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TANEITIETHMIO
MATPON RGEEAEE

YTOYO1 ¢ EKTIUNONE KIVOUVOU

* H napeyaon pe okonod tTnv eCAAEwYn
N anopuyr Twv KivOuvwyv

* H kataypa@n Twv HETPWV NPOoANYNG
KOl ANYN CUMNANPWHOTIKWY HETPWV

* H evnueEpwON Kat KATAPTION
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Exripmon kwvdivay Aayeipion kivhivay Avgxotvaon kwvbivav

Tavtonoina t | @zipnaon tov Kovivioté |
EMKIVOUVOTI TG Xopuxmpiouoc - FOPAKTI|PITUOD ATOQATEL : | Kowaoviodoyd ototyein g
\‘ KviivoD : | tov savdivo : | omodextomro Tov kviivov
Zygan Aoang/ N EKTILN ) TOV Kaviivo] : : \I/
Exbeonc ¢ xutdotacn; | : Yroypeatiky j&— Anpooa
aPefmomras) | vopofeaia : Tviun
Extipnon exbeang : T ;
: Owovopwot,  |;
: ool Teyvoroyikof: | ©zkpron TOV YEpAKTIPIGHOD
: TOPAYOVTES TOU KVODVOU
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ZyMue 3. Zaot0 l0Ke1og EKTILGT|S KIVOLVAV



Al 'sl-iuaﬁon

e ‘

&
F

o

D. Monitoring and review [
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C. Implementation of TR
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| B. Risk mangement
option assessment
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w0 KINTRG POOT™TAT NEPON KA TPORA

[apaperpor Avtikeiuevo Anortoduevec TAnpooopies
Tavtomoinon [IpoGoopIGloc 1o 10 av 10 11660 | Emon oAoyikec leAetec
emtkvouvotTog | Bétet mBovo Kivouvo oTiv vvelo 1) oyt | Xpoviec 0oK1lLEC Ge TelpupaTolo
Kwvoivov AOKIILES 0ZE10C TOSIKOTITOC

Extiumon éxBeonc | IIpocdopionde ™ ektaonc | Topeic. péyeBoc, cuyvotto Kot OlpKetd
£kBe0T)C TV avBpOTOL GE TOZIKA £xBean.

[IyEc: a€puc, vepo, E00QOC Kt TPOQILY
Entcvovvomytae | TIpoGoopiondg e oyéonc ety | Extilmen ooonc-eniopoeng

Kivouvoc leyeboue ekBeonc kot mbavotnrog | TIpoGotopiod;  KUTOOAIOL Kot L)
ELOAVIONC TOV ETTTOGEQV TG DYEINC | KUTOOAIOV 11 YOLIAES GOGEIC TPOEKTUGNC
Lt T1) fonfeta Lovteray

Xopokmpopog | Zovdvacuog  TOV TOPOAGVO | VA0V KOl EKTUN|GY TGV GYETIKQOV

KIVOUVOU UVOADGEGY Y VOl eKTUmBouY Ot | 0E00[IEVEV
. Kivouvor vyeiog mov ayetiCovian e | Thbavomra emProfav  amoteheopdrov
@ TV £kBeo1) ToL 0vBPOTOL 670 1EG0 | Um0 EkBeGT) OPIGLEVOD TANBUGILOL GTO
=\ 1600

& [Ttvoxag 4. LoTeTIKG TOV HEAETOV TG EKTIUNGNGC TAV KIVOLVOV
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Tt etvatr to HACCP?

 Hazard

* Analysis

* (ritical

e Control

e Point

Mta ovotnpatikr), TPOANIITIKI) IIPOCEY Y101 OTNV
TALTONOW 0N, ASIOAOYNOT] KAl EAEYYO TV
ONPAVTIIK®OV KIVOOV®OV
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TTANEITIETHMIO
MATPON BRCEERE
UmivRns Ty OF FATEAR]

HACCP €niokonnon- eva BewpnTIKO LOVTEAO

Source:Annette Davison, Ministry
of Utilities, NSW, Australia, 2002
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Apyés
HACCP

> Avoyvopon Kivoivey

l

[Mpochioptonds Kpioipmy
G Usioy 2AEyyou

Emsaviuvomta

h 4

Zopopomta

w

FoBopiopos kpicicoy opiay

CCP1, CCP2, CCP3

KTA.

»

Eyxatactaon cuotuatog
TopuKolonBnong

MopBmTikes svepyaiag

L 4

Opia covayeppon

(ALERT LEVEL)

L A

Opia gheyyou

(ACTION LEVEL)

Exainfzvon /

Embedpnon

F 3

L A

Texunpicon /
Eotoypoen

Yymua 2. Eeappoyn tov apyov HACCP
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iwaterfood *

Katariinhio Eninedo Ipoctaciog i

ALOP o , ;

( ) Kataiinio Eninedo Ilpoctaciag

v (ALOP)
[Tocotikny Avaiven Emkwvovvotntog v
Avrikeylevikoi Ztoyo1 AGQUAELNG
Tpooinamv (FSOs)
— — Eveondarmon o HACCP
Avtikelpievikotl X10y0t AGQUAENC
Tpooipwv (FSOs)
Evooudtmoon ce HACCP
@ Tymua 4. Teviko TAaiG10 TV GOYYPOVOV GUGTILATOV UCOALEINS TPOPILAY JLE faoT)
! . ; , -
\ TOVG YILKOVG 1) LkpOPoA0YIKOVS KIVOUVOLG



* AvaAoorn KivOovoo
— IIpoPAewn tng mapovoiag KvOLVOV PV
ovppoov
- Iapéyet v wbnon yia onpavtkn) enevovorn &
OLOTNIATIKEG AAAAYEG
* Metpnoeig
- ['a eheyyo KkivOLVOV
- Metpnowotnta




TANFEITIETHMIO .
ITATPON G

(URIPRREITY O3 TATRARS

KivOuvoc:

'Evac  BIOAOYIKOG,  XNMIKOC,
(PUOIKOC N padlevepyoC
napayovrag O€ OUVONKEC O€
TPOPIUA N VEPA MOU HMOpPEl va
gival avac®aAn (un anodekTa)
yla KaTavaAwon

Enikivduvo yeyovoc:

Mia kaTaoTacn, NPAKTIKN,
OEVAPIO N YEYOVOC MouU 0dNVEi
0TV Napouacia Tou Kivouvou

Tavtonoinon & extipnon KvoLvVOV a4

MapadeiyuaTa :

BloAOVYIKOC: E.coli, Giardia,
Cryptosporidium

XNUIKOC : Apoeviko, MOAuBdOG

duoIkoC - pH,
Oepuokpacia,AlaAupeva ocwpaTidla

Padievepyog — oupavio

Mapadeiypara:

AvTioTpO®pN por), anoTuxia
TA TNV ene€epyaaia, Xpnon
VKEKPIMEVWV MPOIOVTWV



TauTtotroinon & €KTiuNON KIVOUVWYV

XPNOLLOMNOWVTAG MOLOTIKEG, NUIMOCOTIKEG )
NOOOTIKEG TEXVIKEG

* [1OLOTIKECG
- [1.x. Znavio x Acnuavto = XapnAog Kivouvog

* HUI-NOOOTIKEG
- Risk score/factor e.g. 3(P) x 5(C) =15(RS)

2% MNoootikég

Y S‘ - [1.x. Kivduvog Bvnowpotntag = AplBuog Bavatwy/
1 £TOC ano dpaoctnplotnTa/ EKTEBEILEVO NANBUOUO

' -~
~
—



NS waterfood

TXOY MOITHTAZ NEPON KA TPOSMON

[Tivoxag 1. Inuovikotepot ETKIvVOLVOL [IIKPOOPYUVIGLLOL

[ YYHAHZ II. METPIAX I1I. METPIAX

EINIKINAYNOTHTAZX KAI EITIKINAYNOTHTAX KAI EITIKINAYNOTHTAZ

ZOBAPOTHTAX LOBAPOTHTAZX KAl YOBAPOTHTAX
(e TOaVOTITO EKTETUNEVIIC (J1e TeptopiGien
eEAMA®GNC) eE0mAmon)

Clostridium botulinum types Listeria monocytogenes Bacillus cereus

AB Eand F
Shigella dysenteriae
Salmonella typhi, paratyphi A,B
Hepatitis A and E
Brucella abortis
Vibrio cholerae 01
Vibrio vulnificus
Taenia solium
Trichinella spiralis

Salmonella spp.

Shigella spp.

Enterovirulent Escherichia coli
(EEC)

Streptococciis pyogenes
Rotavirus

Norwalk virus group

Entamoeba histolytica
Diphyllobothrium latum

Ascaris lumbricoides

Cryptosporidium parvim

Campylobacter jejuni
Clostridium perfrigens
Staphylococcus aureus
Vibrio cholerae non-01
Vibrio parahaemolyticus
Yersinia enterocolitica
Giardia lamblia

Taenia saginata
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[Tivaxog 2. Kivovvor tpogikav acbevelov Kot opto toboyevelds Toug

NS waterfood

MOPAKS EAETXOY 1OIOTHT KAl TPOSMON

Boxtnpuo - Toi Opua TToBoyéveag
(APIBIOC LIKPOOPYAVIGLAY/ g TPOYILIOL)
Bacillus cereus 34x10°-9,5x10°
Campylobacter jejuni 5x10% 6e 180 mL ydha
Clostridium botulinum 3x10°
Clostridium perfrigens 10°-10’
E. coli 10°-10°
Salmonella spp.
v S anatum 10° > 10°
Y S typhi 10° > 10°
Shigella spp.
Y S, flexneri 10° > 10°
v §. dysenteriae 10-> 10
| . Staphylococcus aurens 10> 10°
@ Vibrio cholerae 10
' \-2, Vibrio parahemolyticus 10°- 10
A Yersinia enterocolitica 39510’
1 HAV -
9 Lof imov Norwalk -




[Tivokoc 3. Tyeon eAdy1oTng 6000NG TOV TPOKUAEl 0GHEVELD KU1 KPITIPLU Y10 TEAKD

npoiovta

[TaBoyeveic Mikpoopyavicuot

EAGyioTn 6o
mov Bempeitot
OT1 TPOKOAEL

[TBovot o
LLOALVGTS UTTO
ekBeon oe |

[evikd kprmplo
v ypion G
TEAKO TPOTOV

0GHEvELl OPYUVIGHLO
MoAvouotikot JuKpoopyovieol
Shigella 1 1.0x 107 Anovcia /25g
Salmonella | 23x10° Anoveia /25g
Campylobacter 1-10 1.0x 107 Anoveia /25g
Listeria Monocytogenes > 10° < 100/g
Vibrio parahaemoliticus > 10" <10%/g
To&kob TOTOY KpoopyavVIGHOL
Clostridium perfringens >10° < 10°-10%g
Bacillus ceretis > 10° < 10°-10%g
MiukpoopyoviGrol  mov  TPOoKUAODV
ONANTPIEGELS
Staphylococcus aureits > 10° < 10°-10%g
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Lofpomen (S}

[Tokd vymid (4)
Tyl (3)
Metpua (2)
Ko (1

[Ivokac 3. Zymuo Bauohoyyone nunosomikag exriino

Emvovion
Antom (1) | ropuou (2]
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Figure 3.1a. Illustration of a simple Event Tree

s Initiating Event How many units of the food commodity
[TATPON B are imported per year?
Node 1 Are they contaminated with Salmonella? What
Is the probability that a unit contains
(1-py) (p1) Salmonella? (p;)
No Yes
Node 2 Are contaminated units detected at the port of
entry? What 1s the probability that the
(1-p2) (p2) pathogen is detected and the product is
removed? (1-p,)
Yes No
Node 3 Are Salmonella killed during preparation of
food? What is the probability that the product
(1-p3) (p3) receives a sufficient heat treatment to kill the
pathogen? (1-ps)
Yes No
End Point Units consumed each year that contain
Salmonella

pee= Probability of endpoint
Fep= Frequency of endpoint




Figure 3.1b. Illustration of a Fault Tree

OR
o] i isens } otz |
Listeria monocytogenes |
OR
‘ Other 1‘011tes| of transmission‘ E_l_:{_){;(J{b_o_n_lg -i
OR ‘
| | 1 ]
‘ Pouln‘y‘ ‘Dah‘yﬁ'(‘heese ‘ :_Fi_sll_; ‘ Luncheon meats ‘ ‘ Other ‘
o
[comored frocmoi] [ona]
fT—
0)
|
‘ Bacterial growth ‘
OR|
f I
‘ Shelf-life ‘ Temperature abuse ‘ ‘ Other ‘
‘Contaminated smoked fish
OR
‘ Insufficient heat-treatment (smoking process) ‘ ‘ Re-contamination of heat-treated product
OR|
‘ Contaminated raw fish filets
OR
= C'on‘ralninated fish carcass Contamination during pl'epal'aLi011 of filets



NTANETIZTHMIO

HATPON B

MovTteAotTOoinon Kivouvou

1. EKTignon Kivéuvou

 TautoTroinon Kivduvou: TauTtotroinon udaToyEVWY PIKPOOPYAVIO WYV
« XapakTNPIOMOC KIVOUVWY: MoAuouartikil d6on o€ oxéon JE TO CEVIOTH
« ACloAOynon ékBeonc: KatavaAwaon 1wv oT1o vePod

* AvaAuan Kivouvou: YTTOAOYIONOG KIvOUVOoU JOAuvong

2.Alaxegipion Kivdouvou

* AvaAuon KOOTOUG-TTITITWONG: ACIOAGYNoN TBavwy TTapePPacewyv
* EQapuoyn €mIAEYHEVWV TTAPEPNBATEWYV

* EmTApNON: ATTOTEAECHATIKOTATA ETTIAEYPEVWY TTAPEURACEWY

3. Evnpuépwon Kivouvou
* EvNuEpwaon oTa EUTTAEKOPEVA MEPN




2nupavtikda papata otnv QMRA

TauTtotroinon Kivouvou

EkTiunon £€kBeong

XapaKTNPIOHWOC ETTIKIVOUVOTNTOC

ApPIOUOC UIKPOOPYAVIOHWY OE PIa TTOOOTNTA VEPOU
[TIBavoTnTES

KaTtavoueEg

[ToikiIAoTnTa Kal ABeBaiotnta




[Tapadelyua
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TANETIEZTHMIO

[TATPON B

* [Mwg pnopeic va entoTpEYELC and TO EEVODOXEIO HE

Ao@PAAEL
Trip or fall 2 5 3 30
Runover by bus 1 3 3 25
Runover by bike 3 3 3 45
Mugged 2 3 4 24
Lost 4 1 3 25
Shopping 3 1 2 10

O= MBavotTnta va cuppei, D= MBavoTnTa va Kataypapei S=
20Bapotnta




ExTipnon kivouvou (Risk)

:,1“ .
MANETIETHMIO

[TATPON P

EkTipnon enkivouvoTnTag anoteAeital and Ta NapaKATw PruaTa :
* TOUTONOINON KIvOUvVoUu
* XQPOKTNPLONOG KivOUVOoU

» AZloAOynon €kBeong otov Kivduvo

identification

* XOPOKTNPIOUOG EMKIVOUVOTNTAG _— Hazard

Risk Hazard
ISK assessment [T,

Exposure
assessment

Risk

characterization
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1A

E I

2 KOTTOC TN OMRA

Ta TPO@IYA 1] TO VEPO OEV €ival TTAVTA QCPAAN

Biopnxavia

— @€EAel va TTapayel ao@AAEC TTPOIOV

— @€EAel va PEIWOoEl TOV KivOuVo avaoPalouc TTPOIOVTOC
KuBépvnon

— Xpeiddetal va TpoaTaTteloel Tov TTANBUo O atrd aoBEveleg
[evikG BEpaTa

— ACloAOynon TnG aocBéveiag arrd Eva Taboyovo Kai / A 1o

D  ouvOuaouo TTaBoyovou TTPOIOVTOG
[ \ — AZIoAOYNON TTWV ETTITITWOEWYV ATTO OTPATNYIKES EAEYXOU

343

Ol
—
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[a éva ammrAo ouvouaouo Tpogiuou/vepou Kai TrTaBoyovou
MRA ptropei va trepIAappBavel 6Aa Ta oTddia
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NTANETIETHMIO

[TATPON P

TauToTtToinon Kivouvou

[la napadelypa: €va dlappoikd naboyovo Ynopei va
BplokeTal OTO VEPO KAl TA TPOPLUQ

[lolog eival o napayovtag?
*Thermophilic Campylobacter spp.
[loleg ival oL eNNTWOELG OTNV UyeEia?
*AlGppola
*Guillain-Barré syndrome
*ApOBpiTida
Bowel Syndrome

*@QAvaTog




MANETIETHMIO

HATPON B

Viruses (20-200 nm)
noroviruses, enteroviruses, hepatitis Aand E

Viruses
Bacteria (1-3 um)

Campylobacter, Salmonella, E. coli 0157

Parasitic protozoa (5-10 um)

Cryptosporidium, Giardia

Gastrointestinal iliness (diarrhea, vomiting), but also severe illness
Fecal origin (human and animal)=> excretion=>water

In water: NO replication (growth), but INACTIVATION
(decay, die-off, faster at higher temperatures)
1

i
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Ydartoyeveic TTaBoyovol JIKPpoopyavioUOoI

BpiokovTtal uoiloAoyIKA OTO VEPO
MtropoUv va auinbouv o€ 10aVIKEG BEpHOKPATIES

Pseudomonas aeruginosa
(ear- and skin infections)

Cyanobacteria
(blue algae, mycotoxins) |

Legionella pneumophila
(Legionair’s disease)

i-@ Larvae of flatworm Trichobilharzia ocellata
L (swimmer’s itch)

‘1,

:
—
~

—



TTANEMTIETHMIO

HATPON M

Drinking wate
Manure (IRFAsK <107 p2yT)

67%

Sewage
treatment

33%

il lireatment

=e) \
2=¢. LC0! 0

e Surface YSellP XY Necreationa

Rhine/Meuse water F_'Water

Seawater

Sediment




[Mapaywyn vepou oTnVv OAAavBi_

Winningstypen en transportleidingen 2001

= v

2/3 Groundwater . ——
. ©  Oevergrondwater 7?
1/3 Surface water (14 sites) W cicces o AP

e unconfined aquifer
e (semi)confined aquifer
e river bank filtration

— Transportleidingen e
B ® @.
o
° )
o
4 ° e
° © -
D
. E]
" L
6 e ’E

]
2
ec o
B
o o *
J o
© ®
&
s (O -2 o®
]
ep b P ®
N\ © ©
El
®
°

2

e surface water direct intake
or storage reservoirs

e pipelines

Bron: RIVM/VEWIN g o
g ® riym

Datum: Thursday 27~dun-02 15.49




OMRA

TauTtotroinon Kivouvou
[Moia TTaBoyova gival oOxXETIKA
2UYKEVTPWON TTaBoyOvVwY OTO VEPO TTNYNAS
Atroudkpuvon TTaBoyovou PJEow eTTECEpyaaiag (atToAUpavon/dinénaon)
Treatment efficiency from data on removal of indicator organisms
YTTOAOYIONOG OUYKEVTPWONG TTOCIMOU VEPOU

NnyR cuykévripwong raboyoévou
C. = apiBpog maboyovwy ava oyko vepou

IKavoTnTa ETTAVAKTNONG
R =0 -100%. Aev avixveueral kGO TTaBoyovo o€ Eva deiyua

Etmreepyaocia: ATropakpuvon
Z = 0-1 (TTo000TO MIKPOOPYAVIOMWY TTOU CETTEPVAVE TNV ETTECEQPYATIN)

Z=0.1 => 10% Ttrepvacl; Attouakpuvon 90%; Log removal=1

2UYKEVTPWOT) OTO TTOCINO VEPOS
Cyw=Cs/ RX Z (=10° liter?)




* EKTipnON KIvduvou
C.w=C./Rx Z (=10° liter?)
« ’'EkBeon
D=C,,xV
«  XapaKTNPIOHUOGS ETTIKIVOUVOTNTAG
— Aev rpokaAei acBévela KABe TTaBoydvo. MoAuouaTtikr) ddon
— Kivduvog poéAuvoncg = Kivdouvog aoBéveiag
MoAucopaTtikétnTta r = 0-1
»  Kivduvog uoéAuvong/aropo/nuEpa => ava ATouo/ETOC
Pins = D X r <104 /&Topo/éT0g

* Pinr = CJRXZXVXT



http://upload.wikimedia.org/wikipedia/commons/9/99/Cryptosporidium_parvum_01.jpg
http://upload.wikimedia.org/wikipedia/commons/9/99/Cryptosporidium_parvum_01.jpg

OMRA

TauTtoTroinon Kivouvou
Cyw = Cs/ RX Z (»10° liter?t)

‘ExkBeon
2 UYKEVTPpWON TTaBoydvou oTo TTOCIYO VEPOD
Oykog TTO0IUoU VEPOU TTOU KATAVAAWVETAI
[Mpoidv = d6on = ap1Buds TTaboydvwy TToU KaTaTTivovTal

KaravdAwon vepou
V ~ 0.27 Aitpa/adtouo/nuépa
Adon = ApiBuog TTaboyovwy TTou Kartatrivovral/dtopo/nuépa

D=Cy,XV i

. -~

,>\'v
~
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Na yvwpi{oupE TNV NOIOTNTA TOU VEPOU NPOEAEUONG=
OUYKEVTPWOEIC OEIKTOWV NaBoyovwv

Enterovirus Campylobacter Cryptosporidium  Giardia

AgikTeC naBoyovol avTInpoowneUouV 10UG, BakTnpia kal npwtolwa

M'vwpiloUhEe TNV anopakpuvon naboyovwy PE anoAupavon Kal
dinénon.

XpNOIPONOIOUHE BEIKTEG MOU OUUMEPIPEPOVTAIl UE TOV 1810 TPOMO OTO
VEPO;

) Index pathogens Indicator organisms
- \“ Enteroviruses 20-200 nm |Bacteriophages 20-60 nm
N ) Campylobacter  1-2 um E.coli 1-2 pm

Cryptosporidium 5-6 um Spores of sulphite
Giardia 8-10 um  [reducing clostridia (SSRC) 1 um

-~
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QMRA Aciohoynon otnv OAAavdia | | 4

Drinking water companies

QMRA dossier
1st time: Historic data
New data every 3 years

RIVM

/'
<

o

yo A

A

National Institute for Public Environmental
Health and the Environment Inspectorate

-~

\

!

-~

Decision
If not OK:
Extra treatment /
more data

QMRA report
Recommendations




QMRA anod To €nNIPAVEIAKO OTO NOCIHO vspb‘

e C.,, = JUYKevTpwon Tou nabBoyovou otnv nnyn [N/liter]

R = Avaktnon = MNoocooTo naboyovwyv Nou avixveuovTtal [-]

o Z = Mooco0TO TWV PIKPOOPYAVIOHWV NOU MEPVOUV TNV enegepyaaia [-]
e Cyy = 2ZUYKEVTPWON Naboyovwv oTo noaipo vepo [N/liter]

oV = KaTtavaAwon nooigou vepou [liter]

or = MoAuopaTikoTnTa naboyovou [-]

® Pins Kivduvocg poAuvong [T1]

® Pintday = CswX 1/RXZ XV XF
¢ pinf,year= 365 x pinf,day

365 ‘
3 I:)inf,year =1- H (1_ I:)inf,dayi )

, =1

.‘(‘\‘; -
«0‘/

)

F



Quantitative Microbial Risk Assessment of Drinking Water J

AoKnon
Csw1 R, Z, Cdrw, V, F, pinf,dayl pinf,year
o 2TOOEPEC TIMEC
e Cow = 1 [N/liter] *  2NUEIOKOi UTTOAOYIOUOI
R = 0.8 [-]  M¢éEool 6pol TIHWV
o Z = 0.00001 [-]
e Cy, = 1.25x 107 [N/liter] AAAa
«V = 0.25 [liter] * OXl'otaBepo
o r = 0.5 [-] » [loikiho ka1 aB€Baio
« ‘Exel katavoun
® Pintday = 1.56 x 10-¢ [person-! day]

® Pinfyear = 5.7 x 104 [person-! year1]
1
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Quantitative Microbial Risk Assessment of Drinking Water J

Monte Carlo simulation
e QMRA

— 'OXI MOVEG TIMEC / OnNMEIaKOi UNOAOYIONOI /HETEC TIMEG
— Katavopecg: Uniform/Normal/Lognormal/Poisson/Gamma/Beta/etc.

e [lapadeiypa Monte Carlo simulation (Mathematica code) ——
- Afka lapigg; O1 TIYEG ival a . '."" ( =
a = RandomInteger[{1,6},10] = {1,2,3,1,4,5,1,1,2,5} ,* ( o
v ' Y ' ; . |
— ®opeac b nepiAapBavel aAAec deka apieG e ®

b = RandomInteger[{1,6},10] = {2,5,5,6,3,1,4,1,6,1}
— Tvopevo a kal b: i-th ynopio Tou @ noAAanAaocialetal pe 1o i-th wneio Tou
b
ab = {2,10,15,6,12,5,4,1,12,5}
— O peoocg apiBudc Twv @ opwv €ni To HEgo Tou b €ival nepinou o pecoc ab
{Mean@a,Mean@b,Mean@a Mean@b,Mean@(a b) }=
{2.5,3.4,8.5,7.2}
O1 duo TeAeUTaieC PEOEC TINEC DlaPEPOUV AIYOTEPO av o apiBuoc Twv {apiwv
gival peyaAuTepog. Av ol cuvduaopoi NEPIOCOTEPWY Kal skewed kKaTAvouwyv
. n peon aia Tng cuvduaopevng NiIBavoTnNTac UNopsi va diaPEPEl onUavTika
<.ano 1o ouvOuaouO TWV EEXWPIOTWYV HECTWV OPWV.

TEMPLATE — FEBRUARY 2013

B uDIp, ',
= \~
z Z

ANy

ON INTERNATIONAL SECURITY



Monte Carlo simulation

In88]:= his| data | : Histogram | data , ImageSize : 200]

o-
In[129]:= n: 10000 ;
a: RandomInteger || 1, 6 , n ;
b: RandomInteger || 1, 6 , n| ;
c: RandamReal | NormalDistribution | 6, 2| , n| ; -
g}
Grid | | -~ e
L
[ lla", "b", "C"] , .. ' I
| his! a, his! b, his! d , I.." L
[ na‘ b", na‘ C", "a C" , | ' .
[ his| a: bl , his| a: ¢ , his| ac| ]| |
a b c S|
1500 1500 400
00
1000 1000
200
00
el .
23 'l 56 7 203 4 5 6 7 0 5 0
out[133]=
- a b ac a c |
- 800 ) &0
1500 1 M
1 \ il 600
\ 1000
~‘\ I) 400 400
300 200 200
\m)m,,(/
o + & & W I 0 5 10 15 0 0 40 ] 80 0=
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Quantitative Microbial Risk Assessment of Drinking Water ‘

QMRA from surface water to drinking water

e C... = Pathogen concentration in source water [N/liter]
* R = Recovery = fraction of detected pathogens [-]

o 7 = Fraction of microorganisms passing treatment [-]
e C,, = Pathogen concentration in drinking water [N/liter]
oV = Consumption of unboiled drinking water [liter]
°r = Infectivity of pathogen [-]

® Dins = Infection risk [T!]

e Measure regularly, preferably at least monthly, pathogen concentrations in
surface water

e Also analyse samples of water at extreme events like heavy rainfall
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Quantitative Microbial Risk Assessment of Drinking Water ‘

QMRA from surface water to drinking water

e C... = Pathogen concentration in source water [N/liter]
e River Rhine at Lobith 1000 - 4000
L 3000
100 -
ts/lit
Cnerovmises L 2000 OV fate
/1000 litre ms
10
-O- Cryptosporidium [ 1000
- Giardia
—/— Enteroviruses
— Flow rate
1 : : : 0
20-05-97 28-08-97 06-12-97 16-03-98 24-06-98

Date

Example of concentration levels of index pathogens in a
river.
Levels depend on location and season
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QMRA from surface water to drinking water

*R = Recovery = fraction of detected pathogens [-]

e Not all pathogens in a sample of water are detected (counted) because the detection
method is not perfect

e By spiking water with known numbers it is possible to determine the recovery efficiency
of the detection method

e If, for example, recovery is 10%, then the actual pathogen concentration is ten times

higher
Enterovirus 40-90%  Rutjes et al, RIVM 3000 0007/2004
Campylobacter Most Probable Number
Cryptosporidium 0.7-88% Schets et al, RIVM 3000 0008/2004
Giardia 1.8-22% Schets et al, RIVM 3000 0008/2004

—
~

—

NSUBR| TER
ON INTERNAT! SECURT

TEMPLATE — FEBRUARY 2013



-

QMRA from surface water to drinking water

o Z = Fraction of microorganisms passing treatment [-]
Log;oZ is log removal by treatment
Required removal
- 4 - 8 log,y = a concentration reduction of 10 000 - 100 000 000 times
— Depends on time and location
— Multiple barriers = series of treatment for robustness
Disinfection
- UV, ozone, chlorine
Filtration
— Membrane filtration, slow sand filtration, dune passage

TEMPLATE — FEBRUARY 2013



Drinking water treatment

e Disinfection
— Damages (kills) microorganisms
Filtration
— Removes microorganisms
e Removal by treatment, example
- 99% is removed/killed/retained
— Fraction: 1% passes treatment
- Removal 2 log,,
Source water (river, lake)
- 1-100 pathogens per liter
NL-safe drinking water: maximum one pathogen
e Need a series of treatment: Multibarriers
— Commonly 4 to 8 log removal
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QMRA from surface water to drinking water

o Z = Fraction of microorganisms passing treatment [-]
e L0og,,Z is log removal by treatment

Data of indicator organisms

Raw data: Counts and sample sizes before and after treatment
Location specific conditions

Full scale

Pilot plant scale

Laboratory scale

Literature data from other locations and scales

o0k wbd =
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QMRA from surface water to drinking water

e C., = Pathogen concentration in source water [N/liter]
e R = Recovery = fraction of detected pathogens [-]

o 7 = Fraction of microorganisms passing treatment [-]
e Cin = Pathogen concentration in drinking water [N/liter]
e Cuw =C,,X1/RxZ

e C... ~ 0.01 - 100 pathogens per liter

e L0g,;Z ~ 4 - 8 logy

e Cin ~ 106 pathogens per liter

TEMPLATE — FEBRUARY 2013
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QMRA from surface water to drinking water‘

oV = Consumption of unboiled drinking water [liter]
e Average per person 0.27 L/day in the Netherlands, up to a few liters.
e Average per person in US 1 L/day
e Exposure = Dose D
-D=Cy4,xV
— = Numbers of ingested pathogens/day
from unboiled tap water

1000

800

600

Frequency

400

200

o

045 1 1+5 2 2s5 3
Drinking water consumption, V (l/day)
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QMRA from surface water to drinking water

or = Infectivity of pathogen [-]

Not every pathogen causes infection
Probability of infection

Probability of illness <Probability of infection

r = fraction of infectious particles
(dose response relation,
Teunis et al., Risk Analysis, 1999, 19:1251-260)

e r of enteroviruses highly variable
e Rotavirus most infectious virus

400 f

300+

Frequency
N
o
(@]
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QMRA from surface water to drinking water

e C., = Pathogen concentration in source water [N/liter]

e R = Recovery = fraction of detected pathogens [-]

o 7 = Fraction of microorganisms passing treatment [-]

® Pins = Infection risk [T1]

® Pintday = CswX1/RXxZxVXxr 365

® Pinfyear = 365.25 X Pjnf,qay OF Pinf,year = 1_H(1_ Pinf,dayi )
i=1
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Dose response relationship

* One pathogen may cause infection with probability r
* One pathogen may not cause infection with probability 1-r
» D pathogens may all not cause infection with probability (1-r)P

« At least one of D pathogens may cause infection with probability
1-(1-r)P => Binomial dose response relationship

D=dose r r

=number of Constant Beta[a,p] distributed

pathogens

D constant Binomial Betabinomial

Pin=T-(1-1)° Pirr=1-(B [a,5+D)/B [a,5])

D Poisson Exponential Hypergeometric BetaPoisson
_| Distributed | p,.~=7-Exp[-rD] | p,.~1-.F,[a, a+B,-D] a<<pap>>1
¢ Pint=T1-(1+D/)

!‘f
¥

ey

—
~
—

\  Teunis & Havelaar, Risk Analysis, 2000
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Tool QMRAspot presents
infection risks as distributions
(box whisker plot)

QMRAspot is freely available

Causes for risk exceeding target
- Treatment efficiency has not beer
— Because of insufficient treatment
Action
— Characterize treatment better
— Apply more treatment

QMRA from surface water to drinking water

Start | Options. | Enterovirus | Campylobacter | Cryptosporidium | Giardia | Report | Help |

JRTY aiona rstene for Public Hesth
Eta] and the Environment
Ministry of Health, Welfare and Sport

.
R

FROH
=S

Select file QMRAdataPUBLWRES.xls

~p o

Tool for Quantitative Microbial Risk Assessment from Surface Water to Potable water

sEé Run QMRA [¥|Enterovirus  [¥]Campylobacter ¥ Cryptosporidium  [¥] Giardia

Reset

Enterovirus . Campylobacter 2 Cryptosporidium Giardia
—4 -4 -4 -4
B —— e -6 ? -6
e
-8 -8 —
Enterovirus Campylobacter Cryptosporidium Giardia
uDIo,
<t 4
= z
@9 National Institute for Public Health T B

and the Environment
Ministry of Health, Welfare and Sport

InsusriA CENTER
ON INTERNATIONAL SECURITY
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Microbiologic data for QMRA

* Inspectorate Guideline 5318: QMRA every three years
o 1sttime of QMRA
— Historic data
— Reports with detailed descriptions of drinking water production sites
« 2" time of QMRA (2010-2012)
— New data from approved monitoring programs
« Raw data = unprocessed data
— Quantitative methods => Counts (N) and Sample sizes (V)
— Sample size: the actual analyzed size (volume) of the sample
— Most Probable Number: MPN-scheme (sample sizes) with O or 1
» Spreadsheet
— Scheme: Drinking water treatment and data selection
— Raw data in columns
— Set up after consulting drinking water companies
— Adaptation of LIMS
[ & « Computational tool: QMRAspot

e
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Index pathogen source water concentration,

C

SW

e Last open water before
treatment

e Sample scheme in
relation with production
capacity

e Regular sampling

e Peak events

e Counts and volumes:
Negative Binomial
[r1/(1+AVi)]
Concentrations:

@fGamma [rA]
\

_f"’m National Institute for Public Health
et an:.th nvironment
Ministry of Health, Welfare and Sport

Q M RAS pot Tool for Quantitative Microbial Risk Assessment woww.rvmnl

from Surface Water to Potable Water

RIVM-Bilthoven

Data | Options | Enterovirus | Campylobacter | Cryptosporidium | Giardia | Report | Help |

Select filel | [QMRAdata-SEOUL xIs
Run OMRA| Elapsed time: 00:07

Source water
Data Recovery
Treatment
Distribution Source water
parameters Recovery
Treatment
Source water
Treatment
Source water concentration
Recovery
Corrected source water concentration
Monte Treatment
Carlo Drinking water concentration
data Consumption
Exposure
Infection risk per person day
Infection risk per person year

,,
}\?lfl
\V

‘I_|_|'|-I_|_|'|‘I_|_|'|'|?|

|

Plots

SURI0,,

wsl
JERSIT
vy S

ﬁay National Institute for Public Health T B
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ment of Drinking Water

Recovery efficiency of detection method, R

National Institute for Public Health
and the Environment
Ministry of Health, Welfare and Sport

o P refe ra b I y d ete rm i g ed Q M RASpOt Tool for Quantitative Microbial Risk Assessment R

from Surface Water to Potable Water

for each sample
e Paired spike and | Data || options | Enterovirus | Camytobacterl| | Cryptosporidium | Giardia | Report | Helo|
Seectle | [QMRAGREESEOULAS
recovery data Run OMRA —_—

e R:Beta[ap],
fraction (0-1) Lot

Distribution
Recovery
I f d R _ 1 parameters Troatmant
® n O a ta - Plots Source water
Treatment
Source water concentration
Recovery
Corrected source water concentration
Treatment
Drinking water concentration
Consumption
Exposure
Infection risk per person day

o |

Infection risk per person year g
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ssment of Drinking Water

Treatment £, ;

National Institute for Public Health
48 and the Environment
Ministry of Health, Welfare and Sport

o U n pa i red i nfl u e nt a n d QM RAS pot Tool for Quantitative Microbial Risk Assessment www.rivim.nl

from Surface Water to Potable Water

effluent data
e Beta [a,B], fraction (0-1) Data | options | Enterovirs | Campyiobacter || cryptosporidum [ Glercia
’ _Select file | [QMRAdata SEOULXS
e If only zero counts in Run OMRA =

influent then Z;=1 pata > Recovary
e If only zero counts in —— ST

effluent then Z; can be R Jreament

estimated as well Sotrcs water conceniTatan

Recovery
Corrected source water concentration
Treatment
Drinking water concentration
Consumption
Exposure
Infection risk per person day

e U

Infection risk per person year g
N
>
x
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x
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w
w
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Plots

e Time plots of
concentrations of index
pathogens of indicator
organisms

e Plots include a line for
the mean concentration
and a coloured area
encompassing 95% of all
concentrations

e Concentrations higher
than the 95-percentile
| are considered as peak
@ concentrations
\

Y

/

from Surface Water to Potable Water

RIVM-Bilthoven

ﬁ National Institute for Public Health
) .:l.thL‘ L]‘,\'Il’f_\ﬂmt’?t
Ministry of Health, Welfare and Sport

Q M RAS pot Tool for Quantitative Microbial Risk Assessment

www.rivm.nl

Data | Options | Enterovirus | Campylobacter | Cryptosporidium | Giardia | Reportl Help |

Select file | |QMRAdata-SEOUL.xls

Run OMRA

Elapsed time: 00:48

Data

Source water

Recovery

Treatment

Distribution
parameters

Source water

Recovery

A< <<

Treatment

Source water [ 4

Treatment

@ Plots

Monte
Carlo
data

Source water concentration

Recovery

Corrected source water concentration

Treatment

Drinking water concentration

Consumption

Exposure

Infection risk per person day

Infection risk per person year

O a3 3| a|a|a|ag<| <

<58 and the Environment

&y National Institute for Public Health
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ssment of Drinking Water

Monte Carlo data

National [nstitute for Public Health
and the Environment
Ministry of Health, Welfare and Sport

[ 1 O 0 0 0 Sa m p I es fro m QM RAS pot Toaol for Quantitative Microbial Risk Assessment

from Surface Water to Potable Water

distributions from source

water concentration and {Data,
selectfle | [QMRAGIGSEOULAS

recovery v, -

® SO U rce Wa ter Source water

Data Recovery

concentration e

Distribution source water

X Recovery
parameters
Treatment

Source water

1 / Re C O V e ry Plots Treatment

www.rivm.nl

KRR <)<

Source water concentration

Recovery
Corrected source water concentrat

Corrected source water —

Drinking water concentration
1 Consumption
concentration Ll

Infection risk per person day

K| <=3
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Monte Carlo data

e 10 000 samples from
distributions from source
water concentration and
recovery

e Source water
concentration
X
1/Recovery

Corrected source water
concentration

4 & W National Institute for Public Health
% and the Enviranment
Ministry of Health, Welfare and Sport

Q M RAS pot Tool for Quantitative Microbial Risk Assessment

from Surface Water to Potable Water

www.rivm.nl

RIVM-Bilthgyen

Data | Options | Enterovirus Campy\obacte Cryptosporidiu Giardia | Report | Help |

Treatment schel Source water | z1°§z2 | z3 | 74 | z5 | 6 | Exposure | Infection risk |
Source wa ration Recovery
Source water concentration
0.06 T 7 Recavery Beta distribution
' * 0.08 9 27
0.05 Neor 22 - 8 13.
- 0.04 Npos A . 0.06 - Togx
NL g0z . Mean| 0.0022 0.04 Mean| 0.17 | -0.76
0.02 . 95% | 0.0096 0.02 5% | 0.047 | -1.3
50% | 0.16 -0.8
0.01 0.00
0.00 s 2.0 -1.5 -1.0 -0.5 O0.095% 0.35 -0.46
T2007 2008 2009 2010 LogygNiL
Date
Source water concentration Gamma distribution Corrected source water concentration
0.15 r 0.033 0.14
i 0.069 0.12 X logx
0.10 - Togx 0.10 Mean 0.019 -1.7
0.08 ] -3
P Mean| 0.0022 | -2.7 P 006 e | =1077 ] 40,
0.05 5= | <1079 a1, 0.04 50% | =10 -9.7
) s 0.02 05% | 0.062 | -1.2
0.00 50% | =10 -10. 0.0
-40 -30 -20 -10 95% | 0.0096 -2 -40 -30 -20 -10
LogzoNiL LogzoN/L
.%\‘.Dm"’r,
I -
z z
) &
K \“\{:‘

s National Institute for Public Health
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sment of Drinking Water

Monte Carlo data

National Institute for Public Health
and the Environment
Ministry of Health, Welfare and Sport

[ 1 O 0 0 0 Sa m p I es fro m QM RAS pot Tool for Quantitative Microbial Risk Assessment woww.rivm.l

from Surface Water to Potable Water

treatment distributions |
oate
e Total treatment =

Zeoe = Z4 X o X Zg wows]

Source water
Data Recovery
Treatment
Source water
Recovery
Treatment
Source water
Treatment
Source water concentration
Recovery
Corrected source water concentratio)
Treatment ?
Drinking water concentration -
Consumption
Exposure
Infection risk per person day

Distribution
parameters

Plots
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Drinking Wate

P%_#9 Nartional Institute for Public Health
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Ministry of Health, Welfare and Sport

QM RASpOt Tool for Quantitative Microbial Risk Assessment

from Surface Water to Potable Water www.rivm.l

RIVM-Bilthoven

: L i—
| CampylobacterCryptosporidium [)Giardial

Treatment scheme | Source wate| ( z1| 2

73 | 74 | 75 | 26 | Exposure | Infection risk |

z1
In-dateplot Qut-dateplot
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Drinking Wate

l National [nstitute for Public Health
and the Environment
Ministry of Health, Welfare and Sport

QM RASpOt Tool for Quantitative Microbial Risk Assessment

from Surface Water to Potable Water

www.rivm.nl

RIVM-Bilthoven

Campylobacterd| Cryptosporidium [JGiar

Treatment scheme | Source water | | 22| z | 74 | 75| #6 | Exposure | Infection risk
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National Institute for Public Health
and the Environment
Ministry of Health, Weifare and Sport
Q M RAS pot Tool for Quantitative Microbial Risk Assessment s vl
from Surface Water to Potable Water ’ ’
RIVM-Bilthoven
Data | Options | Enterovirus || Campylobacter@ Cryptosporidium [YGiardia | Reportl Help |
Treatment scheme | Source water | z1 | z‘ 3 | )' 75 | z6 | Exposure | Infection risk |
— z3
In-dateplot Qut-dateplot
—— . T . T 120F . ; . T ——
150 . 100
- Al'\:tut i:: 80 I’F\\;'mt 54892
100 pos . pos
NiL Mean 7.5 NiL 60 Mean| 0.41
50 . . 955 26. 40 054 1.4
20 s q
0 ol G I 2
2007 2008 2009 2010 2007 2008 2009 2010
Date Date
o-Ino-0Out
—— . . 23 Unpaired beta model
2.0 ¢ Ce 0.08 a 0.076
. . a 2.5
-
- 1.5 . e e . 0.06 . Toox
0910 1 0l o Ay ".}. 0.04 Mean| 0.03 -1.5
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ment of Drinking Water

Monte Carlo data

PSP National Institute for Public Health
f."?_ﬂf and the Environment
Ministry of Health, Welfare and Sport
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onte Carlo data

Drinking water
concentration
Cdrw = Csource X 1/R X Ztot

Consumption, W

Exposure of dose, number
of ingested pathogens per
person per day

D=Cynw XW

QMRAspo

Bl National Institute for Public Health
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t Tool for Quantitative Microbial Risk Assessment
from Surface Water to Potable Water
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Infection risk, P; .
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Infection risk, P,

e Per person per day

P

inf,day;

=1-,F(at,a + 5,-D)

e o and B are infectivity
parameters with between-
strain variability

e Per person per year
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ssessment of Drinking Water

Infection risk, P,
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Options
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e Index pathogens in
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Options

Removal of indicator
organisms by treatment

Distribution parameters
instead of RAW DATA

Values from literature

Database of distribution
parameters for
treatment steps as a
function of process
conditions

QMRAspot

Data | Options | Enterovirus | Campylobacter | Cryptosporidium | Giardia | Reportl Help |
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for Quantitative Microbial Risk Assessment
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Select QMRA Excel file
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essment of Drinking Water
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CONCLUSIONS

e Quick-and-clean QMRA
in a few minutes QMRASPOL ool for Quantiative Micobial sk pssessment -
e For worldwide use RIVM-Bilthoven
by any Sta keholder Data | Options | Enterovirus | Campy\obacterl Cryptospaoridium | Giardia | Reportl Help |
. . _Selectfile |  [QMRAdata-SEOUL s
(environmental inspector, | fuowsl QMRA done
engineer, employee Of 0 Enterovirus 0Campy\obacter U(Zryptosporidium 0 Giardia
drinking water company) b b p .
; . —_— ——
without extensive ° ¢ A e =
kﬂOW'Edge about QM RA Enterovirus Campylobacter Cryptosporidium Giardia
e Options: Scenario studies e QMRAspot is for free
e Base for mitigation e QMRAspot@rivm.nl
strategies, preventive e Jack.Schijven@rivm.nl
»%-measures, prioritization
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Distributions used in QMRAspot

* Distributions
« Wikipedia good source for description of distributions

* Negative Binomial distribution for raw data=counts+sample sizes
(liter) for pathogens in surface water that is used for drinking water
production

« Parameters from Negative Binomial distribution are basis for
Gamma distribution to describe variability of pathogen number
concentration

* Recovery data and treatment efficiencies are all fractions and may
vary too. This variation is well described with a Beta distribution
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Legislative risk assessme

» QMRA conducted for 12 prod =

locations

Activated Carbon 7
Chlorine dioxide 2
Dune infiltration 4
Hyperfiltration 1
Slow sand filtration 4
Ozonation 3
Rapid filtration 5
uv 4
UV/hydrogen peroxide 1
Coagulation/sedimentation 3
River bank filtration 3
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Outcome of the risk assessments

46 risk assessments have been conducted
— Enterovirus — 10 locations
— Campylobacter, Cryptosporidium, Giardia — 12 locations

e 39 risk assessments met infectious risk
requirements of 10-# infections pppy

e 7 risk assessments did not meet the risk
requirements

Infection risk Total
95% < 10™ 39
Median < 10° < 95% 0
' Median = 10™ 7
: Total 46
w

b
~
—




Infection risks per index pathogen (g_

Y0 of 39

compliant IR ’ m  Enterovirus  (1/10=107%)
<109 15/ m Campylobacter (4/12=107%) |
. : » Cryptosporidium (2/12>107%)
e No<107IR | Giardia (0/122107%)
for Campylobacter
10}
e Treatment by N |
dune infiltration

associated with
low risks (< 10-9)

-10 -8 -6 4 -2 0
1 r Log;o of 95-percentile infection risk per person per year

3 ")
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Follow up of non-compliance per location J

* Non-compliance of three index pathogens (1x)
— Ultrafiltration treatment was not included in risk assessment

— Based on particle counting 3.7—4 log reduction of index
pathogens

— Enterovirus and Cryptosporidium will possibly met requirements,
Campylobacter still insufficiently reduced

— Additional treatment needed, CIO,

* Non-compliance of two index pathogens (1x)

— Index pathogens (Campylobacter, Cryptosporidium)
were insufficiently reduced,
additional treatment needed

~— Ozonation was substituted by UV treatment
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Follow up of non-compliance per location J

* Non-compliance of one index pathogen
(Campylobacter) (2x)

— Presence of birds in storage ponds or partially treated
surface waters
— Additional treatment is needed and/or protection of the
source
« CIO, addition or UV
« Cover storage ponds to keep birds away
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Conclusions (1) e

* 66% of 12 drinking water production locations met 10-# risk
requirements for the 4 index pathogens

« Campylobacter is the pathogen with highest non-compliance
rate
— Additional actions are needed to reduce the risk

— Since 2011 Campylobacter is included in Dutch Drinking Water
Act

— Not present in other drinking water legislation
« Non-compliances are partly explained by underestimation of

the treatment efficiency due to insufficient characterization of
the treatment steps concerned
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—

 QMRA provides integral insight into the robustness of the drinking
water treatment process

— QMRASspot enables simulation of an additional treatment step,
treatment failure or peak moments of high pathogen concentrations

— QMRA may aid policy makers to prioritize measures to improve
drinking water quality

Conclusions (lIl)




| E3 Tools i Help | Contact

oportal = E3Tools

To support Pubiic Hesith in Eurcpsan member ststes, ECDC project Impact of Climate Changs on Food- and Water-borns Dissssss in Europs developsd s tool based on mathsmatical modsis. This decisior

-making toc! for Food and Waterborne Diseases is based on quantitative microbial risk assessment (QMRA) that describes each hazard in a compartmentsl mathematical frameviork. The of thes:
compartments aims to quantify the microbial risk associsted under local parameters and climate scenarics. This tool supports the risk assessment of the impact of climate change on heaith in accordance vith
the White Paper on Climate Change Adaptstion. Mare information on the ECDC quantitative microbial risk assessment (QMRA) tocl is availsble in the Technical report.

In order to run this teol you need to install the Wolfram CDF Player on your computer, Downlozd the CDF player here,

Welcome | Intreduction | Help | Climate scenario

T man

CC-QMRA

Climate Change Modules for Quantitative Microbial Risk Assessment

Effect of climate change on infection risks from exposure
to waterborne and foodborne pathogenic microorganisms

https://e3geoportal.ecdc.europa.eu/SitePages/E3Tools.aspx
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