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Executive Summary 

 California presently recycles approximately 650,000 acre-feet of water per year, but has 
identified the potential to reuse an additional 1.5 million acre-feet 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 clarity for recycled water projects. One challenge in developing that 
policy was how to address new classes of chemicals, such as pharmaceuticals, current use 
pesticides, and industrial chemicals, collectively referred to as chemicals of emerging concern 
(CECs). Many CECs are potentially present in recycled water, but the detection of many of these 
chemicals is so recent that robust methods for their quantification and toxicological data for 
interpreting potential human or ecosystem health effects are unavailable.   

Recognizing that consideration of CEC effects on human health and aquatic life is a rapidly 
evolving field, and that regulatory requirements need to be based on best available science, the 
SWRCB included a provision in the Recycled Water Policy to establish a Science Advisory Panel. 
¢ƘŜ tŀƴŜƭΩǎ ǇǊƛƳŀǊȅ ŎƘŀǊƎŜ ƛǎ ǘƻ ǇǊƻǾƛŘŜ ƎǳƛŘŀƴŎŜ ŦƻǊ ŘŜǾŜƭƻǇƛƴƎ ƳƻƴƛǘƻǊƛƴƎ ǇǊƻƎǊŀƳǎ ǘƘŀǘ 
assess potential CEC threats from various water recycling practices, including indirect potable 
reuse via surface 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, epidemiology, risk assessment and engineering, with more 
than 100 years of combined experience investigating CEC issues. The Panel held four in-person 
meetings and numerous conference calls over the last year. The meetings included the 
opportunity for stakeholder input in clarifying their charge, exchange of information, dialog 
with the Panel and consideration of public comments on the draft report. This report provides 
ǘƘŜ ǊŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ tŀƴŜƭΩǎ ŘŜƭƛōŜǊŀǘƛƻƴǎΣ ƛƴŎƭǳŘƛƴƎ ŦƻǳǊ ǇǊƻŘǳŎǘǎ ƛƴǘŜƴŘŜŘ ǘƻ ŀǎǎƛǎǘ ǘƘŜ State 
in refining its recycled water policy. 

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

Given that thousands of chemicals are potentially present in recycled water and that 
information about those chemicals is rapidly evolving, the Panel recommends that the State 
rely on a transparent, science-based framework 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. Figure ES1 ŘŜǎŎǊƛōŜǎ ǘƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ ŦǊŀƳŜǿƻǊƪΣ ǿƘƛŎƘ ƛƴŎƭǳŘŜǎ 
four steps:  

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

2. Develop a monitor triggering level (MTL) 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/κa¢[ Ǌŀǘƛƻ ƎǊŜŀǘŜǊ ǘƘŀƴ άмέ ǎƘƻǳƭŘ ōŜ ǇǊƛƻǊƛǘƛȊŜŘ ŦƻǊ ƳƻƴƛǘƻǊƛƴƎΦ  /ƻƳǇƻǳƴŘǎ 
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with a ratio less thŀƴ άмέ ǎƘƻǳƭŘ ƻƴƭȅ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛŦ ǘƘŜȅ ǊŜǇǊŜǎŜƴǘ ǾƛŀōƭŜ 
treatment process performance indicators; and,  

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

 

This part of the framework is focused on CECs for 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 as άǳƴƪƴƻǿƴ ǳƴƪƴƻǿƴǎέ. For these chemicals, the framework 
focuses on the prediction of environmental concentrations and the use of bioanalytical and 
chemical screening methods to identify chemicals for which there is the greatest urgency in 
developing MEC and MTL data for 
further assessment. The Panel 
understands that a chemical-by- 
chemical approach for prioritization 
of CECs is difficult because of limited 
resources and the growing number 
of CECs being identified. The Panel 
recognizes that bioanalytical 
methods will likely be the best way 
to accomplish this task. Although the 
USEPA have developed high-
throughput bioanalytical screens for 
chemical testing, a prioritization 
framework for the evaluation of 
water using bioanalytical methods is 
not available at this point in time. 
However, the Panel encourages this 
topic to be a focus of research and 
development and future review 
meetings by an independent advisory 
panel (suggested for 2013) as more 
information becomes available.  

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

 

 
 

In addition to defining an approach to select CECs to monitor based on their potential to 
pose a health risk, the Panel also defined an approach to identify indicator 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 system ǇŜǊŦƻǊƳŀƴŎŜ ŦŀƛƭǳǊŜǎΦ ¢ƘŜ tŀƴŜƭΩǎ 

 



CEC Panel FINAL REPORT ï June 2010 Executive Summary 

 iv 

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. An indicator 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 provide 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 real-time) or operations in removing trace 
organic compounds 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 short-term program implementation, the Panel compiled available 
California MEC data and derived initial 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 made a number of conservative 
assumptions (e.g., MECs reported to the Panel are indeed representative for the entire state, 
analytical method used to quantify are accurate, etc.) to maximize the number of candidate 
chemicals that are toxicologically relevant.   

For groundwater recharge projects, four indicator compounds were prioritized based on 
their toxicological relevance: N-nitrosodimethylamine, 17beta-estradiol, caffeine, and triclosan. 
In addition, four additional CECs (N,N-Diethyl-meta-toluamide (DEET), gemfibrozil, iopromide 
and sucralose) were identified for surface spreading and direct injection operations as viable 
performance indicator compounds along with certain surrogate parameters (e.g., ammonia, 
dissolved organic carbon, conductivity), which differ by the type of reuse practice. The Panel 
also recommended method reporting levels (MRLs) that were compound specific and that 
ranged from 1 to 100 ng/L for these CECs. For monitoring programs to assess CEC threats for 
urban irrigation reuse, none of the chemicals for which measurement methods and 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, the Panel recommends monitoring emphasis be 
placed on use of surrogate parameters that can demonstrate that the treatment processes 
employed are effective in removing CECs.  

The Panel emphasizes that all compounds listed above represent an initial list based on 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) exceeds its respective MTL, the finding 
ŘƻŜǎ ƴƻǘ ƛƴŘƛŎŀǘŜ ŀ ǇǳōƭƛŎ ƘŜŀƭǘƘ Ǌƛǎƪ ŜȄƛǎǘǎΦ ¢ƘŜ a¢[ǎ ŀƴŘ ǘƘŜƛǊ ŀǇǇƭƛŎŀǘƛƻƴ ƛƴ ǘƘŜ tŀƴŜƭΩǎ 
proposed framework are developed to be conservative and used only for the purpose of 
prioritizing CECs for monitoring. The PaneƭΩǎ ǇǊƻǇƻǎŜŘ a9/κa¢[ Ǌŀǘƛƻǎ ǎƘƻǳƭŘ ƴƻǘ ōŜ ǳǎŜŘ ǘƻ 
make predictions about risk.  
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While the priority list of CECs represents ŀ ŎƻƴǎŜǊǾŀǘƛǾŜ ǎŎǊŜŜƴƛƴƎ ƻŦ ά/9/ǎ ŀǘ ƭŀǊƎŜέΣ ǘƘŜ 
information available for such screening is growing rapidly and the Panel urges the State to 
reapply this prioritization process on at least a triennial basis. In order 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 likely to occur in recycled water using MEC and 
predicted environmental concentration (PEC) data from the peer-reviewed literature and 
ƻŎŎǳǊǊŜƴŎŜ ǎǘǳŘƛŜǎ ƻǳǘǎƛŘŜ /ŀƭƛŦƻǊƴƛŀΦ ¢ƘƻǎŜ /9/ǎ ǘƘŀǘ ŜȄƘƛōƛǘ a9/κa¢[ Ǌŀǘƛƻǎ ŀōƻǾŜ άмέ ŎƻǳƭŘ 
be placed on a secondary monitoring list that is measured less frequently to confirm either 
presence or absence of these CECs in recycled water in California. In addition, this secondary 
monitoring list could be populated by CECs that exhibit a relatively low MTL (less than 500 ng/L) 
based ƻƴ ǘƘŜ tŀƴŜƭΩǎ ƛƴƛǘƛŀƭ ǎŎǊŜŜƴƛƴƎ ƻŦ ǾŀǊƛƻǳǎ ǘƻȄƛŎƻƭƻƎƛŎŀƭ Řŀǘŀ ōŀǎŜǎΦ wŜǎǳƭǘǎ ƻŦ ǘƘŜǎŜ 
ŜŦŦƻǊǘǎΣ ŀƭƻƴƎ ǿƛǘƘ ǘƘŜ ƳƻƴƛǘƻǊƛƴƎ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ tŀƴŜƭΩǎ ǊŜŎƻƳƳŜƴŘŜŘ ǇǊƻƎǊŀƳΣ 
can provide the basis for revising the proposed initial monitoring list during the next, and each, 
triennial review.  

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

The Panel recommends a phased, performance-based approach for implementing CEC 
recycled water monitoring programs and a multi-tiered framework for interpreting the resulting 
data. Use of multiple tiers allows 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 
performance-based recommendations regarding strict sampling and analytical measurement 
quality assurance guidelines that are required at each phase. 

The first phase involves screening that would be initiated at project start-up and continue 
through the early years of project operation. Recommended monitoring frequency during this 
first phase would be quarterly at project start-up decreasing to twice annually for more mature 
operational phases. If a specific CEC consistently exhibits low occurrence, the Panel 
recommends deleting the CEC from further monitoring provided that production data do not 
suggest a significant increase in use. If CECs exceed thresholds identified in the report, the 
Panel recommends moving to a second phase of enhanced monitoring to confirm the presence 
and frequency of such CEC(s). The third phase, should concentrations continue to be high, 
would require initiation of source identification and/or toxicology studies. The final phase 
would involve engineering removal studies and/or modification of plant operation if found to 
be warranted by the results of the third phase.  

While the Panel provides recommended thresholds for each of these phases, conservative 
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 region and that investigation of chronic exceedances 
will need to be tailored on a regional or case-by-case basis. Moreover, the Panel recognizes that 
these monitoring recommendations are appropriate for investigative purposes and should not 
be construed as directly 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 activities that will greatly improve both monitoring and data interpretation for recycled 
water management. The Panel provides a number of such recommendations, including: 1) 
Develop and validate more and better analytical methods to measure CECs in recycled water; 2) 
Encourage development of bioanalytical screening techniques that allow better identification of 
ǘƘŜ άǳƴƪƴƻǿƴ ǳƴƪƴƻǿƴέ ŎƘŜƳƛŎŀƭǎ; and 3) Develop a process to predict likely environmental 
concentrations of CECs based on production, use and environmental fate, as a means for 
prioritizing chemicals on which to focus method development and toxicological investigation. 
These investigations should be conducted with guidance and review by a Science Advisory 
Panel.  

In addition to these research recommendations, 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 can provide 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.   
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1.0 Introduction 

1.1 Background 

wŜŎȅŎƭŜŘ ǿŀǘŜǊ ƛǎ ōŜŎƻƳƛƴƎ ŀƴ ƛƴŎǊŜŀǎƛƴƎƭȅ ƛƳǇƻǊǘŀƴǘ ǇŀǊǘ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ǿŀǘŜǊ ǎǳǇǇƭȅΦ  
California presently recycles approximately 650,000 acre-feet of water per year, an amount that 
has doubled in the last twenty years (WateReuse, 2010). Future reuse potential in the State is 
estimated to be an additional 1.4 to 1.6 million acre-feet 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 February 2009 an updated Recycled 
Water Policy (adopted under Resolution No. 2009-0011) intended to provide permitting clarity 
while ensuring protection of water quality. The Policy states that local water and wastewater 
entities, together with stakeholders, will fund locally driven and collaborative processes to 
develop salt/nutrient management plans for each groundwater basin /sub-basin in California. In 
addition, the Policy and supporting information provide further definition and clarification to 
the collaborative 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 classes of chemicals, such 
as pharmaceuticals and personal care products (PPCPs), currently used pesticides, and 
industrial chemicals, collectively referred to as chemicals of emerging concern (CECs). This 
diverse group of relatively unmonitored chemicals has been found to occur at trace levels in 
wastewater discharges, ambient receiving waters, and drinking water supplies, but many of 
them are so new that standardized measurement methods and toxicological data for 
interpreting their potential human or ecosystem health effects are unavailable. This lack of 
ōŀǎƛŎ ƛƴŦƻǊƳŀǘƛƻƴ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ǘƻ ŜŦŦƛŎƛŜƴǘƭȅ ƳŜŀǎǳǊŜ /9/ǎ ƘŀƳǇŜǊǎ ǘƘŜ {ǘŀǘŜΩǎ ŀōƛƭƛǘȅ ǘƻ 
assess their potential risks and develop regulatory protocols. For many of these chemicals, even 
information about product-specific applications is unavailable, 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 effects on human health and aquatic life is a rapidly 
evolving field and that regulatory requirements need to be based on best available science, the 
SWRCB included a provision in the Recycled Water Policy to establish a Science Advisory Panel 
that would provide guidance in developing monitoring programs that assess the potential 
health threat of CECs from various water recycling practices. The Panel was formed in May 
2009 and included six national experts in the fields of chemistry, biochemistry, toxicology, 
epidemiology, risk assessment, and engineering. These experts have more than 100 years of 
combined experience investigating CEC issues. A brief biography of each panel member is 
provided in Appendix A:  

 Dr. Paul Anderson, ARCADIS and Boston University  
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 Dr. Nancy Denslow, University of Florida 

 Dr. Jörg E. Drewes, Colorado School of Mines (Chair) 

 Dr. Adam Olivieri, EOA, Inc. 

 Dr. Daniel Schlenk, University of California-Riverside 

 Dr. Shane Snyder, Total Environment Solutions, Inc. 

 
The Panel held four in-person meetings and numerous conference calls. The meetings 

included the opportunity for stakeholder input in clarifying their charge, exchange of 
information, dialog with the Panel and consideration of public comments on the draft report. 
This report provides the ǊŜǎǳƭǘǎ ŦǊƻƳ ǘƘŜ tŀƴŜƭΩǎ ŘŜƭƛōŜǊŀǘƛƻƴǎΦ   

 
1.3 Charge to the 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 of CECs in recycled 
water in the State of California with the goal to provide recommendations for development of a 
monitoring program of CECs in recycled water. The Panel was asked to focus on three reuse 
practices in which CECs may represent a potential 
threat to human and aquatic health: 

1) Indirect potable reuse via surface spreading of 
recycled water; 

2) Indirect potable reuse via subsurface injection of 
recycled water into a potable aquifer; and  

3) Urban landscape irrigation with recycled water.  

 

The Panel chose to focus its recommendations on 
toxicological relevance of CECs to human health 
because most water reuse practices have limited 
impact on ecological receptors (see Appendix B for a 
more detailed discussion). Other reuse practices that 
could result in discharge of recycled water to surface 
water, estuaries, and the ocean were also not 
addressed by the Panel. However, the SWRCB, in 
collaboration with the Packard Foundation, established another Science Advisory Panel in 
January 2010 that was charged to address CEC discharge to the ocean and potential effects of 
exposure of humans and ocean life to CECs from 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 represent personal care products, 
pharmaceuticals including antibiotics and antimicrobials; industrial, agricultural, and household 
chemicals; natural hormones; food additives (e.g., phytoestrogens, caffeine, sweeteners); 

Charge to the Science Advisory Panel 

 What are the appropriate constituents 
to be monitored, including analytical 
methods and method detection limits? 

 What is the known toxicological 
information for the above constituents?   

 Would the above lists of constituents 
change based on level of treatment and 
use?  If so, how?   

 What are possible indicators that 
represent suites of CECs?  

 What levels of CECs should trigger 
enhanced monitoring of CECs in recycled 
water, groundwater, and/or surface 
waters? 



CEC Panel FINAL REPORT ï June 2010  Section 1 

 3 

transformation products, inorganic constituents (e.g., boron, chlorate, gadolinium); and 
nanomaterials. The Panel also chose not to consider the occurrence of waterborne microbial 
pathogens or their acquisition of antibiotic resistance. Given the multiple barrier concept and 
water treatment process 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 recharge1 is 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 did provide a cursory review of antibiotic resistance in relation to water reuse 
practices (see Appendix C) and realized that the issue was complex and that a thorough 
treatment required more resources than the Panel had access to. Nevertheless based on the 
cursory review the Panel conducted, antibiotic resistance does not appear to be an issue with 
the water reuse practices considered, but the Panel also recommends that a more appropriate 
panel (e.g., Centers for Disease Control and Prevention) complete a more thorough review and 
ǾŀƭƛŘŀǘŜ ǘƘŜ tŀƴŜƭΩǎ preliminary conclusions. 

 
1.4 Organization of the Report  

This report contains 9 sections and 13 appendices. The remainder of this section describes 
the potential exposure scenarios for each of the three reuse practices the Panel was asked to 
consider. Sections 2 through 4 provide background material on the regulatory framework for 
CECs, the water reuse practices in California, and a review of toxicological relevance of CECs. 
Sections 5 through 7 describe the California relevant information needed to develop a 
recommended monitoring program. Section у ŘŜǎŎǊƛōŜǎ ǘƘŜ tŀƴŜƭǎΩ proposed framework for 
selecting CECs for monitoring programs, and Section 9 summarizes ǘƘŜ tŀƴŜƭΩǎ 
recommendations.   

 
1.5 Reuse Practices and Pathways to Exposure to CECs 

 To illustrate potential pathways of exposure of 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 of monitoring (POMs) from a regulatory standpoint, and potential points 
of exposure (POEs) to 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 
subsurface 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 soil-aquifer treatment (SAT) resulting in additional 

                                                      
1
 Multiple barriers for the groundwater recharge projects include source control and consideration of the 

treatment processes at the water recycling plant, attenuation during groundwater recharge including detention 
time, dilution, and die-off, 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 injection projects 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 the subsurface for a minimum of six months prior to extraction. Following 
extraction, the water is disinfected and may also receive other forms of post-treatment prior to 
entering distribution systems for drinking water supply. 

 
1.5.1 Surface Spreading Operations 

For surface spreading operations, the Panel recommends monitoring for CECs in the 
recycled water applied to a spreading basin and in the mound of the uppermost groundwater 
or a lysimeter in the vadose zone (Figure 1.1). This monitoring regime will confirm the presence 
of CECs and allow an assessment of the efficiency of SAT. Considering 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 from surface run-off or blending 
with native groundwater that is impacted by CECs.  

 

 

 

 

 

 

 

 

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

 

 For the practice of surface spreading, the Panel discussed potential POEs for remaining CECs 
related to human health and identified an extraction or pumping well downstream of the 
spreading operation as the most important pathway for potential exposure. Due to the depth 
of groundwater where surface spreading is practiced, recycled water used in groundwater 
recharge operations usually does not ex-filtrate into lakes, reservoirs, or streams located 
downstream of a recharge facility. Thus, the Panel felt that the potential exposure of humans 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 of a recharge 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 human exposure to CECs through consumption of fish from spreading basins, is 
assumed to be negligible. 

 
1.5.2 Subsurface Injection Operations  

For direct injection into a potable aquifer projects using highly treated recycled water, the 
POM is the recycled water after above-ground 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 
remaining CECs in recycled water is limited to water extracted from the pumping well 
downstream of a recharge facility.  
 

 
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 by - in some cases ς advanced oxidation processes (AOP). Reverse 
osmosis is a physical separation process generating a concentrate that contains all chemicals 
that are rejected by the RO membrane. CECs are concentrated in this brine stream and where 
ocean discharge or discharge to surface water is practiced, aquatic life can be exposed to CECs 
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at the point or in the vicinity of the discharge. Potential 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 and ocean life from this practice. 

 
1.5.3 Landscape 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 (as specifƛŜŘ ƛƴ /ŀƭƛŦƻǊƴƛŀΩǎ ¢ƛǘƭŜ нн ǊŜƎǳƭŀǘƛƻƴύ ŘŜǇŜƴŘƛƴƎ ƻƴ ǊŜǎǘǊƛŎǘŜŘ ƻǊ 
unrestricted access of areas irrigated with recycled water (Figure 1.3). Numeric water quality 
permit effluent requirements generally have to be met once the finished recycled water 
completes the final stage of treatment. 

 

 

 

 

 

 

 

 

 

 

 

 

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 water quality objectives in 
receiving waters (i.e., surface and ground waters). In addition, both restricted and unrestricted 
landscape irrigation applications are subject to specific permit requirements (i.e., best 
management practices) that minimize any unintentional 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 unintentional public exposure is minimized. Exposure to terrestrial wildlife from 
CECs might occur in the topsoil or root zone that usually is exposed recycled water. While 
human exposure to CECs can occur through incidental contact with and accidental consumption 
of recycled water from sprinkler heads, faucets, or hydrants, it does not warrant a monitoring 
program for CECs to protect public health. 
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2.0 Regulatory Paradigm to Protect US and California Drinking Water 

2.1 Defining the Universe of CECs Relevant to Water Recycling in California 

After reviewing the federal regulatory approach to identify potential contaminants in 
ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ŀǎ ǿŜƭƭ ŀǎ /ŀƭƛŦƻǊƴƛŀΩǎ ŀǇǇǊƻŀŎƘ ǘƻ ƛƴŎƭǳŘŜ ŀŘŘƛǘƛƻƴŀƭ ŎƻƴǘŀƳƛƴŀƴǘǎ ƛƴ ƳƻƴƛǘƻǊƛƴƎ 
efforts in drinking and recycled water, the Panel concluded 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 considered CECs at large as a starting point for its deliberation and 
agreed that the United States Environmental Protection Agency (USEPA) Candidate 
Contaminant List 3 (CCL3) selection process represents a transparent and comprehensive 
approach that provides a very 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 inclusive of a diversity of 
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 researched in the past, it has 
the potential to contain compounds that have yet to be identified and quantified using 
ƭŀōƻǊŀǘƻǊȅ ŀƴŀƭȅǘƛŎŀƭ ƳŜǘƘƻŘǎ όCƛƎǳǊŜ нΦмύΦ ¢ƘŜǎŜ ŎƻƳǇƻǳƴŘǎ Ŏŀƴ ōŜ ŘŜǎŎǊƛōŜŘ ŀǎ έǳƴƪƴƻǿƴ 
ǳƴƪƴƻǿƴǎέ ǊŜǇǊŜǎŜƴǘƛƴƎ ŎƘŜƳƛŎŀƭǎΣ ǿƘƛŎƘ ǇǊŜǎŜƴŎŜ ƛƴ ǊŜŎȅŎƭŜŘ ǿater is unknown and no 
analytical methods currently exist for their detection. Some of these compounds might pose a 
potential threat to human health and the environment.  

 
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 water (tƘŜǎŜ ŎƻƳǇƻǳƴŘǎ Ŏŀƴ ōŜ ŘŜǎŎǊƛōŜŘ ŀǎ άƪƴƻǿƴ ƪƴƻǿƴǎέύΦ 
¢ƘŜǎŜ /9/ǎ ŀǊŜ ŜƛǘƘŜǊ ƭƛǎǘŜŘ ƻƴ ǘƘŜ //[о όά//[о /9/ǎέύ ƻǊ Řƻ ƴƻǘ ŀǇǇŜŀǊ ƻƴ //[о όάƴƻƴ-CCL3 
/9/ǎέύΦ  

Other compounds, such as transformation products, are known to occur in recycled water 
but the concentrations at which they occur have not yet been quantified. These compounds can 
ōŜ ŘŜǎŎǊƛōŜŘ ŀǎ άǳƴƪƴƻǿƴ ƪƴƻǿƴǎέ ŀƴŘΣ ŀƭǘƘƻǳƎƘ a9/ǎ ƛƴ ǊŜŎȅŎƭŜŘ ǿŀǘŜǊ ŀǊŜ ƴƻǘ ŎǳǊǊŜƴǘƭȅ 
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available in California, predicted environmental concentrations (PECs) could be developed for 
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 
their relevŀƴŎŜ ǘƻ ǇǳōƭƛŎ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƘŜŀƭǘƘΦ ¢ƘŜ tŀƴŜƭΩǎ ŀǇǇǊƻŀŎƘ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ǇǳōƭƛŎ 
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 that may be useful for a better 
ŎƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ άǳƴƪƴƻǿƴ ǳƴƪƴƻǿƴǎέ ŀǊŜ ŘƛǎŎǳǎǎŜŘ ƛƴ {ŜŎǘƛƻƴ сΦ 

 
нΦн ¦{9t!Ωǎ Candidate Contaminant List 3 

To protect public health, the United States (US) Government has a long and rich history in 
developing regulations for contaminants 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 Water Act (SDWA) of 1974, and more specifically, can be found in the 
identification of currently non-regulated 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 predecessors, CCL1 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 (SAB). This multi-step process includes 
three key elements: 

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

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

 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 released in February 2008 and the final CCL3 was published in 

October 2009 (Appendix D, Table D-1). 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 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 production 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 NDWAC, 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 free of charge. The EPA initially identified some 284 potential 
databases on which they could rely for populating the CCL3 Universe 
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(http://www.epa.gov/safewater/ccl/pdfs/ccl3_docs/CCL3_Chemicals_Universe_08-31-
09_508_v3.pdf); however, these databases were culled based on relevance, completeness, 
redundancy, and retrievability (Appendix D, Figure D-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 to 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 and these 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 redundant data was found, the more comprehensive database 
was utilized.  Retrievability was a major limitation for database inclusion; databases that 
provided information in tabular format that could be extracted and formatted were used while 
databases providing information in text format were generally not considered. However, 
databases with simple lists in text format that could be easily imported were sometimes used. 
Due to transparency concerns, databases that were available only by subscription (fees) or 
were proprietary were not utilized. Ultimately, only 40 databases were utilized (Appendix D, 
Table D-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 databases are 
clearly relevant, much of the data 
published in peer-reviewed 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 is 
a major limitation of relying solely on the 
CCL3 as a priority list for CECs of interest 
to California. 

F
i
g
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 identified. Therefore, 
USEPA developed a pre-Universe 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) and occurrence 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 only occurrence data were available were sequentially evaluated for 
finished or ambient source water data, release data, or production of over 1 billion 
pounds/year (Appendix D, Table D-4). 

This pre-Universe selection process identified 7,720 chemicals, which went on to the final 
selection process (Appendix D, Figure D-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, such as polychlorinated biphenyls 
(PCBs). Four-hundred thirty substances that are considered mixtures, such as petroleum 
products and resin acids, were eliminated from further consideration. Also, substances that are 
ƴƻǘ άŎƘŜƳƛŎŀƭƭȅ ŘŜŦƛƴŜŘέ όǎǳŎƘ ŀǎ ǿƻƻŘ Řǳǎǘ ŀƴŘ ǎǳǊƎƛŎŀƭ ƛƳǇƭŀƴts) were eliminated. Lastly, two 
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 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 received 177 comments. From these comments, 30 additional 
contaminants were added to the Universe. 

 

 
Figure 2.3. Initial process for selecting the CCL3 Universe.  
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2.3 Federal Regulatory Monitoring Requirements 

To monitor the list of regulated contaminants, individual water systems submit samples of 
their water for laboratory testing to verify that the water they provide to the public meets all 
federal and state standards. The frequency and location of sampling varies among systems and 
by contaminant but is based on a Standard Monitoring Framework established by the USEPA to 
provide a uniform structure for monitoring requirements for current and subsequent drinking 
water regulations. This framework consists of a nine-year compliance cycle, which is divided 
into three three-year compliance periods. Monitoring 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 certain situations and for certain 
contaminants after the required initial monitoring period. As a state gains a better 
understanding of the contamination sources that may affect the quality of a drinking water 
supply, it can tailor the monitoring requirements for the system. The SDWA, therefore, provides 
that a state may allow a waiver if the state has an approved source water assessment program 
and has completed a source water assessment for that system. The SDWA further requires 
USEPA to issue guidance for states to use in meeting these source water assessment 
requirements and directs USEPA 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 monitoring guidelines, it must ensure 
that the public health will be protected from drinking water contamination, and waivers must 
address contaminants individually. Furthermore, the public water system must show the state 
that the contaminant is not present in the drinking water supply or, if it is present, that it is 
reliably and consistently below its maximum contaminant level (MCL). The guidelines further 
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 applicable National 
Primary Drinking Water Regulation (NPDWR). 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 between 
microbial pathogens and disinfection byproducts (DBPs). This was done to strengthen protection against 
microbial contaminants, especially Cryptosporidium, and at the same time reduce potential health risks of 
DBPs. The Stage 1 Disinfectants and Disinfection Byproducts Rule, announced in December 1998, was among 
the first of a set of rules under the 1996 SDWA Amendments.  The rule established maximum residual 
disinfectant level goals (MRDLGs) and maximum residual disinfectant levels (MRDLs) for three chemical 
disinfectantsτchlorine, chloramine and chlorine dioxide.  It also established maximum contaminant level goals 
(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. Compliance is based on the annual average of bromate 
concentration in the finished water, which must not exceed the MCL of 10 µg/L. 
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Perchlorate 

The EPA uses the Unregulated Contaminant Monitoring (UCM) program to collect data for contaminants 
suspected to be present in drinking water, but that do not have health-based standards set under the SDWA. 
The first cycle of the UCM rule (UCMR1), covering the period 2001ς2005, was published in the Federal Register 
September 17, 1999 for a list of contaminants that included perchlorate. 

UCMR1 established a tiered monitoring approach based on the availability of analytical methods for each 
contaminant and the size of the utility. All large drinking water utilities (>10,000 persons served) and a 
randomly selected group of small utilities (<10,000 persons served) were required to monitor perchlorate. 
Surface water systems were monitored quarterly during a one-year period and ground water systems were 
monitored twice in a one-year period.  One of these quarterly or semiannual sampling events was required to 
occur in the most vulnerable period of May through July, or an alternate vulnerable period designated by the 
State, to ensure monitoring of potentially higher perchlorate concentrations. The monitoring results from 
these systems were used to estimate national occurrence of perchlorate. 

N-nitrosodimethylamine (NDMA) 

The UCMR supporting the second cycle of monitoring (UCMR2) was signed on December 20, 2006. UCMR2 
requires monitoring a select group of contaminants during 2008ς2010, including NDMA.  Similar to UCMR1, 
UCMR2 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 monitoring 
requires analytical method technologies not commonly used by drinking water laboratories. 

All drinking water utilities serving more than 100,000 people, 320 representative utilities serving 10,001-
100,000 people, and 480 representative utilities serving less than 10,001 people are required to monitor for 
NDMA during a 12-month period between January 2008 and December 2010. For systems using groundwater, 
monitoring must occur twice in a consecutive 12-month period and sample events must occur 5 to 7 months 
apart. For systems using surface water or groundwater under the direct influence of surface water, monitoring 
must occur in four consecutive quarters, with sampling events occurring three months apart. Therefore, a 
system could conduct monitoring in either: (1) January, April, 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 the 
potential for a waiver are determined as follows (per 141.24(h); note that some sections have been removed 
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 treatment (hereafter called a sampling point).  Each 
sample must be taken at the same sampling point unless conditions make another sampling point 
more representative of each source or treatment plant; 

(2) Surface water systems shall take a minimum of one sample at points in the distribution system that 
are representative of each source or at each entry point to the distribution system after treatment.  
Each sample must be taken at the same sampling point unless conditions make another sampling 
point more representative 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 of 
normal operating conditions (i.e., when water representative of all sources is being used); 
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Atrazine (Continued) 

(4) Monitoring frequency: 

(i) Each community and non-transient non-community water system shall take four consecutive 
quarterly samples for each contaminant listed in § 141.61(c) during each compliance period 
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 samples in 
one year during each repeat compliance period. 

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

(5)  Each community and non-transient 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 evaluating the following factor(s): 

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

(i) Previous analytical results; 

(ii) The proximity of the system to a potential point or non-point 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 and municipal waste landfills 
and other waste handling or treatment facilities. Nonpoint sources include the use of pesticides 
to control insect and weed pests on agricultural areas, forest lands, home and gardens, and other 
land application uses; 

(iii) The environmental persistence and transport of the pesticide or PCBs; 

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

(7) If an organic contaminant listed in § 141.61(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. 

(ii) The State may decrease the quarterly monitoring requirement specified 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 two quarterly samples and a surface water system takes 
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 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 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, 
aldicarb sulfone, aldicarb sulfoxide and heptachlor, heptachlor epoxide), then subsequent 
monitoring shall analyze for all related contaminants. 
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Atrazine (Continued) 

(7) If an organic contaminant listed in § 141.61(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 detection. 

(ii) The State may decrease the quarterly monitoring requirement specified 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 two quarterly samples and a surface water system takes 
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 monitor 
annually must monitor during the quarter that previously yielded the highest analytical result. 

(iv) Systems which have three consecutive annual samples with no detection of a contaminant 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, aldicarb 
sulfone, aldicarb sulfoxide and heptachlor, heptachlor epoxide), then subsequent monitoring shall 
analyze for all related contaminants. 

(8) Systems which violate the requirements of § 141.61(c) as determined by paragraph (h)(11) of this 
section must monitor quarterly. After a minimum of four quarterly samples 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 in 
paragraph (h)(7)(iii) of this section. 

(9) The State may require a confirmation sample for positive or negative results. If a confirmation sample 
is required by the State, the result must be averaged with the first sampling result and the average 
used for the compliance determination as specified by paragraph (h)(11) of this section. States have 
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 of 
compositing. Composite samples from a maximum of five sampling points are allowed, provided that 
the detection limit of the method used for analysis is less than one-fifth of the MCL. Compositing of 
samples must be done in the laboratory and analyzed within 14 days of sample collection. 

(i) If the concentration in the composite sample detects one or more contaminants listed in § 
141.61(c), then a follow-up sample must be taken within 14 days at each sampling point included 
in the composite, and be analyzed for that contaminant. 

(ii) If duplicates of the original sample taken from each sampling point used in the composite sample 
are available, the system may use these instead of resampling. The duplicates must be analyzed 
and the results reported to the State within 14 days after completion of the composite analysis or 
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 sampling poiƴǘǎ ǿƛǘƘƛƴ ŀ ǎƛƴƎƭŜ ǎȅǎǘŜƳΦ Lƴ ǎȅǎǘŜƳǎ ǎŜǊǾƛƴƎ Җ3,300 
persons, the State may permit compositing among different systems provided the 5-sample limit 
is maintained. 

(15) The State may increase the required monitoring frequency, where necessary, to detect variations 
within the system (e.g., fluctuations in concentration due to seasonal use, changes in water source). 

(16) Each public water system shall monitor at the time designated by the State within each compliance 
period. 
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In order to assess the occurrence of contaminants suspected to impact drinking water, the 
USEPA established an UCM program. The 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 Monitoring Information System (URCIS). The second round of UCM 
occurred between 1993 and 1997 and included data from 35 states of 48 (then) unregulated 
contaminants. In 1996, the SDWA was amended and the UCM program was significantly revised 
and a new Unregulated Contaminant Monitoring Regulation (UCMR) established. 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 and update the 
UCMR every five years. The first UCMR (UCMR1) was issued in September 1999 and the second 
UCMR (UCMR2) was issued in January 2007. UCMR data are entered into the National 
Contaminant Occurrence Database (NCOD). The UCMR3 is currently in development and will 
likely include steroid hormones, organic perfluorinated 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 acid (PFOA) and perfluorooctanoic sulfonate (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 CCL, it often 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 enforce additional and/or more stringent 
requirements. The State of California has a long-standing history of developing rigorous 
standards beyond the requirements of the USEPA. The CDPH enforces both the federal and 
state drinking water regulations through the drinking 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 Boards (RWQCBs), 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 USEP!Ωǎ Řŀǘŀ ǊŜǇƻǊǘƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎΦ ¢ƘŜ ŎƻƴǘŀƳƛƴŀƴǘǎ ǿƛǘƘ ŜƴŦƻǊŎŜŀōƭŜ ǎǘŀƴŘŀǊŘǎ 
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 exists (Table 2.1). 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 state unregulated contaminant monitoring rule program (Table 
2.2), which requires routine monitoring and reporting. The State of California also has 
established a series of notification levels for 29 unregulated contaminants (Table 2.3). 
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Interestingly, besides notification compounds that are also listed in the California UCMRs, 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 using health-
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 
(mg/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 
(ɛg/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 

 

http://www.cdph.ca.gov/certlic/drinkingwater/Documents/Notificationlevels/NotificationLevels.pdf
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Table 2.3. California notification substances and levels. 
 

 
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 total nitrogen (TN) and total organic carbon 
(TOC). Additionally, the draft groundwater recharge regulations suggest quarterly monitoring 
ŦƻǊ ǇǊƛƻǊƛǘȅ ǘƻȄƛŎ Ǉƻƭƭǳǘŀƴǘǎ ƭƛǎǘŜŘ ƛƴ ǘƘŜ {ǘŀǘŜ ƻŦ /ŀƭƛŦƻǊƴƛŀΩǎ ²ŀǘŜǊ vǳŀƭƛǘȅ {ǘŀƴŘŀǊŘǎΣ ŎƘŜƳƛŎŀƭǎ 
with State notification levels (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 monitored, 
which may include unregulated compounds, such as pharmaceuticals, endocrine disruptors, 
personal care products, and άƻǘƘŜǊ ƛƴŘƛŎŀǘƻǊǎ ƻŦ ǘƘŜ ǇǊŜǎŜƴŎŜ ƻŦ ƳǳƴƛŎƛǇŀƭ ǿŀǎǘŜǿŀǘŜǊ ŀǎ 
ǎǇŜŎƛŦƛŜŘ ōȅ /5tIέ. 
(http://www.cdph.ca.gov/HealthInfo/environhealth/water/Pages/Waterrecycling.aspx). 

 

http://www.cdph.ca.gov/HealthInfo/environhealth/water/Pages/Waterrecycling.aspx
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3.0 Water Reuse Practices in California, Assurance of Plant Performance, and 
Current Monitoring Requirements 

3.1 Introduction 

 Water reclamation, recycling, and reuse are integral components of water resource 
planning and management. In the past, the driving motivation for water reuse was to 
supplement scarce resources and to provide a means of avoiding effluent disposal into surface 
waters. With increased water demand brought on by continued drought and increasing 
population, recycled wastewater is now considered an important water resource. Non-potable 
and potable use of recycled water can enable communities to maximize and extend the use of 
limited water resources. 

Utilization of appropriately treated wastewater as alternative and/or supplemental water 
sources to increase the supply of high quality water for potable uses includes applications such 
as: 

 Landscape irrigation (e.g., parks, golf courses, residential); 

 Agricultural irrigation (e.g., crops, commercial); 

 Industrial uses (e.g., cooling towers, construction);  

 Urban non-potable (e.g., toilet flushing, fire fighting); 

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

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

 
The purpose of this section is to provide a summary of the following key items. A more 

detailed discussion can be found in Appendices E (CDPH Draft Groundwater 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, recycled water has been used intentionally as a non-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 
municipal wastewater in California was estimated at 325,000 acre-feet per year2. In 2002 the 
SWRCB conducted a comprehensive statewide survey of municipal facilities that focused on 
documenting the current levels of non-potable reuse of treated municipal wastewater. The 
results of the 2002 survey indicated that, as of the end of 2001, approximately 525,000 acre-
feet per year of recycled water was used in California.  More recent SWRCB data indicate that 

                                                      
2
One acre-foot is equivalent to approximately 325,851 gallons of water. 
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during 2009 approximately 646,100 acre-feet per year of recycled 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 (27%). 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 acre-feet per year of water by the year 2030 (WateReuse, 2010).    

 

 
 

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 

 Recycled wastewater in California is mainly regulated by three state agencies:  the 
Department of Public Health (DPH), the SWRCB, and the nine RWQCB. The SWRCB and the 
RWQCBs have the primary responsibility for the protection and enhancement of the waters of 
the State. 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 plans for such 
projects throughout the state. Local health agencies and water districts can develop policies 
and programs, which are more stringent than those specified by the DPH.  

 State statutes and regulations pertaining to the use of recycled water in California 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 individual RWQCB. The DPH Wastewater Reclamation Criteria governing 
various uses other than indirect potable reuse are contained in Title 22, Division 4 of the CCR. A 
summary of the Title 22 criteria 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 Use Treatment Requirement 

Orchards and Vineyards (no contact with edible 
crops), Nonfood bearing Trees, Fodder or Fiber 
Crops, Seed Crops (not eaten by humans), Food 
Crops (with additional pathogen treatment for crop), 
and Flushing Sanitary Sewers 

 

Cemeteries, Freeway Landscaping, Gold Courses 
(restricted access), Ornamental Nursery stock, Sod 
farms, Pasture (milk animals), Non-edible vegetation 
(controlled access), Commercial/Industrial cooling 
towers (with drift reduction), Landscape 
impoundments (no decorative fountains), Industrial 
boiler feed,  Soil compaction, Mixing concrete, Dust 
control (roads), Cleaning roads, Nonstructural fire 
fighting 

 

Food crops  (edible portion above ground ς no 
contact), Restricted recreational impoundments  

 
Food crops, Parks and playgrounds, School yards, 
Residential landscaping, Golf courses (unrestricted), 
Commercial/Industrial cooling towers (mist devices), 
Unrestricted recreational impoundments (with 
specific pathogen monitoring), Flushing toilet and 
urinals, Structural fire fighting, Decorative fountains, 
Artificial snow making, Commercial car washes, 
Groundwater recharge (with additional treatment ς
see CDPH draft groundwater regulations)  

Undisinfected Secondary
a
 

 

 

 

 

Disinfected Secondary, 23 MPN/100 mL
b
 

 

 

 

 

 

 

 

Disinfected Secondary, 2.2 MPN/100 mL
c
 

 

Disinfected Tertiary
d
  

 

 

 

 

 
 

 
a Undisinfected secondary treatment: means oxidized wastewater (Oxidized wastewater: wastewater in which the organic matter has been 

stabilized, is non-putrescible, and contains dissolved oxygen.) 
b Disinfected secondary ς 23 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 mL and the MPN does not exceed 240 per 100 mL in more than one sample in any 30 day 
period. 

c Disinfected secondary ς 2.2 recycled water: oxidized and disinfected so that the median concentration of total coliform bacteria does not 
exceed a most probable number of 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 chlorine residual and modal 
contact time measured at the same point) value of not less than 450 mg-min. 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 MS2 F-specific phage or polio virus or similar virus).  

Filtered wastewater: an oxidized, coagulated, clarified wastewater which has been passed through natural undisturbed soils of filter media, 
such as sand or diatomaceous earth, so that the turbidity, as determined by an approved laboratory method, does not exceed 5 
turbidity units more than 5 percent of the time during any 24-hour period, an average of 2 NTU during a 24-hour period, and does not 
exceed a 10 NTU at any time; in addition, the filter may not exceed 5 gals per min per square foot (traveling bridge automatic backwash 
filters cannot exceed 2 gals per min).  

(Source:  Summary adapted from California 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 Reuse Regulations is 
presented in Table 3.2. The 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 use. The proposed California criteria 
for groundwater recharge reflect a cautious approach toward potential short- and long-term 
health concerns. The recently adopted State Water Board Recycled Water Policy and supporting 
information provide further definition and 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 
RWQCBs rely on thŜ 5tIΩǎ ŜȄǇŜǊǘƛǎŜ ŦƻǊ ŜǎǘŀōƭƛǎƘƛƴƎ ǇŜǊƳƛǘ ŎƻƴŘƛǘƛƻƴǎ όŜΦƎΦΣ ƳƻƴƛǘƻǊƛƴƎ 
conditions) needed to protect human health. A more detailed discussion of the key California 
regulations (both current and draft), criteria, and policy that impact reuse projects is provided 
in Appendix E. 

 To protect public drinking water supplies, the CDPH also has regulations to prevent cross 
connections between recycled water systems and potable water systems. Local health 
departments and the CDPH have enforcement authority over these cross 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
1 

 

 

Secondary treatment  

Filtration  

Disinfection 

 

 

Retention time underground 

 

Control nitrogen compounds 

 

Regulated 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 options ï  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 Ò 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 Ò 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 

 

 

 

 

Downgradient Monitoring 

 

 

 

Source Control and Outreach 

 

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

 

One location at least 3 months 
prior to domestic supply 

Additional points including each 
aquifer 

 

Industrial monitoring and 
investigation 

 

Same 

 

 

 

Same 

 

 

 

 

Same 

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

Data collection for 
pharmaceuticals, endocrine 
disruptors and other indicators 

 

Notes: 
1-See Title 22 requiremenst for disinfected filtered (section 60301.320) and tertiary (section 60302.230) recycled water. 
2 Increasing RWC requires meeting a number of criteria.  For example, a health effects study must be conducted including and exposure 
assessment, review of available 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 recycled water contribution in 
groundwater extracted by drinking-water wells; SAT = soil aquifer treatment; TOC = total organic carbon. 

 

3.4 Key Criteria Governing Planned Indirect Potable Reuse Projects 

 In May 1993, a California Potable Reuse Committee was formed by the DPH and the 
California Department of Water Resources to look into the feasibility and safety of potable 
reuse of recycled water following advanced treatment. The members concluded that planned 
indirect potable reuse of advanced treated recycled water using surface water reservoirs is 
feasible if six specific criteria were addressed (see Appendix E).  

In addition, in 1998, the National Research Council (NRC) evaluated the issue of potable 
reuse and provided specific recommendations to consider in both evaluating and governing 
such uses (NRC, 1998). Although the NRC recommendations are not specifically part of the 
California water reclamation and reuse laws, regulations and/or guidance, their 
recommendations are relevant to the specific questions being addressed by this Panel. In 
addition, the recommendations of the NRC are consistent with and expand the 
recommendations contained in the 1996 California surface water augmentation framework 
document (see Appendix E).  

The 1998 NRC report recommended that water agencies considering potable reuse 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 studies, monitoring programs, risk 
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assessments, and system reliability assessments. In addition, the 1998 NRC report also provided 
some specific recommendations regarding reliability and quality assurance.  

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

1. Utilize the Best Available Technology in advanced wastewater treatment;  

2. Utilize multiple, independent barriers, especially using robust barriers for the removal of 
microbiological contaminants3; 

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 reliability);  

4. !ǾƻƛŘ άǎƘƻǊǘ-circuitingέ in environmental buffers including the maintenance of 
appropriate retention times within the environmental buffers as well as the 
maintenance of water quality in the environmental buffer (i.e., groundwater and/or 
reservoir(s)); 

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

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 of recycled water;  

7. Implement an effective source control program; 

8. Operators of water reclamation facilities should receive training and certification 
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 reducing contaminants concentrations; 

9. Utilize an independent monitoring oversight authority to provide a third-party review of 
operational, regulatory, and environmental issues associated with the indirect potable 
project;  

10. Institute formal channels of coordination between water reclamation agencies, 
regulatory agencies, and agencies responsible for public water systems; and 

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

                                                      
3
 See Sakaji et al. (Sakaji, 1998) and Olivieri et al. (Olivieri, 1999) for additional detail and discussion. 
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3.5 Recycled Water - Case Examples  

In California, a typically arid and semi-arid 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 water currently used for agricultural and irrigation practices.  Summaries were 
prepared for two of the oldest and largest groundwater recharge projects in the nation 
(Appendix F): 

 Orange County Water District - Groundwater Replenishment via direct injection and 
surface spreading; and  

 Montebello Forebay Groundwater Recharge Project via surface spreading. 

 
In addition, summaries were provided for two of the many ongoing landscape irrigation 

projects (i.e., City of Sunnyvale and City of San Jose); summaries are presented in Appendix F. 
The summaries briefly cover how the projects address many of the above key factors and 
identify how to locate additional information. A summary of the basic treatment processes/ 
operations typically utilized for wastewater treatment is provided in Table 3.3 and a summary 
of those processes used for groundwater recharge reuse projects and for landscape irrigation 
projects is provided in Table 3.4. 

 

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 ï Surface Water Spreading 

 

 

Preliminary, primary, secondary (sometimes 
advanced secondary), nutrient removal, tertiary, 
disinfection 

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

Landscape Irrigation ï 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 key potable reuse project elements (see Section 3.4), except 
for the items noted below, appear to be adequately addressed as part of current State 
regulations and guidance.  

 (#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 reliability);  

 (#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 of recycled water;  

 (#9) Utilize an independent monitoring oversight authority to provide a third-party 
review of operational, regulatory, and environmental issues associated with the project; 
and 

 (#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 implemented for indirect potable reuse. Additional 
information on key elements that are not currently being adequately addressed (numbers 3, 6, 
9 and 11 above) is provided in Appendices G and H.   
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4.0 Toxicological Relevance of CECs in Recycled Water to Human Health 

4.1 Introduction 

 The purpose of this section ƛǎ ǘƻ ƛƴǘǊƻŘǳŎŜ ǘƘŜ tŀƴŜƭΩǎ ǇǊƻŎŜǎǎ for determining the 
toxicological relevance of CECs in recycled water with respect to human health.  

To evaluate the known toxicological information for CECs regarding human health, the 
Panel reviewed results of many of the key studies conducted over the past 40 years on the 
toxicological 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, bio-analytical studies, and risk assessments that 
predict the potential effects to humans of individual CECs in recycled water (see summary in 
Appendix I). While almost all of these studies report the absence of adverse effects from 
recycled water use, the epidemiological studies areΣ ƛƴ ǘƘŜ tŀƴŜƭΩǎ ǾƛŜǿ, particularly important. 
¢ƘŜ ŜŀǊƭƛŜǎǘ ǎǘǳŘƛŜǎ ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ƛƴ ǘƘŜ мфтлΩǎ ŀƴŘ мфулΩǎ ǿƛǘƘ ŀ ŦƻŎǳǎ ƻƴ ǘƘŜ ǇƻǘŜƴtial 
effects of disinfection byproducts produced following disinfection of drinking water with 
chlorine. Some of those early studies report an increase in bladder and rectal cancers possibly 
associated with chlorination byproducts (see summary in Sloss, 1996). More recent studies of 
recycled water find, essentially, no adverse health outcomes in populations using recycled 
water (see summary in Appendix I). 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 over generations can affect human health through as yet unknown (e.g., 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 and bio-analytical 
studies, because they look at exposure to the entire mixture of chemicals that may be present 
in recycled water. That mixture includes chemicals, both naturally occurring and man-made, 
that have not been identified yet, as well as the interactions between those that have been 
previously identified. In summary, the Panel views the predominantly negative findings of the 
combined epidemiological studies, laboratory rodent studies, bio-analytical screening studies 
and risk assessments as several concordant lines of evidence that appropriately treated 
recycled water represents a safe source of water to supplement potable drinking water 
supplies. 

 
4.2 Screening Process to Assess Toxicological Relevance of CECs 

The predominantly negative findings described above do not preclude the need to monitor 
recycled water to assure its continued safety. One reason for monitoring is the potential 
presence of newly developed compounds that were not being manufactured at the time the 
above mentioned epidemiological studies were conducted. As described in Section 2 of this 
report, CECs to be considered in monitoring programs can be selected for a variety of reasons, 
only one of which is the 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 process is simple: MECs or PECs of CECs at the POM for a 
particular water reuse scenario are compared to monitoring trigger levels (MTLs) developed for 
ǘƘŀǘ ǇŀǊǘƛŎǳƭŀǊ ǿŀǘŜǊ ǊŜǳǎŜ ǎŎŜƴŀǊƛƻΦ ¢Ƙƛǎ ǇǊƻŎŜǎǎ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ ά9ȄǇƻǎǳǊŜ {ŎǊŜŜƴƛƴƎ 
a9/κa¢[έ όCƛƎǳǊŜ пΦм). If the concentration of a 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 
ǘƻȄƛŎƻƭƻƎƛŎŀƭ ǊŜƭŜǾŀƴŎŜ όǎǳŎƘ ŀ /9/ ǿƻǳƭŘ Ŧŀƭƭ ƛƴǘƻ ǘƘŜ άbƻ /ƻƴŎŜǊƴέ ōƻȄ ŦƻƭƭƻǿƛƴƎ ǘƘŜ 
ά9ȄǇƻǎǳǊŜ {ŎǊŜŜƴƛƴƎέ ŦƭƻǿŎƘŀǊǘΣ CƛƎǳǊŜ пΦмύΦ bƻǘŜ ǘƘŀǘ ǎǳŎƘ /9/ǎ Ƴŀȅ ȅŜǘ ōŜ ƛƴŎƭǳŘŜŘ ƛƴ ŀ 
monitoring program because they may be relevant as indicator compounds (see thŜ ά{ǳƛǘŀōƭŜ 
LƴŘƛŎŀǘƻǊέ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ŦƭƻǿŎƘŀǊǘύΦ LŦ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ ŀ /9/ ƛǎ Ŝǉǳŀƭ ǘƻ ƻǊ ƎǊŜŀǘŜǊ ǘƘŀƴ ǘƘŜ 
MTL, then the CEC should be considered for inclusion in a monitoring program (such a CEC 
ǿƻǳƭŘ Ŧŀƭƭ ƛƴǘƻ ǘƘŜ ά/ƻƴŎŜǊƴέ ōƻȄ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ά9ȄǇƻǎǳǊŜ {ŎǊŜŜƴƛƴƎέ ŦƭƻǿŎƘŀǊǘύΦ ¢ƘŜ tŀƴŜƭ 
believes it is important to stress that exceedance of a MTL by a measured or predicted 
concentration at the POM does not mean that the CEC poses a health risk to humans. The 
comparison to MTLs should be conducted at the POM, not the point of exposure. As discussed 
in Section 5, CEC concentrations at the point of exposure are likely to be many fold lower than 
they are at the POM.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1. Conceptual exposure screening of CEC regarding relevance in recycled water. 
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Central to the screening process is the development of MTLs 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 criteria for CECs, though such a process 
may bear substantial similarity to the MTL process. Regulatory agencies already have policies 
and procedures in place to develop such criteria. The chemical and toxicological properties of 
compounds currently viewed as CECs are 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 criterion is requireŘ ŦƻǊ ŀ ŎƻƳǇƻǳƴŘ ǾƛŜǿŜŘ ŀǎ ŀ /9/Σ ƛǘ ƛǎ ǘƘŜ tŀƴŜƭΩǎ ǾƛŜǿ ǘƘŀǘ ŀƭǊŜŀŘȅ 
established policies and procedures should be followed (see discussion in Section 2).    

In recommending an approach to develop MTLs, an overriding goal for the Panel was that 
the MTLs be sufficiently low (i.e., conservative) such that a compound which has the potential 
to pose a human health concern can be identified and included as a potential CEC for 
monitoring. The Panel could have recommended that California simply using drinking water 
benchmarks (e.g., either drinking water standards, criteria or screening levels) already derived 
by various regulatory agencies and peer-reviewed publications to establish MTLs (see Appendix 
J for such a compilation). However, the Panel felt reliance upon existing benchmarks assembled 
from a variety of sources had at least two important drawbacks that 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 neither 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 example, selecting the lowest 
of two benchmarks without a detailed review of their derivation precludes the user from 
understanding the basis and protectiveness of each benchmark. The lower of the two 
benchmarks may be based upon new toxicological information not available to the authors who 
derived the higher benchmark. Alternatively, both groups of authors may have used the same 
toxicity information but differed in their application of uncertainty 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 a common set of exposure and toxicity assumptions. 

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 
ƪƴƻǿƴ ǘƻŘŀȅΣ ōǳǘ ƛǎ άŘƛǎŎƻǾŜǊŜŘέ ƻǊ ǇǊŜŘƛŎǘŜŘ ǘƻ ōŜ ƛƴ ǊŜŎȅŎƭŜŘ ǿŀǘŜǊ ƛƴ ǘƘŜ ŦǳǘǳǊŜ όǊŜŦŜǊǊŜŘ ǘƻ 
ŀǎ ŀ άƪƴƻǿƴ ǳƴƪƴƻǿƴέ ƛƴ ǘƘŜ flowchart in Figure 2.1), would not likely have a literature-based 
benchmark. For such a compound, a monitoring program would not have a drinking water 
benchmark to which to compare a measured concentration and, thus, the MEC or PEC of 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 recent literature 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 consistent and transparent level of protectiveness. In the course of that review 
the Panel identified a process to derive screening level acceptable daily intakes (ADIs) for a 
variety of CECs in recycled water presented in άLŘŜƴǘƛŦȅƛƴƎ IƻǊƳƻƴŀƭƭȅ !ŎǘƛǾŜ /ƻƳǇƻǳƴŘs, 
Pharmaceuticals, and Personal Care Product Ingredients of Health Concern from Potential 
tǊŜǎŜƴŎŜ ƛƴ ²ŀǘŜǊ LƴǘŜƴŘŜŘ ŦƻǊ LƴŘƛǊŜŎǘ tƻǘŀōƭŜ wŜǳǎŜέ (Snyder et al. 2010). Snyder et al. (2010) 
developed a common process based upon a simple decision tree, readily available 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 4.1). In that 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 MTL4. 

 

Figure 4.2. Final Decision Tree for PNEC Determining Scheme for New and Emerging Contaminants (adopted 
from Snyder et al. 2010).  

                                                      
4
 The Panel wishes to point out that if the State of California, or another agency that the State of California 

recognizes as having the expertise to develop ADIs, has developed an ADI for a potential CEC, then the Panel 
recommends that the ADI developed by the State should be used to establish an MTL in lieu of the process 
described in Snyder et al. (2010). 


