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SOUHRN

Somatické kolifagy jsou novym ukazatelem kontroly Gc¢innosti Upravy a cistént
vody zminovanym ve smérnici Evropského parlamentu a Rady (EU) 2020/2184
ze dne 16. prosince 2020 o jakosti vody ur¢ené k lidské spotiebé a i v nafizeni
Evropského parlamentu a Rady (EU) 2020/741 ze dne 25. kvétna 2020 o mini-
malnich poZadavcich na opétovné vyuzivani vody. Z tohoto dlvodu bude
nezbytné v blizké dobé postupné zavadét metodu stanoveni somatickych koli-
fagl ve vodach do nékterych provoznich ¢i jinych laboratofi. Moznost vyuziti
kultiva¢nfho postupu v souladu s postupem v normé CSN EN 1SO 10705-2 [3]
je fesena od roku 2019 v mikrobiologické laboratofi Ustavu technologie vody
a prostfedi na VSCHT Praha. Somatické kolifagy byly zjistovany ve vzorcich
rlizné zatizenych vod, resp. v povrchovych vodéch, odpadnich vodéch (odtoky
z Cistiren odpadnich vod) a Sedych vodach. Experimentélné byly také zkouseny
a ovéfovéany vybrané koncentracni metody (flokulace hydroxidem hofe¢natym
a membranova filtrace), které je nutné pouzivat pro vzorky vod s nizkym vysky-
tem somatickych kolifagl (< 3 PTJ/ml). Na zékladé provedenych testl bylo zjis-
téno, Ze metoda membranové filtrace s vyuzitim elektronegativnich filtrd vyka-
zuje vyssi ucinnost pii zkoncentrovani somatickych kolifagt ze vzorku vody nez
flokulace hydroxidem hofe¢natym.

UvoD

Z voddrenské praxe jsou za poslednich nékolik let zndmy pfipady kontaminace
pitné vody virovym agens, at uz se jednalo o pfipady spojené s vyskytem ente-
rovird, norovirll, nebo adenovird. Tyto pfipady byly tiskem a odbornou vefej-
nosti medializované. Viry jsou vseobecné povazovény za vice rezistentni Zivé
systémy (organismy) vici biologickym i fyzikdlné-chemickym vlivim prostredi
nez bakterie. | pres rizikovost tohoto mikroorganismu neni pozadavek na jeho
stanoveniv ramci provadénych mikrobiologickych analyz vody zohlednén napf.
vyhlaskou ¢. 252/2004 Sb., v platném znéni, kterou se stanovi hygienické poza-
davky na pitnou a teplou vodu a ¢etnost a rozsah kontroly pitné vody. Vétsinu
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SUMMARY

Somatic coliphages are a new indicator for monitoring the efficiency of water
treatment and purification in the Directive (EU) 2020/2184 of the European
Parliament and of the Council of 16 December 2020 on the quality of water
intended for human consumption and in Regulation (EU) 2020/741 of the
European Parliament and of the Council from 25 May 2020 on minimum require-
ments for water reuse. For this reason, it will be necessary in the near future to
gradually introduce a method for the determination of somatic coliphages in
water in some operational or other laboratories. The possibility of using the
cultivation procedure in accordance with the procedure in the CSN EN 1SO
10705-2 standard has been addressed since 2019 in the microbiological labora-
tory of the Department of Water Technology and Environmental Engineering
at the University of Chemistry and Technology in Prague. Somatic coliphages
were detected in samples of differently polluted waters, specifically in surface
waters, wastewaters (effluents from wastewater treatment plants) and grey
waters. Selected concentration methods (magnesium hydroxide flocculation
and membrane filtration), which must be used for water samples with a low
concentration of somatic coliphages (< 3 PFU/ ml), were also tested and veri-
fied experimentally. Based on the performed tests, it was found that the mem-
brane filtration method using electronegative filters shows higher efficiency in
concentrating somatic coliphages from a water sample than flocculation with
magnesium hydroxide.

INTRODUCTION

In the last few years, cases of contamination of drinking water with viral agents
have been known from water supply practice, whether these were cases asso-
ciated with the occurrence of enteroviruses, noroviruses, or adenoviruses.
These cases were publicized by the press and the professional public. Viruses
are generally considered to be more resistant living systems (organisms) to bio-
logical and physico-chemical environmental influences than bacteria. Despite
the danger of this microorganism, the requirement for its determination within
the performed microbiological analyses of water is not taken into account,



vird neni mozné kultiva¢nim postupem detekovat, namisto nich se uplatfiujf
metody molekularni biologie (napf. PCR = polymerazova fetézova reakce), které
vyzaduji adekvatni vybavenilaboratofe, coz je patfi¢né i ekonomicky nakladné.
Stanoveni nékterych typUl virl kultivaéné je na provedeni v provozni mikrobio-
logické laboratofi ndro¢né, protoze jsou zapotfebi pfitomné hostitelské buriky
vybranych kment bakterii a optimalizované postupy.

Somatické kolifagy jsou v soucasné dobé velmi diskutovanym tématem
v oblasti kontroly kvality vody, protoze vykazuji ur¢itou morfologickou podob-
nost jako lidské enterické viry a je mozné na né pohlizet jako na pfipadné indi-
kdtorové organismy pfitomnosti virové kontaminace ve vodach. KvUli stale se
zvysujicim pozadavkim na kvalitu pitné vody i tlakim spole¢nosti na opé-
tovné vyuzivani vycisténych odpadnich vod, byly somatické kolifagy legis-
lativné navrzeny jako nové ukazatele pro kontrolu Gcinnosti Upravy a cisténf
vody. Z toho dlvodu je velice zadouci kontrola jejich pfitomnosti v nékterych
typech vod, zejména ke kontrole vody urcené pro lidskou spotfebu. Somatické
kolifagy jsou skupinou nepatogennich bakteridlnich vir( tzv. ,bakteriofagd”,
které infikuji buriky koliformnich bakterii (skupina Enterobacteriaceae), a zejm.
pak bunky bakterie druhu Escherichia coli. Pfirozenym prostiedim somatickych
kolifagl je, stejné jako pro bakterie Escherichia coli, gastrointestindlnf trakt ¢lo-
veka a teplokrevnych organismda.

Dne 12.1.2021 vstoupila v platnost smérnice Evropského parlamentu a Rady
(EU) 2020/2184 ze dne 16.12. 2020 o jakosti vody urcené k lidské spotrebé, kterd je
kompletné prepracovanou novelou stavajici smeérnice ¢. 98/83/EC. Pfedpoklad
implementace této smeérnice do ndrodnich prdvnich predpist je konec roku
2022 az zacatek roku 2023.

Ucelem smérnice pro pitnou vodu je ochrana zdravi spotiebiteld pred
nasledky uzivani znecisténé vody a zajisténi zdravotni nezavadnosti pitné
vody prostfednictvim definovanych norem kvality, které jsou ¢lenské staty EU
povinné dodrzovat. Revize se mimo jiné vénovala pravé aktualizaci seznamu
ukazatell kvality pitné vody, které jiz neodpovidaly souc¢asnym poznatkdm.
Somatické kolifdgy jsou novym ukazatelem, ktery bude muset byt sledo-
van v ramci provozniho monitorovani Uc¢innosti procesu Upravy pitné vody,
pokud ve zdroji surové vody bude zjisténo > 50 PTJ/100 ml (PTJ = plak tvofici
jednotku) [1].

Somatické kolifagy jsou rovnéz zminovany v novém nafizeni Evropského
parlamentu a Rady (EU) 2020/741 ze dne 25. kvétna 2020 o minimalnich poZa-
davcich na opétovné vyuzivani vody [2]. Diky tomuto nafizeni by mélo byt pro
¢lenské staty Evropské unie (EU) snadnéjsi opétovné vyuzivat vycisténé meést-
ské odpadni vody, a to zejména k zavlahdm v zemédélstvi. Kromé minimal-
nich pozadavkd na kvalitu recyklované vody, stanovuje nafizeni také ¢etnost
rutinniho a valida¢niho monitorovani. Somatické kolifagy je nutné posuzovat
v rémci valida¢niho monitorovani zafizeni u kategorie s nejpfisnéjsimi poza-
davky na kvalitu vody (tfida A, pro kterou platf: ,VSechny potravinafské plodiny
konzumované za syrova, jejichz jedla ¢ast je v pfimém kontaktu s recyklovanou
odpadni vodou, a kofenové plodiny konzumované za syrova.”) [2]. Smyslem
valida¢niho monitorovani je hodnoceni Uc¢innosti daného zafizeni v odstranént
vybranych indikdtorovych organismd patogennich bakterif, prvokd a virQ.

Po vyhlaseni pfijatych legislativnich dokumentd v Ufednim véstniku EU majt
nésledné ¢lenské staty EU povinnost zapracovat pfislusné zmény do svych prav-
nich predpist. Nafizeni EU je mozné pifimo aplikovat v ¢lenskych statech EU.
Metodu stanoveni somatickych kolifdgl ve vodach bude tedy nezbytné zavést
do nékterych provoznich ¢i jinych laboratofi, a tyto laboratofe budou muset
nasledné vénovat urcity ¢as optimalizaci metody.

Moznost vyuzit kultivaéniho postupu v souladu s postupem v normé CSN
EN 1SO 10705-2 [3] je soustavné fedena od roku 2019 v mikrobiologické labo-
ratofi Ustavu technologie vody a prostfedi na VSCHT Praha. Metoda uvedena
touto normou se pouzivd pro detekci somatickych kolifdigl v rézné zatize-
nych vodach. Pfi zkouseni postupu stanoveni podle uvedené normy se zjis-
tovaly moznosti a pfipadnéd uplatnéni metody specifikované normou [3] pro
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for example, by Decree No. 252/2004 Coll., as amended, which sets hygienic
requirements for drinking and hot water and the frequency and scope of drink-
ing water control. Most viruses cannot be detected by cultivation procedure:
molecular biology methods are used instead (e.g., PCR = polymerase chain
reaction), which require adequate laboratory equipment, which is expensive.
Determination of some types of viruses by cultivation is difficult to perform in
an in-house microbiological laboratory because host cells of selected bacterial
strains and optimized procedures are required.

Somatic coliphages are currently a much-discussed topic in the field of
water quality control, as they show some morphological similarity to human
enteric viruses and can be seen as possible indicator organisms for the viral
contamination in water. Due to the ever-increasing demands on drinking water
quality and the society’s pressure for the reuse of treated wastewater, somatic
coliphages were legislatively proposed as new indicators to monitor the effi-
ciency of water treatment and purification. For this reason, it is highly desirable
to monitor their presence in certain types of water, especially water intended
for human consumption. Somatic coliphages are a group of non-pathogenic
bacterial viruses called “bacteriophages”, which infect cells of coliform bacteria
(Enterobacteriaceae group) and, in particular, cells of the bacterium Escherichia
coli (E. coli). The natural environment of somatic coliphages is, as for E. coli bac-
teria, the gastrointestinal tract of humans and warm-blooded organisms.

The Directive of the European Parliament and of the Council (EU) 2020/2184
from 16 December 2020 on the quality of water intended for human consump-
tion came into force on 12 January 2021, which is a completely recast amend-
ment to the Directive 98/83/EC. The precondition for the implementation of
this Directive into national legislation is the end of 2022 to the beginning of 2023.

The purpose of the Drinking Water Directive is to protect consumer health
from the consequences of polluted water use and to ensure the safety of drink-
ing water through defined quality standards, which EU Member States are
required to comply with. Among other things, the revision focused on updat-
ing the list of drinking water quality indicators, which no longer corresponded
to current knowledge. Somatic coliphages are a new indicator that will have to
be checked in the operational monitoring of the drinking water treatment pro-
cess effectiveness if > 50 PFU/100 ml (PFU = plaque forming unit) is detected in
the raw water source [1].

Somatic coliphages are also mentioned in the new Regulation 2020/741 of
the European Parliament and of the Council (EU) of 25 May 2020 on minimum
requirements for water reuse [2]. This regulation should make it easier for the
Member States of the European Union (EU) to reuse treated urban wastewater,
especially forirrigation in agriculture. In addition to the minimum requirements
for the quality of recycled water, the regulation also stipulates the frequency
of routine and validation monitoring. Somatic coliphages must be assessed as
part of the validation monitoring of the device for the category with the most
stringent water quality requirements (Class A, for which the following applies:
"All food crops consumed raw, the edible part of which is in direct contact with
recycled wastewater, and root crops consumed raw") [2]. The purpose of val-
idation monitoring is to evaluate the effectiveness of the device in removing
selected indicator organisms of pathogenic bacteria, protozoa, and viruses.

Following the publication of the adopted legislative documents in the EU
Official Journal, EU member states are subsequently obliged to incorporate the
relevant changes into their legislation. EU regulations can be directly applied in
EU member states. The method of determining somatic coliphages in water will
therefore need to be introduced in some operational or other laboratories, and
these laboratories will then have to devote some time to optimize the method.

The possibility of using the cultivation procedure in accordance with the
procedure in the standard CSN EN 1SO 10705-2 [3] has been systematically dealt
with since 2019 in the microbiological laboratory of the Department of Water
Technology and Environmental Engineering at the University of Chemistry and
Technology in Prague. The method introduced by this standard is used for
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bézny mikrobiologicky monitoring stavu mikrobidlni kontaminace (resp. fekal-
niho znecisténi) povrchovych vod, odpadnich vod (odtoky z cistiren odpad-
nich vod) a Sedych vod. Pro zajimavost byla do testl zafazena i pitnd voda.
Experimentdlné byly zkouseny a ovéfovany koncentracni metody, které je
nezbytné pouzivat pro vzorky vod s nizkym vyskytem somatickych kolifagl
(< 3 PTJ/ml) a jsou uvedené v normé CSN ISO 10705-3 [4] (platné od 1. 12. 2020).
Postupy stanoven( a problémy spojené s metodami uvedenymi v normé CSN
EN ISO 10705-2 [3] a v normé pro koncentra¢ni metody CSN SO 10705-3 [4] jsou
diskutovany dale v pfispévku.

METODIKA

Za Ucelem stanoveni somatickych kolifdgl byly odebirany vzorky povrchovych
vod, odtokl z COV, $edych vod a pitné vody. Somatické kolifagy byly nasledné
stanovovany podle postupu uvedeného v normé CSN EN 1SO 10705-2 [3], Cést 2:
Kvantitativni stanoveni somatickych kolifdgl. Vzhledem k tomu, Ze zminéna
metoda je vhodnd spise pro vody s vyssim vyskytem somatickych kolifagd,
byly experimentdlné ovéfovany vybrané koncentracni metody navrhované
v pifloze A normy CSN 1SO 10705-3 [4], Cést 2: Validace metod pro zkoncentro-
vani bakteriofdgli z vody (metoda membranové filtrace a flokulace hydroxidem
hofecnatym).

POSTUP STANOVENI
SOMATICKYCH KOLIFAGU

Metoda stanovenf podle CSN EN 1SO 10705-2 [3] spocivé v kultivaci a udrzovani
pfislusného hostitelského kmene Escherichia coli, ktery je nasledné pouZit pro
stanoveni somatickych kolifdgl pomoci dvouvrstvé plakové titrace. Pro Ucely
testovani byl hostitelsky kmen Escherichia coli ziskan ze sbirky Stétniho zdra-
votniho Ustavu v Praze, kde je veden pod oznacenim CNCTC 5005. Z obdrze-
ného lyofilizovaného referencniho hostitelského kmene byla postupné pomoci
modifikovaného Scholtensova média (MSB) pfipravena stokové a pracovni kul-
tura. Pozadovand hustota (108KTJ/ml) bunék pracovnf kultury byla pfed stano-
venim somatickych kolifagl kontrolovéna spektrofotometricky pomoci méfeni
absorbance, a to na zékladé predem provedené kalibrace mezi absorbanci
a poc¢tem kolonif narostlych na modifikovaném Scholtensovu médiu MSA.

Samotné stanoveni somatickych kolifagl bylo nésledné provédéno podle
standardniho postupu uvedeného v normé [3] s drobnymi modifikacemi.
K temperovani roztopeného polotekutého Scholtensova média (ssMSA) s pfi-
davkem chloridu vépenatého byla pouZita vodni ldzer o teploté 45 °C. Do ste-
rilnich bakteriologickych zkumavek umisténych ve vodnf 1azni bylo postupné
pipetovano 2,5 ml ssMSA média, 1 ml inokulacni kultury hostitelského kmene
E.colialmlanalyzovaného vzorku. Smés byla promichana a ndsledné byla nalita
na povrch kompletniho média MSA v Petriho misce. Po zatuhnuti byly misky
inkubovény v zavésné poloze pfi teploté 37 °C po dobu cca 18 h. Somatické koli-
fagy tvori na povrchu média viditelné zény projasnénti, tzv. plaky, které se ode-
¢itaji a ndsledné vyjadrujf jako pocet plakl tvoficich jednotky (PTJ) v objemové
jednotce. Pro kontrolu spravnosti provedeni bylo zdroven provéadéno slepé sta-
noveni, kterym je smés inokula¢ni kultury hostitelského kmene a polotekutého
sSMSA média.

KONCENTRACNI METODY

Ucinnosti vybranych koncentracnich metod, v tomto piipadé membra-
nové filtrace a flokulace hydroxidem hofecnatym, byly experimentalné zkou-
seny na redlnych vzorcich odpadnich vod odebiranych na odtoku z méstské

the detection of somatic coliphages in differently loaded waters. When test-
ing the determination procedure according to the said standard, the possibil-
ities and possible applications of the method specified by the standard [3] for
routine microbiological monitoring of the state of microbial contamination (or
fecal contamination) of surface waters, wastewater (effluent from wastewater
treatment plants), and grey water were identified. For interest, drinking water
was also included in the tests. Concentration methods that must be used for
water samples with a low incidence of somatic coliphages (< 3 PFU/ml) and are
listed in the standard CSN 1SO 10705-3 [4] (valid from 1 December 2020) were
tested and verified experimentally. Determination procedures and problems
associated with the methods specified in the standard CSN EN SO 10705-2 [3]
and in the standard for concentration methods CSN ISO 10705-3 [4] are dis-
cussed further in the paper.

METHODOLOGY

In order to determine somatic coliphages, samples were taken of surface water,
effluents from WWTPs, grey water, and drinking water. Somatic coliphages were
subsequently determined according to the procedure specified in the standard
CSN EN SO 10705-2 [3], Part 2: Quantitative determination of somatic coliphages.
Due to the fact that the method is more suitable for waters with a higher inci-
dence of somatic coliphages, selected concentration methods proposed in
Annex A of the standard CSN 1SO 10705-3 [4], Part 2: Validation of methods for
concentration of bacteriophages from water (method of membrane filtration
and flocculation with magnesium hydroxide) were verified experimentally.

PROCEDURE FOR DETERMINING
SOMATIC COLIPHAGES

The method of determination according to CSN EN ISO 10705-2 [3] consists
of cultivating and maintaining the appropriate host strain of E. coli, which is
subsequently used for the determination of somatic coliphages by two-layer
plague titration. For testing purposes, the E. coli host strain was obtained
from the collection of the State Institute of Public Health in Prague, under the
designation CNCTC 5005. From the obtained lyophilized reference host strain,
a stock and working culture was gradually prepared using modified Scholtens
medium (MSB). The required density (108 CFU/ml) of working culture cells was
checked spectrophotometrically by absorbance measurements prior to somatic
coliphage determination, based on a pre-calibration between absorbance and
number of colonies grown on modified MSA Scholtens medium.

The determination of somatic coliphages per se was subsequently per-
formed according to the standard procedure given in the standard [3] with
minor modifications. To temper the molten semi-liquid Scholtens medium
(ssMSA) with the addition of calcium chloride, a 45 °C water bath was used.
In total 2.5 ml of sSMSA medium, T ml of inoculum culture of the E. coli host
strain, and 1 ml of the analysed sample were sequentially pipetted into ster-
ile bacteriological tubes placed in a water bath. The mixture was stirred and
subsequently poured onto the surface of the complete MSA medium in a Petri
dish. After solidification, the dishes were incubated in a suspended position at
37 °C for about 18 hours. Somatic coliphages form visible zones of brightness
on the surface of the medium, so-called plaques, which are read and subse-
quently expressed as the number of plaques forming units (PFU) in a unit of
volume. To check the correctness of the procedure, a blank determination was
also performed, which is a mixture of an inoculum culture of the host strain
and a semi-liquid ssMSA medium.



mechanicko-biologické &istirny odpadnich vod (COV). Obé metody byly testo-
vany metodou standardniho pfidavku. Pro zjisténi ucinnosti flokulace bylo dav-
kovano 10 ml vzorku odtoku z COV do 90 ml odstaté kohoutkové vody. V pfi-
padé testovani membranové filtrace byl do 100 ml (pfipadné 90 ml) destilované
vody pipetovéan 1 ml (pifpadné 10 ml) vzorku odtoku z COV. Ve vzorku odtoku
z COV, tzn. ve vzorku pro piidavek, byly paralelné stanovovany somatické koli-
fagy podle normy CSN EN ISO 10705-2 [3]. Takto pfipravené suspenze byly
nasledné predupraveny jednotlivymi koncentrac¢nimi metodami pro zachycenf
kolifagu.

Metoda flokulace hydroxidem hofe¢natym spocivd v separaci kolifagl
zachycenych do vznikajicich vlocek. K testovanému objemu pfipraveného
vzorku jsou postupné pfidavany roztoky chloridu hofe¢natého (1 mol/l) a hyd-
rogenfosfore¢nanu draselného (1 mol/l), a to v objemu uvedeném v normé
CSN ISO 10705-3 [4]. Po kapkach se pfidava roztok hydroxidu sodného (2 mol/l)
do vzniku viditelného zdkalu, pficemz je soucasné kontrolovéana hodnota pH,
kterd by neméla pfesahovat hodnotu 8,6. Suspenze se pomalu miché po dobu
cca 15 minut, pficemz vznikajici viocky nésledné sedimentuji cca 30 minut. Po
opatrném odtazeni supernatantu je fidky sediment zkoncentrovan pomoci
centrifugace pfi malé rychlosti (relativni centrifugac¢ni zrychleni RCF = 1000 g)
po dobu 15 minut. Po slitf supernatantu je sediment resuspendovan pomoci
peptonové vody s chloridem sodnym a intenzivnim tfepanim. Stanoveni soma-
tickych kolifagti nasledné probiha podle normy CSN EN 1SO 10705-2 [3]. V rdmci
testovani u¢innosti koncentra¢ni metody byl rovnéz sledovan vliv hodnoty pH
pri flokulaci (hodnoty pH: 7,6; 8,0; 8,3; 8,6 a 9,0).

Metoda membranové filtrace spocivd ve filtraci daného objemu vzorku
pres elektronegativni filtr ze smési acetdtu celuldzy a nitrdtu celuldzy, o veli-
kosti por 0,22 um a prameéru 47 mm. Filtraci predchézi pridavek roztoku chlo-
ridu hofe¢natého. Filtr je ndsledné rozstfihdn na cca 8 mensich ¢asti a vlozen
do sklenéné barky s elu¢nim roztokem (1 % hovézi extrakt, 0,5 mol/I NaCl,
3 % Tween 80), ktery se vlozi do ultrazvukové dzné na cca 4 minuty. Stanovujf
se soucasné somatické kolifagy uvolnéné do elu¢niho roztoku a zachycené
na filtrech. V rdmci testovani Ucinnosti metody byl sledovén také vliv sloZeni
elu¢niho roztoku (zde: 1 % hovézi extrakt, 0,5 mol/l NaCl; 1 % hovézi extrakt,
0,5 mol/l NaCl, 3 % Tween 80; 3 % hoveézi extrakt, 0,5 mol/I NaCl; 3 % hovézi
extrakt, 0,5 mol/I NaCl, 3 % Tween 80).

VYSLEDKY A DISKUSE

Vyskyt somatickych kolifagl ve vodnim prostredi obvykle indikuje znecisténi
zpUsobené zvitecimi nebo lidskymi fekdliemi. Prestoze jsou prirozenymi hos-
titelskymi kmeny somatickych kolifdagd bakterie druhu Escherichia coli, bylo
nékterymi studiemi zjisténo, ze pro svou replikaci mohou vyuzivat i jiné pfi-
buzné bakteridlni druhy, které nejsou fekédlniho plvodu [5]. Porovnéni vyskytu
somatickych kolifagd v rdzné zatizenych vodach, resp. v pitnych vodach, povr-
chovych vodéch, sedych vodéch a ve vycisténych odpadnich vodach (odtok
z COV) je patrné v tabulce 1. Stanoveni bylo provedeno podle postupu uvede-
ného v normé CSN EN 1SO 10705-2 [3]. V testovanych povrchovych vodéach se
pocty somatickych kolifdgt pohybovaly v rozmezi od 0 do 25 PTJ/ml. Vzhledem
k tomu, Ze byly odebirdny a analyzovany rlizné typy povrchovych vod (tekouci,
stojaté) z odlisnych lokalit, neni uvddéna priimérna hodnota poctu PTJ. Z testo-
vanych vod byly nejvyssi pocty somatickych kolifdgt nachdzeny v odtocich z is-
tiren odpadnich vod. Celkem bylo otestovéano 3est réiznych COV, pficemz nélezy
somatickych kolifagl se v odtocich pohybovaly v rozmezi od 8 do 84 PTJ/ml
s prlimérmou hodnotou cca 42 PTJ/ml. V odpadnich vodach na pritoku COV
nebyly laboratorné somatické kolifagy zatim zjistovany (dlvodem je zvyseny
vyskyt doprovodné mikrofléry, kterd rusi odecet plakd pfi vyhodnocovani). Pro
doplnéni, odborna literatura uvadi pocty somatickych kolifdgl na pfitocich do
COV v rozsahu od 510° do 5107 PTJ/100 ml [6]. U vzorkd $edych vod, ve kterych
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CONCENTRATION METHODS

The efficiencies of selected concentration methods, in this case, membrane
filtration and flocculation with magnesium hydroxide, were experimentally
tested on real wastewater samples taken from effluent from the municipal
mechanical-biological wastewater treatment plant (WWTP). Both methods
were tested by the standard addition method. To determine flocculation effi-
ciency, 10 ml of the WWTP effluent sample was dosed in 90 ml of standing tap
water. In the case of membrane filtration testing, T ml (or 10 ml) of a sample
of the effluent from the WWTP was pipetted into 100 ml (or 90 ml) of distilled
water. In the WWTP effluent sample, i.e, in the sample for addition, somatic
coliphages were determined in parallel according to the standard CSN EN 1SO
10705-2 [3]. The suspensions thus prepared were subsequently pre-treated by
individual concentration methods to capture coliphages.

The method of flocculation with magnesium hydroxide consists of the sep-
aration of coliphages captured in the resulting flakes. Solutions of magnesium
chloride (1 mol/l) and potassium hydrogen phosphate (1 mol/l) are gradually
added to the tested volume of the prepared sample, at the volume specified in
the standard CSN SO 10705-3 [4]. Sodium hydroxide solution (2 mol/l) is added
dropwise until visible turbidity is obtained, while simultaneously checking the
pH value, which should not exceed 8.6. The suspension is stirred slowly for
about 15 minutes, during which the resulting flakes settle for about 30 minutes.
After carefully withdrawing the supernatant, the thin sediment is concentrated
by low speed centrifugation (relative centrifugal acceleration RCF = 1,000 g) for
15 minutes. After decanting the supernatant, the sediment is resuspended in
peptone water with sodium chloride and vigorous shaking. Determination of
somatic coliphages is then performed according to the standard CSN EN ISO
10705-2 [3]. The effect of pH on flocculation (pH: 76; 8.0; 8.3; 8.6, and 9.0) was also
monitored to test the effectiveness of the concentration method.

The membrane filtration method consists of filtering a given volume of
sample through an electronegative filter made of a mixture of cellulose ace-
tate and cellulose nitrate, with a pore size of 0.22 um and a diameter of 47 mm.
Filtration is preceded by the addition of magnesium chloride solution. The fil-
ter is then cut into about 8 smaller parts and placed in a glass flask with an
elution solution (1% bovine extract, 0.5 mol/I NaCl, 3% Tween 80), which is
placed in an ultrasonic bath for about 4 minutes. Simultaneously, the somatic
coliphages released into the elution solution and collected on the filters are
determined. As part of testing the effectiveness of the method, the effect of
the composition of the elution solution was also monitored (here: 1% bovine
extract, 0.5 mol/l NaCl; 1% bovine extract, 0.5 mol/lI NaCl, 3% Tween 80; 3%
bovine extract, 0.5 mol/I NaCl; 3% bovine extract, 0.5 mol/I NaCl, 3% Tween 80).

RESULTS AND DISCUSSION

The presence of somatic coliphages in the aquatic environment usually indi-
cates pollution caused by an animal or human feces. Although they are natural
host strains of somatic coliphages of E. coli bacterium, some studies have found
that they may use other related bacterial species that are not of fecal origin for
their replication [5]. Comparison of the occurrence of somatic coliphages in dif-
ferently loaded waters, or in drinking water, surface water, grey water, and in
treated wastewater (effluent from WWTP) is evident in Table 1. Determination
was performed according to the procedure specified in the standard CSN EN
ISO 10705-2 [3]. In the tested surface waters, the numbers of somatic coliphages
ranged from 0 to 25 PFU/ml. Due to the fact that different types of surface
water (flowing, standing) from different sites were taken and analysed, the
average value of the number of PFU is not given. Of the tested waters, the
highest numbers of somatic coliphages were found in effluent from waste-
water treatment plants. A total of 6 different WWTPs were tested, while the
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je vyskyt koliformnich bakterif a pfipadné E. coli obvykly a byl v analyzovanych
vzorcich potvrzen (viz tabulka 1), nebyla ptfitomnost somatickych kolifagd kul-
tivacné potvrzena. V pitnych vodach odebiranych z kohoutku u spotfebitele
nebyla podle oc¢ekavani piitomnost somatickych kolifagl zjisténa.

Tabulka 1. Vyskyt somatickych kolifdg( v riznych druzich vod — postup podle normy
CSNENISO 107052 [3]

Priamérna Minimalni Maximalni
Druh vody hodnota SK hodnota SK hodnota SK
PTJ/ml PTJ)/ml PTJ/ml
pitnd voda 0 0 0
povrchové voda X 0 25
seda voda 0 0 0
vycisténd odpadni “ 8 84

voda z COV

Pozndmbka: Pro povrchové vody neni uvedena primeérnd hodnota z divodu odbéru
vzorky z riznych lokalit.

Vzhledem k tomu, Ze stanoveni somatickych kolifag podle normy CSN EN
ISO10705-2 [3] vyuzivé standardné k analyze 1 ml vzorku, mUZe tento postup vést
k chybé a nespravné interpretaci vysledkl zkousky pfi analyze vod s nizsi kon-
centraci kolifagl a nizsim mikrobidlnim znecisténim. Vody méné mikrobialné
ozivené, napf. povrchové stojaté a tekouci vody, Sedé vody a pitné vody vyza-
duji pfedupravu vzorku metodou jejich zkoncentrovani podle CSN ISO 10705-3
[4]. Pouziti spolehlivé metody zkoncentrovani somatickych kolifdgd ve vzorku
vody pred jeho analyzou mize Uc¢innost detekce vyrazné zlepsit. V grafech na
obr. 1-3 jsou uvedeny laboratorné zjisténé ucinnosti koncentra¢nich metod flo-
kulace hydroxidem hofec¢natym a membranové filtrace. U metody flokulace
hydroxidem hofe¢natym se Ucinnost zkoncentrovani somatickych kolifagl
pohybovala v rozmezi od cca 32 do 64 %, pficemz byla zjisténa jeji zavislost
na hodnoté pH. Nejvyssi pocty somatickych kolifdgl byly stanoveny u vzorkd
s pH 8,0 (U¢innost zkoncentrovani cca 64 %) a 8,3 (Uc¢innost zkoncentrovani
cca 64 %), viz obr. 1. Lze predpokladat, ze icinnost zachytu kolifdagl do vlocek
bude vyssi u koncentrovani vice organicky zatizené vody. Vyrazné vyssi ucin-
nost vykazovala oproti flokulaci metoda membréanové filtrace. V zévislosti na
pouzitém elu¢nim roztoku se Ucinnost pohybovala v rozmezi cca 40 az 100 %,
viz obr. 2. Z&sadni je pro uvolnéni somatickych kolifdagl z membrénovych filtrd
obsah neiontového tenzidu Tween 80 v elu¢nim roztoku. S jeho pomoci bylo
ve vétsiné pifpadd dosahovéno cca 100 % Ucinnosti zkoncentrovani somatic-
kych kolifagU. Jak je patrné z obr. 3, méd v postupu koncentrovani membrano-
vou filtraci dllezity vyznam také chlorid horecnaty, ktery je ke vzorku pfidavan
pred jeho zfiltrovédnim. Bez jeho pouziti se primérné Ucinnosti zachytu soma-
tickych kolifagl v zavislosti na elu¢nim roztoku pohybovaly v rozmezi 19-52 %.
Multivalentni kationty, jako je Mg?*, Ca*" a APP*, umoziuji pfi nizsim pH Gcinnéjsi
adsorpci kolifdagl na elektronegativnich membranovych filtrech [7].

findings of somatic coliphages in the effluent ranged from 8 to 84 PFU/ml
with an average value of about 42 PFU/ml. Laboratory somatic coliphages have
not yet been detected in the wastewater at the WWTP inflow (the reason is
the increased occurrence of the accompanying microflora, which disturbs
the plaque reading during evaluation). For the sake of completeness, the pro-
fessional literature reports the numbers of somatic coliphages on inflows to
WWTP in the range from 510¢ PFU/100 ml to 5107 PFU/100 ml [6]. In grey water
samples, in which the occurrence of coliform bacteria and possibly E. coli is
common and was confirmed in the analysed samples (see Table 1), the pres-
ence of somatic coliphages was not confirmed by cultivation. As expected, the
presence of somatic coliphages was not detected in drinking water taken from
the consumer’s tap.

Table 1. Occurrence of somatic coliphages in various types of waters — procedure
according to the standard CSN EN ISO 10705-2 [3]

Average SC Minimum SC Maximum SC

Type of water

PFU/ml PFU/ml PFU/ml
Drinking water 0 0 0
Surface water X 0 25
Grey water 0 0 0
Treated wastewater o 8 84

from WWTP

“Note: For surface waters, no average value is given due to sampling from different sites.

Due to the fact that the determination of somatic coliphages according
to the standard CSN EN ISO 10705-2 [3] uses T ml of sample for analysis, this
procedure can lead to error and incorrect interpretation of test results in the
analysis of waters with lower coliphage concentration and lower microbial
contamination. Waters with less microbial activity (e.g. surface standing and
running water, grey water, and drinking water) require pre-treatment of the
sample by the method of their concentration according to CSN 1SO 10705-3 [4].
The use of a reliable method of concentrating somatic coliphages in a water
sample before its analysis can significantly improve the detection efficiency.
The graphs in Fig. 7 to 3 show the laboratory-determined efficiencies of con-
centration methods of magnesium hydroxide flocculation and membrane fil-
tration. In the magnesium hydroxide flocculation method, the concentration
efficiency of somatic coliphages ranged from about 32% to 64%, and its pH
dependence was found. The highest numbers of somatic coliphages were
determined for samples with pH 8.0 (concentration efficiency about 64%) and
8.3 (concentration efficiency about 64%), see Fig. 1. It can be assumed that the
efficiency of capturing coliphages in flakes will be higher when concentrating
more organically loaded water. The membrane filtration method showed sig-
nificantly higher efficiency compared to flocculation. Depending on the elu-
tion solution used, efficiency ranged from about 40% to 100%, see Fig. 2. The
content of the non-ionic surfactant Tween 80 in the elution solution is essen-
tial for the release of somatic coliphages from the membrane filters. With its
help, about 100% efficiency of the concentration of somatic coliphages was
achieved in most cases. As can be seen in Fig. 3, magnesium chloride (which is
added to the sample before it is filtered) is also important in the process of con-
centrating by membrane filtration. Without its use, average capture efficien-
cies of somatic coliphages ranged from 19% to 52%, depending on the elution
solution. Multivalent cations such as Mg*, Ca*", and AP** allow more efficient
adsorption of coliphages on electronegative membrane filters at lower pH [7].
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Obr. 1. U¢innost flokulace hydroxidem hofe¢natym pfi zkoncentrovani somatickych koli-
fagl a vliv hodnoty pH
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Obr. 2. U¢innost membranové filtrace podle postupu v CSN 1SO 10705-3 [4] (véetné pii-
davku MgCl) pfi zkoncentrovani somatickych kolifag a vliv rizného eluéniho roztoku
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Obr. 3. U¢innost membranové filtrace podle postupu v CSN 1SO 10705-3 [4] (bez pfi-
davku MgCl) pfi zkoncentrovani somatickych kolifag a vliv rizného elu¢niho roztoku

PROBLEMY RESENE PRI STANOVENI
SOMATICKYCH KOLIFAGU VE VODACH

Stanoveni somatickych kolifdigl bylo v tomto prezentovaném pfipadé, az
na nékolik drobnych modifikaci, provedeno podle platné normy CSN EN 1SO
10705-2 [3]. Mezi tyto drobné modifikace Ize uvést napfiklad pofadi aplikace jed-
notlivych slozek do bakteriologickych zkumavek. Zpoc¢atku byla zejména kvdli
rychlému tuhnuti (tvorbé hrudek) polotekutého média ssMSA davéna prednost
prvotnf aplikaci T ml testovaného vzorku, T ml inokula¢nf kultury a az nasledné
pfidavku 2,5 ml média ssMSA. Nicméné, pomoci provadénych kontrolnich sle-
pych stanoveni bylo zjisténo, ze prvotni aplikaci vzorku do bakteriologickych
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Fig. 1. Magnesium hydroxide flocculation efficiency in the concentration of somatic
coliphages and the effect of pH
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Fig. 2. Membrane filtration efficiency according to the procedure in CSN ISO 10705-3 [4]
(including the addition of MgCl)) in the concentration of somatic coliphages and the
effect of different elution solution
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Fig. 3. Membrane filtration efficiency according to the procedure in CSN ISO 10705-3 [4]
(without addition of MgCl.) in the concentration of somatic coliphages and the effect
of different elution solution

PROBLEMS IN THE DETERMINATION
OF SOMATIC COLIPHAGES IN WATERS

In this presented case, the determination of somatic coliphages was per-
formed, except for a few minor modifications, according to the valid stand-
ard CSN EN 1SO 10705-2 [3]. These minor modifications include, for example,
the order of application of the individual components to the bacteriological
tubes. Initially, mainly due to the rapid solidification (lumping) of the semi-lig-
uid ssMSA medium, it was preferred to initially apply 1 ml of the test sample,
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zkumavek mUze nasledné dochdzet ke kfizové kontaminaci inokulacni kultury
a ssMSA média kolifagy. Preferovana byla tedy aplikace v nasledujicim poradi:
polotekuté médium ssMSA, inokula¢nf kultura, testovany vzorek. Resenim rych-
lého tuhnuti polotekutého ssMSA média mize byt bud pfidavek nizsi navazky
agaru s rizikem sesunuti vrchnf vrstvy, nebo volba agaru o nizsi teploté tuhnutf.
Pfipadné je mozné testovany vzorek aplikovat do bakteriologickych zkumavek
takovym zpUsobem, aby pomalu stékal po vytemperované sténé zkumavky.
Pfipravend smés byla vzdy zlehka ru¢né promichana kvali zamezeni vzniku
vzduchovych bublin a rychle nalita na kompletni médium MSA v Petriho mis-
kich. Vyhodnoceni, resp. odecet vzniklych plakd somatickych kolifagl rusf
nejen pfitomnost vzduchovych bublin, ale také pfitomnost kondenzované
vody ulpéné na povrchu zatuhlé hornif vrstvy (i v zavésné poloze). Z toho
ddvodu by mély byt misky pred inkubaci nejprve pfedsuseny s ¢astecné ote-
vienymi vicky v termostatu (toto uvadi norma CSN EN [SO 10705-2 [3] a je to
duilezité).

Pfi experimentalnim ovéfeni vybranych koncentra¢nich metod popsanych
v normé CSN ISO 10705-3 [4] byly rovnéz nalezeny nékteré problémové postupy.
V pfipadé metody flokulace hydroxidem hofe¢natym viditelné nedochdzelo
k sedimentaci viech vzniklych vioc¢ek. Z ddvodu jejich co nejvétsiho zachytu
bylo nutné odstfedovat vétsf objem vzorku, resp. bylo vyuzivdno zkumavek
0 objemu 50 ml. Resuspendovéni vzniklého sedimentu v peptonové vode
s obsahem NaCl mUze byt v mensim objemu nez 30 ml problémové, viocky
v nékterych pripadech nebylo mozné rozpustit ani intenzivnim tfepanim ani
vortexovanim (promichanf virem kapaliny). V pfipadé vzorku o nizké koncent-
raci kolifagl (< 3 PTJ/ml), ktery je koncentrovan flokulaci, by bylo vhodné praco-
vat zéroven s jeho dvéma rdiznymi objemy, z nichz alespori jeden umozni kvan-
tifikaci plakd v 1 ml (pfip. 5 ml) zftedovaciho roztoku o celkovém objemu 30 ml.

Oproti flokulaci je metoda membranové filtrace podstatné rychlejsi a jed-
nodussi. Nejvice problémova je v tomto pfipadé prace s filtry. Po provedené
filtraci vzorku by mély byt jednotlivé filtry rozstfihdny na cca osm ¢&asti, upra-
veny v ultrazvukové 1azni a nasledné aplikovany licem dol na vrstvu média
ssMSA s hostitelskym kmenem. Zaroven s filtry by mél byt stanoven elu¢ni roz-
tok metodou podle CSN EN 1SO 10705-2 [3]. Nejenze tato prace s filtry vyZa-
duje urcitou zru¢nost s pinzetou, ale nepfinasi ani oc¢ekdvané vysledky, resp.
somatické kolifagy v podobé plakl nenf mozné z kultivovanych ploten s jisto-
tou odedist, viz obr. 4.

Obr. 4. Stanoveni somatickych kolifagli pomoci membranové filtrace — problematicky

odecet zachycenych kolifagl na filtrech

Tml of inoculum culture, and only subsequently to add 2.5 ml of ssSMSA medium.
However, using control blanks, it has been found that initial application of the
sample to bacteriological tubes can subsequently cross-contaminate the inoc-
ulum culture and the ssMSA medium with coliphages. Thus, application in the
following order was preferred: semi-liquid ssMSA medium, inoculum culture,
test sample. The solution to the rapid solidification of the semi-liquid ssSMSA
medium can be either the addition of a lower amount of agar (with the risk of
the top layer sliding) or the choice of agar with a lower solidification tempera-
ture. Alternatively, the test sample can be applied to the bacteriological tubes
in such a way that it slowly runs down the tempered wall of the tube. The pre-
pared mixture was always lightly stirred by hand to prevent the formation of air
bubbles and quickly poured onto the complete MSA medium in Petri dishes.
Evaluation, or the reading of the formed plaques of somatic coliphages, is dis-
turbed not only by the presence of air bubbles, but also by the presence of
condensed water adhering to the surface of the solidified upper layer (even in
the suspended position). For this reason, the dishes should first be pre-dried
with the lids partially open in a laboratory thermostat before incubation (this is
stated in the standard CSN EN SO 10705-2 [3] and it is important).

During the experimental verification of selected concentration methods
described in the standard CSN 1SO 10705-3 [4], some problematic procedures
were also found. In the case of the magnesium hydroxide flocculation method,
sedimentation of all formed flakes did not occur visibly. To capture as many
as possible, it was necessary to centrifuge a larger volume of sample, or 50 ml
tubes were used. Resuspension of the resulting sediment in peptone water
containing NaCl can be problematic in less than 30 ml; in some cases it was not
possible to dissolve the flakes either by vigorous shaking or by vortexing. In the
case of a sample with a low concentration of coliphages (< 3 PFU/ml) which is
concentrated by flocculation, it would be appropriate to work simultaneously
with its two different volumes, at least one of which will allow quantification of
plagues in T ml (or 5 ml) of total volume of 30 ml.

Compared to flocculation, the membrane filtration method is significantly
faster and simpler. The most problematic in this case is working with filters.
After filtration of the sample, individual filters should be cut into about 8 parts,
treated in an ultrasonic bath, and subsequently, applied face down to the layer
of ssMSA medium with the host strain. Simultaneously with the filters, the elu-
tion solution should be determined by the method according to CSN EN 1SO
10705-2 [3]. Not only does this work with filters require a certain skill with twee-
zers, but it does not bring the expected results, or somatic coliphages in the
form of plaques cannot be read with certainty from cultivated plates, see Fig. 4.

Fig. 4. Determination of somatic coliphages using membrane filtration — problematic

enumeration of captured coliphages on filters



ZAVER

Indikace fekdlniho znecisténi je ddlezitym néstrojem pro zjisténi zdravotni
nezdvadnosti vody. V posledni dobé se pozornost pfesouva na dalsi mozné
indikdtorové organismy, resp. na somatické kolifagy, které mohou byt vyuZity
pfi sledovani Ucinnosti odstranéni malych a vice rezistentnich ¢astic (napf. viry)
procesem Upravy vody nebo cisténi vod. V rdmci testd provedenych v mik-
robiologické laboratofi Ustavu technologie vody a prostfedi na VSCHT Praha
bylo zjisténo, Zze postup stanoveni somatickych kolifagd podle normy CSN EN
ISO 10705-2 [3] neni vhodny pro pitné vody, Sedé vody a nékteré povrchové
vody, tedy tam, kde se ocekédva velmi nizkd nebo nulové koncentrace koli-
fagl. U téchto typl vod bude ve vétsiné piipadd nutné pouzivat koncentra¢ni
metody uvedené v CSN ISO 10705-3 [4], kterymi dojde k pievedeni somatic-
kych kolifagl ze vzorku o vétsim objemu do objemu mensiho. Metody jsou
vybirdny na zékladé objemu vzorku, obsahu ¢astic nebo zadkalu. Z prozatim zis-
kanych zkusenosti s metodou flokulace hydroxidem hore¢natym a membra-
novou filtraci na elektronegativnich filtrech Ize fici, Ze druhd zminénd metoda
je schopna ucinnéji zkoncentrovat somatické kolifagy ze vzorku vody. Kromé
toho, Ze je pomérné rychla a prostorové méné naro¢na, bude pravdépodobné
také provoznimilaboratofemi Iépe proveditelna.

Podékovani

Tento vystup vznikl v rdmci projektu Specifického vysokoskolského vyzkumu — projekt
¢.A2_FTOP_2020_026.
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CONCLUSION

The indication of fecal contamination is an important tool for determining
the safety of water. Recently, attention has shifted to other possible indica-
tor organisms, specifically somatic coliphages, w hich can be used to mon-
itor the effectiveness o f r emoving s mall a nd m ore r esistant p articles (e.g.
viruses) by water treatment or water purification. As part of tests performed
in the microbiological laboratory of the Department of Water Technology and
Environmental Engineering at the University of Chemistry and Technology in
Prague, it was found that the procedure for determining somatic coliphages
according to CSN EN ISO 10705-2 [3] is not suitable for drinking water, grey
water, and some surface waters; that is, where a very low or zero concentration
of coliphages is expected. For these types of waters, in most cases it will be
necessary to use the concentration methods specified in CSN 15O 10705-3 [4],
which will convert somatic coliphages from a sample with a larger volume to
a smaller volume. Methods are selected based on sample volume, particle con-
tent or turbidity. From the experience gained so far with the method of mag-
nesium hydroxide flocculation and membrane filtration on electronegative fil-
ters, it can be said that the latter method is able to more efficiently concentrate
somatic coliphages from a water sample. In addition to being relatively fast
and less space-consuming, it is also likely to be more feasible for operations
laboratories.
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