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Table S1. Summary of studies focused on QMRA for potable reuse (listed in alphabetical order by first author; abbreviations summarized in main text).

Study Target Reuse QMRA | Risk Ingestion GC:IU Ratio; Credited or Failure Treatment Train Sensitivity Analysis Dose-Response Buffer Storage
Pathogen | Type Type Type Volume & NoV Aggregation | Actual LRV Incorporation Time & Decay
Frequency
Amoueyan | Crypto DFR, Bottom 10 Pinr and 2 L/, None Observed Failure probabilities | A) DFR: SW- Considered different Exponential Decay
etal. IPR,and | up 10°DALYs | once daily* treatment associated with coagulation/flocculation/ WW loadings of Crypto, incorporated
(2017)! DPR performance individual treatment | sedimentation-filtration- treatment process over 270-day
LRVs processes and disinfection failures, reservoir baseline storage
compound failures B) IPR: UF-O3-BAC-0O3- | storage time
(‘domino effects’) environmental buffer time, recycled water
C) DPR: UF-03-BAC-UV- | contribution, SW
ESB temperature, and dose
response parameters
Amoueyan | Crypto, DFR, Bottom 10 *Pisrand | 2 L/d, AdV =700:1 Observed Failure probabilities | A) DFR: SW Considered increasing Crypto: GW: decay
etal. NoV, AdV | IPR,and | up 10 ° DALYs | once daily* | TCIDso/gc; treatment associated with augmentation-DWTP with | concentrations of raw exponential & incorporated
(2019)? and DPR NoV mean performance individual treatment | Cl; sewage pathogen Fractional over 60-day
Salmonella aggregate size = LRVs processes and B) MF-RO-UV-GW concentrations (outbreak | Poisson, AdV: storage time;
1,106 gc compound failures replenishment-Cl, conditions), storage time | exponential, SW: decay
(‘domino effects’) C) UF-O3-BAC-03-SW and temperature in the NoV: Fractional incorporated
augmentation-DWTP with | environmental buffer, Poisson, over 270-day
Cl, recycled water Salmonella: Beta | storage time
D) MF-RO-UV- SW contributions, treatment | Poisson
augmentation-DWTP with | process failures, and
Cl, dose-response model for
E) MF-RO-UV- SW Crypto risk, aggregated/
blending-DWTP with Cl, | disaggregated NoV
F) UF-03-BAC-UV- dose-response
ESB+Cl,
G) MF-RO-UV-ESB+Cl,
Amoueyan | NoV DFR and | Bottom 10 Pint 2L/, None; Two different Failure probabilities | A) DFR: SW Considered differing Fractional Decay
etal. DPR up once daily* | NoV mean scenarios: associated with augmentation-DWTP storage/travel times (0, Poisson incorporated
(2020)3 aggregate size = observed individual treatment | B) DPR: MF-RO-UV- 15, and 30 days) over 270-day
1,106 gc treatment processes and ESB+Cl, baseline storage
performance & | compound failures C) DPR: UF-03-BAC-UV- time
credited LRVs | (‘domino effects’) ESB+Cl,
Asano et Enteric DFR/IPR | Bottom Did not 2 L/d, None Directly used No treatment failure | Full treatment = Modeled different Beta-distributed Decay
al. (1992)* | virus up compare to once daily* tertiary effluent | modeled, but did Secondary treatment, enteric virus model; had incorporated
(Echovirus benchmark concentrations, | model highest coagulation, flocculation, | concentrations different over 6-month
12, or secondary concentration in clarification, filtration, (secondary or tertiary infectivities for storage time
Poliovirus effluent tertiary treatment disinfection effluent concentrations) | echovirus 12,
1, and concentrations | with no LRV Alternative TT1 = direct poliovirus 1, and
Poliovirus with LRV =5 filtration (coagulation, poliovirus 3
3) for tertiary flocculation, filtration,
treatment disinfection)

Alternative TT2 = contact
filtration (coagulation,
filtration, disinfection)
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Study Target Reuse QMRA | Risk Ingestion GC:IU Ratio; Credited or Failure Treatment Train Sensitivity Analysis Dose-Response Buffer Storage
Pathogen | Type Type Type Volume & NoV Aggregation | Actual LRV Incorporation Time & Decay
Freguency
Bailey et Salmonella | DPR Bottom 104 Pint 2L/, Salmon. = 1.54:1, | Credited LRV No failure, but Used EPA, WHO, and Rank order correlation AdV, Crypto, and | Decay
al. (2020)° | spp., AdV, | withSW | up once daily* | AdV =2.60:1, for DW included a worst observed logig reductions | in uncertainty Giardia: incorporated
Crypto, and | blending Crypto = 4:1, treatment and case logio reduction | for DWTP (parameter most often Exponential; over 5-day
Giardia (20% Giardia = 7.69:1 observed LRVs | scenario for DW associated with high-risk | Salmonella: Beta- | storage time
DPR) for worst case treatment based on scenarios is microbial Poisson
reduction real-world data concentration—Iled to
scenario most uncertainty)
Barker et NoV, DPR Top 10° DALYs | Lognormal None Top down, Not performed Top down, NA Spearman rank NoV: Full Beta- No decay and no
al. (2013)® | Giardia, down distribution LRVs correlation coefficient Poisson, Giardia: | storage time
and Campy (standard calculated for each stochastic exponential consideration
u=3 L/, based on risk parameter. Pathogen Campy: Full
c=1L/, thresholds concentration has largest | Beta-Poisson
truncated at (6.9/8.0/7.4 for impact.
2 and 6 L/d), municipal
once daily* sewage,
12.1/10.4/12.3
for Davis
Station
outbreak)
Chaudhry NoV, DFR and | Bottom 10 Ping Lognormal None; Observed Not performed 1) DFR: WW-impacted Included different Crypto: No decay and no
etal. Crypto, and | DPR up distribution NoV mean treatment SW with coagulation, blending ratios for DFR | exponential; storage time
(2017)7 Salmonella (log-normal | aggregate size = performance flocculation, and DPR; modeled Salmonella: Beta- | consideration
p=-0.63 L/d, | 1,106 gc LRVs sedimentation, media aggregated and Poisson; NoV:
0=0.989 filtration, Cly; disaggregated NoV Fractional
L/d), once For DPR, raw WW with dose-response; used Poisson, both
daily 2) sedimentation, activated | Spearman rank aggregated and
sludge, MF-RO-UV AOP- | correlation coefficients | disaggregated
Cl, for DPR treatment
C) Sedimentation, trains.
activated sludge, Os-BAC-
MF-RO-UV AOP-Cl,
D) Sedimentation,
membrane bioreactor, RO-
UV AOP-ClI;
E) Sedimentation,
activated sludge, Os-BAC-
MF-NF-UV AOP-BAC-
Cl,
Churchet | NoV, DPR Top Maximum 3 L/d, None Top down, NA | Not performed Top down, NA Not performed NoV: No decay and no
al. (2015)% | Salmonella down tolerable once daily* hypergeometric storage time
spp. (non- with cases of based on best-fit | consideration,
typhi), and pathogen | illness setto 1 parameters for but E. coli decay
E. coli conc. in 50,000 8flla & 8fllb in the presence
0O157:H7 endpoint | exposures inocula; of surfactants
rather Salmonella spp.: | was
than approximate characterized
LRVs Beta-Poisson; separately
E. coli O157:H7:
approximate
Beta-Poisson
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Study Target Reuse QMRA | Risk Ingestion GC:IU Ratio; Credited or Failure Treatment Train Sensitivity Analysis Dose-Response Buffer Storage
Pathogen | Type Type Type Volume & NoV Aggregation | Actual LRV Incorporation Time & Decay
Freguency
Gerrity et Hypothet. General | Bottom Relative risks | 2 L/d, None Hypothetical Not performed Hypothetical train Not performed Hypergeometric No decay and no
al. (2022)° | enteric potable up determined 8 ingestion train achieving achieving LRV =12 for NoV storage time
virus reuse by dividing events per LRV =12 for consideration
(SARS- the day virus
CoV-2 percentile- (consistent with
conc. and sorted risk for CA GW reuse)
NoV dose- each scenario
response by the
function) baseline
scenario.
Daily, per
ingestion, and
annual
Gerrity et Giardia, DPR Top 2.7x10"daily | 2.5 L/d, once | Baseline, GC:1U Top down, Off-specification Top down, NA Performed sensitivity EnV: Beta- Top down, no
al. (2023)* | Crypto, down risk daily ratio and culture LRVs were conditions were analysis on off- Poisson, NoV: decay, and no
NoV, EnV, benchmark, adjustments were | calculated considered for three specification hypergeometric, storage time
and Adv 10 Pint considered; EnV, | based on risk scenarios of frequencies, failure AdV: exact Beta-
benchmark NoV, and AdV threshold; different durations, duration, and ingestion Poisson ,
molecular GC: IU | Suggested frequencies, and frequency. Giardia:
=200:1 LRTs of ingestion events. exponential,
18/15/15 Crypto: Beta-
(13/10/10 Poisson
without failure)
Jones etal. | Crypto, IPR** Bottom 10 Piqs and Lognormal None Credited LRV | Failure scenarios = | MF-RO-UV AOP-ESB Analyzed scenarios with | Crypto, Campy No decay and no
(2023)% Giardia, up 10% DALYs | distribution No failure, real different failure, and enterovirus: storage time
Campy, (standard failure (literature), consumption, and use of | Beta-Poisson consideration
EnV, and pu=1.948 L/d, and total failure an ESB (used rotavirus
AdV 06=0.827 L/d) DR model for
1, 8, and 96 enterovirus);
ingestion adenovirus and
events per Giardia:
day exponential
Kimbell et | AdV, IPR** Bottom 2.7x107" daily | 2.5 L/d, 96 None Credit LRV 3-log reduction in A) BNR-MBR-RO-UV Compared different Enteric virus: No decay and no
al. (2024)'? | enteric up risk, 10 Pins | ingestion treatment for 24 h AOP-Cl,-03 LRVs and failure Beta-poisson, storage time
viruses, events per 9% of simulated B) BNR-MF/UF-CF-RO- | incorporations AdV: consideration
Crypto, day days; 6-log UV AOP-CI2-O3 exponential,
Giardia reduction in Giardia:
treatment for 24 h exponential,
1% of simulated Crypto:
days exponential
Kobayashi | Crypto, DFR Bottom 10 DALYs | 0.75 L/d, None Observed Not performed Used WWTP effluent Not performed Crypto, Campy Incorporated
etal. Campy, up once daily* treatment concentration data, had a and rotavirus: decay with the
(2015)% rotavirus performance scenario with and without Beta-Poisson travel times
LRVs an additional advanced
water treatment plant.
A) DWTP: includes
dissolved air floatation,
rapid sand filtration, and
Cly
B) Advanced Water
Treatment prior to
Clements et al. (2025) 4




Study Target Reuse QMRA | Risk Ingestion GC:IU Ratio; Credited or Failure Treatment Train Sensitivity Analysis Dose-Response Buffer Storage
Pathogen | Type Type Type Volume & NoV Aggregation | Actual LRV Incorporation Time & Decay
Frequency
discharge: strainer-pF-
chemical dosing-RO-pH
adjustment-recarbonation-
Cl,-dechlorination, then
the same DWTP
Limetal. Cryptoand | DFR Bottom 10 Pins and 2 L/d, once None Credited LRV = | Not performed TT for DWTP not Three different retention | Crypto: fractional | Decay
(2017)% NoV up 10® DALYs | daily* 3 for Crypto specified, used LRVs of 3 | times (270, Poisson; NoV incorporated
and LRV =4 for Crypto and 4 for NoV | 15, and 360 days) and non-aggregated: over 270, 315,
for NoV in three dilutions rates exact Beta- and 360-day
DWTP (15%, 30%, 45%) Poisson storage time
(hypergeometric)
MacNevin | Cryptoand | DPR Iterative | 10 Pins 2 L/d, once None Started at LRV | Not performed Chose the LRVs Not performed Exponential No decay and no
and Zornes | Giardia Bottom daily* =4 then storage time
(2020)® up to get increased by 0.5 consideration
LRV min until the
simulated risk
was less than 1
in 10,000
Page etal. | Rotavirus, | IPR Bottom 10° DALYs |2 L/d, None LRVs from Not performed Stormwater-wetland-- A factor sensitivity was | Rotavirus: Beta- Decay
(2010a)*® Crypto, and up once daily* Australian aquifer- post treatment calculated for each Poisson; Campy: | incorporated
Campy guidelines for (UV, Cly) barrier in the treatment Beta-Poisson; over 241+58 day
water recycling train (wetland, aquifer, Crypto: (lognormal
+ capped LRV UV and CI) to exponential distribution)
for aquifer determine relative value storage time
of aquifer
Page etal. | Rotavirus, | IPR Bottom 10° DALYs | Notreported | None Used pathogen | Not performed Stormwater-wetland-- Not performed Rotavirus: Beta- | Decay
(2010b)* Crypto, and up decay aquifer- post treatment Poisson, Crypto: incorporated
Campy information to (UV, Cly) Beta-Poisson, over a 240 day
calculate the Campy: not residence time
time for a 1- specified
logio reduction
in pathogen
numbers
Page etal. | Rotavirus, | IPR Bottom 10° DALYs | Notreported | None Actual LRVs Not performed A) Primary Treatment — A sensitivity analysis Rotavirus: Beta- Decay
(2010c)*® Crypto, and up for aquifer and aquifer — post-treatment was performed for each | Poisson, Crypto: incorporated for
Campy engineered (Cl) barrier in the treatment | Beta-Poisson, each case study
treatment B) Secondary treated train for each case study | Campy: not storage time (20-
(activated sludge) WW + | site. specified 730 days)
stormwater — wetland —
aquifer — post-treatment
(water softening, Cls)
C) Tertiary Treated WW
(RO) — aquifer — post-
treatment (aeration, rapid
sand filtration, UV)
D) Stormwater — wetland
— aquifer — post-treatment
(UV, Clp)
Pageetal. | AdV, General | Top 10°DALYs |2L/d,once | AdV =100:1 NA, top down, | Not performed NA, top down Not performed Dose equivalent No decay and no
(2015a)* | Crypto, and | reuse down daily found LRT = to 10° DALYs storage time
Campy 5.8 for used for each consideration
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Study Target Reuse QMRA | Risk Ingestion GC:IU Ratio; Credited or Failure Treatment Train Sensitivity Analysis Dose-Response Buffer Storage
Pathogen | Type Type Type Volume & NoV Aggregation | Actual LRV Incorporation Time & Decay
Freguency
rotavirus, 4.8 pathogen:
for Crypto, and rotavirus (used
5.3 for Campy for AdV) =
to meet health 2.5x10°% n/year;
targets Crypto= 1.6x107
n/year; Campy
=3.8x102 n/year.
Page etal. | AdV, IPR Top 10° DALYs | 2 L/d, once None LRVs from Not performed A) Storage Transfer and Not performed Dose equivalent Decay
(2015b)%° Crypto, down daily* attachment and Recovery (ASTR, uses to 105 DALYs incorporated
Campy with decay rates separate recharge and used for each over 250-days
comparis recovery wells) pathogen: storage time for
onto B) Aquifer Storage and rotavirus (used ASTR and 25-
treatment Recovery (ASR, uses one for AdV) = days for ASR
train well for recharge and 2.5x10° n/year;
recovery) Crypto= 1.6x1072
nlyear; Campy
=3.8x102 n/year.
Page etal. | Rotavirus, | IPR Top 10° DALYs | 2L/d, once None LRVs from None A) Stormwater catchment- | None Dose equivalent Decay
(2016)* Crypto, and down daily Australian pretreatment-aquifer-final to 10° DALYs incorporated
Campy with drinking water treatment (UV, Cly) used for each over 250-days
comparis guidelines B) Stormwater catchment- pathogen: storage time in
on to pretreatment-reservoir- rotavirus (used aquifer
treatment final treatment for AdV) =
train (coagulation and dual 2.5x1072 nlyear;
media filtration, UV, Cly) Crypto= 1.6x107
C) Stormwater catchment- nlyear; Campy
pretreatment-aquifer- =3.8x1072 n/year.
reservoir-final treatment
(coagulation and dual
media filtration, Cl,)
D) Stormwater catchment-
pretreatment-aquifer-
intermediate treatment-
reservoir-final treatment
(coagulation and dual
media filtration, Cl,)
Pecson et EnV and DPR Bottom 10*and 10® | Lognormal None Observed LRV | Each process was 03;-BAC-MF/UF-RO-UV | Sensitivity analysis on Dose-response for | No decay and no
al. (2017)% | Crypto up Pint and 10 distribution =14.1 (+6 for modeled with one AOP volume of water enterovirus used | storage time
DALYs with median free Cly) for failure per year consumed and impact of | rotavirus model consideration
of 1.8 L/d, EnV, 16.0 for lasting 15 min, 1 h, different Crypto dose- using a Beta-
ingested Crypto 8h,or24h response functions Poisson; Crypto:
over 96 15- Beta-Poisson
min intervals
Pecson et Giardia, DPR Top 2.7x10"daily | 2 L/d, 96 EnvV=11to NA, top down, | Suggested a 4-log Top down, NA Used two different NoV | NoV (Gl): Top down, no
al. (2023)% | Crypto, down risk, 10 Pirs | ingestion 10,000:1; suggested LRTs | redundancy to dose-response functions | hypergeometric; decay and no
NoV, and events per AdV =1:1to of 17/14/14 protect against NoV (Gl and storage time
EnVv day 100,000:1; (13/10/10 failures GIl.4) Fractional
NoV mean without failure) Poisson; Giardia:
aggregate size = exponential;
1,106 gc Crypto: Beta-
Poisson;

Clements et al. (2025)




Study Target Reuse QMRA | Risk Ingestion GC:IU Ratio; Credited or Failure Treatment Train Sensitivity Analysis Dose-Response Buffer Storage
Pathogen | Type Type Type Volume & NoV Aggregation | Actual LRV Incorporation Time & Decay
Freguency
rotavirus:
approximate
Beta-Poisson
(used it with the
enterovirus
occurrence data)
Remy et al. | Rotavirus, | IPR** Bottom 10° DALYs | Triangular None Credited Not performed A) WWTP-Filter-EDR- Not performed Giardia: No decay and no
(2019)* Campy up distribution (DWT, WWT) UGAC-UV-DWTP exponential storage time
jejuni, from 1-2 and observed B) WWTP-UF-RO with Campy: Beta- consideration
Crypto L/d, once (tertiary 5% bypass-DWTP Poisson
parvum, daily treatment) Crypto:
Giardia LRVs used exponential
intestinalis Rotavirus: Beta-
Poisson
Seis et al. NoV IPR Top 10 Pin 1L/, None Hypothetical Not performed Hypothetical train Not performed Hypergeometric | Top down, no
(2020)%» down once daily* train achieving achieving LRV = 12-16 (disaggregated) decay, and no
LRV =12-16 storage time
Solleretal. | NoV, AdV, | DPR Bottom 10 Ping 2.5 L/d, None Observed LRVs | Not performed A) MF-RO-UV-ESB+CI; | Used two UV doses (12 | AdV: No decay and no
(2017a)® Crypto up once daily* from literature B) O3-BAF-MF-RO-UV and 800 mJ/cm?) and exponential; storage time
spp., C) O3-BAF-UF-UV- two dose-response Campy: consideration
Giardia ESB+Cl; models for NoV and hypergeometric;
lamblia, D) Os-BAF-UF-UV- Crypto Crypto:
Campy ESB+Cl,-conventional exponential and
jejuni, and DWTP Fractional
Salmonella (coagulation/flocculation/ Poisson; Giardia:
enterica sedimentation-filtration- exponential;
Cl, NoV:
hypergeometric
and Fractional
Poisson;
Salmonella: Beta-
Poisson
Soller etal. | NoV, AdV, | DPR Bottom 10 Pins 2.5 L/d, None Credited LRVs | Not performed A) MF-RO-UV-ESB+Cly; | Used different NoV AdV: exponential | No decay and no
(2018)% Crypto, up and once daily* and calculated B) Os-BAF-UF-UV- concentrations in raw and storage time
Giardia top down LRVs necessary ESB+CI; wastewater; used hypergeometric; consideration
lamblia, for 10 Pins for different dose-response | Campy:
Campy 95% (14/11/11) models for AdV, NoV, hypergeometric;
spp., and and 100% and Crypto; two UV Crypto:
Salmonella scenario doses (12 and 800 exponential and
enterica compliance mJ/cm?) Fractional
(15/11/11) Poisson and
exponential with
immunity;
Giardia:
exponential;
NoV:

hypergeometric
and Fractional
Poisson and
weighted model,

Clements et al. (2025)




Study Target Reuse QMRA | Risk Ingestion GC:IU Ratio; Credited or Failure Treatment Train Sensitivity Analysis Dose-Response Buffer Storage
Pathogen | Type Type Type Volume & NoV Aggregation | Actual LRV Incorporation Time & Decay
Freguency
Salmonella: Beta-
Poisson
Soller etal. | NoV, DFR IPR | Bottom 10 Ping 2.5 L/d, None Observed LRVs | Not performed A) (for IPR—all were DPR TTs compared two | Crypto: DFR: Decay
(2019)% Crypto, and | and DPR | up once daily* from literature used for DPR): MF-RO- UV doses (12 and 800 exponential with | incorporated
Giardia UV-ESB+Cl;; mJ/cm?), two dose- immunity; over 2, 15, 30,
B) Os-BAF-MF-RO-UV; response models for Giardia: 90, 180, and 360-
C) Os-BAF-UF-UV- NoV, different retention | exponential; day storage time.
ESB+Cl, times and recycled water | NoV: weighted IPR: Decay
D) Os-BAF-UF-UV- contributions for IPR model based on incorporated
ESB+Cl,-conventional and DFR. hypergeometric over 30, 90, 180,
DWTP (flocculation/ and Fractional and 360-day
sedimentation-filtration- Poisson with storage time
Cly) aggregation
models
Tanaka et | Enteric DFR/IPR | Bottom 10 Pin 2 L/d, once None LRVs from a Not performed A) Secondary treatment, Used virus Used two dose- Decay
al. (1998)% | virus up daily* previous study coagulation, flocculation, | concentrations from response models: | incorporated
for different sedimentation, filtration, different California Single-hit over 6-month
trains disinfection with high Cl, | treatment facilities, two | exponential storage time
(LRV =5.2) different decay rate model and beta-
B) direct Cl, of secondary | constants, and compared | distributed
effluent (LRV = 3.9) four different treatment | probability model
C) Secondary treatment, trains
coagulation, filtration,
disinfection with low Cl,
(LRV =4.7)
D) unchlorinated second.
effluent (LRV = 0)
Zhiteneva | NoV, IPR Bottom 10° DALYs | Lognormal None Observed In the Bayesian Biological treatment, rapid | Sensitivity analysis to Campy: Decay
etal. Campy and up distribution treatment network, the failure | sand filtration, sand see which parameters Approximate incorporated
(2021)%* Crypto (log-normal performance of each treatment biofilter, GAC, UV, GW exerted the most Beta-Poisson and | between 50 and
p=0.65 L/d, and credited step (LRV =0) was | recharge, DW treatment influence on the final exact Beta- 120-day storage
o= 0.53 L/d), LRVs assessed with risk; also did a high Poisson; Crypto: | time
once daily* selector nodes; pathogen loading event, | exponential and
created a model a performance failure of | Fractional
where the the sand biofilter, Poisson NoV:
performance of one managed aquifer approximate
LRV node was recharge failure, Beta-Poisson and
correlated by 0.5 to experimental NoV Fractional
other LRV nodes removal, and the effect Poisson
of the common factor

* Not reported, assuming one ingestion event per day
** Authors reported study as IPR, but neglect the environmental buffer, so the risk simulation was identical to DPR
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