
THANK YOU FOR JOINING US

WateReuse Orange County
Chapter Meeting 

WILL BEGIN SHORTLY



Agenda 
Call to order – 12:00 PM

Welcome (Scott Lynch, Chapter Vice-President)

Presentations
—Amber Baylor, Director of Environmental Compliance, South Orange County Wastewater Authority
—Dr. Phillip Gedalanga, Assistant Professor in Department of Public Health, CSU-Fullerton

—Hannah Greenwald, PhD student, UC-Berkeley

Standing Items
—Regulatory Updates: DDW/OCHCA
—State Section Update: Joone Lopez, MNWD
—Legislative and Regulatory Matters: Frank Prewoznik, IRWD
—Potential Funding for Projects

Conferences/Webcasts

Roundtable (using  “Raise Hand” feature to be called on)

Adjournment



Q&A

Have a question?

Select the “Raise Hand Zoom” button or 
select *9 on your telephone. 

We will get to your questions after each presenter. 



Discrimination of viable Bacteroides by PMA-qPCR and it’s 

application to environmental monitoring
Presented by Amber Baylor (SOCWA) and Dr. Phillip Gedalanga (CSU-Fullerton) at OC WateReuse

August 19, 2021
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PRESENTATION OUTLINE

 Objectives

 Background 

 Bacteroides as an indicator for fecal pollution

 Regulatory context

 EPA Method 1696 and HF183 genetic marker

 Need for discriminating between live vs dead Bacteroides

 Development of PMA-qPCR method for Bacteroides HF183 marker

 HF183 PMA-qPCR Optimization

 Environmental Monitoring: HF183 PMA-qPCR on Treated Effluent and REC-1 waterbodies

 Summary/Conclusions

Background Project Description & Results Summary & Next Steps
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STUDY OBJECTIVES

 Modify a validated MST method to differentiate positive signals from live and dead 

human fecal sources.

 Understand the percent removal of live and dead signals in secondary and tertiary 

wastewater treatment

 Determine if DNA from live and/or dead sources are responsible for positive HF183 

signals indicating human fecal pollution in water environments.

 Establish evidence related to signal input to REC-1 waters during wet and dry 

periods with comparative fecal indicator bacteria methods (in progress). 
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MICROBIAL SOURCE TRACKING: Bacteroides

 Bacteroides dorei is a Gram-negative, obligate anaerobic bacterium.

 Makes up 0.5% of microbiome colonic flora.

 Categorized by all three types of virulence.

 HF183 is the DNA sequence in the Bacteroides group used in polymerase 
chain reaction (PCR).

 Best available human-specific fecal marker.

 Limited cross-reactivity with other mammals.
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LIVE VS. DEAD – MOLECULAR REVIEW & SAMPLE RESULTS

 Molecular methods help us understand microbial 
water quality.

 Molecular research methods are establishing the basis 
for live vs. dead differentiation.

 PMA + is the live bacterium only.

 PMA - is the live bacterium, dead bacterium, and 
extracellular DNA.

 Difference between PMA – and PMA+ are dead 
bacterium and extracellular DNA.
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REGULATORY ENVIRONMENT

 HF183 Proposed Water Quality Objective (WQO) by San Diego Regional Water Quality Control Board

 Tentative Time Schedule Order R9-2021-0028 (TTSO) establishes HF183 Risk Based Thresholds (RBT)

 60 copies per 100 mL as a geometric mean and 130 copies per 100mL as a statistical threshold value for beach waters

 240 copies per 100mL as a geometric mean and 510 copies per 100mL as a statistical threshold value for inland surface 
waters to control illness rates of 32 per 1000 in REC-1 waters.

 Recycled water is considered illicit discharge to the MS4 and is therefore a potential source of 
exceedance of the proposed WQOs.

 HF183 in the tertiary effluent of several facilities would contribute to the proposed threshold values.
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BACKGROUND – LIVE VERSUS DEAD

 EPA Method 1696 established a qPCR method (HF183) for Bacteroides sp.

 Used in water samples to identify human fecal contamination

 Provides information on the presence, absence, and abundance of HF183 gene targets

 qPCR on DNA alone is unable to differentiate between live and dead cells

Extracellular DNA Targets

Live CellsDead Cells qPCR Amplification

Live, dead, extracellular targets???

Background Project Description & Results Summary & Next Steps
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BACKGROUND CONT’D HF183-PMA APPLICATION

 SOLUTION: PMA Modified qPCR Assay (HF183 PMA-qPCR)

Extracellular DNA Targets

Live CellsDead Cells qPCR Amplification

PMA Treatment

Amplification of 

DNA from intact 

cell membranes

Background Project Description & Results Summary & Next Steps
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PROJECT DESCRIPTION

1. PMA Optimization

 PMA Treatment Strategy – Resuspended 
Biomass Method

 Non-target DNA (ntDNA) and live cell 
(LC) controls

 PMA Concentration – 100 uM

 Incubation Time – 10 min

 Environmental Matrix Effects:

 Tertiary effluent, San Juan Creek, Aliso Creek

 Pre- vs Post- chlorination
12

Background Project Description & Results Summary & Next Steps

1. Collect Sample

2. Membrane filtration

3. Wash filter and 

transfer to tube and 

add:

• ntDNA control

• LC control

5. Extract DNA from filter

6. qPCR: HF183, sketa22, fliC

Resuspended Method

4. Add PMA to the tube



ENVIRONMENTAL MONITORING WITH HF183 PMA-QPCR

 Environmental Matrices:

 Aliso Creek (ACM1)

 San Juan Creek (Doheny Beach; DSB5)

 Secondary vs Tertiary Effluents 

(Pre- vs Post- chlorination)

 Tertiary effluent

 Chiquita Water Reclamation Plant

 Regional Treatment Plant

 Coastal Treatment Plant

 Nichols Water Reclamation Plant

 Oso Creek Water Reclamation Plant

Background Project Description & Results Summary & Next Steps
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ENVIRONMENTAL MONITORING WITH HF183 PMA-QPCR

 Environmental Matrices:

 Aliso Creek (ACM1)

 San Juan Creek (Doheny Beach; DSB5)

 Secondary vs Tertiary Effluents 

(Pre- vs Post- chlorination)

 Tertiary effluent

 Chiquita Water Reclamation Plant

 Regional Treatment Plant

 Coastal Treatment Plant

 Nichols Water Reclamation Plant

 Oso Creek Water Reclamation Plant

Background Project Description & Results Summary & Next Steps
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ENVIRONMENTAL MONITORING WITH HF183 PMA-QPCR

 Environmental Matrices:

 Aliso Creek (ACM1)

 San Juan Creek (Doheny Beach; DSB5)

 Secondary vs Tertiary Effluents 

(Pre- vs Post- chlorination)

 Tertiary effluent

 Chiquita Water Reclamation Plant

 Regional Treatment Plant

 Coastal Treatment Plant

 Nichols Water Reclamation Plant

 Oso Creek Water Reclamation Plant

Background Project Description & Results Summary & Next Steps
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1. Collect Sample

2. Membrane filtration

3. Wash filter and 

transfer to tube and 

add:

• ntDNA control

• LC control

5. Extract DNA from filter

6. qPCR: HF183, sketa22, fliC

Resuspended Method

4. Add PMA to the tube
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Background Project Description & Results Summary & Next Steps

LLOQ = 152 copies/100mL
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Signal Reduction
PMA+ vs PMA- (%)

Controls ntDNA LC

ACM1 98.75% 13.50%
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ALISO CREEK (ACM1) REPEATED SAMPLING

 Overall, low levels of 

HF183 detected in ACM1

 HF183 > LLOQ only 

during a rain event (12/29)

 Dead cells or 

environmental DNA is 

responsible for the most of 

the HF183 detections

# Denotes a rain event within 72h

**Denotes Non-Detect
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Background Project Description & Results Summary & Next Steps

LLOQ = 152 copies/100mL
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Background Project Description & Results Summary & Next Steps

LLOQ = 152 copies/100mL

** ** **

ND

**

ND ND ND#

#

Signal Reduction
PMA+ vs PMA- (%)

Controls ntDNA LC

DSB5 93.38% 21.65%
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Background Project Description & Results Summary & Next Steps

LLOQ = 152 copies/100mL

** ** **

ND

**

ND ND ND#

#

Signal Reduction
PMA+ vs PMA- (%)

Controls ntDNA LC

DSB5 93.38% 21.65%
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SAN JUAN CREEK (DSB5) REPEATED SAMPLING

 HF183 at or below the 
LLOQ

 Dead cells or 
environmental DNA is 
responsible for the most of 
the HF183 detections

 Rain event had elevated 
HF183

# Denotes a rain event within 72h of 
collection

**Denotes Non-Detect

20

Background Project Description & Results Summary & Next Steps

LLOQ = 152 copies/100mL

** ** **

ND

**

ND ND ND#

#



What is the influence of wastewater 

treatment on HF183?
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Background Project Description & Results Summary & Next Steps

LLOQ = 152 copies/100mL

ND ND

ND

ND

Signal Reduction
PMA+ vs PMA- (%)

Controls ntDNA LC

All WRP 99.09% 32.6%
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Background Project Description & Results Summary & Next Steps

LLOQ = 152 copies/100mL

ND ND

ND

ND

 Chlorination strongly 
decreases HF183 down to 
the detection limit

 Dependent on treatment 
facility

 Only NWRP was negative 
for HF183 in tertiary 
effluent

 ntDNA control failure for 
2° effluent of OCWRP

 DNA persists through 
chlorination
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Background Project Description & Results Summary & Next Steps

LLOQ = 152 copies/100mL

Signal Reduction
PMA+ vs PMA- (%)

Controls ntDNA LC

All WRP 99.09% 32.6%
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Background Project Description & Results Summary & Next Steps

LLOQ = 152 copies/100mL

Signal Reduction
PMA+ vs PMA- (%)

Controls ntDNA LC

All WRP 99.09% 32.6%

 HF183 is present in tertiary clarifier effluent

 DNA persists beyond tertiary treatment

 Dead cells from disinfected tertiary effluent is a potential source of HF183 
environmental DNA

 PMA treatment decreases the concentration detected



SUMMARY

▪ DNA from dead bacteria were responsible for most of the HF183 detections at Aliso 
and San Juan Creek suggesting a lower risk to the public.

▪ HF183 concentrations in recycled water is influenced by DNA from live and dead 
sources.

▪ Recycled water is not contributing to the proposed public health water quality objective 
exceedances directly through illicit discharge when PMA treatment is applied.

▪ Limitations
▪ PMA effectiveness is limited to microorganisms with compromised cell membranes
▪ PMA must be validated for each target microorganism
▪ Additional sample processing steps increases risk for sample loss or mishandling 26

Background Project Description & Results Summary & Next Steps
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QUESTIONS?

 CONTACT INFO:

Phil Gedalanga Amber Baylor

Assistant Professor Director of Environmental Compliance

Department of Public Health South Orange County Wastewater Authority

CSU Fullerton (SOCWA)

Office:  657-278-5498 Office: 949-234-5409

Email:  pgedalanga@Fullerton.edu Email: abaylor@socwa.com
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Q&A

Have a question?

Select the “Raise Hand Zoom” button or 
select *9 on your telephone. 

We will get to your questions after each presenter. 



Wastewater-based Epidemiology in the San Francisco 
Bay Area during the COVID-19 Pandemic

Hannah Greenwald

Phd student

Civil and Environmental Engineering 
University of California, Berkeley

August 19, 2021



Wastewater-based epidemiology in the 
San Francisco Bay Area during the COVID-19 pandemic

Hannah Greenwald
Civil and Environmental Engineering
University of California, Berkeley

Team: Prof. Kara Nelson, Dr. Rose Kantor, Dr. Sasha Harris-Lovett, Dr. 
Lauren Kennedy, Adrian Hinkle, Dr. Alex Crits-Cristoph, Oscar Whitney, 
Vinson Fan, Matthew Metzger, Melissa Thornton, Justin Paluba, Joaquin 
Bradley Silva, Lauren Liao, Alma Bartholow, Liwen Wang, Aliya Ehde, Mira 
Chaplin, Anmol Seth, Constance Chiang, Christina Lang, Christina Baily, 
Karen Lee, Amita Muralidharan, Sohyun Cho, Farheen Jamshed, Lauder 
Fairchok, Avery Parks, Sofia Mireles, Jazmine Ramos, Annesha Ghosh, 
Owen Zuidema, Emna Sellami

Orange County WateReuse Chapter meeting 
August 19, 2021



SARS-CoV-2 in Wastewater

2
Image credit: Maya Peters Kostman (IGI)

SARS-CoV-2 infects the 
intestinal tract and is 

excreted in feces



SARS-CoV-2 in Wastewater

3
Image credit: Maya Peters Kostman (IGI)

SARS-CoV-2 infects the 
intestinal tract and is 

excreted in feces

SARS-CoV-2 is removed 
and inactivated by 

standard wastewater 
treatment 

RNA



What is Wastewater-Based Epidemiology (WBE)?

4
Image credits: Dr. Rose Kantor (Nelson lab), Maya Peters Kostman (IGI)



5
Image credits: Dr. Rose Kantor (Nelson lab)

What is Wastewater-Based Epidemiology (WBE)?



WBE Potential Advantages

● Inherently pooled sample
● Less biased than individual 

clinical case data (not everyone 
gets tested!)

● Less costly than clinical 
surveillance in some settings

● Can provide an earlier signal

Image credit: Maya Petersen, UCB School of Public Health and SFDPH
6

Individual testing rate varies widely across 
populations



COVID-19 WBE around the world

7https://www.covid19wbec.org/covidpoops19 , @covidpoops19

https://www.covid19wbec.org/covidpoops19


Research                    
● Methods to measure 

SARS-CoV-2 in 
wastewater

● Methods to 
distinguish specific 
viral strains

● High throughput testing lab

● Regional monitoring 
program

● Data dashboard

Interpretation of 
wastewater data 
for public health 
decision making
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Implementation



Methods Development Data Interpretation Current functionality

COVID-WEB timeline

Image credit: SF Chronicle 
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(2 dilutions)
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(2 dilutions)
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Methods Development Data Interpretation Current functionality

Covid-WEB timeline

Image credit: SF Chronicle 
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SARS-CoV-2 Signal Normalization for 
fecal content

Physicochemical options
● Daily flow

● Chemical biomarkers (e.g., TSS or BOD)

Endogenous Biological Biomarkers
● Pepper mild mottle virus (PMMoV)

● crAssphage

● Bacteroides HF183 rRNA

● Human 18S rRNA

Fecal content may vary based on water usage, rainfall, etc. and 

concentrations won’t reflect COVID-19 levels in feces.

Greenwald and Kennedy, et al, 2021



Normalization biomarkers, cont.
● For a biomarker to indicate fecal content, should be consistently 

shed in feces across locations and seasons
● No precipitation during study period → minimal variation is desired 

Greenwald & Kennedy et al., 2021 medRxiv
15
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Human 18S rRNA 

● High variability
● Higher degradation than other 

biomarkers and SARS-CoV-2
● Common laboratory 

contaminant
● Not suitable as a normalization 

biomarker 

16
Greenwald & Kennedy et al., 2021 medRxivGreenwald and Kennedy, et al, 2021



Wastewater signal moderately correlated to clinical cases

Greenwald & Kennedy et al., 2021 medRxiv
17

Normalization Kendall’s 𝜏 correlation

None 0.43

Per capita flow rate 0.45

Bacteroides 0.35

crAssphage 0.38

PMMoV 0.18

18S Not significant

TSS Not significant

Greenwald and Kennedy, et al, 2021



Methods Development Data Interpretation Current functionality

Covid-WEB timeline

Image credit: SF Chronicle 
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Partnerships
● 38 Sampling sites (1-4x/week)

● 19 Wastewater agencies

● 6  County PH agencies

● Reporting to CA DPH

● Coordinate with CA Water Board 

● Participating in pilot with 

CDC-NWSS

Publications
● 3 Peer-reviewed 

publications

● 2 methods protocols

● 1 opinion piece

● Contributions to WBE 

slack and webinars

Research
April 2020- Present

Pop-up laboratory
October 2020- Present

https://www.covid-web.org 



Example dashboard time series from one city
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Wastewater testing at UC Berkeley

21https://coronavirus.berkeley.edu/dashboard/



COVID-19 Tiers in California, USA
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Image credit: 
California Department of Public Health 
https://covid19.ca.gov/safer-economy/#county-status

Wastewater methods appear sensitive enough 
to distinguish between “minimal” and 
“moderate” tiers



What’s Next?

● COVID WBE will continue to be used (together with case data) for
○ Confirming that cases remain low or early warning if cases start to increase

■ Where vaccination rates are lower
■ New more contagious variants arise
■ Vaccine breakthrough occurs

● COVID WBE has the potential to be used for
○ Tracking mutations, evolution, spread of SARS-CoV-2 variants

● Future wastewater monitoring applications
○ WBE for other pathogens or health markers (epidemiology)
○ Tracking antibiotic resistance
○ Ensuring the safety of potable reuse (water security)
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Thank you!

Public Health Partners
● San Francisco Dept of Public Health
● Contra Costa County Dept of Public 

Health
● Marin County Dept of Public Health
● Alameda County Dept of Public Health
● Napa County Dept of Public Health
● Berkeley Public Health Dept
● California Department of Public Health
● U.C. Berkeley, COVID-19 response team
● UC Berkeley Functional Genomics Lab 

and Genomic Sequencing Lab (Justin 
Choi)

Funders: CITRIS, IGI, Catena Foundation, 
CDPH, U.C. Berkeley

Wastewater Agency Partners
● Sanitary District No.5 of Marin County
● Central Marin Sanitation Agency
● East Bay Municipal Utility District
● San Francisco Public Utilities Commission
● Las Gallinas Sanitary District
● Sausalito-Marin City Sanitary District
● Sewerage Agency of Southern Marin
● Novato Sanitary District
● Central Contra Costa Sanitary District
● Delta Diablo Sanitary District
● West County Water District
● City of Yountville
● City of American  Canyon
● Dublin-San Ramon Services District
● Union Sanitary District
● City of Vacaville
● UC Berkeley EH&S
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Questions?

Hannah Greenwald, hannah.greenwald@berkeley.edu, twitter: @H2O_Hannah
Dr. Lauren Kennedy, kennedylaurenc@berkeley.edu, twitter: @lauren1water
Dr. Rose Kantor, rkantor@berkeley.edu, twitter: @RoseKantor
Dr. Kara Nelson, karanelson@berkeley.edu 
www.covid-web.org 

mailto:hannah.greenwald@berkeley.edu
mailto:kennedylaurenc@berkeley.edu
mailto:rkantor@berkeley.edu
mailto:karanelson@berkeley.edu
http://www.covid-web.org


Standing Items
Regulatory Updates

—DDW
—OCHCA

State Section Update:
—Joone Lopez (MNWD)

Legislative and Regulatory Matters:
—Frank Prewoznik (IRWD)

Potential Funding for Projects





















2021 WateReuse California Conference
September 19-21 |Los Angeles

2021 WateReuse Annual Conference – At a Glance
• 48 Technical Sessions (including virtual)
• 5 Panel Presentations
• 2 Tours
• Networking opportunities

Location
JW Marriott Hotel Los Angeles at L.A. LIVE
900 West Olympic
Los Angeles, CA 90015, US

Advance registration closes Wednesday, September 1



2021 WateReuse California Annual Conference
Sunday (9/19) Topics

42
(#) is number of presentations 

RO Concentrate and 
Minimization and Disposal 

(4)

Declining Flows
(3)
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(#) is number of presentations 

Direct Potable 
Reuse 

(2)

Planning and 
Implementation

(5)

Non-Potable Reuse
(5)

Potable Reuse 
Challenges and 

Solutions
(8)

Artificial Intelligence 
and Real-Time 

Monitoring
(5)

Groundwater 
Replenishment

(5)

2021 WateReuse California Annual Conference
Monday (9/20) Topics



44
(#) is number of presentations 

Outreach and 
Communication

(4)

Treatment
(4)

MBR in IPR Projects
(3)

Regulatory and 
Permitting

(3)

2021 WateReuse California Annual Conference
Tuesday (9/21) Topics



2021 WateReuse California Annual Conference
Panel Discussions
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Transforming Utilities, 
Sustaining our Assets –
How Advanced Analytics 
can Guide Better O&M of 
Water Recycling Systems 
(Mon)

Multi-Pronged Approach 
to Make Technology Work 
for Regulatory Success of 
DPR 
(Mon)

Same but Different - 3 CA 
Utilities Share What’s 
Most Important for Reuse 
Projects
(Mon)

Partnerships for Success 
with the Regional 
Recycled Water Program
(Tues)

LA Water Reuse Future 
Panel Discussion 
(Tues-Lunch)

Water Reuse 
Communications in 2021 
and Beyond: 
Developments and Best 
Practices 
(Tues)

Bioanalytical Screening in 
Recycled Water – Current 
Status, Challenges, and 
Opportunities – Panel 
Discussion 
(Virtual)



2021 WateReuse California Annual Conference 
Facility Tours

46

Albert Robles Center for Water 
Recycling and Environmental 
Learning
In-Person Tour
Sunday, September 19, 12:00 pm
Capacity: Limited to 50 people
Fee: Included in registration

Regional Recycled Water Advanced 
Purification Center
Live Hosted Virtual Tour
Sunday, September 19, 1:00 pm
Fee: Included in registration



Upcoming Webcasts & Conferences/Meetings

➢ Webcasts:
• Discussion on Desalination – Treatment, Research and the Future 

August 11, 2021 (11 am PT)

➢ Conferences/Meetings
• 2021 WateReuse California Conference| September 16-21, 2021| 

Los Angeles, CA

• 2022 Annual WateReuse Symposium | March 6-9, 2022| San 
Antonio, TX

See www.watereuse.org to register and for more information. 

http://www.watereuse.org/


Have a question?

Select the “Raise Hand Zoom” button or 
select *9 on your telephone. 

Roundtable: What’s going on - All
Looking for hosts 

& presentation topics 
for 2021



THANK YOU

Meeting Adjourned 


