From Science to Policy —
Recreational Water Criteria / Standards:
Scientific Bases for Potential Paths Forward

Jeff Soller

CASQA California SWRCB Bacteria Summit

September 14, 2022 _ _
 SOLLER ENVIRONMENTAL
"ANALYSIS & INSIGHT FOR DECISION MAKING




Outline

Similarities and key differences US EPA 1986 & 2012 water criteria
for recreation

Human impacted waters — important pathogens and features

Non-human impacted waters — important pathogens and
contrast to human impacted waters

Mixtures of human & non-human contamination

Findings from CA rec water studies in context of differential risk
from human / nonhuman sources

Take away messages



2012 vs 1986 water criteria for recreation

2012 1986

Table 4. Recommended 2012 RWQC.

Estimated I]lne§s Rate (NGI): Estimated I]lne§s Rate (NGI): NesapEEle Sotmming Steady State e
36 per 1,000 primary contact 32 per 1,000 primary contact Lessociated Gastro- Geometric Mean Beach Area
}g“te“;‘ ;/;:cret.ltto(l]:s ;;crez}zotlis enteritis Rate per Indicator {(upper 75% C.L.)
ements agnitude agnitude : ‘ )
oM STV M STV 1000 swimmers Density Single Sample Max
Indicator (cf/100 mL)* | (cfu/100 mL)* | OR | (cf/100 mL)* | (cfu/100 mL)*
Enterococci Freshwater
— marine
and fresh 35 130 30 110 enterococci 8 3300 61
> i 8 126 (" 23
E. coli E. cold () 5
— fresh 126 410 100 320 Mar Hat
Duration and Frequency: The waterbody GM should not be greater than the selected GM ardiie water
magnitude in any 30-day interval. There should not be greater than a ten percent excursion ¢ . 19 35 ¢ 104
frequency of the selected STV magnitude in the same 30-day interval. shterococed )

* EPA recommends using EPA Method 1600 (U.S. EPA, 2002a) to measure culturable enterococei, or another
equivalent method that measures culturable enterococci and using EPA Method 1603 (U.S. EPA, 2002b) to measure
culturable £. coli, or any other equivalent method that measures culturable E. coli.



2012 vs 1986 water criteria for recreation

2012 1986

Table 4. Recommondod 202DV

Estimated Illness Rate (NGI): Estimated Illness Rate (NGI):
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Indicator (cfu/100 mL)? OR | (cf/100 mL)* |f (cf/100 mL)?
Enterococei Freshwater
— marine .
and fresh 110 enterococci g
E. goli 8 126
100 Marine Water
Duration and Frequency: The waterbody GM should not be greater than the selected ,
magnitude in any 30-day interval. There should not be greater than a ten percent excursion enterococei J13
frequency of the selected STV magnitude in the same 30-day interval.

* EPA recommends using EPA Method 1600 (U.S. EPA, 2002a) to measure culturable enterococei, or another
equivalent method that measures culturable enterococci and using EPA Method 1603 (U.S. EPA, 2002b) to measure
culturable £. coli, or any other equivalent method that measures culturable E. coli.



2012 vs 1986 water criteria for recreation

Key difference

1986 criteria “were selected in order to further carry forward the same level of water
quality associated with EPA’s previous criteria recommendations to protect the primary
contact recreation use”

2012 criteria have a much closer linkage to the underpinning level of health protection

“The mean iliness rates associated with the 2012 RWQC water quality recommendations are approximately 32
cases of NGl per 1,000 primary contact recreators for a culturable enterococci GM criterion of 30 cfu per 100 mL
and 36 cases of NGl per 1,000 primary contact recreators for a culturable enterococci GM criterion of 35 cfu per
100 mL, in both marine and fresh water”

The 2012 iliness rates were used to estimate equivalent criteria values for cultfurable E.
coli and Enferococcus spp. via gPCR

This establishes a risk-based framework for alternative indicators and methods




Alternative criteria — why and how

WHY
EPA’s epidemiological studies were conducted in recreational waters impacted by treated wastewater

Conducted during summer bathing season

Account for full range of weather conditions observed

The fecal indicator bacteria (FIB) / pathogen combination(s) may vary in other sources of contamination
and waters impacted by other sources

HOW
States could adopt alternative criteria to reflect local conditions and human exposure patterns

Alternative health relationship derived using epidemiology with or without QMRA
QMRA results to determine water quality values associated with a specific iliness rate

Different indicator/method combination

May be adopted into a state water quality standard provided that they are scientifically defensible,
protective of the use, and reviewed and approved by EPA



Waters impacted
by human
sources

What pathogens likely cause
the majority of ilinesses in

recreational waters impacted
by human sourcese
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Waters impacted by human sources

Table 4 — Summary of QMRA results

Pathogen Health-Based Approach POTW Effluent-Based Approach
[liness rate/  Infection Rate/  Estimated mean  I[llness Rate/ Infection Rate/ Estimated mean
1000 1000 concentration 1000 1000 concentration
SWINers SWINLITIErS (organisms/L) SWILITLITIErS SWIITLITIers (organisms/L)
All Unknown MNA Unknown NA
Rotavirns 13.6 0.7 0.7 0.04
Morovirus® 28.6 2.1 49,5 3.8
Adenovims 9.5 0.7 0.5 0.04
Cryptosporidium spp. 0.7 0.2 0.5 0.15
Ginrdin lamblia 4.9 7.6 0.01 0.02 0.05
Camplyobacter jejuni . 24.6 1.0 0.1 3.8 0.4
E_coli 0157 H7 0.01 0.0% 0.2 0.001 0.01 0.01
Salmonella enterica 0.09 0.44 122 0.0003 0.001 0.4

a Genome copies per liter.

Takeaway: In human impacted waters viruses are likely efiologic agents of concern



Waters impacted
by mixtures of
human sources

When recreational waters are
impacted by a mixture of
human sources, which source
IS most important?

. Raw sewage « FIB culture

« L FIB gRE R
- WWIP effluent Pathogen risk

(FIB = fecal indicator bacteria)
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Waters impacted by mixtures of

NUMAN SOUrces

Hypothetical waterbody had both raw sewage
and freated wastewater effluent

A combination of two different human sources is
required to achieve the 35 ENT /100mL and
30/1000 Gl iliness combination

The different sources contribute varying levels of
impact (culture, gPCR, volume, risk)

Takeaway: The source contributing the maijority
of risk in a mixture may be overlooked when only
culture based FIB are assessed
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Fig. 1 — Predicted median source contribution of total
indicator density, volume, and pathogen density for

a waterbody with a total indicator density of 35 CFU

100 mL ™" enterococci and impacted by fresh poorly treated
sewage (Raw) and fresh secondary-treated disinfected
municipal wastewater (POTW) (Run 1a). The 25th and 75th
percentile value predictions are shown as error bars.



Waters impacted
by non-human
sources

Al a fixed level of fecal indicator
bacteria, are the risks in non-
human impacted waters the

same or different than those in
human impacted waterse

Flssessing Pathogen Risk to
Swimmers at Non-Sewage Impacted
Recreational Beaches

MAERY E. SCHOEN® AND

HICHOLAS J. ASHEOLT

T2, Ernadronmeental Froteciion dgenay, Moo Expogire
Lemeqrch Laboratory 26 T Martin Luther Fing Drive
Cireinnal, ORie do2G8

Feceived Nopenber 19, 2000 Beisd mannsoipt recdved
Februmy 5 20010, Accspited Febremy 15, 2010,

The risk of gastrointestinal illnes s to swirimers from frash
sewage and non-sewage fecal sources at recreational beaches
was predicted using quantitative microbial nsk assessment
I00ARA). The QMFA estirmated the probability of iliness

for accidental ingestion of recreational water with 2 specific
concentraion of fecal indicator bacteria, hera the geometr cmean
enterococei limit of 26 cfu 100 mL™, from either a midure of
sources or an indiidual source. Using seagulls a5 an example
non-s ewage fecal source, the predicted redian probabily

of illness was less than the iliness benchrmark of 001, When
the fecal sourcewas changedtopoorhrireated sewage, arelatiby
small differenc e between the median probability of illne ss

and the ilnes s benchrrark was predicted. For waters impacted
b & rrixture of seagull and sewrage waste, the dominant
source of fecal indicatorwas not abways the predicted dominant
saurce of risk.

mlationship between indicator and health onteonoe at non-
POTW irnpacted beaches has promapted the need to find an
alterative way of estimating the conditions under which
Iaman health may be impacted (4) Sweh an alternatise
approach i implemented here to predist the pathogen risks
fiorm non-sewage somces at recreational beaches, using
quantitative microbial sk assessmoent {(GMEA) (7— 3.

QIEAhas been nsed to predict the public healthoutcome
fiom exposure to recreational waters in multiple sdies
(2e=26). all but one of these studies focus on waters
dorninated by harnan sources; and to cur knowledes, ondy
oz study focused specifically on the misks frorn andrnal
sources, Till et al, caleulated the probability of illness for
bird dorninated recreational waters it Iewr Fealand using
cbzerved densities of CanpWebaiter This study, which
considered other sources of contarnination in addition ta
avian sonmes, motvated a revision to MewEealand's water
quality gmidelines for frechwater recreational amas (13).

The workdeseribed hewe also aitas to indomn fatarepo oy
derizions where non-sewm ge sources domninate the con-
taTniniation at recreational waters. The pritnaryobjec tive was
o predict and prioTitize the pathogen risk from non-sewage
and sewage sources for a waterbody at the 175 EPA
moeorarnended waterquality kit Thesecond objective was
1o predict when 3 non-sewage souree of pathogens may
dominate the ilness risk in a watetbody impacted by a
mdre of sourees.

Tethod

& QWERA appmoach (7 8 was construsted to cakulate the
probabiity of gastmintestinal {G1) illness for 2 healthy adnle
rsulting fromn the acsidental ingestion of Eereational water
mnpacted by fiesh fecal contarnination. The probability of
=T illness was estimnated separately for nonsewase and
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Enterococci
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Fig. 2 — Run 1 contribution of each pathogen. Run 1 contribution of each pathogen to the probability of GI illness from
ingestion of water containing fresh faecal pollution from animals or sewage at faecal indicator densities of 35 cfu 100 mL ™"

ENT (24) and 126 cfu 100 mL ™" E. coli (2B).

Some non-human sources have lower risks than human sources

.
0

Takeaway



Waters impacted
by mixtures of
human and non-
human sources

What is the risk profile for waters
Impacted by mixtures of human

and non-human sourcese

s it possible to derive FIB values
that correspond to a specific risk
level for waters impacted by
mixtures of human and non-
human contaminatione
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Frobability of lliness
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Waters impacted by mixtures of

NumMman and non-human sources

Enterococci concentrations corresponding to 36/1000 ilinesses for
various mixed contamination scenarios

Table 2 — Selected predicted median enterococel densities that correspond to Gl illness levels of 0.036 for waters impacted

by mixed sources of faccal contamination.

Non-human source Hurman contributon 0% 10% 20% 320% 0% 70% 100%
MNon-human contribution 100% 90% 80% 70% 0% 320% 0%
Pig 607 278 164 114 70 50 35
Chicken 103 a5 87 79 62 40 35
Gull 1947 339 174 116 70 50 35
MNon-pathogenic source = 350 175 117 70 50 35

Takeaway: In waters with mixed sources, higher levels of Ent can correspond to iliness benchmark



Infegrating source
specific risk Information
with results from CA rec
water studies -
epidemiology

Numerous rec water epi studies
conducted in CA

Avalon, Doheny, Malibu, San Diego,
Santa Monica

FIB measured via culture can do a good
job in some / many cases

Other indicator / methods can improve
health outcome predictions depending on
specific conditions at studied location

F+ coliphage

Human markers (e.g. HF183)

Contents lists available at ScienceDirect
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Integrating source
specific risk iInformation
with results from CA rec
water studies — Surfer
Health Study (SHS)

SHS - first epi & QMRA study to quantify risks
from coastal water exposure after storms

Focus - wet weather stream flows affecting
coastal waters

Human sources of contamination
contribute viral and bacterial pathogens
to streams during wet weather

QMRA and epi results closely matched

Viruses were important predicted cause
of Gl illness

American Jeumal of Epidemiokegy
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Pulling it all fogether

The 2012 RWQC provides significant opportunities and additional flexibilities to address CA-
specific recreational water quality issues

Scientifically defensible
Protective of the use
Strong scientific foundation to believe
Human enteric viruses are important etiologic agents in human impacted waters
Risks associated with some non-human sources is lower than human contamination

Nature and magnitude of the source and the source dynamics are critical considerations



Final thoughts

Some recreational waters in CA may benefit from consideration of alternative standards or
alternative implementation approaches

Many coastal CA rec waters are not impacted by treated WWTP effluent
different source than EPA epi studies,

could have different ratios of fecal indicator bacteria/pathogens

Some alternative indicators are more effective at some CA study sites
Could consider different method(s) and/or different indicator(s)
Potential to achieve better health protection

Could allow regulated community ability to focus on effective human health risk reduction
rather than solely on fecal indicator bacteria reduction
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