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Foreword

In 2008, per Mayor Newsom'’s direction, the San Francisco Public Utilities Commission (SFPUC)
developed a San Francisco Water Quality Protection Plan. An action item from the Plan was to
"clarify and revise the monitoring framework for emerging contaminants." In 2011, the
proposed SFPUC approach for screening and prioritizing contaminants of emerging concern
(CECs) in drinking water was presented in a Nov 1, 2011 memorandum to the Commission.

Specifically, the CEC approach for the SFPUC drinking water system:

e Helps the SFPUC manage contaminants that are not being covered by existing
regulations,

e Helps prioritize limited resources on CECs that may be of greater concern to SFPUC, and

e Provides a framework for involving the Commission, stakeholders and the customers in
CEC decisions.

A 2013 Report entitled Screening and Recommended Actions for Contaminants of Emerging
Concern (CECs) in SFPUC Drinking Water System (2013 CEC Report) represented the first
implementation of SFPUC’s CEC approach and the first evaluation of CECs by the SFPUC Water
Quality Division (WQD). The 2013 CEC Report included background information on CECs, the
development process, and basic steps of SFPUC’s approach to CECs, CEC group descriptions and
examples, screening evaluations for the SFPUC system, priorities, and recommendations.

In 2016, a Report on CECs in SFPUC Drinking Water presented CEC monitoring data, screening
evaluations, regulatory updates, findings from the scientific studies, recommended actions, and
monitoring plan for CECs. In 2019, a progress Technical Memorandum (TM) was provided,
which discussed the details on CEC priorities, emerging issues, regulatory developments, a
review of recommended actions and monitoring data, the progress made by SFPUC over three
years (2016-2018), and a plan for CEC monitoring for the next three years (2019 — 2021).

This Report provides an update to the above referenced documents covering scientific studies
in greater detail for years 2016 — 2021 to enable the stakeholders and staff a more in-depth
look at the issues of unregulated contaminants in drinking water. All monitoring data collected
by the SFPUC on CECs in years 2016 — 2021 are presented. Based on this foundation of scientific
information and SFPUC monitoring results, WQD utilized “screening evaluation” table format to
organize this complex and extremely broad subject matter to evaluate the “status quo” of
presently unregulated drinking water contaminants for our system, proposed priorities, and
recommendations for the next cycle 2022 — 2025 and beyond.

August 2022 [



Evaluation, Prioritization, and Recommendations for
CECs in SFPUC Drinking Water: 2022 Final Report

Acknowledgments

San Francisco Public Utilities Commission, Water Quality Division*
Andrzej Wilczak, Ph.D., P.E.
Manisha Berde, P.E.
Manouchehr Boozarpour, P.E.

Andrew DeGraca, P.E.

*We would like to acknowledge the many people at WQD who contributed to this document by

providing valuable comments and participating in planning, sampling, sample analysis, and data

review.

San Francisco Department of Public Health

June Weintraub, Sc.D., R.E.H.S.

Independent Reviewers
R. Rhodes Trussell, Ph.D., P.E., BCEE, NAE, Trussell Technologies Inc.

William A. Mitch, Ph.D., P.E., Professor, Stanford University

Water Resources Engineering, Inc. — Report Formatting/Support

Gustavo Arboleda, P.E.

August 2022



Evaluation, Prioritization, and Recommendations for
CECs in SFPUC Drinking Water: 2022 Final Report

Dedication

This Report is dedicated to Gregg E. Olson, P.E. (1968 — 2020)

Gregg E. Olson, P.E., was a long-time engineer with
the Water Quality Division (WQD), Engineering
Section. Before joining WQD, he worked with US EPA
and SFPUC Power Enterprise. He was a Bay Area
native from Los Gatos where he spent his childhood
years. He obtained his bachelor’s degree from
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and Environmental Engineering from San Jose State

University.

Gregg presented SFPUC's first iteration of the CEC Approach at the American Water Works
Association (AWWA) 2014 Annual Conference in Boston. He authored, “Evaluating and
Prioritizing Contaminants of Emerging Concern in Drinking Water” published in Journal AWWA
in December 2017, which has been cited in many other papers around the world. Gregg
worked on a wide range of projects, including CEC monitoring, water quality targets,
disinfection by-products, total coliform investigations, evaluation of water quality home test
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posted on SFPUC’s website, and algal toxins monitoring, where he spearheaded evaluations of
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with true scientific curiosity. He was an avid international traveler, sports fan, runner, and
golfer. He had a great sense of humor and was very enjoyable to work with. He is greatly
missed.
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Executive Summary

This Report presents a six-year review, from 2016 to 2021, on contaminants of emerging
concern (CECs) in the San Francisco Public Utilities Commission (SFPUC) drinking water system,
San Francisco Regional Water System (SFRWS) and San Francisco Water System (SFWS),
including:

e source waters (surface and groundwater),

e treated drinking water in SFRWS and SFWS.

CECs are unregulated contaminants that may be detected in water and little may be known
about their sources, occurrence, removal during treatment, fate in drinking water distribution
systems, and potential risks to human health and the environment. SFPUC Water Quality
Division (WQD) has developed an approach for evaluating and prioritizing CECs in drinking
water to determine the need, if any, for further actions, such as water quality monitoring. The
approach also provides a mechanism for documenting CEC information and engaging the
customers and other stakeholders on CEC issues. CECs are an important consideration for water
utilities in their aim to:

e provide safe drinking water,
e maintain customers confidence in the water supply, and
e prepare for possible future regulations with additional monitoring, treatment

optimization, and/or other mitigation measures.

This Report presents the implementation of the approach for CECs in SFPUC drinking water. The
objectives of this work are to:

e provide a consistent, proactive, and flexible means of organizing and prioritizing CECs
when regulatory guidelines are not available, and

e enhance stakeholder engagement on CEC issues.

In 2016, a Report on CECs in SFPUC drinking water presented the previous in-depth update on
the CEC situation including:

e SFPUC monitoring data,
e screening evaluations of 12 groups of contaminants,
e regulatory update,

e findings from the scientific literature at that time, and
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e recommended actions and monitoring plan.

In 2019, a Progress Technical Memorandum | was issued, which discussed:
e new/revised CEC priorities,
® emerging issues,
e regulatory developments,

e areview of recommended actions and monitoring data, and the progress made by
SFPUC over three years (2016-2018), and

e aplan for CEC monitoring for the next three years (2019 — 2021).

The 2016 and 2019 CEC documents were presented to the SFPUC Citizens’ Advisory Committee
(CAC) and the Commission. This Report provides a current update encompassing years 2016 —
2021.

Approach for CECs in SFPUC Drinking Water

In November 2011, a Technical Memorandum was submitted to the Commission on the
proposed approach for CECs in SFPUC drinking water. The approach developed was to group,
screen, and prioritize the unregulated CECs to determine the need for further action and was
subsequently endorsed by SFPUC Commission in November 2011. This Report is the
continuation of the same approach with improvements/refinements. The approach is
summarized in Figure ES-1. Due to the large number of CECs (hundreds of thousands of
unregulated microbial and chemical contaminants) and lack of specific information, the CEC
approach utilizes grouping and indicators and is more qualitative compared to regulated
contaminants that have numeric water quality criteria. The decisions are based on the latest
scientific information and SFPUC monitoring data. Our approach is based on the following
steps:

A. From the universe of water contaminants, regulated contaminants are separated and
considered under regulatory compliance across the top of Figure ES-1.

B. CECs are organized in groups and a review of available SFPUC monitoring data plus a
review of scientific studies is conducted by the WQD staff. A screening evaluation table
is prepared for each group of contaminants to summarize information and provide basis
for establishing priorities and recommended actions.

C. Expert and stakeholder review (Citizens’ Advisory Committee, [CAC] and wholesale
customers) is conducted next to evaluate the significance and prioritization of various
CEC groups or individual CECs for the SFPUC drinking water system.
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D. The SFPUC Commission is briefed on the findings, priorities and recommendations for
CEC groups. The Report and recommendations are forwarded to the Commission for
feedback, as shown on the right-hand side of Figure ES-1.

E. Priorities are re-evaluated as necessary as shown by the broken line going back to the
front of the evaluation process. Olson et.al (2017) published additional detailed
information about our approach as of 2017 that is included in the Resources at the end
of this Report.

Figure ES-1. Flowchart of SFPUC’s Approach to CECs in Drinking Water

Water Regulated Follow b Commission
Contaminants MCL? Regulations Review
r i
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I Organize in Groups Conduct CEC
Evaluation in
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|
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CEC Groups and Screening Evaluations for SFPUC Drinking Water

The SFPUC has very high-quality sources of water yet trace detections of some CECs can
occur. The SFPUC approach groups CECs into 10 groups with similar properties and/or
common routes of entry into the water system to organize the evaluation process and make
the large number of CECs manageable. Each group is screened to determine its priority for
SFPUC drinking water. The ten (10) proposed SFPUC CEC groups and their priorities are listed
in Table ES-1.

All available SFPUC CEC monitoring data for the reporting period (2016 — 2021) along with the
analyses are included in this Report, as well as excerpts from peer-reviewed scientific studies to
document available scientific information.

The screening evaluation tables of this Report include general information, context of the CEC
evaluation for SFPUC (occurrence data, prior experience, customer concerns; etc.), diagnostic
guestions and answers on health, occurrence, and treatment. This information was obtained
from peer-reviewed scientific studies, web searches, available occurrence data, and
professional experience. The final section of each Screening Evaluation prioritizes the CEC
group, presents implemented actions in the last 6 years and recommends actions for the
future. Expert review of the Screening Evaluations was conducted by:

e Dr. R. Rhodes Trussell, Ph.D., P.E., Trussell Technologies Inc., Pasadena, CA.

e Dr. William A. Mitch, Ph.D., P.E., Professor at Stanford University, Civil and
Environmental Engineering, Palo Alto, CA.

e Dr.June Weintraub, Sc.E., San Francisco Department of Public Health, San Francisco, CA.

e SFPUC Water Quality Division staff.

The proposed CEC groups and priorities are presented in Table ES-1. The changes in priorities of
some of the CECs since previous TM update in 2019 are explained below.

Throughout the Report, color was used to help guide the reader through several summary
tables and all Screening Evaluations. Red was used for high-priority, green for medium, and
blue for low-priority items or contaminants, respectively. Additionally, in the excerpts from the
scientific studies for each group of contaminants, the most significant findings were reported in
boxes to facilitate review.
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Table ES-1. SFPUC Proposed CEC Priorities and Groups for 2022-2025 System

Priority CEC Groups 2022 — 2025 CEC Examples
. MICROBIAL WATERBORNE . . . .
1 - High Legionella, Naegleria fowleri, Adenovirus
PATHOGENS
. PFAS (Per- and Poly-fluoroalkyl
2 — Medium 29 PFAS on UCMRS5.
Substances)
3 — Medi Disinfection Byproducts (DBP) NDBA, NDEA, NDMA, NDPA, NDPhA,
— Medium
NITROSAMINES NDPYR on CCL5
lodo-DBP, Brominated-DBP
4 — Medium | OTHER DBPs Nitrogenous-DBP
chlorate, HAA6Br
i ALGAL TOXINS & HARMFUL Total Microcystin, SaXitOXin, Anatoxin-a
5 - Medium
ALGAL BLOOMS (HAB) Microcystis, Anabena, Aphanizomenon
6 — Medi INORGANICS Strontium (Sr), Vanadium (V), Manganese
— Medium
(Mn), Chromium (Cr VI)
Pesticides, Industrial Chemicals, VOC,
7 — Medium | ORGANICS SOC, Leachate from Materials (liners,
gaskets, etc.)
— PPCP/EDC/HORMONES Pharmaceuticals, Endocrine Disruptors,
- Low
Hormones, Antibiotics, DEET, Triclosan
Polymeric raw materials + additives,
9 - Low MICROPLASTICS & NANOPLASTICS . )
(polyethylene, polyvinyl chloride, etc.)
ENGINEERED o
10 — Low NANOMATERIALS & C_arb_on nanot_ubes{ Buckyballs, titanium
dioxide, colloidal silver
NANOPARTICLES

Changes to CEC Grouping

Some changes have been made in the grouping of the CEC since 2019 to reflect new research

and the evolving nature of the subject matter. Some of the CEC groups, which were listed

separately in previous reports are combined under one general group.

*

Per- and Polyfluoroalkyl Substances (PFAS) — these contaminants will most likely be

regulated by the USEPA, hence a new group was created. The previous Report included

these contaminants under flame retardants.
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e Organics —pesticides, industrial chemicals, and leachate from materials (pipe coatings)
are combined under one group as Organics to focus and improve analyses, whereas in
the 2016 Report each contaminant group was discussed separately.

e Pharmaceuticals and Personal Care Products (PPCP) and Endocrine Disruptor Chemicals
(EDC) —natural hormones were included in this group, whereas PPCP/EDC and naturally
occurring hormones were discussed separately in 2016 Report.

e Microplastics and Nanoplastics — This is a new addition to the CEC groups due to the
attention received from public health, California State Water Resources Control Board
(SWRCB), and research organizations.

CEC Regulatory Developments

Since the 2019 CEC update, PFAS compounds moved from low priority to medium priority in the
SFPUC CEC ranking due to new information and the attention received from regulatory
agencies. It is expected that MCLs for two PFAS will be promulgated under the Safe Drinking
Water Act by 2023; PFAS are also included in the Fifth Unregulated Contaminant Monitoring
Rule (UCMRS5).

USEPA published the UCMR5 on December 27, 2021. UCMR 5 requires sample collection for 30
chemical contaminants between 2023 and 2025 using analytical methods developed by EPA. It
includes 29 PFAS compounds and Lithium. The sampling locations will be the entry points to the
distribution system.

SWRCB'’s Division of Drinking Water (DDW) issued on March 5, 2021 a revised notification and
response level for perfluorobutane sulfonic acid (PFBS) of 0.5 parts per billion (ppb) and 5 ppb,
respectively.

USEPA published the Draft Fifth Contaminant Candidate List (CCL5) on July 19, 2021, which
includes 66 chemicals, three chemical groups (PFAS, cyanotoxins, disinfection by-products), and
12 microbes. It is still in draft stage and USEPA will finalize the CCL5 based on the feedback
received from the Science Advisory Board along with public comments.

SWRCB re-proposed a new MCL of 10 pg/L for Cr (V1) in March 2022. California does not have
an existing MCL for Cr (VI).

The SWRCB DDW has initiated the process of developing revised notification and response
levels for manganese because of its possible health effects. To date, manganese is regulated
based on aesthetic effects only.
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California Office of Environmental Health Hazard Assessment (OEHHA) submitted an interim
Notification Level (NL) recommendation for algal toxins: microcystins, cylindrospermopsin,
anatoxin-a, and saxitoxin to SWRCB on May 3, 2021.

Highlights of SFPUC Monitoring and CEC Literature Review

A detailed review of available water quality monitoring data for years 2016 — 2021 and
technical literature review was conducted for the respective CEC groups and is presented in the
Monitoring and Literature Reviews as well as Screening Evaluation Section of each CEC group. It
cites latest findings and information from sources such as Water Research Foundation,
American Water Works Association, peer-reviewed journals (published by Elsevier, Springer,
American Chemical Society), regulations from USEPA, CA SWRCB, and international regulatory

agencies (WHO, Health Canada), etc.

The summary of CECs monitored in SFPUC drinking water is presented in Table ES-2.

Table ES-2. Summary of CECs Monitored in SFPUC Drinking Water, 2016-2021

CEC Group

Contaminant(s) Monitored

Emerging Microbial Waterborne Pathogens

Not Monitored in 2016 —2021*

PFAS (monitored 2019 — 2021)

29 compounds

DBPs, nitrosamines (monitored 2018- 2021)

6 nitrosamines

DBPs, other (monitored 2018 — 2021)

Chlorate
Bromochloroacetic Acid
Bromodichloroacetic Acid
Chlorodibromoacetic Acid
Tribromoacetic Acid

Algal Toxins (monitored 2018 — 2021)

Total Microcystins, Anatoxin-a, Saxitoxin,
Cylindrospermopsin

Inorganics (monitored 2016 — 2021)

10 contaminants monitored including Cr (VI)
and Manganese

Organics monitored for SOC, VOC, Industrial
Chemicals, Pesticides (monitored 2016 —
2021)

117 contaminants monitored

Pharmaceuticals/EDC and Natural Hormones
(monitored 2020 — 2021)

106 contaminants monitored

Microplastics and Nanoplastics

Not Monitored in 2016 — 2021

Engineered Nanomaterials and Nanoparticles

Not Monitored in 2016 — 2021

* All regulated microbial pathogens were monitored as required

August 2022
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CEC Prioritization and Recommended Actions for SFPUC Drinking Water

The CEC Screening Evaluation helps determine the prioritization of CEC, which is based on the
diagnostic questions answered in the screening evaluation tables. A summary table of
diagnostic questions and answers grouped in four parts and excerpted from each Screening
Evaluation table is shown in Table ES-3. The four parts of this analysis are:

e Part A—Health effects from scientific studies in general and likely future US or State
regulations.

e Part B— Occurrence in source waters in general and in SFPUC system (based on
watershed and source water protection and available SFPUC monitoring data).

e Part C— Occurrence after treatment and distribution at SFPUC (infectivity of pathogens
or presence of chemical contaminants) based on effectiveness of treatment in general,
assessment of current treatment and available SFPUC monitoring data.

e Part D — CEC prioritization — current assessment at SFPUC based on available scientific
information, current treatment and SFPUC monitoring data.

The Screening Evaluations were reviewed by the experts and the stakeholders for the
development of the priorities. For high and medium priorities, monitoring and/or mitigation
measures were developed. For low priorities, the CEC group will not warrant active monitoring;
however, SFPUC will continue its source protection efforts and track new information on the
group.

The results of the Screening Evaluations show that waterborne pathogens are still high priority,
whereas three CECs have moved from low priority to medium priority — PFAS, Inorganics, and
Organics. The six CECs under medium priority are listed below:

e PFAS,

e DBPs— Nitrosamines,

e DBPs other than nitrosamines,
e Algal Toxins,

e Inorganics, and

e Organics (Industrial chemicals, Pesticides, Leachate from pipe material, reservoir floors,
treatment plants, troughs, etc.).

Concentrations of chromium (VI) and manganese in groundwater require blending with treated
surface water in the City. All results (2016 —2021) for boron (B), chromium (Cr-VI), manganese
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(Mn), molybdenum (Mo), strontium (Sr), vanadium (V) and zinc (Zn) were below published
Federal and State guidelines. Levels of bromide (Br) in SFPUC surface waters are very low (< 10
ug/L in Hetch Hetchy supply, and < 20 ug/L for East Bay and West Bay surface waters).
Groundwaters can be expected to contain 100 — 1000 ug/L Br. Data for iodide (1) is extremely
limited.

PPCP/EDC, Microplastics and Nanomaterials remain low priority CEC groups due to low
likelihood of occurrence in SFPUC drinking water at levels of possible health significance as seen
from the PPCP/EDC monitoring data. Currently, for Microplastics there is no analytical standard
method. Data may be gathered for Nanomaterials by participating in future WRF study or
national surveys, when available.

Given limited water supplies in California, reclaimed water use will continue to increase. Since
there is a risk that reclaimed water may contain PFAS, PPCP/EDC, DBPs, and possibly other
CECs, it is prudent to begin planning for follow-up monitoring in reclaimed waters and/or
groundwaters.

CEC contamination of SFPUC surface water sources is unlikely because the reservoirs are in
highly protected watersheds. There are no significant municipal or industrial wastewater
discharges to SFPUC water sources, which are generally recognized as the principal sources
of many CECs in drinking water and can occur in other communities via treated discharges
upstream of drinking water intakes. It is unknown to what extent wildfires in the watersheds
may contribute to increased disinfection by-products (DBP) precursors. Drought cycles are
already increasing seasonal total organic carbon (TOC) spikes; peak TOC levels result in
higher concentrations of regulated DBPs and potentially unregulated DBPs as well.

Table ES-4 presents highlights of proposed recommended actions for CECs in SFPUC drinking
water for 2022-2025. More in-depth information can be found in screening evaluation tables
for each group of contaminants.

For all CEC groups, maintaining source water protection and optimized water treatment and
distribution operations, as well as the continual tracking of new scientific information and any
regulatory developments, are recommended.
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Table ES-3. Summary of Diagnostic Questions and Answers for the Prioritization of Contaminants of Emerging Concern (CEC) in
SFPUC Drinking Water, 2022 — 2025

ALGAL
DISINFECTION | DISINFECTION | TOXINS | INORGANICS | ORGANICS PH':‘;’E/IA/ MICRO- NEAVI\fé-
CEC GROUP WATERBORNE PEAS BYPRODUCTS | BYPRODUCTS B, Co, Ge, | Pesticides Endocrine PLASTICS MATERIALS
Questions PATHOGENS Harmful | Mo, Sr, V, | Industrial Disruptors NANO- NANO
i i Algal i )
Nitrosamines Other o 4 Cr(VIl), Mn | Chemicals Hormones PLASTICS PARTICLES
ooms
PART A: HEALTH EFFECTS FROM SCIENTIFIC STUDIES IN GENERAL AND LIKELY FUTURE US OR STATE REGULATIONS
Do scientific
studies indicate
potential health Yes Possible Possible Possible Yes Yes Yes Unknown | Unknown | Unknown
impacts in
drinking water?
Regulations or
guidelines Yes Yes Yes Yes Yes Yes Yes No No No
outside of US?
US Health
Advisories or
Yes Yes Yes Yes Yes Yes Yes No No No
CA Notification
Levels?
Likely v Possibl
. es ossible
regulation? Possible Yes Possible Possible Yes
CCL/UCMR? UCMR4, UCMR4, No No No
Pending CA CCLs UCMR5 CCLs UCMR4, ccLs |~ 7| Draft CCLS ceLs
Regulation/PHG?
SIGNIFICANT
TO PUBLIC Yes Yes Possible Possible Yes Yes Yes Possible | Unknown | Unknown
HEALTH IN
GENERAL?
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CEC GROUP
Questions

WATERBORNE

PATHOGENS

PFAS

DISINFECTION
BYPRODUCTS

Nitrosamines

DISINFECTION
BYPRODUCTS

Other

ALGAL
TOXINS

Harmful
Algal
Blooms

INORGANICS
B, Co, Ge,
Mo, Sr, V,
Cr(VI), Mn

ORGANICS
Pesticides
Industrial
Chemicals

PHARMA/
EDC
Endocrine
Disruptors
Hormones

MICRO-
PLASTICS
NANO-
PLASTICS

ENG.
NANO-
MATERIALS
NANO-
PARTICLES

PART B: OCCURRENCE IN SOURCE WATERS IN GENERAL AND AT SFPUC (BASED ON WATERSHED AND SOURCE WATER PROTECTION
AND AVAILABLE SFPUC MONITORING DATA)

Present in other

groundwater?

. Yes Yes Yes Yes Yes Yes Yes Yes Unknown | Unknown
water supplies?
Present in SFPUC
watersheds, Unknown No No No Yes Yes Yes No Unknown | Unknown
surface waters?
Present in SFPUC Unknown No No No No Yes Yes No Unknown | Unknown

PART C: OCCURRENCE AFTER TREATMENT AND DISTRIBUTION AT SFPUC (INFECTIVITY OF PATHOGENS OR PRESENCE OF CHEMICAL
CONTAMINANTS) BASED ON EFFECTIVENESS OF TREATMENT IN GENERAL, ASSESSMENT OF CURRENT TREATMENT AND AVAILABLE
SFPUC MONITORING DATA

Formed or
released during
SFPUC
treatment?

No

No

Yes

Yes

Possible

No

No

No

No

No

Present in
treated Hetch
Hetchy water?

No

No

No

Yes

No

No

No

No

Unknown

Unknown

Present in
treated SVWTP
(East Bay)
water?

No

No

Yes

Yes

No

No

No

No

No

No
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ALGAL

distribution?

DISINFECTION | DISINFECTION | TOXINS | INORGANICS | ORGANICS PHI;:;L\:/IA/ MICRO- NTNG(.)
CEC GROUP WATERBORNE PEAS BYPRODUCTS | BYPRODUCTS B, Co, Ge, | Pesticides Endocrine PLASTICS MATERIALS
Questions PATHOGENS Harmful | Mo, Sr,V, | Industrial Disruptors NANO- NANO

i i Algal i )

Nitrosamines Other 4 Cr(VIl), Mn | Chemicals Hormones PLASTICS PARTICLES

Blooms

Present in
treated HTWTP No No Yes Yes No No No No No No
water?
Present in
treated local
(Peninsula and Unknown No No Yes No Possible Possible No No No
City)
groundwater?
Formed or
;T:I:SZEd n Possible No Possible Yes No Yes Yes No Unknown | Unknown

PART D: CEC PRIORITIZATION — CURRENT ASSESSMENT AT SFPUC BASED ON AVAILABLE SCIENTIFIC STUDIES, CURRENT TREATMENT
AND AVAILABLE SFPUC MONITORING DATA

Detected in
SFPUC drinking
water?**

Yes

No

Yes

Yes

No

No

No

No

Unknown*

Unknown*

Could CEC occur
in SFPUC
drinking water at
levels of health
significance?

Yes

No

Possible

Possible

No

Possible

Possible

No

Unknown

Unknown

PRIORITY FOR
SFPUC

High

Medium

Medium

Medium

Medium

Medium

Medium

Low

Low

Low

*Currently, there is no monitoring standard method.

August 2022

**Drinking water refers to treated water that is served to customers.
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Table ES-4. Highlights of Proposed Recommended Actions for CECs in SFPUC Drinking Water
System for 2022- 2025 (for more details, please see Screening Evaluation tables)

CEC Group Recommended Actions
Microbial e Participate in Water Research Foundation Project (5156) on Legionella Occurrence
Waterborne in Distribution Systems.
Pathogens e Continue participation in Partnership for Safe Water (PSW) for WTPs and
distribution system.
PFAS e For forest fires, monitor types of retardants in use and application areas. If
application is in watersheds, conduct post-fire water quality monitoring.
e Conduct repeat groundwater monitoring for PFAS in 6 years.
Disinfection e Add NDPhA and NMOR to semi-annual monitoring (on Draft CCL5 list and expert
By-Products panel recommendation, respectively).
(DBPs)

Nitrosamines

e Continue to avoid polymer overfeed, provide free chlorine contact time before
chloramination, and minimize detention time in the distribution system.

DBPs

Other than
nitrosamines

e Conduct bromide and iodide monitoring, as well as Total Organic Nitrogen (TON),
in SFPUC water sources and other water sources under development and
consideration.

e Review ongoing haloacetic acids (HAA) results for all HAA9 species to evaluate the
effect of groundwater, increased TOC in Hetch Hetchy water supply.

e Conduct preliminary monitoring of Total Organic Halide (TOX) at the treatment
plants and in the distribution system.

e Conduct monitoring of haloacetonitriles (HAN), haloacetaldehydes (HALs), and
haloacetamides (HAMs) at the treatment plants and in the distribution system.

e Monitor chlorate in drinking water.

Algal Toxins o Monitor algal toxins with detection levels consistent with new proposed
Notification Levels listed by Cal. OEHHA (May 2021) and USEPA in draft CCL5.
Inorganics e Monitor inorganics listed in USEPA UCMR5 and draft CCL5 (Lithium).
e Monitor Cr (VI) and manganese in groundwater and after blending in SFWS.
Organics e Replace pipeline coal tar lining with cement mortar during system
improvements/upgrades.
PPCP/EDC ¢ Monitor water reclamation activities in San Francisco Regional Water System
Hormones (SFRWS) and San Francisco Water System (SFWS).

Nanoplastics

Microplastics

e Participate in California SWRCB pilot program to monitor microplastics in SFPUC
system.

Engineered

Nanomaterials
Nanoparticles

e Benchmark through WRF research, national or state surveys when opportunities
become available.

RED = High Priority GREEN = Medium Priority BLUE = Low Priority
Note: For more details, please see screening evaluation tables.

August 2022
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1. Waterborne Pathogens

Microbial CEC are newly recognized pathogens and new strains of known pathogens that may
present challenges in drinking water and public health (WHO, 2003). These emerging pathogens
have appeared or increased in occurrence, which have been linked to intensive agriculture,
increased growth and migration of human populations, climate change (Medema, 2003), and
increased use of antibiotics. Infectious diseases caused by pathogenic bacteria, viruses and
parasites (e.g., protozoa and helminths) are the most common and widespread health risks
associated with drinking water (WHO, 2017).

HIGH PRIORITY FOR SFPUC

Microbial CEC have been linked elsewhere to waterborne disease outbreaks and therefore
can impact public health and customer satisfaction.

Implementing a source-to-tap approach is a universally recommended strategy for reducing
the concentration of waterborne pathogens in drinking water and controlling their potential
risks (Health Canada, 2020). The potential for occurrence in SFPUC drinking water is low due
to the use of multiple barriers, source-to-tap approach: watershed protection, filtration of
local supplies, applying multiple disinfectants at the treatment plants, maintaining
monochloramine in the distribution system, cross-connection and backflow control, sanitary
practices during main breaks and construction, etc.

Maintaining microbiological control in premise plumbing systems, especially in large
buildings, is a critical component of providing safe drinking water at the consumer’s tap.
Important elements of control strategies for plumbing systems include (Health Canada,
2020):

e limiting nutrient levels through an emphasis on system design and materials,
e minimizing areas of low flow/stagnation,

e keeping temperatures of hot- and cold-water systems outside of the ideal range for
microorganism growth (e.g., cold water less than 20°C, hot water tank temperature
greater than 60°C), and

e reducing the formation and transmission of contaminated aerosols from distal
devices.

This section presents: (1) Screening Evaluation Table, which summarizes the findings, diagnostic
qguestions and answers to support priority for this group of contaminants, and implemented
and recommended actions, (2) SFPUC Monitoring Review 2016-2021, and (3) Technical Review
2016-2021 of available scientific studies. Items (2) and (3) provide the foundation of available
monitoring and scientific information to support the findings, proposed priorities and
recommendations in Item (1).
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Table 1-1. Screening Evaluation Table for Microbial Waterborne Pathogens

GENERAL INFORMATION ON CEC

Instructions This Screening Evaluation may be applied to a CEC group or an individual CEC. The purpose of this section of
the Evaluation is to develop background information on the CEC or CEC group.

CEC Name Microbial Waterborne Pathogens

CEC Description Microbial CEC are newly recognized pathogens and new strains of known pathogens that may present
challenges in drinking water and public health (WHO, 2003). These emerging pathogens have appeared or
increased in occurrence, which have been linked to intensive agriculture, increased growth and migration of
human populations, climate change (Medema, 2003), and increased use of antibiotics

Is CEC a group? If individual
CEC, which group is CEC part
of?

CEC Grouping Group, although microorganisms are very diverse. Waterborne pathogens have several properties that

) ) ) distinguish them from other drinking-water contaminants (WHO, 2017):
What is the basis for grouping?

e Pathogens can cause acute and chronic health effects.
(Grouping factors are: common

health effects, treatment, and
analytical method, and/or e Pathogens are discrete.

compound co-occurrence) e Pathogens are often aggregated or adherent to suspended solids in water, and pathogen
concentrations vary in time, so that the likelihood of acquiring an infective dose cannot be predicted
from their average concentration in water.

e Some pathogens can grow in the environment.

e Exposure to a pathogen resulting in disease depends upon the dose, invasiveness and virulence of the
pathogen, as well as the immune status of the individual.

e [f infection is established, pathogens multiply in their host.

e Certain waterborne pathogens are also able to multiply in food, beverages or warm water systems,
perpetuating or even increasing the likelihood of infection.

¢ Unlike many chemical agents, pathogens do not exhibit a cumulative effect.
Implementing a source-to-tap approach is a universally recommended strategy for reducing the

concentration of waterborne pathogens in drinking water and controlling their potential risks (Health
Canada, 2020).
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Screening Evaluation Table

Examples and Indicators

If group, what are notable
examples? Are there possible
indicator constituents?

(A suitable indicator occurs at
quantifiable levels and may co-
occur with other CEC, exhibit
similar treatment and fate in
environment)

Microbial CEC include: Legionella, E. coli (0157), Mycobacterium Avium Complex (MAC), enterovirus, and
others listed on the USEPA CCL5. Monitoring for all pathogens remains impractical and it is not necessary
for drinking water utilities to adequately manage risks (Health Canada, 2020).

Measurements of single indicator organisms did not correlate with pathogens (only 41%) (Mraz et al.,
2021). The detection of pathogenic organisms is not normally associated with the indicator concept, as each
pathogen essentially represents only itself and its absence is not an indication of the absence of other
pathogens. Instead, regulated microbials or coliphage serve as indicators of fecal contamination and/or
distribution system conditions (and not of the presence of unregulated microbial CEC) (Medema, 2003).
These regulated microbial indicators include: total coliform, fecal coliform, E.coli, Giardia, Cryptosporidium,
and heterotrophic plate count (HPC). The following related, non-microbial parameters are also monitored
as indicators of treatment and distribution system conditions: turbidity, CxT, chlorine residual, and nitrite.
Chlorine residual and nitrite are good indicators for nitrification control and regrowth in chloraminated
systems. Regulated and unregulated microbials can be minimized through treatment and best management
practices.

Health Advisories

Does CEC have a USEPA Health
Advisory (e.g., Drinking Water
Equivalent Level [DWEL]) or
California Notification Level?

There are no CA Notification Levels or USEPA DWELs for unregulated microbials.

Updated USEPA Health Advisory Table (USEPA, 2018) lists Legionella, Mycobacteria and viruses. No limit is
specified for Legionella; EPA believes that if Giardia and viruses are inactivated, Legionella will also be
controlled, under Surface Water Treatment Rule. This concept is not necessarily true for Legionella or
any other opportunistic pathogens. The key is maintaining conditions in the distribution system
and consumer plumbing that prevent their growth (Dr. Trussell, personal communication).

Regulatory Development
Status

Is CEC on USEPA Candidate
Contaminant List (CCL),
Unregulated Contaminant
Monitoring Rule (UCMR) list, or
California Public Health Goal
(PHG) list?

There are 12 unregulated microbials on the draft CCL5 (USEPA, 2021):

1. Adenovirus 7. Mpycobacterium avium

2. Caliciviruses 8. Legionella pneumophila
3. Campylobacter jejuni 9. Mycobacterium abcessus
4. Enterovirus 10. Naegleria fowleri

5. Escherichia coli (0157) 11. Pseudomonas aeruginosa
6. Helicobacter pylori 12. Shigella sonnei

There are no unregulated microbials on the UCMRS.
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1. Waterborne Pathogens
Screening Evaluation Table

CONTEXT OF CEC EVALUATION AT SFPUC

Instructions

The purpose of this section is to report SFPUC experience with the CEC or CEC Group, including occurrence
data for each source water if available.

Purpose

Why is evaluation undertaken?
What is new about the issue
that is considered ‘emerging’
(e.g., new chemical, new
effect)?

Microbial CEC are important due to the acute impact on public health and rapidly developing knowledge
about new pathogenic organisms. Treatment and disinfection are optimized for Giardia, Cryptosporidium
and virus inactivation/removal. Distribution system operation is optimized for Revised Total Coliform Rule
(RTCR). The likelihood of microbial CEC survival and infection is small. However, the USEPA and the scientific
community are concerned about intrusion and regrowth of regulated and unregulated microbial
contaminants in distribution system. Of concern are “green” building practices intended to reduce water
use that can promote growth of opportunistic premise plumbing pathogens (OPPP) in premise plumbing
between utility service lines and customer taps (Edwards, 2015; WRF, Rhoads, 2015).

Regulations are based on reducing the spread of pathogens via ingestion that primarily causes diarrheal
illness. Expanded routes of transmission include not only ingestion but also inhalation, nasal and contact
(dermal, ear, eye, wound, urinary tract) routes. According to CDC, in 2011-2012, premise plumbing
respiratory illness outbreaks outnumbered diarrheal outbreaks (Beach, 2016).

The CDC acknowledges higher waterborne disease occurrence from plumbing components including pipes,
water heaters, shower heads and fixtures than from pathogens passing through a water treatment process.
Legionella is responsible for the majority of OPPP outbreaks (WRF, Masters et al., 2018).

Customer Interaction

Widespread public concerns?
Media coverage?

Due to the acute nature of microbials, any breach of treatment and distribution barriers is likely to impact
customer satisfaction and confidence. Media coverage and public concern about waterborne pathogens has
always been minimal compared to chemical CEC, except when localized outbreaks become newsworthy.

Expected Outcomes

What are the likely benefits of
the investigation to SFPUC and
its customers?

Tracking regulatory developments, microbial CEC health and technical studies and participating in national
surveys, when available and applicable, positions SFPUC to respond to new issues and questions from the

public. SFPUC continually improves multi-barrier protections minimizing microbial introduction, regrowth

and related risks critical for public health protection.
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CECs in SFPUC Drinking Water: 2022 Final Report Screening Evaluation Table
Occurrence Data (US and SFPUC has extensive data on regulated microbials (total coliform, fecal coliform, E. coli, Giardia, and
SFPUC) Cryptosporidium). As noted above, regulated microbials can serve as indicators of disinfection adequacy and

distribution system conditions (but not necessarily control of specific, unregulated microbials). SFPUC
consistently meets the regulatory requirements of the RTCR including > 95% of samples absent for TC per
month. Please see Monitoring Review for 2015-2021 Total Coliform statistics for SFRWS and SFWS.

What occurrence information is
available? Have detections, if
any, been confirmed by follow-
up sampling and/or QA/QC From 2003 to 2005, SFPUC conducted a special study of Legionella during the conversion from free chlorine to
review? chloramine for residual disinfection. Based on 53 buildings in San Francisco, Legionella colonized 60% of the hot
water systems before monochloramine conversion versus 4% after conversion (Weintraub, et al., 2008).

In June/July 2012, SFPUC sampled two future groundwater wells, CUP 10A (now GSR-SBW) and CUP 11A
(now GSR-CRW), for UCMR3 viruses (enteroviruses and noroviruses). Both wells tested absent for viruses.

Supporting Information LeChevallier Mark W. (2019). Monitoring distribution systems for Legionella pneumophila using Legiolert.

List key references AWWA Wat Sci. 2019; e1122. https://doi.org/10.1002/aws2.1122.

Mraz et al. (2021). Why pathogens matter for meeting the United Nations’ sustainable development goal 6
on safely managed water and sanitation. Water Research 189, 116591.
https://doi.org/10.1016/j.watres.2020.116591.

NASEM (2020). Management of Legionella in Water Systems. Washington, DC: The National
Academies Press. https://doi.org/10.17226/25474

USEPA (2021). Technical Support Document for the Draft Fifth Contaminant Candidate List (CCL5) —
Microbial Contaminants. Office of Water (4607M) EPA 815-R-21-007, July 2021.

WHO (2017). Guidelines for Drinking-water Quality. FOURTH EDITION INCORPORATING THE FIRST
ADDENDUM. Geneva: World Health Organization; 2017. License: CC BY-NC-SA 3.0 IGO.
https://www.who.int/publications/i/item/9789241549950 accessed 12/1/2021.

WRF, Culotti, A., Packman, A.l. and Kelly, J.R. (2015). Water Research Foundation, Characterizing the
Interactions Between Pathogens and Biofilms in Distribution Systems [WRF Project #4259], February
2015.

WRF, Masters Sheldon, Jennifer L. Clancy, Samantha Villegas, Mark LeChevallier and Zia Bukhari (2018).
Customer Messaging on Opportunistic Pathogens in Plumbing Systems. Water Research Foundation,
Project #4664.
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WRF, Rhoads, W.J. et al. (2015). Green Building Design: Water Quality Considerations, \Water Research
Foundation, WRF Project #4383

WRF, Seidel, C., Ghosh, A., Tang, G., Hubbs, S.A., Raucher, R. and Crawford-Brown, D. (2014). Identifying
Meaningful Opportunities for Drinking Water Health Risk Reduction in the United States Water Research
Foundation. [WRF Project #4310], May 2014.

DIAGNOSTIC QUESTIONS TO SUPPORT CEC PRIORITIZATION

Instructions The purpose of the Diagnostic Questions is to determine whether the CEC or CECs Group are significant to
SFPUC drinking water and whether they merit further evaluation and/or action. All answers require
explanation except those clearly not applicable. The Diagnostic Questions are divided into Health, Occurrence,
and Treatment sections. The more questions are answered with a “Yes”, the higher the probability that the
CEC is a high priority or that a proactive approach should be taken.

HEALTH EFFECTS FROM SCIENTIFIC STUDIES

Question Answer | Explanation and Comments
Is scientific knowledge on Yes The USEPA CCL5 list was based on a review of 1,435 pathogens that were narrowed to 12
CEC health effects well priorities based on anticipated survival, transmission mechanism, data on waterborne disease
developed? outbreaks, occurrence, and health effects. Protocols used in this process are discussed in USEPA
No for (2021). Given that a knowledge-based method was used to develop the microbial CCLS5 list, there
New appears to be adequate scientific knowledge.
Based on current scientific Yes Microbial infection can lead to illness. Waterborne disease outbreaks have been attributed to
understanding, does the CEC some unregulated microbials (see next Q&A). For microbials, vulnerable subpopulations are
pose potential health risk at typically at greater risk than the general population.
the levels typically found in . . . . . .
e ypically Legionnaires’ disease afflicts and kills more people in the United States than any other
drinking water in the US? .
reportable waterborne disease. (NASEM, 2020)
A 2014 study evaluating relative health risk impacts of drinking water contaminants concluded
that microbial contaminants pose a larger health risk in US drinking waters than any individual
chemical contaminant (WRF, Seidel et al., 2014).
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next 10 years?

Is CEC on a regulatory
development list, such as
ccr?

Is there a pending regulation
or California PHG?

Question Answer | Explanation and Comments
Adverse health impacts Yes The CDC and USEPA maintain a collaborative surveillance system for waterborne disease
observed in other drinking outbreaks. Many outbreaks have been attributed to unregulated microbial CEC. The most recent
water systems? summary was published in 2017, and revealed that during 2013-2014, a total of 42 drinking
. . water—associated outbreaks were reported to CDC, resulting in at least 1,006 cases of illness, 124
Are public health studies N . .
. hospitalizations, and 13 deaths. Legionella was responsible for 57% of outbreaks and 13% of
documenting human health . . . .
. . ilinesses, and chemicals/toxins and parasites together accounted for 29% of outbreaks and 79%
impacts (disease or . . . .
. of illnesses. Outbreak surveillance data likely underestimate actual occurrence of outbreaks and
outbreaks) available? . .
should not be used to estimate the actual number of outbreaks or cases of waterborne disease.
(CDC, Benedict et al., 2017)
SFPUC'’s partnership with SFDPH includes active surveillance for cryptosporidiosis as well as
ongoing tracking of the occurrence of potential waterborne diseases in San Francisco.
Although more commonly associated with recreational water exposure, in 2002, two children
exposed to Naegleria fowleri in municipal tap water, contracted primary amoebic
meningoencephalitis (PAM) and died (PAM has a 98% fatality rate) (Bartrand, 2014). Other
fatalities attributed to Naegleria fowleri in tap water have been reported in Louisiana, Virginia,
Minnesota and Kansas.
Existing regulations or Yes EU Revised Drinking Water Directive (EU 2020a and 2020b) lists Legionella parametric value as <
guidelines outside of US (e.g., 1000 CFU/L as relevant for the risk assessment of domestic distribution systems. Intestinal
WHO, EU)? enterococci (0/100 mL) and Clostridium perfringens including spores (0/100 mL) are listed as
well.
Existing US health advisories Yes HA Status: Legionella FO1, Mycobacteria F99.
or CA notification levels? MCLG zero for Legionella and viruses.
Likely US regulation in the Possible | There are 12 microbials on the draft CCL5 but it is unknown that any new specific microbials will

be regulated in the next 10 years. Possible exceptions would be enterovirus or norovirus for
undisinfected groundwater sources, as these two parameters were investigated under UCMR3.
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Evaluation, Prioritization, and Recommendations for
CECs in SFPUC Drinking Water: 2022 Final Report

1. Waterborne Pathogens
Screening Evaluation Table

groundwater contaminant?

Question Answer | Explanation and Comments

SUMMARY - SIGNIFICANT Yes Microbial CECs are considered significant to public health because there have been instances of

TO PUBLIC HEALTH IN waterborne disease outbreaks attributed to some of these unregulated CEC.

GENERAL? (Based on above

answers)

OCCURRENCE

Is scientific knowledge on Yes All water sources contain a number of known and unknown microbes, and the conditions under

CEC sources/formation well which microbes grow and how growth can be restricted are reasonably well understood. Some

developed? No for microbes (e.g. Naeglaria fowleri, Legionella) favor warmer waters, some are sensitive to chlorine
New (e.g. Giardia, many viruses), some are best managed with UV disinfection (e.g. Cryptosporidium),

some grow more favorably in surface waters, while some grow more favorably in groundwater
environments.

CEC presence reported in Yes There are research occurrence studies and data from waterborne disease outbreaks. Please refer

other water supplies? to Technical Review (page 1-39 and following).

Are occurrence studies

available?

CEC present in SFPUC Unknown | SFPUC’s protected watersheds are not impacted by wastewater discharges, urban runoff, or

watersheds and/or surface agricultural/feedlot runoff. However, the watersheds and source waters contain natural wildlife

waters? (e.g., cattle grazing in the East Bay) which contribute microbial contaminants to source waters.

Are there complex issues

involved in managing CEC

;e.g., point vs. non-point

sources?

Is the CEC a potential Yes Microbial CEC have caused some outbreaks associated with drinking water supplies served by

groundwater. Please refer to Technical Review.

With respect to groundwater, if wells are not properly sited and constructed, wells can be
subject to microbials from leaky sewer lines, septic systems, and/or influences from surface
water although there is a siting process to minimize microbial contamination.
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CECs in SFPUC Drinking Water: 2022 Final Report

1. Waterborne Pathogens
Screening Evaluation Table

SFPUC storage or
distribution?

If so, describe whether the
formation or addition of CEC
can be controlled.

Question Answer | Explanation and Comments

If the CEC is a potential Unknown | Mobility is dependent on microbe characteristics as well as the subsurface material. For example,
groundwater contaminant, is waterborne disease outbreaks from E. coli in groundwater were linked to fractured bedrock that
it highly mobile in the facilitated the transport of E. coli from surface contamination to well intakes (Bloetscher and
subsurface? Plummer, 2011).

Is the CEC low-sorbing and

resistant to microbial

degradation?

Precursor present in SFPUC No Microbial CEC do not have precursors in the chemical sense. However, presence of nutrients,
source waters? water temperature, oxygenation, pH and other characteristics can determine the rate of
(Including surface waters and microbial growth.

groundwaters)

Formed or added during No Microbial CEC are not formed during treatment.

current SFPUC treatment?

If so, describe whether the

formation or addition of CEC

can be controlled.

Formed or added within Possible | Intrusion of microbial CEC and regrowth in the distribution are possible. Ensuring the integrity

and effective operation of the distribution system is critical for public health protection. Biofilms
have been shown to facilitate growth of microbial CEC, such as E. coli and C. jejuni, under
conditions that would otherwise be considered adverse to those organisms (WRF, Culotti, 2015).

Reduced water use associated with low flow plumbing fixtures and other water savings could
increase residence times, promoting pathogen regrowth. Increased water age has been
associated with increased HPC and Legionalla growth (WRF, Rhoads, 2015).

Maintenance of chlorine residual is effective in controlling Legionella spp. But there are many
situations where bacteria can be shielded from the disinfectant, as in a biofilm or amoebae;
therefore, complete eradication of the microorganism is difficult (LeChevallier, 2019).

Fine sediments deposited over time and accumulated in reservoirs and distribution pipes may
provide an environment for regrowth of microbials and may be a concern due to SFPUC's
unfiltered source waters.
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CECs in SFPUC Drinking Water: 2022 Final Report

1. Waterborne Pathogens
Screening Evaluation Table

current treatment for Hetch
Hetchy Supply?

Describe any complex issues
involved with the
treatment/removal of CEC.

Question Answer Explanation and Comments

Detected in SFPUC drinking Yes E. Coli is tested extensively throughout the SFPUC water systems for regulatory compliance. Only

water? two E. Coli detections within the SFPUC treated water systems have occurred within the last 10
years —and at unorthodox sample locations (hydrant, blow off) during main disinfections. With
the exception of Legionella, SFPUC has not routinely sampled for CEC microbials. After the 2004
chloramine conversion, Legionella was almost entirely eliminated in bulk water and biofilm
samples from 53 buildings.

SUMMARY - OCCURRENCE Yes Microbial CEC could occur in source waters (surface water and groundwater) and in the

IN SOURCE AND DRINKING distribution system (if integrity or effective operation is compromised). Waterborne disease

WATER? (OR SIGNIFICANT outbreaks have been linked elsewhere to unregulated microbials, indicating potential for CEC

POTENTIAL TO OCCUR) occurrence in drinking water systems.

(Based on above answers)

TREATMENT

Is scientific knowledge on Yes Although microbials are a diverse group, they are all susceptible to disinfectants (specific

CEC treatment/removal well inactivation depends on the disinfectant and pathogen). Monitoring and treatment to control

developed? regulated microbials is expected to minimize the occurrence of unregulated microbials.
Additionally, distribution system operations to prevent both regulated and unregulated microbial
entry and maintaining disinfectant residual are known to minimize microbial occurrence. WHO
(2017) presented summary tables and discussion of pathogens transmitted through drinking
water.

Likely to pass through No Tesla Water Treatment Facility provides primary disinfection using UV treatment and chlorine.

Though inactivation efficiency is a topic of ongoing research for microbial CEC, disinfection at
Tesla is expected to significantly minimize unregulated microbials. In addition, monochloramine
is used as a secondary distribution system disinfectant.

Several years ago, SFPUC implemented a rigorous set of internal water quality targets for the
entire SFRWS and SFWS. They are part of Operations Plans for each treatment and distribution
facility and provide drivers of performance to ensure microbial safety well beyond the regulatory
requirements.
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1. Waterborne Pathogens
Screening Evaluation Table

Question Answer | Explanation and Comments

Likely to pass through No SVWTP provides coagulation, flocculation, sedimentation, filtration, and disinfection using

current treatment at chlorine. Treatment is expected to minimize unregulated microbials. In addition,

SVWTP? monochloramine is used as a secondary disinfectant and is monitored throughout the

. . transmission and distribution system.

Describe any complex issues

involved with the SFPUC participates in a voluntary Partnership for Safe Water (PSW) Treatment Plant Optimization

treatment/removal of CEC. Program at SVWTP. The goal of PSW is to reduce the risk to water consumers from microbial
contaminants, such as Cryptosporidium, by reducing filter effluent turbidity. (AWWA, 2021).
Additionally, Operations Plan provides internal water quality targets for SVWTP.

Likely to pass through No HTWTP provides coagulation, direct filtration and disinfection using ozone and chlorine.

current treatment at Treatment is expected to minimize unregulated microbials. In addition, monochloramine is used

HTWTP? as a secondary disinfectant and is monitored throughout the transmission and distribution

Describe any complex issues system.

involved with the SFPUC participates in a voluntary Partnership for Safe Water (PSW) Treatment Plant

treatment/removal of CEC. Optimization Program at HTWTP (see above and in the Monitoring Review). Additionally,
Operations Plan provides internal water quality targets for HTWTP.

Likely to pass through Unknown | Groundwater is disinfected using free chlorine prior to blending with chloraminated surface

current treatment for waters (San Francisco wells) or will be chloraminated at the wellhead prior to blending (Peninsula

groundwater? wells). Disinfection is expected to minimize unregulated microbials.

Describe any complex issues

involved with the

treatment/removal of CEC.

SUMMARY - LIKELY TO PASS No Regulated microbials are effectively removed by existing SFPUC treatment barriers. Though

(NOT REMOVED BY)
CURRENT TREATMENT?

(Based on above answers)

inactivation efficiency of unregulated microbials is a topic of ongoing research, treatment at
Tesla, SVWTP, and HTWTP, maintenance of a secondary disinfectant (chloramine) in the
distribution system, and continuation of other programs, are expected to significantly minimize
microbial CECs.

Water reuse projects could be a new source water that needs to be investigated.
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Evaluation, Prioritization, and Recommendations for 1. Waterborne Pathogens
CECs in SFPUC Drinking Water: 2022 Final Report Screening Evaluation Table

CEC PRIORITIZATION — CURRENT ASSESSMENT

Instructions

This section prioritizes the CEC based upon the information developed in the above Diagnostic Questions as
well as in the background information. For high and medium priorities, develop monitoring and/or
mitigation measures as appropriate. For low priorities, maintain current measures, track regulatory
developments, health/technical studies and reevaluate priority when needed.

Could CEC occur in SFPUC
drinking water at levels of
possible health significance?

(Based on above Diagnostic
Questions)

Yes. Microbial intrusion and regrowth in drinking water are possible.

CEC Prioritization for SFPUC

High, Medium, or Low. Provide
explanation.

(A high number of “Yes”
answers to the Diagnostic
Questions indicates a higher
priority, and “No” or very few
“Yes” answers indicates a lower
priority.)

HIGH PRIORITY FOR SFPUC

Microbial CEC have been linked elsewhere (though not for SFPUC) to waterborne disease outbreaks and
therefore can impact public health and customer satisfaction.

The potential for occurrence in SFPUC drinking water is low due to the use of multiple barriers: watershed
protection, filtration of local supplies, multiple disinfectants, cross-connection and backflow control,
sanitary practices during main breaks and construction, etc. However, microbial CEC are a high priority due
to their health significance in general.

Infectious diseases caused by pathogenic bacteria, viruses and parasites (e.g., protozoa and helminths) are
the most common and widespread health risk associated with drinking water (WHO, 2017).
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Evaluation, Prioritization, and Recommendations for 1. Waterborne Pathogens

CECs in SFPUC Drinking Water: 2022 Final Report Screening Evaluation Table
Implemented Actions e Maintained watershed protection and completed sanitary surveys of the watersheds.
Indicate the progress and e Maintained SWTR and RTCR compliance in SFRWS and SFWS.

results of any action items,

above, such as implemented in
previous cycles of CEC review. e Continued participation in Partnership for Safe Water at SYWTP and HTWTP.
Evaluate whether changes to
the action plan are required.

e Operated the SFRWS and SFWS to meet operational water quality targets.

e Joined PSW for SFWS in March 2019.

e |n 2012, monitored for UCMR3 microbials (enteroviruses and noroviruses) in two regional groundwater
wells (untreated, raw groundwater). None were detected.

e Continued cross-connection and backflow prevention program.

e Several reservoirs and tanks in SFWS are routinely taken out of service seasonally to reduce detention
time.

¢ Implemented sanitary construction practices (e.g. pipe caps).

e In 2015, increased distribution system residual year-round from 2.3 to 2.8 mg/L total chlorine to
address nitrification and to maintain consistent on target disinfectant residual in drinking water. In
2021, increased residual entering the SFRWS and SFWS to 3.4 mg/L to control nitrification during
pandemic and low water use.

e Continued programs to disinfect pipelines and reservoirs. Sunset Reservoir South was cleaned in 2015.
e Posted Legionella Fact Sheet on sfpuc.org web page in Nov. 2019.

e Posted Flushing Guidance for Buildings on sfpuc.org web page in June 2020.
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Evaluation, Prioritization, and Recommendations for
CECs in SFPUC Drinking Water: 2022 Final Report

Recommended Actions

Does the situation merit
investing additional resources
or has the information
gathered so far fulfilled due
diligence? Actions could
include monitoring and other
measures (specified by source
water, if necessary).

e Maintain source water protection and optimized multibarrier treatment and distribution operation.
e Benchmark through national or state surveys when appropriate.

e Continue participation in PSW for SFPUC WTPs to meet turbidity removal standards.

e Continue participation in PSW for SFWS distribution.

e Continue distribution programs to prevent entry and regrowth of microbial contaminants, including:
maintenance of secondary disinfectant residual, cross-connection and backflow control, storage
reservoir inspections/mixing/cleaning, disinfections after main breaks/repairs/installations, flushing of
pipelines, chloramine and nitrification monitoring, booster station operation, and nitrification
prevention and control.

e Follow RTCR compliance and investigation requirements.

e When feasible, support beyond-the-meter activities, such as, survey of Legionella and other
opportunistic pathogens in premise plumbing.

e Provide educational materials on large building water quality issues related to water age due to
conservation.

e Track federal and state regulatory developments, peer-reviewed health/technical studies
e Participate in WRF occurrence studies as a utility partner as appropriate.

e Participate in WRF occurrence studies (Project # 5156) as a utility partner on Legionella in distribution
systems.

This evaluation was prepared based on available information (peer-reviewed literature and occurrence data) with the purpose of
prioritizing work and informing the public on unregulated CEC. This evaluation will be updated every 6 years or when significant new
research or occurrence data on CEC become available that may warrant changing priority and recommendations.
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Evaluation, Prioritization, and Recommendations for 1. Waterborne Pathogens
CECs in SFPUC Drinking Water: 2022 Final Report Monitoring Review 2016-2021

Water Quality Division, SFPUC Monitoring Review 2016-2021

Contaminants of Emerging Concern (CEC) in Drinking Water

Emerging Microbial Waterborne Pathogens

Source-to-Tap Approach. Monitoring water or setting maximum acceptable concentrations
for all pathogens that could be present in a drinking water system remains impractical and is
not necessary in order for drinking water utilities to adequately manage risks. (Health
Canada, 2020)

Implementing a source-to-tap approach is a universally recommended strategy for reducing
the concentration of waterborne pathogens in drinking water and controlling their potential
risks. Important elements of this strategy include source water protection, treatment and
disinfection requirements based on health-based treatment goals for enteric protozoa
(Giardia and Cryptosporidium) and enteric viruses, managing microorganism survival and
growth in drinking water distribution systems. Maintaining microbiological control in water
systems in buildings and residences is also a critical component of providing safe drinking
water at the consumer’s tap. (Health Canada, 2020)

SFPUC has not monitored for emerging microbial waterborne pathogens in this time frame.
Three programs implemented by SFPUC, in addition to complying with all Safe Drinking Water
Act federal and state regulations are discussed here. They provide additional barriers to
potential unknown microorganisms:

e Best operational practices — water quality targets.
e Voluntary monitoring program Partnership for Safe Water (PSW).

e Regulatory monitoring program Revised Total Coliform Rule (RTCR).

SFPUC Water Quality Targets

SFPUC has implemented several years ago a rigorous set of internal water quality targets for
the entire SFRWS and SFWS. The water quality targets are reviewed periodically, usually every
year, and incorporated into the facility operations plans. They provide drivers of performance
and ensure that we strive for microbial safety well beyond the regulatory requirements. Below
is an example of the relevant table from the SVWTP Operations Plan comparing our targets
with the SWTR standards. Adherence to SFPUC water quality targets that are more stringent
than SWTR standards ensures that the operations is always maintaining better performance
than the regulatory compliance standards, as shown below.
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1. Waterborne Pathogens
Monitoring Review 2016-2021

Process Control Targets

Process control targets for the SVWTP are presented in Table 1-2. Targets are indicative of

optimized processes.

Table 1-2. Process Control Targets at SVWTP

Parameter

CA SWTR Standard*

SFPUC Target

Settled Water
Turbidity3

N/A

<2 NTU

Individual Filtered
Water Turbidity
(Exceedance Triggers
Reporting
Requirements)

< 1.0 NTU always based on two
consecutive 15-minute
measurements

< 0.3 NTU after first 1-hour basedon
two consecutive 15-minute
measurements

< 0.3 NTU initial spike

< 0.1 NTU within 15 minutes of
operation

Individual Filtered
Water Turbidity
(Exceedance Triggers
Removalfrom
Service)

< 2.0 NTU anytime during first 4-
hours

< 0.5 NTU at 4-hours into a filter run

< 1.0 NTU anytime during first 4-
hours more than 10 percent of
interruption events in any
consecutive 12-month period

< 0.3 NTU initial spike

< 0.1 NTU within 15 minutes of
operation

Combined Filtered
Water Turbidity

< 0.3 NTU in at least 95% ofmonthly
samples

Not > 1 NTU at 4-hour intervals

Not > 1 NTU for more than 1
continuous hour

Not > 1.0 NTU for more than 8
consecutive hours

<0.1NTU

Disinfection (CCT
Outlet)

> 100% of Ct required

Not < 0.2 mg/L disinfectant residual
for more than 4 hours in any 24- hour
period

2 120% of Ct required

> 1.0 mg/L disinfectant residual at all

times2

Treated Water
Reservoir Outlet

N/A

® 3.2 to 3.4 mg/L total Cl2

© 8.6 10 9.0 pH units

©0.03 to 0.05 mg/L free NH3-N
©0.6t00.8 mg/LF

1Compliance with combined and individual filtered water turbidity requirements of the California Surface Water
Treatment Rule (Chapter 17 of the California Code of Regulations) is based on continuous monitoring recorded every
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15-minutes.

2gaseline CI2 target and goal can vary on a weekly basis with changes in flow, chlorine demand, and THM formation
potential.

w

Settled water turbidity targets and goals are set to extend filter run length, reduce filter headloss and solids loading
onto filters, and ultimately minimize the number of filter backwashes required; operators should always target
filtered water turbidity prior to targeting settled water turbidity.

Partnership for Safe Water (PSW)

The Treatment Plant Optimization Program is the original PSW program and was introduced
nationally in the United States in 1995. The tools that were developed by the Partnership are
based on methods described in the handbook “Optimizing Water Treatment Plant Performance
Using the Composite Correction Program” — EPA/625/6-91/027. The goal of the treatment
program is to:

e Reduce the risk to water consumers from microbial contaminants, such as
Cryptosporidium, by reducing filter effluent turbidity. (AWWA, 2021).

The PSW’s Distribution System Optimization Program (DSOP), introduced nationally in 2011, is
the culmination of more than a decade of research and planning focused on cultivating the
knowledge and resources necessary to develop a performance assessment and optimization
program for distribution system operations. The Distribution Program is primarily based on
WRF Project #4109, “Criteria for Optimized Distribution Systems”. The program’s objective is to
help water service providers deliver high quality water to all users, thus providing an additional
level of public health protection. There are three key system integrity categories that are
monitored as part of the Distribution System Optimization Program. These categories, along
with the optimization criteria by which they are quantitatively represented, include:

e Water quality integrity (disinfectant residual)
e Hydraulic integrity (pressure)

e Physical integrity (main break frequency). (AWWA, 2021).

As of December 2020, The PSW Treatment Plant Optimization Program’s subscriber base
consisted of 263 utilities with 496 water treatment plants, while approximately 132 utility
subscribers with 141 unique distribution systems participated in the DSOP. (AWWA, 2021)

SFPUC participates in both PSW Treatment Plant Optimization Program at SVWTP and HTWTP
and Distribution System Optimization Program.
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SVWTP. The excerpts below are from the Partnership for Safe Water Annual Report for the
SVWTP from June 2021 and June 2020, respectively. These excerpts summarize turbidity
performance and show that we are well under the regulatory limits for turbidity:

“The performance spreadsheets indicate that the goals of the Partnership were
achieved in the current year (June 1, 2020 through May 31, 2021). During this
period, the average and 95™ percentile combined filter effluent turbidities were
0.06 NTU and 0.09 NTU, respectively. By comparison, the average and 95t
percentile combined filter effluent turbidities in the previous year (June 1, 2019
through May 31, 2020) were 0.07 NTU and 0.08 NTU, respectively. The average
and 95™ percentile combined filter effluent turbidities in the previous year (June
1, 2018 through May 31, 2019) were 0.07 NTU and 0.10 NTU, respectively.”

HTWTP. Pursuant to the Annual Report Requirements of the Partnership for Safe Water
Program (PSW), SFPUC has completed the Performance Assessment and the narrative
summarizing completed and scheduled plant improvements and optimization activities. The
Performance Assessment summaries were prepared using the PSW’s data collection software
for the raw and filtered water turbidities and uploaded using the PSW Online Tool. In the past
year (June 1, 2020 through May 31, 2021) the Harry Tracy Water Treatment Plant (HTWTP)
performed within applicable regulations and did not receive a notice of violation.

“The performance spreadsheets indicate that the goals of the Partnership were
achieved in the current reporting year (June 1, 2020 through May 31, 2021).
During this period, the annual average and 95" percentile combined filter
effluent turbidities were 0.03 NTU and 0.05 NTU, respectively. By comparison,
the average and 95 percentile combined filter effluent turbidities in the
previous reporting year (June 1, 2019 through May 31, 2020) were 0.04 NTU and
0.06 NTU, respectively. This demonstrates that the filters performed well
continuously and consistently.”

“The performance spreadsheets indicate that the goals of the Partnership were
achieved in the current reporting year (June 1, 2019 through May 31, 2020).
During this period, the annual average and 95 percentile combined filter
effluent turbidities were 0.04 NTU and 0.06 NTU, respectively. By comparison,
the average and 95 percentile combined filter effluent turbidities in the
previous reporting year (June 1, 2018 through May 31, 2019) were 0.03 NTU and
0.04 NTU, respectively. This demonstrates that the filters performed well
continuously and consistently.”

August 2022 Page 1-18



Evaluation, Prioritization, and Recommendations for 1. Waterborne Pathogens
CECs in SFPUC Drinking Water: 2022 Final Report Monitoring Review 2016-2021

PSW Distribution System Optimization Program. SFPUC joined the PSW DSOP in March 2019.

“For the reporting 2019-20 Period ending May 2020, the SFPUC reported 5497 of
5498 (99.9%) disinfectant residual samples meeting Partnership goal (Total
chlorine > 0.5ppm), and all TTHM/HAA results within Partnership goals (TTHM <
80ug/L, HAAS < 60ug/L). For the reporting 2020-21 Period ending May 2021, the
SFPUC reported 5356 of 5458 (98.1%) disinfectant residual sample meeting
Partnership goal (Total chlorine > 0.5ppm), and all TTHM/HAA results within
Partnership goals (TTHM < 80ug/L, HAAS < 60ug/L).”

TCR and RTCR Monitoring

The purpose of the 1989 TCR is to protect public health by ensuring the integrity of the drinking
water distribution system and monitoring for the presence of microbial contamination. Total
coliforms are a group of related bacteria that are (with few exceptions) not harmful to humans.
EPA considers total coliforms a useful indicator of other pathogens for drinking water. Total
coliforms are used to determine the adequacy of water treatment and the integrity of the
distribution system. To comply with the monthly MCL for total coliforms (TC), PWSs must not
find coliforms in more than five percent of the samples they take each month to meet EPA’s
standards. The purpose of 2013 RTCR is to increase public health protection through the

reduction of potential pathways of entry for fecal contamination into distribution systems.

https://www.epa.gov/dwreginfo/revised-total-coliform-rule-and-total-coliform-rule (accessed
1/29/2022).

SFPUC monitors for RTCR in SFRWS and SFWS. Table 1-3 presents the summary of RTCR annual
monitoring for the years 2015 — 2021 to show the multi-year trend of monitoring results
(regulatory compliance of less than 5% TC positives is determined monthly). The very low
background level of Total Coliform positive samples remained at about 0.1% samples annually
for both SFRWS and SFWS. The two exceptions were year 2015 and 2020 in SFRWS, when %TC
positives were 0.92% and 0.49%, respectively. Explanation for these two above background
values in 2015 and 2020 in SFRWS is provided in Table 1-3. The values of indicator
microorganisms in the last 7 years presented in Table 1-3 show stable performance of the
drinking water system in terms of providing microbial protection of drinking water.
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Table 1-3. Summary of Total Coliform Rule Annual Monitoring for SFRWS and SFWS, 2015-2021.

Year No. TC Samples No. TC Positive % TC Positive Samples
Samples Calculated Annually (a)
San Francisco Regional Water System
2015 1850 17 0.92% (b)
2016 2028 2 0.10%
2017 2100 3 0.14%
2018 2077 1 0.05%
2019 2071 2 0.10%
2020 2023 10 0.49% (c)
2021 2009 1 0.05%
San Francisco Water System
2015 4000 5 0.13%
2016 3959 3 0.08%
2017 4036 2 0.05%
2018 4044 4 0.10%
2019 3936 1 0.03%
2020 3975 3 0.08%
2021 3918 2 0.05%

(a) Compliance is calculated monthly. Here to show a multi-year trend was calculated annually.

(b) Occasional spurious TC positives at SA#2 and SA#3 Baden due to flow direction changes (of no health concern)
resolved by moving sample points downstream, based on a study conducted by WQD in coordination with

SWRCB.

(c) Occasional TC positives in the summer of 2020 that resolved themselves.

In addition to programs discussed above:

e SFPUC implemented sanitary construction Best Management Practices in Dec 2015
focusing on controls at pipe storage yards, construction staging areas, and clean

installation practices.

e The SFPUC has an aggressive nitrification prevention program to prevent water

stagnation in large, oversized reservoirs and reduce water age and travel times within

the water conveyance network. This helps to sustain total chlorine residuals at the far

ends of the distribution system.
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e The changing water use patterns caused by business shutdowns due to COVID pandemic
in 2020-2021, has prompted SFPUC to take drastic operational changes within the
distribution system to keep water fresh.

August 2022 Page 1-21



Evaluation, Prioritization, and Recommendations for 1. Waterborne Pathogens
CECs in SFPUC Drinking Water: 2022 Final Report Technical Review 2016-2021

Water Quality Division, Technical Review 2016-2021
Contaminants of Emerging Concern (CEC) in Drinking Water

Emerging Microbial Waterborne Pathogens

Review of Regulatory Status, Health, Occurrence and Treatment Studies, and
Recommendations

It is widely recognized that microbiological risks are considered a top priority in drinking water
management and that the microbiological quality of drinking water should never be
compromised. (Health Canada, 2021).

Waterborne pathogens have several properties that distinguish them from other
drinking-water contaminants (WHO, 2017):

e Pathogens can cause acute and chronic health effects.
e Some pathogens can grow in the environment.
e Pathogens are discrete.

e Pathogens are often aggregated or adherent to suspended solids in water, and pathogen
concentrations vary in time, so that the likelihood of acquiring an infective dose cannot
be predicted from their average concentration in water.

e Exposure to a pathogen resulting in disease depends upon the dose, invasiveness and
virulence of the pathogen, as well as the immune status of the individual.

e [f infection is established, pathogens multiply in their host.

e Certain waterborne pathogens are also able to multiply in food, beverages or warm
water systems, perpetuating or even increasing the likelihood of infection.

e Unlike many chemical agents, pathogens do not exhibit a cumulative effect.

The basis for grouping is co-occurrence, ability to cause infection, and treatment. Although
microbials are a diverse group with individual occurrence, inactivation, and infection behavior,
they are all susceptible to disinfectants, albeit at different efficacies. Compliance with existing
microbial regulations should also control many unregulated microbials, such as regulations to
control turbidity, inactivate/remove bacteria, viruses, Giardia and Cryptosporidium, and
provide residual disinfectant and monitoring. There may be exceptions, however, where certain
microbial CEC are relatively resistant to disinfection. For example, adenoviruses are more stable
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than fecal indicator bacteria and other enteric viruses during UV treatment (Jiang, 2006).
Viruses are easily inactivated by chlorine whereas Cryptosporidium is resistant to chlorination.

Watershed protection, water treatment, and distribution system operations to prevent CEC
entry and maintain disinfectant residual provide critical public health protection and help
minimize occurrence of all members of this group.

Besides treatment-resistant microbes, ongoing concerns remain about other emerging and
reemerging microbial contaminants such as Naegleria fowleri, Legionella spp., norovirus, and
mimivirus in water supplies.

Significant advances in molecular methodology within the last decade have facilitated a better
understanding of the ecology, pathogenicity, genetic diversity, and biofilm/community behavior
of these organisms. Regulatory determination processes begin by including emerging
contaminants on the Contaminant Candidate List (CCL) every five years, followed by prioritizing
them in the Unregulated Contaminant Monitoring Rule (UCMR) to collect robust national
occurrence data. Research gaps include standardized detection, identification, and inactivation
methods through the treatment plant to the point of use, incorporation of molecular methods
in compliance monitoring, and determining public notification procedures for such
nontraditional contaminants. (Albert and Nayak, 2019)

Risk Communication. Utilities need to develop strategies to proactively communicate
microbial contamination risks related to drinking water supplies or systems. Such
communication should be based on scientifically sound information after hazard
identification and assessment has been conducted. Successful risk communication strategies
provide timely, clear, complete information regarding the types of microbial contaminants,
their health risks, and actions taken to reduce or remove them. (Albert and Nayak, 2019)

This review conducted as part of the SFPUC 6-year CEC update focused on the latest technical
literature published since last detailed review in 2016. Information published and posted for
consultation by the regulatory and advisory agencies was reviewed. Second, open access
sources were searched and reviewed: published by the American Water Works Association,
Water Research Foundation and International Water Association. Where possible, other open
access sources were reviewed as listed in the bibliography. The purpose is to support SFPUC
prioritization of work and recommendations for unregulated microbial CECs based on latest
information.
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GENERAL INFORMATION

Reviews by the Regulatory and Advisory Agencies

USEPA Draft Microbial CCL5. USEPA carried forward all microbes listed on the CCL 3 to the
Fourth Draft CCL (CCL 4). USEPA listed the 12 highest-ranked pathogens in the Draft CCL 5 (see
Table 1-4). A comparison to previous CCLs follows (Table 1-5). All the microbes nominated for
the CCL 5, except for Salmonella enterica, Aeromonas hydrophila, and Hepatitis A, were listed
on the Draft CCL 5. Salmonella enterica, Aeromonas hydrophila and Hepatitis A did not produce
sufficient composite scores to place them on the Draft CCL 5. Although Salmonella enterica and
Hepatitis A have numerous WBDOs, the route of exposure was not explicitly waterborne. Non-
tuberculous Mycobacterium (NTM) and Mycobacterium (species broadly found in drinking
water) were nominated for the CCL 5 and were not listed on the Draft CCL 5 as a group; instead,
they were listed as Mycobacterium avium and Mycobacterium abscessus, two species of NTM
that are found in drinking water. (USEPA, 2021)

Table 1-4. The Draft Microbial CCL 5 (USEPA, 2021)

Microbial Name Microbial Class
Adenovirus Virus
Caliciviruses Virus

Campylobacter jejuni Bacteria
Escherichia coli (0157) Bacteria
Enteroviruses Virus
Helicobacter pylori Bacteria
Legionella pneumophila Bacteria
Mycobacterium abcessus Bacteria
Mycobacterium avium Bacteria
Naegleria fowleri Protozoa
Pseudomonas aeruginosa Bacteria
Shigella sonnei Bacteria

The microbial universe was defined as any pathogen that causes human disease. The microbial
CCL 5 Universe was developed based upon previous CCL, CCL 3 and the CCL 4 Universes.
(USEPA, 2021)
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The 12 exclusion criteria were used to evaluate the five microbial groups (bacteria, viruses,
fungi, helminths, and protozoa) but each criterion did not necessarily apply to every group.
Some evaluation criteria would never be used to exclude microbes in a group because of
fundamental characteristics of the microbes in that group. For example, Criterion 5: Microflora
indigenous to the gastrointestinal tract, skin, and mucous membranes was not used to evaluate
viruses and helminths. (USEPA, 2021). As the pathogens are screened through the 12 criteria, a
pathogen needs to only meet one criterion to be excluded from moving on to the PCCL. Based
upon this screening exercise conducted on 1,435 pathogens in the microbial CCL universe 1,400
pathogens were excluded from consideration while 35 pathogens passed on to the PCCL. USEPA
used scoring protocols to rank pathogens on the PCCL to produce a Draft CCL. US EPA listed the
12 highest-ranked pathogens in the Draft CCL 5. Protocols used in this process are discussed in
USEPA (2021).

Table 1-5. The Final CCL3, CCL4 and Draft CCL 5 for Microbes (USEPA, 2021)

Microbe Final CCL 3 Final CCL4 Draft CCL5 (1)
Adenovirus X X X
Caliciviruses X X X

Campylobacter jejuni X X X
Enterovirus X X X
Escherichia coli (0157) X X X
Helicobacter pylori X X X
Legionella pneumophila X X X
Mycobacterium abcessus X
Mycobacterium avium X X X
Naegleria fowleri X X X
Pseudomonas aerugionosa X
Shigella sonnei X X X

(N) Hepatitis A and Salmonella enterica were listed on CCL 3 and CCL 4 but are not listed on CCL 5.

Health Canada Guidance for Waterborne Pathogens of Potential Human Health Concern.
Health Canada completed its review of waterborne pathogens of potential human health
concern and distributed for consultation. (Health Canada, 2020). The document focuses in
detail on the following pathogens: (1) Waterborne enteric pathogens — Campylobacter spp.,
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Enteric pathogenic Escherichia coli (E. coli) and Shigella spp., Helicobacter pylori, Salmonella
spp., Yersinia spp., and (2) Waterborne naturally-occurring pathogens — Aeromonas spp.,
Legionella spp., Mycobacterium spp., Pseudomonas spp., Naegleria fowleri, and Acanthamoeba
spp. Health Canada (2020) document contains detailed information about these microbial CECs.

World Health Organization. WHO (2017) has published first addendum to its 2017 Guidelines
for Drinking-Water Quality (GDWQ), which included updated discussion of microbial hazards
associated with drinking water and emerging issues. An excerpt from Chapter 7 Microbial
Aspects is appended to this review. The GDWQ, 4™ edition, incorporating the 2" addendum,
was to be published by mid-2021.

European Union Revised Drinking Water Directive. On 16 December 2020, the European
Parliament formally adopted the revised Drinking Water Directive. The Directive entered in
force on 12 January 2021, and Member States will have two years to transpose it into national
legislation. The Directive laid down the essential quality standards at EU level. A total of 48
microbiological, chemical and indicator parameters must be monitored and tested regularly. In
general, World Health Organization’s guidelines for drinking water and the opinion of the
Commission’s Scientific Advisory Committee are used as the scientific basis for the quality
standards in the drinking water. (EU, 2020a). The revised Drinking Water Directive (EU, 2020b)
will modernize the 20 year old Drinking Water Directive (98/83/EC)

ANNEX I, MINIMUM REQUIREMENTS FOR PARAMETRIC VALUES USED TO ASSESS THE
QUALITY OF WATER INTENDED FOR HUMAN CONSUMPTION (EU, 2020b):

e Part A Microbiological Parameters lists intestinal enterococci — parametric value set at
0/100 mL, and Escherichia coli (E. coli) — parametric value set at 0/100 mL,

e Part CIndicator parameters includes Clostridium perfringens including spores at 0/100
mL (this parameter shall be measured if the risk assessment indicates that it is
appropriate to do so), Colony count 220 C (No abnormal change), and Coliform bacteria
at 0/100 mL,

e Part D, Parameters relevant for the risk assessment of domestic distribution systems,
lists Legionella parametric value as < 1000 CFU/L. Actions could be considered even
when the value is below the parametric value, e.g. in cases of infections and outbreaks.
In such cases, the source of infection should be confirmed and the species of Legionella
should be identified. (EU, 2020b).
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Monitoring and Indicator Organisms

Indicator Organisms. Water and wastewater utilities have traditionally used indicator
organisms to serve as surrogate organisms to point out the presence of certain pathogens in
water and sanitation systems. However, some studies have shown that the measurements of
single indicator organisms do not correlate with pathogens. Mraz et al. (2021) assembled a
dataset containing 540 cases from studies that investigated relationships between pathogens
and indicators. After assessing the pathogen-indicator relationships, it was found that only 223
(41.3%) of them were correlated. Similarly, no single indicator organism correlated with the
pathogens studied in reclaimed water, suggesting that additional monitoring of pathogens is
fundamental to protect public health. (Mraz et al., 2021).

The indicator concept has its origin in the fecal-to-oral route of disease transmission common
for cholera, typhoid fever, salmonella, polio, hepatitis, rotavirus, Campylobacter etc., and most
indicators, particularly coliforms (E. coli), were seen as indicators of exposure to human feces.
Presently, our concerns have expanded to zoonotic protozoa like Giardia and Cryptosporidium
and opportunistic agents like Legionella, MAC; for all these old indicators are less relevant. (Dr.
Trussell, personal communication. NRC, 2004)

Why Pathogens Matter? It is important to consider pathogens and not only rely on
indicators when making decisions regarding water and sanitation. The calculated
probabilities of risk of infection are statistically significantly higher when using
treatment/persistence information for pathogens versus using persistence data for indicator
species. Considering only fecal indicator groups when assessing treatment efficiencies of
sanitation and drinking water treatment systems may provide a scenario with a falsely
reduced risk. Process indicators, treatment indicators, or indicators of mobility and fate,
used to assess treatment or disinfection efficacy, or surface and subsurface microbial
transport, should include representative organisms from the four key pathogen groups
when appropriate. (Mraz et al., 2021)

Pathogen presence and persistence are important to understand in the water and sanitation
sector in order to develop more realistic interventions to avert the risk of disease to the public
and sanitation workers. New tools and resources that consider pathogens are available to
support sanitation decision making through the WHO. Indicator species do not tell the whole
story for the safety of sanitation systems, which is why pathogens matter. (Mraz et al., 2021).

Microbial quality of water is usually monitored by measuring microorganisms using indicator
organisms such as Escherichia coli. However, over-reliance on indicator bacteria to determine
the sanitary and public health safety of treated drinking water has its own challenges, including
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the fact that other pathogens like enteroviruses and protozoa are more resistant to disinfection
than E. coli, such that a zero count of E. coli does not essentially indicate the absence of other
microorganisms.

Fungi. Heterotrophic plate count is the only indicator method for fungi as it is used to indicate
changes in microbial concentration that show entry or regrowth in treated drinking water. The
problem, however, is that there is no regulatory value with the heterotrophic plate count,
leading to a conclusion of compliance that is defined as a “no abnormal change”, which may
ultimately not indicate the presence or absence of fungi. The available methods may not be
reliable to detect and/or quantify all the waterborne pathogens including fungi that are also
known to resist disinfection. (Mhlongo et al., 2019).

The WHO has an international obligation of issuing guidelines, setting of recommendations, and
requirements for testing and monitoring of drinking water quality. A preventative approach
that only monitors the quality of treated drinking water, the Water Safety Plans was endorsed
by the WHO. The plan considers factors that may contribute to endangering the quality of
water from the source of water to the end user. While the WHO did not include fungi in the
routine battery of microbiological parameters used to determine the quality of treated drinking
water, it has labelled fungi as nuisance organisms because of taste and odor problems.
(Mhlongo et al., 2019)

Legionella Monitoring. A new culture method Legiolert was developed and is targeted
specifically for recovery and enumeration of Legionella pneumophila, the pathogen responsible
for >97% of Legionella pneumonia cases. Legiolert offers many advantages over traditional
culture method using buffered charcoal yeast extract (BCYE) agar methods: ease of use;
minimal equipment; lower initial cost to set up and lower cost per sample; faster time to
results; larger volumes analyzed (increased sensitivity); focus on L. pneumophila, which is the
significant species causing Legionnaires’ disease; and ability of more labs to do testing, for
example, water utility labs that have the Legiolert platform for coliform testing. (McCuin et al.,
2021)

Due to the application of culture independent methods, there has been increasing evidence
that viable but non culturable (VBNC) legionellae are present in water systems at
concentrations that are up to several logs higher than obtained by standard culture methods.
Nowadays, there are culture independent methods at hand that can in principle distinguish
between living and dead Legionella cells and that are ready to be used in routine laboratories.
However, further improvements are necessary for a more reliable and robust determination of
viability. (Kirschner, 2016).
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The VBNC state is either considered to be a long-term survival strategy of mostly gram-negative
bacteria with a specific program of differentiation, or the VBNC state is seen as an injured state
from which the cells may recover or possibly die. In this state, bacteria stop growing on
standard media but maintain certain characteristics of viable cells, such as metabolic activity,
membrane integrity and, most controversially discussed, virulence. (Dietersdorfer et al., 2018)

Culture-based standard techniques may underestimate number of active cells. Legionellae
are common inhabitants of engineered water systems, where they live mostly associated
with biofilms, and the survival of legionellae is closely linked to the presence of free-living
amoebae. Legionellae not only survive amoebal digestion but also use the nutritional
resources of the host to replicate within the host and persist in adverse environmental
conditions and/or in the presence of disinfectants. Nutrient depletion is the goal of many
treatment strategies to limit biofilm formation in drinking water systems (DWS). Thus, DWS
are likely to have oligotrophic biofilms that contain starved VBNC legionellae. Standard
surveillance of DWS and outbreak investigations are commonly performed using culture-
based standard techniques. In such cases, the VBNC legionellae undetected would be an
underestimation of the real number of active cells and the source of clinical cases of
legionellosis might remain unknown. (Dietersdorfer et al., 2018)

Although, in the present study, we observed that starved VBNC Legionella infected amoebae,
primary human macrophages and THP-1 macrophages, the legionellae did so with reduced
efficacy because of the reduced number of active cells and because the remaining active cells
were harmed in the starvation microcosms. However, it is known that passage through
amoebae enhances Legionella pathogenicity. Consequently, if environmental conditions
change, after several passages through amoebae a pathogenic population of Legionella that is
likely to colonize DWS may arise. (Dietersdorfer et al., 2018).

Microbial Source Tracking. Finding and eliminating source water contamination, especially
fecal contamination, is a top priority for utilities and regulators. Microbial source tracking (MST)
methods have proved useful in supporting regulatory determinations, such as total maximum
daily loads, for various water bodies. Although fecal indicator bacteria, such as fecal coliforms,
are commonly used to determine levels of fecal contamination in water, they can’t identify the
source(s) of contamination. MST has been applied to identify nonpoint sources of fecal
contamination. In addition, MST methods have been used to assess the risk from sources of
fecal contamination. For example, some MST methods also provide context as to whether the
contamination is of human or nonhuman origin. (Albert and Nayak, 2019).

Pathogen Risk Assessment for Potable Reuse. Communities around the world are looking for
sustainable water supply alternatives to address increasing water scarcity and stretched water
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resources. Advancements in water treatment technologies and research have significantly
increased opportunities for adopting potable reuse. Pathogen control for public health
protection is the primary consideration for all potable reuse projects. Some individual states
have set log reduction targets based on an annual risk assumption of 1 in 10,000. Quantitative
microbial risk assessments have shown that risks associated with potable reuse vary
considerably, and it is recommended to further assess site-specific risks such as pathogen
influent concentrations, treatment process trains, failure response time, and infectivity models
for risk characterization. (Albert and Nayak, 2019).

Antibiotic Resistance. The increased global emergence and dissemination of antibiotic-resistant
microorganisms is a growing public health threat and an economic burden. It is extremely
concerning that antibiotic-resistant bacteria (ARB) aren’t only isolated from nosocomial settings
such as hospitals and doctors’ offices but are known to have environmental reservoirs, mainly
in areas with anthropogenic influence. The role of such environmental reservoirs in the spread
of antibiotic resistance is poorly understood. (Albert and Nayak, 2019)

Antibiotics and other Agents in Potable Reuse. The presence of antibiotics and other agents
in domestic wastewater can provide a favorable environment for ARB and is therefore a
critical consideration for utilities planning to adopt potable reuse as a water supply option.
Pilot studies have demonstrated that the configuration of water reuse treatment processes
has a direct impact on reduction/inactivation of ARB and antibiotic resistance genes (ARGs).
Further research is needed to develop real-time or near-real-time monitoring tools to
determine the efficacy of reducing/removing ARB and ARGs during wastewater treatment.
(Albert and Nayak, 2019)

Clinically relevant antimicrobial resistant bacteria, genetic resistance elements, and antibiotic
residues (so-called AMR) from human and animal waste are abundantly present in
environmental samples. This presence could lead to human exposure to AMR. The potential risk
of infection by AMR bacteria through the consumption of drinking water gives rise to the
public’s questions and concern. This is especially a concern in areas in which water reuse
projects are being developed and implemented. (Wuijts et al., 2017).
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HEALTH

Bacteria

E. coli and Shiga Toxins. Shiga toxin (Stx), produced by some serotypes of E. coli belonging to
the enterohemorrhagic E. coli (EHEC) pathotype, is one of the most potent bacterial toxins
known. In the United States (USA) alone, it is estimated that Shiga toxin-producing E. coli (STEC)
causes more than 265,000 infections, 3,600 hospitalizations and 30 deaths annually. STEC is
mostly associated with foodborne illness but STEC has also been documented as the causative
agent of important waterborne outbreaks in Japan, in Fife, Scotland and in Canada. In the USA,
major outbreaks have been reported in Missouri, Wyoming and New York. (Crespo-Medina,
2020).

At present, six E. coli pathotypes collectively known as diarrhoeagenic E. coli are recognized as
clinically important. Verotoxigenic E. coli (VTEC), or Shiga toxin-producing E. coli (STEC), are
characterized by the production of verocytotoxins (Stx1, Stx2) similar to AB5-type Shiga toxins
which include enterohaemorrhagic E. coli (EHEC) strains. Following ingestion and (intestinal)
colonization, verotoxins may form attaching and effacing enteric lesions in the host manifesting
as gastrointestinal disease. Over 400 VTEC serotypes have been identified, a subset of which
have been linked to clinical cases. Globally, 0157 is the serotype most commonly associated
with human cases and outbreaks with additional serogroups (i.e., non-0157) increasingly
reported as pathogens of emerging clinical importance. VTEC enteritis comprises a wide range
of symptoms from mild uncomplicated infection in healthy adults to severe haemorrhagic
diarrhea and colitis among vulnerable sub-populations. Potential sequalae include haemolytic
uraemic syndrome, renal failure, and thrombotic thrombocytopenic purpura, all of which can
prove fatal in a minority (3-10%) of cases. VTEC transmission is often zoonotic, occurring via the
fecal-oral route, with cattle the most frequently reported animal reservoir, but also potentially
including other domesticated animals and wildlife. The organism is characterized by a relatively
small infectious (threshold) dose (ID 50 < 100 cells), with human infection in developed regions
typically associated with consumption of contaminated water or food. (Chique et al., 2021).

Legionella. In developed countries, legionellae are one of the most important water-based
bacterial pathogens. Legionellae are ubiquitously present at low concentrations in natural
aquatic ecosystems. Due to their sessile mode of life and their preference for temperatures
above 25 C, man-made engineered water systems often select for legionellae, if they are not
adequately managed. (Kirschner, 2016)

Known risk factors for Legionella disease (LD) include increasing age, being male, smoking,
chronic lung disease, diabetes, and various conditions associated with immunodeficiency. There
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are no reported cases of interhuman transmission and the environment may represent the only
source of infection. The incidence of the disease has been significantly increasing in recent
years. In the USA, a 192% increase in the national incidence of LD has been observed, rising
from 3.9 cases per million in 2000, to 11.5 cases per million in 2009. (De Filippis et al., 2017).

Although L. pneumophila is a ubiquitous environmental microorganism, the real risk to public
health is represented by its concentration. A high Legionella load in some microenvironments,
such as hot water distribution systems that produce aerosols, might pose a strong risk of
contracting the disease. In this study, about 14.4% of the examined samples showed a
concentration of Legionella >10,000 CFU/L. In agreement with Italian guidelines, such
contamination level, even in the absence of cases of disease, requires the immediate
implementation of appropriate disinfection measures. (De Filippis et al., 2017).

Legionellosis is a respiratory infection caused by bacteria in the Genus Legionella. Currently,
there are approximately 50 species of Legionella consisting of 70 serogroups, but Legionella
pneumophila serogroup 1 is responsible for about 95% of the Legionnaires’ disease cases in the
U.S. The severity of legionellosis (the disease caused by Legionella) varies from a mild fever
(called Pontiac fever) to a more serious pneumonia (called Legionnaires’ disease) that can affect
anyone, but principally affects those who are more susceptible due to age, illness,
immunosuppression, or other risk factors, such as smoking. (Masters et al., 2018). In general,
Legionella levels less than 1 cfu/mL are considered lower risk, and levels greater than 1 cfu/mL
could require some remedial action, with higher levels (>100 cfu/mL) leading to immediate
actions. These guidelines are intended to apply only to water systems being used by healthy
individuals and are not necessarily protective for people who are 32aters-compromised.
Guidelines with lower trigger values could be used when high risk populations are encountered
(e.g., hospitals, nursing homes, etc.). (Masters et al., 2018).

While L. anisa is rarely responsible for causing Legionnaires’ disease, its cohabitating species are
of particular concern, for example, L. pneumophila serogroups 1 and 6. L. pneumophila is an
intracellular pathogen, capable of transitioning through a multiphasic lifecycle. In the simplest
biphasic cycle, Legionella differentiates between an intracellular, replicative life phase and an
extracellular, transmissive life phase. (June and Dziewulski, 2018).

Mycobacteria. Mycobacterium avium complex (MAC). MAC is a subgroup of the
nontuberculous mycobacteria. Mycobacterium spp. Are commonly observed in healthcare-
setting water distribution systems. MAC consists of gram-positive bacteria, widespread in the
environment, and opportunistic pathogens. Transmission to humans, particularly to those who
are immunocompromised, may result in progressive lung disease or respiratory failure. (June
and Dziewulski, 2018).

August 2022 Page 1-32



Evaluation, Prioritization, and Recommendations for 1. Waterborne Pathogens
CECs in SFPUC Drinking Water: 2022 Final Report Technical Review 2016-2021

Elizabethkingia. Members of the genus Elizabethkingia are Gram-negative, non-motile, non-
fermenting, aerobic bacteria: Elizabethkingia meningoseptica, Elizabethkingia anophelis,
Elizabethkingia miricola, and Elizabethkingia endophytica. All species of the genus are
commonly found in the environment (soil, water, and plants). In particular, E. anophelis is
abundant in the midgut of the mosquito Anopheles gambiae. The microorganism may colonize
hospital environment, is highly persistent to decontamination measures, thus contaminating
medical solutions and devices. Recent studies have proposed that hospital water supply
systems possibly act as a reservoir, being responsible for long-term transmission of the
microorganism in the hospital environment. E. meningoseptica mainly causes healthcare-
associated infections in immunocompromised patients as well as neonatal meningitis and
sepsis. Infections caused by E. meningoseptica are often very severe, displaying high death
rates. The existing comorbidities and immunosuppression of these patients in combination with
the multidrug-resistant profile of the microorganism contribute to the fatal outcome of the
infection. E. anophelis has been widely known since the outbreak in Wisconsin, USA, that was
attributed to the microorganism, which accounted for 67 cases and 18 deaths from 01.11.2015
to0 11.01.2017. E. anophelis usually causes pneumonia and bacteremia with high rates of
mortality. The study denoted the presence of Chryseobacterium meningosepticum (presently E.
meningoseptica) in hemodialysis water and dialysate at a frequency of 14.9% in renal units in
Greece. (Kyritsi et al., 2018)

Protozoa

Pathogenic free-living amoebae (PFLA) including Acanthamoeba spp., Balamuthia mandrillaris
and Naegleria fowleri are known to produce rare but serious human and animal infections. For
example, pathogenic Acanthamoeba spp. Cause blinding keratitis often connected with
improper use of contact lenses as well as a fatal brain infection known as granulomatous
amoebic encephalitis (GAE) in patients with weaker immune systems. Out of the 20 different
genotypes (T1-T20), several have been implicated in human and animal infections, albeit T4
genotype is more frequently associated with infections. In contrast, N. fowleri produces primary
amoebic meningoencephalitis (PAM), typically affecting healthy children and young adults.
Comparable to pathogenic Acanthamoeba spp., Balamuthia mandrillaris is a causative agent of
GAE that is known to affect both immunocompromised and healthy people. Pathogenic
amoebae enter the body via skin lesions and/or the nasal cavity and disseminate via
haematogenous spread or travel along the neuroepithelial route to reach the central nervous
system to produce infection (Gabriel et al., 2019).

Naegleria fowleri. Naegleria fowleri, commonly known as the “brain-eating ameba” is a free-
living ameba found in warm freshwater and soil. N. fowleri infections typically occur from
swimming in polluted freshwater lakes or streams, however, several cases have been

August 2022 Page 1-33



Evaluation, Prioritization, and Recommendations for 1. Waterborne Pathogens
CECs in SFPUC Drinking Water: 2022 Final Report Technical Review 2016-2021

associated with inadequately disinfected tap water. Sources of tap water risk include rinsing the
sinuses through the nose or cleansing the nose through religious practices with contaminated
water. It is recommended that water be boiled (and cooled) before use in such practices
(Masters et al., 2018).

Acanthamoeba. One of the most common amoebae, Acanthamoeba is a microscopic, free-
living amoeba found naturally in dust and soil, fresh and salt-water sources, as well as building
plumbing, heating, air-conditioning, and humidifier systems. Although rare, infection of
Acanthamoeba can become severe, infecting the eye (Acanthamoeba keratitis), brain and spinal
cord (Granulomatous encephalitis) and can spread throughout the entire body (disseminated
infection). Acanthamoeba keratitis (AK) is an eye infection caused from poor hygiene practices
of contact lens wearers and can potentially lead to blindness caused by infection of the eye.
Contact lens wearers should never rinse the lens or cases with tap water. Acanthamoeba can
form dormant cyst which are highly resistant to disinfections and temperature. Additional
guidance is provided by the EPA (https://www.epa.gov/dwstandardsregulations/danger-using-
tap-water-contact-lenses) and the CDC
(https://www.cdc.gov/parasites/acanthamoeba/index.html). (Masters et al., 2018).

Fungi and Mycotoxins

Direct contact of contaminated water with damaged human tissue or inhalation of bioaerosols
can cause skin irritations and a variety of diseases. It has been reported that showering and sink
washing spreads fungi present in hospital water systems into the air as bioaerosols; they remain
in the air for a long time and cause opportunistic infections such as fusariosis. In recent years,
studies in hospitals have focused on Aspergillus fumigatus and its effect on patients with
suppressed immune system diseases, such as diabetes, cancer, and AIDS. It is known that
members of the genera Aspergillus, Penicillium, and Fusarium are important mycotoxin
producers. Aspergillus flavus, which is known to produce aflatoxins (B2 and G2), has been
isolated from a coldwater storage tank. Previous studies indicated that the production of
mycotoxin in water is low; the concentration of mycotoxin may increase because of long-term
storage of water in reservoirs. Small amounts of mycotoxins in the human body, a result of
long-term consumption of contaminated water, might lead to health problems. The production
and importance of mycotoxin in water environments are still poorly known. Fungi generally
produce slowly progressing chronic infections. Nonetheless, people with suppressed immune
systems might experience fatal, acute infections. In particular, the air we breathe contains
Aspergillus, Penicillium, Cladosporium, Alternaria, and Fusarium, which may cause aspergillosis,
allergic rhinitis, anaphylactic pneumonia, chronic bronchitis, and asthma. The frequency of
cases of these infections has been increasing. Fungi, which are predominantly present in the
soil and air, can adapt to live in man-made water systems. (Kadaifciler and Demirel, 2018).
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Waterborne filamentous fungi are known to act as pathogens or allergens that have adverse
impacts on human health, and mostly on immune-compromised patients. Fungal infections are
a challenge to cure as fungal cells are eukaryotic, just like human cells. Fungal infections were
quite low from the late 1950s and early 1960s, yet over the past two decades, fungal infections
have dramatically increased as they are easily diagnosed. Most of the fungi are dematiaceous
fungi responsible for causing a number of cutaneous and subcutaneous infections including
invasive and contagious infections. A significant proportion of waterborne illnesses related to
fungi are likely to go undetected by the communicable disease surveillance and reporting
systems. The possible health impacts caused by fungi in treated water are still not well
documented. Fungi have been implicated in a number of diseases causing allergies, respiratory
iliness, cutaneous infection and life-threatening meningitis. Alternaria sp., Cladosporium sp.,
Aspergillus sp., Penicillium sp. And Fusarium sp. Have been linked to allergies and respiratory
illness. Cryptococcus and Candida cause meningitis, with the Candida species responsible for
cutaneous infections. Taste and odour problems in water are caused by Aspergillus sp.,
Acremonium sp., Phialophora sp. And Penicillium sp. Fungi such as Rhizopus, Fusarium,
Alternaria, Aspergillus and Penicillium produce mycotoxins that are harmful to public health as
these mycotoxins are carcinogenic and have the ability to impair the immune system.
Mycotoxins of great concern for public health include aflatoxins, ochratoxins, trichothecenes,
zearalenone, fumonisins, tremorgenic toxins, and ergot alkaloids. The types of infections
caused by mycotoxigenic fungi depend on the type of mycotoxin, the concentration and length
of exposure; as well as age, health, and sex of the exposed individual. The absence of toxigenic
fungi in treated drinking water may not provide assurance that the water is free of mycotoxins,
as mycotoxins may persevere long after the fungi has died. Mycotoxins have serious and
chronic effects on humans and animals, as many of them are believed to be carcinogenic,
cytotoxic, mutagenic and may lead to immunosuppressive complexes. (Mhlongo et al., 2019)

Mycotoxins. Mycotoxins are fungal poisons that are produced as secondary metabolites by the
mycelial structure of filamentous fungi as well as spores. Not all fungi produce mycotoxins, as
most mycotoxin producing species are filamentous ascomycetes, basidiomycetes and
Deuteromycetes with Penicillium, Aspergillus and Fusarium being the most mycotoxin-
producing genera. These mycotoxins do not have any biochemical implications in fungal growth
and their development. Fungal growth and mycotoxin production are the consequence of an
interaction among the fungus, the host and the environment. The right combination of these
factors determines the amount of colonization of the substrate, the type and amount of
mycotoxin produced. The synthesis of any particular mycotoxin depends not only on the
species but also on the strain. Although the chemical structures of mycotoxins vary significantly,
they are generally low molecular mass organic compounds. Mycotoxigenic fungi have been
reported in treated drinking water. While mycotoxin concentrations can be low in water
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because of dilution, water retention in storage tanks, the long distances water travels in
distribution systems, depletion of chlorine residual and the resistance of some of the fungi to
disinfection can cause mycotoxin concentrations to increase to unsafe amounts in drinking
water. Parameters such as temperature and pH also encourage growth and persistence of fungi
in water. (Mhlongo et al., 2019).

Yeasts. Yeasts are eukaryotic microorganisms classified in the kingdom fungi and are divided
into two phylogenetic groups, i.e. ascomycetes and basidiomycetes. Yeasts commonly occur in
water, animals, plants, soil and insects. Interest was further fueled by the advent of human
immunodeficiency virus (HIV) co-infectious or opportunistic infections by some yeasts species
infecting immunocompromised individuals. Most of these patients that are compromised are
those in therapeutic technology including organ transplants and anticancer therapies or have
certain disease conditions such as malignancy and HIV. (Monapathi et al., 2000).

Most invasive yeast infections are frequently caused by pathogens from the genera Candida
and Cryptococcus. Candidiasis is one of the common opportunistic infections caused by Candida
species. C. albicans is the most prevalent causal species. The following non-Candida albicans
species also known to cause candidiasis include: C. glabrata, C. parapsilosis, C. tropicalis, C.
krusei and C. auris. Human cryptococcal infections are primarily caused by Cryptococcus
neformans and C. gattii. Cryptococcosis is one of the leading causes of mortality in adults living
with HIV in sub-Saharan Africa. Rare non-Candida and non-Cryptococcus species are also
associated with yeast infections. Trichosporon species (Trichosporon asabhii, T. faecale) cause
invasive trichosporonosis in patients with haematological malignancies and other medical
conditions associated with immunocompromised people. Opportunistic pathogenic
Rhodotorula species (R. mucillaginosa, R. glutinis and R. minuta) cause infections with high
mortality rates in haematologic patients particularly on central venous catheters. The following
uncommon clinical yeast species have also been reported as opportunistic pathogens:
Clavispora 36aters36es, Cyberlindnera fabianii, Debaryomyces hansenii, Kluyveromyces
marxianus, Meyerozyma guilliermondii, Pichia kudriavzevii, Saccharomyces cerevisiae,
Torulaspora delbruecki and Yarrowia lipolytica. The abovementioned pathogenic yeast species
have been isolated from freshwater water environments. (Monapathi et al., 2000).
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OCCURRENCE

Opportunistic pathogens reported in premise plumbing (OPPP) include Legionella pneumophila,
MAC, and other bacteria, e.g. Pseudomonas aeruginosa, and Aeromonas hydrophila, and
amoebae, e.g. Naegleria fowleri, Acanthamoeba spp., but could also include pathogenic fungi,
and virulence and antimicrobial genes in biofilms. (LeChevallier et al., 2016).

Legionella is the Leading Waterborne Outbreak Agent. The CDC acknowledges higher
waterborne disease occurrence from plumbing components including pipes, water heaters,
shower heads and fixtures than from pathogens passing through a water treatment plant
into the drinking water distribution system (Masters et al., 2018). Among the various OPPPs
(e.g., Legionella, Mycobacterium, Pseudomonas, Aeromonas, free living amoebae etc.),
Legionella is responsible for the majority of OPPP outbreaks and all waterborne outbreaks.

Waterborne disease and outbreaks associated with drinking water continue to occur in the
United States. CDC collects data on waterborne disease outbreaks submitted from all states and
territories through the National Outbreak Reporting System. (CDC, Benedict et al., 2017)

A 12-year study of waterborne outbreaks in the US, 1991 to 2002, found that the specific
causes of several of the outbreaks were due to unregulated CECs, including: 12 norovirus
outbreaks, 11 E. coli 0157:H7 outbreaks, 9 Shigella outbreaks, 7 Campylobacter jejuni
outbreaks, 6 Legionella outbreaks, and 3 Salmonella (non-Typhoid) outbreaks (Craun, 2006).

During 2007-2008, there were 36 drinking water-associated outbreaks in the US, causing 4,128
illnesses and 3 deaths (CDC, Brunkard et al., 2011). Twenty-six of these outbreaks
(approximately 70%) were attributed to pathogens listed on the CCL3 and CCL4. In 2008, an
estimated 1,300 cases of illness were related to a single Salmonella (non-Typhoid) outbreak in
Colorado resulting from a WDS deficiency in an untreated groundwater system. In 2007-2008,
60% of waterborne outbreaks were associated with a source water protection, WTP or WDS
deficiency and 44% were associated with PWS (CDC, Brunkard, 2011).
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Surveillance for Waterborne Disease Outbreaks Associated with Drinking Water, United
States, 2013-2014.

During 2013-2014, a total of 42 drinking water—associated outbreaks were reported to CDC,
resulting in at least 1,006 cases of illness, 124 hospitalizations, and 13 deaths. Legionella was
responsible for 57% of outbreaks and 13% of illnesses, and chemicals/toxins and parasites
together accounted for 29% of outbreaks and 79% of illnesses. Eight outbreaks caused by
parasites resulted in 289 (29%) cases, among which 279 (97%) were caused by
Cryptosporidium and 10 (3%) were caused by Giardia duodenalis. Chemicals or toxins were
implicated in four outbreaks involving 499 cases, with 13 hospitalizations, including the first
outbreaks associated with algal toxins. Outbreak surveillance data likely underestimate
actual occurrence of outbreaks and should not be used to estimate the actual number of
outbreaks or cases of waterborne disease. (CDC, Benedict et al., 2017)

Continued public health surveillance is necessary to detect waterborne disease and monitor
health trends associated with drinking water exposure. When drinking water is contaminated
by infectious pathogens, chemicals, or toxins, public health agencies need to provide rapid
detection, identification of the cause, and response to prevent and control waterborne illness
and outbreaks. Effective water management programs in buildings at increased risk for
Legionella growth and transmission can reduce the risk for disease from drinking water
pathogens. (CDC, Benedict et al., 2017)

Viruses

The most important waterborne enteric viruses belong to the families Caliciviridae (Norovirus),
Picornaviridae (Enterovirus and Hepatitis A virus) and Adenoviridae (Adenovirus). These viruses
are often excreted at high titres in the feces (and occasionally, at lower concentrations, in
urine) of infected humans. They have also been detected from virtually all types of water:
wastewater, seawater, fresh waters, groundwater and drinking water and have been associated
with drinking and recreational water outbreaks (LaRosa et al., 2020).

Conversely, enveloped viruses, are structurally dissimilar to the enteric (non-enveloped) viruses
and are believed to behave differently in water environments. This group of viruses includes
families such as Orthomyxoviridae (es. Influenza viruses), Paramyxoviridae (measles virus,
mumps virus, respiratory syncytial virus, etc.), Herpesviridae, Coronaviridae and several other
viruses. Among the enveloped viruses, coronaviruses (CoV) (order Nidovirales, family
Coronaviridae, subfamily Coronavirinae) are single-stranded RNA viruses. (LaRosa et al., 2020)

Occurrence of Viruses. Since human enteric viruses are present generally at relatively low
concentrations in environmental water samples, it is essential to sample by concentrating the
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viruses into smaller sample volumes to enhance the usefulness of detection assays. The
development and application of methods for concentrating viruses have contributed
significantly to the detection of diverse viruses using culture- or molecular-based assays. One of
the major findings of recent investigations based on gPCR is seasonal profiles of viral
concentration in water environments.

For instance, it was found that human caliciviruses, i.e., noroviruses (NoVs) and sapoviruses
(SaVs) typically exhibit a relatively clear seasonal trend; specifically, their concentrations tend
to be higher in colder months, which is an epidemic period for those viruses in many countries
located in temperate regions. As opposed to human caliciviruses, other human enteric viruses,
such as adenovirus AdVs, enterovirus Evs, and Aichi virus 1 (AiV-1), have been reported to
exhibit relatively constant concentration in sewage over a year without showing a clear
seasonal trend. NoVs are a major cause of waterborne gastroenteritis outbreaks and are
abundant in environmental settings, such as river water, seawater, and shellfish waters. SaVs
are also a cause of acute gastroenteritis in humans and cases are becoming more prevalent
worldwide. AiV-1 has been proposed as a causative agent of gastroenteritis in humans,
potentially transmitted by fecal-oral routes through contaminated food or water. In addition to
these well-known human enteric viruses, several types of recently recognized human viruses,
bocaviruses, cardioviruses, circoviruses, cosaviruses, picobirnaviruses, and salivirus also have
been identified from environmental water samples. This suggests that these emerging viruses,
which are suspected to be associated with human diseases, could potentially be transmitted
through water. Circulation of viruses between contaminated environmental water and human
populations is a key issue. On one hand, water can be contaminated by humans, and on the
other hand, water can be a route of infection to humans. Wastewater contains viruses shed
from all populations, regardless of their health status; therefore, monitoring viruses in
wastewater and environmental water bodies that receive effluents from WWTPs could be an
appropriate approach for determining the actual prevalence and molecular epidemiology of
gastroenteritis viruses in a given geographical region rather than clinical studies. (Haramoto et
al., 2018).

The episodic prevalence of viral nucleic acid across the majority of public water sources, all
major water supply aquifers, and a range of typical microbial risk settings in both urban and
rural areas, indicate potentially widespread seasonal viral risks in groundwater used for drinking
in the United Kingdom. The public water sources that were sampled all have suitable treatment
measures in place for the provision of safe drinking water before supply. However, there are
likely to be other sites, notably private water sources, where water treatment is insufficient and
public health risks from viruses may be present. To manage potential groundwater virus
contamination via water safety plan (WSP) risk assessments, larger scale studies are required to
further understand key risk factors within catchments, for example viral sources and relative
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loading, subsurface transport, viral persistence, and viral viability. Sampling for viruses should
be focused during periods of groundwater recharge, when they are most likely to occur, if
investigating viral risks at a source. The lack of co-occurrence amongst viral targets suggests a
widespread suite of viruses would be more suitable than investigating a single indicator target,
such as adenoviruses, in untreated groundwater. Bacterial indicator organisms do have value to
assess whether a viral risk is present: a source with an absence of indicators in regularly
collected historical data is unlikely to be at risk of virus contamination. (Sorensen et al., 2021)

Survival of Viruses. The survival rate of viruses in environmental waters is affected by various
conditions, as temperature and pH. Many viruses are stable and can survive for long periods in
groundwater or drinking water, as hepatitis A virus, for which 99% inactivation takes about 56
days. For adenovirus type 41 it is up to 304 days at 4 C in water. In addition, some viruses, like
adenovirus, are resistant to UV disinfection, which is commonly used in drinking water
treatment plants (Wang et al., 2020).

Coronaviruses (CoVs). Prior to COVID-19, interest in this topic was very low owing to the
common belief that enveloped viruses cannot survive for extended periods in water. However,
the assumption that SARS-CoV-2 is not involved in environmental circulation cannot be
accepted without better knowledge, as highlighted by the detection of SARS-CoV-2 RNA in
wastewater by six different global research groups. The family of Coronaviridae includes strains
that infect humans with a wide range of clinical symptoms, from those associated with the
common cold to potentially lethal respiratory syndromes. Other Coronaviridae strains infect
birds and mammals. Although the main route of transmission of these viruses is via droplets
and close contacts, the possible environmental spread via water, bioaerosols, and food should
not be neglected. In fact, the fecal elimination of coronavirus is well-known and has been
confirmed for SARS-CoV and SARS-CoV-2. The potential fecal-oral transmission was recently
highlighted. (La Rosa et al., 2020) Moreover, possible transmission through bioaerosols from
toilet flushing was demonstrated in Hong Kong for the SARS epidemic cluster. Although these
studies are fragmentary and not directly comparable, they indicate that human coronavirus and
surrogates are less resistant than non-enveloped viruses in water environments, that their
survival is generally reduced in waters with organic and microbial pollution, and that viral
inactivation increases with increasing temperatures. Recent studies confirm the lack of
standardized concentration methods for enveloped viruses and the need to use the same
method in order to be able to compare results from different studies. (Carducci et al., 2020).

CoVs are a large family of viruses causing a spectrum of disease ranging from the common cold
to more severe diseases as Middle East Respiratory Syndrome (MERS-CoV) and Severe Acute
Respiratory Syndrome (SARS-CoV). The recent outbreak of coronavirus disease 2019 (COVID-19)
has become a public health emergency worldwide. SARS-CoV-2, the virus responsible for
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COVID-19, is spread by human-to-human transmission via droplets or direct contact. However,
SARS-CoV-2 (as well as other coronaviruses) have been found in the fecal samples. (LaRosa et
al., 2020)

As predicted by many experts, the COVID-19 will last irregularly or seasonally for a long period,
and SARS-CoV-2 is very likely to coexist with human beings. Therefore, establishing the
immunological barrier to SARS-CoV-2 is essential. At present, all countries around the world are
actively developing vaccines against COVID-19 for herd immunity, the threshold of which can be
achieved only with a high vaccination rate of 60-70% of the population. Some experts have
alleged that herd immunity to COVID-19 is probably impossible. Accordingly, before herd
immunity can be achieved, SARS-CoV-2 surveillance in water environments is significant in
preventing the wide outbreak of the COVID-19 pandemic. (Meng et al., 2021)

Coronaviruses in Water Environments. The data available suggest that:

e CoV seems to have a low stability in the environment and is very sensitive to oxidants,
like chlorine;

e CoV appears to be inactivated significantly faster in water than non-enveloped human
enteric viruses with known waterborne transmission;

e Temperature is an important factor influencing viral survival (the titer of infectious virus
declines more rapidly at 23-25 C than at 4 C);

e There is no current evidence that human coronaviruses are present in surface or ground
waters or are transmitted through contaminated drinking-water;

e Further research is needed to adapt to enveloped viruses the methods commonly used
for sampling and concentration of enteric, non-enveloped viruses from water
environments. (LaRosa et al., 2020).

It has been found that most fecally transmitted viruses are highly persistent in the aquatic
environment. SARS-CoV is an enveloped virus and more likely to be inactivated than non-
enveloped viruses. However, enveloped viruses have similar persistent rates compared to those
of nonenveloped ones in dark water environments as determined by viral decay constants.
Additionally, the persistence of SARSCoV-2 RNA is significantly longer than that of other closely
related coronaviruses. For example, SARS-CoV-2 RNA is present in wastewater for 7 days,
longer than human coronavirus (HcoV) 229E (~2 days). The long persistence of SARS-CoV-2 in
water leads to the non-neglectable significance of its potential transmission in water
environments. Researchers have found that the time that SARS-CoV-2 persists is different in
wastewater (>7 days) and groundwater (>10 weeks). Additionally, enveloped SARS-CoV-2
possibly has stronger mobility in the underground aquifer systems and viral adsorption on soil is
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crucially affected by pH, ion strength, and soil properties, posing challenges in virus detection
and control. (Meng et al., 2021)

Bacteria

E. Coli and Shiga Toxins. The aim of this study was to investigate the occurrence of Shiga toxin-
encoding genes (STX1 and STX2) from total coliform (TC) and E. coli positive samples from small
community water systems in Puerto Rico. After aliquots for TC and E. coli analyses were
removed, the remnant volume of the samples was enriched, following a protocol developed for
this study. Fifty-two per cent of the samples tested by multiplex PCR were positive for the
presence of the STX genes; this percentage was higher in raw water samples. The STX2 gene
was more abundant. Testing larger volumes of the samples increase the sensitivity of the assay,
providing an alternative protocol for the detection of STEC that might be missed by the TC
assay. This study confirmed the presence of STX encoding genes in source and distributed water
for all systems sampled and suggested STEC as a potential health risk in small systems. (Crespo-
Medina, 2020)

E. coli Groundwater Transmission. However, over the past decade, a newfound emphasis has
been placed on the importance of groundwater as a transmission pathway for waterborne
enteric infection. VTEC strains have been reported in groundwater supplies and linked with
multiple groundwater-related outbreaks. For example, the Walkerton (Ontario, Canada)
multietiological outbreak was positively associated with a contaminated municipal groundwater
supply, causing 2300 acute clinical cases and 7 deaths, with E. coli 0157:H7 identified as one of
two pathogens responsible. (Chique et al., 2021). Overall, a VTEC to “generic” E. coli sample
detection ratio of 15/152 (9.9%) was derived from reviewed investigations, providing a baseline
for VTEC in E. coli contaminated groundwater sources. (Chique et al., 2021).

Legionella species. Water is the natural reservoir for Legionellae, and the bacteria are found
worldwide in many different natural and manmade aquatic environments, such as cooling
towers; water systems in hotels, homes, ships, and factories; respiratory therapy equipment;
fountains; misting devices; and spa pools. The greatest concern is where water is aerosolized
into small droplets; for example, with showers, humidifiers, fountains, etc. Since 2000,
legionellosis has been on the rise, and approximately 5,000 cases of Legionella are reported
each year in the United States, however, the exact incidence of disease is difficult to determine
since the symptoms can be similar to the common cold. Normal, healthy people are at low risk
for contracting legionellosis, but the probability of infection increases in the elderly, particularly
for men. An infection is also typically associated with some other underlying factor (Masters et
al., 2018).
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Surveillance for Waterborne Disease Outbreaks Associated with Drinking Water, United
States, 2013-2014

The most commonly reported outbreak etiology was Legionella (57%), making acute
respiratory illness the most common predominant illness type reported in outbreaks in
2013-2014. Legionella continues to be the most frequently reported etiology among drinking
water—associated outbreaks. All of the outbreak-associated deaths reported during this
surveillance period as well as all of the outbreaks reported in hospital/health care settings or
long-term care facilities, were caused by Legionella. A review of 27 Legionnaires’ disease
outbreak investigations in which CDC participated during 2000—2014 identified at least one
water system maintenance deficiency in all 23 investigations for which this information was
available, indicating that effective water management programs in buildings at increased
risk for Legionella growth and transmission (e.g., those with more than 10 stories or that
house susceptible populations) can reduce the risk for Legionnaires’ disease. Although
Legionella was detected in drinking water, multiple routes of transmission beyond ingestion
of contaminated water more likely contributed to these outbreaks, such as aerosolization
from domestic or environmental sources. (CDC, Benedict et al., 2017)

The transmission of Legionella takes place by inhalation of contaminated aerosols which can be
produced by air conditioning systems, cooling towers, whirlpools, spas, ice machines, dental
devices, shower heads, hotel fountains. (De Filippis et al., 2017). The bacteria were found in
one-third of the facilities and in one-fourth of the samples analyzed, again clearly indicating the
limited efficacy in controlling Legionella colonization in recreational facilities.

A total of 679 samples were analyzed: 53 from the source water, 50 from the plant effluent,
and 576 from the distribution system. L. pneumophila was detected in three of five source
water samples only at utility 7 and was not detected in untreated samples at any of the other
utilities. One of three positive source water samples contained both serotype 1 and serotype 2-
14, while the other two positive source water samples contained only serotype 2-14 strains of
L. pneumophila. L. pneumophila serogroup 1 is the strain most commonly associated with
waterborne disease outbreaks in the United States. The low frequency of detection is not
surprising as the average source water temperatures ranged from 2 to 24 C, which is below the
optimal growth threshold for L. pneumophila. Source water total coliform and heterotrophic
plate count (HPC) levels showed good source water quality, with levels well below the criteria
for source water used as a potable water supply (LeChevallier, 2019). L. pneumophila was not
detected in any of the treated plant effluent samples, in part because average free chlorine
residuals ranged between 0.8 and 1.7 mg/L and total chlorine residuals ranged between 1.8 and
4.1 mg/L for the five utilities that practiced chloramination. In addition, all total coliform
samples were negative, and HPC levels were typically nondetectable. (LeChevallier, 2019)
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A follow-up monitoring was conducted in a second round of testing during the summer and
early fall months when water temperatures averaged 23 C (averages ranged from 14 to 29 C). A
total of 669 samples were analyzed during the study: 50 source water samples, 46 from the
plant effluent, and 573 from the distribution system. L. pneumophila was detected in two
source water samples and not detected in any of the treated plant effluent samples. L.
pneumophila was detected in 14 distribution system samples, 13 from free chlorinated systems
and one from a chloraminated system. All occurrences of L. pneumophila were observed when
water temperatures were >18 C. (LeChevallier, 2019b)

Control of Legionella. Generally, maintenance of a chlorine residual in potable water
systems is effective for controlling Legionella spp., but there are many situations where the
bacteria can be shielded from the disinfectant (as in a biofilm or amoebae cyst), and
therefore, complete eradication of the organism is difficult. (LeChevallier, 2019)

Concentrations of L. pneumophila were <10 MPN/100 mL except when chlorine residuals
were less than 0.1 mg/L. Based on the results of this study, it is recommended that water
utilities maintain at least a 0.1 mg/L chlorine residual, particularly when water temperatures
are >18 C. (LeChevallier, 2019b)

Legionella grows inside amoebae that normally grow in biofilms on the inside of pipes.
Legionella growth occurs when the water temperatures range from 20 to 45 C (68 to 113 F).
(LeChevallier, 2020)

Increased Risk of Legionellosis. According to CDC, cooling towers and plumbing within large
buildings (such as hospitals or hotels) are the most likely sources for infection, but other
sources include hot tubs, industrial equipment, and decorative fountains. Risk of illness from
Legionella predominantly occurs when their concentration is high (>50,000/L). (LeChevallier,
2020)

Mycobacteria. Mycobacterium avium is ubiquitous in the environment and has been found in
soil, house dust, water (wastewater, surface and groundwater water, and drinking water),
animals, and poultry. M. avium grows slowly, but is resistant to disinfectants, and can withstand
exposure to temperatures of 500C (1250F) for 60 minutes. M. avium can survive chlorine
concentrations 500-times higher than Escherichia coli. People at greater risk are older men with
reduced lung function due to smoking or occupational dust exposure; tall, slender older
women; and AIDS patients. (Masters et al., 2018)

August 2022 Page 1-44



Evaluation, Prioritization, and Recommendations for 1. Waterborne Pathogens
CECs in SFPUC Drinking Water: 2022 Final Report Technical Review 2016-2021

Control of MAC. Raising hot water heaters to 550C (1300F), installing filters with poresize
less than 0.2 micrometers and periodically draining and refilling hot water heaters are good
practices to minimize M. avium risk. (Masters et al., 2018)

Other strains of Mycobacteria collectively called “non-tuberculous Mycobacteria” (NTM) are
pervasive environmental organisms found in lakes, soil, milk, and wild animals. Estimates based
on hospital admissions show that the prevalence of NTM infections are increasing at a rate of
between 8% and 10% annually with approximately 30,000 cases in the United States alone. The
majority of Mycobacterium spp. Infections in the United States are caused by M. avium.
(Masters et al., 2018)

Pseudomonas aeruginosa. Pseudomonas aeruginosa is found in water and soils and can be
regularly found on the surfaces of plants and some animals. The bacterium almost never infects
an uncompromised person, but is most commonly associated with patients with severe burns,
cystic fibrosis, cancer and AIDS patients who are immunosuppressed. When grown on surfaces,
such as pipes, the biofilms provide increased protection and survival. (Masters et al., 2018)

Control of P. aeruginosa. P. aeruginosa can be controlled by a variety of disinfectants but
may require temperatures greater than 500C (1250F) for effective control. Therefore,
special care should be taken to reduce biofilm development through minimizing dead ends
forming stagnant water, flexible hoses, and poor temperature control. (Masters et al., 2018)

There are no drinking water standards for Pseudomonas aeruginosa but France has
recommended levels be less than 1 CFU/100 mL for water used in health care facilities.
Similarly, in the United Kingdom P. aeruginosa is expected to remain undetected in premise
plumbing water from health care facilities. (Masters et al., 2018)

Staphylococcus aureus. Staphylococcus aureus is widely recognized as the major leading
community based bacterial agent in the world. It is worth highlighting its importance as a
human pathogen, due to its ability to cause infections as well as its capacity to adapt to diverse
environmental conditions and multiple antimicrobial resistance. Also, S. aureus forms biofilms,
which enhances its persistence in water systems and its resistance to antibiotics and
disinfectants (Santos et al., 2020)

This study evaluated the water quality of drinking water fountains and mist makers in four
municipal parks of Sao Paulo for 13 months. Although all samples met bacteriological water
quality criteria according to Brazilian regulations, the absence of residual chlorine (<0.1 mg/L)
was observed. These data were significantly correlated with the frequency of S. aureus that was

August 2022 Page 1-45



Evaluation, Prioritization, and Recommendations for 1. Waterborne Pathogens
CECs in SFPUC Drinking Water: 2022 Final Report Technical Review 2016-2021

found in 25.2% of the samples. The mecA gene was detected in 36.7% of the isolates
demonstrating its potential for resistance to several antimicrobials. Furthermore, 27.3% isolates
carrying the mecA gene had methicillin-resistant Staphylococcus aureus (MRSA) phenotypic
potential. (Santos et al., 2020)

Staphylococcus aureus Surveillance. The presence of S. aureus with characteristics of
microbial resistance in water for human consumption is an unprecedented finding. Hence,
conducting surveillance for opportunistic bacteria, such as staphylococci in drinking water, is
reasonable to take control measures and to protect human health, especially in public places
with high attendance. (Santos et al., 2020)

Aeromonas. Most human diseases reported for the genus Aeromonas are associated with A.
hydrophila, A. veronii and A. caviae. Aeromonas occur naturally in a wide variety of
environments including fresh and salt water, treated and raw sewage water, plumbing systems,
fish, shellfish, domestic animals, raw meat and vegetables. Infections associated with typically
include people with immunocompromised or other underlying illnesses, young children, and
the elderly. Aeromonas can be controlled through maintenance of an effective disinfectant
residual and can be inactivated at temperatures greater than 500C (1250F). (Masters et al.,
2018).

Waddlia chondrophila. Waddlia chondrophila is an obligate intracellular bacterium belonging
to its own family, Waddliaceae, and to the order Chlamydiales. From its first detection in bovine
fetal tissues to date, evidence regarding its involvement as an agent of human miscarriages, is
likely implicated as an agent of lower respiratory tract infection (bronchiolitis, bronchitis,
pneumonia) since Waddlia chondrophila DNA was identified in respiratory tract samples from
children with pneumonia (Augusti et al., 2018).

Previous survey carried out in Spain was able to detect W. chondrophila in well water but not in
domestic drinking water. Now, this work demonstrates, in a different geographic area (France),
that hot water systems from nondomestic networks can be colonized by this pathogen. It is well
known that these types of systems, with low levels or absence of disinfectant, can easily
support the proliferation of FLA and their endosymbionts (i.e. Legionellae). The data from this
work demonstrate that W. chondrophila can colonize hot water systems from non-domestic
networks with higher prevalence than Legionellae. Similar to other members of the
Chlamydiales order, W. chondrophila may use FLA for its proliferation and it is not surprising to
find it in artificial water systems, such as hot water networks. In these systems, the low levels of
residual chlorine, water recirculation, and the existence of dead ends can promote FLA growth
and that of their endosymbionts. (Augusti et al., 2018).
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Elizabethkingia. A total of 457 tap water samples from 11 hospitals of Northern and Central
Greece were analyzed at the Laboratory of Hygiene and Epidemiology of the University of
Thessaly, Greece. All samples were collected without disinfecting the tap before sample
collection. Only three out of 243 isolates were identified as Elizabethkingia spp. This
corresponds to three samples out of 457, collected from two hospitals out of eleven. The first
isolate was classified as E. meningoseptica, the second, originating from the same hospital was
identified as E. miricola, while the third strain was also identified as E. meningoseptica. The
concentrations of the microorganism in the water samples were 2 cfu/100 mL, 16 cfu/100 mL,
and 5,120 cfu/100 mL, respectively. Given the severity of the infection in hospitalized patients,
the multidrug-resistant profile, the persistence of the microorganism in the environment, and
the unknown way of transmission and pathogenesis, E. anophelis may be a cause of nosocomial
infection in Greece. In that respect, infectious diseases specialists should actively search for the
pathogen both in clinical and environmental samples. (Kyritsi et al., 2018)

Protozoa

Among all examined water bodies in northwestern Poland, Toxoplasma gondii parasitic
protozoan DNA was detected in 19.4% (7/36) of them: four lakes, two rivers and one pond. Two
cases of double contamination were reported: T. gondii with Cryptosporidium parvum and
T.gondii with potentially pathogenic Acanthamoeba T4 genotype. (Adamska, 2018).

The occurrence of free-living amoebae (FLA) in Peninsular Malaysia was evaluated by Gabriel et
al. (2019). Of 250 samples, 142 (56.8%) samples were positive for presence of amoebae.
Recreational water showed higher prevalence of amoebae than tap water. PCR for the plating
assays revealed the presence of Acanthamoeba in 91 (64%) samples and Naegleria in 99 (70%)
of samples analyzed. All samples tested were negative for B. mandrillaris. In contrast, the
centrifugation method was less effective in detecting amoebae as only one sample revealed the
presence of Acanthamoeba and 52 (29%) samples were positive for Naegleria. PCR assays were
specific and sensitive, detecting as few as 10 cells. These findings show the vast distribution and
presence of FLA in all 11 states of Peninsular Malaysia. (Gabriel et al., 2019).

Blastocystis is an intestinal, anaerobic protozoan parasite, which can be isolated from humans,
animals, and the environment. The presence of Blastocystis sp. Cysts in the water samples
indicates the possibility of fecal contamination of the water resources by humans or animals. It
was proposed that Blastocystis sp. Not only remains alive in water with temperatures of 4 and
25 oC, but also it seems that it may resist conventional chlorine treatment. Several confirmed
and most probable waterborne outbreaks due to Blastocystis sp. Have been reported from
Nepal, Italy, China, and Morocco. There are reports demonstrating transmission of Blastocystis
sp. From drinking water to humans. (Nemati et al., 2021)
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Fungi

Bacteria and Fungi Interaction. Bacteria and fungi exist and interact in many environments as
they often share a common substrate. Fungal interactions with bacteria range from disorderly
polymicrobial assemblies to closely related symbiotic associations of fungal hyphae and
bacterial cells. Bacteria are responsible for the initial construction of biofilms while fungi
colonize pre-established bacterial biofilms, which is a form of commensalism, as one benefits
while the other is unaffected, due to different ecological requirements of the two organisms.
Fungi and bacteria are believed to positively use their competitive interactions during fungal
decomposition of organic matter. Fungi produce most enzymes because they have higher
biomass and bacteria benefit from the enzymatic capacity of fungi, in particular when it comes
to enzymes involved in degrading plant polymers. However, some fungal species tend to
suppress bacterial growth through production of antibacterial substances, for example,
penicillin from the fungus Penicillium notatum. Understanding the interactions between
bacteria and fungi in water will give an insight as to whether the presence of certain bacterial
species in water can be used as an indicator of its fungal content. To date, no conclusive
correlation has been found between indicator organisms such as E. coli and other coliforms to
fungi in treated drinking water systems. This is because fungi can resist disinfection while
coliform bacteria would be eradicated. This lack of correlation between coliforms and fungi
presence in drinking water distribution systems may mean that there is a possibility for
bacteriologically safe water to contain some pathogenic fungi. More indicators of process
efficiency are required rather than the reliance on the “old style” E. coli as an indicator.
However, a point worth noting is that fungi often colonize pre-established bacterial biofilms
and, as such, the correlations for biofilms are not necessarily the same as for water samples.
(Mhlongo et al., 2019).

The most prevalent fungi in treated drinking water are Acremonium sp., Alternaria sp.,
Aureobasidium sp., Aspergillus sp., Chaetomium sp., Cladosporium sp., Epicoccum sp.,
Exophiala sp., Fusarium sp., Geotrichum sp., Mucor sp., Paecilomyces sp., Penicillium sp.,
Phialophora sp., Phoma sp., Rhizopus sp., Trichoderma sp. And Verticillium sp. Most of the
fungal genera described in the studies are dematiaceous fungi which are capable of secreting
melanin or melanin-like pigment in their cell walls. This makes them thick-walled species with
hydrophobic spores, which give them the advantage to resist water treatment. These persistent
fungi normally originate from soil, wood and decomposing plant material, which explains why
they end up in raw water. Cladosporium sp., Penicillium sp., Fusarium sp., Penicillium sp.,
Aspergillus sp., Phoma sp., Epicoccum sp., Trichoderma sp., Acremonium sp., Exophiala sp.,
Alternaria sp. And Phialophora sp. Are capable of producing mycotoxins and other secondary
metabolites that produce toxic chemicals, which impair water quality and become a threat to
humans and animals. (Mhlongo et al., 2019)
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Water samples were collected from 86 different man-made water systems, including 49 homes,
13 shopping centers, and 24 hospitals, directly connected to municipal water supplies in the city
of Istanbul, Turkey. The mean fungal concentrations found in the water samples were 98
CFU/100 mL in shopping centers, 51 CFU/100 mL in hospitals, and 23 CFU/100 mL in homes.
The dominant fungal species were identified as Aureobasidium pullulans and Fusarium
oxysporum. Aflatoxigenic Aspergillus flavus and ochratoxigenic Aspergillus westerdijkiae were
only detected in the hospital water samples. Alternaria alternata, Aspergillus clavatus,
Aspergillus fumigatus, and Cladosporium cladosporioides were also detected in the samples.
The highest isolation frequency of fungi was recorded for water samples collected from
hospitals (100%), followed by shopping centers (84.6%) and homes (79.5%). The lowest number
of fungal species was isolated from the shopping centers (eight species), while the highest
number of fungal species was isolated from the homes (32 species). The genera Penicillium (10
species) and Aspergillus (8 species) had higher species diversity than the other genera. The
following genera were represented by only one species each: Alternaria, Botryosphaeria,
Byssochlamys, Coprinopsis, Gibberella, Paecilomyces, and Periconia. However, the most
prevalent fungal species were Aureobasidium pullulans (808 CFU/100 mL) and Fusarium
oxysporum (809.9 CFU/100 mL). A. pullulans was isolated from homes, hospitals, and shopping
centers, while F. oxysporum was isolated from homes and shopping centers. In addition, several
other fungi were identified such as Alternaria alternata, Aspergillus clavatus, Aspergillus
fumigatus, Cladosporium cladosporioides, and Exophilia sp. Free chlorine (0-3 ppm) was
identified in 7.6% of the shopping centers, 12.5% of the hospitals, and 46.9% of the homes. The
mean temperature of the water samples was 23 C, pH 6.7-7.7. The current study highlights that
water from shopping centers and hospitals contains more fungi than domestic waters.
(Kadaifciler and Demirel, 2018).

When fungi enter the water distribution system, they can be harbored in stratified reservoirs
that generate stagnation, dead zones, depletion of residual disinfectants and biofilm formation.
These conditions, together with chemical-physical characteristics like high turbidity and
temperature, pH, total organic carbon (TOC) and dissolved oxygen (DO), are favorable to
microbial growth, making these environments at potential risk of water quality degradation by
fungi. Fungi have been shown to enter the water distribution system in many ways that may be
unavoidable such as mains interruptions, installations and maintenance. Others may include
treatment breakthrough, water storage problems and cross connections. Many water
companies have encountered operational and technical challenges that have, at times, led to
consumer complaints because of fungi related problems. Fungi also produce secondary
metabolites that exude organic acids which contribute to microbiological corrosion in water
pipes. This corrosion inhibits proper disinfection as accurate concentrations of chlorine residual
in the treated distribution water system are altered. (Mhlongo et al., 2019)
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Fungi in Groundwater. Aquifer systems have been studied to investigate the presence of
different microbial groups and their potential roles in nutrient cycling by employing both
culture dependent and culture-independent high throughput methods. However, most of such
studies with the focus on geomicrobiology in subsurface aquifer systems have targeted
prokaryotes (bacteria and archaea). The potential presence, activity and ecological importance
of microbial eukaryotes, such as fungi have largely been overlooked with only a few studies
specifically targeting fungi in pristine carbonate-rock aquifers. The study took advantage of the
groundwater monitoring wells of the Hainich formation near the Hainich National Park in
Thuringia, Germany. The observed fungal communities primarily belonged to three phyla:
Ascomycota, Basidiomycota and Chytridiomycota. Perceived dynamics in the composition of
living fungal communities were significantly shaped by the concentration of ammonium in the
moderately agriculturally impacted aquifer system. (Nawaz et al., 2018).

Yeast. From studies conducted, the following yeast genera have been isolated from water
distribution systems and tap water: Candida, Clavispora, Cryptococcus, Debaromyces,
Meyerozyma, Pichia, Rhodotorula, Trichosporon and Yarrowia. The following Candida species,
namely C. albicans, C. glabrata and C. parapsilosis were isolated from bottled, mineral and tap
water from municipal supplies. In another study yeasts species such as Candida
tropicalis,Yarrowia lipolytica and Rhodotorula sp. Were isolated from tap water. Ubiquitous
opportunistic pathogenic yeasts Candida parapsilosis and Rhodotula mucilaginosa were isolated
from tap water and hot aerosols from dishwashers. Yeasts in drinking water distribution
systems are known to act as pathogens. Their occurrence in drinking water can pose a health
threat to consumers with direct daily contact such as drinking and showering. From clinical
tests, for microorganisms to cause an infection, the number of colony-forming units (CFU)/ml in
the bloodstream should be defined. In bloodstream infection, Candida CFU/ml In the first 50%
positive blood culture had <1 CFU/ml of circulating organisms. For candidemia, classified as
high-grade and low-grade candidemia, >25 CFU/10 ml and <10 CFU/10 ml of blood,
respectively, were defined. (Monapathi et al., 2000).

The diversity of yeasts in groundwater is comparable to that of surface water and comprise of
genera Candida, Clavispora, Cryptococcus, Geotrichum, Pichia, Rhodotorula, Saccharomyces,
Trichosporon and Yarrowia. However, groundwater is dominated by black yeasts. Most yeasts
are mesophilic and grow best at temperatures between 20 and 30 C. Human pathogens grow
well at 37 C, the normal internal temperature of the human body. Yeasts species that grow at
this particular temperature may have pathogenic potential as opportunistic species for humans.
Yeasts prefer a slightly acidic medium with optimum pH between 4.5 and 5.5. Furthermore,
yeasts can grow aerobically on particular carbon compounds such as alcohols, organic acids and
amino acids as their sole energy source stipulated that increased dissolved oxygen and
dissolved organic matter in aquatic environments favor yeast growth. Yeasts can also utilize a
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wide range of nitrogen compounds as nitrogen sources. Some nitrogen containing compounds
such as amino acids and ammonia can also be used by yeasts as carbon sources. (Monapathi et
al., 2000).

The USEPA did look at the addition of microsporidia in drinking water regulations although it
was later withdrawn from its Contaminant Candidate List. Sweden is the only country that
currently includes specific measures for the monitoring of micro-fungi in treated drinking water.
The Swedish Drinking Water Guidelines specify a criterion of 100 CFU of micro-fungi per 100 mL
in treated water (Mhlongo et al., 2019).

Occurrence of Pathogens in Premise Plumbing

Unique characteristics of premise plumbing, such as a high ratio of surface area to volume,
longer stagnation periods, and low disinfection residual, create ideal conditions for the
persistence of opportunistic premise plumbing pathogens (OPPPs) such as Legionella
pneumophila, Mycobacterium avium complex, and other nontuberculous mycobacteria and
Pseudomonas aeruginosa. These organisms have adapted to low nutrient and oxygen levels, are
resistant to low levels of disinfectants, and are capable of biofilm formation and growth in
phagocytic free-living amoebae. The heterogeneity of premise plumbing with respect to pipe
materials, fixture types, and water temperatures and velocities adds challenges to OPPP
monitoring.

Human exposure to OPPPs happens through aspiration and inhalation of contaminated water.
Susceptible populations include young children, patients in hospitals and long-term care
facilities, and immunocompromised individuals. Risk analysis efforts are confounded by
variability in individual susceptibilities and in the virulence of these pathogens. There are
significant research gaps in the understanding of OPPP ecology and epidemiology as well as the
impact of disinfection methods and the contribution of the premise plumbing microbiome to
OPPP persistence. Public education campaigns are needed to emphasize building owners’
responsibilities in maintaining and monitoring premise plumbing water quality. (Albert and
Nayak, 2019).

Ability to form a biofilm within temperature range (26-40 C) is associated with the optimum
growth temperature of different microbial species. At the optimal temperature for growth, cell
numbers increase rapidly. The introduction of nutrients (to simulate contamination) increased
biofilm formation. The study confirmed the possibility of biofilm formation on the surfaces of
hydrotherapy equipment. The isolated and identified microorganisms were very diverse. No
common pathogens were identified among the isolates. All isolates were classified as
opportunistic pathogen, which can cause infections in humans with weakened immunity
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systems. For this reason, it is necessary to regularly monitor equipment, facilities and
installations and also water use in spas. (Jarzab and Walczak, 2017)

Exposures to aerosols from water fixtures in the indoor environment are considered for
multiple scenarios and human susceptibilities to identify the most important factors driving the
risk estimate. These results can help to provide context for Legionella spp. Concentration
measurements and identify potential data gaps for larger-scale risk prioritization and modeling
efforts. Showers were the driving indoor exposure risk compared to sinks and toilets. Critical
concentrations depended on the dose response model (infection vs clinical severity infection,
CSl), risk target used (infection risk vs disability adjusted life years [DALY] on a per-exposure or
annual basis), and fixture type (Hamilton et al., 2019).
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TREATMENT

Risk Assessment for WTPs. None of the pathogens were detected at concentrations that pose a
significant risk when plants are operated as designed. Matrix spike recovery studies indicated
widely variable recoveries for Cryptosporidium and Giardia among the plants and very low
recovery of enteric viruses. QMRA and statistical analyses indicate that ongoing, routine
monitoring would not contribute to improved risk estimation for any of the study plants. This is
largely because all of the plants are designed and operated to provide pathogen
removal/reduction well above that required to meet microbial risk objectives given
conservative estimates of source water pathogen concentrations. This is particularly true for
bacterial and viral pathogens, whose removal, in most cases, was beyond the ability of the
QMRA tool to calculate. (WRF, Bartrand et al., 2017a; 2017b) QMRA was run “in reverse” to
determine plant-specific source water pathogen concentrations that would pose benchmark
level risks given the treatment in place at the plant. Such an a priori use of QMRA in assessing
and managing microbial risks can avoid expenses for pathogen analyses that would not
contribute to meaningful risk management.

Research literature is available for many microbial CECs on effectiveness of disinfectants such
as chlorine or ultraviolet (UV) disinfection (e.g., Bloetscher and Plummer, 2011). For example, E.
coli 0157 is inactivated by chlorine at doses well below those typically used in drinking WTP. H.
pylori is readily inactivated by chlorine and UV light. Naegleria fowleri cysts required higher UV
doses than Cryptosporidium parvum oocysts (Bartrand, 2014). Exposure of 13 mW-s/cm? UV
light was needed for 2-log inactivation of Naegleria fowleri trophozoite, and 63 mW-s/cm? was
needed for cysts. Ozone is a more effective chemical disinfectant than chlorine for Naegleria
fowleri inactivation.

Viruses

Coronaviruses. Water disinfection was only addressed by one study, which analyzed the
resistance of SARS-CoV and phage f2 seeded into 100-ml domestic sewage to different chlorine
solutions. During a 30 min disinfection assay, SARS-CoV was completely inactivated with 10
mg/L chlorine or 20 mg/L chlorine dioxide, while phage f2 needed a higher chlorine
concentration (40 mg/L) and was not completely inactivated even by 40 mg/L chlorine dioxide.
(Carducci et al., 2020) It follows that the current water disinfection practices (drinking water,
wastewater, water from swimming pool), effective against non-enveloped viruses and bacteria,
are expected to be effective also towards enveloped viruses such as coronaviruses. (LaRosa et
al., 2020)
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Bench scale of a coagulation-filtration system previously optimized using three different
coagulants (zirconium, chitosan and polyaluminium chloride) in reducing BcoV and other
viruses (Hepatis A virus, bovine norovirus and MS2). Diluted and undiluted water samples (400-
ml) from water treatment plants were spiked with viral mixtures. After the addition of
coagulants, centrifugation and filtration steps, the supernatant and filtrate were analysed for
guantification. A combination of flocculation and filtration led to a decline in viral presence
from 10 to 70% depending on the type of virus, coagulant and presence of natural organic
matter: BcoV was reduced more (mean 4 Log10) in undiluted water by all the three coagulants
than in diluted water. In this last example, chitosan performed the best. (Carducci et al., 2020).

Inactivation of SARS-CoV-2 in chlorinated swimming pool water was dependant on free chlorine
and pH levels with increased inactivation at higher free chlorine and lower pH. We show that 30
s contact time at room temperature with water of a pH of no more than 7.4 and free chlorine
above 1.5 mg I@ 1 (ppm) resulted in at least a 3-log10 reduction in viral titre within 30 s. These
levels are within the recommendations for swimming pools from June 2021 to July 2021 of the
pandemic in the UK of at least 1.5 ppm free chlorine at pH 7.0, 2.0 ppm at pH 7.4 and 2.7 ppm
at pH 7.6 (2020). The newly revised UK guidelines that swimming pools at pH 7.2 — 7.4 should
have a minimum free chlorine level of 2.0 ppm is also supported by our observation that 1.5
ppm is adequate at pH 7. (Brown et al., 2021)

The main methods of inactivating SARS-CoV-2 in a wastewater environment include the
following. (1) SARS-CoV-2 is more vulnerable to ultraviolet (UV) (254 nm) exposure than is non-
enveloped virus, and the exposure time for effective inactivation is just several seconds. (2) The
thermal effect for the inactivation of SARS-CoV-2 is confirmed effectively at 700C in 5.7 min. (3)
Chemical disinfection quenched viral infectivity within a short exposure time as the most
effective and economical solution. Thus, a large number of disinfectants (chlorine disinfectants,
hypochlorous acid, ozone, etc.) have been applied to inactivate SARS-CoV-2 in wastewater. At
present, chlorine disinfectants are most widely used, as free chlorine could effectively
inactivate SARS CoV-2 by destroying the proteins on its envelope. (Meng et al., 2021)

Removal of Viruses by Membrane Filtration. This study showed a substantial removal of most
viruses from raw water treated with conventional methods and additional barriers at two
Swedish DWTPs. Larger viruses were efficiently removed by UF. However, genomes of some
smaller viruses, as HEV and some bacteriophages and plant viruses, were detected after UF and
UV treatment. Although UV has been shown to reduce the infectivity on recombinant
HEV1/HEV3 virus adapted to cell cultures, the inactivation efficiency for wild type HEV is not
known. The HEV strains in this study could enter the water supply network despite that all
standards were fulfilled for routine monitoring of small particles in the outlet water at the
DWTPs. The pores in the UF membranes used are smaller than those recommended by the
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Swedish authorities, which have stated that membranes with pore size 100 nm can be a used
microbial barrier, and the Norwegian guide for barrier analyses recommend 40 nm nominal
pore size for UF. These larger pore sizes would probably not remove smaller viruses as
efficiently as the membranes in this study. Common human viruses with fecal/oral spread that
may not have been removed by larger pores are e.g. norovirus (38-40 nm), rotavirus (45 nm)
and adenovirus (90-100 nm). Several other viruses with fecal/oral spread are as small as HEV,
about 30 nm in diameter, and may pass through the membranes, as those belonging to the
Picornaviridae family, for example hepatitis A virus, enterovirus, Aichivirus and parechovirus.
This should be considered during outbreaks of these viruses in the community. However, the
retention of viruses by UF may not only depend on virus size but also on other physiochemical
factors of the viral capsid influencing the flocculation of the virus during purification at the
DWTPs. The results from this study indicate that the current methods are sensitive for reducing
almost all larger viruses and most of the smaller size viruses in water. Although HEV was found
in treated water before disinfection at the DWTPs and in tap water, the amount per L tap water
was comparable low. Therefore, the risk of infection by consumption of the drinking water is
probably negligible. However, further studies on viral infectivity and lowest infectious dose are
needed. (Wang et al., 2020)

This study showed that even if the number of viruses were reduced 3-4-log10 at the two
DWTPs, there were sequences representing many different virus families, including HEV, in the
effluent after UF and in tapwater. The total number of viral reads in tap water was about 0.1%
of that in raw water, but for HEV it was 2.2%. Despite this, the risk for getting infected by
viruses in these concentrations in the drinking water is probably negligible. However, there may
be a risk of transmission during outbreaks with large number of infected persons excreting high
concentrations of small fecal/oral transmitted viruses. The virome and reduction of many
different small RNA and DNA viruses in water could be monitored using an indicator virus, as
gokushovirus, which was found in all water samples. Further studies are necessary to
investigate the viability of the viruses identified in water. To achieve better understanding of
the efficiency of virus removal and inactivation there may be a need for routine monitoring for
viral indicators in waters at the DWTPs and in the distribution network. This knowledge will
help tracking possible transmissions of viruses from raw water to tap water, and thereby
ultimately reduce potential risks of viral infections from drinking tap water during outbreaks.
(Wang et al., 2020)

Bacteria

Legionella. Legionella is regulated under the SWTR with a maximum contaminant level goal (a
nonenforceable guideline) of zero Legionella organisms for drinking water. The rule specifies a
treatment technique for Legionella control (e.g., filtration and maintenance of a detectable
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disinfectant residual), and therefore, monitoring for Legionella is not required. Although
analytical methods existed for Legionella detection, the USEPA determined that testing was
impractical to implement, particularly for small systems. Water utilities are reluctant to monitor
for Legionella, particularly because there are no USEPA or CDC guidelines for responding to
positive results. (LeChevallier, 2019b).

Nutrient Limitation. Nutrient limitation in water distribution systems includes reducing
nutrients during water treatment, corrosion control, and preventing nitrification. Enhanced
coagulation and biological filtration (e.g., rapid sand filtration for groundwater treatment and
biological active carbon filtration and/or slow sand filtration for surface water) are important
for removal of organic nutrients. Controlling corrosion of iron pipes in the distribution system
prevents iron from being released in the water system, which can influence the growth of L.
pneumophila because iron is an essential nutrient for L. pneumophila. Finally, when the
chlorine-to-ammonia ratio (4.5:1) is not properly managed in chloraminated drinking water,
nitrification can occur, resulting in enhanced biofilm biomass, which can lead to increasing
numbers of host protozoans for L. pneumophila. (LeChevallier, 2020).

In some structures, a repeated treatment has been required to remove Legionella by changing
the cleaning mode in order to increase its effectiveness. In our practical experience, we have
observed that the most effective solution has been using in combination two treatments of
decontamination: hyper-chlorination and heating to 60 deg C, especially for the complex water
distribution systems. (De Filippis et al., 2017). The results obtained show a possible association
between the presence of Legionella and high values of HPC at 37 deg C. This might suggest the
use of this parameter as a preliminary assessment of the possible presence of Legionella.
Therefore, high values of HPC (> 1000 CFU/mL) at 37 deg C may also suggest searching for
Legionella, particularly in those cases where there is a high risk for the population to becomeill.
(De Filippis et al., 2017).

Outbreaks in Complex Plumbing Systems. Legionella poses a minor risk for most healthy
individuals. Outbreaks are usually related to the more complex plumbing systems in larger
buildings rather than single-family houses. For these reasons, homeowners should not be
concerned about the risk of legionellosis. However, for homes with at risk populations or
homeowners who would like to take additional precautions, various options are available to
reduce Legionella risk. (Masters et al., 2018)

Regular maintenance is a simple task that, when done often, can minimize risk of Legionella.
Such maintenance includes simple cleaning of shower heads and faucet aerators. Flushing the
hot water tank on a regular basis may also mitigate risk, but this should be done with caution

August 2022 Page 1-56



Evaluation, Prioritization, and Recommendations for 1. Waterborne Pathogens
CECs in SFPUC Drinking Water: 2022 Final Report Technical Review 2016-2021

and performed by a qualified plumber. (Masters et al., 2018). Maintaining the water heater at
an appropriate temperature can help reduce the likelihood of Legionella growth in the
plumbing system. Hot water heaters should store water at least 60 C (140 F) and distribute
water at 50 C (122 F) or higher, but to minimize the risk of scalding, thermostatic mixer valves
should be fitted as close as possible to outlets. Point of use water filters, such as those that are
installed at the kitchen faucet, can be especially useful when at risk patients are in need of
additional layers of protection, as these filters can be installed at the point where water comes
out of the tap. It is very important that the filters be changed according to the manufacturer’s
recommendations because if left for prolonged periods of time, Legionella can grow on the
filters and actually degrade water quality. Humidifiers create aerosols by design, and if not
properly maintained can be a mechanism for the growth and transmission of Legionella. Due to
this, humidifiers must be closely examined in any Legionella control plan. Multi-dwelling
facilities differ from single-family homes in that they may have the following features that can
increase the risk of bacterial growth and transmission:

1. Hot tubs/Jacuzzis/spas
Pools and shower facilities
Indoor or outdoor fountains or water features

Central water heaters and distributed water lines/pipes

Water reservoir tanks

2

3

4

5. Cooling towers
6

7. Humidifiers
8

Solar water systems.

Therefore, facility operators should have standard operating procedures for the routine
maintenance and sanitation of these features. (Masters et al., 2018).

The Centers for Disease Control, CDC, has created a toolkit for large buildings to ensure the
safety of staff and the public. The CDC toolkit can help to identify areas of concern where
Legionella might grow and be transmitted. The toolkit includes practical resources to help
ensure a comprehensive and effective system that holds to industry standards.
https://www.cdc.gov/Legionella/downloads/toolkit.pdf.

Health care facilities pose a special situation for managing Legionella risk due to the increased
number of people who may be susceptible to infection. For this reason, it is important for
health care facilities to create a water management plan in accordance with the CDC Toolkit.
https://www.cdc.gov/Legionella/downloads/toolkit.pdf. (Masters et al., 2018)
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The CDC toolkit (CDC 2017) can be used to create a building water management program to
reduce the risk of Legionnaires’ disease in building water systems and devices. The plan should
identify areas of concern where Legionella might grow, increasing the risk of an outbreak. This
toolkit includes practical resources to help ensure a comprehensive and effective system that
meets industry standards.

The EPA Report, titled Technologies for Legionella Control in Premise Plumbing Systems: Scientific
Literature Review, https://www.epa.gov/sites/production/files/2016-

09/documents/Legionella document master september 2016 final.pdf characterizes the effectiveness

of different technologies used to control Legionella growth in premise plumbing systems. Particularly, it
focuses on premise plumbing systems of large buildings, such as hotels, hospitals, schools, and other
buildings with complex plumbing infrastructure. The document summarizes information on several
Legionella control technologies, including:

1. Risk management approaches (including temperature control)
2. Chlorine

3. Monochloramine

Chlorine dioxide

Copper-silver ionization

Ultraviolet light

N oo v &

Ozone

The document also provides information on other control technologies often used for
emergency remediation such as superheat-and-flush, shock chlorination and point-of-use
filtration. (Masters et al., 2018). Although Legionella pneumophila is responsible for the most
outbreaks of opportunistic premise plumbing pathogens (OPPP), there are many other
microbes of concern that can grow in building water systems. Most of the procedures outlined
for control of Legionella (e.g., cleaning, flushing, water management plans, etc.) will also be
useful in reducing the occurrence and concentration of these other OPPPs.

Free Chlorine versus Chloramine. The disinfectant type and total chlorine residual (TCIR) were
investigated to understand their influence on the detection and concentrations of the five
pathogens in potable water. Samples (n=358) were collected from point-of-use taps (cold or
hot) from locations across the United States served by public water utilities that disinfected
with chlorine or chloramine. Each species of bacteria responded differently to the disinfection
type, concentration, and temperature. There was no unifying condition among the water
characteristics studied that achieved microbial control for all. Legionella pneumophila and L.
pneumophila serogroup 1 (Sg1) (causing legionellosis) and Mycobacterium avium,
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Mycobacterium intracellulare, and Mycobacterium abscessus (causing pulmonary NTM disease)
were quantified in water samples taken at locations across the United States. When all
chlorine- and chloramine-treated water samples were considered, L. pneumophila and L.
pneumophila Sg1 were detected at similar rates (26% [CL] versus 22% [CLM] for L. pneumophila
and 9% [CL] versus 5% [CLM] for L. pneumophila Sg1). M. avium and M. abscessus were
detected (22% and 17%) significantly more frequently at locations where chloramine was used
as the disinfectant. Detections of the three Mycobacterium spp. Ranged from 9 to 22%.
(Donohue et al., 2019)

Increased relative abundance of Legionella, Escherichia and Mycobacterium following
monochloramine primary disinfection observed in lab-scale and full-scale WDS have been
attributed to differential resistance of microorganisms to monochloramine (Chiao, 2014; WRF,
Rhoads, 2015).

Chlorine versus Chloramine. M. avium and M. abscessus were detected significantly more
frequently in chloramine-treated water samples than in chlorine treated samples. All the
pathogens showed no significant difference in detection frequency in hot-water or cold-
water tap samples whether from chlorine- or chloramine-treated water sources. There were
significantly fewer L. pneumophila CE per liter detected in samples from chloramine-treated
water than in chlorine-treated samples. (Donohue et al., 2019)

This was also true for samples collected from cold water compared to those collected from hot
water. The median concentrations for L. pneumophila Sg1 and for the three Mycobacterium
species were not significantly different based on the two disinfectant types. Among the
mycobacterium species, M. intracellulare concentrations were significantly greater in
chloramine-treated systems than in chlorine-treated systems in cold-water samples. Neither
chlorine nor chloramine eliminated pathogenic Legionella or Mycobacterium organisms in the
water samples tested. Although L. pneumophila and L. pneumophila Sg1 were detected at
about the same frequency in systems that disinfected with chloramine or chlorine, chloramine
significantly reduced the median concentration of L. pneumophila compared to chlorine-
treated samples for both the cold- and hot-water samples plus all samples combined. On the
other hand, M. avium and M. abscessus were detected significantly more frequently in water
samples from systems that disinfected with chloramine than from those using chlorine, but the
median concentrations were not significantly different for chloramine-treated water samples
versus chlorine-treated water samples. The median concentrations of L. pneumophila Sg1 were
significantly lower only in cold-water samples from utilities that used chloramine compared to
those that used chlorine. (Donohue et al., 2019).
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A novel chlorine-resistant bacterium identified as Gordonia was isolated from the drinking
water supply system of Jinan City, China. The authors examined the resistance and inactivation
of the isolate by investigating cell survival, changes in cell morphology, and the permeability of
cell membranes exposed to chlorine. After 240 min chlorine exposure, the chlorine residual was
greater than 0.5 mg/L and the final inactivation was about 3 log reduction, which showed that
the Gordonia strain had high chlorine tolerance. Gordonia JN724 exposed to 0.38 mg/L of
chlorine dioxide for 5 min produced more than 2 log inactivation. UV irradiation was effective in
Gordonia JN724 inactivation. When the UV dosage increased to 40 mJ /cm2, approximately 4
log 10 (i.e., 99.99%) removal was detected. Complete inactivation (about 5 log 10) was
practically reached after exposure to UV fluences of 80 mJ/cm2. The UV dose-response curve
for Gordonia JN724, which was similar to that of other organisms inactivated by UV. Gordonia
IJN724 can be effectively inactivated by CIO2 and UV treatments, which suggests that they may
serve as alternative approaches for the control of chlorine-resistant microorganisms.
Meanwhile, water treatment plants using chlorine disinfection should be aware of the
existence of chlorine-resistant microbes and consider different disinfection methods based on
their own unique needs. (Lu et al., 2020)

Copper and Silver as a Biocide. Different types and strains of bacteria have different
sensitivities to copper and silver biocidal effects. Gram-negative bacteria, including Salmonella
enterica, Escherichia coli (E. coli), and Legionella spp., demonstrate a greater sensitivity to ion
disinfection than gram-positive bacteria. This is suggested to be due to inherent physical and
biological differences. Gram-negative bacteria possess a thin, single peptidoglycan-layered cell
wall and an outer layer to the cell membrane. They also possess a periplasm (matrix between
the inner and outer membranes in gram negative bacteria), have high lipopolysaccharide
content, and do not contain teichoic acids. Gram-negative bacteria have little inherent physical
resistance to the action of copper and silver ions. (June and Dziewulski, 2018).

Gram-positive bacteria, including Enterococcus hirae, Staphylococcus aureus, and some
Clostridium and Bacillus spp., demonstrate a greater tolerance to ion disinfection than gram-
negative bacteria. Gram-positive bacteria have a thick, multilayered peptidoglycan layer within
the cell wall. They do not possess an outer cell membrane layer, periplasm, or
lipopolysaccharide content. However, gram-positive bacteria do contain teichoic acids,
polymers that achieve a positive electrostatic charge and deter positively charged biocidal
activity. (June and Dziewulski, 2018).

For most organisms, copper is a biologically essential element. Copper acts also as an
antimicrobial agent, meaning the copper product possesses the ability to eradicate 99.9% of
most bacteria within 2 h. Low copper concentrations are rate limiting; there is an activity
threshold beyond which excess copper concentrations yield no added benefit. This is notable
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for maintenance of metal treatment and understanding potential resistance management. Pure
copper demonstrated significantly greater inhibition of gram-positive E. hirae than either
cuprite or tenorite, with pure copper and cuprite demonstrating toxicity. The observed slower
release of ions in copper oxides associated with a lowered antimicrobial activity indicated that
free copper ions are essential for biocidal activity. Oxidizing conditions will maintain
antimicrobial characteristics on the surface. However, other water quality variables, such as
phosphates added for corrosion control by many water utilities, can bind metal ions and reduce
the ability of copper and silver to kill Legionella. (June and Dziewulski, 2018).

Legionella is resilient in a wide range of water conditions, surviving both slightly acidic and
slightly basic environments. While pH alterations of premise water may not prove detrimental
to the organism, they can influence treatment efficacy. Treatment at an Ohio hospital proved
ineffective for L. pneumophila control despite reaching and maintaining target ion
concentrations (0.27 mg/L of copper and 0.03 mg/L of silver). Water quality sampling revealed
the pH of the water to be between 8.5 and 9.0. Elevated pH levels (i.e., >7) resulted in a
significant decline in log-reduction (6-log to 1-log) provided by the copper ions in treatment. In
contrast, the silver ions maintain biocidal capacity under almost all pH conditions, suggesting
that Legionella control under elevated pH may still be offered by the silver ions. (June and
Dziewulski, 2018).

At low concentrations of halides, silver maintains the ability to bind to bacteria and exert
biocidal effects; at moderate levels of halides, silver is precipitated (e.g., silver chloride [AgCl]);
at high concentrations of halides, the silver compounds become bioavailable again as anions
(e.g., AgClI2-). Formation with anions such as sulfate, phosphate, and carbonate will have a
similar precipitation effect on agueous cuprous and cupric species, thereby limiting the amount
of available copper for disinfection. Higher concentrations of halides in solution have also been
associated with increased silver toxicity to bacteria. A suggested mechanism for such toxicity
increase is that of increased organism membrane permeability when bound to chloride.

The authors have reviewed the scientific literature on the biocidal and defensive mechanisms
and identified possible data gaps that, if filled, could help make this method a reliable tool or
useful component of a multi-barrier approach for Legionella control. Possible approaches for
improving CSl efficacy and reliability include increasing the dissolved oxygen and sodium
content of the water, applying copper and silver ions in combination with other disinfectants,
and using copper and silver ions at higher temperatures. Water system operators considering
treatment should review water chemistry and the potential benefits and drawbacks of
treatment specific to their system when selecting any onsite technology. The potential public
health protection benefits of treatment, particularly in healthcare facilities in which the most
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vulnerable populations reside, justify the need for further examination of improving the
efficacy of CSI and other treatment systems. (June and Dziewulski, 2018)

Protozoa

Trophozoites of free-living amoebae are typically sensitive to disinfection (while the cysts are
not), so the maintenance of a stable disinfectant residual (like chloramines) may have more
impact on shifting the life stage from trophozoite (where intracellular pathogens can
proliferate) to the cyst stage where intracellular growth does not occur. (LeChevallier et al.,
2016).

Fungi

Fungi can grow attached to a substrate and colonize filters in water treatment plants giving
them a good opportunity to resist water treatment. If fungi survive sedimentation and
flocculation, rapid sand filtration does not become an effective treatment for fungi as these
filters have been shown to partially remove microorganisms, especially fungi that end up in the
distribution system. Fungi and bacteria have the ability to become dormant in order to survive
when conditions are no longer conducive. This is the phenomenon with the melanised thick-
walled fungal species that are more resistant to water treatment and disinfection. Different
fungal species vary in their resistance to disinfection. Penicillium and Aspergillus species are
more resistant to chlorine disinfection than the Cladosporium and Phoma species. Ozone and
UV radiation are more capable in the destruction of many pathogenic organisms than chlorine.
Ozone inactivates fungal species by causing an irreversible cellular damage. There are resistant
species to ozone like Trichoderma viride that is slightly affected only in elevated concentrations
and Penicillium spinulosum, which is the most resistant due to its hydrophobic surface. Fungi
with pigmented spores such as Aspergillus and Penicillium have better defense against
radiation and are not responsive to UV treatment. The radiation cannot destroy fungal species
even in slightly turbid water as the fungi tend to be harbored within the particles and escape
disinfection. Furthermore, disinfection methods by exposing some species of fungi to UV light
may seem futile as strongly melanised spores of Aureobasidium pulullans and Aureobasidium
melanogenum have shown resistance to elongated radiation interactions. Fungi are more
resistant to chlorine inactivation than the commonly used indicator organism E. coli. Monitoring
and keeping the amount of fungi under surveillance after water treatment and in distribution
systems is fundamental in guiding against harm to human health, and also to improve the
aesthetic quality of water in relationship to taste and odor. This can also include the need to
evaluate the removal of secondary metabolites by drinking water treatment processes.
(Mhlongo et al., 2019)
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PRIORITIZATION AND RECOMMENDATIONS

Source-to-Tap Approach. A priority focus on drinking water process management, for
example, through the implementation of a source-to-tap or water safety plan approach, is
the recommended strategy by Health Canada (2020) for water utilities to manage potential
risks. Important elements of this strategy include:

e Source water protection (where feasible);

e Optimized treatment performance for turbidity and natural organic matter removal;

Proper application of disinfection technologies;

Performance/verification testing using multiple operational parameters and water
quality indicators;

A well-designed and well-maintained distribution system; and

Maintenance of an effective disinfectant residual.

Water treatment plant. When properly designed and operated, physical removal and
disinfection technologies commonly used in drinking water treatment are very effective in
reducing or inactivating the waterborne pathogens described in this document. Current
treatment requirements are based on health-based treatment goals for enteric protozoa
(Giardia and Cryptosporidium), and enteric viruses. This is because of their importance as
causes of waterborne disease, high infectivity, difficulty of removal through water treatment,
and high disinfectant resistance. The physical removal and disinfection requirements for the
waterborne pathogens discussed here are less than or equivalent to those for enteric protozoa
and enteric viruses. As a result, surface water and groundwater under the direct influence of
surface water systems that meet the guidelines for enteric protozoa and enteric viruses
(minimum 3-log removal and/or inactivation and minimum 4 log removal and/or inactivation,
respectively), are capable of controlling these pathogens. Groundwater systems that meet the
guidelines for enteric viruses (minimum 4-log removal and/or inactivation) are capable of
controlling of these pathogens. Health Canada (2020)

Drinking water distribution system. Even with treatment technologies in place,
microorganisms can enter drinking water distribution systems as a result of inadequate
treatment or through post-treatment contamination via intrusions, cross-connections or during
construction or repairs. Biofilms and loose deposits in drinking water systems provide habitats
that can support the survival, growth and dissemination of pathogenic microorganisms,
particularly opportunistic pathogens (e.g., Legionella). Key distribution system operational and
maintenance practices include (Health Canada, 2020):

e Use of proper construction materials;
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Treatment optimization to minimize the amounts of nutrients, scaling and corrosion
within the system;

Managing water age and controlling the effects of temperatures where possible;
Maintaining an effective disinfectant residual;

Preventing the entry of contamination (e.g., pressure maintenance, preventing cross-
contamination/backflow, hygienic 64aters64es during mains constructions and repairs);
and

Keeping the distribution system clean (e.g., use of appropriate flushing and cleaning
techniques).

Minimum Disinfectant Concentration

Many states have replaced USEPA’s “detectable” requirement with a numerical value for the
minimum residual concentration, and 24 states have established numerical values for
minimum residual disinfectant. Of these, 20 states require a minimum residual >0.2 mg/L for
free and/or total chlorine throughout the system, and four states have established
numerical minimums of <0.2 mg/L. Thirteen states have set higher minimums for total
chlorine than for free chlorine, ranging from 0.5 to 1.5 mg/L. Regardless of the regulatory
requirements for minimum residuals, water suppliers should select system-specific target
and trigger levels for distribution system residuals for operational purposes. (Furatian et al.,
2021)

Premise plumbing. Maintaining microbiological control in premise plumbing systems, especially

in large buildings, is a critical component of providing safe drinking water at the consumer’s

tap. Important elements of control strategies for plumbing systems include (Health Canada,

2020):

Limiting nutrient levels through an emphasis on system design and materials;
Minimizing areas of low flow/stagnation;

Keeping temperatures of hot and cold water systems outside of the ideal range for
microorganism growth (e.g., cold water less than 20°C, hot water tank temperature
greater than 60°C); and

Reducing the formation and transmission of contaminated aerosols from distal devices.

It is also important to highlight that in management strategies for complex water systems,

many control measures are interrelated. Changes in the microbiological diversity of drinking

water systems can occur with changes in materials or operational procedures. Understanding

the effects of changes in water management operations on drinking water ecology is necessary
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to minimize unintended consequences such as creating conditions that favour the growth (i.e.,
enrichment) of specific microbiological groups. Health Canada (2020)

Further Selected Recommendations from Literature Review

Maintenance of a disinfectant residual is a primary control strategy for managing risks from
emerging pathogens, but little data is available on the levels necessary for control in
distribution and plumbing systems. (LeChevallier et al., 2016)

Disinfectant Residual Goals. Most well-run water utilities set internal performance goals;
across North America, they typically strive to maintain a minimum disinfectant residual of
0.2 mg/L in all parts of the distribution system. The voluntary Partnership for Safe Water
program, for example, requires that all member systems use secondary disinfection and that
optimized systems meet these residual disinfectant goals throughout the distribution system
(LeChevallier, 2020):

>0.20 mg/L and <4.0 mg/L for free chlorine
>0.50 mg/L and <4.0 mg/L for chloramines
>0.20 mg/L and <0.80 mg/L for chlorine dioxide

These goals are to be achieved for 95% of routine readings each month, and individual routine
sample sites should not have consecutive residual readings less than the residual disinfectant
goal. Additionally, well-run systems specifically target areas that are known to experience low
disinfectant residuals because of the nature of the pipe materials (e.g., unlined cast-iron mains),
long detention times, or water quality characteristics (e.g., organic matter, inorganic chemicals,
pH, temperature). In these cases, routine flushing, replacement of old mains, improvement of
the circulation within the distribution system, or improvements in treatment processes can be
implemented to increase the stability of the disinfectant residual. (LeChevallier, 2020).

Messaging for Building Water Systems. It is recommended that water utilities and others in
the sector develop and implement proactive messaging for building water systems and their
associated hazards as a critical way to manage OPPP risks. Larger, more complex plumbing
systems associated with commercial buildings such as hotels, resorts, offices, hospitals,
schools, and universities (collectively called commercial, industrial, institutional, or Cll) are
more likely than homes to have OPPP outbreaks. (Masters et al., 2018)

Hospital Showers. Well-developed biofilms were physically removed from the internal surface
of shower hoses collected in four locations in England and Scotland. Samples revealed the
presence of sequences related to Exophiala 65aters65es, Fusarium fujikuroi and Malassezia
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restricta. These organisms can be associated with the environment and healthy skin, but also
with infection in compromised and 66aters-competent hosts and occurrence of dandruff.
Domestic showering may result in exposure to aerosols of bacteria and fungi that are
potentially pathogenic and toxigenic. Use of disinfectants, or regular replacement of hoses,
where 66aters-compromised persons are present was recommended (Moat et al., 2016). The
UK Department of Health suggests that flexible hoses should not be used in high-risk situations.
It has been demonstrated that the concentration of airborne of filamentous fungi, including
Fusarium and Aspergillus species, was significantly reduced by washing water-related surfaces
in hospital bathrooms immediately prior to showering.

Use for Nasal Rinsing. Because there is no guarantee that even the most vigilant drinking water
system can completely eliminate N. fowleri, the public should take additional precautions when
using tap water for nasal or sinus rinsing. Water used for nasal or sinus rinsing should undergo
additional treatment at the point of use, which can include boiling for 1 min and cooling before
use, filtering using a filter labeled as absolute pore size of 1 micrometer or smaller, disinfecting
with chlorine bleach, or using water that is purchased sterile or distilled. (Cope et al., 2019).
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2. Per-and Polyfluoroalkyl Substances (PFAS)

PFAS are organic chemicals containing chlorine, bromine, and/or fluorine (halogens) that are
used in firefighting or applied to products to impart fire resistance. PFAS also commonly
referred to as perfluorinated chemicals or PFCs, are a group of anthropogenic chemicals that
resist heat, oil, and water, which make them extremely useful for a wide variety of products,
including non-stick coating, textiles, and firefighting foam. They are very stable in the
environment and can be found in plants and animals used for human consumption (WRF,
2019).

Surveys conducted by the CDC show that most people in the United States have been exposed
to some PFAS, which can accumulate in the body over time. Current scientific research suggests
that exposure to high levels of certain PFAS may lead to adverse health outcomes (USEPA,
2021b). More than 3000 PFAS are on the global market.

MEDIUM PRIORITY FOR SFPUC

PFAS contaminants are considered medium priority. PFOA and PFOS are undergoing
rulemaking under the Safe Drinking Water Act, with final rules expected to be promulgated in
2023.

PFAS do not occur and are not expected to occur in SFPUC source waters or drinking water,
based on available monitoring data and the fact that SFPUC watersheds and source waters
are not impacted by significant wastewater and industrial discharges or urban runoff. Future
recharge of reclaimed wastewater will need to be monitored to ensure that groundwater is
not affected.

This section presents: (1) Screening Evaluation Table, (2) SFPUC Monitoring Review 2016-2021,
and (3) Technical Review 2016-2021 of available scientific studies.
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Screening Evaluation Table

Table 2-1. Screening Evaluation Table for PFAS

GENERAL INFORMATION ON CEC

Instructions

This Screening Evaluation may be applied to a CEC group or an individual CEC. The purpose of this section of
the Evaluation is to develop background information on the CEC or CEC group.

CEC Name

Per-and Polyfluoroalkyl (PFAS) Substances

PFAS — The emphasis is given to Per-and polyfluoroalkyl (PFAS) substances, because this CEC group is on
USEPA’s high priority list to phase out its use in industrial and consumer products.

CEC Description

Is CEC a group? If individual
CEC, which group is CEC part
of?

PFAS are organic chemicals containing chlorine, bromine, and/or fluorine (halogens) that are used in
firefighting or applied to products to impart fire resistance.

PFAS also commonly referred to as perfluorinated chemicals or PFCs, are a group of anthropogenic
chemicals that resist heat, oil, and water, which make them extremely useful for a wide variety of products,
including non-stick coating, textiles, and firefighting foam. They are very stable in the environment and can
be found in plants and animals used for human consumption (WRF, 2019).

CEC Grouping
What is the basis for grouping?

(Grouping factors are: common
health effects, treatment, and
analytical method, and/or
compound co-occurrence)

CEC Group. The basis for the grouping is common sources/uses. For the purpose of this Screening
Evaluation, this group includes two types: (1) flame retardant materials/coatings, and (2) fire extinguishing
fluids and foams. Some subgroups within Types 1 and 2 also have common health effects or analytical
methods.

Grouping and evaluating PFAS with similar characteristics together, rather than individually, will help EPA to

more efficiently evaluate existing data and support more informed decisions about data gaps and needs
(USEPA, 2021i).
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2. PFAS
Screening Evaluation Table

Examples and Indicators

If group, what are notable
examples? Are there possible
indicator constituents?

(A suitable indicator occurs at
quantifiable levels and may co-
occur with other CEC exhibit
similar treatment and fate in
environment)

Examples are found on UCMRS5, and Draft CCL5 lists. The UCMRS5 was published on December 27, 2021.
UCMR 5 requires sample collection for 30 chemical contaminants between 2023 and 2025 using analytical
methods developed by EPA and consensus organizations. Includes 29- Per- and Polyfluoroalkyl Substances
(USEPA, 2021d). Please see the literature review for the list of 29 — Per-and Polyfluoroalkyl substances.
Some are listed below.

Health Advisories

Does CEC have a USEPA Health
Advisory (e.g., Drinking Water
Equivalent Level [DWEL]) or
California Notification Level?

States have initiated their own efforts to implement lower enforceable standards (Alfredo et.al. 2021):
e New York currently establishing the lowest for PFOS at 10 ng/L.

e Michigan’s proposed levels recently became enforceable in August 2020 at 8 ng/L for PFOA and 16 ng/L
PFOS.

e California has the lowest NL concentrations of 5.1 ng/L and 6.5 ng/L for PFOS and PFOA, respectively.

e lllinois passed HA levels for four PFAS to include PFOA at 2 ng/L. Illinois did not include PFOS in these
HA guidance levels.

Regulatory Development
Status

Is CEC on USEPA Candidate
Contaminant List (CCL),
Unregulated Contaminant
Monitoring Rule (UCMR) list,
or California Public Health Goal
(PHG) list?

Yes. Three PFAS were on the CCL3 and CCL4 and 7 (including 5 perfluorochemicals) were on UCMR3.
UCMRS includes sample analysis using a newer analytical method (EPA Method 533), collecting occurrence
data on an additional 11 individual PFAS incorporating an additional suite of PFAS (AWWA, 2020). UCMRS5
includes 29 PFAS (USEPA, 2021d).

In March 2021, EPA published Regulatory Determinations for Contaminants on the Fourth Contaminant
Candidate List which included a final determination to regulate perfluorooctanoic acid (PFOA) and
perfluorooctane sulfonic acid (PFOS) in drinking water. The Agency is now developing a proposed NPDWR
for these chemicals. As EPA undertakes this action, the Agency is also evaluating additional PFAS and
considering regulatory actions to address groups of PFAS. (USEPA, 2022)
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CONTEXT OF CEC EVALUATION AT SFPUC

Instructions

The purpose of this section is to report SFPUC experience with the CEC or CEC Group, including occurrence
data for each source water if available.

Purpose

Why is investigation
undertaken? What is new
about the issue that is
considered ‘emerging’ (e.g.,
new chemical, new effect)?

PFAS have been detected in all types of waters throughout the world including surface, ground, tap and
bottled waters, wastewater, industrial waste, rivers, and lakes with concentrations ranging from below
detection limits to pg/L in some cases (WRF, 2019).

Surveys conducted by the CDC show that most people in the United States have been exposed to some
PFAS, which can accumulate in the body over time. Current scientific research suggests that exposure to
high levels of certain PFAS may lead to adverse health outcomes (USEPA, 2021b). More than 3000 PFAS are
on the global market for intentional uses in different consumer, commercial, and industrial products and
the chemical identities of many are yet unknown (USEPA, 2021a, Wang et.al., 2017).

Customer Interaction

Widespread public concerns?
Media coverage?

PFAS has been gaining widespread attention due to its potentially harmful health effects. USEPA has
implemented a comprehensive risk management and phase out plan under the Toxic Substances Control
Act. (USEPA, 2022a)

Expected Outcomes

What are the likely benefits of
the investigation to SFPUC and
its customers?

Information collected as part of this investigation will be valuable to understand occurrence, health
concerns, and sources of PFAS in SFPUC drinking water. Two PFAS will soon be regulated under the Safe
Drinking Water Act.

Occurrence Data in US and
SFPUC

What occurrence information is
available? Have detections, if
any, been confirmed by follow-
up sampling and/or QA/QC
review?

Reliable analytical methods are available for many types of flame retardants, including PBDEs (e.g. EPA
Methods 527 and 1614), perfluorochemicals (EPA Method 537), TCEP, and TCPP. Occurrence information
for SFPUC is available from monitoring performed as part of UCMR2, UCMR3, a 2006 AwwaRF study in
previous CEC Report.

In 2019 — 2021, SFPUC voluntarily monitored PFAS compounds listed currently in UCMRS5 at multiple
locations in groundwater wells, surface water and drinking water in SFRWS and SFWS. All results were non-
detect, below 2 ng/L and 5 ng/L. Please see Table 2-2 in Monitoring Review for detailed information.

Supporting Information

List key references.

California OEHHA, 2020. Fact sheet — Flame Retardants. https://www.p65warnings.ca.gov/fact-
sheets/flame-retardants. Accessed on 1/7/22.

SWRCB, 2021. Drinking Water Resources, Public Water System PFAS Information and Resources.
https://www.waterboards.ca.gov/pfas/drinking_water.html. Accessed on 12/21/21.
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USEPA, 2021a. PFAS explained. https://www.epa.gov/pfas/pfas-explained. Accessed on 12/21/21.

USEPA, 2021g. Addressing Challenges of PFAS: Protecting Groundwater and Treating Contaminated
Sources. https://www.epa.gov/sciencematters/addressing-challenges-pfas-protecting-groundwater-
and-treating-contaminated-sources.

USEPA, 2021i. Fact Sheet: Assessing Risks from Flame Retardants. https://www.epa.gov/assessing-and-
managing-chemicals-under-tsca/fact-sheet-assessing-risks-flame-retardants.

USEPA, 2022. Per- and Polyfluoroalkyl Substances (PFAS). https://www.epa.gov/sdwa/and-polyfluoroalkyl-
substances-pfas
USEPA, 2022a Risk Management for Per- and Polyfluoroalkyl Substances (PFAS) under TSCA

https://www.epa.gov/assessing-and-managing-chemicals-under-tsca/risk-management-and-
polyfluoroalkyl-substances-pfas

USEPA, 2022b. Proposed PFAS Drinking Water Regulation. https://www.regulations.gov/document/EPA-
HQ-OW-2022-0114-0008

Wang Z., DeWitt J.C., Higgins C.P., Cousins I. T., 2017. A Never-Ending Story of Per- and Polyfluoroalkyl
Substances (PFASs)? Environ. Sci. Technol. 2017, 51, 2508-2518. DOI: 10.1021/acs.est.6b04806.
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DIAGNOSTIC QUESTIONS TO SUPPORT CEC PRIORITIZATION

Instructions

The purpose of the Diagnostic Questions is to determine whether the CEC or CEC Group are significant to
SFPUC drinking water and whether they merit further evaluation and/or action. All answers require
explanation except those clearly not applicable.

The Diagnostic Questions are divided into Health, Occurrence, and Treatment sections. The more questions
are answered with a “Yes”, the higher the probability that the CEC is a high priority or that a proactive
approach should be taken.

HEALTH EFFECTS FROM SCIENTIFIC STUDIES

understanding, does the CEC
pose potential health risk at
the levels typically found in
drinking water in the US?

Question Answer | Explanation and Comments

Is scientific knowledge on Yes Scientific studies have shown that exposure to some PFAS in the environment may be linked to

CEC health effects well harmful health effects in humans and animals, including endocrine and thyroid disruption,

developed? impacts to the immune system, reproductive toxicity, cancer, and adverse effects on fetal and
child development and neurologic function (NIEHS, 2016).
More than 3000 PFAS are on the global market for intentional uses in different consumer,
commercial, and industrial products, and the chemical identities of many are yet unknown
(USEPA, 2021a, Wang et.al., 2017).

Based on current scientific Possible | There is enough evidence about the health effects of PFOA an PFOS in drinking water to support

development of an MCL for these two PFAS. (USEPA, 2022) Evidence for health effects of other
PFAS at drinking water levels is not conclusive.
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Question Answer | Explanation and Comments

Adverse health impacts Yes Numerous health studies support the importance of regulating PFAS in drinking water. Current

observed in other drinking scientific research has shown links between oral exposure to studied PFAS chemicals and adverse

water systems? health effects, including prenatal and postnatal development, cancer, liver effects, immune

Are public health studies effects, and other effects (e.g., cholesterol changes). (USEPA, 2022b)

documenting human health

impacts (disease or

outbreaks) available?

Existing regulations or Yes Canada. The MAC in DW for PFOA is 200 ng/L, PFOS is 600 ng/L (Health Canada, 2018a, 2018b). A

guidelines outside of US Screening Value in drinking water of 20 ng/L is established for PFNA (Health Canada, 2020).

(e.g., WHO, EU)? EU. Standards were introduced on 12 January 2021: a limit value of 100 ng/L for a sum of 20
individual PFAS, as well as a limit value of 500 ng/L for total PFAS concentration (EC, 2020; ECHA,
2021).
Australia. The Australia Department of Health has established a health-based drinking water
quality value of 70 ng/L, the sum of the concentrations of PFOS and PFHxS. Based on human
health considerations, the concentration of PFOA in drinking water should not exceed 560 ng/L
(ADWG, 2021).

Existing US health advisories Yes EPA will move as quickly as possible to issue updated health advisories for PFOA and PFOS in

or CA notification levels?

2022 that reflect the newest science and input from the Science Advisory Board. (USEPA, 2022)
States have initiated efforts to implement advisories and enforceable standards (Alfredo et.al.

2021):

e New York currently establishing the lowest for PFOS at 10 ng/L.
e Michigan’s 2019 proposed levels became enforceable in August 2020 at 8 ng/L for PFOA

and 16 ng/L PFOS.

e (California has NLs of 5.1 ng/L and 6.5 ng/L for PFOS and PFOA, respectively.

e |llinois passed HA levels for four PFAS to include PFOA at 2 ng/L. lllinois did not include
PFOS in these HA guidance levels.
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Question Answer | Explanation and Comments

Likely US regulation in the Yes EPA is developing a proposed PFAS National Primary Drinking Water Regulation for publication in

next 10 years? Fall 2022. The Agency anticipates issuing a final regulation in Fall 2023 after considering public

Is CEC on a regulatory comments on the proposal. (USEPA, 2022)

development list, such as

ccL?

Is there a pending regulation

or PHG in California?

SUMMARY - SIGNIFICANT Yes Exposure to PFAS is associated with known health effects (though drinking water is not a

TO PUBLIC HEALTH IN principal exposure route). Health-based concentration guidelines for drinking water are available

GENERAL? for some PFAS.

(Based on above answers)

OCCURRENCE

Is scientific knowledge on Yes In the United States, PFAS have been detected in the ng/L range or lower in surface waters

CEC sources/formation well including lakes, and rivers. PFAS have also been detected in ground waters in the ng/L range or

developed? lower (Dickenson et.al., 2016).
WHO documents PFAS contamination of drinking water of 21 municipalities in the Veneto region
of Italy. Industrial activity in the area has polluted both surface waters and ground water, as well
as the drinking water of approximately 127,000 citizens. Monitoring conducted of the Veneto
Region found PFOS in 63-100 % of the locations sampled and PFOA in 100 % of the sites (EEA,
2019, WHO, 2017).

CEC presence reported in Yes In a 2011 survey of brominated and chlorinated flame retardants in German rivers, TECP, TCPP

other water supplies?

Are occurrence studies
available?

and TDCPP were the only flame retardant detected (Sacher, 2011).

Occurrence of PFAS in drinking water system in US are published by USEPA in its UCMR3 data set.
Please see Technical Review section for the data published by USEPA.
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source waters?

(Including surface waters
and groundwaters)

Question Answer | Explanation and Comments

CEC present in SFPUC No Most recent comprehensive PFAS monitoring conducted in 2019 — 2021 in raw (surface and

watersheds and/or source groundwater) and drinking water. All results were non-detect. Please see the detailed Table 2-2

waters? in SFPUC Monitoring Review.

Are there complex issues The Tiltill Fire in the HH Watershed (July 2021) that burned 2,300 acres had no known WQ

involved in managing the CEC impacts. SFPUC coordination exists between HHWP and Cal Fire regarding the use of fire

(e.g., point vs. non-point retardants in the watersheds.

sources)? Santa Clara Unit Complex Fire (Aug— Sept 2020) post-fire monitoring was conducted for
the Calaveras and San Antonio watersheds with no significant contaminants detected.

Is the CEC a potential Yes In general, flame retardants can occur in groundwaters impacted by wastewater or industrial

groundwater contaminant? use/spills of flame retardants. For example, TCEP occurred in 12% of groundwaters (n = 25) in a
survey of untreated US drinking water sources (Focazio et al., 2008).
The EWG has identified and mapped 206 military sites in the U.S. where drinking water or
groundwater is contaminated with PFAS, at levels that exceed the USEPA’s health guideline. PFAS
contamination on military installations is widespread because for nearly 50 years, the DOD has
used firefighting foam that contains PFAS chemicals (EWG, 2019).

If the CEC is a potential Yes PFAS are mobile and can be transported through rainwater run-off and enter surface water or

groundwater contaminant, is seep through the soil and migrate into large groundwater aquifers (USEPA, 2021g).

it highly mobile in the Mobility depends on the compound. Some flame retardants are not likely to be mobile because

subsurface? they are highly sorbing in soils (e.g. PBDEs: USEPA, 2010), whereas others (e.g. PFOS, PFOA,

Is the CEC low-sorbing and TCEP) are highly mobile in groundwater (USEPA, 2014; Sacher, 2011).

resistant to microbial

degradation?

Precursor present in SFPUC No PFAS were not detected in SFPUC’s source water, groundwaters or drinking water in SFRWS and

SFWS (MDL 2 or 5 ng/L).
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2. PFAS
Screening Evaluation Table

IN SOURCE OR DRINKING
WATER? (OR SIGNIFICANT
POTENTIAL TO OCCUR)
(Based on above answers)

Question Answer | Explanation and Comments

Formed or added during No PFAS are not formed or added during treatment.

current SFPUC treatment? One exception may be bromochloromethane, because in addition to being a flame retardant,
If so, describe whether the bromochloromethane is a disinfection byproduct. However, it has not been detected in annual
formation or addition of CEC treatment plant effluent sampling since 1999 (< 0.5 ug/L).

can be controlled.

Formed or added within No PFAS are not formed or added during storage or distribution.

SFPUC storage or

distribution?

If so, describe whether the

formation or addition of CEC

can be controlled.

Detected in SFPUC drinking No PFAS have not been detected in SFPUC drinking water. Monitoring was conducted by SFPUC,
water? most recently in 2019 — 2021 at 2 or 5 ng/L detection limits.

SUMMARY — OCCURRENCE No Based on available monitoring data for SFPUC and the fact that SFPUC watersheds and source

waters are not impacted by wastewater discharges, industrial pollution, or urban runoff, flame
retardants (Types 1 and 2) do not occur and are not expected to occur in source water or
drinking water.

Groundwater monitoring in 2019-2021 has not detected PFAS.
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2. PFAS
Screening Evaluation Table

current treatment at
HTWTP?

Describe any complex issues
involved with the treatment
of CEC.

present, they are likely to pass through current SFPUC treatment.

Most recent comprehensive monitoring in SFPUC surface, groundwater and drinking water
indicated PFAS were not present. All results were non-detect.

TREATMENT

Question Answer | Explanation and Comments

Is scientific knowledge on No Some processes, such as anion exchange (AIX), GAC, NF, and RO have been evaluated at the

CEC treatment/removal well bench scale and showed promise in the removal of some of these chemicals. (WRF, Dickenson

developed? et.al., 2016). As part of its rulemaking for the MCL for PFOA and PFOS, EPA is evaluating different
treatment technologies that can reduce PFAS. (USEPA, 2022b)

Likely to pass through No PFAS are poorly or only somewhat removed during drinking water treatment. Therefore, if

current treatment for Hetch present, they are likely to pass through current SFPUC treatment.

Hetchy Supply? Most recent comprehensive monitoring in SFPUC surface, groundwater and drinking water

Describe any complex issues indicated PFAS were not present. All results were non-detect.

involved with the treatment

of CEC.

Likely to pass through No PFAS are poorly or only somewhat removed during drinking water treatment. Therefore, if

current treatment at present, they are likely to pass through current SFPUC treatment.

SVWTP? Most recent comprehensive monitoring in SFPUC surface, groundwater and drinking water

Describe any complex issues indicated PFAS were not present. All results were non-detect.

involved with the treatment

of CEC.

Likely to pass through No PFAS are poorly or only somewhat removed during drinking water treatment. Therefore, if
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CECs in SFPUC Drinking Water: 2022 Final Report Screening Evaluation Table
Question Answer | Explanation and Comments

Likely to pass through No PFAS are poorly or only somewhat removed during drinking water treatment. Therefore, if

current treatment for present, they are likely to pass through current SFPUC treatment.

groundwater? Most recent comprehensive monitoring in SFPUC surface, groundwater and drinking water
Describe any complex issues indicated PFAS were not present. All results were non-detect.

involved with the treatment

of CEC.

SUMMARY - LIKELY TO PASS No PFAS are poorly or only somewhat removed during drinking water treatment. Therefore, if

(NOT REMOVED BY)
CURRENT TREATMENT?

(Based on above answers)

present, they are likely to pass through current SFPUC treatment.

CEC PRIORITIZATION — CURRENT ASSESSMENT

Instructions

This section prioritizes the CEC based upon the information developed in the above Diagnostic Questions as
well as in the background information.

For top priorities (high and medium priorities), monitoring and/or mitigation measures should be developed if
feasible and justified. For low priorities, the CEC will not warrant action items beyond continued source
protection and tracking of new information.

Could CEC occur in SFPUC
drinking water at levels of
possible health significance?

(Based on above Diagnostic
Questions)

No. PFAS do not occur and are not expected to occur in SFPUC source waters or drinking water, based on
available monitoring data and the fact that SFPUC watersheds and source waters are not impacted by
significant wastewater and industrial discharges or urban runoff.
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2. PFAS
Screening Evaluation Table

CEC Prioritization for SFPUC

High, Medium, or Low.
Provide explanation.

(A high number of “Yes”
answers to the Diagnostic
Questions indicates a higher
priority, and “No” or very few
“Yes” answers indicates a
lower priority.)

MEDIUM PRIORITY FOR SFPUC

PFAS contaminants are considered medium priority. PFOA and PFOS are undergoing rulemaking under the
Safe Drinking Water Act, with final rules expected to be promulgated in 2023.

Implemented Actions

Indicate the progress and
results of any action items,
above, such as implemented
in previous cycles of CEC
review. Evaluate whether
changes to the action plan
are required.

e Maintained source water protection.

e |n 2019 — 2021, SFPUC voluntarily conducted comprehensive follow-up monitoring to initial 2012 and 2013
monitoring of PFAS in raw (surface and groundwater) and drinking water at lower detection limits. All results
were below the detection limit.

e During the Rim Fire in August 2013, chemical data on plane-applied flame retardants were reviewed and
exclusion zones around reservoirs were delineated and this information was communicated to all pertinent
parties. WQD ensured that PFAS were not applied in the watershed.

e Coordination exists between HHWP and Cal Fire regarding the use of fire retardants in the watersheds.
e The Tiltill Fire in the HH Watershed (July 2021) that burned 2,300 acres had no known WQ impacts.

Recommended Actions

Does the situation merit
investing additional resources
or is the information gathered
so far sufficient to have
fulfilled due diligence? Actions
could include monitoring and
other measures (specified by
source water, if necessary).

e Maintain source water protection.

o For forest fires retardants, monitor types of retardants in use and application areas. If fire retardants known
to contain PFAS are applied in watersheds, consider conducting post-fire water quality monitoring.

e Conduct UCMRS5 monitoring for PFAS for surface and drinking water.
e Conduct repeat groundwater monitoring in 6 years.
e Track federal and state regulatory developments.

e Track pertinent information and peer-reviewed publications.

This evaluation was prepared based on available information (peer-reviewed literature and occurrence data) with the purpose of
prioritizing work and informing the public on unregulated CECs. This evaluation will be updated every 6 years or when significant new
research or occurrence data on CECs become available that may warrant changing priority and recommendations.
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Evaluation, Prioritization, and Recommendations for 2. PFAS
CECs in SFPUC Drinking Water: 2022 Final Report Monitoring Review 2016-2021

Water Quality Division, SFPUC Monitoring 2016 — 2021

Contaminants of Emerging Concern (CEC) in Drinking Water
PFAS - Per- and Polyfluoroalkyl Substances

Although PFAS is an area of focus for federal and state regulators, these CEC groups are unlikely
to present in SFPUC’s protected watersheds and source waters, which are not impacted by
significant wastewater and industrial discharges or urban runoff. This priority will change,
however because of likely regulation in the near future.

CCL3 and CCL4 parameters included: Halon 1011, PFOS, and PFOA. Therefore, it has been
tested annually at all source waters, Alameda East, SVWTP effluent, and HTWTP effluent since
1999. All measurements have been non-detect (<0.5 ug/L).

Type 1 — Fire retardant materials/coatings

The five flame retardants tested under UCMR2 (BDE-47, BDE-99, HBB, BDE-153, BDE-100) were
all non- detect, with detection limits of 0.3 ug/L, 0.9 ug/L, 0.7 ug/L, 0.8 ug/L, and 0.5 ug/L,
respectively. The UCMR2 testing involved quarterly monitoring from March 2008 to December
2008 at Harry Tracy Water Treatment Plant (HTWTP) effluent, Irvington Portal, and Mocho
Shaft.

Two flame retardants, TCEP and TCPP, were investigated under the 2006 AwwaRF study
(Snyder et al., 2008) onendocrine disrupting compounds (EDCs) and pharmaceuticals, which
included SFPUC waters as part of a nationalsurvey. This involved one-time sampling at the
following location IDs: HTWTP_RAW, HTWTP_EFF _POST, andSA#2_SAN_PEDRO. Both
contaminants were non-detect (<50 ng/L).

TCEP was also non-detect in a one-time SFPUC sampling for select CECs in June/July 2012 of
raw surface waterreservoirs (Hetch Hetchy, San Antonio, Calaveras, and San Andreas), treated
water from each treatment facility (Alameda East Portal, Sunol Valley Water Treatment Plant
(SVWTP), and HTWTP), and raw groundwater from two test wells.

Type 2 — Fire extinguishers

CCL3 and CCL4 parameters included: Halon 1011, PFOS, and PFOA. There are 358 LIMS records
for Halon1011 (bromochloromethane). Bromochloromethane, though unregulated, is part of
the VOC test method (EPA Method 524). Therefore, it has been tested annually at all source
waters, Alameda East, SVWTP effluent, and HTWTP effluent since 1999. All measurements have
been non-detect (<0.5 ug/L).
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Bromochloromethane was tested under UCMR3 with detection limits of 60 ng/L. Testing
involved quarterly monitoring in 2013 at the following location IDs: CS#2_BADEN and
SA#2_BADEN. All samples were non-detect.

In June/July 2012, SFPUC sampled for CECs (including unregulated flame retardants) in
source waters, finished waters, and two groundwater wells. Fire retardants were not
detected.

For Type 1 and 2 retardants, watersheds and source waters are not impacted by wastewater
discharges, industrial pollution, or urban runoff, and thereforeno occurrence of these
compounds is expected. Occurrence information for SFPUC is available from monitoring
performed as part of UCMR2, UCMR3 and the 2006 AwwaRF study; flame retardants were not
detected.

SFPUC conducted PFAS monitoring as part of special SFPUC CEC Monitoring (2012) and under
UCMR3 (2013). PFOS, PFOA, and other perfluorochemicals were evaluated in the one-time
SFPUC sampling for select CECs in June/July 2012 described above for Type 1 and were non-
detect. In addition, PFOS and PFOA were monitored quarterly in 2013 under UCMR3, as
described for bromochloromethane. All samples were non-detect. Detection limits were 0.04
ug/L for PFOS and 0.02 pg/L for PFOA.

In 2013, SFPUC conducted UCMR3 quarterly monitoring at CS#2 Baden, SA#2 Baden for the
following industrial chemicals: perfluorooctanesulfonic acid (PFOS), perfluorooctanoic acid
(PFOA), perfluorononanoic acid (PFNA), perfluorohexanesulfonic acid (PFHxS),
perfluoroheptanoic acid (PFHpA). All data were non-detect.

In 2012/2013, the detection levels for PFOA and PFOS were 14 ppt and 13 ppt, respectively.
Therefore, another round of monitoring at lower detection levels, EPA Method 537 with DL of 2
ppt, was recommended to demonstrate that PFOA and PFOS are below CA NLs (SFPUC, 2019).

In 2019 — 2021, SFPUC voluntarily monitored the raw (surface and groundwater) and treated
water for the presence of PFAS compounds listed currently in UCMRS5. All results were non-
detect. The results are attached in Table 2-2 (at the end of this document), which shows
comprehensive scope of SFPUC monitoring for these CECs. Eighteen (18) PFAS listed in Table 2-2
were monitored using USEPA SM 537.1, whereas 24 PFAS listed were monitored using USEPA
SM 533.

Given limited water supplies in California, reclaimed water use will continue to increase.
Currently, a reclaimed water facility is under construction at SFPUC’s Oceanside Water Pollution
Control Plant (OSP), which will be used for irrigation purposes and possibly to recharge
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groundwater in the future like Orange County in the Los Angeles area. Since there is a risk that
reclaimed water contains PFAS, it is prudent to begin planning for monitoring of PFAS in
groundwater.
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2. PFAS

Monitoring Review 2016-2021

Table 2-2. Results of SFPUC for Monitoring PFAS — USEPA 537.1 (last updated 2/17/2022)%)

PFOS PFOA PFDA PFDOA PFHpA PFHxS PFHXA PFNA 9CL-PF30ONS PFUNA ADONA
9-Chloro .
SFPUC . Perfluoro Perfluoro Perfluoro Perfluoro Perfluoro Perfluoro Perfluoro Perfluoro Perfluoro 4,8-Dioxa-3H-
Sample Type Location Date . . . . . . . . hexadecafluoro- . .
System octanesulfonic octanoic decanoic dodecanoic heptanoic hexanesulfonic hexanoic nonanoic undecanoic | perfluorononanoic
. : . . . i . . 3-oxanone-1- . .
acid acid acid acid acid acid acid acid . . acid acid
sulfonic acid
SFGW-LMW 10/2/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
SFGW-GCW 8/13/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
SFGW-SSW 10/2/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
SFWS SFGW-WSW 10/2/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
SFGW-NLW 9/15/20 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
SFGW-SWW 9/15/20 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
SF Zoo Well 10/2/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
GSR-BSW 6/24/21 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Groundwater GSR-CBW 9/16/20 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
GSR-FSW 9/16/20 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
SFRWS GSR-HBW 9/17/20 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
GSR-MSW 1/6/22 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
GSR-MYW 9/17/20 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
GSR-PDW 9/16/20 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Raw
PWEF-Well A 10/30/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
PWF 10/1/19 <2 <2 <2 <2 <2 28|29 <2 <2 <2 <2 <2
PWF-Well B
10/30/19 <2 <2 <2 <2 <2 2.7]29 <2 <2 <2 <2 <2
TTF (raw) 10/9/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Calaveras Reservoir 11/4/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Pond F2 10/17/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Pond F3E 2/19/20 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
San Antonio Reservoir 9/24/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Surface * * * * * * * * * * *
Water SFRWS Crystal Springs 10/16/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Reservoir* 12/19/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
10/16/19 <2* <2* <2* <2* <2* <2* <2* <2* <2* <2* <2*
Pilarcitos Reservoir*
12/19/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
10/16/19 <2* <2* <2* <2* <2* <2* <2* <2* <2* <2* <2*
San Andreas Reservoir*
12/19/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Alameda East 10/1/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
. SFRWS SVWTP 12/10/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Treated Point of
Entry HTWTP 10/1/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
SFWS CS#2_BADEN 10/1/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
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2. PFAS

Monitoring Review 2016-2021

PFOS PFOA PFDA PFDOA PFHpA PFHxS PFHXA PFNA 9CL-PF30ONS PFUNA ADONA
9-Chloro
SFPUC . -Dioxa-3H-
Sample Type Location Date Perfluoro . Perfluoro Perflum:o Perfluoro- Perfluor? Perfluoro - Perflum:o Perfluor‘o hexadecafluoro- Perfluoro- 4,8-Dioxa-3H -
System octanesulfonic octanoic decanoic dodecanoic heptanoic hexanesulfonic hexanoic nonanoic undecanoic | perfluorononanoic
. : . . . i . . 3-oxanone-1- . .
acid acid acid acid acid acid acid acid . . acid acid
sulfonic acid
SA#2_BADEN 10/1/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
SA#2_BADEN 10/1/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
SSL_BADEN 10/1/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Valencia &
CHS#03 Cesar 10/8/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Chavez)
HPS (Reuel & 10/8/19 <2 <2 <2 < <2 < <2 < <2 <2 <
Hudson)
10/9/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 2.7]<2
Ls(3) | (1340 Powell)
12/19/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2|<2
th
MMS#2 a 3:56‘;5 10/8/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
Treated Distribution SFWS
th
SHswt | (219918 10/8/19 <2 <2 <2 < <2 < <2 < <2 <2 <
Ave)
SS#05 (461 6" Ave) 10/8/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2
SUMS (Agua & 10/8/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <
Teresita)
SUTS#6 (il 10/9/19 <2 <2 <2 <2 <2 <2 <2 <2 <2 <2 <
California)
UMs#os | (Lombard & 10/9/19 <2 <2 <2 < < <2 <2 < <2 < <
Mason/Powell)
August 2022 Page 2-18



Evaluation, Prioritization, and Recommendations for CEC in SFPUC Drinking Water: 2022 Final Report

2. PFAS

Monitoring Review 2016-2021

11CL-PF30UDS PFBS HFPO-DA NEtFOSAA NMeFOSAA PFTrDA PFTA
SFPUC 11-Chloroeicosa N-ethvl N-methyl
Sample Type Location Date fluoro-3 Perfluorobuta Hexafluoropropyl ene y perfluorooctanes Perfluorotetra Perfluorotetra
System . . . h . perfluorooctanes . . . . . .
oxaundecane-1- nesulfonic acid oxide dimer aci