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lllness and freshwater recreation

Table II. [hscase or Symproms, Recreatonal Water Outbrealos, LESA, 197 1 — 20040,

Outhresks Coses of illnesa
[hsensr or sympioms (m} e {m) "
Crnstrocnicriies 157 il 6 18584 H5.5
Mon-chemical dermanos® 4 I8.9 I 76l L |
Primary amehic P 18} 28 0.1
meringecncephalitn
Leprosprirosis T 2.7 §26 2.0
Conjunctvitis”, pharymgitis, o 2.3 Th6 1.4
{adenawirus or enterovinum )
Chitls extomna 3 | e 18 L5
Chemscul dermatatis 3 1.2 5 0.1
Heparitis 2 0.4 26 0.1
Typhosd fever Z 08 1 N |
Chiemacol bronchaal srrigotsmsn | .4 3 = 0.1
Chomical keratiin ! 0.4 % « .

* includes one cuthreak (V5 cases) of dermatits with otits externa. * includes one outbreak (5 cases) of dermarits with
comjunciival irraation

Craun*, G. F,, Calderon, R. L., & Craun, M. F. (2005). Outbreaks associated with recreational water in the United States. International journal of environmental health research, 15(4), 2434—262.



Tahle I1l. YWarer simsrce, recrcathonal water outheeaks, LISA, 1971 —XNK,

Chnbreaks Cases of llness
Recreatmonasl warer {n} % ) Ha
Lake or puoanad bl R 7559 .8
Swimnmmeng poal otly T2 278 11 o 5318
Swimneng pool and other I7 .6 431 2.0
water”'
River, stream, creck. or canal 12 4.6 K 0.4
Wasding pusel 1y 1.9 195 0.9
Water slidle, wuve pool, or T 2.7 | 247 5.7
mniersctive wiler fountnen
Biring 7 1.7 137 .6
Diigch or puddic L 2.3 12 (LR
Swimming pool snd weding 5 1.9 2ok 1.2
prewal
Lake, pond, or river and other 3 L2 k| = i1
waters”
Chcean 2 0.8 ER] 0.2
Dunkng booth | .4 6l 0.3
L nbonavan I in4 i < 0.1
Toml 250 B, 0 21 T4 [h iR

* Swamming pool ond whirfpool (7 outbreaks}), swamming pool and hot b (9 outhreaks), and swimming pool and
sauns (1 outhreak). * Pond snd swimming pool (1 oubreak), lake and swimming pool (1 cutbresk), and river and
wastewater holding pond (1 outbeeak).
5

Craun*, G. F,, Calderon, R. L., & Craun, M. F. (2005). Outbreaks associated with recreational water in the United States. International journal of environmental health research, 15(4), 243-262.



Table IV. Source of contaminaton and deficiencies, recrestional witer outbreaks, UUSA, 1971 - 2000,

Percentage of outbreaks with listed contamination or deficiency *

Treated water Untreated water

Source of contamination or deficiency (%) (%)
Feces in water or ill bathers 36 31
Poor muintenance or operation; inadequate or 32 -
malfuncticning filter or disinfection

Bather overloading or crowding 13 £2
Diaper aged children I8 25
Secpage or overflow of sewage 2 21
Animals 2 18
Flooding, heavy rainfall - 3

* Some outbreaks have multiple deficiencies; thus, tomls are > 100%, One swimming pool outhreak is included
where no treatmment was provided.



What causes illness?
Pathogens of concern in recreational
environments




How is water quality managed? Ensuring safety

Tibie 1 | Comtamon of micobioieical iouEmmoedl ior MSPY i DeErmany, st Teibivriand 59y o France

Gearm.any Ausleia FOFH & ABIEAU (CH) SWHF (LM Bocen (1 France
Do iamaeni FLL (aGpe)  CONCHLM Boao &Y (aoai); FCOAPH =% I (3013) B (zom) AFSSET (aoodee bl
{demaga. b ANESES |acmi)
Enterocoees (ol 100 ml) mitiy 540 i@ 2M1%=5(0 ey & 20 max 50 s Wl enars 4
B enly (eha/ 10 md | migAn [ e S0°- 100 s 1)  50F max 100 mex 100 mas 1K)
P omrugmosg (che/ 1O mil  max 10 mx 10 max 10 mx [} max 10
S, avereney (clod 100 mil) il nid rid rtay 2
Senlmnewelia raidd L OHD il el | (€} mi picls 1 CH0 el ritd
Crvpospanddf e (oocists) ek 71 00 il
Laegioened i pacd/ B0 il
Suphylocooei (efa/ 100 mil) imax 106 GITER Y

B ErEnce Y il
raf = o cefmchelse

Giampaoli, Saverio, Nathalie Garrec, Gérard Donze, Federica Valeriani, Lothar Erdinger, and Vincenzo Romano Spica. "Regulations concerning natural
swimming ponds in Europe: Considerations on public health issues." Journal of Water and Health 12, no. 3 (2014): 564-572. 8



Why are we interested in microbial risk?

* Ensuring that water management practises are safe




What is a risk based approach to managing water safety?

What is riske
Likelihood of adverse affect, injury or loss

For a given scenario
1. Likelihood (probability of occurrence)

2. Consequence (measure of outcome)
Probability of infection/illness
Predicted number of cases of iliness
Change in disease burden



What is a risk based approach to managing water safety?

* Which pathogens are of concerns?
* What are the sources of pathogens to the water?

 What opportunities are there for control?

* What are the exposure pathways?
* What is the magnitude of exposure?

* What are the likely health outcomes?
* |s this acceptable?

11



fih;ri‘-_ QMRA for Water Safety Management (WHO,2016)
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QMRA for Water Safety Management (WHO,2016)

Scientific Evidence ﬂﬂﬁﬁ Framework Water Safety Management
Controls _ : o Improved system understanding

o Pathogen occurrence ‘m - | : ' -risk drivers

o Pathogen persistence an '@ -research needs

0 Exposure ’ - . o Decision support

o Infectivity é v . critical limits
Exposure 0 Disease Impact Fﬁxﬁﬁ. -prioritisation

g o Regulatory targets

Health
impacts




1. Problem formulation

What is the scope and purpose of the assessment ?
i Which harards?
@ Which exposure pathways (el karardous swents)?
o Which health outcormes ?
o 'What lewel of certainty is needed for risk management 7 -

N

e § wwm come -
L

H

2. Exposure assessment

Controls What is the esttmated dose of pathogens
for the defined exposure pathway(s)?

i Source conceniration

2 Size and freguency of exposure

o Pathogen reduction achieved by barrsers)
oontrol measures and recontamination risis

+ a=—

Exposure l_

3. Health effects assessment

What are the expected heakth effects of
the defined hazards?
0 Dose-response models
o lllness and segueian

o Secondary transmission and smmunity
o |repact on disease bynden

4

!

Health
impacts

4. Risk characterization

What are the expected health effects of the sstimated dose?

@ Quantfication of risk

o Varigbility and uncertamty analyss

o Senitiwity anabysis




Controls

Exposure

Health
impacts

QMRA for Water Safety Management (WHO,2016)

Level of coniaminsbon im
Source Water
v
Model inputs 5 I -
and Treatment and Controls e

assumptions ' .
Find critical*”
pathioaogen

102 for rec water

i mspare waithy
hmatth targes |  Health target

10 for rec water

*The critical palboges rerh linn el s fhe Log. retdui Bon thal glekds e messue of e sl b the lussBh Langet

Petterson & Ashbolt (2016) J Wat Health 4(4): 571-589
WHO (2016) Quantitative Microbial Risk Assessment, Geneva
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Define the purpose and the scope of the investigation

v v
. Exposure Health effects
F I t_fo r_ p u r p O S e assesslment . assesslment

Risk characterization

Undertake the most simple assessment necessary to achieve the desired outcome

Sasrt heve [T 1 Level of Characteristics
l QMRA

Controls Chsarrirly QRN et mpean Screening  * Provides a broad overview
(e coliciion, it putiren « Can highlight or eliminate concerns
* Provides a crude understanding of drivers
of risk
ke s Usually relies on worst case point
' i b T vl estimates
Advanced * Greater detail on possible health risks
Sl k " including drivers
m1z"ﬂ”":" © Incor}gor;\tion of additional and site
babacaraiaky Y il — specific data
T - Dt k-t b « May be point estimates or limited
St fa g e e - stochastic analysis
by !
F In—depth * Provides a comprehensive understanding
Health T — M st o by iy of health risks
impacts : = e + Detailed investigation of datasets including
bt e et ke = T incorporation of variability

* Usually stochastic estimates of risk.



Controls

Exposure

Health
impacts
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An outbreak of viral meningitis associated with a public

swimming pond
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" Corrman fareeveamensal Offcr Merfon, Loesmay
i Arvepivd 2% (hsuber kM)

SUMMARY

We could not defimtively determine how the pond
became contaminated. Bathing ponds have to be re-
filled with water of drnking-water quality, Given the
small size of the pond, the low infective dose of < 100
virus particles, the potentially high concentrutions of
virus particles i stool, the absence ol efficient disin-
fection procedures and the high number of visiiors,
wiler contamination by faeces of 4 single person has
the potential o cause a high number ol echovirus
infections.

Froms July o Chouohay 30021 iases o aszpi memngiin ooourred among (e inha sdamis of
the Cirrman pey of Kawel snd nepibhounng coaniios. A matcbel caso-conined stusly iemtifiosd
Bathing in a pable, mture-like posd duvesg e begaaing of e tutbsak as o sk Gactor fof
dhsiar fmaicken] oaddls raghir (LI | 488, 95% amfldence imterval (1) 9 513 4] Amsong
buthers, pabents with mosngdis spesl mose lime in the water (MmO 188, 05% 7 246 1740)
and vwallowod water mone froguently (mOR = 73, 95% C1 07 K1 H)L OF %0 oerebarospinad flund
sttiples tosderl, achovieus W wan csMural fom 06, aml echovirus 1Y lroes sven. Al schovirus HI
segienie obtaned T vee pond wmailer samgie shiswed a 9% necleotsde and DN amiso-acid
hesmaolingy with paient malasn Thes opthueak demessirgies the poienizl of narmme-bis
wwamming pumads | caue wiklenprread pommunedy infectgm wath wksasntal pabls healih megpact



Application of QMRA Boden Park NSP, Edmonton, Canada
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* Assessing safety for normal bathing conditions e

'l.

e Assessing safety during accidental faecal release eve} - " :i_

* Spiking trials of treatment barriers _ i :
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Contamination level in pool water
a) bather shadding or
bl accidental fascal redease

=
Find critical pathogen
""-.
Mode! Infut murplium | . ] +, reduction level
| kol furkestional) Cipae \
‘. s Fﬁﬂgpﬂi E-f'i'lu.,‘“ T :_- Bl [FE'H'IﬂgEﬂ dm} \
b o b s +
\
—» Prabability of infection |
. _ _} |
- Lk Haalth outcome '..II'._:"-'".
T Probability of illness -— = >
Compare with health target
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Bather shedding

Table 1 Amount of faecal material (grams) added to water during
contact (reproduced from (Gerba 2000))

Child 0.01-10
Adult 0.1-0.0001
Mean* 0.14

*Average concentration of fecal coliforms shed, for all age groups,
during bathing reported by Rose et al. (Rose et al. 1991) was 2.27 x
10% and the average fecal coliform concentration per gram of feces is
107-? (Faechem et al. 1983).



Reported cases by week*

Under reporting factor

Mean duration of
excretion (days)

Asymptomatic infection
rate

Calculated Point
Prevalence (%)

27.2

(Thomas, Murray et al.
2013)

21

(Havelaar, van Pelt et al.

2009)
0.8

(Black, Levine et al. 1988) (Teunis, Moe et al. 2008)

0.39

288

(Tam, Rodrigues et al.

2012)
28.5

(Tu, Bull et al. 2008)

0.3

0.80

48.5

(Thomas, Murray et al. 2013)

30

(Stehr-Green, McCaig et al. 1987)

0.3
(USEPA 2006)

0.11
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Controls

Exposure

Health
impacts
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Controls

Exposure

Health
impacts
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QMRA estimates of reference pathogen concentration

to meet 32 iliness/1,000 swims Percentile

MAIN POOL 50 75 95
Campylobacter

Nominal bathers 0.067 6.0 65
1.1 15 93
Norovirus

Nominal bathers 230 1,300 8,000

Peak bathers 620 2,500 11,000
Giardia

Nominal bathers 0 0 4.11

Peak bathers 0 0.34 5.73

Controls

Cryptosporidium
Exposure Nominal bathers 0 0 0.43
Peak bathers 0 0.038 0.63
KIDDIE POOL
Campylobacter
Nominal bathers 0 0 0.27
Peak bathers 0 0 9.7
: Health Norovirus
Impacts Nominal bathers 0 0 2,300
Peak bathers 0 0 6,100 25




Contamination level in pool water
a) bather shadding or
bl accidental fascal redease

=
Find critical pathogen
""-.
Mode! Infut murplium | . ] +, reduction level
| kol furkestional) Cipae \
‘. s Fﬁﬂgpﬂi E-f'i'lu.,‘“ T :_- Bl [FE'H'IﬂgEﬂ dm} \
b o b s +
\
—» Prabability of infection |
. _ _} |
- Lk Haalth outcome '..II'._:"-'".
T Probability of illness -— = >
Compare with health target
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U.S. EPA Criteria for Recreational Waters

e Based on a suite of epidemiology studies that concluded*:
32 illnesses per 1,000 swimming events is the background risk level

equates to median of < 30 enterococci per 100 mL or by gPCR single sample
value of < 1,280 CCE/100 mL (or 110 CFU enterococci per 100 mL)

Also may equate to 4,200 copies of HF183 sewage marker by qPCR

 For different situation to sewage contamination of recreational waters EPA
recommends undertaking a quantitative microbial risk assessment (QMRA)

* Using reference pathogens to address enteric viruses, bacteria & parasitic protozoa

*US-EPA. 2012. Recreational Water Quality Criteria. EPA 820-F-12-058. U.S.
Environmental Protection Agency, Office of Water, Washington, DC.

27



Assumed ingestion & ref pathogen dose-response models

e Adut Child
Accidental ingestion 16 mL (Dufour) 37 mL (Dufour)
0.0001 - 0.1 g (Gerba 2000) 0.01 - 10 g (Gerba 2000)
Swimmers per day X y

_ Campylobacter Norovirus Cryptosporidium

Dose-response model: Exact Beta- a=0.024; 3 =0.011 a =0.063; 3 =0.032 o =0.115; B =0.176 (Teunis,

Poisson parameters for infection (Teunis, Van Den (Messner, Berger et al. Van Den Brandhof et al.
Brandhof et al. 2005) 2014) 2005)

o) oF o AV R [ TSIV 0.2 (Black, Levine et al. 0.7 (Teunie et al. 2008) 0.7 (U.S. EPA 2006)

infection 1988)

Critical dose (# organisms for <32 18.4 (7.9) 4.9 (2.1) 8.4 (3.6)

illness/1,000): Adults (children)

28



QMRA estimates for Pathogens & LRV needed
 ctmated Reference Pathogen) Required Logyreduction to achieve safe water qualiy'

concentration (pathogens.L?) Adults erlaren

to meet 32 iliness/1,000 swims Percentile Percentile Percentile
MAIN POOL 50 75 95 50 75 95 50 75 95

Campylobacter
Nominal bathers 0.067 6.0 65 0 0 0.56 0 0 0.92

Peak bathers 1.1 15 93 0 0 0.70 0 0.26 1.1

Norovirus

Nominal bathers 230 1,300 8,000 1.7 2.4 3.2 2.0 2.8 3.6
Peak bathers 620 2,500 11,000 2.1 2.7 3.3 2.5 3.1 3.7
Giardia
Nominal bathers 0 0 4.11 0 0 0 0 0 0
0 0.34 5.73 0 0 0 0 0 0
Cryptosporidium
Nominal bathers 0 0 0.43 0 0 0 0 0 0
Peak bathers 0 0.038 0.63 0 0 0 0 0 0
KIDDIE POOL
Campylobacter
Nominal bathers 0 0 0.27 0 0 0 0 0 0
Peak bathers 0 0 9.7 0 0 0 0 0 0.15
Norovirus
Nominal bathers 0 0 2,300 0 0 0 0 0 3.0
Peak bathers 0 0 6,100 0 0 0 0 0 3.4
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Estimated performance of removal barriers

Best estimate of elimination capacity (log,,

reduction) (with plausible ranges applied in Monte Carlo

simulation)
el Bacteria Viruses Protozoa
Zooplankton filtering 0 0 0

Neptune Filter 2 (1, 3) 1 (0.5, 2.5) 1.5(0.2,3)
Submerse substrate Filter 1 (0, 2) 0.5 (0, 2) 1(0.2, 2.5)
Hydro-botanic plant 1 (0, 2) 0.5 (0, 2)) 1 (0.2, 2.5)
UV (25 MJ.cm™2) 5 2.6 3

Exposure

Health
impacts




/ooplankton filtering

Controls

Exposure

Health
impacts




Filtration rate

Fmin Fmax Fav
Controls . Genus mi/ind./d mi/ind./d ml/ind./d
Ciliata 0.012 0163 0.0875
Rotatoria 0.007 16.992 8.5
Copepoda 0.048 1296  64.824
Exposure Cladocera 0.096 66.48 33.288

Health
impacts




REVIEW / SYNTHESE

Protection of waterborne pathogens by higher
organisms in drinking water: a review

Frangoise Bichal, Plerre Payment, and Benoit Barbeau

Controls

Ahsirnctt Figher irpaniuem ure obsgoilins in varface walers, amd some species cen pndilersie s pranular fillers of waler
treabmer planis smd codomize diseibotios systome. Meanwhede. same wstorhome paibopersns are kbnvsm i maintae yabadily
imslide ameehse or nemsiades. The well-documensed cmse of Legumeli roplication within ameebor 5 only one cvsmple of
i Puctersal paihogen ihat ces by angplified inside the yacuckes of protoens sl fen benedin from the protwecson of @ reslse
anl structure thal Favomms ps imsspaon and ponasience through wser syaesss. Vel the iode of mosi rooplunkios organisens
Exposure ineifers. copepods, Clalocerans) in pethegen tanamisseon dovsiph donking waser rermaiss pooaly wecdersiond, since their
capacity 1o dipesd watertvune pathisgens hes ol Been well charstesieed 1o dete This review alms gt () evalusting the sl
enhilic ddrervaiads Of diverss s o hEraeen sueiicd orgemiamne anl pathopene morces guiiissee o o drinksg aoler
perspeciive snd (4) demnlving the miseing dats ihail impake ihe combbishimenn of caise -amb-clfece relatiomndsips el wemilid
pestanil b beised eppaecielion o Bhe sanibary sk sEslng oon sech ssescistions. Adiitiona) shelees aie meseded die d) iy

il i dncurtemee of jEverichiale aascled pulbogens in relevanl Mokl conditens, sl oy dispifwillon sysiemis, (U] @

scss (he Tale ol mecroodgeiems pesbad By hipher ofpaiisms @ e of viskality andd (or) infeetyivy. s (oh sbisdy e

Health pemjiaa) o apdermaltesn By doopdank ben od il posistaiies 10 waler dnfdctios percdsses, heliling sivesodd freal-
ImpaCtS ficiils sl 5 LY disshlecilos

Kev worde: drinking water. puthogen wocior. wnochse. nomassdes, sooplanison

Canadian Journal of Microbiology, 2008
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Impact of Zooplankton Grazing on the Excystation, Viability, and

Infectivity of the Protozoan Pathogens E?’pfﬂjpﬂrfdfum parviam
and Giardia lamblia

S J. Connelly,"* E. A. Wolyniak,” K. L. Dicter,'t C, E. Williamson," and K. L. Jellison”

Pt of Fesslony, Migmi Universing, Ccford, (Haic," and Department of Uil and Environmental Enginecring,
Letigh Uiniversity, Bedviehem, Peanwhania®

Recuived M May 307 Accepaod b September 3507

Very little ds known aboud the ability of the fooplonkion grager Maphsur pelicaris to reduce populations of
foiarddia lopblia cvsis and Cropiosporrdisen parvien socysts in surface waters. The potential for ). palicario te oel
as u alogical flter of O, parvum and . onvhlia was tested unider three grocing pressares (one, twe, or four
D), pulivaria grasees per 66 ml). (Doioysts (1 % 10° per 66 mil) were added (o cach grazing Isttle sbong with the
algal foud Sefemastrum capricormisam (bb = 10 cells per 66 mly to stimulate normal grazing. Bottles were
rotated (2 rpm) (o prevent settling of (eolcysts and slpse for 24 b (o lightudark cvele of 16 bR h) st 20°C, The
imapact ol 1), pulicaria grasing om (eoloysts wis sssesseld by (1) (soleyst clearanes rutes, (000 (seleyst viability,
(il dosjcyst excystation, smld (ivh socyst infectivity in cell culture. Twe 1) policeria grocers significantly
decrensed the intal number of €. parvum oocysts by 2% and G, lanbfia cysts by 4%, Furthermore, twa 1,

Controls

Exposure

Health pulicaria grazers significantly decreased C. parvam excystation snd infiectivity by 2% and B7%, respectively. Twe
: B, pulicaria grazers significantly decreased the viahility of €. Guwbia cvsts by 225, bat anolysis of €. lambia
Impacts excystation was confeunded by observed mechanical disruption of the cysts after gravimg. No mechanicsl

disruptien of the (. parvum oocysts was abserved, presamably e to their smaller size, The data provide stnang
evidence thot reoplankion gracers have the potentisl o substantiolly decrease the popalation of infections €




Estimated performance of removal barriers

Best estimate of elimination capacity (log,, reduction)

(with plausible ranges applied in Monte Carlo simulation)

Controls Bacteria Viruses Protozoa
Zooplankton filtering 0 0 0
Neptune Filter 2 (1, 3) 1 (0.5, 2.5) 1.5(0.2,3)
Submerse substrate Filter 1(0, 2) 0.5 (0, 2) 1 (0.2, 2.5)

Exposure Hydro-botanic plant 1(0, 2) 0.5 (0, 2) 1 (0.2, 2.5)
UV (25 MJ.cm2) 5 2.6 3

Health
impacts
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Exposure

Health
impacts
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Controls

Exposure

Health
impacts
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Time to reach Benchmark Risk Level by flow rate

120 -
100 -
Controls BD
- R
E m ] \
E m 1 ----‘_'-—.____‘_-__
Exposure '-E : _50% -
E 20 —
= o
n e
] | | ] | | | I |
Health By BO 100 120 140
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Time needed to reach a Log,, Reduction Value

for three flow rates:
60 m3.h? 90 m3.h1 140 m3.h?
/ (pump max)

Controls

Exposure

Health 0 2 4 B 8 10 12
impacts
k Log reduction o




Accidental faecal release (AFR)

* Modelled at various locations, with and without UV disinfection
* UV disinfection limited the spread of the impact

Controls

Exposure

Health
impacts
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Controls: conclusions

* Overall performance was driven by the flow rate through
the external treatment system

Controls e Addition of UV disinfection limited the spread of
\ contamination

Exposure

|

Health * Understanding the performance of the natural

impacts

disinfection is an important research gap 3
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Health
impacts

Spiking trials

* Neptune filter
* Hydro-botanic plant and submerse filters

* UV systems

44



Study reference pathogens & surrogates

Enteric virus reference pathogen: human Norovirus
* Surrogate: MS2 coliphage (assayed as plaque-forming units & qPCR)

Enteric bacteria reference pathogen: Campylobacter jejuni

 Surrogates: E. coli and Enterococcus faecalis (Colilert™ & Enterolert ™
& total enterococci by qPCR)

Parasitic protozoan reference pathogens: Cryptosporidium &
Giardia
 Surrogate: baker’s yeast (Saccharomyces cerevisiae) (as CFU)




Log-reduction value estimates from spiking

Enterococcus qPCR Total MS2 Viable Yeast
qPCR

1.48 1.25 1.35 1.69
(1.36, 1.60) (1.13, 1.38) (1.05, 1.82) (1.54, 1.85)

HBF/SF 1.79 1.86 2.35 1.84
(1.75, 1.84) (1.81, 1.91) (2.21,2.52)  (1.63,2.01)

UV (Post NF) > 4.02 0.24 * >2.83
(3.66, 4.62) (0.09, 0.41) (2.49, 3.33)

UV (Post HBF/SF) > 4.04 0.04 * >2.77
(4.01, 4.07) (0.02, 0.06) (2.51, 3.17)

Mean and 95t confidence interval i



Controls
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Exposure

|

Health
impacts

Spiking trials

e Assumed values from literature were broader but
generally within the value estimated from spiking
study

* Virus removal was relatively low

* Bakers yeast appeared to be removed as expected
for parasitic protozoan oo/cysts
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Conclusions

QMRA provided a useful framework for assessing
pathogen risks associated with NSPs

Overall treatment performance was limited by the flow
rate through external treatment barriers

Microbial surrogate challenge testing provided useful
insights regarding full scale performance

Understanding the performance of natural disinfection is
an important research gap

Risks can be minimised through alternative management
approaches



