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douci vedlejsi produkty. Kvasny Prum. 50, 2004, ¢. 11-12, s. 335-340.
V ¢lanku je podan vycet a popsan vznik nezadoucich skodlivych ved-
lejSich produktd dezinfekce, které se mohou nachazet v pitnych a
uzitkovych vodach v disledku boc¢nich reakci dezinfekéniho Einidla
s pfirozenymi organickymi i anorganickymi latkami ve vodach. Po-
zornost je zaméfena predevSim na nej¢astéji pouzivana chemicka
dezinfekéni ¢inidla, tedy chlor (chlornan), oxid chloricity a ozon.
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desirable by-products. Kvasny Prum.50, 2004, No. 11-12, p. 335-340.
Origin of undesirable harmful disinfection by-products in drinking and
service waters is described. These by-products can be found in wa-
ter as a result of side reactions of chemical disinfection reagents with
naturally occurring organic and inorganic matter. Attention is paid es-
pecially to disinfection reagents most often utilized in water treatment
practice: chlorine, chlorine dioxide and ozone.
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1 Uvod

V kvasném a potravinarském primyslu je Zadouci (i nezbytné) pou-
Zivat pitnou vodu nejen pro vyrobu samotného produktu, ale pouzi-
vat vodu v kvalité pitné vody (v legislativnim slova smyslu) i pro myti,
oplachy atd. Dezinfekce vody je zpravidla poslednim krokem jeji
Upravy a ma zasadni vyznam pro jeji kvalitu. Primarnim cilem je sa-
mozfejmé mikrobiologickd nezavadnost vody. Naplnéni tohoto cile
vSak s sebou pfinasi nezadouci efekty — tvorbu vedlejSich produktd
dezinfekce.

Z historického pohledu byla v dnes jiz neplatné normé definuijici
kvalitu pitné vody [1], jejiz u€innost skonéila koncem roku 2000, za-
chycena limitni koncentrace pro zfejmé nejznaméjsi skupinu vedlej-
Sich produktl dezinfekce vody — trihalogenmethany, respektive chlo-
roform. Ve v sou¢asné dobé platném pravnim predpisu [2] je spektrum
problémovych latek tvoficich se pfi dezinfekci pitné vody rozsifeno
(a podle uvazeni hygienického orgadnu mlze byt rozsifeno i o latky,
které nejsou ve vyhlasce taxativné uvedeny). Pravdépodobné nej-
komplexnéjsi pfehled o dezinfekénich Cinidlech a vedlejSich produk-
tech dezinfekce Ize nalézt ve smérnici Svétové zdravotnické organi-
zace [3].

| v odborné verejnosti Casto pada otazka, pro¢ se neustale rozsi-
fuje spektrum vedlejsich produktl dezinfekce, po kterych v pitné vodé
patrame. Dlvody jsou zfejmé dva: neustale se vylepSuji analytické
metody pouzivané pro jejich analyzu a sou¢asné se rozsifuje paleta
pouzivanych chemickych dezinfekénich prostfedkd. Druhy diivod je
pfimym dusledkem populaéniho tlaku. V globalnim méfitku je kvalitni
pitné vody stéle v&tsi nedostatek (to ovéem neni pfipad CR, kde po-
tfeba vody v poslednim desetileti po ur¢itém narovnani cenovych re-
laci poklesla). Jeji zvySena potieba je saturovana exploataci méné
kvalitnich zdroji. Paleta dezinfekénich chemikalii se tedy neustale
rozSifuje. Pfed 30 lety nebylo o vedlejSich produktech dezinfekce
pitné vody znamo témér nic, i kdyz napfiklad jeji chlorace byla z to-
hoto hlediska vzdy podezfela.V roce 1974 byla popséna jednoznaéna
identifikace a kvantifikace prvnich vedlejsich produktd chlorace vody
— trichlormethanu a dal$ich trihalogenmethan( [4,5]. Tento objev byl
ucinén predevsim diky tehdejSimu bouflivému rozvoji plynové chro-

In diesem Artikel werden die Aufzahlung und der Werdegang von
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organischen und anorganischen Stoffen im Trink- und Nutzwasser
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Chlordioxid, Ozon) gezielt.
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1 Introduction

In the brewing and food processing industry, it is desirable (and ne-
cessary) to utilize drinking water not only for production itself, but also
for service purposes such as washing and flushing. Disinfection of
drinking water is usually the last step in the water treatment process
and has an essential importance for its quality. The primary aim of di-
sinfection is of course to ensure the microbiological acceptability of
the water. However this requirement brings another problem, that of
the formation of disinfection by-products.

From the historical point of view, the first and best known group of
disinfection by-products in drinking water — trihalomethanes -were lis-
ted in the Czech standards for drinking water quality which were va-
lid until 2000 [1]. The latest standard [2] contains a much wider spect-
rum of harmful disinfection by-products. Probably the most complete
survey of disinfection by-products can be found in the guidelines of
the World Health Organization [3].

The list of disinfection by-products is becoming longer and longer. It
is probably due to two facts: firstly the tools for the detection of the di-
sinfection by-products are continually improving and, secondly the num-
ber of disinfection reagents grows (as a result of a global shortage of
drinking water and the exploitation of lower quality water resources).
About thirty years ago our knowledge about disinfection by-products
was very poor, although chlorination was already under suspicion. In
1974 [4, 5] the formation of chloroform and other trihalomethanes du-
ring chlorination of drinking water was described. This discovery was
made thanks to the rapid development of gas chromatography and ana-
lytical preconcentration techniques used in trace organic analysis at
that time. Since then huge progress in the identification of new disin-
fection by-products in drinking water has been achieved.

2 Chilorination by-products

The majority of disinfection by-products are connected with water
chlorination. It is understandable, since chlorine and its derivatives
are used for drinking water disinfection most frequently not only in
the Czech Republic but also all over the world.
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matografie a s ni souvisejicich prekoncentra¢nich technik pouziva-
nych pro analyzu stopovych koncentraci organickych latek ve vodach.
Od té doby se pravé hlavné diky chromatografickym technikdm do-
sahlo vyznamného pokroku v oblasti identifikace novych vedlejSich
produktl dezinfekce vody.

2 Vedlejsi produkty chlorace

VétSina vedlejSich dezinfekénich produktl je spjata s pouzivanim
chloru a jeho sloucenin. Je to pochopitelné, protoze vyzkum vedlej-
Sich produktd chlorace je nejvice rozpracovan. Chlor a jeho slouce-
niny jsou nejen v CR, ale i ve svété pouzivany pro dezinfekci pitné
vody daleko nejcastéji.

Z hydrochemického hlediska je celkem Ihostejné, davkujeme-li do
vody chlor (chlorovou vodu) nebo chlornan sodny. Chlor reaguje s vo-
dou za vzniku kyseliny chlorné. Ve vodé je pak v obou pfipadech ak-
tivni chlor pfitomen jako smés nedisociované kyseliny chlorné a chlor-
nanového aniontu. Pomér téchto dvou forem vyskytu zavisi jiz jen na
pH vody (pK kyseliny chlorné &ini 7,4). Elementéarni chlor rozpustény
ve vodé se vyskytuje az v oblastech extrémné nizkych hodnot pH,
které v technologii vody nepfichazeji v Uvahu [7]. Pfesto se bézné
hovofi o ,chloru ve vodé“. Chlor se ve vodé postupné spotfebovava
na oxidaci jak anorganickych, tak na oxidaci a chloraci organickych
latek. Nékteré z téchto reakci (napfiklad reakce chloru s huminovymi
latkami) maji velmi pomaly pribéh a dostavaji se do ustaleného stavu
az po nékolika dnech. Tomu odpovida i rychlost poklesu koncentrace
chloru ve vodé. Chlor nema na ¢lovéka vyznamny toxikologicky vliv
ani v koncentracich nékolika mg/l.

Nejznaméjsimi vedlejSimi produkty chlorace vody jsou trihalogen-
methany (haloformy), jejichz objev spada do prvé poloviny sedmde-
satych let [4-6]. Vedle trichlormethanu byly v pitnych vodach nacha-
zeny i bromdichlormethan, dibromchlormethan a tribrommethan.
Trihalogenmethany jsou povazovany za karcinogeny. Bromované tri-
halogenmethany vznikaji diky pfitomnosti byt i stopového mnoZzstvi
bromidd ve vodach (bromidy v pfirodnich vodach doprovéazeji chlo-
ridy). Bromidy jsou nejprve oxidovany chlorem na brom, kiery ma
k haloformové reakci vy$si afinitu nez chlor. Hlavnimi prekurzory tri-
halogenmethanl jsou pfirozené makromolekularni organické latky
pfitomné prfedevsim v povrchovych vodach. Jedna se hlavné o hu-
minové latky [8, 9], avSak i fasy a jejich metabolické produkty mohou
po chloraci trihalogenmethany poskytnout [10]. Trihalogenmethany
vznikaji pravdépodobné chloraci seskupeni dvou -OH skupin v po-
loze 1,3- na benzenovém jadru [11]. Rychlost haloformové reakce je
velmi pomald, a proto nejvétsi podil koncentrace trihalogenmethant
v pitné vodé vznika az ve vodovodni siti. Koncentraci vznikajicich tri-
halogenmethan( ovliviiuje samoziejmé teplota vody a davka chloru,
ale i dalsi faktory, jako napf. pH. Smérem k vy§S§im hodnotam téchto
veli¢in roste i vytéZek trihalogenmethant [12]. V osmdesatych letech
byly v Ceskych zemich provedeny prvni studie tykajici se obsahu tri-
halogenmethant v nasich pitnych vodach [13]. Bylo zjisténo, Ze situa-
ce s kvalitou nasich pitnych vod neni z tohoto hlediska nikterak tristni.
Dnes je analyza trihalogenmethant v pitnych vodach standardni sou-
¢asti kontroly kvality pitné vody. Podle 252/2004 Sb. nema byt kon-
centrace trihalogenmethan( vy$si nez 100 pg/l. Trihalogenmethany
jsou relativné snadno odstranény pfi zvySené teploté a varem vody.

Dalsi vyznamnou skupinou slou¢enin vznikajicich pfi chloraci vody
jsou halooctové kyseliny [14—18]. Jedna se pfedevsim o kyseliny di-
a trichloroctovou, jejichz aktualni koncentrace v pitné vodé muze
podle mistnich podminek dosahovat az 100 ug/l. Koncentrace kyse-
liny chloroctové byva na urovni maximalné nékolika jednotek pg/l. Do-
poruéované limitni hodnoty jsou podle WHO [3] pro kyselinu dichlor-
octovou 50 pg/l a pro kyselinu trichloroctovou 100 ug/l. V nékterych
statech jiz byla provedena screeningova méfeni a zjiStovana frek-
vence vyskytu téchto vedlejsich produktl chlorace v pitnych vodach
slouzicich k zasobovani obyvatelstva [19-21]. Déle jsou v chlorova-
nych pitnych vodach nebo pfi modelovych pokusech s chloraci vod-
nych roztokd humatt nachazeny dals$i nizsi alifatické chlorované ky-
seliny [22], bromované halooctové kyseliny [23], chlorovany
a bromovany acetonitril [15], chlorované aldehydy a ketony [17],
zvlasté pak chlorovany acetaldehyd [17], popfipadé do rdzného
stupné bromovany acetaldehyd [24] a chlorkyan [25] (ten se tvofi pre-
devs§im za pfitomnosti vys$sich koncentraci amonnych iontd, resp.
chloramint). Doporuéené limitni koncentrace v pitné vodé pro nékteré
z téchto latek podle WHO [3] jsou uvedeny v tab. 1. VySe citované
latky nejsou v nasem normativu pro kvalitu pitné vody [2] limitovany.
Polarnéjsi latky (napf. halooctové kyseliny) se z vody pravé diky své
vy$8i polarité odstrariuji hdfe nez trihalogenmethany.

From a hydrochemical point of view, chlorine and hypochlorite are
the same. Chlorine reacts with water producing hypochlorous acid.
In both cases, the active chlorine is present in water as a mixture of
hypochlorous acid and dissociated hypochlorite anion. The ratio of
concentrations of these two species depends only on the pH of the
water (pK value of hypochlorous acids is 7.4). Chlorine gas Cl, dis-
solved in water occurs only at extremely low pH values [7]. Despite
this fact, the term ,chlorine in water” is frequently used in practice.

Chlorine in water reacts with inorganic and organic compounds;
oxidizes and chlorates them. Some of these reactions are rather slow
(e.g. reaction of chlorine with humic substances) and steady-state is
reached with several days. It corresponds also to the rate of con-
sumption of chlorine in the water. Chlorine in water has not a signifi-
cant effect on humans. Toxicologically relevant concentrations are se-
veral mg/l.

Trihalomethanes, which were found in drinking water in 1974 [4-6],
are probably the best known chlorination by-product. Trichloromet-
hane, bromodichloromethane, dibromochloromethane and tribromo-
methane belong to the family of trihalomethanes. Trihalomethanes
are carcinogenic compounds. Brominated trihalomethanes are for-
med from bromides, after their oxidation by chlorine to bromine (bro-
mides accompany chlorides in natural waters). Bromine exhibits hig-
her affinity to the trihalomethane reaction than chlorine. The main
precursor of trihalomethanes is natural organic matter, presented in
surface waters — e. g. humic substances [8,9], algae and metabolic
products [10], etc. Trihalomethanes originate probably by chlorination
of benzene ring substituted with two -OH groups in 1,3- position. The
rate of the trihalomethane reaction is very slow, therefore the grea-
test proportion of trihalomethanes concentration arises in the water
distribution network. Concentration of trihalomethanes in the drinking
water is affected by the temperature of the water, the dose of chlo-
rine, the concentration of organic matter, the pH value and the resi-
dence time. The greater the value of these parameters, the greater
the concentration of trihalomethanes in drinking water. In the nine-
teen eighties the first screening of concentrations of trihalomethanes
in drinking waters in the Czech Republic (CR) were performed [13].
It was found that the situation in the CR is not at all burdensome.
Nowadays, trihalomethanes analysis is a common part of drinking
water examination. According to the Czech standard for drinking wa-
ter quality [2] the concentration of trihalomethanes should not be hig-
her than 100 pg/l. Trihalomethanes are relatively easily removed from
water at elevated temperature.

The next significant group of chlorination by-products are haloa-
cetic acids [14—18]. Particularly, high concentrations of di- and tri-
chloroacetic acids can be found frequently, up to a concentration of
100 pg/l. Interestingly, monochloroacetic acid occurs usually in con-
centrations by one or two orders of magnitude lower. Limits recom-
mended by World Health Organization [3] are 50 ug/l for dichloroa-
cetic acid and 100 pg/l for trichloroacetic acid, respectively. In several
countries [19-21] reconnaissance surveys were performed for con-
centration of haloacetic acids in drinking waters. Haloacetic acids are
not easily removed from water at higher temperature due to their hig-
her polarity.

Other identified chlorination by-products, like aliphatic chlorinated
acids [22], brominated acetic acids [23], chlorinated and brominated
acetonitriles [15], chlorinated aldehydes and ketones [17], especially
chlorinated [17] and brominated [24] acetaldehyde, or cyanogen chlo-
ride [25], are usually found in concentrations by two orders of mag-
nitude lower than trihalomethanes and/or haloacetic acids. Limits re-
commended by WHO [3] are given in Table 1. Czech national standard
[2] does not deal with these compounds.

Tab. 1 / Table 1 Limitni koncentrace nékterych vedlejSich produkti
chlorace vody [3] / Limits for several chlorination by-products [3]

Limitni koncentrace /
/ Limit [ug/l]

Latka / Compound

Chloralhydrat / Chloral hydrate 10
Dichloracetonitril / Dichloroacetonitrile 90
Dibromacetonitril / Dibromoacetonitrile 100
Trichloracetonitril / Trichloroacetonitrile 1

Chlorkyan / Cyanogen chloride suma vSech kyanoslouéenin
(véetné kyanidl) nema byt vétsi
nez 70/ 70 (sum of all cyano
group containing compounds)
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V tab. 2 jsou uvedeny koncentrace vedlejSich produktl chlorace
vody ,netrihalogenmethanového typu® z riiznych, viceméné nahodné
vybranych lokalit v CR. Toto screeningoveé sledovani bylo provedeno
v roce 2000-2002 v ramci projektu Grantové agentury Ceské re-
publiky 203/00/1207.

Z tab. 2 je patrné, Ze zjisténé koncentrace halooctovych kyselin
v nahodile vybranych pitnych vodach v CR se nachéazeji hluboko pod
limitem doporu¢ovanym Svétovou zdravotnickou organizaci a ze se
nejedna o hodnoty nijak alarmuijici.

Dalsi skupinou latek, které patfi mezi vedlejSi produkty chlorace
vody a okolo kterych je situace dnes jiz pomérné dobfe zmapovéana,
jsou chlorfenoly. Fenolické latky se i ve velmi nizkych koncentracich
ve vodé snadno chloruji za vzniku silné pachnoucich a chutové po-
stizitelnych chlorfenold. Prekurzory chlorfenold mohou byt v tomto
pfipadé i pfirozeného pavodu (fenoly z priimyslovych odpadnich vod
byly zalezitosti Sedesatych a sedmdesatych let minulého stoleti).
Chlorfenoly vykazuji zpravidla tak silny zapach, ze koncentraéni limit
pro pitnou vodu se odviji spiSe od senzorickych a nikoli toxikologic-
kych hledisek. | kdyz dfivéjSi norma [1] pro kvalitu pitné vody chlor-
fenoly uvadéla, v soucasné platné vyhlaSce 252/2004 Sb. chlorfenoly
nenalezneme. Vétsina chlorfenolll pomérné snadno ,destiluje s vodni
parou” (tvofi azeotropickou smés s vodou s minimem teploty varu),
a proto jejich ¢ast pfi varu odtéka (do jaké miry, to zavisi na intenzité
a dobé varu).

Znacné ¢ast organickych halogenderivatd z reakce chloru s pfiro-
zenymi organickymi latkami, napfiklad halogenované huminoveé latky,
z(istdva dosud neidentifikovana. V praxi vS§ak neni mozné a ani ne-
zbytné identifikovat tyto latky beze zbytku. Proto Ize sumu koncent-
raci halogenderivatl kvantifikovat skupinovym parametrem adsorbo-
vatelné organické halogeny (AOX) nebo extrahovatelné organické
halogeny (EOX).

Mezi vedlej$i produkty chlorace vody mizeme zaradit i anorga-
nické chloraminy. Tyto latky vznikaji reakci chloru s amonnymi ionty
pfitomnymi ve vodé. Amonné ionty jsou béznou slozkou vod (limitn{
koncentrace pro pitnou vodu [2] mé& hodnotu 0,5 mg/l). Pfi nizkych
koncentracich neni vliv amonnych iontl na kvalitu dezinfekce pitné
vody chlorem nijak vyrazny, zvlasté je-li davka chloru vys$si, nez od-
povida stechiometrii reakce s amonnymi ionty. Pfi vy$Sich kon-
centracich amonnych iontl vSak jejich pfitomnost ovliviiuje prabéh
dezinfekce pomérné vyrazné. Amonné ionty reaguji s chlorem za
vzniku mono- a dichloraminu. Trichloramin mlize vznikat az pfi po-
mérné vysokych davkach chloru a vy$sich hodnotach pH. Kromé
toho mlze chlor oxidovat slozitym a dosud ne zcela probadanym
komplexem reakci amonné ionty na elementarni dusik, oxid dusny
a dokonce az na dusi¢nany [7]. Reakci amonnych iontl s chlorem
Ize technologicky vyuzit dvéma zplsoby. Bud pro odstrafovani
amonnych iontd z vody, kdy jsou vy$$i davkou chloru (az za tzv. bod
zlomu) oxidovany na vySe uvedené produkty a nadbytek chloru je
pak z vody odstranén filtraci pfes granulované aktivni uhli, nebo pro
tzv. chloraminaci vody. Anorganické chloraminy jsou dezinfekénim
Cinidlem, i kdyz ponékud slabsim nez chlor. Na druhou stranu je-
jich rozklad ve vodé je pomalej$i nez u chloru. To Ize vyuzit tam,
kde ma voda pomérné dobrou mikrobiologickou kvalitu a kde je
dlouh& doba zdrzeni mezi Upravnou vody a spotfebitelem. Pro tyto
Ucely jsou amonné ionty do vody davkovany ve formé siranu amon-
ného a davka chloru je ddvce amonnych iontl pfizplsobena. Vy-
hodou chloraminace je také to, Ze reakci anorganickych chloramin(
s pfirozenymi organickymi latkami ve vodé témér nevznikaji latky
typu trihalogenmethant jako pfi reakci s volnym chlorem. Vyuziti
chloraminace pro dezinfekci vody se vSak ukazalo nékdy proble-
matické. Souvisi to s tim, ze poklesla potfeba pitné vody v disledku
Utlumu hospodéfstvi a cenového narovnani. Doby zdrzeni pitné vody
v sitich se prodlouzily a v rozvodech probihaji procesy, na které jsme
nebyli zvykli. Jednim z nich je i neuplna biologicka nitrifikace amon-
nych iontd na dusitany [26], které zpUsobuji methemoglobinemii.
Biologicka nitrifikace mlze probihat i za pFitomnosti chloramin(
a existuji indicie, Ze nitrifikujici mikroorganismy je dokazi vyuzivat
jako substrat. V budoucnu bude spi§ nutné amonné ionty z vody pfi
jeji upravé odstranovat, nez je vyuzivat pro chloraminaci. Nadéjnym
zplsobem odstrafiovani amonnych iontll z pitné vody jsou pravé
biologické metody [27]. Situace s dusitany v pitné vodé se pro pro-
vozovatele siti ovéem po roce 2000 trochu zjednodusila: plvodni
limitni koncentrace 0,1 mg/l [1] byla vyhlaSkou 252/2004 Sb. zvy-
Sena na 0,5 mg/l [2], i kdyZ limitni koncentrace dusitanll v pouzi-
vané vodeé je vazana i na aktualni koncentraci dusi¢nand. Limity
pro dusitany a dusi¢nany jsou vSak slou¢eny a explicitné je fe¢eno,
Ze voda opoustégjici Upravnu nesmi obsahovat vice nez 0,1 mg/l du-
sitan(.

Tab. 2 / Table 2 Koncentrace HAA a chloralhydratu (v ug/l) v nékte-
rych pitnych vodach v CR [30] / Concentration of haloacetic acids
and chloral hydrate in some drinking waters in the Czech Republic
(2000-2002) [30]

Latka* / Compound*
Lokalita / Locality * MCAA | DCAA | TCAA CH
Pribram 0,8 24,4 7,0 2,0
Hlubo$ (u Pribrami) 0,8 1,8 0,9 0,2
Lhota (u Pfibrami) 0,4 4,5 2,0 0,6
Rozmital pod TremSinem 0 1,6 0,8 0,2
Litomérice 0 1,2 1,0 0,3
Usti nad Labem 0 2,2 0,9 0,3
Sedlec (u Lovosic) 0 2,0 1,0 0,4
Libochovice 0 2,5 1,0 0,3
Praha Dejvice 0 10,2 2,4 1,4
Praha Jizni Mésto 1,4 8,0 358 3,0
Cernosice (u Prahy) 0 0,8 0,6 0,2
Kladno 0 2,4 1,6 0,3
Hradec Kralové 0 4,7 4,0 0,7
Chrudim 0 1,1 0,6 0,3
Plzen 0 42 49 2,2
Kaznéjov (u Plzné) 0 0,8 0,7 0,3
Luzenice (u Domazlic) 0 0,8 0,5 0,2
Mrakov (u Domazlic) 0 1,2 0,6 0,2
Rudolfov (u C. Budgjovic) 1,0 8,0 5,2 0,5
Hrzly (u Kolina) 0 1,1 0,8 0,2
Olomouc 0 1,6 0,6 0,4

* MCAA - kyselina monochloroctova / monochloroacetic acid, DCAA —
kyselina dichloroctova / dichloroacetic acid, TCAA — kyselina trichlo-
roctova / trichloroacetic acid, CH — chloralhydrat / chloral hydrate

Results of screening measurements of concentrations of some
»hon-trihalomethane* chlorination by-products in Czech drinking wa-
ters are given in Table 2.

It is obvious from Table 2 that concentrations of haloacetic acids
and chloral hydrate in randomly sampled drinking waters are low and
below WHO limit [3].

Chlorophenols are also compounds that can be considered as chlo-
rination by-products. Phenolics in water even in trace concentrations
are easily chlorinated, which results in the formation of strong tastes
and odors in the water caused by chlorophenols. Phenols in raw wa-
ters are usually naturally occurring, e. g. from metabolism and decay
of algae biomass (problems with phenols from industrial wastes were
in nineteen sixties and seventies). The Czech standard for drinking
water quality does not set a limit for chlorophenols. WHO [3] provi-
des limits for some individual chlorophenols. The limits are based rat-
her on odor, than toxicological thresholds. Simple chlorophenols ,di-
stillate with steam” (azeotropic distillation) and sometimes may be at
least partly removed during boiling of water.

A great proportion of halogenderivatives from the reaction of chlo-
rine with natural organic matter, e.g. halogenated humic acids, have
remained unidentified so far. In practice, it is not possible and ne-
cessary to identify these compounds completely. Therefore, these ha-
logenderivatives are usually quantified by a group parameter as ad-
sorbable organic halogens (AOX) or extractable organic halogens
(EOX).

Inorganic chloramines — ,combined chlorine” — are also chlorina-
tion by-products. Ammonia is a common constituent of natural wa-
ters (limit for Czech Republic drinking waters 0.5 mg/I [2]). Different
products of the reaction can be expected, according to the ratio of
concentration of ammonia and dose of chlorine. Monochloroamine
and dichloroamine prevail at lower chlorine doses. Trichloroamine
may be found in water at higher doses and higher pH values. Am-
monia can also be oxidized to nitrogen gas, nitrous oxide and even
nitrates at higher doses of chlorine [7]. The reaction of chlorine with
ammonia can be technologically utilized in two ways: (1) for removal
of ammonia from water (at higher dosage of chlorine — so called
~break-point chlorination“) and (2) for water disinfection. Although
chloroamines are weaker disinfection agent than free chlorine, they
can be used in distribution networks with long water residence time,
because their decay is slower than in case of free chlorine. Ammo-
nia is dosed into treated water in the form of a solution of ammonium
sulfate. Another advantage of chloroamination is that chloroamines
do not react with natural organic matter and chlorination by-products
are not found in the treated water. On the other hand, chloroamina-
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3 Vedlejsi produkty pfi pouziti oxidu chlori¢itého

Oxid chlori€ity (nespravné Cesky, ale presto frekventované pouzi-
vany, z angli¢tiny pfejaty nazev chlordioxid) na rozdil od chloru ne-
reaguje s pfirozenymi organickymi latkami ve vodé chlora¢né, ale ata-
kuje je pouze oxida¢né. Nevznikaji tedy vedlejsi produkty dezinfekce
typu trihalogenmethand nebo halooctovych kyselin.

Oxid chloricity je v8ak explozivni plyn a neni jej mozno skladovat
v Cistém stavu. Proto se pfipravuje pfimo na Upravnach vody reakci
chloritanu sodného s chlorem (chlornanem sodnym) nebo kyselinou
chlorovodikovou. Vznikly koncentrovany roztok oxidu chloricitého je
pak davkovan do pitné vody. PFi pouziti oxidu chlori¢itého neni podle
soucasnych (a zatim velmi kusych toxikologickych tidaju o jeho viast-
nostech) ani tak problém se samotnym CIO,, jako spiSe s nezreago-
vanym chloritanem a chloritanem, ktery mlze vznikat zpétnou reakci
oxidu chlori¢itého s vodou a slou¢eninami chloru ve vy$sim oxidac-
nim stupni nez v chloritanu. Je nutné si uvédomit, Zze reakce oxidu
chlori¢itého s vodou za vzniku chloritanu nebo chloreénanu maze byt
principialnim problémem pouziti CIO, pfi Upravé pitné vody. Jak jiz
bylo fe¢eno, CIO, se mize vyrabét z chloritanu v kyselém prostfedi:

5CIO; + 4 H* =4 CIO, + CI- + 2 H,0O (1)
nebo
2CIO3 + CIO~ + 2H* = 2CIO, + CI- + H,O 2

Z vy$e uvedené rovnice je vSak ziejmé, Ze reakce mUze pfi vyssich
hodnotach pH probihat opaénym smérem, coz by byl pfipad pitné vody,
do které byl nadavkovan CIO,. Napfiklad rovnici (1) miizeme prepsat:

4 ClO, + CI + 4 OH- = 5 ClO; + 2 H,0 3)

Je zfejmé, ze ¢im vysSi bude pH vody, tim vy$si bude pomér kon-
centraci ClO3 /CIO..

Dalsi reakci, ke které muze dochazet, je disproporcionaéni rozklad
CIlO, za vzniku chloritan( a chlore¢nan.

2 ClO, + H,O = 2 H* + CIO;3 + CIO3 (4)

Vys8i koncentrace produktll na pravé strané rovnice je opét pod-
porovana vyssi hodnotou pH.

Zvlasté pri vysSich hodnotéach pH pitné vody se tedy oxid chloriCity
mUize pfeménit na chloritan, jehoZ koncentrace je v pitné vodé limi-
tovana. Provozovatelé rozvodu pitné vody zpravidla preferuji vySsi
hodnotu jejiho pH kvlli korozi. Dva vy$e zminéné pozadavky se tedy
navzéjem Kkfizi.

Je tfeba podotknout, Ze chloritan zpUsobuje methemoglobinemii.
O toxikologickych vlastnostech chloreénant nejsou doposud jedno-
znacné Udaje. Vyhlaska 252/2004 Sb. [2] uvadi mezni hodnotu pro
koncentraci chloritanu v pitné vodé 0,4 mg/l do 24.12. 2006 a vyhle-
dové po tomto datu 0,2 mg/I. Chloritany a chlorenany jsou tepelné
stalé a nepfechdzeji do plynné faze.

V poslednich letech zavedlo pomérné mnoho mést, pivovarQ a po-
travinarskych podniki dezinfekci vody oxidem chlori¢itym. ZkuSenosti
jsou vesmeés dobré. Provozovatelé si ob¢as stézuji na zvySenou kon-
centraci chloritant ve vodé (viz vy$e) a zhor$enou kvalitu vody po
bezprostfednim zavedeni dezinfekce pomoci CIO,, pfedevsim z hle-
diska zakalu vody a zvySené koncentrace Zeleza. Zda se, ze ve sta-
rych rozvodech CIO;, uvolni z vnitfniho Zelezného povrchu distribu¢-
niho systému letité inkrusty a korozni produkty.

4 Vedlejsi produkty ozonizace

Nejsilngjsim dezinfekénim cCinidlem, které je ve vodarenské praxi
pouzivano, je ozon. Koncentrace ozonu v pitné vodé nema byt vyssi
[2] nez 0,05 mg/l. Ozon je po absorpci ve vodé subjektem fady kom-
plexnich naslednych a boénich reakci, pfi nichz vznikaji hydroxylové
radikaly, které jsou povazovany za nejrazantnéjSi slozku oxidaéni
smési. Ozon sam o sobé samoziejmé neposkytuje vedlejSi produkty
dezinfekce typu trihalogenmethant a halooctovych kyselin. Rozklad
ozonu ve vodé je ve srovnani s redukci chloru daleko rychlejsi. Po-
kud ma byt voda zabezpecena proti rekontaminaci ve vodovodni siti,
je nutné ji dochlorovat, coz se bézné déje. Pfi vy§Sich davkach chloru
pak mohou vznikat i vy$$i koncentrace trihalogenmethan(, nez kdyz
neni pouzita pfedozonizace [28], protoZe ozoniza¢nim Stépenim mak-

tion showed to be problematic in some cases due to the weaker di-
sinfection strength of chloroamines. Ammonia and chloroamines the-
mselves can be used as a substrate by nitrifying microorganisms. The
result of this phenomenon is a higher concentration of nitrites (inter-
mediate product of nitrification) in the drinking water. It is well known
that nitrites cause methaemoglobinaemia. In the future it may be ad-
visable to remove ammonia from drinking water rather than to add it.
Promising methods to remove ammonia from drinking waters are bi-
ological technologies [27]. Czech standard for drinking water quality
[2] sets the limit for nitrites to 0.1 mg/l (respecting also concentration
of nitrates).

3 By-products of chlorine dioxide usage

Chlorine dioxide does not react with organic matter like chlorine.
Its effect is only oxidative. Disinfection by-products like halometha-
nes or haloacetic acids, therefore cannot occur in drinking water.

However, chlorine dioxide is an explosive gas and cannot be sto-
red in barrels or tanks. Therefore, it is prepared directly in water tre-
atment plants by reaction of sodium chlorite at low pH value with chlo-
rine (sodium hypochlorite) or hydrochloric acid. Concentrated solution
of CIO; is then dosed into treated water. According to contemporary
knowledge, there is not a problem with chlorine dioxide itself. More
problematic are chlorites, which cause methaemoglobinaemia. The
chlorites may get into drinking water from improper dosing of sodium
chlorite or from reverse reaction of chlorine dioxide in water. As said
previously, chlorine dioxide is produced by reaction:

5ClO; + 4 H*=4CIO, + CI-+ 2 H,O (1)
or
2CIO3 + CIO~ + 2H* = 2CIO, + CI- + H,O 2

From the equations it is apparent that at higher pH of water the
equilibrium concentrations will be shifted to the higher concentration
of ClOz. For example, reaction (1) can be rewritten to a form:

4 ClO, + CI + 4 OH- = 5 ClO; + 2 H,0 3)

It is obvious that the higher pH values, the higher the ratio of con-
centrations CIO3/CIO..

A further reaction that can take place in the treated water is hyd-
rolysis of chlorine dioxide:

2 ClO, + H,0O = 2 H* + CIO3 + ClO3 (4)

Again, the higher concentration of reaction products on the left side
(which are undesirable) of the equation is supported by a higher pH
of water. However, drinking water distributors prefer higher pH, be-
cause of corrosion phenomena in the water supply network. Both re-
quirements are somewhat contradictory. Moreover, our knowledge
about toxicological significance of chlorates is still limited.

Czech standard for drinking water quality [2] limits concentration
of chlorite in drinking water by a value of 0.4 mg/l (0.2 mg/l after De-
cember 24, 2006). Chlorites and chlorates are thermally stable and
do no transfer to gas phase.

Recently, many communities, breweries and food processing fac-
tories have introduced disinfection by chlorine dioxide. Their experi-
ence is generally good. However, as well as certain problems with
chlorites, other problems may appear with turbidity and higher con-
centration of iron, especially after switching disinfection from chlorine
to chlorine dioxide. Chlorine dioxide releases incrusts and corrosion
products from the pipeline walls.

4 Disinfection by-products of ozonization

Ozonization is the strongest disinfection agent that is utilized in wa-
ter treatment practice. Concentration of ozone in water must not be
higher than 0.05 mg/I [2]. After absorption in water, ozone is subjec-
ted to a series of reactions. The most powerful oxidation species in
the oxidation mixture are hydroxyl radicals.

Of course, ozone does not provide disinfection by-products like tri-
halomethanes or haloacetic acids. However, the decay of ozone is
quite fast, e.g. in comparison with chlorine decay. To ensure that re-
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romolekularnich organickych latek mize paradoxné dojit ke tvorbé
nového podilu prekurzort trihalogenmethan(.

Pfi pouziti ozonu jakozto dezinfekéniho €inidla byly pozitivné pro-
kazany i nékteré dalsi vedlejSi produkty dezinfekce. Jedna se napfi-
klad o formaldehyd. O toxicité formaldehydu bylo v poslednich dese-
tiletich Fe€eno mnohé, a to nejen v souvislosti s pitnou vodou. Jedna
se o drazdivou a pravdépodobné i karcinogenni latku. Smérnice [2,3]
doporucuji maximalni koncentraci 900 ug/l.

Dalsi vedlejsi produkt pouzivani ozonu jsou bromi¢nany [29]. Vzni-
kaji oxidaci stopovych koncentraci bromidu, které jsou bézné pfi-
tomny ve vodach:

Br-+ O; = BrO3 (5)

Vedle bromi¢nanti vznikaji i bromnany (kyselina bromna), které jsou
meziproduktem oxidace bromid(l na bromi¢nany. Reakce (5) je po-
nékud zjednodu$ena, protoze nejsilngjSim oxida¢nim Cinidlem po ab-
sorpci ozonu ve vodeé je vznikajici hydroxylovy radikal OHe.

Ukazuje se, ze bromi¢nany jsou pomérné silnym karcinogenem.
Mezni hodnoté referenéniho rizika 1075, ktera je zpravidla brana v po-
taz pro latky s bezprahovym ucinkem, odpovida koncentrace bro-
mi¢nanu v pitné vodé 3 ug/l. Vzhledem k tomu, Ze pro analyzy tako-
vychto koncentraci jsou nase metody zpravidla omezeny vyS$Sim
detekénim limitem (standardné je pro analyzu bromi¢nand, chloritan(i
a chlore¢nantl pouzivana iontova chromatografie, ale mozna i kvalit-
néjsi vysledky poskytuji elektroseparaéni metody [31]) a omezené
jsou i technologické moznosti limitace bromi¢nan(l v pitné vodé, je
v CR stanovena [2] nejvy$$i mezni hodnota 25 pg/l (do 24. 12. 2008;
po tomto datu pak 10 pg/l). Tento postup respektuje i nazor WHO [3].
Bromi¢nany se samovolné varem ani nerozkladaji, ani nejsou odde-
stilovany do plynné faze.

5 Zavér

Paleta latek, které vznikaji pfi dezinfekci pitné vody, je velmi Siroka,
a pfi sou¢asném tempu rozvoje analytickych metod mizeme oceka-
vat, Ze se bude jesté rozsifovat. Vznik vedlejSich produktll neni zase
az tak pfekvapuijici, protoze jiz ze samé podstaty dezinfekce vyplyva,
ze pouzita chemicka Cinidla jsou razantni a téZzko Ize zabranit jejich
nezadoucim boénim reakcim. Nékteré problémy mohou byt princi-
pialniho razu, nékteré Ize vyfesit i za pouziti pomérné elementarnich
Uvah a zdravého selského rozumu. Objevuji se i nové netradi¢ni zpQ-
soby dezinfekce vody
—v Ceské republice se

contamination in the network does not occur it is usual to chlorinate
the water at a low dose. Sometimes a higher concentration of triha-
lomethanes can be found in ozonizated water than in water without
ozonization [28]. By oxidation cleavage a further portion of trihalo-
methane precursors can originate in the structure of natural organic
matter.

During ozonization some other by-products were identified, e.g. for-
maldehyde, which is an irritant and probably carcinogen. Guidelines
[2, 3] support a maximum value of 900 ug/l.

The next by-products of ozonization are bromates [29]. The pre-
cursors of bromates are bromides, which are commonly present in
natural waters:

Br + Og = BrO; (%)

Reaction (5) is rather simplified since the strongest oxidative spe-
cies after introduction of ozone into the water are hydroxyl radicals
OHe. Bromides are oxidized via intermediate product — hypobromous
acid.

Bromates are relatively strong carcinogens. The concentration in
drinking water associated with an excess lifetime cancer risk of 10-°
is 3 ug/l. Because of limitations in available treatment and analytical
methods (ion chromatography is a common method for analysis of
chlorites, chlorates and bromates, although there is hope for elect-
romigration methods [31]), a provisional guideline value of 25 pg/l is
recommended [3]. Czech standard [2] respects this value up to De-
cember 24, 2008. Then the limit value will be decreased to 10 pg/l.
Bromates are neither decomposed at higher temperature, nor distil-
led to the gas phase.

5 Conclusion

The number of disinfection by-products is quite large and can be
expected to grow over time due to the progress of analytical techni-
ques. Existence of these by-products is not too surprising. From the
fundamentals of disinfection follows that the compounds used for this
technological process have to be strong chemical reagents. It is al-
most impossible to prevent the side reactions resulting in the forma-
tion of by-products.

New untraditional technologies of disinfection have been recently
emerging. For example, usage of corona discharge for removal of
bacteria, algae and anabaena is being investigated in the Czech Re-

public [32] — see Fig. 1. Also
ultrasonic or radioactive tech-

pracuje napriklad na

nologies are being intensively

moznosti dezinfekce, 400
popfipadé odstrarnova-
ni dalSich mikroorga- 300

nismi  (fas, sinic)
z vody pomoci pulz-
niho koronového vy-
boje [32] (obr. 1). Zivo-
taschopnost  novych
technologii vSak uka-
Ze az Cas a praxe. De-
zinfekéni  zplsoby na
bazi ultrazvuku nebo ra-
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investigated. Viability of the
new technologies will be pro-
ved by practice and time.
Managing drinking (proces-
sing or service) water in bre-
wing and food manufacturing
industry is sometimes specific.
Water is often heated, someti-
mes to its boiling point. Many
compounds during this pro-
cess are easily and spontane-
ously removed from water.

dioaktivniho zareni jsou
také doposud pfedmé-
tem vyzkumu a nejsou
v praxi vyuzivany.

V kvasném a potra-
vinarském  primyslu
ma nakladani s pitnou
(procesni a uzitkovou)
vodou ur¢ita specifika.
Voda je Casto zahfi-
vana az k teploté varu.
Mnoho latek je samovolné a lehce pfi téchto procesech odstranéno.
Plati samoziejmé pravidlo, Ze nejsnaze se z vody timto zplisobem od-
strani t€kavé a nepolarni latky — v nasem pripadé tedy napfiklad jiz
diskutované trihalogenmethany. Hlife se budou odstrarnovat latky silné
polarni, napfiklad halogenoctové kyseliny. (Semi)kvantitativni odhady
vaznou mnohdy na nedostatku udajl, napfiklad dat o tvorbé azeotro-
pickych smési. lontové rozpusténé latky se varem samozfejmé neod-
strani a zpravidla se pfi teploté varu vody ani nerozlozi. O jejich re-
akcich ve slozitych organickych matricich se vSak mnoho nevi.

Obr. 1/ Fig. 1 Zavislost poctu Zivotaschopnych termotolerantnich bakterii ve
filtratu surového cistirenského kalu v 1 ml roztoku na dobé sterilizace pulz-
nim koronovym vybojem a na dodané energii [33] / Dependency of number
of vital thermotolerant bacteria in filtrate of raw activated sludge from se-
wage waste water treatment plant in 1 ml of solution on time of disinfection
by pulsed corona discharge and pulse energy [33]

Simple rules govern in this
case: volatile (having low boi-
ling point) and non-polar com-
pounds are more easily remo-
ved during heating — in our
case e.g. trihalomethanes.
Strongly polar compounds,
e.g. haloacetic acids are re-
movable with more difficulty
than non-polar ones. lonic
species, like chlorites, chlora-
tes and bromates, are not of course removed by heating to gaseous
phase or thermally decomposed. However, not much is known about
their reaction in complex organic matrices and solutions.
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Do redakce doslo 1. 7. 2004

obory:

pfipravu jidel,

nech A a D a bude zahrnovat nasledujici

— zakladni potraviny, suroviny a pfisady pro

zemeédeélsky intervencéni fond. Veletrh je uréen
vyhradné pro odbornou verfejnost a jeho sou-
¢asti budou i doprovodné akce — seminare
zamérfené zejména na problematiku vefej-

2. Mezinarodni veletrh G+H
Brno, brezen 2005
uskute¢nil prvni mezi-
narodni veletrh gastro-
se zucastnilo 181 vy-
stavovateld z 8 zemi
UCast na pfisti akci. Na pFistim veletrhu,
ktery se uskuteéni 1.-3. bfezna 2005, se

V roce 2003 se na
S S S Brnénském vystavisti
nomie, hotelovych slu-

+ zeb a vefejného
stravovani G+H. Akce

na vystavni ploSe 3704 m? a podle uskutec¢-
néného prizkumu 60 procent z nich pfislibilo
ocekava jeste vétsi zajem vystavovatell i na-
vstévnika. Expozice bude umisténa v pavilo-

— alkoholické napoje (v€etné piva a vina),
nealkoholické napoje, kava a ¢aj,

— polotovary, chlazené a mrazené potraviny,
hotova jidla, pokrmy,

— lahtdky, mistni speciality, cukraiské vy-
robky,

— krajové a mistni speciality,

— produkty ,near food“ a hygieny,

— drobné vybaveni gastronomickych a ubyto-
vacich zafizeni.

Poradatelem veletrhu je spole¢nost Vele-
trhy Brno, a.s., generalnimi partnery jsou spo-
le€nosti Makro a Nowaco, dalSimi partnery
Svaz obchodu a cestovniho ruchu CR a Statni

ného stravovani a jakost potravin a potravi-
novych surovin.
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