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P¥i vyrobé piva je nutné vénovat nalezitou pozornost dezinfekci technologického zafizeni. Nej¢astéji se vyskytujicimi vedlejSimi produkty
dezinfekce jsou trihalogenmethany a halogenoctové kyseliny. Tato prace popisuje vyvoj u¢inné metody pro stanoveni kyseliny chloroctové,
bromoctové a jodoctové ve varni vodé a v pivu. K precisténi byla pouzita metoda extrakce na pevné fazi. Za timto u¢elem bylo zkouseno
nékolik rznych typt SPE kolonek. Latky byly stanoveny po methylaci na plynovém kapilarnim chromatografu vybaveném detektorem
elektronového zachytu. Ke kvantitativnimu stanoveni byla pouzita metoda vnitiniho standardu. Postup je vhodny pro rutinni stanoveni
halogenoctovych kyselin v pivu. Obsah halogenoctovych kyselin ve zkoumanych ¢eskych pivech byl vzdy pod mezi detekce.

Culik, J.— Horak, T. - Kellner, V. — Jurkova, M. — Cejka, P. - Haskova, D. — Dvorak, J.: Determination of some disinfection byproducts
in brewing water and beer. Kvasny Prum. 56, 2010, No. 7-8, p. 303—305.

Disinfection of the technological equipment during beer production is necessary. Trihalomethanes and haloacetic acids are the most
frequent chlorinated byproducts of disinfection. We developed an efficient method for the determination of chloroacetic acid, bromoacetic
acid and iodoacetic acid in brewing water and in beer. Solid phase extraction (SPE) was used for the sample clean-up, several SPE
columns being tested. The compounds of interest were determined after methylation by capillary gas chromatographic analysis coupled
with electron capture detector. A method of internal standard was used for quantitative determination. This procedure is suitable for
routine analyses of haloacetic acids in beer. Several Czech beers have been analyzed for the content of monohaloacetic acids, negative
results being found in all cases.

Culik, J. — Horak, T. - Kellner, V. — Jurkova, M. — Ce]ka, P. — Haskova, D. — Dvorak, J.: Die Bestimmung der einigen Desinfektions-
nebenprodukten im Wasser und im Bier. Kvasny Prum. 56, 2010, Nr. 7-8, S. 303-305.

Waéhrend der Bierherstellung wichtig, das Augenmerk auf Desinfektion von Brauanlagen zu legen. Die haufigsten Nebenprodukte der
Desinfektion sind die Trihalogenmethanen und Halogenessigsaure. Im diesen Artikel wird eine Entwicklung einer wirksamen Methoden
zur Bestimmung der Chloressig-, Bromessig-, lodessigséure im Wasser und im Bier beschrieben. Zur weiteren Reinigung wurde die Me-
thode der Extraktion auf der festen Phase mit verschiedenen Typen von SPE Kolonnen angewandt. Die Stoffe werden nach der Methylation
am Gaskapillarchromatograph mit einem Detektor des Elektronabfangs festgestellt. Zur quantitativen Bestimmung wurde eine Methode
des inneren Standards angewandt. Dieser Verfahren ist zur routineméBigen Bestimmung der Halogenessigsauren im Bier geeignet. In

den gepruften tschechischen Bieren wurde der Inhalt an Halogens&uren immer unter der Grenze der Detektion.
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na pevné fazi, derivatizace, varni voda, pivo

1 UVOD

Mezi vedlejSi produkty vznikajici pfi Uprave pitné vody patfi toxické
trihalogenmethany [1,2] a halogenoctové kyseliny. Pfi nedostatecném
proplachu technologického zafizeni po provedené sanitaci se mohou
halogenoctové kyseliny také objevit az ve finalnim produktu, v pivu
[3-5]. Pfitomnost téchto latek v napojich je jiz fadu let zakdzana [6].

VétsSina publikovanych metod je zaloZzena na rdznych zplGsobech
extrakce a derivatizace halogenoctovych kyselin a jejich nasledném
stanoveni pomoci plynové chromatografie [7-10]. K detekci se nej-
Castéji pouzivaji detektor elektronového zachytu nebo hmotnostni de-
tektor [7—12]. VétSinou se k extrakci pouzivala extrakce v systému
kapalina-kapalina [7—10]. Jinou moznosti izolace téchto latek je me-
toda extrakce na pevné fazi (SPE) [13-15].

Halogenoctové kyseliny se stanovuiji po jejich derivatizaci, obvykle
methylaci BF/MeOH [13], ethylaci s EtOH/H,SO, [9, 16], butylaci po-
moci BF3/n-BuOH [10] nebo pentafluorbenzylaci s pentanfluorben-
zylbromidem (PFBBr) [10, 16].

Cilem této prace bylo optimalizovat metodu pro stanoveni haloge-
noctovych kyselin v pivu. V rdmci precisténi bylo odzkouseno nékolik
SPE kolonek naplnénych ¢tyfmi rdznymi typy sorbentu. K derivatizaci
byla pouzita methylace ¢inidlem BFz/methanol.

Keywords: disinfection halogeninated byproducts, solid phase ex-
traction, derivatization, brewing water, beer

1 INTRODUCTION

Trihalomethanes and haloacetic acids are toxic compounds which
are disinfection byproducts of the chlorination of drinking water [1,2].
These compounds may be detected in beers also after the inadequate
disinfection of the technological equipment during beer production
[3-5]. The content of these compounds in beer is prohibited by the
legislation of most countries [6].

The most of published methods have been based on different ex-
traction procedures and derivatization followed their determination by
gas chromatography [7—10]. The electron capture detector respec-
tively mass selective detector were used most frequently [7-12]. Li-
quid-liquid extraction procedures were shown in studies [7—10]. Solid
phase extraction (SPE) is another possibility for isolation of these
compounds [13-15].

The extracted haloacetic acids have been esterified by methylation
with BFs/MeOH [13], ethylation with EtOH/H,SO, [9, 16], buthylation
with BFs/n-BuOH [10] or pentafluorobenzoylation with pentafluo-
robenzylbromide (PFBBr) [10, 16].

In this work an improved method for the determination of haloacetic
acids in beer is reported. Systematic investigations were performed
on the off-line clean-up using SPE columns filled with four different
types of sorbents followed derivatization of the compounds of interest
with BFs/methanol derivatization agent.
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2 EXPERIMENTALNI CAST

2.1 Chemikalie a ¢inidla

Methanol p. a., ethanol p. a., siran sodny bezvody p. a., kyselina
chlorovodikova p. a. byly nakoupeny od firmy Lachema (CR), ethyla-
cetat p. a., 20% roztok BF;/MeOH, hexan, kyseliny chloroctova, di-
chloroctovd, bromoctova a jodoctova byly ziskany od fy Merck (Né-
mecko). Ultradista voda byla ziskana z pfistroje Milli-Q grade Millipore
(USA).

Prehled testovanych SPE kolonek a jejich parametrd je uveden
v tab. 1.

2.2 Pristroje

Vlastni stanoveni bylo provedeno na plynovém chromatografu
Carlo Erba HRGC 5300 Mega Series s detektorem elektronového za-
chytu. Byly vyzkou$eny tfi rizné kfemenné kapilarni kolony: SPB-5
0 délce 30 m a vnitfnim praméru 0,32 mm s tloustkou filmu 0,25 pm;
DB-1301 o délce 30 m a vnitinim prdméru 0,32 mm s tloustkou filmu
0,25 um; DB-5 o délce 60 m a vnitinim prdméru 0,32 mm s tloustkou
filmu 1,0 pm.

2.3 Priprava vzorku

Pred pouzitim byly SPE kolonky kondiciovany 3 ml methanolu
a poté 3 ml ultracisté vody. V dal$im kroku bylo skrz kolonku prosato
za pomoci vakua 20 ml vzorku. Sorbent kolonky byl nasledné promyt
1 ml ultracisté vody. K eluatu byly pfidany 2 g NaCl a 10 pl vnitfniho
standardu dichloroctové kyseliny. Hodnota pH vzorku byla upravena
pridavkem koncentrované kyseliny chlorovodikové na hodnotu 0,5 za
pouziti pH metru a vzorek byl vlozen na dobu 1 min do ultrazvukové
lazné. Poté byly halogenoctové kyseliny intenzivnim tfepanim vyex-
trahovany 4 x 2,5 ml ethylacetatu. Po nasledné centrifugaci pfi 3900
ot/min po dobu 4 min byla odebrana ethylacetatova vrstva. Roztok
ethylacetatu byl vysu$en 2 g bezvodého siranu sodného a ethylacetat
byl odpafen do sucha na vakuové rotaéni odparce pfi 35 °C.

Odparek byl rozpustén ve 2 ml methanolu a pak byl pfidan 1 ml
BFs/MeOH. Roztok byl pfeveden do Sroubovaci sklenéné vialky a po
uzavreni byla vialka umisténa na dobu 60 min do vodni lazné o teploté
85 °C.

Po methylaci byl roztok zchlazen na laboratorni teplotu a extraho-
van 1,5 ml hexanu protfepanim v ruce po dobu 1 min. Hexanova
vrstva byla oddélena a bud ihned nastfiknuta do injektoru plynového
chromatografu nebo v uzavrené vialce skladovana pfi teploté —18 °C
po dobu nékolika dn(.

3 VYSLEDKY A DISKUSE

Nejprve byly optimalizovany podminky plynové chromatografie.
Nejlepsich vysledkl bylo dosaZeno na koloné DB-5 o délce 60 m
a vnitinim prméru 0,32 mm a tloustce filmu 1,0 ym. Chromatogra-
fické piky vSech stanovovanych latek byly dobfe separovany bez
ovlivnéni interferencemi. Ostatni kolony poskytly horsi separaci.

Optimalizované podminky pro plynové chromatografickou separaci
byly nasleduijici: kolona byla vyhfivana na 60 °C po dobu 2 min, poté
nasledoval teplotni gradient 3 °C/min do 80 °C a néasledné teplotni
rGst rychlosti 40 °C/min do 285 °C. Injektor byl pouzit v rezimu split-
splitless a split ventil byl otevien po 0,5 min. Teplota injektoru byla
250 °C a detektoru elektronového zachytu 320 °C. Jako nosny plyn
bylo pouzito helium v kvalité 5.0, a to pfi tlaku 55 kPa pfi 60 °C. Dusik
v kvalité ECD o tlaku 150 kPa byl pouzit jako pfidavny plyn pro de-
tektor.

Dale byla pozornost vénovana nalezeni nejlepSich podminek pro
extrakci. Vysledky ziskané se sorbentem Extrelut byly neuspokojivé
(vytéznost < 5 % pfi obohaceni 100 pg/l kazdou latkou). Nizka vytéz-

Tab. 1 SPE kolonky pouzité pro stanoveni halogenoctovych kyselin /
SPE columns used for the determination of haloacetic acids

Typ kolonky / Objem / Mnozstvi naplné / Vyrobce /
Column type Volume Amount of sorbent Producer
(ml) (9)
Extrelut 15 3 Merck (GER)
Separon SGX CN 1 neudano / unknown Tessek (CZE)
Bond Elut SAX 3 0.5 Varian (USA)
Separcol Si 18 3 0.5 Anapron (SVK)

2 EXPERIMENTAL

2.1 Reagents and standards
Methanol p. a., ethanol p. a., sodium sulphite anhydrous p. a., salt
acid p. a. were purchased from Lachema (Czech Republic), ethylac-
etate p. a., 20% solution of BFy/MeOH, hexane, chloroacetic acid,
dichloroacetic acid, bromoacetic acid, iodoacetic acid were obtained
from Merck (Germany). Water used was Milli-Q grade Millipore (USA).
Outline of tested SPE columns is given in Tab. 1.

2.2 Instrumentation

The GC analysis was carried out using a Carlo Erba HRGC 5300
Mega Series gas chromatograph equipped with electron capture de-
tector. Three fussed capillary columns were tested: SPB-5, 30 m x
0.32 mm i. d. with 0.25 pm film thickness; DB-1301, 30 m x 0,32 mm
i. d. with 0.5 pm film thickness; DB-5, 60 m x 0.32 mm i. d. with 1,0
pym film thickness.

2.3 Sample preparation

Prior to use SPE cartridges were conditioned by 3 ml of methanol
followed 3 ml of purified water. Then the 20 ml of sample was forced
through the bed of sorbent using vacuum. The sorbent was washed
with 1 ml of purified water. 2 g of NaCl and 10 pl of internal standard
(dichloroacetic acid) were added to the collected eluate. The pH of
the sample was changed to the value 0.5 by addition of concentrated
HCI by pH meter and sonication was carried out for 1 min. Then the
haloacetic acids were extracted with 4 x 2.5 ml of ethylacetate by in-
tensive shaking. After centrifugation at 3900 rpm for 4 min, the su-
pernatant ethylacetate layer was transferred into flask. The ethylac-
etate solution was dried over 2 g anhydrous Na,SO,. Then
ethylacetate was removed by rotary evaporator and vacuum at 35 °C.

The residue was redissolved in 2 ml of methanol followed by 1 ml
of BFs/MeOH and transferred into a screw-capped glass vial. This
was cap sealed and placed for 60 min in a water bath at 85 °C.

After methylation, the solution was cooled and extracted with 1.5
ml of hexane by shaking in hand for 1 min. Hexane layer was collected
and either immediately injected into the gas chromatograph or trans-
ferred into a screw-capped glass vial and stored at —18 °C for several
days.

3 RESULTS AND DISCUSSION

The optimal GC conditions were evaluated. The fused silica capil-
lary column DB-5, 60 m of length and 0.32 mm of internal diameter
i. d. with 1.0 pm film thickness obtained the best separation results.
The peaks of all compounds were clearly free from interference by
other GC eluents. Other columns showed separation problems.

These conditions could be recommended: the GC column was
maintained at 60 °C for 2 min, ramped at a rate of 3 °C/min to 80 °C
and then ramped at a rate of 40 °C/min to 285 °C. The split-splitless
injector was used and the split vent was opened after 0.5 min. Tem-
perature of the injector and the electron capture detector were 250
°C and 320 °C, respectively. The carrier gas was helium 5.0 quality
with a column head pressure of 55 kPa at 60 °C. Nitrogen at ECD
quality was used as make up gas at pressure of 150 kPa.

In the second step the extraction procedure was tested. Results
obtained by using sorbent Extrelut were unsatisfactory (recovery

Tab. 2 Valida¢ni parametry: vytéZznost, mez detekce a RSD pro sta-
noveni halogenoctovych kyselin v pivu / Validation parameters: reco-
very, limit of detection and RSD for the determination of haloacetic
acids in beer

Halogenoctové kyseliny / Vytéznost/ | Mez detekce/ | RSD
Haloacetic acid Recovery | Detection limit| (%)
(%) (mg/1)
Chloroctova kyselina /
98 0.1 7
Chloroacetic acid
Dichloroctova kyselina /
Dichloroacetic acid % 0.05 5
Bromoctova k}/sellpa / 96 0.05 4
Bromoacetic acid
Jodoctova k.yselllna/ 93 0.01 3
lodoacetic acid
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Tab. 3 Obsah halogenoctovych kyselin v osmi vzorcich ¢eskych piv / Content of haloacetic acids in eight Czech beer samples

Halogenoctové kyseliny / Vzorek / | Vzorek / | Vzorek / | Vzorek /| Vzorek / | Vzorek / | Vzorek / | Vzorek /
Haloacetic acid Sample 1| Sample 2| Sample 3| Sample 4| Sample 5| Sample 6| Sample 7| Sample 8
Chlorctova kyselina / Chloroacetic acid N* N* N* N* N* N* N* N*
Dichloroctova kyselina / Dichloroacetic acid N* N* N* N* N* N* N* N*
Bromoctova kyselina / Bromoacetic acid N* N* N* N* N* N* N* N*
Jodoctova kyselina / lodoacetic acid N* N* N* N* N* N* N* N*

*) N — pod mezi detekce / N — below detection limit

nost mGze byt zpdsobena degradaci sorbentu pfi nizké hodnoté pH
0,5.

SPE kolonky Separon SGX CN poskytly podobné Spatné vysledky.
O néco lepSich vysledku bylo dosazeno na kolonkach naplnénych
sorbentem Bond Elut SAX, kde se vytéznost chloroctové kyseliny po-
hybovala okolo 25 %, ale pro dalsi kyseliny dosahovala hodnoty jen
asi 10 %. Nejlepsi vytéZnost poskytly kolonky Separcol Si C18 (Ana-
pron, Slovensko). Z tohoto diivodu byly v§echny experimenty za Uce-
lem zjisténi valida¢nich parametrl metody délany na tomto sorbentu.

Valida¢ni charakteristiky jsou shrnuty v tab. 2. Spravnost metody
byla zjisténa pomoci vytéznosti jednotlivych halogenoctovych kyselin.
Detekéni limit byl stanoven jako 3 x S/N (S = signal, N = Sum). Opa-
kovatelnost postupu byla uréena opakovanym méfenim (pétkrat bé-
hem jednoho dne) jednoho a téhoz vzorku piva s pfidavkem haloge-
noctovych kyselin na koncentraéni hladiné 100 ug/l kazdé latky.

Na zakladé takto optimalizovaného postupu bylo na obsah halo-
genoctovych kyselin zanalyzovano osm c&eskych piv. VSechny vy-
sledky byly negativni (tab. 3).

4 ZAVER

Byla vyvinuta metoda, ktera umoznuje stanoveni halogenoctovych
kyselin, jakozto moznych vedlejSich produktd po sanitaci, po precis-
téni pomoci metody SPE, jejich extrakci ethylacetatem a derivatizaci
pomoci BFs/MetOH v desetinach respektive setinach mg/l piva, a to
pomoci plynové chromatografie s detektorem elektronového zachytu.
Tento postup je vhodny pro rutinni kontrolu obsahu halogenoctovych
kyselin v pivu.
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Eight Czech beers were analyzed for haloacetic acids content. As
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4 CONCLUSIONS

We have demonstrated that desinfection byproducts as haloacetic
acids after SPE clean-up step, their extraction with ethylacetate and
derivatization by BFz/MetOH can be determined in tenth respectively
hundredth of mg/l in beer using gas chromatography with electron
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