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Historie ,,hygienického zabezpeceni* (dezinfekce)
pitné vody*

Prvni znamé pouziti chloru k dezinfekci pitné vody: 1854 - John Snow dezinfikoval
pumpu a studnu v londynské ulici Broad Street po epidemii cholery, jejimz zdrojem
byla tato studna.

Prvni znama (jednorazova) dezinfekce i pitné v roztok): 1897 v

WEDECO AG DISA v.o.s.

Water Technology Jifi Benes
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Odvracena tvar

Jako u mnoha jinych chemickych inovaci, co se kdysi zdalo byt zcela
neskodné, ukazalo se byt ponékud rizikové...

WEDECO AG DISA v.o.s.

Water Technology Jifi BenesS
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Historie UV zareni

objeveno neviditelné kratkovinné zareni, J.W. Ritter

Downs and Blunt; vztah mezi UV zarenim a bakteriemi

(Proc. Roy. Soc. London, 486-500)
1892: Arons: zkonstruovana prvni rtutova lampa

Skienena trubice naplnena rtuti)

1905: Hereus sklo nahrazeno kremennym skiem — propustnost UV zareni

WEDECO AG DISA v.o.s.
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Historie UV zareni (pokr.)

1910: -
(Henri et al., Compt. Rend. Acad. Sci. 151, 677-680)
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Historie UV zareni (pokr.)

1898: Berlin: dezinfekce vody ozonem vody

Switzerland, Austria)

Switzeriand) (INerway) Austria)
Kruithof et al., J Wat SRT, 41,
WEDECO AG DISA v.o.s.
Water Technology Jifi Benes
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Mnozstvi UV systémui na UV v evropskych zemich 2001

L,

.. | Finland
- obyvatel: 5 Mil.
UV: 55
Helsinki: 12 500 m?*h
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Mnozstvi UV systémui na UV v evropskych zemich 2001

Tmmis e e

~ OV: 2100
WEDECO AG podzemni vody V.O.S.

Water Technology Jifi Benes
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Mnozstvi UV systémui na UV v evropskych zemich 2001

Norway

Obyvatel: 4 Mil.

UV: 500 (LP, nékolik MP) =
Upravena povrchova voda | !

- _IJ
[ I
—
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Mnozstvi UV systémii na UV v evropskych zemich 2001

The Netherlands
obyvatel: 15,4 Mil.

UV: 15 (LP/MP)

Vétsinou podzemni voda

Water Technology

DISA v.o.s.
Jifi Benes
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Mnozstvi UV systémui na UV v evropskych zemich 2001

e

Germany
obyvatel: 81,6 Mil.
UV: 1500 (LP) 15 (MP)
WEDECO AG Wahnbach: 14 200m?3/h _
o Podzemni nebo povrchova voda [

Strana 12



Mnozstvi UV systémui na UV v evropskych zemich 2001

France

obyvatel: 58,0 Mil.

UV: 100-200 (LP) B
Vétsinou podzemni voda | >

WEDECO AG DISA v.o.s.
Water Technology Jifi Benes
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Mnozstvi UV systémii na UV v evropskych zemich 2001

e e LR

UK
obyvatel: 58,3 Mil.
UV: 40 (MP, LP)
68% povrch. 32% podzemni voda

WEDECO AG DISA v.o.s.
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Mnozstvi UV systémui na UV v evropskych zemich 2001

THwi R

Austria 2005 & _
obyvatel: 8 Mil. obyvatel: 10 Mil.

W, a=]= UV: 6000 (LP)
We ground water

5A V.0.S.
Jifi Benes
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Proc¢ dnes pouzivat UV dezinfekci ?

- chemickou dezinfekci se nedari dosahnout pozadovanou
kvalitu upravené vody — rezistentni org. (Clostridium, Crypto, Gardia)

WEDECO AG DISA v.o.s.

Water Technology Jifi Benes
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Schéma standardni UV reaktoru

Cleaning,
deaeration
valve

Automatic Calibrated Removable
wiping LW sensor front plate
systarm

—

B—

] s 4
Sampling S
Valve

LN Spaktrotharm®HP lamp

sampling valve

Cleaning,
deasration Wipar drive
valva
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Hlavni dezinfek¢ni ucinek - princip

UV zareni inaktivuje patogenni mikroorganismy v dusledku
strukturnich zmén v molekule DNA
- tvorba thyminovych dimeru

zablokovani reprodukce bunky \ fm@ﬁh |
Al \

,

Retézec
DNA, RNA

WEDECO AG DISA v.o.s.
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v u

Inek - princip

Hlavni dezinfekéni U

UV zareni inaktivuje patogenni mikroorganismy v disledku strukturnich
zmén v molekule DNA

X-rays Ultraviolet Visible Light Infrared

{2

280 315 Vinova délka (nm)

WEDECO AG DISA v.o.s.

Water Technology Jifi Benes
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Davka UV zareni, zpusoby stanoveni

*Kli€ova veli€ina urcujici dezinfek€éni vykon (analogie s CT hodnotou)

WEDECO AG DISA v.o.s.

Water Technology Jifi BenesS

Strana 20




Parametry ovlivnujici dezinfek€ni kapacitu UV jednotky:

kvalita vody (UV transmitance - 253.7 nm )

mira UV ozareni (intenzita

hydraulicke podminky a radiacni geometrie UV komory.

Distribuce davky UV zareni k mikroorganismum

WEDECO AG DISA v.o.s.

Water Technology Jifi BenesS
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vstup ——p 5

UV komora

UV lampy
WEDECO AG

Water Technology

Ozarovaci geometrie
hydraulika
Distribuce UV davky

E— Vystup vody
DISA v.o.s.

Jifi Benes
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Jedinec¢ny zpusob uréeni davky UV zareni

Zcela opacny pristup stanoveni

WEDECO AG DISA v.o.s.

Water Technology Jifi BenesS
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Laboratorni zafizeni podle rakouského standardu ONORM M 5873

WEDECO AG DISA v.o.s.

Water Technology Jifi Benes
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Graf zavislosti inaktivace na davce UV zareni
Testovany organismus: spory Bacillus subtilis ATCC 6633

Kalibracni krivka

WEDECO AG DISA v.o.s.

Water Technology Jifi Benes
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Schéma testovaci aparatury pri biodozimetrii =

uv
Absorber

Microbe
injection

WEDECO AG DISA v.o.s.

Water Technology Jifi BenesS
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WEDECO AG DISA v.o.s.
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Kalibracni krivka biodosimetru

Bacterial spores

Reduction (Ig N/No) .

.

200 400 450 600 800 1000

UV-253.7 nm Fluence (J/m?)

Reduction equivalent fluence (REF) wavelength: 253.7 nm / biodosimeter

Water Technology Jifi Benes
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%\! Vystup validace

Min. hodnota Min. hodnota Max. hodnota Max.
(W/im?) (Wim?) prutok

Cl =

“Tmax 100mm; 253,7 nm

15 ISt [ o

WEDECO AG DISA v.o.s.

Water Technology Jifi BenesS
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Vysledek biodozimetrické zkousky
Povolené provozni podminky

*korigované namérené hodnoty ( pro 400 J/m2 )

( 15% nejistota méreni, 70% vykon zarice )

Pripustny
rozsah provozu

Maximalni priatok Q . (m3h)

WEDECO AG DISA v.o.s.

Water Technology Jifi Benes
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Validace UV systémii- zbyteénost x nutnost? ‘2

Primé meéreni davky neni mozné!

Zakaznik je odkazan na dodavatele.

WEDECO AG DISA v.o.s.

Water Technology Jifi Benes
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Stav legislativy v nekterych evropskych zemich

S gﬁj G

ﬂ?ﬁg/? =7 {
Norway

400J/m? bidosimetricky, akceptuji OVGW, DVGW

DISA v.o.s.
Jifi Benes
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WEDECO Al

Water Technoloy

Stav legislativy v nekterych evropskych zemich

N

II\—\.IEI ". 2
Ad
~t al

3 -
5 =
._ 3 =~
\ S

Germany
DVGW work sheet W 294 (LP, MP)
Fluence: 400 J/m? (biodosimetry) |
UV sensor

7



Stav legislativy v nékterych evropskych zemich

{—\:5 AT
-
% J .‘o

Austria
'Y/ =]« National Standard M 5873-1 (LP)
el Fluence: 400 J/m? (biodosimetry)
UV sensor

5 DISA v.o.s.

Y Jifi Benes
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Stav legislativy v nékterych evropskych zemich -

Svycarsko, /4
o= O VGW, 400J/m2 bidosimetricky, akceptuu OVGW, DVGW |
Water Technoloy N i 5/2 E {k“d Jifi Benes




WEDECO Al

Water Technoloy

Stav legislativy v nekterych evropskych zemich

12254 Ve

i

Ceska republika
Davka UV zareni: 400 J/m?
(bez urceni metody stanoveni)

T i Strana sb
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M 5873-1 E

Edition: 2001-03-01
Plants for the disinfection of water using ultraviolet
radiation

Requirements and testing

Part 1: Low pressure mercury lamp plants

1. UV davka: 400 J/m? (REF)
2. validace (Biodosimetrie)
3. Dozor (kalibrovany senzor ve W/m?)

WEDECO AG DISA v.o.s.

Water Technology Jiri Benes
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1. Davka UV zareni

Proc
400 J/m* (40mJ/cm?)

WEDECO AG DISA v.o.s.

Water Technology Jifi Benes

Strana 38



Davky pro redukci o 4 log (99.99%) ve vode

human pathogenic
viruses

Poliovirus | Rotavirus | Parvovirus

UV Fluence (J m?)

300 390 200

WEDECO AG

Water Technology

Q) v y h - y L ()( v/ Ko 0 ) 5 )0
Sommer, Cabaj et al. (19069) Zbl. Hyg. 189, 214-224.

Semnmier etal(1996)F Wat. Sci: Tiech: 361(12); 1495=-150:

DISA v.o.s.
Jifi Benes
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Mikrobiologicka citlivost vybranych ukazatelu

| ¢ HAV
1 ﬂl ®m Rotavirus / Poliovirus
\ B E coli

Caliciviruses (Norovirus)
Appl. Env. Microbiol. (2004)

Reduktion 4 log (10.000)

5
-6 P,
0 100 200 300 400 500
UV Fluence 253.7 nm (J/m?)
WEDECO AG DISA v.o.s.

Water Technology Jifi Benes
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0 ™)

= 2. BIODOSINMETRIE

Ll

WEDECO AG DISA v.o.s.

Water Technology Jifi BenesS
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vypoctené UV davky od vyrobce.

(Redukce of E. faecium pro srovnani)

Water Reference REF? | UV Fluence | reductdwz
Transmittance | fluence rate (J/m?) (J/m?) Ig(N/No)

% (253,7 nm; (W/m?) measured | calculated | E. faecium
100 mm)

10 0,9 <200 400 )
82 1,4 <200 400 )

WEDECO AG JISA V.O.S.

Water Technology Jifi Benes

according Austrian National standard M 5873 (B. subtilis; 253.7 nm) Strana 42



Stanoveni provoznich parametru
ALARM POINTS

WEDECO AG DISA v.o.s.

Water Technology Jifi BenesS
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3. Sledovani UV dezinfekce pri
beznem provozu

Watt /| m? %, Signal zavisly na :

UV-transmittanci
UVC vykonu zaricu

standardizovar;é/

merici okno

— Watt/ m=

o))
UV lampy ‘

WEDECO AG DISA v.o.s.

Water Technology Jifi Benes
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Monitoring: méreni hodnoty ozareni

Primé meéreni davky neni mozné

UV senzor méri nepretrzite hodnotu ozareni v reaktoru,
jejiz minimalni hodnota (alarm) je dana certifikatem

WEDECO AG DISA v.o.s.

Water Technology Jifi Benes
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Pozadavky O Norm na monitoring:
moznost vymeny senzoru
za chodu UV jednotky, nahodné kontroly




\OHRWLIaSPIAVIENUNRCENSNASENZOTUROU POVEC RY AR CONIIIK

ové?uje spravnost méreni referenchim senzorem

mend
p iJ VOZRING
senzoru

WEDECO AG DISA v.o.s.

Water Technology Jifi Benes
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Logirolzl suravna iunses UY sapzaris odoovacny areoyic i

oveéruje spravnost mereni referencnim senzorem

WEDECO AG | DISA v.0.s.

Water Technology Jifi BenesS
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Bez certifikace/validace hrozi:

Obecné: neexistence objektivnich kriterii overeni davky UV zareni,
na kterou byl vypsan projekt (deklaroval dodavatel)

Pro provozovatele/investory: nemoznost srovnat vicero nabidek,
srovnavani hrusky s hruskama

provozu

WEDECO AG DISA v.o.s.

Water Technology Jifi BenesS
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Dva zakladni typy zarica &

Nizkotlaké (LP)

stredotlake (MP)
(200-700 nm)

WEDECO AG DISA v.o.s.

Water Technology Jifi Benes
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Srovnani emisnich spekter
Zdroj: R. Hofmann, Universita Toronto, Drinking water research group, "" =
IUVA/OWWA konference. kvéten 2003 '

Low Pressure

(LP) Medium Pressure

(MP)

Relative Scale

240 260 280 300

Wavelength (nm)

WEDECO AG

Water Technology



UV Inaktivace B. subtilis spores pfi ozareni ruznymi vin. délkami

0,0 - o
- L o N % ‘
A
-0.5 - - . -
A SN Spores Bacillus subtilis ATCC6633
. (C-spores)
-1,0 4 L monochromatic and
] e + polychromatic survival curves
— -
O. 18]
— 1,5
— - iy
< 2 0_1 e A ——214 nm
i > —
o : Q nm
- 25 - r —O=— PHILIPS HPK125 without filter
8 e —/— PHILIPS HPK125 with filter
N N polychromatic fluence 200 - 400 nm
= . Nafe —e—293 nm
© -30- 0 T
&, 3 ‘ —— 524 NM
'3,5 _: b | O
-4,0 -:
- 800 J/m? - 254 nm 2.000.000 J/m? - 334 nm
4,5 ]

10’ 10° 10° 10* 10° 10° 10’ 10° 10° 10"
Fluence (J/m? nm)

Cabaj, Sommer, Pribil, Haider (Wat. Science Techn., 2002)



Klasicka
geometrie

Zafice || Q

WEDECO AG DISA v.o.s.

Water Technology Jifi Benes
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Stiredotlaké systémy

Pricna geometrie

Zarice L Q

WEDECO AG DISA v.o.s.

Water Technology Jifi BenesS
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Pricna geometrie
nizkotlaké zarice

Q =do 5000 m3/h

UV jednotky pro VysSi
Prutoky.

WEDECO AG DISA v.o.s.

Water Technology @ & Jifi BenesS
_ .':r?ag: w ﬁ .gf,;ggl Strana 55



-nizkotlaké zarice

USA, pitna voda

svew el h
SSIGE I~

v Ty ADVANTAGES

73N U\ chum/ Pro) Vy/SS

GEPRUFT
V)

: J
W1.263 W1.264 W1.265 0 Uhre \
D _r_aJ qugj

WEDECO AG DISA v.o.s.

Water Technology Jifi Benes

Strana 56



Nizkotlaké systémy

SRN, pitna voda
Q=14 200m?3/h

WEDECO AG DISA v.o.s.

Water Technology Jifi Benes
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stfedotlaky zaric
vykon zarice 2500W

pruatok: 30 L/s
Spotreba: 2,75 kW
UV davka: 400J/m?

~nermien: OAC

WEDECO AG DISA v.o.s.

Water Technology Jifi Benes
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UV Jirkov, KM 900

stfedotlaky zaric
vykon zafi¢e 4 100W

o
0 OK: 240

WEDECO AG DISA v.o.s.

Water Technology Jifi BenesS
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UV Sous, KM 900

o« NP PPa -."2‘1 !l' &

stfedotlaky zaric
vykon zafi¢e 4 100W
prutok: 240 L/s

WEDECO AG DISA v.o.s.

Water Technology Jifi BenesS
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UV Roznov,
BX 200

nizkotlaky zafic
vykon zafice 330W

o
) ) - [)

WEDECO AG DISA v.o.s.

Water Technology Jifi BenesS
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UV zareni

je cenny zpusob dezinfekce pitné
voday.

Y JJJ'JIJJJs‘Is‘Ai

(w
:
L\ U,
L3
LILL
SN
Ij
C
.
(1°4
G
L
(124
:

WEDECO AG DISA v.o.s.
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definovana dostateéna davka (SZU, legislativa)

zajlstenl davky v provozu: validace UV jednotek

provoznich J)JermaA ktere
llem) provozu kontrolovany

WEDECO AG DISA v.o.s.

Water Technology Jifi Benes
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Zaver:James R. Bolton a R. Sommer

SnaZme se porozumét UV dezinfekci co nejvice abychom (&&=
védéli, co nam muze nabidnout, s ¢im nam muze pomoci 7¥

Pozorne pristupujme k monitoringu ozareni hlavne pro
stredotlake zarice
Legislativa by neméeéla jen stanovit min. davku, ale

rovnéz specifikovat metodu, jakou ma byt davka
vypoctena

Potreba doplnéni poznatku o spektralni UV citlivosti
jak patogennich mikroorganismu, tak biodosimetru

Potreba studia vedlejSich produktu stredotlaku —
pro nevyjasnénost rakouska norma min. 240nm,
US EPA vyssi davky pro MP- zkouma se posun ve spektru

WEDECO AG DISA v.o.s.

Water Technology Jifi Benes
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_ Podékovani prof. Sommerovs,
spoluautorce rakouske normy M 5873-1 a 2
Zz Medical University Vienna
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