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Horak, T. - Culik, J. — Kellner, V. — Jurkova, M. — Cejka, P.: Vyuziti SPE pf¥i stanoveni chlorfenoli ve varni vodé a pivu. Kvasny Prum.
54, 2008, ¢. 1, s. 2-5.

Prace popisuje metodu stanoveni chlorfenoll ve varni vodé a pivu. Pro extrakci a zakoncentrovani analytt byla vyuzita technika extrakce
na pevné fazi (SPE). Poté byly chlorfenoly derivatizovany anhydridem kyseliny octové a stanoveny na plynovém chromatografu s detektorem
elektronového zachytu. V praci byly porovnany SPE kolonky LiChrolut EN (ethylvinylbenzen-divinylbenzen kopolymer s extrémné velkym spe-
cifickym povrchem) a LiChrolut RP-18. Kromé toho byl zkouman vliv rizného objemu eluéniho ¢inidla na vytéZznost chlorfenoll. V praci jsou
dale popsany pracovni charakteristiky optimalizované metody.

Horak, T. — Culik, J. — Kellner, V. — Jurkova, M. — Ceika, P.: Determination of chlorinated phenols in brewing liquor and beer using
SPE. Kvasny Prum. 54, 2008, No. 1, p. 2-5.

A method for the determination of chlorinated phenols in brewing liquor and beer is described. Solid phase extraction technique for the
sample preconcentration was used. Then the analytes were derivatized and determined by gas chromatographic analysis coupled with elec-
tron capture detector. SPE columns LiChrolut EN (ethyl vinyl benzene — divinyl benzene copolymer with an extremely large specific surface)
and LiChrolut RP-18 were tested. The dependences of recovery on the eluent volume were investigated. Validated parameters of the opti-
mized method for the determination of chlorinated phenols in brewing liquor and beer are shown in this work.

Horak, T. — Culik, J. — Kellner, V. — Jurkova, M. — Cejka, P.: Die SPE Verwendung bei der Chlorphenolsbestimmung im Brauwasser
und im Bier. Kvasny Prum. 54, 2008, Nr. 1, S. 2-5.

Im diesen Artikel wird die Methode der Chlorphenolsbestimmung im Brauwasser und im Bier beschrieben. Die Technik der Bezugspha-
senextraktion (SPE) wurde fir die Analytextraktion und Analytenreicherung angewandt. Weiter wurden Chlorphenols durch einen Anhydrid
der Essigsaure derivatisiert und am Gaschromatograph mit einem Elektronfangdetektor bestimmt. Im Artikel werden SPE Kolonne von Li-
Chrolut EN (Ethylvinylbenzen-Divinylbenzen Kopolymer, mit einer extrem grossen spezifischen Oberfladche) und von LiChrolut RP-18 vergli-
chen. Ausserdem wurde der Einfluss vom verschiedenen Volumen des Eluationsreagenzmittels auf die Chlorphenolsausbeute verfolgt. Im
Artikel werden auch die Arbeitscharakteristiken der optimalisierten Methode beschrieben.

Fopak, T. - Yynuk, W. — Kennnep, B. - lOpkoBa, M. — Yeiika, .: Ucnonbsosanne SPE npu onpeaeneHnu xnopheHoNoB B BapO4HOIA
Bofe u nuBe. Kvasny Prum. 54, 2008, Ho. 1, cTp. 2-5.

CTtaTbs 3aHMMaeTCa MeTOA0M onpeAeneHns XnopgeHoNoB B BAPOHHOI BoAe U B NMBe. [115 9KCTPaKLMM N KOHLEHTPUPOBaHNSA aHannToB
MCMOMb30BaH MeToA 3KCTpakumm Ha TBépgomn cdase (SPE). MNocne Toro xnopdeHonbl 6binn AepnBaTu3MpoBaHbl aHrMAPUAOM YKCYCHOM
KWCMOTbl WU OnpeAeneHbl ¢ MOMOLLbIO ra3oBOro xpomatorpadga ¢ AeTEKTOPOM 3JIEKTPOHHOro 3axeaTta. CpaBHuBanucb SPE KOMoHkM
LiChrolut EN (eTunctupon-gucTmpos comnonimmep C 3KCTPeMasbHbIM 3Ha4YeHneM cneyududeckorn nosepxHoct) u LiChrolut RP-18. Mpu
3TOM WCCNenoBanoChb BNUSHUE Pa3fMyHbiX OObEMOB 3/0EHTa Ha u3BriedeHue xrnopdeHonos. B ctatbe ganee onucaHbl paboune

XapaKTepuUCcTUKN ONTUMU3NPOBAHHOIO METOAA.

Klicova slova: chlorfenoly, extrakce na pevné fazi, varni voda, pivo,
latky znecistujici Zivotni prostredi

1 UvVoD

Chlorované fenoly se svou povahou fadi mezi latky, které se znag-
nou mérou podileji na znecisténi Zivotniho prostfedi. Jejich hlavnimi
zdroji jsou jednak ochranné prostfedky uzivané zejména v zemedél-
stvi (pesticidy, herbicidy, fungicidy), jednak odpadni produkty che-
mického, dfevaiského a papirenského priimyslu. Chlorované fenoly
se do zivotniho prostfedi mohou dostavat bud pfimou aplikaci insek-
ticidi a fungicid(l na bazi pentachloru, nebo jako degradaéni produkty
vznikajici metabolickym rozkladem chlorovanych pesticidll obsahuji-
cich ve své molekule substituované fenoly (chlorfenoxyalkanové ky-
seliny a nitrofenoly), odbouravanim herbicid( (diuron, chloroxuron na
bazi mocoviny) a pfeménou organofosfatl, chlorovanych benzenl
a nitrobenzen( [1, 2, 3].

Tvorba chlorfenolll nastava i ve vodarnach a Cisticich stanicich pfi
upravé vod chloraci. Aktivni chlor reaguje s pfitomnymi aromaty za
vzniku slouéenin charakteristickych intenzivni viini a chuti jiz ve velmi
nizkych koncentracich. Jiz v roce 1939 zaznamenal Faber [4] pfi dez-
infekci vody chloraminem vznik téchto intenzivnich vini a chuti, Grif-
fin [5] popsal reakce zodpovédné za tvorbu téchto sloucenin. Prace
némeckych autor(l [6] vysvétluje vznik 2,4,6-trichlorfenolu pres
2-chlorfenol a 2,4-dichlorfenol pfi chloraci fenold chloraminem i ve
vodném prostfedi. Pentachlorfenol a oxida¢ni produkty uvedenych
slouéenin zde prokazany nebyly.

Z hlediska pivovarského primyslu je vyznamné zjisténi o sekun-
darni tvorbé chlorfenolll béhem staceni piva v dusledku predchoziho
pouziti sanitarnich prostifedkl na bazi chloru. Pfitomnost nizkych kon-
centraci 2,6-dichlorfenolu a 2-chlorfenolu se podafilo prokazat pfi pou-

Keywords: chlorophenols, solid phase extraction, brewing liquor,
beer, environmental pollutants

1 INTRODUCTION

Chlorinated phenols are an important class of environmental pol-
lutants. They are intermediates in many industrial processes, e.g. in
the petroleum industry and pulp and paper industry and in the pro-
duction of plastics, dyes, pharmaceuticals and in agriculture as pes-
ticides, herbicides, fungicides. In the environment these compounds
can also occur as a result of application of insecticides and fungici-
des based on pentachlorine or as a result of hydrolysis, oxidation and
microbial degradation of chlorinated pesticides containing in their mo-
lecule substitute phenols (chlorinated phenoxy alkanoic acid and
nitrophenols) or by the degradation of herbicides (diuron, chloroxu-
ron) or else by the conversion of organophosphates, chlorinated ben-
zenes and nitrobenzenes [1, 2, 3].

A formation of chlorophenols occurs also in water-stations and in pu-
rification plants during a treatment of water using chlorination. An ac-
tive chlorine reacts with presented aromatic compounds and new ad-
ducts are characterized by intensive off-flavour already from very low
concentrations. In 1939 Faber noted a formation of these intensive off-
flavours after water disinfection by using chloramine [4]. Griffin descri-
bed chemical reactions which are responsible for an occurrence of
these compounds [5]. The work of German authors [6] explained a cre-
ation of 2,4,6-trichlorophenol through 2-chlorophenol and 2,4-dichlo-
rophenol during the chlorination of phenols by chloramine. Pentachlo-
rophenol and oxidation adducts haven’t been extended.

Chlorinated phenols have been determined also in beer as a re-
sult of using chlorinated sanitisation agents. 2,6-dichlorophenol and
2-chlorophenol were determined at very low concentrations by ca-
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ziti kapilarni plynové chromatografie ve spojeni s hmotnostnim detek-
torem [7]. Rovnéz prace [8], ktera se zabyva senzorickym hodnoce-
nim piva a sleduje vice nez 160 tékavych slozek, pfipisuje chut po za-
tuchliné nebo dezinfekci vyvijejicim se chlorfenolim po stoceni piva
jako dUsledek plsobeni chloru v souvislosti s prfedchozi sterilizaci.

S narlistem vyskytu a uzivani fenolickych slou¢enin byl kladen du-
raz na jejich rychlou a spolehlivou identifikaci. K tomu se s vyhodou
pouziva chromatografickych metod. PFi stanoveni chlorfenold ve varni
vodé a pivu je nutné analyty z matrice vyextrahovat a vznikly extrakt
precistit od moznych ruSivych latek. K tomu se nejcastéji pouzivaly
postupy zaloZené na extrakci v systému kapalina-kapalina. Ale do-
sahované vytéznosti pfi pouziti extrakénich rozpoustédel jako hexan,
diethylether nebo dichlormethan byly horsi nez 60 % [9].
skytuje lepSi vytéznosti nez klasické techniky zaloZzené na extrakci ka-
palina-kapalina. Nejvétsi vyhodou tohoto postupu je vSak eliminace
velmi stabilni emulze [10]. Diky tomu je mozné vyrazné zlepSit opa-
kovatelnost vysledkl. Pro extrakci chlorfenoll bylo popsano pouziti
mnoha rliznych druh( sorbentl naplnénych v SPE kolonkach [11].
Nékteré tyto zplsoby pfipravy vzork( byly popséany v souvislosti se
stanovenim chlorfenolt pomoci vysoce G¢inné kapalinové chromato-
grafie (HPLC) [12]. Jiné prace navrhuji pouziti SPE postupu a nasledné
derivatizace stanovovanych analytl ve spojeni s plynovou chromato-
grafii [13, 14]. Derivatizace chlorovanych fenoll rliznymi ¢inidly se vét-
Sinou pouziva pfi stanoveni plynovou chromatografii. Ve srovnani
s HPLC metodami jsou postupy vyuzivajici plynovou chromatografii

Prace popisuje metodu pro zakoncentrovani a stanoveni skupiny
nejrozsitenéjsich chlorovanych fenold ve varni vodé a v pivu. Byla
provedena optimalizace podminek pfi porovnani off-line zakoncent-
rovani téchto slouc¢enin pomoci SPE kolonek s dvéma rliznymi typy
sorbentll a nasledné derivatizaci téchto latek. Po derivatizaci byly
chlorfenoly stanoveny na plynovém chromatografu s detektorem elek-
tronového zachytu.

2 EXPERIMENTALNI CAST

2.1 Pouzité chemikalie, standardy

Methanol v kvalité pro kapalinovou chromatografii, hexan v kvalité
SupraSolv, anhydrid kyseliny octové, SPE kolonky LiChrolut byly pou-
zity od fy Merck (Némecko). Ultracista voda (Milli-RO 5plus, Millipore,
USA), helium v kvalité 5.0, dusik v kvalité¢ ECD (Messer, CR).

2,4-dichlorfenol (2,4-DCP), 2,6-dichlorfenol (2,6-DCP), 2,4,5-tri-
chlorfenol (2,4,5-TCP), 2,4,6-trichlorfenol (2,4,6-TCP) a pentachlor-
fenol (PCP) byly zakoupeny od fy Supelco (USA).

2.2 Podminky plynové chromatografie

Vlastni stanoveni probihalo na plynovém chromatografu Chrompack
CP 9001 s detektorem elektronového zachytu. Plynovy chromatograf
byl opatfen automatickym davkovacem vzorkd Labio ASG 40. K se-
paraci analytd byla pouzita 30 m dlouha kifemenna kapilarni kolona
DB-5 firmy J&W Scientific s vnitfnim prdmérem 0,32 mm a tloustkou
filmu 0,25 wm. Kolona byla temperovana na teplotu 75 °C po dobu
0,5 min, poté nasledoval teplotni gradient 30 °C/min do teploty 120 °C
a nasledné byla kolona vyhfivana rychlosti 10 °C/min do teploty
255 °C. P¥i této teploté byla ponechana po dobu 2 min. K nastfiku byl
pouzit split/splitless injektor v rezimu splitless. Split ventil byl otevien
po uplynuti 0,5 min. Injektor byl vyhfivan na teplotu 260 °C, detektor
elektronového zachytu na teplotu 310 °C. Jako nosny plyn bylo vyu-
zito helium v kvalité 5.0, tlak na kolonu byl 55 kPa pfi teploté 80 °C.

2.3 Priprava vzorki

Do 500 ml vzorku bylo pfidano 1,5 ml boratového pufru (pH 10,4).
Poté bylo pfidano ke vzorku 0,5 ml anhydridu kyseliny octové a vzo-
rek byl intenzivné protfepan.

SPE kolonky LiChrolut EN 200 mg/3ml a LiChrolut RP-18 200
mg/3ml byly tésné pred pouzitim kondicionovany promytim 2 mi
methanolu a 3 ml boratového pufru. Poté byl vzorek za pomoci va-
kua protladen skrze loze sorbentu. Z SPE kolonky byly analyty eluo-
vany pomoci hexanu. Hexanovy extrakt byl promyt 0,1 M hydrogen-
fosfore€nanem sodnym.

3 VYSLEDKY A DISKUSE

K optimalizaci postupu vyextrahovani a zakoncentrovani chlorovanych
fenol ze vzorku byla zkoumana zavislost vytéZznosti stanovovanych ana-
Iytl na pouzitém objemu eluéniho rozpoustédia a také vliv pH vzorku.

pillary gas chromatograph equipped with mass spectroscopy detec-
tor [7]. Also the work [8] which was focussed on taste and odour clas-
sification of beer and controlled more than 160 volatile components,
associated the taste after fust or disinfection to a developing of chlo-
rophenols after racking off as a result of chlorine treatment during
sterilization.

Due to increase to appearance and utilization of phenolic com-
pounds an emphasis is focussed to their fast and accurate determi-
nation. Chromatographic methods are used with advantage. Precon-
centration and clean-up steps are necessary for the determination of
chlorophenols in brewing liquor or beer. Liquid-liquid extraction met-
hods were the most frequently used sample preparation techniques.
But recoveries of extractions into solvents like hexane, diethylether
or dichloromethane are worse than 60 % [9].

Solid phase extraction (SPE) is faster, safer and more efficient than
liquid-liquid extraction techniques. The great advantage of
this procedure is the elimination of emulsion formation and so it can
improve the reproducibility of results [10]. Many different types
of sorbents have been reported for the solid phase extraction of
these compounds [11]. Some of these sample preparation methods
were published prior to high performance liquid chromato-
graphy (HPLC) [12]. Another works show using of SPE procedures
followed by derivatization and gas chromatographic (GC) assay
[13, 14]. Derivatization of chlorinated phenols with various agents is
usually employed prior to GC analysis. In comparison with HPLC met-
hods, GC methods are more sensitive but time consuming [15, 16].

This work presents a method for the preconcentration and deter-
mination of a group of the most common chlorinated phenols in bre-
wing liquor and beer. Systematic investigations were performed on
the off-line preconcentration using SPE columns filled with two diffe-
rent types of sorbents followed derivatization of the compounds of in-
terest. After the derivatization and trace enrichment the chlorophe-
nols were determined by gas chromatography with electron capture
detector.

2 EXPERIMENTAL

2.1 Reagents, standards

Methanol for liquid chromatography, hexane SupraSolv grade, ace-
tic anhydride and LiChrolut SPE columns were obtained from Merck
(Germany). Purified water (Milli-RO 5plus, Millipore, USA), helium 5.0
quality, nitrogen ECD quality (Messer, Czech Republic) were used.

2,4-dichlorophenol (2,4-DCP), 2,6-dichlorophenol (2,6-DCP),
2,4,5-trichlorophenol (2,4,5-TCP), 2,4,6-trichlorophenol (2,4,6-TCP)
and pentachlorophenol (PCP) were purchased from Supelco (USA).

2.2 GC analysis

The GC analysis was carried out using a Chrompack CP 9001 gas
chromatograph equipped with electron capture detector and auto-
sampler Labio ASG 40. Analytes were separated on 30 m x 0.32 mm
i. d. fused capillary column of J&W Scientific DB-5 with 0.25 pm film
thickness. The column was maintained at 75 °C for 0.50 min, ram-
ped at a rate 30 °C/min to 120 °C, then ramped at a rate 10 °C/min
to 255 °C and hold for 2 min. Splitless mode was used for 0,50 min.
Temperature of the injector and the electron capture detector were
260 °C and 310 °C, respectively. The carrier gas was helium, grade
5.0, with a column head pressure of 55 kPa.

2.3 Sample preparation

1.5 mL of borate buffer (pH 10.4) was added to 500 mL of sample.
Later 0,5 mL of acetic anhydride was added to the sample and vi-
gorously shaken.

Prior to use, SPE cartridges LiChrolut EN 200 mg/3mL and Li-
Chrolut RP-18 200 mg/3mL were conditioned by 2 mL of methanol
followed 3 mL of borate buffer. Then the sample was forced through
the bed of sorbent using vacuum. The sorbent was washed with 2 mL
of distilled water and dried under stream of nitrogen. Analytes were
eluted from the cartridge by hexane. The hexane extract was was-
hed with 0.1 M of natrium hydrogen phosphate.

3 RESULTS AND DISCUSSION

In order to optimize the extraction and preconcentration of chlo-
rophenols from the sample the dependences of the recovery of the
eluent volume and sample pH were examined.

Tab. 1 shows the dependence of recovery on eluent volume for 2,4-
dichlorophenol, 2,4,5-trichlorophenol and pentachlorophenol. As it
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Z tab. 1 je patrné, Ze podle oCekavani se vzrlstajicim mnozstvim
eluéniho rozpoustédla stoupa vytéznost 2,4-dichlorfenolu, 2,4,5-tri-
chlorfenolu a pentachlorfenolu. Jiz pfi pouziti 2 ml hexanu bylo pro
vSechny latky dosazeno vytéznosti alespon 97 %.

K tomu, aby se dosahlo maximalni u¢innosti zadrzeni analytt sor-
bentem, je nutné upravit pH vzorku. Pfidavek 1,5 ml boratového pu-
fru o pH 10,4 k 500 ml vzorku zpUsobil, ze vysledna hodnota pH vzorku
se pohybovala v rozmezi hodnot 8,7-9,0. Pfidanim 0,5 ml anhydridu
kyseliny octové doslo k poklesu pH na hodnoty v rozsahu 4,6-4,9. Toto
rozmezi hodnot pH se prokazalo jako optimalni (data nejsou ukazana).

Porovnani dvou typt SPE sorbentd — LiChrolut EN 200 mg/3ml
a LiChrolut RP-18 200 mg/3ml — bylo provedeno na zakladé srovnani
vytéznosti obou druhti SPE kolonek. Vysledky jsou shrnuty v tab. 2.
Kolonky naplnéné sorbentem LiChrolut EN poskytuji pro v&echny sta-
novované chorfenoly lepsi vysledky, a proto byl tento typ kolonek pou-
zit pro zjisténi pracovnich charakteristik metody.

can be seen the recoveries exceeded 97 % for all compounds when
2 mL of eluent was used.

To achieve efficient retention by the sorbent it was necessary to
adjust the pH of the sample. The addition of 1.5 mL of borate buffer
(pH 10.4) to 500 mL of the sample adjusted the value of pH to 8.7-
9.0. But pH decreased after addition of 0.5 mL of acetic anhydride to
the values in range 4.6-4.9. This range of pH appeared to be opti-
mum (data not shown).

To compare two different types of SPE sorbents — LiChrolut EN
200mg/3mL and LiChrolut RP-18 200mg/3mL — the recovery test was
performed. Results are given in the Tab. 2. The LiChrolut EN SPE co-
lumns gave better results and these SPE columns have been used
for the determination of validation parameters of this method.

The limit of detection and limit of quantitation were obtained as 3 x S/N
respectively 10 x S/N. Results are presented in Tab. 3.

Tab. 1 Zavislost vytéZnosti extrakce vybranych chlorovanych fenoll na objemu eluentu / Recovery dependence of some chlorophenols on

eluent volume

Objem eluentu Vytéznost (%) Vytéznost (%) Vytéznost (%)

/ Eluent volume 2,4-dichlorfenol 2,4,5-trichlorfenol pentachlorfenol
(ml) | Recovery (%) | Recovery (%) | Recovery (%)

2,4 dichlorophenol 2,4,5-trichlorophenol pentachlorophenol

1.0 61 50 13
1.5 94 93 28
2.0 100 97 97
4.0 99 100 98

Tab. 2 Porovnani vytéznosti chlorovanych fenoll pfi jejich extrakci na kolonkéch LiChrolut EN a LiChrolut RP-18 / Recovery test of chlorophe-

nols using LiChrolut EN and LiChrolut RP-18 cartridges

Slouéenina Ocekavana LiChrolut EN LiChrolut RP-18
|/ Compound koncentrace Stanovena VytéZnost Stanovena Vytéznost
| Expected koncentrace | Recovery koncentrace | Recovery
concentration | Determined | Determined
concentration concentration
(ng/l) (ng/l) (%) (ng/l) (%)
2,6-DCP 500 592 118 421 84
2,4-DCP 550 638 116 359 65
2,4,6-TCP 525 562 107 318 61
2,4,5-TCP 725 631 87 227 &l
PCP 525 368 70 304 58

Mez detekce byla ziskana jako troj-

Tab. 3 Mez detekce a mez stanoveni / Limit of detection and limit of

4 CONCLUSIONS

nasobek poméru signal/Sum (3xS/N), - quantitation We have demonstrated

mez stanoveni byla uréena jako de- - p that chlorinated phenols af-

setinasobek tohoto poméru (10xS/N). Sllgucenlna " /I\Dnetz d;-:_teko;:_e o | ang I\I_Ifzfs‘tjar;ovepl " ter their deriva?ization by

Vysledky jsou shrnuty v tab. 3. ompoun etection limi imit of determination acetic anhydride can be de-

(ng/l) (ng/l) . . X f

termined in units of ng/L (tri-

o 2,6-DCP 17.6 58.7 chlorophenols and penta-

4 ZAVER 2,4-DCP 13.2 44.0 chlorophenol) or tens of ng/L

K (dichlorophenols) using SPE

Bylo dokazéno, Ze chlorované fe- 2,4,6-TCP 28 28 sample preparation techni-

noly je mozné stanovit v jednotkach | 2,4,5-TCP 3.5 11.8 que with SPE columns filled

ng/l (trichlorfenoly a pentachlorfenol) | PCP 2.3 7.5 with LiChrolut EN sorbent

nebo desitkach ng/l (dichlorfenoly) po followed gas chromato-

jejich derivatizaci anhydridem kyse- graphy with electron capture
liny octové a nasledné extrakci detector.

a zkoncentrovani pomoci SPE techniky na kolonkach naplnénych sor-
bentem LiChrolut EN s pouZitim plynové chromatografie s detekto-
rem elektronového zéchytu.

Tento postup je rychly, jednoduchy, levny a nedochazi pfi ném
k tvorbé nepfijemnych emulzi, proto je vhodny pro rutinni analyzy
chlorovanych fenold.
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Oprava

V Kvasném primysilu €. 11-12/07 na str. 348 v ¢lanku Nové jme-
novana Védecka rada VUPS Praha byly nespravné uvedeny
udaje u prof. Ing. Jaroslavy Ehrenbergerové, CSc. Pani profesorce
se omlouvame a pfisludny odstavec uvadime ve spravném znéni
Znovu:

Prof. Ing. Jaroslava Ehrenbergerova, CSc. — Ustav pé&stovani,
Slechténi rostlin a rostlinolékarstvi, Agronomicka fakulta Mende-
lovy zemédélské a lesnické univerzity v Brné. .
Vyznamna védeckd a pedagogicka pracovnice CR v oboru
Slechténi rostlin a semenarstvi. Je spoluautorkou nékolika regist-
rovanych odrud. V soucasnosti se vénuje vyzkumu v oblasti zlep-
Seni nutriéni kvality odrid genetickou cestou a vlivu environmen- %
talnich podminek na kvalitu produktt rostlinného pavodu i jejich S b v 5
vhodnosti pro vyrobu funkénich potravin. Je tspésnou resitelkou
nékolika projektti COST, GA CR a v soucasnosti je fesitelkou Vy- re
zkumného centra ,Studium obsahovych latek je¢mene a chmele®,
na jehoZ reseni se podili fada vyznamnych vyzkumnych subjektt
CR (VUPS, a. s., ZVU v Kroméfizi, s. r. 0., AV CR a VSCHT
v Praze). Je Clenkou nékolika védeckych rad vyzkumnych instituci Brabcova 2 /1159, 147 00 PRAHA 4
v CR, prednasi o vysledcich vyzkumu na mezinarodnich konfe- gj] 233 ggg =7 regom@regom.cz
rencich v CR i v zahrani¢i (Spanélsko, Rakousko). + Www.regom.com
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