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WATER RESOURCES - NON POTABLE USE

Cuve de réutilisation des eaux pluviales du Parc du Quartier des Bords de Seine & Asniéres-sur-Seine

Poste d'épuisement de la RATP
Source: RATP

Piscine municipale - Ville de Rennes
Source: Ville de Rennes \ \ T

Source: Composante urbaine

698*103 2,94*10° 9,83*10°

Median volume
Percentage in
relation to the

volume of non- <1% 4% (discontinuos) 12%

potable water
distributed

Quality
constraints

Bacteria Condutivity,
sulfate

Source: Adapted from (Trinh 2017)

Chlore

Laboratoire Eau Environnement el Systémes Urbains.

Riviére Meguro au Japon

Source Pool water Rainwater Mine water Reclaimed wastewater

Source: A. Tajima, M. Yoshizawa, K.
sakurai, M. Minamiyama, establishment of
guidelines for the reuse of treated
wastewater

352*106

448%

Pathogen



RENP

Dual water supply:

- Potable Cona) de _
network FeEli — wene
- Non-potable weter 163 46,5
network > RENP
47,8 194
53,3 25,7 0,857 86,1
Cleaning Street Green Others No
of sewers | | cleaning space uses identified
Wastewater
194

Source: Adapted from (Trinh 2017) 6



OBJECTIVE

The aims of the present study are to compare the health risk for the rainwater and
Paris non-potable network, through the application of QMRA tool. The specific
objectives are:

 ldentify scenarios exposures for each use;
« Calculate the risk through QMRA steps;
« Compare the scenario for each alternative water resource.






OMRA

Quantitative microbial
risk assessment:;

Model inputs
and
assumptions

Level of contamination in
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Find critical* "

pathogen

reduction level

Compare with
health target |

Health target

"The critical pathogen reduction level Is the Logi reduction that ylelds a measure of risk equal to the health target
Source: (Petterson and Ashbolt 2016)
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Problem Exposure Ec;/fati:%tllt?’nn Risk
formulation assessment effects characterization
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Evaluation
of health
effects

Problem Exposure

Risk

formulation assessment characterization

Routes of contamination:

* Ingestion route

Dij = Cij *Ving,j

Dij = daily dose of pathogen i for water source |
here j = non-potable network or rainwater)
= concentration of pathogen i for water

volume ingested per exposure per

OMRA

* |nhalation route

n

1
Dij = N Cij * B *t*z (Caer,d = Vaer,d * DEd)
d=1

B = breathing rate (m3/min)

t = exposure duration (min)

Caer,d = concentration of aerosols of diameter
d
Vaer,d = volume of each aerosol size (4/31r3)
DE = alveolar deposition efficiency of size d.



Problem Exposure EC\)lfaf!llé:.ﬁltcl')]n
formulation assessment effects characterization

Established dose-response models

» Exponential model:
Pe =1 —exp(—r *dose)

» Beta-Poisson model:

Pb =1 (1 + dose>_a
p




Problem Exposure E(;’fa#éitl't%n Risk
formulation assessment effects characterization Q I\/I R A

Two end-point in the literature to mesure the impact:

* Probability of infection

* Disease burden in| DALYs \l

Mortality is not enough to mesure the burden of disease.

Disability-adjusted life year (DALY): combine the years-lost
due to premature mortality (YLL) and years of life lost due to
disability (YLD)




Problem Exposure Ec\)’farl]l:;tl't%n Risk
formulation assessment effects characterization

- Pinf_y is the annual risk of infection
365%f - fis the frequency of exposure in per person
nfy = 1— (1 - an) year.

P

1

- Pilly is the annual risk of iliness
Pii y = Pint y * Pijing - Pilllinfis the risk of iliness given infection

- D s the disease burden in DALYs
- DALYh (DALYs/case) is pathogen-specific burden
of disease

- “s” is fraction of population susceptible to be
exposed

h is the reference pathogen @

= DALYh * Pill_y * S

s= Y"Dnh



Problem Exposure Ec\)’farllléztl't%n Risk
formulation assessment effects characterization

Risk characterization:

« Benchmark: Pinf < 10 pppy or D < 10-® DALY pppy

* Tool - R programme

Uncertainty and variability:

» Uncertainty: lack of information

« Variability: elements changing over time and space
‘ | Monte Carlo simulation (10 000 runs)
Sensitivity analysis (spearman correlation)
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Evaluation
of health
effects

Problem Exposure

formulation assessment characterization

Scenario | Exposed group 7 Volume [ Contact | Events per
ingested (mL) exposure year
(min)

A Pedestrian
ingestion/inhalation from
spray irrigation

2] Ingestion via casual contact

with children playing on
irrigated grass (frequent
hand-to-mouth activity)

C Municipal irrigation worker

18



Problem
formulation

Exposure
assessment

Evaluation
of health
effects

characterization

Adenovirus Adenovirus 4 Exponentiald r 0.4172 Haas et al., 0.5 Haas et al.,
1999 1999
Human Norwalk virus Hypergeometric? Alpha 0.04 Genome  (Teunisetal. 0.6 (Soller et al.
norovirus (GI) Beta 0.055 copies 2008a) 2017)
Human (Gl & Gll.4) Fractional P 0.722 Genome  (Messner et 0.6 (Soller et al.
norovirus poisson® u 1106 copies al. 2014) 2017)
Rotavirus Rotavirus (CIN Beta-Poisson Alpha 0.2531 FFU (Mitchell et 0.35 (Gerba et
strain) Beta 0.4265 al. 2015) al. 1996;
McBride et
al. 2013)
Human Echovirus 12 Beta-Poisson Alpha 0.401 PFU (Teunis et al. 0.5 (Teunis et
enteroviruses 1996) al. 1996)
Beta 227.2
Cryptosporidium Cryptosporidium Fractional P 0.737 oocytys (Messner 0.39 (DuPont et
spp . poissonf and Berger al. 1995, p.
2016) 199)
Giardia Giardia lamblia Exponential r 0.0199 cytys (RENDTORF 0.5 (Rose et al.
F 1954) 1991)
Campylobacter Campylobacter Beta-Poisson Alpha 0.145 CFU Haas et al., 0.16 (Haas et al.
jejuni Beta 7,589 1999 1996)
Salmonella Non-typhoid Beta-Poisson Alpha 0.3126 CFU Haas et al., 1e Haas et al.,
Beta 2884 1999 1999
E.Coli E.Coli 0157 :H7 Beta-Poisson Alpha 0.373 CFU (Teunis et al. 1le (Teunis et
Beta 39.71 2008b) al. 2008b)
Legionella Exponentiald r 0.000107 CFU (Armstrong 1e (Armstrong
pneumophila and Haas and Haas
2008) 2008)




Risk
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HEALTH EFFECTS ASSESSMENT

Established dose-response
models

* Exponential model:
P =1—exp(—r*dose)

« Beta-Poisson model:

P=1 <1 + dose>_a
B

* Hypergeometric:
P (c *V; alfa,beta)
= 1—1F1(alfa,alfa + beta; —c
* V)

» Fractional poisson:
P (Dose, P)
= P (1—e(—dose/ W)



RISK CHARACTERIZATION

Laboratoire Eau Environnement el Systémes Urbains.

Variable ion Value
Number of interactions n 10000
Ingestion volume v 0.0001

Frequency of exposure f 50
Concentration Human Norovirus | (RENP) cnlrp rinorm (n, meanlog =4.76, sdlog = 1.52)

C Human Norovirus | ) cnlrw 0
Model dose-response Human Norovirus | alfa_n1 0.04

Model dose-response Human Norovirus | beta_nl 0.055

DALY per Human Norovirus | DALYS Nl 0.00101

lliness per infection Human Norovirus |

Concentration Human Norovirus Il (RENP) rinorm(n, meanlog =5.17, sdlog = 1.22)

L =] L <X mi o

"] 2 2 2 2 2
c Human Norovirus 11 ) 0 L | = — =] — =
Model dose-response Human Norovirus |1 0.722 E E E E E E E E
Model dose-response Human Norovirus |1 1106 - a o = [°T} ] a =
DALY per Human Norovirus Il 0.00101 H J: ‘H E I:# I}; J: };

lliness per infection Human Norovirus Ii

Concentration Rotavirus (RENP) rinorm(n, meanlog =6.34, sdlog = 1.59)

Concentration Rotavirus {rainwater) I 0
Model dose-respense Rotavirus alfa_r 0.2531

Model dose-respense Rotavirus beta_r 0.4265

DALY per Rotavirus DALYS_r 0.014 -1
lliness per infection Rotavirus - 035

Concentration Human enterovirus (RENP) C_he_rp rlnorm(n, meanlog = 2.55, sdlog = 1.19)

c ‘ 0 0
voie e e ] A |N FI oof. Excel
Model dose-responselrethall entbr betet 2

DALY per Human enterovirus 0.01

lliness per infection Human enterovirus 05
Concentration cryptosporidium (RENP) - 1 Inorm(n, meanlog = 0.32, sdlog = 1.40)
C idi i ) nif(n, 2,240)
Model dose-response cryptosp m

[FF¥INGESTIONEE23%

[t#4#4 Human norovirus T#i###$
: nl <- alfa_nl+beta nl #general data

v 01 zp <- (Cl*c_nl_zpv) # - .
s iz Simutation (R
hypergeometriclHl (alfa, ]

iJ_H-* |-

)
Pinf_nl_rp= 1-output_rp #RENP

pinfy nl xp = 1-(1-Pinf nl rp)~(f) #RENP

Total DALYs pppy (logl0)

111,57 nl rp= Pinf 11l nl*Pinf.y nl_rp #RENP -5
D nl rp=DALYS nl % Pill.y nl rp #RENP B Rainwater s
- = RENE WHO's benchmarking
output_rw <- sapply(y_nl_rw, function(i){ #rainwater

hypergeometriclFl(alfa nl, x nl, i, log = FALSE) #rainwater -5

il

[Finf nl rw= l-output rw #rainwater

Pinf.y nl rw = 1-(1-Pinf_nl_rw)~(f) #rainwater
Pill.y nl_ru= Pinf_ill nl*Pinf.y_nl_rw #rainwater
D n1_rw=DALYS nl * Pill.y nl_rw #rainwater

[#4 Euman norovirus II ##

dose_n2_rp=C_n2_rp*v $RENP

Pinf n2_rp= P n2*(l-exp(-dose n2_rp/u_n2)) #RENP
pinf.y_n2_rp = 1-(1-Pinf_n2_rp)”(f) #RENE

Pi11.y n2_rp= Pinf i1l n2*Pinf.y_n2_rp $RENP

D n2 rp=DALYS n2 * Pill.y n2_rp #RENP




(=X=X=X=) SENSITIVITY ANALYSIS LOO9®

Total disease burden in DALYs for each source

[ : DE = 2% Predictor factor:
T X BE = 1%
DE=2% A Ca .
DE=2% 2 cg=0  RENP: concentration

of aerosols diameters

 Rainwater: the
concentration of
cryptosporidium

C_he = 0% _r=0%

SCENARIO A - SCENARIO B - SCENARIO C - SCENARIO A - SCENARIO B - SCENARIO C -
RENP RENP RENP RAINWATER RAINWATER RAINWATER



UNCERTAINTY ANALYSIS

* Pathogen target (concentration of pathogen in Seine river, survival and
persistence of microorganism, personal hygiene behavior and personal
protective equipment)

* Exposure evaluation based on literature

* Model dose-response (not considered susceptible populations, secondary
transmission)






DOOY

CONCLUSION

Internship hopes to give the field actor some preliminary knowledge for
better decision-making.

Further studies in the field could improve the model

Rainwater source pose less risk than the water from non-potable
network

Children exposure is similar to municipal irrigation workers
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