obficernin
Recycled and Drinking Water

The cause of the prevalence of drug resistant bacteria in the United States is controversial
and drug resistance in bacteria may in fact have many origirssP&hel was not charged with
this important question and suggests that further research into this problem is necessary and
may require resources at the Federal level. Concerns that Califdriniengwater
augmentation projects may add to the problem aitibiotic-resistant bacteriaontainng
antibiotics and antimicrobials trace amountsre not likely to be a problem iCalifornia water
recycling programdyut they are addressed specificallyelow. The antibotics of most concern
due totheir persistertein water reclamation processasclude sulfamethoxazole,
trimethoprim, and erythromycin, while the antimicrobials include triclosan and tricloca(h&n
Ahmad, Daschneat al. 1999; Phillips, Casewell al. 2004) The concentrations of these
antibiotics and antimicrobials, and others, in finished water that is used for recharge projects
are below leels that cause resistance to occur de ngwatkinson, Murbyet al. 2007)and
thus are not likely to be the source of antibiotic resistance.

There is keen interest in the potential h#akffects of drug resistant microbes, which are
already present in the environment, potentially becoming resistant because of exposure to low
concentrations of antibioticsAt subinhibitory doses, antibiotics may lead to increased
resistance in bacteriq but the concentrations found irecycled wateiare at least three orders
of magnitude lower tharthe concentrations needetbr resistancgWatkinson, Murbyet al.

2007) Special interetshas been focused in methicilliresistantStaphylococcus aure(8IRSA),
in which the mecA gene medes resistancéBorjesson, Meliet al. 2009) The dynamics of
how MRSA and other antibiotic resistant microbes may flouristaistewater treatment plants
has been the corern of many health pragers and the public at larg@reatment processes at
reclamation facilitiegffectively reduced the amount of both MRSA and the mecA gene,
however, did not diminate them(Bdrjesson, Meliret al. 2009) In terms of public health
concerns, the MRSA the most feared. However, other bactersch adysteriaor E. coli can
also impact human healilthusforms of these microbeshat are resistant to antibiots should
also be investigated. There is no doubt that treatment through wastewater pladtsces the
number of pathogenic bacterigdarwood, Levinet al. 2005; Rijal, Zmudet al. 2009; Zhang,
Marrset al. 2009) however, there is controversy in the literature as to whether the reduction is
sufficient(Harwood, Levinet al. 2005;Chang Toghrolet al. 2007) and whether the coliform
assays used as surrogates are suffic{@htang, Marret al. 2009)

In a study byilanovaet al. (Vilanova, Maneret al. 2004) the structure and composition
of fecal coliforms and enterococcal bacterial populatiarese investigatedn wastewater from
five treatment plants employing conventional processes to gauge the extent of forms that were
resistant to vancomycin and erythromycifhe aigin of waste and sewershegize varied for
the five plants. Bacterial populations were similar at all five of the plants that were tested,
including the fraction of bacteria thatere resistant to antibioticsTheantibiotic resistant
bacteriawere not slectively eliminated bgonventional treatment but they were reduced.
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Advanced treatment processes were not tested in this st@idation as well as lowand
high-pressure membrane filtration are likely to remove more tt88% of the bacteria
(Bockelmann, Dorriest al. 2009)

Findings from another study, conducted by tkietropolitan Water Reclamation District of
Greater Chicagosupported the conclusion that secondary wastewater treatment effectively
reduced tke number of antibiotic resistant coliform bacteria and that the environments in the
wastewater treatment facilities were not supportive of their growRijal, Zmudat al. 2009)

People who consume antibiotics can and will excrete some of the antibiotics consumed, but
more importantly they will also excretentibiotic resistant bacteria. Thus the presence of these
bacteria in the influents is probably from human sources. The amount of antibiotics excreted by
humans is diluted in the receiving waters to concentrations that are not likely to convert the
bacteriain wastewater treatment plants to antibiotic resistance. But this point is controversial
(Rijal, Zmudat al. 2009; Zhang, Marmst al. 2009)and deserves more study. The possibility
exists for antibiotic resistant bacteria that are excreted from humans to either evade treatment
or to transfer antibiotic resistance to other bacteria within the water reclamation p{@htang,
Marrset al. 2009) Clearly the existence and raising concentrations of antibiaststant
bacteria in the avironment area national problemthat requires further study to understand
their origins and how to control them, however, it is the view of the Panel thatspecific
water reuse practicedescribed in this report do not cause the problem nor add t the
present time.
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Appendix D- Federal Paradigm for Regulating CECs in Drinking Water

History of Federal Regulation of Drinking Water

The US Congressactedthe Public Health Service Act in 19fhich initiated studies to
elicit the link betweerclean dinking water and human healtln 1962 this legislation was
revised as the US Public Health Services Drinking Water Standards Rewtsicmestablished
regulations for 28 contaminant¥he American Water Works Association endorsed the 1962
starRl NRa | & aYAYMNYdzY fa Lldzd R IA XERbEeqdediNall S0igtale A Sa ¢ @
accepted these standards astest guidelines or regulation¥he 1962 drinking water standards
also provided some insight into concerns related to impaired waters tromtentional water
NEdzaSed 2KAES (GKS adlyRIFINRa aLISOAFTFAOItEte adras
GKS Y2ad RSaANIOfS a2dzNDOS gKAOK AGL F Sl K 08 SdzNX
not adequately protected by natural meanketsupply shall be adequately protected by
treatmentg. Interestingly, the 1962 standards included alkyl benzene sulfonate (ABS), an anionic
surfactant that vas commonly used in detergenfBhe statement is made that ¢ I G S NA
containing ABS are likely to beleast 10 percent of sewage origin for each nigpAiter
present. Also of pertinent interest was the use of carbon chloroform extract (CCE) in the 1962
standards as an indicatof organic compounds in wateFhe CCE standard of 200 pg/L was
establishedod NBLINB &Sy G +y SEOSLIiAZ2Yylf | yR dzy gl NN yi
i-RSTAY SR .0OHe dFShaad-CCHA standards promulgated in 1962 demonstrate that the
federal government understood that unintentional water reuse was indeed occurringhetd
the contamination of drinking water from a diversity of argc contaminants was possible.
Moreover, these early standards began to pave the way for the use of chemical indicators and
surrogate measurements in a regulatory framewdtkngress createthe UEPAN 1970 and
subsequently authorized this branch of the federal government to ensure drinking water safety.

The Safe Drinking Water Act

In 1974, Congress passed the Safe Drinking Water Act (SDWA) to protect public health by
reguhlating drinkingwater suppliesThroughout the United States, there were concerns that
drinking water supplies were becoming tainted by industrial activities, agriculture, and
wastewater effluentsThe SDWA provides authority to tkeEEEPA to establish and enforce
nationd standards to protect againshemical and microbidlealth risks from drinking water.
These national standards set enforceable maximum contaminant levels (MCLSs) for biological
and chemical contaminantgas well as treatment technologies in some cadesmed to
necessary for the protection of public healiffheEPA drinking watestandards require regular
testing to assure that contamants do not exceed their MCLSs.

States can apply to thedEPA for primacy, which grants the particular state the right t
implement the SDWAequirements within the stateEvery state in the US except for Wyoming
and the District of Columbia have applied for and beehsequently granted primacyhis
means that the state will enforce SDWA compliance and has the righgtoreemore stringent
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regulations tlan those specified in the SDW#or instance, ltie state ofCaliforniarecently
established an enforceablirinking waterMCL of6 pg/Lfor perchlorate in the absence of a
federal MCL.

TheUEPA establishes national stlards basean occurience and risk to public health.
The risk is estimated by establishing a hedlised maximum contaminant level goal (MCLG)
for the most sensitive population (i.e., children, preghwomen, the elderly, etc.fYhe MCLG
is the level o contaminant in drinking water below which known or expected risk exists.
The MCLG includes uncertainty factors (or safety factors) that are used to adjust for
uncertainties or inadequacies in the degat used to develop the MCLThe EPA then
evaluaes the types and costs of treatment to reduce the contaminant concentration and
performs a cosbenefit analysis to identify an enforceable MClclase to the MCLG as
possible. The availability and reliability of analytical methods for detection and ifigation of
a contaminant may also influence the promulgated MCL. Additionalgryesix years the EPA
reviewsthe existing MCL® determine if modifications are requirdohsed on new data or
technology advancements

Safe Drinking Water Act and Unregated Contaminants

In order to assess the occurrence of contaminants suspected to impact drinking water, the
USEPA established an Unregulated Contaani Monitoring (UCM) progranT.he initial UCM
round took place between 1988 and 1993, when 62 contamimardgre monitored in 40 states.
The resulting data became part of the Unregulated Contaminant Mongdnformation
System (URCIS)he second round of UCM occurred between 1993 and 1997 and included data
from 35 states on 48 I{en) unregulated contaminds. In 1996, the SDWA was amended and
the UCM program was significantly revised and a new Unregulated Contaminant Monitoring
Regulation (UCMR) establishéthder the UCMR theEPA requires all large systems (>10,000
customers) and a representative numbmrsmall systems (<10,001 customers) to monitor for
no more than 30 unregulated coaminants specified by the EP@ontaminants detected under
the UCMR must be reported to customers in a Consumer Confidence Report issued by the
sygem and reviewed by thetate. TheUSEPA is required to review and updateetd CMR every
five yearsThe first UCMR (UCMR1) was issued in September 1999 and the second UCMR
(UCMR) was issued in January 200CMR data are entered into the National Contaminant
Occurrence Databag®lCOD).

The 1996 SDWA Amendments also manddtat the EPA publish a Candidate Contamina
List (CCL) every five yearsie CCL contains contaminants that are known, or anticipated, to
occur in US drinking waters and that may require future regulat®pecifically, the CCL must
address contaminants that

1) are not currently regulated under the SDWA
2) may have adverse health effects
3) are known or anticipated to occur in public water systems

4) may require regulation under the SDWA
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TheUEPA selects up to 30mtaminants from the CCL for the UCM®®wever, other
contaminants may be added to the UCMR that were not included on aER@\y. five years the
USEPA must repeat the cycle of revising the CCL, make regulatory determinations for at least
five of the CCL emaminants, and identify up to 30 contaminants tbe UCMRTheUSEPA
released the first CCL (CCL1) containing 60 contaminants (50 chemical and 10 biological) in
March 1998 The CCL1 specifically deferred the listing of 21 contaminants identified imdfte d
CCL as endocrine disruptors since the 1996 SDWA amendments specifically provided for the
establishment of the Endocrine Digior Screening Program (EDS&fjer the release of CCL1,
the UEPA asked the National Research Council (NRC) for guidastalhshing a system to
prioritize contaminants listed on the COIRC 1999)rheUXEPA also asked the NRC to provide
FRGAOS NBIIFINRAYy3I GKS RS gdtemativafygentifydgrandd dzo & S Ij dzS y
prioritizing emerging contaminant¥he NRC sugdesl that within one year of a CCL release,
the UEPA use a threpart assessmadrfor each contaminant listedlhe suggested process
would: 1) review existing health effects data, 2) review existing exposure data, and 3) review
existing data on treatment ahanalytical methds.From these datathe NRC suggested that
USEPA should then conduct a preliminary risk assessment followed by a separate decision
document which indicates whether a contaminant is to be dropped from theblkest|ated for
additional research, or will be comgered for regulationThe NRC further advisédEEPA to
conduct health advisories for all compounds that will remain on the CCL within three months
after completion of initial decision documents.

The NRC held a workshop on emergingldng water contaminants in December of 1998 in
conjunction the NRC Committee ®rinking Water Contaminant¥he purpose of the
workshopwasi 1 2 LINBaSyid FyR RA&AO0dzzaa | R21 Sy LI} LISNE
drinking water contaminants, associat@nalytical and treatment methods, and existing and
LINRLI2ZASR SY@ANRBYYSyidlf RFEGFOoFasSa F2iNI99KSA NJ LIN.
the NRC published a report based on the workshop and subsequent deliberations of the
committee NRC 1999 The committee suggested that ideal CCLs should include the following:

w Meet the statutory requirements of the 1996 SDWA amendmgnts

w Identifythed SY GANB dzy A OSNRS 27T PBRdialeyahking3d o G§SNI O2
w Consider all routes of exposure, includohgymal, inhalation, and ingestion
W

Use the same identification and selection process for chemical and microbial
contaminants

e

Include mechanisms to identify similarities among contaminants and contaminant
classes that can be used for evaluation ofwalial chemicalsand,

w Resultin a CCL that contains only contaminants that are truly relevant to human health

The committee recommended a twaiep process that would prioritize chemicals from a
broad universto a preliminary CCL (PCCL) through sénegecriteria and expert judgment
followed by use of a prioritization tool and expert judgnt to develop the final CCLhe

D-3
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close to 100,000 considering that the ToRigbstances Control Act inventory alone includes
approximately 72,000 substances produced or imported at greater than 10,000 pounds/year.

In 2001, the NRC published a report that provided more detailed information regarding the

suggested approaches for miag contaminants from the universe to the PCCL and eventually

to the CCLNRQ001). ThisNRC report suggested the use of selected attributes to evaluate the
likelihood of a particular contaminant occurring at a concentration pose risk to pudmich

through drinking waterThis report also suggested the use of an algorithm in conjunction with

expert opinion to more quickly and efficiently sort through vast amounts of.dateelationship

to water reuse, the NRC committee specifically recommended tHasiom ofa | y& O2y ad Al dz
2F o6l adSel GSNI { Nhinihye Sehical rifversdSd donmnitt8etalso

recommended the use of virulendactor activity relationships, within which microorganisms
whichhavethex 6 At A& G2 adzNaGBy@S | g/tRa {126 INGSNA@BNNG IRINA v
specifically addressed. KS bw/ NBLI2NI&a o0SOIFIYS (GKS F2dzyRI (A2
but were not adopted in time for the development of the second CCL (CCL2).

The CCL®as published in February 20@5dcontained 51 of the origial 60 contaminants
from CCL1TheUEPA determined that regulations were not required for the nine compounds
which were removed from CCLn order to move a contaminant from the CCL into regulation,
the UEEPA must show that regulatiovould provide a meaningful opportunity teduce health
risk. While the NRC emerging contaminant identification and prioritization scheme was not
utilized for CCL2, the process would become largely utilized for the generation of the third CCL
(CCL3).

The Candidate Contaminant List 3

The process used to develop the CCL3 was far more systematic and objective than the more
subjective selection of contaminants used for CCL1 and CCL2. The CCL3 selection process
utilized the expert opinions provided by the NRCwell as the National Drinking Water
Advisory Council (NDWAC). This mstifip process includes three key elements:

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

e Application of screening iteria based on potential occurrence and human health
relevance (preliminary 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 advisomyndtees
(draft and final CCL).

CCL3 Universe

A draft of the CCL3 was released in February of 2008 and the final CCL3 was published in
October of 2009 (Table-D). FigureD.1 in the main text illustrates the general process utilized
in the development othe CCL3. The CCL3 Universe is to encompass a wide array of potential

D-4
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water contaminants, 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
produdion volume. Additionally, the Universe is to include contaminants with demonstrated

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 National Drinking WatsoAdZouncil, in
relying primarily on easily accessible databases for the information that would be used to
generate the CCL3 Universe. The accessibility became a highly limiting factor, as any database
to be used must be electronically accessible and iecharge. The EPA initially identified some
284 potential databases from which they could rely for populating the CCL3 Universe
(http://www.epa.gov/safewater/ccl/pdfs/ccl3_docs/CCL3_Chemicals_Univers&108

09 508 v3.pdf); however, these databases weuled based on relevance, completeness,
redundancy, and retrievabilityF{gureD-1). Of the 284 databases initially identified, 142 were
eliminated due to relevance, 12 eliminated due to completeness, 26 eliminated due to
redundancy, and 64 eliminated due retrievability. In terms of relevance, several databases
were found to contain only descriptive data such as used for pesticide labeling or nomenclature
that is not related to occurrence or toxicity were not utilized. Completeness was gauged based
on minimum documentation and quality requirements, such as contact information, description
of data elements, information on how data were obtained, and whether or not data were peer
reviewed. Redundancy was assessed to avoid duplication and when redundantvamfound,

the more comprehensive database was utilized. Retrievability was a major limitation for
database inclusion, and databases that provided information in tabular format that could be
extracted and formatted was used while databases providingrimétion in text format were
generally not considered. However, databases with simple lists in text format that could be
easily imported were sometimes usddue to transparency concerns, databases that were
available only by subscription (fees) or weregmietary were not utilized. Ultimately only 40
databases were utilized bleD-2). The limitations on the databases that were screened are
likely the greatest hindrances in utilizing the CCL3 for prioritization of CECs in reuse systems.
While some databses are clearly relevant, much of the data published in peelewed

literature and in various reports would not have been considered in the CCL3 Universe.
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Table Dm ® [Aald 2F /2ydFYAylyida 2y !{9t! Qa [/

Common Name Registry Name

1,1,1,2Tetrachlooethane
1,1-Dichloroethane
1,2,3Trichloropropane
1,3-Butadiene
1,3dinitrobenzene
1,4-Dioxane
17-a-estradiol
17-b-estradiol
1-Butanol
2-Methoxyethanol
2-Propenl-ol
3-Hydroxycarbofuran
4,4-Methylenedianiline
Acephate
Acetamide
Acetochlor
Acetochlor ethane sulfonic acid (ESA)
Acetochlor oxanilic acid (OA)
Acrolein
Alachlor ethanesulfonic acid (ESA)
Alachlor OA
alpha-Hexachlorocyclohexane
Aniline
Bensulide
Benzyl chloride
bromochloromethane
Captan
chlorate
Chloromethane (Methythloride)
Clethodim
Cobalt
Cumene hydroperoxide
Cyanotoxins
Dicrotophos
Dimethipin
Dimethoate
Disulfoton
Diuron
equilenin
equilin
Erythromycin
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estriol
estrone
ethinyl estradiol
Ethoprop
Ethylene glycol
Ethylene oxide
Ethylene thiourea
Fenamiphos
Formaldehyde
Germanium
HCFe2
Hexane
Hydrazine
Methamidophos
Methanol
Methyl bromide Bromomethane
Methyl tert-butyl ether
Metolachlor
Metolachlor ESA
Metolachlor OA
mestranol
Molinate
Molybdenum
Nickel
Nitrobenzene
Nitroglycern
N-Methyl-2-pyrrolidone
N-Nitrosodiethylamine
N-nitrosodiethylamine (NDEA)
N-nitrosodimethylamine (NDMA)
N-nitroso-di-n-butylamine (NDBA)
N-nitroso-di-n-propylamine (NDPA)

N-nitrosomethylethylamine (NMEA)

N-nitrosopyrrolidine (NPYR)
norethindrone
n-Propylbenzene
o-Toluidine
Oxirane, methyl
Oxydemetonmethyl
Oxyfluorfen
Perchlorate
Permethrin
PFOA
PFOS
Profenofos

D-7
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Quinoline
RDX (Hexahyd¥b,3,5trinitro-1,3,5triazine)
secButylbenzene
Strontium
Tebuconazole
Tebufenozide
Tellurium
Terbufos
Terbufos sulfone
Thiodicarb
Thiophanatemethyl
Toluene diisocyanate
Tribufos
Triethylamine
Triphenyltin hydroxide (TPTH)
Urethane
Vanadium
Vinclozolin
Ziram
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I CCL Universe- 284 Initial Data Sources

Appendix D

Relevance - Does this data source contain demonstrated
or potential health effects or occurrence or surrogate info? . > Nt Used
Na for CCL 3
M= 142)
Ves
M=142)
Completeness - Does this dats source have the
minimuem record requirsments - contact name, description
of the datz elements, and how the data were obtained? Na
M=l
Ves
=130
Redundancy - Doss this datz source contain information
identical to other more comprahensive sources? Ves
(1=16)
Mo Supplemental
(=104)
N . Sources
kL 4 5 thi
Mo Is this o {if neaded)
Retrievability - Are the data in this source formatted for =

unigue or
exceptiona
data source?

automated reviaval?

Tas
=3
Universe of Data
Sources
(N = 40)

FigureD-1. Databases utilized in the CCL3 selection process
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TableD-2. Data sources utilized for defining tHdSEPACCL3 universe
Name of Data Source

Agency for Toxic Substances and Disease Registry (ATSDR) Comprehensive Environmental Response, Compensation, &inc
(CERCLA) Priority List

ATSDR Mimal Risk Levels (MRLs)

Chemical Toxicity DatabasMlinistry of Health and Welfare, Japan

Chemical Update System/Inventory Update Rule (CUS§BRA

Cumulative Estimated Daily Intake/Acceptable Daily Intake (CEDI/ADI) Administr&ih (DatabaseUS Food and Drug
Database of Sources of Environmental Releases of ElidkérCompounds in the United StateEPA
Distributed Structure Searchable Toxicity Public Database Network (D&&ER¥X)

Everything Added to Fodd the United States (EAFUS) DatabaB®A

Federal Insecticide, Fungicide, and Rodenticide Act (FIFRAEPSt

Generally Regarded As Safe (GRAS) SubstangéDist

Guidelines for Canadian Drinking Water Quality (CADW): Summ@anyidglines; Health Canada

Hazardous Substances Data Bank (H&D®}ional Library of Medicine (NLM)

Health Advisories (HA) Summary Talgl&PA

High Production Volume (HPV) Chemicald E&PA

Indirect Additives DatabasgFDA

Information Collection Rule (ICR) Federal Database (DBP EPR)

Integrated Risk Information System (IRJEPA

International Agency for Research on Cancer (IARC) Monographs

International Toxicity Estimates for Risk (TERAER]) DatabasgToxicology Excellence in Risk Assessment

Joint Meeting On Pesticide Residues (JMRRB)1 Inventory of Pesticide Evaluatian®rganization (WHO), Food and Agriculture
Organization (FAO)

National Drinking Water Contaminant Oc@nce Database (NCOERound 1&2%; EPA
NCOD Unregulated Contaminant Monitoring Regulation (UCKIEPA

National Inorganics and Radionuclides Survey (MIEBA

National Pesticide Use DatabasBlational Center for Food and Agriauial Policy (NCFAP)

National Reconnaissance of Emerging Contaminants (NREC) Toxic Substances HydrologycRyogezhStates Geological Surve'
(USGS)

National Toxicology Program (NTP) Studies

National Water Quality Assessment (NAWQASGS

OSHA 1988 Permissible Exposure Limits (RElajonal Institute for Occupational Safety and Health (NIOSH)
Pesticide Data Program (PR)nited States Department of Agriculture (USDA)

Pesticides Pilot Monitoring Program (PPMUSGS/EPA

Risk Assessment Information System (RAI®partment of EnergyChemical Factors

RAIS Department of EnergyHealth Effects Data

State of California Chemicals Known to the State to Cause Cancer or Reproductive Toxicity
Substances Registry System (SFEH)A

Syracuse Research Corporation (SFEIDDEG

The Toxics Release Inventory (EREPA

Toxic Substances Control Act (TSCA} EBA

Toxicity Criteria DatabaseCalifornia Office of Bironmental Health Hazard Assessment (OEHHA)
University of Maryland Partial List of Acute Toxins/Partial List of Teratogens

WHO Guidelines for Drinking Water Quality: Summary Tables

D- 10
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From the 40 databases screened, nearly 26,000 substawere identified. Therefore,
USEPA developed a pdniverse selection process to evaluate those compounds that were
most suitable for inclusion in the UniverdeduresD-2 and D-3). The initial process essentially
determined whether or not a contaminamtad health effects (HE) and occurrence data. If only
HE data were available, these contaminants would be screened to determine if the
contaminant was toxicologically relevant (see section of PCCL process regarding relevance).
Chemicals for which only oacence data were available were sequentially evaluated for
finished or ambient source water data, release data, or production of over 1 billion
pounds/year TableD-3). This prdJniverse selection process identified 7,720 chemicals, which
went on to the fhal selection process shownkigureD-3. 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, such as PCBs
Four hundred and thirty substances that are considered mixtures, such as petroleum products
and resin acids, were eliminated from further consideration. Also, substances that are not
GOKSYAOlItfte RSTAYSREé 06adzOK | alimiaated. Rastydwioli | Y R
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 and 132 of thnseninated 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
of 2008, USEPA subsequently received 177 cenmtsn 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 Unique Chemicals = 25,980

L3
1s the chemical found in an oocumence Yes = 7318 Procesd
and HE soure? Exhibit 7
(7.720)

Mo = 18,651

- Chemicals in HE sources
5,107

¥

Yes = 122

Is the Chemical of Texicological Concern?

No = 4,565

o Chemicals in Dccurrence sources

Chemicals Not
Added to
Universe
(18,260)

s it found
in 2 finishad watar
or amient water

\\ DLIIL’ ?

fes 42
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FigureD-2. Initial process for selecting the CCL3 Universe

Appendix D

CCL Universe of Chem icals - Refinement of Initial Compilation

Chemicals from
Exnibi §
{7.720)

¥

MotintheCQ 3

¥ Chemizl Universe

(L717)

FigureD-3. Final selection process for CCL3 Universe (Exhibit 7)

Yes = 1009*
Doss the mmtaminant have an NPDWR? = -
No=6711
N fes = 430
Isthe contaminant part a mix tre of chemicals?
Mo = 6,281
fes=276
Is the contaminant ron-chemicaly defined?
Mo =6005
‘fas =2
Isthe contaminant biological?
o= 6003
CCL 3 Universe
of

Chemicals

TableD-3. Occurrence data sources \mibut health effects

Occurrence Data Type Type of Data; Typical Source

Number of Chemicals without
Health Effects

Finished and ambient water quality Measured water occurrence; UCMI

data NAWQA

Environmental release Amount released; TRI; pesticide
application

Production Annual production volume; CUS/IU

Listed as food additive or only on li: Generally regarded as safe
with general physical or chemical substance list (FDA); RAIS (DOE)
properties

42

36

9,344
4,122
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ThePCCL screening process

Appendix D

The next stge in the development of the CCL3 was the screening of the chemical universe
to create a preliminary candidate contaminant list (PCCL) based on health and occurrence data.
The PCCL prioritization scheme categorizes the information available from the énivier

toxicity and occurrence data elements, which are subsequently weighed on a variety of key
factors. For health effects data elements, the two key categories are potency-fesgense)

and severity (mostly carcinogenic potential). Although the abdity of a lowest observed
adverse effect level (LOAEL) was most desirable, other types of data were also considered for
the PCCL. The health effects data were segregated into five toxicity categories based upon the

type of data and potencyl@bleD-4). For carcinogens, the USEPA relied upon categorical data

for the probability of cancer and usually included slope factors. These data also were
segregated into toxicity categories for inclusion in the PCCL selection process

(http://www.epa.gov/safewater/capdfs/ccl3_docs/CCL3Chem_Screening_to PCC31-08

09_508v2.pdf

TableD-4. Potency Measures for toxicity categories

(from http://www.epa.gov/safewater/ccl/pdfs/ccl3_docs/CCL3Chem_Screening_to PCCE3DB9 508v2.pdf)

RID NOAEL LOAEL MRDD LDsy
Toxicity Category 1 | <0.0001 <0.01 <0.01 <0.01 <1
Toxicity Category 2 | 0.0001 - <0.001 | 0.01-<1 0.01 - <1 0.01-<1 1-=<50
Toxicity Category 3 | 0.001 - <0.05 1-<10 1-<10 1-<10 50 - <500
Toxicity Category 4 | 0.05 - <0.1 10-<1000 | 10-<1000 | 10 - < 1000 | 500 - <5000
Toxicity Category 5 | =0.1 =1000 =1000 =1000 =5000

In order to evaluate occurrencehe USEPA considered data from measured concentrations

in ambient and finished water, total releases to the environment (from state data), pesticide

application rates, and production volume. The USEPA also considered descriptive data, which

includes compouds, such as disinfection byproducts and drinking water treatment chemicals.

For both finished and ambient water quality data, the USEPA considered the percent of samples
with detections, percent of sites with detections, and the median, maximum, and mean
concentrations detected. In addition, the USEPA considered Toxics Release Inventory and the

National Pesticide Use Database to determine total releases to the environment (Ibs/year),

number of states with documented releases, pesticide application (Ibsyyaad number of
states with pesticide application. Data from the Toxic Substances Control Act (TSCA) production

volume data reported in the Chemical Update System/Inventory Update Rule, which includes
t N2 RdzO U A 2 ¥o cangidenzYiSthe@ip8siid O I f
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assessment. Disinfection byproducts and water treatment chemical information was gathered
from DSSTox database and he NSF standard 60, respectively. Because of the high propensity

for DBPs and water treatment chemicals to gist in drinking water, the USEPA moved these

categories forward for consideration to PCCL even when limited occurrence data were available

(as long as they fell into toxicity categories 1 or 2). Because occurrence data often fall into
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multiple categoriegi.e., finished water concentration and production volume data), the USEPA
established the following hierarchy:

Finished Water = Ambient Water > Environmental Release Data > Production Data

This hierarchy becomes especially important in the discussitireahclusions of steroid
hormones in the final CCL3, since finished drinking water measurements were essentially non
detectable (Benottet al. 2009) yet ambient water concentrations used by USEPA were
extremely large. This means that water treatment@t considered in the selection of the CCL3
and the most conservative values are used in the prioritization.

An integrated assessment combining the occurrence and health effects data are provided in
TableD-5. The asterisks in TableIsignify where calilated drinking water equivalent levels
(DWEL) thresholds fell within each toxicity category. For instance, for category 1 toxicity (most
toxic), any concentration or even natetect would move the chemical into the PCCL. While in
toxicity category threethe DWEL threshold was calculated to be 40 pg/L. Therefore, the bold
line that separates the grey from the white areaTliableD-5 is the dividing line between PPCL
inclusion (white) and PPCL exclusion (grey).

TableD-5. Comparing health effects to aniént & finished water concentrations for PCCL (from
http://www.epa.gov/safewater/ccl/pdfs/ccl3_docs/CCL3Chem_Screening_to PCCE3DB89 508v2.pdf)

. Occurrence — Finished Water — Concentration (ug/L)
Screening Health

Effects Categories 0-<0.1 [0.1-<1] 1-<10 | 10-<100 =::]1D|:{|]{-)0 1IK-<10K | =10K

Toxicity Category 1

Toxicity Category 2

Toxicity Category 3

Toxicity Category 4

Toxicity Category 5

A similar PPCL inclusion/exclusion scenario was developed for comparing release data to
toxicity categoris (TableD-6). Again, the shaded area indicates compounds not included in the
PCCL while the white areas indicate inclusion on the PCCL. For instance, a compound released
at 900,000 Ibs/year in toxicity category 4 would not be considered for the PCG& awhil

compound with the same release but in toxicity category 3 would be included.
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TableD-6. Comparing health effects to release data for PCCL (from
http://www.epa.gov/safewater/ccl/pdfs/ccl3_docs/CCL3Chem_Screening_to PCCE3DB89 508v2.pdf)

Appendix D

Screening Health
Effects Categories

Occurrence — Environmental Release Category —
Total Environmental Releases (Ibs/year)

0-<10

10 -
<100

100 -<1K

IK -

<10K

10K -
<100K

100E<1M

1M -
<10M

>10M

Toxicity Category 1

| B

Toxicity Category

%]

Toxicity Category 2

o

Toxicity Category

Lh

Toxicity Category

|

An andogous assessment was performed for production volume dBaébleD-7). Once again,

the shaded area represents compounds that would not be considered for PCCL while the white

areas indicate compounds that would be included on the PPCL.

TableD-7. Comparimg health effects to production data for PCCL (from
http://www.epa.gov/safewater/ccl/pdfs/ccl3_docs/CCL3Chem_Screening_to PCCE3DB89 508v2.pdf)

Screening Health
Effects Categories

Occurrence - Production Category (Ibs/year)

<10K

10K-
500K

=500K-
1M

=>1M-
10M

~>10M-
S0M

=50M-
100M

=100M-
500M

>500M
-1B

=>1B

Toxicity Category 1

Toxicity Category 2

Toxicity Category 3

Toxicity Category 4

Toxicity Category 3

After the initial screening, USEPA applied quality assurance measures and conducted detailed
evaluations othose chemicals falling near the border between inclusion and exclusion on the
PPCL. Using this approach, the USEPA screened the chemical Universe of more than 6,000

compounds and selected 561 for consideration on the PCCL. The complete list of PCCL
chemtals along with their corresponding data sheets can be found at
http://www.epa.gov/safewater/ccl/pdfs/ccl3_docs/Final%20PCCL%203%20Cordat?20Inf

ormation%20Sheets.pdf

D- 15


http://www.epa.gov/safewater/ccl/pdfs/ccl3_docs/Final%20PCCL%203%20Contaminant%20Information%20Sheets.pdf
http://www.epa.gov/safewater/ccl/pdfs/ccl3_docs/Final%20PCCL%203%20Contaminant%20Information%20Sheets.pdf

CEC Panel FINAL REPORTJune 2010 Appendix D

From PCCL to CCL

From the 561 chemicals included on the PCCL, the USEPA applied classification models based
on past expert decisions and advice from the NRC and NDWAC. The USEPA classified chemicals
based on attributedased on similarities of qualities or traits that are indicative of propensity

for occurrence and health effects. Several algorithms were then developed and evaluated to
provide for rapid and reproducible prioritization. Once attributes were establisheldaan

suitable algorithm applied, the USEPA used expert review as a final analysis prior to releasing

the draft CCL.

The USEPA used the attributes of potency and severity to describe health effects and the
attributes of prevalence and magnitude to describeurrence. In the absence of occurrence
data, the USEPA sometimes used persistence and mobility environmental fate properties.
Attributes given a numerical scoring system (where higher numbers equate to greater concern)
in order to assess the relative partance of a particular attribute for each chemical.

Health effects attributes of severity and potency are interrelated. Potency represents the
lowest dose of a chemical that induces an adverse effect, while severity is the adverse health
effect and is anked according to significance (i.e., cancer versus skin irritation). A rather
detailed and lengthy description of how potency and severity attribute scores were determined
is provided atttp://www.epa.qov/safewater/ccl/pdfs/ccl3_docs/CCL3 PCCLtoCGR108

09 _508.pdf In brief, potency scores ranged frong 10 and were generally based upon

reference doses (RfD), LOAEL/NOAH],, aid cancer riski@bleD-8). Theseverity attribute
scoring is far more complex and perhaps more subjeciiableD-9). For detailed descriptions
regarding severity scoring, see Exhibit A.3 at
http://www.epa.gov/safewater/ccl/pdfs/ccl3_docs/CCL3 PCCLtoCGB1O@® 508.pdf

TableD-8. Potency attributes
(from http://www.epa.gov/safewater/ccl/pdfs/ccl3 docs/CCL3 PCCLtoCCL-30®9 508.pdj
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SCORE mgﬁg?da_}, Lon'?;.hgﬁaf" r']‘ging 10" Cancer Risk
10 0 - 0.000000316 0 - 0.000316 0 - 0.0316 0 - 0.00000316
] 0.000000317 - 0.00000316 |0.000317 - 0.00316 0.0317 - 0.318 3.17E-06 - 0.0000316
a 0.00000217 - 0.0000316 0.00317 - 0.0316 0317 - 316 31TE-05 - 0.000316
7 0.00002317 - 0.000316 0.0317 - 0.316 317 - N6 0.000317 - 0.00316
G 0.000317 - 0.00318 0.317 - 318 3T - 316 0.00317 - 0.0318
5 0.00317 - 0.0316 317 - 386 37 - 3160 0.0317 - 0.316
4 0.0317 - 0.318 3T - 36 3,170 - 31,600 0.317 - 316
3 0317 - 316 37 - 3,160 31,700 - 316,000 317 - 316
2 31T - M6 3170 - 31,600 317,000 - 3,160,000 31.7 - 318
1 NT - =37 31,700 - =31,700 | 3,170,000 - =31,700.000 7 - =37

TableD-9. Severity attribute generalize scoring
Severity
Score Score Definition

1 No Adverse Effect
Cosmetic Effect

Reversible Effects

A W DN

Cellular/Physiological Changes that Could Lead to Disorders

Signifcant Functional Changes that are Reversible or Permanent Changes that are
Minimal Toxicological Significance

Significant, Irreversable, Nonlethal Conditions or Disorders
Developmental or Reproductive Effects Leading to Major Dysfunction
Tumorsor Disorders Likely Leading to Death

Death

© 00 N O O

For occurrence attributes, both prevalence and magnitude are considered. Prevalence
scoring is essentially the frequency of occurrence or release/production, and is based upon
both a hierarchy as discussetkpiously TableD-6). Magnitude is essentially the quantity of
concentrations reported, application/release data, or persistence/mobility daédleD-10). In
order to determine the persistence/mobility score, the corresponding value ffafrieD-11
andTableD-12 areaveraged and the averaged value multiplied by 10/3 in order to determine
persistence/mobility attribute score (TableI3).
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TableD-10. Hierarchy and attribute score for prevalence
Higrarchy
1 2 3 4 a
Fished | 7o |
Water PWSs - £ States Reporting CUSIUR
Prevalence |with detectons with | Pasticide in Use # of States iproducton data)
Score | of contaminant | 95 ECHens of Reporting TRI | Number of pounds
Lomammant total releases {by category)
aipwss | Al produced
sitesisamples
1 ==0.10 ==0.10 - i =500k
2 0.11-0.14 0.11-0.18 - 2 -
Cefaul: for any
pesiicide in non-
3 0.17-0.25 0.17-0.25 | environmenial use 3 =500K-1M
4 0.26-0.44 0.2a-0.44 -- 4 --
Cefaul: for any
pesticide in
envircnmenial use
3 0.45-0.61 0_45-0.81 withiout data 5 =1M-10M
B 0.82-1.00 0.62-1.00 < i =10M-50M
7 1.01-1.30 1.01-1.20 g-10 7-10 >50M-100mM
g 1.21-2.50 1.31-2.50 11-15 11-15 =100M-500K
¥ 2.51-10.00 2.51-10.00 16-25 16-25 =600N-18
1l =>10.00 =10.00 =25 =25 =1B

TableD-11. Hierarchy and attribute score for magnitie
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Hierarchy
1 2 3 4 3
Finished Water | Ambient Water o -
Magnitude Cicourrence Cicourmence “es %c_!-:le -EE = ITFU DE‘I |
Scale Scale Scale cae SlEases srale Persisienca/
Median of Median of . . Mobdity
Data Used | detections - all | detzctions - all Number of |:I-jn:.n-:|5 :I'n:.al LT :';
to Score PW3s sites/samples appTE poUNGs release
Inits wiiL ugiL Ibs Ibs Used when
& Care Production
1 <0.003 <0.003 =10,000 =300 data are uzed
o score for
2 0.003 - 0.01 0.003 - 0.01 - - 301-1.000 prevalznce.
3 =0.01 - 0.03 =0.01 - 0.03 10,000-20,000 1.001-3,000
4 +0.03 - 0.1 *0.03 - 0.1 30.001-100.000 2,001-10,000 -
3 0.1 -0.3 #0.1-0.3 100,001-200.000 10.001-30,000 . —ee
- - ~ = ersistance/
B =0.3-1 =0.3 -1 300.001-1M 30,001-100,000 Mobility
7 =1 -3 =1 =3 1M - 3M 100.001-300,000 protocal
8 *3 - 10 =3 - 10 ahA - 10N 300,001-1M {Exhibit &.2)
a3 =10 - 30 =10 = 30 10K - 308 10 - M '
10 =30 =30 =30 =3M
TableD-12. Mobility scale
Units 1 (Low) 2 (Medium) 3 (High)
Organic Carbon Partitioning Coefficient
(Koc) mL/g >1,000 100-1,000 <100
Log Octanol/Water Partitioning Coefficient
(Kow) dimensionless >4 1-4 <1
Soil/Water Distribution Coefficient (Kd) mL/g >10 1-10 <1
Henry's Law Coefficient (Kh) atm-m3/mol >10° 107 -10° <10”
<4.2x10°
Henry's Law Coefficient (Kh) dimensionless  >0.042 0.042-4.2x10°® 6
Solubility Mg/L <1 1-1,000 >1,000
Percent in water (PBT Profiler) dimensionless O 2¢ >25-50 > 50
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TableD-13. Persistence scale

Units 1 (Low) 2 (Medium) 3 (High)
Half Life (ty) Time days months recalcitrant
Measured Degradation Rate Time days months recalcitrant
Modeled Degradation Rate (PBT
Profiler) Time days months recalcitrant

Once the attributes had been assigned for all PCCL chemicals, these attributes were
evaluated using three preferred models to determine list, no list, or questionable status for
CCL3. The three models were Atrtificial Neural Network (ANN), Chtssificree with Linear
Nodes (Quest), and Linear Regression (Linear). USEPA experts then evaluated the model output
and further evaluated the chemicals by calculation of a health reference level (HRIOD-14
provides the equations used by the EPAhvabrresponding uncertainty factors, for the
calculation of the HRL. Note that a relative source contribution of 0.2 is used in each of the non
cancer equations. The HRL is then compared to tffep@dcentile concentration in ambient or
finished water. Focompounds without measured data (primarily pesticides) the USEPA would
use an estimated environmental concentration calculated from models. If the corresponding
ratio between the HRL and the occurrence value was less than or equal to 10, the USEPA would
list the contaminant on the draft CCL3.

Another postmodel evaluation was the relative ranking of certainty of the data into low,
medium, and high certainty based upon the type of data that was used to assign attributes. For
instance, measured concentiahs coupled with reference doses or cancer slope factors were
considered high certainty, while health effects based og, BBd occurrence based on
production volumes were considered low certainty.

The draft CCL3 was reviewed by an external panel afrescand stakeholders, and then
published on February 212008 in Federal Register. The final CCL3 included 106 chemicals,
including:

- 36 chemicals in the high certainty bin;
- 23 pesticides in the medium certainty bin (with modeled occurrence data);

- 26 pesticides and chemicals in the medium certainty bin (with application or release
occurrence data); and,

- 19 chemicals originally in the low or medium certainty bin that USEPA reevaluated
using supplemental data (including data from commeaois)
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TableD-14. Derivation of the health reference level (HRL) (from
http://www.epa.qov/safewater/ccl/pdfs/ccl3_docs/CCL3 PCCLtoCCL-31809 508.pdj

Non-Cancer Equations

HRL. mg/l. = RIfD (mg/kg/day) x BW (70 kg ) x RSC (0.2)
2 L/day

HRL. mg/l. = NOAEL (mg/kg/day) x BW (70 kg ) x RSC (0.2)
2 L/day x UF (1,000)
HRL. mg/l. = LOAEL (mg/kg/day) x BW (70 kg ) x RSC (0.2)

2 L/day x UF (3.000)

HRL. mg/L = LDsp (mg/kg) ) x BW (70 kg ) x RSC (0.2)
2 L/day x UF (100,000)

Cancer Equations

HRL. mg/L = Risk (10°) x BW (70 kg)
Slope Factor x 2 L/day

HRL. mg/L = 10 Cancer Risk (mg/L) x 0.01

ThePanel found the CCL process utilized by USEPA, and developed in consultation with the
NAS, NDWAC, SAB, and various expert panels, to be rigorous and transparent. However, the
Panel recognizes that the key missing elements are mostly related to the datapajate to
California recycled water. The CCL databases would not have commonly captured the MEC
data from California utilities nor have captured the majority of water reuse literature such as
WateReuse Foundation and NWRI repoitghen toxicological dta were available within the
CCL dossiers they were considered by the panel. However, for CECs with measured
environmental concentrations in California that were not considered in the CCL process, the
Panel recognizes the need to utilize other databasesceeening tools described later.
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Appendix E Summary of California Water Recycling Regulations aaldlitional
Discussion of California Department of Health Groundwater Recharge Reuse
Regulations

The following is a more detailed discussion Keg Caiforniaregulations(i.e., current and
draft), criteria, and policy thatmpact reuse projects.

Summary of California Enabling Legislation for Recycling Schemes

PorterCologne Water Quality Control Act of the California Water Code (EW/€)
Porter-Cologne Act of the CWC is the main regulation that gives the authority and
responsibility to the RWBs to establish water quality objectives, to prescribe and

enforce requirements for waste discharge to protect surface and groundwater quality,
and, in consultatn with DPH, prescribe and enforce reclamation requirements. Under
the CWC, Waste Discharge Requirements (WDRSs) are issued by the RWBs that contain
the water quality objectives, effluent limits, and other requirements that are used to
regulate reclamatiomprojects. The Stathas apolicy to promote the use of recycled

water to the maximum extent in order to supplement existing surface and ground water
supplies to help meet water needs (CWC sections 13RB12). One of the primary
conditions on the use ofcycled water is protection of public health (CWC sections
13521, 13522, 13550(a)(3)). In addition, the 1977 amendments to the CWA required
publicly owned treatment works (POTWS) to ensure compliance with the pretreatment
standards by each significant lés@urce introducing pollutants subject to pretreatment
standards into a POTW. To meet the requirements of the 1977 amendments, the USEPA
developed the General Pretreatment Regulations for Existing and New Sources of
Pollution which are further discussad AppendixH.

SWRCB Recycled Water PolityFebruary 200dhe SWRCB adopted an updated
Recycled Water Policy (Resolution No. 20021). The goal of the Policy is to increase
the use of recycled water while protecting groundwater quality. The Psiates that

local water and wastewater entities, together with salt/nutrient contributing
stakeholders, will fund locally driven and controlled collaborative processes open to all
stakeholders to develop salt/nutrient management plans for each groundwasin
/sub-basin in Californial’he policy also attempts to incorporate the most currstate-
of-the-science on CECs into regulatory policies for use by various state agencies. As a
part of this policy, Southern California Coastal Water Research Pr8g€\W/RP) was
asked to convene &cience AdvisoryaRel of six experts to providrecommendations

to the SWRCHhe pandevelopment processes must include compliance with California
Environmental Quality Act (CEQA) and patrticipation by the RWB staff. EdclyQ a
complexitydependson a variety of sitespecific factors including, but not limited to, size
and complexity of the bas, source water quality, stormater recharge, hydrogeology,
and aquifer water qualityThe policy recommends thatiprity be giverto those basins
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identified as priority basins by the Groundwater Ambient Monitoring Assessment
(GAMA) program.

e SWRCB Nondegradation Polidy 1968 the SWRCB adopted Resolution Nel@8
entitled " Statement of Policy with Respect to MaintainingiHuality Waters in
Californid. This policy requires the continued maintenance of existing high quality
waters, and provides conditions under which a change in water quality is allowable. A
change must be consistent with maximum benefit to the people ofStee, not
unreasonably affect present and anticipated beneficial uses of water, and not result in
water quality less than that prescribed in water quality control plans or policies.

e RWB Basin Planghe CWC requires all RWBs to develop, adopt ancemwgit a Water
Qualty Control Plan (Basin Plaifhe Basin Plan includes three basic components:
waters of the state and associated beneficiaes (potential and existingyater quality
objectives necessary farotect the usesand, an implementation @n and time
schedule for achievintihhe water quality objectivesSome of RWBs have specific water
recycling guidance and/or implementation criteria designed to enhance the feasibility of
water recycling projects (e.qg., relax surface and groundwater quabjgctives based on
technical reports demonstrating that the revised objectives would still protect existing
beneficial uses fully while minimizing the need for unnecessary treatment, and
streamflow augmentation to enhance or add riparian habitat andefisds beneficial
uses by relying on streambeds for transportinglam recharging recycled watgr

California Department of Public Health

TheRWBsnust consult with and consider recommendations of the Department of Public

Health (DPH) when issuing wasisaharge/water recycling requirements (CWC section 13523).
The statute requirestte DPH is to establish uniform statewide recycling criteria for the various
uses of recycled water to assure protection of public health where recycled water use is
involved CWC section 13521). DPH has promulgated regulatory criteria in Title 22, Division 4,
Chapter 3, section 60301 et seq. of the CCR. DPH regulatory criteria include specified approved
uses of recycled water, numerical limitations and requirements, treatmesthod

requirements and performance standards. DPH regulations allow use of alternate methods of
treatment in some cases, so long as the alternate methods are determined by DPH to provide
equivalent treatment and reliability.

A 1996 Memorandunof Agreement{MOA) between the DPHstate Water Resources Control
Board, and the regional water boards on the use of recycled water allocates primary areas of
responsibility and authority between these agencies. The MOA provides methods and
mechanisms necessary to asswngoing and continuous future coordination of activities
relative to the use of recycled water in California.

To protect public drinking water supplies, the DPH also has regulations to prevent cross
connections between recycled water systems and potadéer systems. Local health
departments and the DPH have enforcement authority over these cross connection prevention
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regulations. The California Building Standards Commission sets plumbing standards for use of
recycled water in buildings and industridssummary of kg regulations is provided below.

o California Code of Regulations (CCR), TitleT22 CWC requires the DPH to establish
statewide reclamation and public health criteria for each typeeafycledwater use
(Section 13521). DPH Wastewater Bewation Criteria are contained in Title 22,
Division 4 of the CCR. A summary of the Title R@ri is presented in Table 3.Title
22 crteria cover three basic areastandards for bacterial quality, levels and types of
treatment required for a spefic recycledwater use, and standards for reliability of the
reclamation plant. The DPH is responsible for the review of all proposed reclamation
projects and discharge permits for consistency with Title 22 criteria. In addition,
although the quality ofecycledwater can be produced at a level that is acceptable for
full body contact activities and the irrigation of food crops, a number of additional
precautions are also implemented to pext public health. For example:

Recycledvater pipes are coloredyple and appropriately marked,;

> >

Exposed air vents and appurtenances are labeled;
Sprinkler heads and valves are marked indicatgaycledwater;

Hose bibs are generally made inaccessible to the public;

> > >

Irrigation times are adjusted and overspray mirded to reduce public contact;

>

Signage and postings are provided to notify the public;

>

Backflow prevention devices and where ressary aigaps are provided to
protect potable water; and

Crossconnection inspections are conducted to protect potable watapplies.

>

. DRAFTsroundwater Recharge Reuse Requlati0gB®PH008 - The draft recharge
regulations address the supplementing of groundwater through surface or subsurface
application of treated municipal wastewater prior to eventual extraction viakiinig
water wells for potable useélhe proposed California criteria for groundwater recharge
reflect a cautious approach toward potential short and léaagn health concerns. The
criteria rely on a combination of controls intended to maintain a microbicklty and
chemically public health protective groundwater recharge operation and protect current
and future potable groundwater supplies. The criteria specify source control,
wastewater treatment processes, water quality, recharge methods (i.e., surface
spreading versus direct injection), dilution, extraction well location, and toonig
frequency and locatiorDPH requires monitoring of additional constituents for
unregulated chemicalge.g., chromiurn, diazinon,1,4-dioxane the nitrosamineN-
nitrosodimethylamine (NDMA), and 1,2tBchloropropane) using drinking water
analytical methods, where available and practicable, and will specify other methods
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where necessary (e.g., for certain endocrine disrupting chemicals, pharmeaisuti
personal care prodets). DPH notes that monitoring for these chemiaals categories

of chemicals is a diligent way of assessing and verifying recycled municipal wastewater
quality characteristics, which can be useful in addressing issues of public perception
about the safey of recharge projectshe proposed regulations have undergone several
modifioF GA2y & &aAyOS additonabdistiEsidn iscdrdamed dn Appandi S
E)

o Basis of DPH Approval of Surface Water Augmentation with Recycled \Water
Department d PublicHealth and the Department of Water Resources convened the
California Potable Reuse Committee, following the initial approval of the San Diego
indirect potable reus@roposalto augment a surface water reservpio identify the
conditions necessgiford I FS & dzNF I OS 41 GSNJ FdzZAYSy il A2y
Proposed Framework for Regulating the Indirect Potable Reuse of Advanced Treated
Recycled 1 SNJ 6& { dzZNFI OS 21 §SNJ ! dAYSyuldA2yé o
committee. The California Recydl®Vater Task Force was created by statute in 2001
and was tasked, in part, to evaluate the need to reconvene the California Potable Reuse
Committee to updateheir findings in the FrameworKhe Task Force concluded (Water
Recycling 203 Recommendation8 ¥ / F f ATF2NY Al Qa wSOe& 0ot SR 2|
California, 2003, Recommendation 6.3) that it was not necessary to revisit the
Framework and that the State should be able to make determinations regarding indirect
potable reuse baston the following pblications:

U GwSLIE2 NI 2F GKS {OASYUGATAO ! ROA&2NE t |
ReclamedWaSNE S {GFGS 2F /FEAF2NYALIZT mpyT

U aLaadzSa Ay ,NRCO19IBE S wSdza S¢é

U ad! tNRBLR2ASR CNIYSg2N] F2N wS3IdzA +FdAy3a
Treated Reclaied Water by Surface Water Augmerita y ¢ = { G 0SS 27F /
1996; and,

U DPHdraft groundwater rechargeegulations (August 5, 2008).

— R

o Proposed 1996 Framework for Regulating Indirect Potable Reuse by Surface Water
Augmentation- In May 1993 a CalifornisoRable Reuse Committee was formed by the
DPH and the California Department of Water Resources to look into the feasibility and
safety of potable reuse atcycledwater following advanced treatment. The members
concluded that planned indirect potable reustadvanced treatedecycledwater using
surface water reservoirs is feasible under the following six speciferia:

1. Application of Best Available Technology in advanced wastewater treatment with the
treatment plants meeting operating criteria;
2. Maintenance of appropriate retention times based on reservoir dynamics;
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5.
6.

Maintenance of advanced wastewater treatment plant reliability to consistently meet
primary microbiological, chemical, and physical drinking water standards;

Surface water augmentation pjects using advanced treatedcycledwater must

comply with applicable State of California criteria for groundwater recharge for direct
injection withrecycledwater;

Maintenance of reservoir quality; and,

Provision for an effective source control progra

Other project approval considerations identified in the Framewnodiude

1) Independent Monitoring Oversight Authorityhis authority would be appointed by the

CDPH and RWQCSB to provide a tipiadity review of operational, regulatory, and
environmentd issues associated with the project

2) Coordination Coordination between water reclamation agencies, regulatory agencies,

and agencies responsible for public water systems should be instituted in both formal and
informal channels

3) Operator Training an@ertification Operator training and certification programs must

assure reliable operation of advanced treatment facilitiasd,

4) Source Aesthetic Qualityyse of advanced treatecycledwater should not negatively

impact the aesthetics (taste, odor, d@ppearance) or consumer acceptance of the public
drinking water supply

Additional Discussion of California Department of Health Groundwater Recharge Reuse
Regulations’

In the late 1980s, the California Department of Public Health (CDPH), formerly ksown
California Dpartment of Health Services (CdS), developed draft criteria for the use of
recycledmunicipal wastewater to recharge groundwater basins that are sources of domestic
water supply (Crookt al., 2000). The CDPH criteria, which setfokl& | 3 Sy 0@ Qa | LILINE
writing permits for indirect potable reuse systems, have been updated several times but have
never been approved or finalized. The CDPH draft groundwater recharge criteria are designed
to ensure a groundwater supply that meets &létdrinking water standards and other
requirements more specific to water derived from wastewater effluent (CDPH, 2007b). In
formulating the proposed criteria, CDPH considered both acute health effects from microbial
pathogens and potential longerm healh effects associated with chemical constituents,
particularly trace organics (Geselbracht and Crook 2000). After receiving the final report
prepared by a science advisory panel (SAP) submitted to the state in 1987, CDPH selected TOC
limits in wastewater dfuent prior to recharge as a means of ensuring the lowest possible
concentration of unregulated wastewatelerived organic contaminants (Robet887). In its
summary r@ort, the SAP concluded that organiccar@oi 2 dzft R 6 S NBY2@OSR (2 a

10 Excerpted from Drewest al. 2008.
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by revese osmosis and essentially all identifiable trace organic compounds of significance

AK2dt R 0S FoasSyid Ay RSGSOGrotS O02yOSyiNtGAzya
The curreat draft criteria (CDPH 209p8ouple an even more stringent TOC limit with the

fraction of the drinking water supyp that is derived from wastewater effluent as a factor in

determining system performance requirements (quantified as TOC). This fraction is referred to

Fd 0KS aNBOeOf SR 4 GSNI O2yiNROGdziAZ2YE Ow2/ 0D ¢

subsurface injeiton projects produce water with TO& wastewater origiress than or equal to

0.5 mg/L at the point where the recycled water (with or without dilution water) mixes with

native groundwater. Subsurface injection projects are required to treat 100% ottyeled

water by RO to provide sufficient removal of organics and must meet the TOC limit at the point

of injection. If the RWC exceeds 50%, advanced oxidation processes (AOPSs) using UV/AOP must

be employed following RO treatment. For surface spreadingatjmas, TOC must be equal to

or less than 0.5 mg/L divided by the RWC at the point where the recycled water meets the

groundwater. Therefore, surface spreading projects can receive credit for TOC removal that

occurs within the vadose zone.

In recognitionof the possible shortcomings of using TOC as a surrogate for wastewater
derived contaminants, CDPH also included additional monitoring requirenrettise 2003
draft criteria (CDPIZ003).
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Appendix F Recycled WaterCase Examples

The following is a bef summary of the two key indirect potable reuse projects in California.
Case Examples for landscape irrigation projects are also provided. As discussed in Section 3.4,
the groundwater recharge case examples are provided to illustrate the extent of
implememtation of the key recommendations from both the 1998 NRC report and the
I FEATF2NYALF QA mddpec adz2NFF OS 41 GSNI FdzAYSy il dAazy
examples are provided to illustrate that the DPH Title 22 regulations are sufficient and
appropriate.

Orange County Water DistrictGroundwater Replenishment via Direct Injection and Surface
Water Augmentation DDB Engineering008 Mills et.al. 1998)

Orange County Water District (OCWD) is located in southern California where historic
agriculture water use has been replaced with water demands from urbanization. OCWD was
F2NX¥SR AY Mpoo o0& GKS [/ IFEfTAF2NYAL £ S3IAat ! GdzNB
supply. Currently, over 200 groundwater production wells exist within the OCWD sare&e
and supply roughly 75% of the water demand. The remaining water supply demand is met
through importing water from the Colorado River and northern California.

OCWD operated the original Water Factory 21 {Q¥}from 1975 to 2004 and Interim
Water Fatory 21 (IWR21) from 2004 to 2006. WEL was an advanced water treatment facility
that recycledsecondaryi NS § SR ¢l aiSgl §SNI FNRY hNIy3S [/ 2dzy
Fountain Valley, California. AR produced up to 15 million gallons per daygd) of highly
treated recycled water for injection into the Talbert Gap Seawater Intrusion Barrier (Talbert
Barrier) to prevent the inflow of seawater into the Orange County Groundwater BasirRIWF
was a transitional advanced water treatment facilityrithg construction of a new fulicale
groundwater replenishment system (GWR) that produced up to 5 mgd of high quality recycled
water for injection at the barrier. Without the barrier, seawater can, if the groundwater basin
level is low, migrate inland tbugh the shallow, highly permeable, sandy, fresh water aquifers
at the Talbert Gap near the Santa Ana River (SAR) and contaminate the deeper potable aquifers
in the groundwater basin.

The GWR System is a water supply project jointly sponsored by OCWERC&12l to
supplement existing water supplies by providing a new, reliable -tpigttity source of water to
recharge the Orange County Groundwater Basin and protect the Basin from further
degradation due to seawater intrusion. The GWR System is locatedtmlo®range County
and extends from Fountain Valley and Huntington Beach near the coast to Santa Ana, Orange,
and Anaheim, generally near the Samtna River

A pump station conveys recycled water via a pipeline to a series of 36 injection well sites
that comprise the Talbert Barrier. Another pump station conveys recycled water via theld 3
long GWR Pipeline to the Kraemer/Miller Spreading Basins in the Anaheim Forebay area. The
GWR System is being implemented in phases, with the initial design capdedyat 70 mgd
(or roughly 72,000 acréeet per year &fy), allowing for downtimes).

F-1



CEC Panel FINAL REPORTJune 2010 Appendix F

CKS O0FNNASNI 61 GSNJ RSYIFYRA INBE O2YyaARSNBR aTA
estimated annual average water demand of approximately 30 to 32 mgd. The balahee of
AWTF recycled water production that is not used at the barrier is pumped to the
Kraemer/Miller Spreading Basins. Diluents (which are waters ofwvastewater origin) include
captured Santa Ana River storm water and purchased imported water from theoptditan
Water District of Southern California (MWD) that is recharged at the nearby OCWD spreading
basins.

The State permit allows 75 percent of the water injected at the Talbert Barrier to be
recycled water based on a monthly running average over tis @ months. This requirement
allows for flexibility to inject only recycled water at times when the MWD potable water supply
may be unavailable. The permit also includes provisions for a phased approach to injection of
100 percentecycled water at the &rrier, or a maximum RWC limit of 100 percent on a
monthly running average basis over the preceding 60 months. Following a demonstration
period, OCWD anticipates injecting only recycled water at the Talbert Barrier.

Besides water supply, another purposktiee GWR System is to provide peak flow relief for
OCSD during peak wet weather flow conditions. During peak wastewater flow events, the AWTF
will provide peak flow discharge relief for the OCSD ocean outfall by discharging up to 100 mgd
of microfiltered,disinfected recycled water to the Santa Anna River.

Best Available Technology and Multiple Barri@scondartreated wastewater that is

normally be discharged to the ocean is diverted from OCSD Plant to the GWR System AWTF,
where it is treated to driking water standards using microfiltration (MF), reverse osm@i),
advanced oxidation/disinfection (ultraviolet (UV) irradiation and hydrogeroxide, also called
AOP) processes, decarbonation, and lime stabilizationpeatment.

Plant Monitoringand Performance Evaluation/ControlThe GWR System includes plans to
conduct performance monitoring at multiple points or steps as the water is treated and
recharged, and thus, allow for action if certain performance requirements are not met. Ciritical
control point monitoring includes: continuous dime instrument monitoring, feedback to allow
for control evaluation, corrective action for failure, and records management.

Recycled water produced by the AWTF must comply with drinking water standarasheand

water recycling and discharge requirements established by CDPH aRWRECB. On March

12, 2004, the RWQCB issued Order Ne2®B+0002 entitledd t N2 RdzOSNX | & SNJ 2 | (i SN
Requirements for the Orange County Water Distimterim Water Factory 2 and Groundwater
Replenishment System, Groundwaiecharge and Reuse at Talbert Gap Seawater Intrusion

Barrier and Kraemer/MillewS OKIF NHS . I AAYaé¢® O6w2v/.X HAANO

OCSD Peak Wet Weather Flow Religie GWR System will provide peak wet weather flow
relief for the OCSD ocean outfall. It is anticipated that peak storm events occur about once
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every three years, and create high wastewater flows that could exceed the capacity of the
OCSlIcean outfall. During these storm events, the GWR System will provitte 1G9 mgd of

peak wet weather flow relief for OCSD treating peak secondary effluent flows using MF and UV
disinfection (bypassing RO) for discharge to the SAR.

Source ControlThe Orange County Sanitation District has expanded their source control
program as an integral part of the mulbiarrier system that protects the quality of the product
water of the Groundwater Replenishment System (GWRS).

The scope and purpose of the expanded source control program was defined by the
California Department of PublHealth, Santa Ana Regional Water Quality Control Board, GWRS
Expert Panel, and GWRS Public/NGO Panel and appears in the California Department of Public
Health: California Code of Regulations Title P2aft Groundwater Recharge Reuse, Section
60320 Genml Requirements, and Santa Ana Regional Water Quality Control Board: Regional
Order No. R20080058- Producer/User Water Recycling Requirements.

Under the Title 22 Draft regulations, recycled municipal wastewater used for a
Groundwater Recharge Reus@ject shall be from a wastewater management agency that:

(1) administers an industrial pretreatment and pollutant source control program;
(2) implements and maintains a source control program that includes at a minimum:

(A) an assessment of the fate of Refment-specified contaminants through the
wastewater and recycled municipal wastewater treatment systems,

(B) contaminant source investigations and contaminant monitoring that focus on
Departmentspecified contaminants,

(C) an outreach program to industti commercial, and residential communities
gAOKAY GKS aSgl3sS 02ttSOdA2y 3aSyoeQa
and minimizing the discharge of contaminants of concern at the source, and

x

(D) an upto-date inventory of contaminants dischargedarthe wastewater
collection system so that new contaminants of concern can be readily evaluated.

(3) is compliant with the effluent limits established in the RWQCB permit for the
Groundwater Recharge Reuse Project.

Regional Order No. R®080058 states tht the scope and purpose of this OCSD source
control program need to be expanded to include not only contaminants that may be
detrimental to the facilities or environment, but also to include contaminants specified by CDHS
that may be harmfulto humanhealKk YR RNAY 1Ay 3 41 G§SNJ adzLJLJX A Sad
Federal Pretreatment Program, key elements of the expanded source control program include:

wPollutant Prioritization® h/ {5Qa [/ 9/ Y2y AG2NRAyYy3a o6S3ALy Ay
list of 500 constituentR S @St 21LISR o6& aidl{1SK2f RSNA Ay Of dzRA
staff. Monitoring included the source water, unit processes, and product water in three

phases over a twgear period. The prioritization program reduced the list of 500
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constituents to a short lisof 22 based on 1) concentration and mass, 2) toxicity,
numerical limits or standards, 3) treatment removal effectiveness using an on
probabilistic parametric model, and 4) action levels or triggers. Continual monitoring for
SEAAGAY 3T | yR pérbdically ®rp@gramiefiectiRePessS

wPharmaceutical ProgranSource Control permits industrial pharmaceutical

manufacturers through the Federal Pretreatment Program. Pharmaceutical

YIydzF I OGdZNBENRQ 41 a0 Sgl (i Saalkatedd daircidegwiti NI Od A O
the overall pharmaceutical strategy. To address commercial facilities, Source Control is
currently developing a Health Service Facilities (HSF) program. A study of several HSF
commercial sectors is currently being performed. The practioesimpacts of

pharmaceutical disposal by HSFs will be determined so that a comprehensive program

can be administered which will complement the residential and industrial programs.

w / 2YYSNOA L f . Usth@thedollitant\aBoBtdtion results, Soe Control

Ad GNIOAYy3 GKS &2dzNDOS& 2F GKS LINA2NRGAT SR
concentration). In this manner, significant dischargers are located from functional use of
CEC ingredients in consumer products. Since there are over 20,000ecoial

businesses in the Orange County service area, the significant dischargers are prioritized
using a sector impact analysis. The level of regulation will be established in a tiered
implementation program. If an action level or trigger is reached tigereof regulation is
increased until reduction goals are satisfied. Initial commercial sectors include: cleaners
and degreasers, coatings, coloring agents and dyes, pesticides, disinfection byproducts,
fuels additives and byproducts. Domestic and trumklsampling are essential to

OKIF NI OGSNRAT Ay3d GKS &a2dzNOSa 2F GKS /1 9/ Qaod

wCountywide Pollution Prevention Partnership Program @P/ nt Aa h/ {5Qa Yy
Countywide Pollution Prevention Partnership Program. This partnership was solidified

on March 28,2008 when/O{ 5Q&a . 2F NR 2F S5ANBOR2th&R | R2LIIS
supports an Enhanced Source Control Program to reduce emerging pollutants of

concern. Source control of emerging pollutants of concern from nonindustrial sources

will be accomplished primarily througiountywide public education, targeting
NEaAaARSYU(GALFtf YR O2YYSNODAFIf SYGAGASAE gAGKAY
well informed about the water quality impacts that can result from certain everyday

behavioral practices, such as flushing unused icieds down the toilet, pouring volatile

chemicals down the sink, or by applying excessive amounts of fertilizers to their lawns

FYR 3FINRSyao h/{5Qa 0Oft2asS Ayg2ft aSYSyid | yR
businesses are absolutely essential in contrglipollutants of concern, since

nonindustrial water pollution commonly originates from their combined activities of

improperly disposing harmful pollutants into the sewer system. Unlike source control of
industrial facilities where permits are issued t@uate dischargers, implementation of

a source control program for domestic and commercial sources may be implemented

through a voluntary pollution prevention outreach program designed to change

improper waste disposal practices. OCSD has partnered wigtbitnember agencies to
disseminate outreach materials provided by OCSD using their existing media outlets.

Focused outreach materials will support various Nonindustrial Source Control Programs
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including Pharmaceutical, Emerging Pollutants of Concern stu@WR System), Fats,
Oils, and Grease; and Urban Runoff/Nonpoint Source Pollution.

wChemical Inventory and Chemical Fact She€kemical inventories used by
businesses within the OCSD services area are being tracked leveraging off existing
databases obther agencies such as Fire Departments and the Toxic Release Inventory
by Source Control. The inventories are gmsitioned to facilitation source

identification searches and fast response. Chemical fact sheets of CEC also facilitation
fast response ocoordination with other agencies.

(Source: Attachment Orange County Sanitation District Source Control Program (OCSD letter
from Ed Torres, May 14, 2010)

Staffing and Quality Assurand@CWD plans call for the plan to lmntinuously manned, 24
hours pe day, 7 days per week. In addition to the Chief Operator, there are approximately 16
plant operators who each work #2our shifts, daytime and nighttime. There are approximately
11 I&E Technicians and 17 Maintenance Technicians who also work altermatisgGCWD

has an orsite statecertified laboratory that operates in accordance with the Orange County
Water District, Laboratory Quality Assurance Manual (OCWD, 2004).

Contingency Plan3he GWR System contingency plans call for operation on the camttiat

it causes no impairment to the groundwater basin. In the event of emergencies, the GWR
System can be shutdown, stopping production of recycled water. The Talbert Barrier can be
partially maintained using potable MWD water only, if necessary. Rgehaa spreading at the
AnaheimForebay can be sustained, if necessary, using only imported water and/or captured
stormwater. In addition, the OCWD plant has a dual feed power supply makékdlieood of
electrical power outages extremely rare.

Coordnation: OCWD and the OCSD recognize the importance of interrelationship between the
GWR System and the OCSD wastewater treatment plant and have a formal agreement (OCWD
and OCSD, 2002) memorializing the understanding between the two agencies underhehich t
GWR System is operated and maintained. The GWR System Steering Committee, which is
comprised on Directors from both the OCWD and OCSD Boards of Directors, meets regularly to
review matters and make recommendations to the full Boards on issues pertainthg GWR
System. The Joint Operations Committee, which consists of OCWD and OCSD staff, meets on
regular basis to communicate operations and maintenance plans, implement joint policies and
procedures, crosfrain operations staff, and address issubattarise to optimize both the

GWR System and OCSD treatment plant.
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Montebello Forebay Groundwater Recharge Projdetfarting and Nellor 1998

Since 1962, recycled water provided by the County Sanitation Districts of Los Angeles County
(LACSD) has beesed to replenish the Central Groundwater Basin as part of the Montebello
Forebay Groundwater Recharge Project. Other sources of replenishment water are imported
river water (Colorado River Water and State Project Water) supplied by the Metropolitan Water
District of Southern California (MWD) and storm water. The waters used for recharge meet
primary drinking water standards. Replenishment water is applied at two spreading grounds
owned and operated by the Los Angeles County Department of Public WorksP\WAGPe Rio
Hondo Coastal Spreading Grounds and the San Gabriel Coastal Spreading Grounds.{Figure

In addition, the San Gabriel River channel itself is unlined (soft natural bottom) and is also used
for recharge. Each spreading ground is subdividealan organized system of smaller ponds

that can be filled or dried alternatively to allow maintenance in some while others are being
used. The spreading basins are operated under a wetting/drying cycle designed to optimize
inflow and discourage the devadment of vectors.
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Figure F.1 Groundwater Recharge Locations

The Central Groundwater Basin is adjudicated and has been governed as part of a
controlled replenishment and water withdrawal framework for over 50 years to prevent salt
water from theocean from contaminating local supplies due to overdraft of the aquifer and to
ensure a high quality and reliable source of groundwitéfhe Montebello Forebay Project is
the oldest and best characterized groundwater recharge project in California.réjeetis the

1 Research halseen conducted on the ability of soil to treat recycled water as it percolates to groundwater via the soil aquifer
treatment (SAT) process. The investigation found that SAT is an effective and sustainable process to remove organic

compounds such as phaaveuticals, personal care products, and endocrine disrupting compoundst{Bbx2001; Foet al,
2006).
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joint responsibility of the Water Replenishment District of Southern California (WRD), LACSD,
and LACDPW.

Over several State permit cycles allowable recharge has been increased to allow up to
60,000 AFY of recycled water to be used for regaand up to 50 percent recycled water in
any one year as long as the runningear total did not exceed 150,000 AFY or 35 percent
recycled water. The recycled water percentage was based on the combined total inflow to both
spreading grounds where totaiflow included all waters spread, rainfall, and the underflow
from the Main San Gabriel Groundwater Basin. Typically, the amount of recycled water has
averaged 40,000 AFY.

The State permit was recently amended (April 2009) to make a change in the ageragin
period for the calculation of the recycled water allowance to ensure that an adequate and
reliable source of groundwater was available due to the lack of MWD imported water that
could be used for replenishment. The 2009 permit amendment allows an irchedise
amount of recycled water by removing the runningé&ar allowable annual quantity limit and
annual volume caps of recycled water. It allows the maximum quantity of recycled water spread
to be 35 percent based on the combined total inflow to bopineading grounds during a period
of five years instead of three years and thus will allow for additional recycled water to be
spread to account for wet years and to provide more flexibility in operations.

In addition, local water agencies are looking giogsible project in the Central Groundwater

Basin including expanding the role of storm water and recycled water. One option would be to
provide an advanced level of treatment to the tertiary effluent from the San Jose Creek WRP for
groundwater replenishrant.

Best Available Technology and Multiple BarrieFhe recycled water provided by LACSD comes
from three water reclamation plants (WRPs): the Pomona WRP, Whittier Narrows WRP, and
San Jose Creek WRP. The treatment system for these facilities, asishegure-2, consists

of primary treatment, nitrification/denitrification nitrification activated sludge biological
treatment, granular media filtration, disinfection using sequential chlorination, and
dechlorination. The change to from chloraminatimnsequential chlorination has occurred over
the past few years in response to the goal of minimizing disinfection byproduct formation.
Sequential chlorination involves the application of chlorine to fully nitrified secondary effluent
upstream of the graniar media filters (to form free available chlorine), and subsequent
addition of chloramines (ammonia followed by chlorine) downstream of the filters.
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Figure F.2 Schematic of LACSD WRP Treatment System

Plant Monitoring and Performance Evaluation/Cotitrdhe WRPs ensure plant performance
reliability through various iplant control parameters, redundancy capabilities, and emergency
operation plans. lsplant control parameters include the following:

I Mixed liquor DQ; indicates possible high load or highdustrial waste which
impacts secondary quality

I Secondary turbidity, reflects secondary treatment and loading on the filters

i Filter effluent turbidityg early warning for final turbidity, provides time to react
(notify reusers to shutdown)

i Final efflent turbidity ¢ indicates when to turn reusers back on

Prechlorine residual analyzerensure free chlorine residual before filtration (1
mg/L)

Postchlorine residual analyzerensure disinfection of effluent (8 mg/L)

i Out-chlorine residual analyzerensure adequate disinfection (2.5 mg/L)

I Final chlorine residual analyzewerify adequate dechlorination (<0.1 mg/L)
I Secondary effluent ammonia analyzeindicates ammonia bleed through

Filter structure overflow indicatioq warning on impending efflud filter bypass
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Department of Public Health Reliability Requirements are addressed by the WRPs through
having enough tankage to operate in an emergency with one unit out of service if flows are
normal. The WRPs have adequate storage and standby feemtersdgulation with auto
controls, the filtration system has alarms for high head loss and high filter effluent turbidity,
and the disinfection system has standby storage tanks, automatic residual controls, recorders,
alarms, and multipoints for additiorlthough the WRPs have no long or shierm storage,
they do have the ability to bypass flow.

The recharge project is subject to a complex water quality monitoring and compliance
program that assesses all of the waters used for replenishment and in thedwater system.
Effluent samples from the WRPs are collected monthly, bimonthly, and quarterly. Recycled
water produced by the WRPs complies with the primary drinking water standards, and meets
total coliform and turbidity limits of 2.2/200 mL and 2 NTekpectively. Additionally, extensive
virus and parasite sampling indicates that the recycled water is essentially free of measurable
levels of pathogens.

Six spreading ground monitoring wells are specified for bimonthly sampling under the
LINE 2 S Otvridgiprograny. i addition, nineteen production wells in the vicinity of the
Montebello Forebay are specified for semiannual sampling and the headworks at both of the
Rio Hondo and San Gabriel spreading facilities are sampled on a quarterly basisHB)gure
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FigureF.3Montebello Forebay Sampling Locations

Source Control The three WRPs that provide recycled water for the recharge project are part

2F [/ {5Qa W2AYy(G hdziFlrftt {2adSYZ 6KAOK Aa |y
ControlPlant (JWPCP), six WRPs, and collection systems. LACSD, primarily through its source
control program, takes steps to prevent contaminants that might adversely impact the quality

of the recycled water being produced from entering the sewer system. Indufcilities with
discharges to WRPs that are not compatible with the Districts' reuse goals may be given

stringent limits or even required to reroute their flows around the WRPs for treatment at

JWPCP and ocean disposal. The WRPs treat mainly residematicommercial waste, with

generally less than 10% of the influent coming from industrial sources.

¢CKS AYRAZAGNALFf &2dz2NOS O2y (i NRBf LINPINIY gl a Sa
treatment facilities are able to comply with waste discharge requiretsieto protect the public
and the environment; and to protect personnel and facilities from potentially harmful industrial
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wastes. To achieve these objectives, a systéde pretreatment program was created in

1972, beginning with the adoption of th&agewater Ordinance This document establishes

GKS €S3lt ldziK2NRGe (2 SyF2NOS [!'/{5Qa 20l f
FSRSNIf NB3IdzE FGA2yad [/ {5Qa &a2z2dz2NOS O2yiNRf LI
varied industrial base caisting of over 2,600 industrial users (IUs).

The key elements of the source control program include:

e Permitting. Industrial wastewater discharge permits are issued jointly with the city in which
the industry is located or the LACDPW for a period efy®ars.

¢ Industrial Wastewater Monitoring.The industrial wastewater monitoring program provides
data for the evaluation of regulatory compliance (federal, state and local); wastewater
treatment plant loadings and operation; and the discharge of illegal@mpatible wastes.
Industrial wastewater dischargers are monitored through three separate mechanisms: 1)
industrial user selmonitoring; 2) LACSD monitoring via onsite composite or grab sampling;
and 3) surveillance sampling.

¢ Inspection.LACSD has deloped an active industrial waste inspection program that
includes frequent inspections and coordination with emergency response and other
regulatory agencies.

¢ EnforcementLACSD has established a tiered enforcement program to respond to
pretreatment vidations. Industries are required to address each violation and implement
corrective actions. Followp inspection and/or sampling is conducted to confirm that the
corrective actions taken were successful in achieving compliance. Each subsequent
violationleads to escalation of enforcement action, including legal action if necessary.

¢ Pollution Prevention LACSD participates in the statewide No Drugs Down the Drain
program, which is a public outreach program to alert California residents living in specific
regions about the problems associated with flushing unused, unwanted, and expired
medications down the toilet or drain and to provide them with other, safe and proper
disposal choices. In addition, the LACSD is involved with a number of local and statewid
pollution prevention initiatives including working with the local air regulatory agency to
ensure that mandated, widespread conversion to aqueous cleaners does not result in
additional pollutant discharges.

Staffing and Quality Assurance:

Contingency Rns In case of plant failure or disruption, the Pomona and Whittier Narrows
WRPs can be completely bypassed in certain cases. Additionally the secondary effluent from
the Pomona and Whittier Narrows WRPs can be diverted back to the sewer if neede@nrhe S
Jose Creek West WRP can divert the secondary effluent back to the sewer and the San Jose
Creek East WRP can divert the final effluent back to the sewer. Flow can also be sent
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interchangeably to or from both the San Jose Creek WRPs. The ability toodilegpass flow
depends on time of day and sewer conditions down stream of the WRPs.

Except at the San Jose Creek WRPs, the WRPs have enough standby emergency power to
operate all plant process equipment. The San Jose Creek WRPs have enough power ¢o operat

all plant equipment except the process air compressors. The San Jose Creek WRP can pump and
disinfect the water but not biologically treat it.

Coordination:The project is permitted by the Los Angeles Regional Water Quality Control Board
(RWQCB) under &ter Reclamation Requirements (WRRs) (Order NA.0®), which were

amended in April 2009 via Order No.-B#09048. The permit was jointly issd to LACSD,

WRD, and LACDPW.
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Case ExamplesSummary of Norpotable reuse (Restricted and Unrestricted lgation)
Projects in Californigexcerpted from Olivieri and Seto 2007)

Case study 1: City of Sunnyvale, CA

The City of Sunnyvale Water Pollution Control Plant (WPCP) is located in Sunnyvale,
California. The plant provides advanced secondary treatment efemater from domestic,
commercial and industrial sources within the City of Sunnyvale, Rancho Rinconada and Moffett
Field. The service area has a population of approximately 127,000. The plant has an average dry
weather flow design capacity of 29.5 MGaddd a peak flow capacity of 40 MGal/d.

Disinfected tertiaryrecycledwater is produced intermittently to meet user demand and to fill a
2 million gallon storage tank, which then serves as a supply sourceedyeedwater is
distributed throughout the orthern portion of the City of Sunnyvale, where it is used mainly
for irrigation purposes.

The wastewater treatment process consists of influent grinding;gamtion/grit removal,
primary sedimentation, secondary biological treatment (oxidation pondg¢Hfilm reactor
nitrification, dissolved air flotation with coagulation, dual media filtration, chlorination and
dechlorination. During periods oécycledwater production, plant operating conditions are
FR2dza i SR (2 W& Recycling @eri BiNlginféctOdtertiaryrecycledwater
(average turbidity less than 2 NTU prior to chlorination, chlorine contact (CT) of > 460nihg
(as estimated by residual chlorine concentration (mg/L) times contact time (min) ) with 90
minutes minimum modechlorine contact time, and median total coliform <2.2 MPN. These
conditions are achieved through changes in dissolved air flotation polymer dose, chlorine dose,
and flow rates through the contact basins usedrecycledwater. Filtered water turbidity
final chlorine residual, and CT are monitored continuously by the control system. |If turbidity or
CT exceed the regulatory limits, the control system will automatically divert water from the
recycledg | 0 SNJ LJdzY L) adF GA2y (2 (O Balubstare Bofmally yadchNIY | £ €
higher than the minimum requirement.

Therecycledwater flow from the contact tanks to theecycledwater pump station is
partially dechlorinated with sodium bisulfite to maintain a chlorine residual of approximately 2
3 mg/L. The calculated CT does not include any additional contribution from the chlorine
residual in the distribution system.

During the peakecycledwater production season (Api@ctober) the plant effluent is
highly nitrified. Between May and July, ammoniegls prior to chlorination are typically below
0.5 mg/L, indicating that chlorine is mostly likely initially present in the free residual form
during this period. During the late summer, fall, and winter, some or all of the chlorine is likely
present in he form of a combined residual.

In 2005, 265 million gallons cécycledwater was distributed to customers throughout the
northern portion of the City of Sunnyvale. In 2004 the togalycledwater distrbuted was 306
million gallonsA summary ofecyckd water usage by reuse application category for 2005 is
provided in Tablé.1.Review of the table clearly indicates that landscape and park irrigation
accounts for the vast majority oécycledwater use.

Available Data Data for flow, filtered waterurbidity, chlorine residual, and CT are recorded

;

O2yAyd2dzate o0& (GKS LI IydQa {dzZJISNIBAA2NE /[ 2y N
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samples collected during eacbcycledwater production run are analyzed for total coliform
and dissolved oxygen &K I[j dzA NS R o6& GKS / AGeQa LISNXYAI

of 2006, 19 samples were also analyzed for enterococcus. Those results varied from <1to
3/100mL (MPN). Additional water quality monitoring is conducted to track-teng trends

and toprovide information to interestedecycledwater customers. The parameters analyzed
include chloride, bicarbonate, sulfate, nitrate, phosphate, calcium, magnesium, sodium, TDS,
conductivity, hardness, alkalinity, salinity, boron, ammonia and pH.

621 048§

Table F1L Summary of 200RecycledVater Usage for City of Sunnyvale Water Pollution Control Plant

No. of Area Applied Volume % of Total

Reuse Applicatioh Sites (acres) De(lli\\/llg)ec? Reuse Flow
Landscape Irrigatior

Parks 3 65 36.8 13.9

Golf Courses 1 100 78.8 29.8

Green Belt§ 12 10 5.8 2.2

Other’ 68 150 134.6 50.8
Industriaf 2 - 8.4 3.2
Dual Plumbing 1 - 0.30 0.11
TOTAL 88 325 265 100
Notes:

1. Industrial processes receivimgcycledwater include cooling, construction
applications, soil ampaction and dust control, etc. (Note: RW is supplied to o
cooling tower site as a backup supply, but no water is actually used).

2. Environmental Enhancement includes wildlife habitat, wetland/marsh
applications, etc.

As defined in Title 22
Twosites are listed under two categories because of multiple uses

Parks category includes County park, large sports complex, and baseball fie

o 0 MW

Primarily comprised of landscaping at commercial/industrial office buildings.
Some use in fountains.

7. Corsists of freeway interchange and street median sites.
8. .1aASR 2y G244l fa NBO2NRSR G SIFOK a
16 percent to account for average systewde potable water fraction.
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RecycledVater Use Management Concernst the early days of the program, concerns
regarding the safety akecycledwater used in golf course water features were raised by golf
course maintenance staff. Similar concerns are typically raised when teseyofedwater at
parks and playgrounds is proged. Parks Department staff has also raised concerns about
potential exposure taecycledwater that may be on picnic tables as a result of irrigation
overspray or drift.

Interpretation of Risk Matrix with Case Study Contekhe City of Sunnyvale prathks a

disinfected tertiaryrecycledg | 4 SNJ 0 KI & Aa O2yaAradaSyid A0GK | yR
regulations. Data provided by the City indicate that the most common end use tédhieled

water is for landscape irrigation and reported concerns rdgay the safety ofecycledwater

are also related to that use.

Based on the results of the MRA simulations it could be expected that the median risk of
infection from human enteric viruse€ryptosporidiumor Giardiawould each be on the order
of 10° per exposure with 9gercent confidence intervals ranging from 3@ 10° per
exposure, provided that the WPCP is operating in a manner consistent with planned operations.

Case study 2: City of San Jose, CA

The San Jose/Santa Clara (SJ/SC) WPCRasl lioc8an Jose, CA. The plant provides tertiary
treatment of wastewater from domestic, commercial and industrial sources from the cities of
San Jose, Santa Clara, and Milpitas; County Sanitary Districts 2 and 3; the West Valley Sanitation
District includng Campbell, Los Gatos, Monte Sereno and Saratoga, and the Cupertino, Burbank
and Sunol Sanitary Districts. The service area has a population of approximately 1,300,000.

The wastewater treatment process consists of screening and grit removal, primary
sedmentation, secondary (biological nutrient removal) treatment, secondary clarification,
filtration, disinfection with chlorine and dechlorination. The WPCP has an average dry weather
flow design capacity of 167 Mgal/d and a peak hourly flow capacity oMgjél/d. The
secondary treatment process is a biological nutrient removal process that consists of anoxic,
aerobic, anoxic and aerobic zones in sequence. The mean cell residence time in sumbter is 6
days and in winter is-82 days. The muitnedia grauy filters with 22 inches of anthracite, 12
inches of sand and 12 inches of gravel are divided into filters which produce plant effluent
discharged to the receiving water (at hydraulic loading rates between 5.3 and 7.2 §pamti
filters which produceecycledwater (at hydraulic loading rates between 4.3 and 4.8 gpfh/ft
Chlorine is used for intermittent prefilter chlorination. The filters are backwashed every 24 to
25 hours on average using 0.28 Mgal of filtered plant effluent per backwash. Alursintate
is used for backwash water treatment.

Recycledvater from the plant is delivered to customers in the service area by the South Bay
Water Recycling Program (SBWR). Treated water from the SJ/SC WPCP plant is redirected from
the South San FranciscoyBdischarge to an effluent diversion structure and pipe, where it
receives an additional chlorine dose to achieve a CT of 45Mimfdy. (5 mg/L after 90 minutes
contact time), and then flows into theecycledwater distribution system via a transmission
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pump station (TPS). Thiecycledwater production quality is monitored continuously via art on
line system for turbidity and chlorine residual.

In 2005 the totatecycledwater production was over 2.6 billion gallons and the WPCP
discharged 100 Mgal/d to theeceiving water. The average peak summer mongeycled
water production is 12 Mgal/d and the annual average monthly supphi3 Blgal/d. A
summary ofrecycledwater usage by reuse application categéwy 2005 is provided in Table
F.2 Therearecurremf & pnm Odzai2YSNER &SNWSR (GKNRdzAK {.
Municipal Water System, San Jose Water Company in the City of San Jose, City of Milpitas and
the City of Santa Clara.

Available Data Daily data from 2005 are available for flow, total cohf, dissolved oxygen,

pH, chlorine residual, plant effluent enterococcus, filter effluent turbidity, and total CT. Median
total coliform sample results were 1.0 MPN/100mL for 2005. The chlorine residual ranged from
3.5 to 9.0 mg/L with an average value58 mg/L and a standard deviation of 0.95 mg/L. The
total CT ranged from 938 to 7,607 mgn/L with an average value of 2,472 mugn/L and a
standard deviation of 1,233 mgin/L. The filter effluent turbidity ranged from 0.02 to 2.2 NTU
with an averagevalue of 0.6 NTU and a standard deviation of 0.25 NTU

Table F.2 Summary of 2008ecycledNVater Usage for South Bay Water Recycling

Reuse Application No. of Volume % of Total

Siteé Delivered | ReUse Flow
(MG)

Landscape Irrigation 501 1687 67

Agriculture 3 0.9 0

Industriaf 8 823.5 33

Dual Plumbing 5 3.7 0

TOTAL 517 2515.1 100

Notes:
1. Landscape irrigation includes parks, golf courses, green belts and schools.

2. Industrial processes receivingcycledwater include cooling, construction applicat&rsoil
compaction and dust control, etc.

3. Commercial buildings.
4. Customers that usebcycledwater for beneficial use during 2005.
5. Amount distributed represents the amount i@cycledwater used by customers
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RecycledVater Use Management Conecer Concerned citizens have occasionally contacted
the SBWR Program regarding public contact wettycledwater from irrigation sprinklers, wet
grass in parks and/or golf courses, condenser drift from cooling towers, overspray from
decorative fountainsand by other incidental means of public contact. In most cases, they have
been satisfied to learn thakecycledwater provided by the SBWR program meets the full body
contact requirements contained in the Califorméater Recycling Criteri&tate of California

2000)

Interpretation of Risk Matrix within Case Study Contekhe City of San Jose produces a

disinfected tertiaryrecycledg I G SNJ G Kl G Aa O2y aAaidérggilations.i K / I £ A
Data provided by the City indicate that the most common end use ofebycledis for

landscape irrigation and reported concerns from concerned citizens regarding the safety of
recycledwater are most often related to that use.

Based orthe results of the MRA simulations it could be expected that the median risk of
infection from human enteric viruse€ryptosporidium sppor Giardia sppwould each be on

the order of 10° per exposure with 90% confidence intervals ranging frofitb010™ per

exposure, provided that the WPCP is operating in a manner consistent with planned operations.
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Appendix G Concept of Reliability

Failure of municipal wastewater treatment plant processes used to reclaim wastewater for
potable reuse could resuin exposure of the user population to considerable disease risk. It is
therefore desirable to minimize the probability of failure at such a reclamation facility, or, in
other words, to increase reliability. Quantification of reliability is an importdetent in
assessing the potential health risks of water reuse.

The definition of treatment plant processes could be broadened to include those of an
entire water reuse scheme plan (i.e., municipal wastewater plant, the holding reservoir, the
groundwater bain, and the potable water treatment plant). These additional treatment
operations/processes within an entire reuse plan would add redundancy and a degree of fail
safety to the reuse plan. However, the focus of the discussion within this reporttieon
treatment plant processedfacting the advanced wastewater treatment plant effluent.

Treatment plant reliability is defined as the probability that a system can operate
consistently over extended periods of time. In the case of a water reclamation plaith
produces an effluent for potable reuse, reliability might be defined as the likelihood of the plant
achieving an effluent that matches, or is superior to predetermined standards. Where
predetermined standards are not available, reliability might bérgal as the likelihood of
achieving a consistent effluent. The above definitions only encompass the variability associated
with effluent quality related to by kplanttreatment processes and assurtiat the plant is
properly designed, operated and maiinad.

The above definition also includes the determination of the probability that the plant will be
non-functional at any given time. Expansion of the definition of reliability to include this factor
requires an evaluation of plant operational reliabiliseparate from effluent quality variability,
that is caused by mechanical, design, process, or operational failures.

Reliability analysis itself can not only be used to quantify the reliability of a plant but also to
find ways of increasing the reliabyliby revealing weak points in the process so that (often
simple) corrections and/or modifications can be made. Even a well maintained, well operated
plant is not perfectly reliable. Some variation will necessarily be inherent in the system.
Variations innfluent flow and quality which differ markedly from design values, as well as
many inexplicable factors, create variation in effluent characteristics. In addition to variation
inherent in the treatment system itself, other factors contribute to the plantaliability. These
factors include power outages, equipment failure, and operational (human) error, all of which
must be incorporated into the reliability analysis.

Source(Olivieri, Eisenbergt al. 1987)
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Appendix H Current Pretreatment Regulatory Authority for Source Control

a! O2YLRYSYyld 2F GKS blraAzylf t2ff dzianyhé 5 A & OK
National Pretretment Program was developed by Ef®A to control the discharge of pollutants
from POTWs [publically owned treatment works]. The statutory authority for the National
Pretreatment Program lies in the Federal Water Pollution ControbAt972, which was
amended by Congress in 1977 and renamed the Clean Water Act (CWA). Under Section 307(b),
[US]EPA must develop Pretreatment Standards that prevent the discharge of pollutants that
pass through, interfere with, or are otherwise incompéiwith POTWs. The 1977
amendments to the CWA required POTWSs to ensure compliance with the pretreatment
standards by each significant local source introducing pollutants subject to pretreatment
standards into a POTW. To meet the requirements of the 1978hdments, [US]EPA
developed the General Pretreatment Regulations for Existing and New Sources of Pollution [40
/| 2RS 2F CSRSNYf wS3dzZA FGA2yao/ Cwo tIF NI-Rnno8 ®é
04-002A, Office of Wastewater Management 4203, July42@age 11)

G{ SOUA2Y ™o H-Gologn2 Watdl @ualitytCanndl ActN@quires each Regional
Board to formulate and adopt water quality control plans, or basin plans, for all areas within the
Region. The PorteCologne Act also requires each Regld®w@ard to establish water quality
objectives to ensure the reasonable protection of beneficial uses and a program of
implementation for achieving water quality objectives within the basin plans. Title 40, Code of
Federal Regulations, Part 131 requireste8tate to adopt water quality standards by
designating water uses to be protected and adopting water quality criteria that protect the
RSaA3IAY I SR dzaSad Ly [ FEAFT2NYALFT GKS 0SYSTAOAL
water quality standard®¢é¢ o6/ SYUNI f +Ff €t Se& wSaAA2Yy | § 2 | G SNJ
August 2005, Program Reports, Basin Planning Program,
http://www.waterboards.ca.gov/centralvalley/wir_issues/
basin_plangblanning_overview.pdf, November 16, 2009)

G¢2 LINRPGSOO AGA 2LISNIGA2ya FyR (2 SyadaNBE (KI
requirements, a POTW will design its local limits based orspieific conditions. Among the
fadl 2NBR  the¢2 &aK2dzZ R O2YyAARSNI AY RS@St2LAyYy3a 2
efficiency in treating wastes; its history of compliance with its NPDES permit limits; the
condition of the water body that receives its treated effluent; any water quatiandards that
FNB LI AOlIo6tS G2 GKS 6 GSNI o62Re NBOSAGAY3 Al
of sewage sludge; and worker health and safety concerns. The General Pretreatment
Regulations require the following:

e POTWs that are develogmpretreatment programs must develop and enforce
specific limits on prohibited discharges, or demonstrate that the limits are not
necessary [40 CFR 403.8(f)(4)].

e POTWs that have approved pretreatment programs must continue to develop
and revise local lins as necessary [40 CFR 403.5(c)(1)].


http://www.waterboards.ca.gov/centralvalley/water_issues/%20basin_plans/
http://www.waterboards.ca.gov/centralvalley/water_issues/%20basin_plans/
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e POTWs that do not have approved pretreatment programs must develop specific
local limits if pollutants from nowlomestic sources result in interference or pass
through and such occurrence is likely to recur [40 CFERB4€)(2)].

[US]EPA and the States have approved more than 1,400 POTW pretreatment programs.
Each program must develop, implement, and enforce technically based local limits. Because
most of the POTWSs that require pretreatment programs now have theny, @féw new
programs are approved each year. Work on local limits continues, however, because POTWSs
with approved programs must periodically review these local limits. [US]EPA regulations require
GKFG the2za gAGK | LILINE SR LINdigaNvaladtionotitde teedt LINE O A
G2 NB@gAaAS 20t fAYAOGA dzyRSNInn / Cw nnodpoO06
122.44(j)(2)(ii)]. Additionally, [US]JEPA recommends that Control Authorities review the
adequacy of local limits if current \wtewater treatment plant performance fails or will fail to
attain applicable NPDES, State, or local permit requirements or other operational objectives,
including water quality objectives of receiving waters; and if the performance shortcomings
may be reasnably attributed to pass through or interference caused by a POC [pollutant of
concern]. Finally, Control Authorities may find it beneficial tevaluate their local limits when
a change in POTW operations results in a significant change in operatmeetives; when the
POTW experiences a significantly different influent flow or pollutant characteristics; or when a
significant alteration of key environmental criteria occurs. . ..

The National Pretreatment Program consists of three types of natjmesleatment
standards established by regulation that apply to industrial users (1Us). These include prohibited
discharges, categorical standards, and local limits. Prohibited discharges, comprised of general
and specific prohibitions, apply to all IUs aedless of the size or type of operation. Categorical
standards apply to specific process wastewater discharges from particular industrial categories.
Local limits are sitgpecific limits developed by the POTW to enforce general and specific
prohibitons2y L! a®d¢ 6[ 20Ft [AYAOU&a 5S@Sbo2AIYSyd DdzA RI

kkkkkkkkkkkkkkkkkhkkkhkkkkkkkkkkkkkkhkkkkkkhkkkhkkkkkkkkkkkkkkkkxk

The following are definitions included in the Local Limits Development Guidance cited above:

e Interference. [USJEPAusestheS N A Y (I SNFSNBy OS¢ Ay A
describe a discharge that, alone or with discharges from other sources,
inhibits or disrupts a POTW, its treatment processes and operations, or its
sludge processes, use, or disposal and, therefore, causes aonadéthe
the¢2Qa bt59{ LISN¥AIGZ AYyONBlIasSa G§KS Yl =
violation, or prevents the proper use or disposal of sewage sludge in
compliance with the Clean Water Act, Solid Waste Disposal Act, Toxic
Substance Control Acts, or the Marinetection, Research and Sanctuaries
Act.
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Pass Through. A discharge that enters the waters of the United States from a
POTW in quantities or concentrations that, alone or with discharges from
other sources, either causes a violation of any requirement8ftht h ¢ 2 Q&
NPDES permit, or increases the magnitude or duration of a violation of the
the¢2Qa bt59{ LISN¥YALGO®D

Pollutant of Concern (POC). Any pollutant that might reasonably be expected
to be discharged to the POTW in sufficient amounts to pass through or
interfere with the works, contaminate its sludge, cause problems in its
collection system, or jeopardize its workers.
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Appendix I- Overview and Summary of Key Studies of the Toxicological
Relevance of Reused Water

In evaluating the toxicological relevanceretycled water to human health, the Panel relied
primarily upon sources that had already compiled, reviewed and summarized findings from
many of the key studies conducted over the past 40 years. Those studies include
epidemiological studies examining @tts in humans directly, studies in which laboratory
animals have been exposed to recycled water;dmalytical screening studies and risk
assessments that predict the potential effects to humans of individual CECs in recycled water
(e.g., Schwabt al 2005, Schriket al. 2009)¢ KS t I ySf Qa NBGASG ¢l a IANSLI
summary of historic studies developed by Ms. Margaret H. Nellor and forwarded to the Panel
by Mr. David Smith of WaterReuse California. Table 1.1 (A summary of Epidemiology Studies)
and Table 1.2 (Summary of Baoalytical Screening Studies) were taken directly from the
materials Ms. Nellor provided to Mr. SmitNellor 2009) Additionally the Panel found the
summaries of previous studies in both NNRC 1998)nd Slosegt al. (Sloss, Geschwirgt al.
1996)to be very helpful.

Based upon its review tifiis information, the Panel believes the findings of the
epidemiological studies of recycledater are very encouraging from a human health risk
LISNELISOUA QPSP ¢KS SIFENIASad addzRASAE gSNBE O2y RdzO0
potential effects of disinfection bgroducts producedollowingdisinfection ofdrinking water
with chlorine. Whilst most of these early studies find no clear association between recycled
water use and adverse health outcomes in humansje ofthe early studies report an
increase in bladder and rectal cancers possibly assocvatecchlorination byproducts (see
summary in Slosst al., (Sloss, Geschwiret al. 1996). More recent studie®f recycledwater
find, essentially, no adverse healthtoames in populations using cgcledwater (see Table
1.1). Thevirtual absence of adverse health outcomes from the early epidemiological studies is
encouraging,n that treatment methodsat that timewere less sophisticated and their efficacy
at removing trace chemicals was not watiderstood.Over the past decades, those methods
have been refined ahthe amount of disinfection lproducts present in reycled water has
decreasedThus, if verjew effects were found inrecyclegll 4§ SNJ Ay I f RSy m@QaEQ&KS
disinfection byproductconcentrations were higher, than even fewer effects would be expected
today,at least from these byproducts.

These epidemiological findings aparticularlyrobust because they span decades. While
CECs have come to the forefront of public health scrutiitlyin the last decade, a great deal of
that scrutiny owes to the improvements in analytidatectionmethods. Many of what are
today considered CECave likely been present in recycladter for decadegOkun 1980)
Epidemiological studies conducted in the past likely included potential effects associated with
CECs, even thou@PECsvere not the faus, or even mentioned, in the studiésdeed, as
noted above, the earliest of those studies focused on the potential effects of disinfection by
products because the drinking water providers and the public health community wished to
better understand whaeffects, if any, were associated with what were, at that time, novel or
new water treatment methods, including chlorination, for example.
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That the most recenepidemiologicaktudiesfind even fewer adverse effects than historic
studies is nosurprisingfor several reasondNastewater andirinking water treatment
processesre more refined than they were two or three decades ago. Product and chemical
registration equirements are much stricte€Compounds and products are developed with
much greater focusn environmental stewardship. We also know a great deal more about
chemicals and moieties that cause adverse effects, so developers are likely producing and using
fewer chemicals with known adverse impacts, or that we have a strong suspicion might cause
such impacts. While it seems dily the diversity and number @hemicalsvith an
anthropogenic origirnas increased over the past 50 years, it also seems likely that the
knowledge we have acquired over that time about the mechanisms through which adverse
effects are caused, may mean that the chemicals that are present may have fewer unintended
consequences that chemicals used 50 years Agoshould also not loose site that it is not just
man-made chemicals that are present in recycled water. Such veat@ains many naturally
occurring chemicals and always has, includiogmones that humans synthesize and excrete
naturally, phytoestrogens present in our diets that we excrete naturally, as well as many other
compounds presenin foods that we also excrete.

Thus, the findings about that absence of adverse health effects associated with recycled
water use is very encouraging. However, it is important to keep in mind that all studies
(epidemiological, laboratory animal, bamaltycial, and risk assessmentayh limitations.
Interpretation of the results of epidemiological studies is casgied by confounding factors.
These can include movement of people into and out of the community being studied and
uncertainty about the exact level of exposure to compouimdsecycledwater (e.g.,in most
communities only a fraction of pobde water is comprised of recycledater) NRC 1998).

A shortcoming ohuman health risk assessmeimgsthat most of those are conducted @an
chemicalby-chemical basisThe effects of &h individual chemical can be summed to derive an
estimate of the effect from all the chemicals includedhe evaluation but in most cases,
information on nonadditive effects ofthe chemicals is not availabl€his has led to concerns
that mixtures ofCECs may have greater effectsrtitan be discerned by or are predicted by
risk assessments that simply add the effects of chemicals. Another limitation of risk
assessments is that they only evaluate the potential effects of chemicals knowsppecied ©
be present in recycledater and are limited to chemicals for which toxy information is
available. Recycledater almost certainly has a great many more chemicals than we are able to
identify orhave toxicity information forThe negative findings dfie epidemiological studies
are, therefore,particularly inportant in addressing these limitations of risk assessmeBis.
their very nature, epidemiological studies look at tinéxture of compourds that may be
present in recycledvater.

The Panel alsappreciates that over the last several years awareness has grown that certain
chronic adult diseases (such as diabetes, obesity, anxiety) may be related to exposure to
environmental contaminants while in utero. This is has led to the field of epigeiiBatsson,
Barkeret al. 2004; Dolinoy, Weidmaet al. 2007; Jirtle and Skinner 200Epigenéc changes
are heritable changes in gene expression that do not involve mutation of DNA, but instead
involve changes in the signals that are used to identify genes that should be temporally
expressed in different tissues, especially during developmetitefetus. It is now clear that

-2
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hormones play a significant role in early fetal development and disregulation of this process can
lead to adult disease. Chemicals that behave as hormones can also influence this process and
there have been reports of ggenetic effects from exposure of mice to bisphenol A (an

estrogen mimic(Dolinoy, Weidmart al. 2007) vinclozlin (an antandrogen(Skinner, Anway

et al. 2008)) and other environmental factogGuerrereBosagna and Skinner 2008jowever,

the concentrations of chemicals that are necessary to produce these changes are several tens
of orders ofmagnitude higher than concentrations found in drinking water. For bisphenol A,
maternal exposure of rats to 50 mg/Kg/day throughout gestation and lactation influenced
heritable epigenetic changes in the pu@olinoy, Weidmaret al. 2007) Vinclozolin was
administered as an intraperitoneal injection at a concentration of 100 mg/kg/day for 8 days
during embryogenesiSkinner, Anwagt al. 2008) This exposure influenced the gene

expression in the brain of third generation pups and significantly influenced the behavior of the
animals causing female rats to have higher anxiié®y behavior The reported 98 percentile
concentration of bisphenol A in water is 286 ng/L, and therenareeported measurements for
vinclozlin.

The Panel felt it important to provide a brief overview of the emerging field of epigenetics
because of its potential relevance to the assment of chemicals in the environment.
However, it must be pointed out that the concentrations required to cause the changes in
above referenced studies are several orders of magnitude higher than would be found in
treated water. While more research ttetermine whether chronic exposure to very low levels
of chemicals, as found in treated water, have any epigenetic effects would provide additional
insight, at the time of the writing of this report, such a scenario seems unlikely. In particular,
the gereral absence of adverse human health effects reported by epidemiological stfdies
recycled water suggest that increased incidence of various diseases, regardless cause, is not
occurring.

Combined, the Panel views the predominantly negative findinglseoépidemiological
studies, laboratory rodent studies, banalytical screening studies and risk assessments as
robust evidence that recycledater represents a source of safe drinking water.
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Table 1.1 Summary of Epidemiology Studies

Project

Description

Studies/Results

Montebello Forebay
Groundwater
Recharge Study, Los
Angeles County, CA
(Nellor,et al.,
1984{Sloss,
Geschwincet al. 1996;
Sloss, McCaffregt al.
1999)

Recycled water has been
used as a source of
replenishment since 1962;
other replenishment
sources are imported river
water (Colorado River and
State Project water) and
local storm runoff. Water is
percolated into the
groundwater using two sets
of spreadng grounds. From
1962 to 1977, the water
used for replenishment wag
disinfected secondary
effluent. Filtration (dual
media or monemedia) was
added later to enhance
virus inactivation during
final disinfection. During
this time period, the
amount of regcled spread
annually averaged 27,000
acrefeet (AF), which was
16% of the inflow to the
groundwater basin. At that
time an arbitrary cap of
32,700 AFY of recycled
water had been establisheg
In 1987, the project was
allowed in increase the
amount of recgled water

to 50,000 AFY. The current]
permit allows for a
maximum recycled water
contribution of 35% based
on a fiveyear running
average.

The studies have looked at health outcomes for 900,000
people that received some recycled water in their househol
water supplies in comparison to 700,000 people in a contro
population. Three sets of studies have been conducted: 1) t
Health Effects Study, which evaluated mortality, morbidity,
cancer incidence, and birth outcomes for the period 1962
1980 (see Attachmar®); 2) the Rand Study, which evaluated
mortality, morbidity, and cancer incidence for the period 19¢
1991; and 3) the second Rand Study, which evaluated adve
birth outcomes for the period 1982993.

Health Effects Study (196080): the epidemiologal studies
focused on a broad spectrum of health concerns that could
potentially be attributed to constituents in drinking water.
Health parameters evaluated included: mortality (death fron
all causes, heart disease, stroke, all cancers and cancers o
colon, stomach, bladder and rectum); cancer incidence (all
cancers, and cancers of the colon, stomach, bladder, and
rectum); infant and neonatal mortality; low birth weight;
congenital malformations; and selected infectious diseases
(including hepatitisA and shigella). Another part of the study
consisted of a telephone interview of adult females living in
recycled water and control areas. Information was collected
spontaneous abortions and other adverse reproductive
outcomes, beddays, disabilitydays and perception of well
being. The survey was able to control for the confounding
factors of bottled water usage and mobility.

Rand (19871991): the study study evaluated cancer inciden
(all cancers, and cancer of the bladder, colon, esophagus,
kidney, liver, pancreas, rectum, stomach); mortality (death
from all causes, cancer, cancer of thiadder, colon,
esophagus, kidney, liver, pancreas, rectum, stomach, heart
disease, cerebrovascular disease); and infectious diseases
(including giardia, hepatgiA, salmonella, shigella).

Rand (19821993): the evaluation focused on two types of
adverse birth outcomes: (a) prenatal development and infar
mortality (including: low birth weight (full term only), low birt
weight (all births), very low birth weighpreterm birth, infant
mortality); and (b) birth defects (all defects, neural tube
defects, other nervous system defects, ears, eyes, face, ne
defects; major cardiac defects, patent ductus arteriosus, ot
cardiac defects, and respiratory system degecleft defects,
pyloric stenosis, intestinal artesias, other digestive system
defects; limb, other musculoskeletal, integument and all oth
defects; chromosomal syndromes and syndromes other tha
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Project

Description

Studies/Results

chromosoma).

The results from these studies found thafter almost 30 years
of groundwater recharge, there was no association betweel
recycled water and higher rates of cancer, mortality, infectic
disease, or adverse birth outcomes.

Total Resource
Recovery Project, City
of San DiegoGooper
et.al 1992 and1997)
(NRC 1998)

This is a proposed surface
water augmentatdn project
that would utilize advanced
treated recycled water to
supplement the Miramar
raw reservoir water
(current drinking water
supply). The project and
treatment system are
currently being re
evaluated.

Baseline reproductive health and vital statistitata were
assembled. The reproductive data were collected from
telephone interviews of 1,100 women. Vital statistics data
were collected on mortality, birth outcomes, and infectious
disease. Data were also collected on neural tube birth defe
from 1979¢ 1985.

Windhoek, South
Africag direct reuse
(Isaacson and Sayed,
1988)

This is a direct reuse
project. At the time the
studies were conducted,
the recycled water was
treated using sand filtration
and granular activated
carbon, and the recycled
water was added to
drinking water supply
system. The treatment
system for this project has
been revised since this wor|
was conducted.

The study, which was conducted for the period 167833,
looked at cases of diarrheal diseases. For the Caucasian
population of émilar socieeconomic status studied, disease
incidence was marginally lower in persons supplied with
recycled water than those with water from conventional
sources. Incidence rates were significantly higher in black
populations, all of whom received conw@onal water only.
Agespecific incidence rates in children of the various ethnic
groups also showed differences characteristically associate
with socieeconomic stratification. It was concluded that the
consumption of recycled water did not increase tiek of
diarrheal diseases caused by waterborne infectious agents

Chanute, Kansas
(Metzleret al., 1958)

Emergency use of recycled
water during a drought for
150 days during 19567.
The Neosho River was
dammed below the outfall
of the sewage treatment
plant and the treated
effluent backed up to the
water intake. The
impounding acted as waste
stabilization and water was
chlorinated prior to service.
The use ended when heavy
rains washed out the
temporary dam. The river
water source already
contained watewater prior
to this event.

An epidemiology study showed fewer cases of stomach anc
intestinal illness during the period recycled water was used
than the following winter when Chanute returned to using
river water.
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Table 1.2 Summary of BianalyticalScreening Studies
Project Types of Water Studied Health-effects data

Montebello Forebay
Groundwater
Recharge Study, Los
Angeles County, CA
(Nellor,et al,, 1984)

Disinfected tertiary effluent,
storm water, and imported
river water used for
groundwater eplenishment;
also recovered groundwater

AmesSalmonellgest and mammalian cell transformation
assay. 10,000 to 20,000 x organic concentrates were used
Ames test and mammalian cell assays, and subsequent
chemical identification was attempted using tAenes assays
Samples were collected from the late 1970s to the early
1980s. The level of mutagenic activity (in decreasing order
was storm runoff > dry weather runoff > recycled water >
groundwater > imported water. No relation was observed
between percat recycled water in wells and observed
mutagenicity of residues isolated from wells. The residues
not yield significant cytotoxicity in the mammalian cell assg

To facilitate the isolation and identification of the
components in sample concentratebe residues were first
fractionated by high performance liquid chromatography
(HPLC), followed by testing of the fractions for mutagens g
analysis of the mutagenic fractions by gas chromatograph}
electron ionization mass spectrometry (EOVMS). Resudt
indicated that mutagenicity generally occurred in the least
polar (most hydrophobic) fractions of each sample. In mos
cases, the sum of TA98 mutagenicity in sample fractions W
similar in magnitude to that observed in the whole sample.
There was no edence of synergistic effects in these assay
Analysis by GEIMS of mutagenic fractions from 34 sample
yielded only four known Ames mutagens in six samples
(fluoranthene, benzo(a)pyrene,-itrosomorpholine, and N
nitrosopiperidine). However, these cormpnds were
considered to contribute little to the observed overall
mutagenicity of the samples. Several unknown compound
detected in the mutagenic fractions could not have caused
the mutagenicity in all of the samples, because their
frequency of occurrere; distribution in the fractions, and
concentrations were not consistent with the bioassay resul
Selected sample residues were then evaluated qualitativel
by chemical derivatization techniques to determine which
classes of compounds might be contrilmgito the mutagenic
activity. Since mutagens are considered to be electrophilic
two nucleophilic reagents were used to selectively remove
epoxide and organohalide mutagens from the residues.
Analysis of mutagenic residues of groundwater and
replenishmentwater by negative ion chemical ionization
(NICI) G®1S and Ames assay before and after derivatizati
supported (but did not unequivocally prove) the role of at
least these two classes of electrophiles in the observed
mutagenicity. Several samples had mtran 100 reactive
components, containing chlorine, bromine, iodine, or
epoxides, with concentrations at the paer-trillion level.
However, the structures of these compounds could not be
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Project

Types of Water Studied

Health-effects data

determined by NICI, nor were the sources of the compoun
identified. Because positive chemical identifications of
specific mutagens could not be made and because the
estimated concentrations of the components were so low,
the biological significance of these materials remained in
doubt.

Followup toxicity testing of @cycled water residues in the
mid-1990s (not published) showed no Ames test response
while preserved residues from the earlier testing still show
a response indicating that the character of the recycled wa
has changed over time, perhaps as a resfilhoreased
sourcecontrol activities.

Denver Potable Water
Reuse Demonstration
Project (Laueet al.,

1996; NRGNRC 1998)

AWT effluent (with
ultrafiltration or reverse
osmosis) and finished
drinking water (current
supply). The purpose of the
project was to evaluate the
feasibility of direct reuse by
producing hi¢y quality
recycled water; it was not
implemented.

150 to 500 x organic residue concentrates used-yearin
vivochronic/carcinogenicity study in rats and mice and
reproductive/teratology study in rats. No treatmeng¢lated
effects observed.

Tampa Water
Resource Recovery
Project (CH2M Hill,
1993, Pereirat al.,
undated; NRC, 1988)

AWT effluent (using GAC ar
ozone disinfection) and
Hillsborough River water
using ozone disinfection
(current drinking water
supply). The proposed
project involved
augmentaton of the
Hillsborough River raw wate
supply; it was not
implemented.

Up to 1,000 x organic concentrates used in AlBaknonella
micronucleus, and sister chromatid exchange tests in threg
dose levels up to 1000 x concentrates. No mutagenic actiy
wasobserved in any of the samplds. vivotesting included
mouse skin initiation, strain A mouse lung adenomadag
subchronic assay on mice and rats, and a reproductive sty
on mice. All tests were negative, except for some fetal
toxicity exhibited in rés, but not mice, for the AWT sample.

Total Resource
Recovery Project, City
of San DiegoQooper
et.al 1992 and 1997)
(NRC 1998)

AWT effluent (reverse
osmosis and GAC) and
Miramar raw reservoir watef
(current drinking water
supply). This is a proposed
surface water augmentation
project that would utilize
AWT recydd water to
supplement the Miramar
raw reservoir water. The
project and treatment
system are currently being
re-evaluated.

150¢600 x organic concentrates used in Anssdmonella
test, mouse micronucleus;tBioguanine resistance, and
mammalian cell transfonation assays. The Ames test
showed some weak mutagenic activity, but recycled water
was less active than drinking water. The micronucleus test
showed positive results only at the high (600x) doses for b
types of water. The-8hoguanine assay run on wlesamples
and fractions of each type of water showed no mutagenic
effect. The mammalian cell transformation assay, showed
strong response for the Miramar sample, but the single teg
may not have been significant.

In vivofish biomonitoring using fathehminnows (2&ay
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Project

Types of Water Studied

Health-effects data

bioaccumulation and swimming tests) showed no positive
results.There was greater evidence of bioaccumulation of
pesticides in fish exposed to raw water than recycled wate

Potomac Estuary
Experimental
Wastewater
Treatment Plant
(JamesV.
Montgomery, Inc.,
1983;INRC 1998)

Study of the wastewater
contaminated Potomac Rive
Estuary; 1:1 blend of estuar
water and nitrified
secondary effluent, AWT
effluent (filtration and GAC),
and finished drinking waters|
from three water treatment
plants.

150 x organic concentrates used in Angsdmonellaand
mammdian cell transformation tests. Results showed low
levels of mutagenic activity in the Ames test, with AWT wal
exhibiting less activity than finished drinking water. The-ce
transformation test showed a small number of positive
samples with no differerebetween AWT water and finisheg
drinking water.

Windhoek, South
Africac direct reuse
(NRC 1998)

AWT effluent (sand
filtration, GAC). Thisis a
direct reuse project with the
recycled water was added t(
drinking water supply
system. The treatment
system has been revised
since this work was
conducted.

Ames test, urese enzyme activity, and bacterial growth
inhibition. In vivotests include water flea lethality and fish
biomonitoring (guppy breathing rhythm).

Singapore Water
Reclamation Study
(Khanand Roser
2007)

AWT effluent
(microfiltration, reverse
osmosis, UV irradiation) ang
untreated reservoir water.
The largest amount of
{Ay3FLER2NBQa f
currently used for industrial
(semiconductor
manufacturing) and
commercial use. A smaller
amount is blended with raw
water in reservoirs, Wich is
then treated for domestic
use.

Japanese medaka fis@fyzias latipestesting over a 12
month period with two generations of fish showed no
evidence of carcinogenic or estrogenic effects in AWT
effluent; however, the study was repeated owing to igs
deficiencies. The repeated fish study was completed in 20
and confirmed the findings of no estrogenic or carcinogeni
effects.

Groups of mouse strain (B6C3F1) fed 150 x and 500 x
concentrates of AWT effluent and untreated reservoir wate
over 2 yeas. The results presented to an expert panel
indicated that exposure to concentrated AWT effluent did 1
cause any tissue abnormalities or health effects.

Santa Ana River Wate

Quality Monitoring
Study (Woodside,
2007)

Shallow groundwater
adjacent to tke SAR and
control water.

This is an unplanned indireq
potable reuse project where
OCWD diverts SAR water fa
recharge into the Orange
County Groundwater Basin.
The SAR base flow is
comprised primarily of
tertiary-treated effluent.

Three rounds of testingrere conducted in 2004 and 2005. |
the first two rounds, Japanese Medaka fish were analyzed
tissue pathology, vitellogenin induction, reproduction, and
gross morphology. In the third round, fish were analyzed fq
vitellogenin induction, reproductiodimited tissue pathology,
and gross morphology. In the first two rounds, no statisticg
significant differences in gross morphological endpoints,
gender ratios, tissue pathology, or reproduction were
observed between the test water (shallow groundwater
adjacent to the SAR) and the control water. In the third
round, no statistically significant differences were observe(
reproduction, tissue pathology (limited to evaluation of
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gonads and ovaries), or vitellogenin induction between the
test water and thecontrol water.

Soil Aquifer Treatment
Study(Fox, Houstoret
al. 2006)

Wastewater (various
facilities), soil aquifer
treatment water, storm
water

The study used a variety of analytical methods to characte
and measure chemical estrogenicity:vitro methods
(estrogen binding assay, glucocorticoid receptor competitiy
binding assayyeastbased reporter gene assay ,and MCF
cell proliferation assay)n vivofish vitellogenin synthesis
assayenzymelinked immunosorbent assays (ELISAs); and
gas chromatographymass spectrometry (GC/MS)
Procedures were developed to extract estrogenic compou
from solids, liquid/liquid methosl for direct extraction from
agueous suspensions such as primary and secondary
effluents, and concentration of estrogenic (and other)
organics on hydrophobic resins followed by organic
fractionation during elution in a solvent (alcohol/water)
gradient. Fi& applications of these techniques were
designed to measure estrogenic activity derived from
conventional wastewater treatment and from soil aquifer
treatment (SAT). The stability of estrogenic contaminants {
are removed on soils SAT was investigatgektracting and
measuring nonylphenol from infiltration basin soils as well
by measuring total estrogenic activity in soil extracts. The
researchers attempted to separate and measure estrogeni
and anttestrogenic activities in wastewater effluent and
conducted a multlaboratory experiment in which a variety
of wastewater effluents and effluents spiked with known
concentrations of specific estrogenic chemicals were teste
for estrogenic activity. Significant variability in recycled wa
estrogenicitywas observed in bioassay results. Facilities w
the longest hydraulic retention times tended to have the
lowest observed levels of estrogenicity. Estrogenicity was
efficiently removed during SAThe study also presented
information on the advantages armtisadvantages of the
bioassay test procedures evaluated.

Toxicological
Relevance of EDCs
and Pharmaceuticals
in Drinking Water
Water Research
Foundation #3085
(Snyder, Wertt al.
2007)Snyderet al.,
2008)

Drinking water (20 facilities)
wastewater (4 facilitiesraw
and recycled), and food
products.

The researchers used an in vitro cellular bioassascféen)
with a method reporting limit (M\[ 0 2F ndmc
were also converted to estradiol equivalents. The results
showed that the vast majority of drinking waters were less
than the MRL. The level of estrogenicity (in decreasing ord
was food and beverage products (particularly sagdxl
products) > raw wastewater > recycled water > finished
drinking water.
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Summary of Drinking Water Benchmarks for Contaminants of Emerging Concern (CECs)
Cotruvo
California USEPA CCL 3 Schriks et al. et al.
Drinking List/PCCL Schwab (2005) Australia (2008} AwwaRF (2008) (2009 (2010°
Water
Notificatio ADI or TDI, ADI, Lowest
n Levels RfD ADI ADI ADI or RfD Guideline
(2007% (ug/kg/d  PNEC| (ug/kg/d  PNEG, | (ng/kg/d DWG | (ug’kg/d  DWEL | (ug/kg/d PGV Value
CEC (ng/L) ay) (ng/L) ay) (ng/L) ay) (ng/L) ay) (ng/L) ay) (ng/L) (ng/L)
1.0E+
1,1,1,2Tetrachloroethane 30 03
1,1,2-Trichloroethane 2.0E+05
6.1E+
1,1-Dichloroethane 200 03
1,1-Dichloroethene na 3.0E+04
1,2,3,4,6,7,8
Heptachlorodibenzd ,4-dioxin 3.0E+00
1,2,3,4,6,7,8
Heptachlorodibenzofuran 3.0E+00
1,2,3,4,7,8,9
Heptachlorodibenzofuran 3.0E+0
1,2,3,6,7,8Hexachlorodibenzo
1,4-dioxin 3.0E+00
1,2,3,7,8
Pentachlorodibenzofuran 6.0E02
1,2,3Trichloropropane (1,2;3 5.0E+
TCP) 5.0E+00 6 00
3.5E+
1,2,4Trimethylbenzene 3.3E+05 50 05
1,2-Dibromo-3-chloropropane 2.0E+02
1,3,5Trimethylbenzene 3.3E+05
1.0E+
1,3-Butadiene na 01
7.0E+
1,3-Dinitrobenzene 0.1 02
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1,4-Dichlorobenzene

1,4-Dioxane
1,7-Dimethylxanthine
(Paraxanthine)

M T -ethinyl estradiol
m T-&stradiol
17 -estradiol

1-Butanol

2,3,4,7,8
Pentachlorodibenzofuran
2,3,7,8Tetrachlorodibenzel 4
dioxin
2,3,7,8Tetrachlorodibenzofuran
2,4,5Trichlorophenol
2,4,6Trichlorophenol
2,4,6Trinitor-1,3-dimethyl5-
tert-butylbenzene (musk xyleneg

2,4,6Trinitrotoluene (TNT)
2,4D (2,4
Dichlorophenoxyacetic acid)

2,4-Dichlorophenol
2,4-Dimethylphenol
2,5-Dihydroxybenzoic acid

2,6-Dichlorobenzamide (BAM)
2,6-Dichlorophenol

2,6-Dinitrotoluene
2,6-di-tert-butyl-1,4-
benzoquinone (2,®is(1,t
dimethylethyl}2,5

Cyclohexadiend,4-dione)

3.0E+03

1.0E+03

na

na

0.05

0.05

100

3.0E+
03

2.8E+
02
3.5E+
02
9.0E
01
7.0E+
05

FINAL REPORT
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na
0.00004
3

na

0.05

na

100

na

na

na

na

7.0E+02

1.5E+00

1.8E+02

1.8E+02

2.0E+04

3.5E+05

3.0E+04
2.0E+05

7.0E+03

1.0E+04

1.4E+01

0.0001

0.05

3.5E+0
0

1.8E+0

na

10

15

Appendix J

7.5E+04
3.0E+0
4 3.0E+04
6.0E03
6.0E03
3.0E01
1.8E+04
1.8E+04
3.0E+0
4
1.8E+04
1.0E+05
5.3E+0
4
6.0E+03
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2,6-di-tert-butylphenol (2,6
bis(1,Xdimethylethyl)phenol) na 2.0E+03
2,7-Dichlorodibenzep-dioxin
(DCDD) 0.02 1.6E02

2-Butanone 3.6E+06
2-Butoxyethanol 3.0E+06

2-Chloronaphthalene 4.8E+05
1.4E+
2-Chlorotoluene 1.4E+05 20 05
2.1E+
2-Methoxyethanol 3 04

2-Phenylphenol na 1.0E+03
3.5E+
2-Propenl-ol 5 04
4.2E+
3-Hydroxycarbofuran 0.06 02

4,4-DDE na 2.0E+04

4,4-DDT na 2.0E+04
2.2E+
4,4-Methylenedianiline na 01

4-Acctyt6-t-butyl-1,1-
dimethylindan na 7.0E+03
4-Chloro3-methylphenol 7.0E+05

4-Chlorophenol 3 1.0E+04
1.4E+
4-Chlorotoluene 1.4E+05 20 05

4-Cunrylphenol na 3.5E+02
4-lsopropyltoluene 3.0E+03

4-Methyl-2-Pentanone 7.0E+06
2.6E+0
4-Methylbenzenesulfonamide 750 6

4-Methylphenol (pcresol) 170 6.0E+05 3.0E+05

4-Nitrophenol 8 3.0E+04
1.8E+0
4-Nonylphenol (4NP) 150 5.0E+05 50 6
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4-tert octylphenol 15 5.0E+04
5-methylt1H-benzotriazole na 7.0E+00
6-Acetyt1,1,2,4,4,7
hexamethytetraline na 4.0E+03
4.0E+
Acephate 1.2 03
2.3E+
Acetaldehyde 10000 04 1.0E+04
5.0E+
Acetamide na 02
3.5E+
Acetaminophen 50 05 340 5.0E+06
1.4E
Acetochlor 20 05
Acetochlor ethane sulfonic acid 1.6E+
(ESA) na 05
1.6E+
Acetochlor oxanilic acid (OA) na 05
Acetone 5.4E+06
Acetophenone 100 4.0E+05
3.5E+
Acrolein 0.5 03 3.0E+03
Alachlor (Lasso) na 2.0E+03
Alachlor ethanesulfonic acid 1.1E+
(ESA) na 06
4.0E+
Alachlor OA na 02
Albuterol 2.8 4.1E+04
Aldicarb sulfone 6.0E+03
Aldicarb sulfoxide 6.0E+03
Alphaamino-3-hydroxy5-
methyl4-isoxazole propionic 9.0E+0
acid (AMPA) 300 5
Alprazolam 0.0071 | 2.5E+02
Aluminum na 2.0E+05
Amidotrizoic acid (diatrizoic 2.5E+0
acid) na 8
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Amoxycillin 0.43 1.5E+03
3.5E+
Anatoxina 0.5 03
Androsterone na 1.4E+04
Anhydraerthromycin A 5 1.8E+04
6.0E+
Aniline 7 03 4.2E+04
Anthracene na 1.5E+05
Antipyrine 28.4 1.0E+06
2.5E+0
Aspirin 8.3 2.9E+04 7 4
7.0E+0
Atenolol 2 4
1.9E+0
Atorvastatin 0.14 5.0E+03| 0.54 4
3.0E+0
| Arazine | _____ SN Sl IR IS na _40E+04 01 3 [ _ _________ | 2.0E405 |
Azinphosmethyl na 3.0E+03
Azithromycin 11 3.9E+03
Azobenzene 3.0E+03
3.5E+
Bensulide 5 04
3.0E+0
Bentazone 100 5
1.0E+0
Benzene na 4 3.0E+03
Benzo(a)pyrene na 1.0E+01
Benzoic acid 2.4E+07
9.0E+0
Benzothiozole 26 4
Benzotriazole (1H 1.0E+0
benzotriazole) 295 6
Benzyl alcohol 3.0E+06
2.0E+
Benzyl chloride na 02 na 2.0E+02
Betaxolol 0.28 1.0E+04

J-5



CEC Panel FINAL REPORT Appendix J

Bezafibrate(Benzafibrate) 8.6 3.0E+05
Bis(2ethylhexyl)adipate 2.4E+06
Bis(2ethylhexyl)phthalate 2.4E+04
Bis(chloroisopropyl)ether 1.4E+0
(BCIPE) 40 5
Bisoprolol 0.018 | 6.3E+02

3.5E+ 1.8E+0
Bisphenol A 50 05 50 2.0E+05 50 6 3.0E+05
Bisphenol A diglycidy! ether 1.0E+06
Boron 1.0E+06 na 4.0E+06
Bromide 1000 7.0E+06
Bromine 1000 7.0E+06
Bromoacetic acid na 3.5E+02
Bromochloroacetonitrile na 7.0E+02

7.0E+
Bromochloromethane 10 04 10 4.0E+04 9.0E+04
Bromodichloromethane na 6.0E+03 1.8E+04
Bromoform na 1.0E+05 1.0E+05

9.8E+
Bromomethane 14 03 6.0E+03
Bromophosethyl na 1.0E+04
Butylated hydroxyanisole {3
tert-butyl-4-hydroxy anisole) 5.8E+
(BHA) na 02 500 1.8E+06
Butylated hydroxytoluene (2;6
Ditert-Butylp-Cresol) 300 1.0E+06

3.5E+0

Butylbenzyl phthalate 100 6 1.2E+06
Caffeine na 3.5E+02

1.5E+
Captan 130 04
Carazolol 0.01 3.5E+02

1.2E+0 1.0E+0

Carbamazepine 2.8 1.0E+05| 0.34 4 0.34 3
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1.1E+0
Carbendazim na 1.0E+05 30 5
7.0E+
Carbon disulfide 1.6E+05 100 05 6.0E+05
Carbon tetrachloride 4.2E+03
[(Carboxymethyl)imino
bis(ethylenenitrilo)] tetra acetic
acid na 5.0E+03
Cefaclor 7.1 2.5E+05
Cephalexin 10 3.5E+04
1.4E+
CFel2 200 06
Chloral hydrate 6.0E+05
Chloramphenicol 5 1.8E+05
2.1E+
Chlorate 8.0E+05 30 05 4.2E+06
Chlordane (gammahlordane) na 1.0E+03
Chlorfenvinphos 4.2E+03
1.9E+0
Chloridazon (pyrazon) 54 5
Chloroform na 2.0E+05 6.0E+04
2.7E+
Chloromethane 4 03 2.4E+04
Chlorophene na 3.5E+02
Chlorotetracycline 30 1.1E+05
Chlorpropham 1.2E+06
Chlorpyrifos na 1.0E+04
Chlorpyrifosmethyl na 1.0E+04
Cholesterol na 7.0E+03
Cimetidine 29 4.2E+05 5.7 2.0E+05
Ciprofloxacin 1.6 2.3E+04 7.1 2.5E+05
Clarithromycin 7.1 2.5E+05
Clenbuterol 4.2 1.5E+04
Clethodim 10 7.0E+
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04
Clindamycin 8.6 3.0E+05
3.0E+0

Clofibric acid (clofibrate) 21.4 7.5E+05 10 4

7.0E+
Cobalt 10 04
Codeine 2 2.9E+04 14 5.0E+04
Copastanol na 7.0E+02
Cotinine 0.28 1.0E+04
Coumarin na 5.0E+02

7.6E+
Cumene hydroperoxide na 04
Cylcophosphamide 0.1 3.5E+03

2.1E+
Cylindrospermopsin 0.03 02
Cypermethrin na 5.0E+02
Dalapon 1.8E+05
Dehydronifedipine 100 1.5E+06 0.57 2.0E+04
Demeclocycline 8.6 3.0E+05
DemetonS 0.04 1.5E+02
Diatrizoak sodium na 3.5E+02
Diatrizoic acid na 3.5E+02

3.5E+0

Diazepam (Valium) 0.071 | 2.5E+03 1 4

1.4E+
Diazinon 0.2 03 na 3.0E+03 1.2E+03
Dibromoacetonitrile 7.0E+04
Dibromochloromethane na 1.0E+05 8.0E+04
Dibutyl phthalate 3.1E+05
Dibutyltin (DBT) 0.25 2.0E+03
Dichloroacetic acid na 1.0E+05 7.0E+03
Dichloroacetonitrile na 2.0E+03 2.0E+04
Dichlorodifluoromethane (Freor] 1.0E+06
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12)
Dichlorodiphenyldicloroethane
(DDD) 1.0E+03
Dichlorvos na 1.0E+03
2.3E+0
Diclofenac 0.5 1.8E+03 67 6
4.9E+
Dicrotophos 0.07 02
Dieldrin 3.0E+01
1.8E+0
Diethyl glycol dimethyl ether 50 5
2.8E+0
Diethyl phthalate 800 6 8.0E+05
7.5E+0
Diethylamine (DEA) 2140 5
Diethylere triamine penta 3.5E+0
acetic acid 100 5
4.2E+0
Diethylhexyl phthalate 12 5
Digoxigenin 0.07 1.0E+03
Digoxin 0.07 1.0E+03
Diltiazem 14 2.0E+05 1.7 6.0E+04
2.5E+0
Dimethenamid 70 5
1.5E+
Dimethipin 21.8 05
1.5E+
Dimethoate 2.2 04 na 5.0E+04
Dimethyl phthalate 3.0E+03
1.9E+0
Dimethylamine (DMA) 540 5
Di-n-butyl phthalate 10 3.5E+04
Dipyrone 150 5.3E+05
9.1E+
Disulfoton 0.13 02
1.8E+ 7.0E+0
Diuron 3 03 na 3.0E+04 2 3 1.8E+04
Dodecylguanidine acetate 2.4E+04
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