TEXAS WATERSHED COORDINATOR

ROUNDTABLE

Welcome to the Roundtable!

Please be sure you signed-in on your way in the door.

Coffee and snacks at the back of the room.

Restrooms outside in hallway on the right.

The Texas Watershed Planning Program is managed by the Texas Water Besources [nstitute and is funded through a Clean Water Act Section 319(h)
nonpoint spurce grant provided by the Texas State Soil and Water Conservation Board and U5 Environmental Protection Agency.



INTRODUCTIONS

= Name
= Employer
m Role / Position Title

® Watershed(s) you work in



Texas Watershed Coordinator Roundtable
el ——————.

May 20, 2025 | 9:00 am - 4:00 pm
Texas A&M University Hildebrand Equine Center
3240 F&B Rd, College Station, TX 77845

8:30 am. Event Sign In

9:00 a.m. Welcome, Introductions and Roundtable Overview
- Lucas Gregory, dssocfate Director, TWRI

9:15 a.m. Setting the Stage: History of the Texas Bacteria TMDL Task Force
- Lucas Gregory, Associate Director, TWRI

9:30 a.m. Microbial Source Tracking: State of the Science, Approaches and Applications in Texas
- Terry Gentry, Professor, Department of Soil & Crop Sclences - Texas A&M University

10:30 am. Networking Break

11:00 am MST and Quantitative Microbial Risk Assessments in Texas
- Anna Gitter, Assistant Professor, Env. & Occupational Health Sciences - UT Health

11:45a.m. Networking Lunch Break

12:45p.m. MST Marker and QMRA Applications to Inform Local Water Quality Standards
- leff Soller, Founder and Principal Scientist, Soller Environmental LLC

2:00 p.m. Networking Break

2:15 p.m. Panel Discussion on Managing Risks In Recreational Waters
- lason Pinchback, Water Resources Manager, Texas General Land Office
- Terry Gentry, Professor, Department of Soll & Crop Sciences - Texas A&M Unfversity
- Anna Gitter, Assistant Professor, Env. & Occupational Health Sciences - UT Health
- leff Soller, Founder and Principal Scientist, Soller Environmental LLC

3:30 p.m. Brief Agency Updates
- EPA, TCEQ, TSSWCB

3:50 p.m. Wrap-Up & Program Evaluation
- Next Roundtable - Fall 2025























































































































































































Exposure Scenarios

* Primary Contact Recreation
* Swimming, wading, water
skiing (any activity with risk of
head submersion)
* Secondary Contact
Recreation

* Kayaking, canoeing, fishing,
boating
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Remember:

We are not detecting pathogens but rather estimating potential pathogen
concentrations and therefore doses when using MST data.

Units | Concentraton |  Sowee

Interval Censore
Haulover (4.38822, 2.02544)?; Crandon
a
HF183 in the environment copies/100mL (3‘78605’. 1‘5.4293 Environmental data
Substitution:
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Interval Censored:
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b
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Crandon 0 or 25¢

6750 ot 20170
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Salmonella in Sewage CFUL (05,5 (Koivunen et al., 2003;
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Cryptosporidium in sewage oocysts/L (-0.52,3.7)¢ (Harwood et al., 2005; Crockett,
2007; Yang et al., 2015; Nasser,
2016; Schoen et al., 2017

Giardia in sewage cysts/L (0.51,4.2)° (Harwood et al., 2005; Kitajima
etal., 2014

@157 (Efim il 2017

s Tt 5 T MY
2011; Soller et al., 2017

DogBact in the environment copies/100mL Environmental data
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Examples of MST & QMRA in Texas

* Leon River (Central Texas)

* Lavaca River (Southeast Texas)

* Little Bay (Rockport, TX)

* City-by-the-Sea (Canal Community on TX Coast)
* Ongoing: Baffin Bay & Medina River
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Examples of MST & QMRA in Texas

* Leon River (Central Texas)

* Lavaca River (Southeast Texas)

* Little Bay (Rockport, TX)

* City-by-the-Sea (Canal Community on TX Coast)
* Ongoing: Baffin Bay & Medina River
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Examples of MST & QMRA in Texas

* Leon River (Central Texas)

* Lavaca River (Southeast Texas)

* Little Bay (Rockport, TX)

* City-by-the-Sea (Canal Community on TX Coast)
* Ongoing: Baffin Bay & Medina River




Little Bay (Rockport, Texas)
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Examples of MST & QMRA in Texas

* Leon River (Central Texas)

* Lavaca River (Southeast Texas)

* Little Bay (Rockport, TX)

* City-by-the-Sea (Canal Community on TX Coast)
* Ongoing: Baffin Bay & Medina River




City-by-the-Sea (Canal Community on TX Coast)
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MST Marker
and QMRA
Applications to
Inform Local
Water Quality

Standards

JEFF SOLLER

SOLLER ENVIRONMENTAL, LLC




Outline

» Context for considering local / state water
quality standards

> Basis for national recommendations for
recreational waters

» Characteristics of foundational epidemiological
studies

» What is the same as / different than 1986
» Magnitude, duration, frequency
» How changes can influence WQS

» Relative risks from disparate sources of
fecal contamination
» Human

> Non-human

» MST / QMRA example applications
» HF183 for freshwater

» Marker panel for estuarine waters

» Considerations
» When to consider alternatives to RWQC
» Use attainment vs notification management

» Potential approaches for using markers and
QMRA to inform WQS / beach management



Table 1. Recommended 2012 RWQC.

Estimated Illness Rate (NGI): Estimated Illness Rate (NGI):
36 per 1,000 primary contact 32 per 1,000 primary contact
Criteria recreators recreators
‘ O nte X t Elements Magnitude Magnitude
GM STV GM STV
Indicator (cfw/100 mL)* | (cf/100 mL)* | OR | (cfw/100 mL)* | (cfu/100 mL)*
Enterococci
— marine
2 O 1 2 and fresh 35 130 30 110
OR
. E. coli
Recreational Cpen | s 1o 00 o
‘h 7 . Duration and Frequency: The waterbody GM should not be greater than the selected GM
ater Quallty magnitude in any 30-day interval. There should not be greater than a ten percent excursion
. . ‘A 7 frequency of the selected STV magnitude in the same 30-day interval.
Crlterla (R Q C) * EPA recommends using EPA Method 1600 (U.S. EPA, 2002a) to measure culturable enterococci, or another

equival ent method that measures culturable enterococci and using EPA Method 1603 (U.S. EPA, 2002b) to measure
culturable Z. coli, or any other equivalent method that measures culturable £. coll.

EPA 15 also providing information for developing site-specific criteria that measure enterococci
using EPA’s Enterococcus spp. QPCR Method 1611 (U.S. EPA, 2012b). For the purposes of
beach notification, EPA encourages the use of a BAV, which approximates the 75" percentile of
a water-quality distribution based on the desired GM. See section 5.1 and 5.2 for *Supplemental

Elements.’




Context - Foundational epidemiology
studies used to inform 2012 RWQC

» Temperate freshwater (Great Lakes)
» West beach, Huntington beach, Silver beach, Washington Park beach

» Temperate marine
» Edgewater beach (MS), Fairhope beach (AL), Goddard beach (RI)

» Tropical marine
» Boquerdon beach (Puerto Rico)

»Urban runoff impacted marine
» Surfside beach (SC)




Context - Common characteristics of
2012 RWQC epidemiology studies

» Officially designated recreational area near a large population center
»Large enough attendance to support epi study (min 300-400 attendees / day)
»Generally met state /local WQS with a range of indicator densities

»Range of indicator density was related to contamination from identified point

source (WWTP effluent)

»Swimming season was at least 90 days long




Context - 2012 RWQC vs. 1986 AWQC

»Similar FIB criteria values

» Different lliness endpoint
» Prior - HCGI
»Current - NGI

»Similar level of protection
> Prior - level varied
» Current - level is consistent

> Similar use of two WQ characteristics
» Prior - GM / SSM

»Current - GM / STV

» Different recreational water use intensity
» Prior - multiple levels
»Current - single level

» Different technical basis for criteria
derivation
» Prior - Water quality-based derivation
»Current - Risk basis is embedded
o Culturable E. coli
o Enterococcus spp. via gPCR
o Alternative sources of contamination

»Magnitude, duration, and frequency are explicit
components of criteria



1986 Ambient Water Quality Criteria

TABRLE 4. CRITEERIA FCE IMNDICATCE BFCRE BACTERICLOGICAL DEMWNSITIES
cingle Sample Maximum Allowable Density

Infrequently Used

Acceptable Swimming Steady State Designated Moderate Full Lightly Used
Associated Gastro- Geometric Mean Beach Area Body Contact Full Body Full Body Contact
enteritis RKate per Indicator {(upper 75% C.L.} Eecreation Contact Recreation
1000 swimmers Density upper 82% C.L.} ERecreation {upper 95% C.L.}
upper 20% C.L.}
"reshwater
enterococcil 8 BE{H &1 7B 107 151
E. coll 8 126 (") 235 298 4085 575
Jarine Water
enterococci 19 35{ﬁ 104 158 276 501




Context — How do / can 2012 RWQC
influence local / state WQS?

» State Water Quality Standards (WQS) including alternative criteria need to
be scientifically defensible and protective of the use

»Tools are now available and approved

» Evaluate and manage their waterbodies

» Develop alternative WQC that differ from EPA’'s recommended criteria

o QMRA

o Alternative fecal indicators / methods




WQS that differ from 2012 RWQC

»Alternative WQS may involve adoption of different numerical values that are

based on
» An alternative health relationship derived using epidemiology with or without QMRA
» QMRA results to determine water quality values associated with a specific illness rate

» A different indicator/method combination




WQS that differ from 2012 RWQC

»KEY POINT: Alternative criteria may be adopted into a state WQS provided
that the resulting site-specific WQS are scientifically defensible, protective of

the use, and reviewed and approved by EPA under CWA §303(c).
»There is much more flexibility embedded than most people realize

» Careful consideration of magnitude, duration, frequency is merited

o Example - duration evaluation!




Relative Risks from Various Sources of Contamination

WATER RESEARCH 44 {201I0) 4674—4601
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Available at www.sciencedirect.com

“e.” ScienceDirect

journal homepage: www.elsevier.com/flocate/watres

Estimated human health risks from exposure to recreational

waters impacted by human and non-human sources of faecal
contamination™

Jeffrey A. Soller *, Mary E. Schoen?, Timothy Bartrand S, John E. Ravenscroft ¢,
Nicholas J. Ashbolt?

2 Soller Environmental, LLC, 3022 King 5t, Berkeley, CA 94703, USA

b 1S Environmental Protection Agency, Office of Research and Development, 26 West Martin Luther King Drive, Cincinnati, OH 45268, USA
“Clancy Environmental Consultants, PO Box 314, St. Albans, VT 05478, USA
11j5 Enviranmental Protection Agency, 1200 Pennsylvania Avenue, N. W, 4304T, Washington DC 20460, USA




Relative Risks from Various Sources of Contamination

Reference pathogens - account for most ilinesses of all non-foodborne iliness in the US
»Norovirus
» Cryptosporidium spp.
» Giardia lamblia
» Campylobacter jejuni
»Salmonella enterica

»E. coliO157:H7




Relative Risks from Various Sources of Contamination
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Relative Risks from Various Sources of Contamination
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When to consider alternatives to RWQC

»Consider the conditions that the RWQC are based on

»|s the waterbody under consideration fundamentally different than the
RWQC conditions in some important way (e.g., different source of
contamination)?

»|s there a sound reason to believe that the recommended FIB are not
functioning well?

»We use “Risk Based Threshold” (RBT) for MST markers

»RBT = median marker concentration that corresponds to an average Gl iliness risk value
(e.g. 0.032)

» This value aligns with the “Magnitude” in RWQC




MST / OMRA example applications

tMicmbial Risk Analysis 16 (2020) 100139

Contents lists available at ScienceDirect .
. . . . MICROBIAL
Microbial Risk Analysis RISK ANALYSIS

s

journal homepage: www.elsevier.com/locate/mran

Refined ambient water quality thresholds for human-associated fecal 5

Check for

indicator HF183 for recreational waters with and without co-occurring gull %=
fecal contamination

A.B. Boehm?, J.A. Soller™*

* Depariment of Civil & Environmental Engineering, Stanford University, Stanford, CA, United States 94305-4020
P Soller Environmental, Berkeley, Californic, United States




QMRA parameter information

Table 1

Untreated sewage concentrations for reference enteric pathogens and indicators, and dose-response relations, and Pays for reference enteric pathogens. Unit (refs) is the concentration in sewage, p is the dose, Pips is
probability of infection, Py is probability of becoming ill after infection. Note that units of pathogens are per liter and for indicators is per ml to reflect the units uged in the literature for these parameters. CFU is colony
forming unit, MPN is most probable number, copy refers to gene copy number, IU is infectious unit, and PFU is plaque forming unit. 1F; is the hypergeometric function. When specified, Py s are represented by a range of
parameters, as indicated, drawn from a uniform distribution. Py for Campylobacter is dose-dependent withr = 2,44 X 10¥ and n = 3.63 % 1077, References (Refs) for Py and Pinpns are provided in the last column,
References for sewage concentration range are provided adjacent to the unit,

Organiam/Target  Ci sewage Unit (refs) Pinf Pill|1'nf (distrbution) Refs
Sainonella pp. [0.5,5]# CFU/L (Kotvunen et al, 2003; Lemardhand and Lebaron, 2003) 11+ p,f2884)'0'3m 0,17-0.4 (uniform) Haas et al, 1999, Fazil, 1996, Teunis et al,, 1999
Canpylobacter [2.9,46] MPN/L (Stamnpi et al, 1993) 1R (0.024,0.024 40,011,403 1-{1+m)™" Teunis et al, 2005
E coli0lE7H?  [-1,3.9] o CPU/L (Garcia-Aljare et al, 2004) 11+ LLMB.B)'D'M 0,2-0.6 (uniform) Teunis et al, 2008, Ludwig et al.,, 2002, Werber et al, 2008,
Bielaszewska et al, 1997
Crypfosportdium [-0.52, 3.7] * oocysts/L (Jian ef al, 2015; Crockett, 2007, Harwood et al,, 2005, 1-exp(-0.09p) 0,3-0.7 uniformmn) 15 EPA 2006
Nasser, 2016, Schoen et al, 2017
Giardia [0.51,4.2] * eyats/L (Harwood et al, 2005; Kitajima et al., 2014) 1-expl—0.0199 ) 0,2-0.7 funiform) Boge and Gerba, 1991; Eisenberg et al., 1996
TIOTOVINLS [4.0,1.1] copy/L (Eftimm et al, 2017) 1-1F (0.04, 0.04+ 0.055, - 0.3-0.8 (uniform) Teuniz &t al,, 2008
adenovinis [1.75,3.84] # [U/AL Soller et al,, 20170, Hurst et al,, 1988; Hewitt et al,, 2011 1-qF 511,511+ 28, - 0.5 (uniformm) Teunis et al., 2014
HF183 [5.212, 0.566] coples/ml (Sharke et al, 20107 NA [NA
enterococe [2.8, 5]# CFUAml (Soller et al,, 20108) NA N&

* The two values separated by a comma are the minimum and maximum of the logqe-uniform distribution.
The two values separated by a comma are the mean and standard deviation of a logyp-normal distribution.
* Lower range is not detected and —1 isused asa lower bound. NA means not applicable.




Risk based thresholds for Hf183 of
known and unknown contamination age
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Fig. 2. Themedian, 45th, and 55th percentiles of caleulated risk for ameasured
concentration of HF182 in surface waters when the age of contamination is
unknown, and thus assumed to be any possible age in the Monte Carlo simnu-
lations, The median risk in the figure is the median of 50,000 Monte Carlo
simulations for each Cppigs. Reference line corresponds to 3271000 illness
leveal,




RBTs for gull marker of unknown age and
oull marker / Hf183 mixtures
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known, and thus assumed to be any possible age in the Monte Carlo simula-
tions, The median risk in the figure iz the median of 50,000 hMonte Carlo =i-
mulations for each Cep.
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Fig. 6. Median caloeulated ride as a function of Cgmes and Cepr The lines re-
present lines of constant median risk and are labeled with the log gptransform of
the risk value. The line of constant risk = 3271000 iz shown in black and is
labeled with the logip(32710007= —1.49485 The symbols reprasent the va-
lnesused to create Table 5, Similar contours for the 45th and 55th percentiles of
risk can be found in the supporting material (Figures 52 and 5S4,



MST / QMRA example applications
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QMRA parameter information

»Similar technical methodology for QMRA
as presented in previous slides

Table 1
> Panel Of marke IS |ﬂC| Uded tO evaluate Concentration, distribution and parameters of sewage-associated markers and
. human norovirus (HNoV) in untreated sewage.
th € be neflts an d d raWbaCkS Of eaCh Markers and Concentration (range Distribution  Distribution parameters
HMNoV log,y GC/L of of concentration (log, g
untreated sewage) GC/L of untreated
Table 2 ' sewage)
Mean decay rates (k/day) and of sewage-associated marker and human nor-
ovirus (HNoV) in Davidson Park (DP) and Hen and Chicken Bay (HCB) meso- HF183 8.31-9.93 Weibull Scale —31.8
cosms under ambient sunlight conditions (Ahmed et al., 2024), Shape — 9.50
Lachno3 8.13-9.88 Log-nomnal Mean — 9,20
Markers and HHoV Mean k/day SD — 0.40
DP HCB CrAssphage 8.27-9.88 Weibull Scale — 31.6
Shape — 9.40
HF183 0.414 0,328 PMMoV 7.94-9.57 Weibull Scale — 23.3
Lachno3 0,272 0.201 Shape — 8,70
CrAssphage 0.259 0.289 HMHoV GI + 3.00-6.35 Log-normal Mean — 5.00
PMMoV 0.162 0,064 GIT 5D —0.90

HHMNoV GII 0.181 0.114 ..
SD: standard deviation.




Risk based thresholds for Hf183 for
known contamination age

10°

— HF183 (DP)

—= HF183 (HCB)

- Lachno3 (DP)

—= Lachno3 (HCB)
- CrAssphage (DP)
== CrAssphage (HCB)
PMMoV (DP)
103 ~~ PMMoV (HCB)

GC/100 mL
|
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]| Srhsplinge=-S0TO0

PMMoV - 68 GC

1 1 1 1 1 I i i
NN " b b 6 A & O O
P PP PP PP PP P

Fig. 2. HF183, Lachno3, CrAssphage and PMMoV RBT median concentrations (GC/100 mL) in Davidson Park (DP) and Hen and Chicken Bay (HCB) estuarine waters
corresponding to the illness benchmark of 0.032 for fresh (day 0) and aged (day 1 to day 10) sewage contamination. Dotted lines represent LLOQ values.



Take home messages from
RBT derivations

»Using MST marker RBTs may facilitate the interpretation of quantitative data and
enable better understanding of risks from exposure recreational waters

»Each MST may have desirable attributes and drawbacks (i.e., differential decay with
pathogens of primary concern, specificity, etc.)

»Age of contamination may be critical factor, depending on the differential decay
between marker used and pathogen(s) of concern
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Considerations - Interpreting
marker-based evaluation _
results

Curve height
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logyp enterococe (per 100 mi)

»Determine a priori how the results are to be used
Probahility density function [see equation 2]
Q Froportion with iliness [see equation B]
Mean = 0.9337 (geometric mean = 9 enterococci per 100 ml)
Standard Deviation = 0.8103

o Use attainment vs notification management

» For attainment - Understand the implications of D et o e o ococet per 100 mD
duration and/or frequency when evaluating marker- 777 Doseresponse curve
Fig. 2. Probability density function for intestinal enterococci
based reSUItS (up tO 50% Of the reSU|tS COUld be de%ived from 11,0360 EU gath_ing waters superimposed studies
] by Kay et al. [40], with the dose respense relationship derived
>RBT and use could be attained) from Fig. 1 dotted line.

D, Kay et al. | Water Research 38 (2004} 1296-1304




Considerations - Interpreting marker-
based evaluation results

» For use attainment: use of multiple, short duration periods and rolling GM
evaluations require careful consideration in interpretation

» Potential unintended consequence - more stringent WQS than intended potentially leading

to allocation of resources to waterbodies that do not require additional work

»| am not aware of any marker-based WQS yet (attainment evaluation of beneficial use)




Considerations - Potential approach for
using markers and QMRA to inform WQS /
beach management

»Use longest reasonable duration (increases data availability)
»Improve health protection by focusing on and managing days of highest risk

»Use multiple markers simultaneously to provide useful insight regarding days of relatively
higher risk (Ahmed, et al, 2024)
» Useful for management action decision-making

» Could minimize the drawbacks of individual markers

» Days in which multiple markers exceed predetermined thresholds could be candidates to
inform management action

»Note that the RBTs may or may not be the threshold values for comparison

»Interpretation of results must be consistent with derivation of RWQC (or WQS) - (must
account for magnitude, duration, and frequency considerations)




Questions / Comments

\‘

Contact: jsoller@sollerenvironmental.com




Subscribe
Here!

The newest issue of txH,0lis'online now! txH20
Inside: Protecting,

ching and managing Texas groundwater
tx | H;O

oNDER, 4 W

txH20 magazine features stories on current water
resources research and outreach programs in Texas

and priority water issues facing Texas.
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twrl tamu.edu/txH20

TWRI News

I U—v I i I | <| e ‘?‘J S TWRI News is an email newsletter covering the latest

Texas water research and solutions.

Read archived issues

Your source for Texas water research & solutions

Water Resources Training Courses
Update

This newsletter provides periodic updates of
upcoming trainings on riparian and stream
restaration, watershed protection planning, and

other water resource workshops.



AGRILIFE EXTENSION EDUCATION & OUTREACH

PROGRAM CONTACTS

Healthy Lawns Healthy Waters

John Smith
hlhw@tamu.edu
https://hlhw.tamu.edu

Lonestar Healthy Stream
Leanne Wiley

Leanne.wiley@ag.tamu.edu

https://Ishs.tamu.edu

Texas VWatershed Steward
Michael Kuitu

mkuitu@tamu.edu

https://tws.tamu.edu

Texas Well Owner Network
Joel Pigg
David.pigg@ag.tamu.edu

https://twon.tamu.edu/

Texas Landowner Riparian and
Urban Riparian & Stream
Restoration Programs

Alexander Neal

Alexander.neal@ag.tamu.edu

https://riparian.twri.tamu.edu

https://urbanriparian.twri.tamu.edu
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UPCOMING TEXAS WATERSHED PLANNING

PROGRAM TRAININGS
HTTPS://ITEXASWPP.TWRI.TAMU.EDU

Ag BMPs Course

= September 2025

m  Thrall — Stiles Farm

m  $50 registration fee

= Topics:

Ag BMPs to protect water quality
Ag Conservation Programs
Farm Demonstration Tour

Landowner Process for Technical
Assistance

Urban BMPs Course

November 2025
Dallas

$50 registration fee

Topics:

Value of urban stormwater BMPs
Coordinating with cities/developers
Challenges faced in urban settings

Low Impact Development



UPCOMING TEXAS WATERSHED PLANNING

PROGRAM TRAININGS
HTTPS://ITEXASWPP.TWRI.TAMU.EDU

Stakeholder Facilitation

= December 2025
= Online Only
m  Charlie McPherson, Tetra Tech
m  $50 registration fee
= Topics:
®  Understanding your audience
" Engaging stakeholders
" Facilitating meetings

®  Sustaining stakeholder groups



ROUNDTABLE WRAP UP

m  Feedback form = Scan the QR Code =2
= Topics of interest for next time

= Programs that you would like to learn more about

m  Next Roundtable: October 2025 — Austin Area

= Registration info will be in a future Trainings Newsletter

Questions or Comments:

Lucas Gregory Tina Hendon
LFGregory@ag.tamu.edu Tina.Hendon@ag.tamu.edu
979.314.2361 979.314.2472
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