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THE BEHAVIOUR OF TOXIC METALS IN THE BREWING PROCESS
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Osetreni chmele vysokou davkou pesticidd s obsahem Cu a Al se projevi ve velmi mirném zvy$eni jejich obsahu v pivu (pouze o nékolik
setin nebo tisicin mg/l). V poloprovoznich podminkach byla podrobné sledovana distribuce vybranych toxickych kovt (Cd, Pb, Ni, Cr, Hg, As
a Se) do piva a odpadl (mlata, kalll a kvasnic). Kromé As, kterého prechazi do piva asi polovina, z ostatnich kov( presel do piva jen nepa-
trny zlomek. V dal$im poloprovoznim pokusu byly do varni vody pfidany pfislusné toxické kovy v koncentracich 0,1-0,5 mg/l a bylo sledo-
vano, jak se tento prebytek projevi v pribéhu celého technologického procesu. Bylo zjisténo, Ze nejvice kovu zUstalo v mlaté (hlavné Hg a Pb,
nejméné v pripadé As), ¢ast kovl byla rovnéz absorbovana kvasnicemi (hlavné Ni, As, Se). Z pfidaného mnoZstvi nejvice preslo do piva As
(asi dvé tretiny). Kromé As zUstal obsah i po takto vysokém pfidavku toxickych kovi do varni vody pod povolenou mezi.

Cejka, P. — DvoFak, J. — Culik, J. — Jurkova, M. — Horak, T. — Kellner, V.: The Behaviour of Toxic Metals in The Brewing Process. Kvasny
Prum. 55, 2009, No. 4, p. 100—-105.

Treating hops with a high dose of pesticides containing Cu and Al results in a very slight increase of their content in beer (only by a few
hundredths or thousandths of mg/l). The distribution of selected toxic metals (Cd, Pb, Ni, Cr, Hg, As and Se) into beer and brewing residu-
als (spent grain, trub and yeast) was observed in pilot plant scale conditions. Except As, of which about half passes into beer, only a negli-
gible fraction of the other metals passed in the beer. In another pilot plant scale experiment, the corresponding toxic metals were added into
the brewing water in concentrations of 0.1— 0.5 mg/l and it was observed how this excess would appear throughout the entire technological
process. It was found that the majority of metals was absorbed by spent grain (primarily Hg and Pb, the least in the case of As), a part of the
metals was also absorbed by the yeast (primarily Ni, As, Se). The most of the added amount that passed into beer was As (about 2/3). Ex-
cept for As, the content remained below the allowed limit even after such a large addition of toxic metals into the brewing water.

Ce]ka, P. — Dvorak, J. — Culik, J. — Jurkova, M. — Horak, T. — Kellner, V.: Das Verhalten von den toxischen Metalls in der Brauindustrie.
Kvasny Prum. 55, 2009, Nr. 4, S. 100-105.

Die Hopfenbehandlung mit einer hohen Pestiziddose mit Cu und Al Gehalts wirkt sich in einer milden Gehaltserh6hung von diesen Me-
talls im Bier (nur ein paar Hundertstel oder Tausendstel von mg/l) aus. Unter Halbindustriebedingungen wurde eine ausfihrliche Verfolgung
der Distribution von ausgesuchten toxischen Metalls (Cd, Pb, Ni, Cr, Hg, As a Se) im Bier und in den Abféllen (Treber, Schlamm, Hefe) durch-
gefiihrt. Mit einer Ausnahme von As (50% von As geht ins Bier) wurde bei den anderen Metalls nur ein sehr geringer Ubergang ins Bier fest-
gestellt. In einem Halbindustrieversuch wurden betreffende toxische Metalls im Sudhaus ins Wasser in den Konzentrationen 0,1-0,5 mg/l zu-
gegeben und es wurde verfolgt, wie wirkt sich dieser Uberschuss im Laufe des technologischen Prozesses aus. Es wurde festgestellt, dass
am meisten sind die Metalls in den Trebern geblieben (insbesondere Hg und Pb, wenig As), die Metalls wurden teilweise auch in der Hefe
absorbiert (insbesondere Ni, As, Se). Von allen zugegebenen Metalls wurde der gréBte Ubergang von As ins Bier festgestellt (etwa 2/3). Mit

einer Ausnahme von As blieb der Gehalt vom anderen Metalls auch nach so hoher ihrer Zugabe unter genehmigter Grenze.

Kli€ova slova: kovy, suroviny, vyroba piva, pivo, AAS
1 UvVOoD

Cilem pfipravy mladiny je pfevést extraktivni latky sladu a horké
latky chmele do roztoku. Nezanedbatelnou souc¢ast extraktu sladu tvofi
mineralni latky, jejichz celkovy obsah v susiné je asi 2—-3 %. Tzv. sto-
pové prvky ale tvofi jen asi 0,02 % extraktu sladu. To se tyka i toxic-
kych kovd, které jsou distribuovany ze surovin do hotového piva i od-
padu. Koncentrace kovli v meziproduktech, tj. sladiné a mladiné, zavisi
nejen na jejich obsahu v surovinach (sladu, chmelu a vodeé [1-7]), ale
také na jejich schopnosti pfechazet do roztoku v priibéhu varniho pro-
cesu [4—11]. Tato schopnost je ovlivnéna chemickymi vlastnostmi jed-
notlivych prvkl a fyzikalné-chemickymi faktory, jako je teplota, kon-
centrace extraktu, pH a dalsi, které plsobi pfi rmutovani, chmelovaru
a pfi chlazeni mladiny. K dalSimu ubytku dochazi pfi kvaSeni. Obsah
kovll v pivu je véeobecné velmi nizky, a proto je pivo povazovano z to-
hoto hlediska za jednu z nej€istSich potravin [12-17].

Zamérem této prace bylo zjistit distribuci vybranych kovd v pra-
béhu vyrobniho procesu. V prvni €asti prace byly vybrany nasledujici
kovy: Cu a Al, u kterych byla zkoumana zvySena koncentrace vzhle-
dem Kk jejich moznému vyskytu v nékterych pesticidech, pouzivanych
k oSetfeni chmele. Ve druhé &asti prace byla simulovdna moznost
kontaminace pfidavkem toxickych kovl do varni vody a zjistovano,
zda se tato kontaminace projevi zvySenou koncentraci v pivu nebo
zda se pfislusny kov vylougi jiz béhem procesu (napf. v mlaté, ka-
lech, pfi kvaseni atd.).

Keywords: metals, raw materials, brewing process, beer, AAS
1 INTRODUCTION

The purpose of preparing hopped wort is to transfer extractive sub-
stances from the malt and bitter substances from the hops to the so-
lution. An indispensable part of malt extract is formed by minerals,
whose total content in the dry matter is about 2 — 3 %. However, so-
called trace elements form just about 0.02 % of malt extract. This also
applies to toxic metals, which are distributed from the raw materials to
the finished beer and brewing residuals. The concentration of metals
in the intermediate stages, i.e. in sweet wort and hopped wort, depends
not only on their content in the raw materials (malt, hops and water
[1-7]), but also on their ability to transfer into solution during the bre-
wing process [4—11]. This ability is affected by chemical properties of
the specific elements and physical-chemical factors, such as tempe-
rature, extract concentration, pH and others which act during mashing,
wort boiling and during wort cooling. Another decrease occurs during
fermentation. The content of metals in beer in generally very low thus,
in these terms, beer is considered one of the cleanest foods [12-17].

The purpose of this study was to determine the distribution of se-
lected metals throughout the production process. In the first part of
the work, Cu and Al were selected. Increased concentration was stu-
died for these two metals due to their possible presence in some pes-
ticides used to treat hops. The second part simulated the possibility
of contamination by toxic metals added to brewing water. It was de-
termined whether this contamination would cause an increased con-
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2 EXPERIMENTALNI CAST

2.1 Pouzita technologie

Vérky byly provadény na médéné &tyfnadobové varné s pfimym
plynovym otopem, s objemem vyrazené mladiny 38 I. Pfi vyrobé byla
pouzita klasicka technologie pro piva ¢eského typu, tj. dvourmutovy
varni postup s vystirkou 37 °C a zaparkou 52 °C. Prodleva pfi
63 °C byla 10 min, doba zcukieni u obou rmutl 15 min a doba po-
varovani rmutl 20 min. Jako vystrelkové vody bylo pouzito vody de-
stilované. VSechny varky byly vafeny jako celosladové o koncentraci
extraktu v mladiné 10 %, byly chmeleny granulovanym chmelem
a byly dovedeny az do hotového piva. Chmelovar trval 90 min, chme-
leni varky bylo 12 g a-horkych kyselin na 1 hl mladiny pfi poméru
granulatu ZPC a extraktu 50 na 50 %.

Hlavni kvaseni probihalo v nerezovém kvasném valci v samostatné
prostorové chlazené lednici. Studena mladina byla zakvasena pfi
8 °C kvasnicemi prvni provozni generace W 95 dle sbirky VUPS. Za-
kvasna davka byla 0,6 | hustych kvasnic na 1 hl mladiny. Prtibéh hlav-
niho kvaseni byl regulovéan tak, aby teplota neprekrocila 11 °C. Cel-
kova doba hlavniho kvaSeni byla 8 dni, mladé pivo bylo sudovano pfi
zdanlivém prokvaseni cca 71 %.

Mlada piva dokvasovala v upravenych 30 | KEG sudech pfi teploté
1-2 °C po dobu 5 tydnl. Hotova piva byla prefiltrovana pres Gtvrt-
provozni deskovy filtr a sto¢ena na &tvrtprovozni staeci lince pod
ochranou CO, s dvojitou evakuaci lahvi.

2.2 Pouzita metodika

Al, Cu, Fe, Mn, Zn byly stanovovany plamenovou atomovou ab-
sorpéni spektrometrii (AAS), zatimco Cd, Pb, Ni, Cr, As, Se bezpla-
menovou AAS (ETA) na pfistroji Varian 240 FS (2005) [12, 13]. Hg
byla stanovovana na pfistroji TMA 254 [8].

2.3 Mista odbéru vzorkii

Vzorky byly odebirany v nasledujicich stadiich vyroby: slad, chmel,
varni voda, vystirka, pfedek, sladina pohromadé, mlato, studena mla-
dina, kvasnice pfed a po kvaseni, mladé pivo, hotové pivo.

2.4 Hmotnostni bilance kovt
Hmotnostni bilance kovu byly poc&itany z nasledujicich vztaht:

e slad + voda = sladina pohromadé + mlato

e sladina pohromadé = pfedek + vystfelky

¢ horka mladina = sladina pohromadé + chmel

¢ studena mladina = horkd& mladina — kaly

* studena mladina + nasadni kvasnice = mladé pivo + sebrané
kvasnice.

3 VYSLEDKY A DISKUSE

3.1 Studium distribuce kovd po pfidavku chmele s obsahem
pesticidd obsahujicich kovy

Hospodarsky nejvyznamnéjsi chorobou chmele je plisen chme-
lova. Patogen napada listy i hlavky, mize vSak napadnout i celou
rostlinu. K Sifeni dochdazi pfedevsim za destivého pocasi, kdy mize
vyznamné poskodit i zni€it urodu. K ochrané proti plisni chmelové
jsou stéle ve velkém rozsahu pouzivany médnaté fungicidy, které pu-
sobi kontaktné a preventivné. Jednou z dalSich vyznamnych u¢in-
nych latek pouzivanych proti plisni chmelové je fosetyl hliniku. Vy-
znacuje se predevSim systematickym a dlouhodobym plsobenim.
PFitomné kovy z téchto fungicidl se dostavaji pfimo do pivovarského
procesu.

Jako pokusna byla provedena véarka s pfidavkem Cu a Al do mla-
diny, jako srovnavaci bylo vyuZzito bézné varky. Pfi stanoveni vyse pfi-
davku se vyslo z konkrétnich koncentraci rezidui pesticidd ve chmelu
(fab. 1). Jako vySe pfidavku byl zvolen cca trojndsobek vyssi kon-
centrace (aby byly zahrnuty i pfipadné extrémy) obsahu Cu a Al ve
chmelu. Ten ¢ini cca 600 mg Cu/kg a 200 mg Al/kg. Bézna davka
chmeleni je cca 3 g/l mladiny, z toho vychazi vySe pfidavku 5 ppm
Cu a 2 ppm Al. Oba tyto kovy byly pfidany do mladiny ve formé si-
ranu.

Zakladni analytické znaky sladu a chmele v€etné obsahu Cu a Al
jsou uvedeny v tab. 2. Namérené koncentrace kovu v jednotlivych
stadiich procesu prezentuje fab. 3.

Z vysledkl je patrné, ze jak v pfipadé Cu, tak Al, oSetfeni chmele
vysokou davkou pesticidl s obsahem téchto kovu se projevi sice v mir-
ném, ale pfesto vyznamném zvySeni jejich obsahu v pivu. Je v8ak
tfeba si uvédomit, Ze v praxi bézné pouzivana davka je asi tfetinova,
takze narlst koncentrace obou téchto kovl v pivu bude pouze né-

centration in beer or whether the metal would be separated during the
process (for example in spent grain, trub, during fermentation etc.).

2 EXPERIMENTAL PART

2.1 Technology used

The brews were brewed in a copper four-vessel brewhouse with
direct fire gas burner with cast out wort volume of 38 |. The classical
method for beer of Czech type, that is, double mash brewing proce-
dure with a mash-in at 37 °C and an ascend with a boiling water ad-
dition to 52 °C was used in the production. The break at 63 °C was
10 min, the saccharification rest for both mashes was 15 min and the
mash boil time was 20 min. Distilled water was used as the sparging
water. All the brews were prepared as all malt with the wort original
extract 10% (°P) they were hopped with hop pellets and were com-
pletely matured. Wort boil time was 90 min, the brew was hopped
with 12 g of alpha acids per 1 hl of wort with Saazer Saaz pellets and
hop extract 50 to 50% ratio.

The primary fermentation took place in a stainless fermentation
cylinder in a separately cooled refrigerator. Cold wort was fer-
mented at 8°C with first generation of yeast strain W 95 according
to VUPS collection. Pitching rate was 0.6 | of thick yeast slurry per
1 hl of wort. The course of the primary fermentation was control-
led so that the temperature would not exceed 11 °C. The total du-
ration of the primary fermentation was 8 days, green beer started
maturation at the apparent degree of fermentation approximately
71%.

Green beers were matured in modified 30 | KEG barrels at
1-2 °C for a period of 5 weeks. Finished beer was filtered on pilot
plant plate and frame filter and bottled on a pilot plant bottling line
under a CO, atmosphere with a bottle double pre-evacuation.

2.2 Analytical procedures used

Al, Cu, Fe, Mn, Zn were determined by flame atomic absorption
spectroscopy (AAS), while Cd, Pb, Ni, Cr, As, Se by flameless AAS
(ETA) on Varian 240 FS (2005) instrument [12, 13]. Hg was determi-
ned on TMA 254 instrument [8].

2.3 Sample take-off points

The samples were taken in the following stages of production: malt,
hops, brewing water, mash in, first wort, kettle up, spent grain, cold
(hopped) wort, yeast before and after fermentation, green beer, fi-
nished beer.

2.4 Mass balances of metals
Mass balances of metals were calculated from the following rela-
tions:
* malt + water = kettle up + spent grain
o kettle up = first wort + runnings
e wort = kettle up + hops
e cold wort = wort — trub
e cold wort + pitching yeast = green beer + collected yeast

3 RESULTS AND DISCUSSION

3.1 Study of the distribution of metals after the addition of
hops with pesticides containing metals

Economically, the most significant disease of hops is Pseudope-
ronospora humuli. The pathogen attacks the leaves and cones ho-
wever, it can also attack the whole plant. It spreads especially during
rainy weather, when it can significantly damage or destroy the crops.
Copper fungicides, which work on contact and preventively, are still
widely used for protection against Pseudoperonospora humuli. Anot-
her of the significant effective substances used against Pseudope-
ronospora humuli is fosetyl aluminum. It is characterized by a syste-
matic and long-term effect. The metals present in these fungicides
pass directly into the brewing process.

Cu and Al were added to the (hopped) wort of the experimental
brew, a regular brew was the comparative. The amount to be added
was based on specific concentrations of pesticide residue in hops
(Tab. 1). The amount to be added was decided to be approximately
three times the higher concentration (so that extreme cases would
be included) of Cu and Al contents in hops. That concentration is app-
roximately 600 mg Cu/kg and 200 mg Al/kg. A regular dose of hops
is approximately 3 g/l of (hopped) wort. Therefore, the amount added
is 5 ppm Cu and 2 ppm Al. Both these metals were added into the
(hopped) wort in the form of a sulphate.

The primary analytical characteristics of malt and hops inclu-
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Tab. 1 Pesticidy s obsahem téZkych kovli pouzivané pfi oSetfeni chmele a povolené v r. 2008/ Pesticides containing heavy metals used for
treating hops and allowed in year 2008

Obchodni nazev pfipravku/ Uginna latka/ Obsah u¢inné latky/ Aplikaéni koncentrace/ Choroba/
Commercial name of treatment | Effective substance Effective substance content Concentration applied Disease
Cuproxat SC siran médnaty zasadity/ 345 g/l 0,5-0,75 % plisen chmelova/

Basic copper sulphate Pseudoperonospora humuli
Champion 50 WP hydroxid médnaty/ 77 % 0,75 % pliser chmelova/

Copper hydroxide Pseudoperonospora humuli
Ridomil Gold Plus 42,5 oxychlorid médi/ 400 g/kg 0,35-0,4 % pliseri chmelova/

Copper oxychloride Pseudoperonospora humuli

metalaxyl-M 25 g/kg
Curzate K oxychlorid médi/ 77,30 % 0,30 % plisen chmelova/

Copper oxychloride Pseudoperonospora humuli

cymoxanil 4,00 %
Kuprikol 50 oxychlorid médi/ 840 g/kg 0,5-0,75 % plisen chmelova/

Copper oxychloride Pseudoperonospora humuli
Kuprikol 250 SC oxychlorid médi/ 420 g/l 0,8-1,2 % plisert chmelova/

Copper oxychloride Pseudoperonospora humuli
Aliette Bordeaux oxychlorid médi/ 250 g/kg 0,4-0,5 % plisen chmelova/

Copper oxychloride Pseudoperonospora humuli

fosetyl-Al 420 g/kg
Aliette 80 WG fosetyl-Al 800 g/kg 0,3 % (2,4-4,5 kg/ha) plisen chmelova/

Pseudoperonospora humuli

Curenox oxychlorid médi/ 877 g/kg 0,75 % plisen chmelova/

Copper oxychloride Pseudoperonospora humuli
Funguran-OH 50 WP hydroxid médnaty/ 77 % 0,5-0,75 % plisen chmelova/

Copper hydroxide Pseudoperonospora humuli
Cuprocaffaro oxychlorid médi/ 869,6 g/kg 0,75 % plisen chmelova/

Copper oxychloride Pseudoperonospora humuli
Kocide 2000 hydroxid médnaty/ 53,8 % 0,42-0,56 % plisert chmelova/

Copper hydroxide Pseudoperonospora humuli
aplikaéni davka na ha je 700-2000 I/ Application dose per hectare is 700-2000 |

kolik setin ppm. V pfipadé Cu jde o technologicky mirné vyznamny,
ale zdravotné nevyznamny narlst, u Al je narlst zcela nedulezity.
Velka ¢ast obou kovu ale odchazi v kalech, coZz muze zatézovat zi-

votni prostredi.

cess.

ding Cu and Al contents are listed in Tab. 2. Tab. 3 presents the
metal concentrations measured in the individual stages of the pro-

It is apparent from the results that in the case of both Cu and Al,

3.2 Studium distribuce toxickych kovu
béhem pivovarské vyroby
V této ¢asti prace byla studovana distribuce
kovl z je¢mene do sladu a sladového kvétu,

Tab. 2 Vybrané analytické znaky a obsah Cu
a Al ve sladu a chmelu/ Selected analytical
characteristics and content of Cu and Al in

treating hops with a high dose of pesticides
containing these metals will cause a slight,
yet significant, increase of their content in
beer. However, it is important to note that
the dose normally used in production is

malt and hops

dale sledovano chovani tézkych kovl (Cd, about a third, so the increase of the con-

Pb, Ni, Cr, As, Se a Hg) v pribéhu pivovar- Slad/Malt | Chmel/Hops centration of both these metals in beer

ského procesu a jejich distribuci mezi hotové ExtrakUExtract (% 806 would be only a few hundredths ppm. The

pivo a pivovarské odpady. B)’(Ikra . ;(Prat;' , (o/") 10‘8 B increase of Cu concentration is technologi-
Tézké kovy maji tendenci se hromadit ve HI VI‘:)"I'!V 70 eins (%) ' - cally slightly significant, but insignificant he-

sladovém kvétu (fab. 4), coz mize byt pro- B?r € latky . 142 alth-wise. That of Al is completely unimpor-

blémem pfi jeho zemédeélském nebo priimy- c'tte’ matters f(°) 3_5 27’5 tant. A large part of both metals leaves in

slovém vyuziti. A:l (mg/kg) i s trub, which can put a strain on the environ-
Chovani toxickych kovii b&hem vyroby bylo (mgrkg) ment.

Tab. 3 Zmény obsahu kov béhem vyrobniho procesu a po pfidavku Cu a Al do mladiny/Changes in the metal content during the production
process and after the Cu and Al addition to wort (mg/kg, mg/l)

Vzorek/Sample srovn. / orig. + 5 ppm Cu srovn. / orig. + 2 ppm Al
Vystiraci voda/Mash in water 0 0 0 0
Vystirka/Mash in 0,20 0,22 0,82 0,78

1. rmut/First mash 0,06 0,07 0,70 0,66

2. rmut/Second mash 0,06 0,06 0,76 0,78
Odrmutovano/Mash out 0,15 0,18 1,22 1,36
Predek/First wort 0,40 (0,27) 0,42 (0,28) 1,86 (1,23) 2,02 (1,3)
Posledni vystrelek/Last runnigns 0,18 (1,14) 0,19 (1,20) 0,40 (3,2) 0,46 (3,7)
Pohromadé (10% sladina)/Kettle up (10% wort) 0,46 (0,47) 0,48 (0,47) 0,82 (0,80) 0,84 (0,82)
Mlato/Spent grain 20 22 45 51
Horka mladina filtrovana/ Filtered hot (hopped) wort 0,70 2,8 1,6 3,2
Horka mladina s kaly/Hot (hopped) wort with trub 1,5 515) 29 4,8
Kaly/Trub 450 1850 680 1320
Studena mladina/Cold (hopped) wort 0,10 1,2 0,32 0,62
Hotové pivo/Finished beer 0,06 0,18 <0,20 0,36
Hodnoty v zavorce jsou pfepoctem na 10% extrakt

The values in parentheses are converted to 10% extract
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Obr. 1 Distribuce toxickych kovd ze surovin do pivovarskych odpadd
a piva, celkové mnozstvi jednotlivych kov( v surovinach je 100 % /
Fig. 1 Distribution of toxic metals from raw materials into brewing was-
tes and beer, total amount of individual metals in raw materials is 100 %
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Obr. 2 Mnozstvi kovd, které presly z varni vody do piva po jejich pfi-
davku do varni vody / Fig. 2 Amount of metals which passed from
brewing water into beer after their addition to brewing water



Tab. 4 Koncentrace kov( ve sladovém kvétu
a jejich pomér ke koncentraci ve sladu / Con-
centration of metals in malt rootlets (coombs)
and their ratio to the concentration to mailt

Tab. 6 Obsah kovu po pfidavku toxickych kovl do varni vody (ug/kg, ug/l)/Metal content in
raw materials, intermediate products and beer after adding toxic metals to brewing water

(ug/kg, ng/l)

Surovina, meziprodukt, pivo / Cd Pb Ni Cr Hg As Se
Kov / Obsah Pomér obsahu v kvétu Raw materials, intermediate products, beer
Metal| | Content k obsahu ve sladu / slad (pav.) / malt (orig.) 15 | 41 | 640 | 120 | 2 2 | 30
(mg/kg) (sus.) | Ratio of content in malt | | chmel (piiv.) / hops (orig.) 30 | 295 | 1110 | 880 | 11 60 | 50
rootlets to malt voda / water 200 | 500 | 300 | 300 | 100 | 300 | 300
Cu 17-34 ~5 mlato srovnavaci (sus.) / 40 80 910 | 278 5 69 78
Fe 52-110 ~3 spent grain orig. (dry matter)
Zn 79_99 -3 mlato pokusné (sus.) / 3050 | 8330 | 3030 | 2760 | 1700 | 950 | 3320
Mn 20-27 .o spent grain (dry’matte'r)v
% celk. mnozstvi v mlaté / 76 95 54 63 96 22 82
Cd 0,04-0,12 ~6 % total amount in spent grain
Pb 0,2-0,9 ~5 kvasnice nasadni (sus.) / 19 55 3500 | 64 16 390 | 1400
Ni 0,6-1,2 ~9 yeast orig. (dry matter)
Cr 09-14 -6 kvasnice pokusné (sus.) 680 480 | 15100 770 850 | 8170 | 8400
As 0 0 4_0’ 10 -3 yeast (dry matter)
’ ’ % celk. mnozstvi v kvasnicich / 1 0,2 11 1 2 7 6
Se 0,06-0,10 ~2 % total amount in yeast
Hg 0,008-0,012 ~4 finalni pivo / finished beer >1 9 85 80 >1 210 25

Tab. 5 Pfidavek toxickych kovu do varni vody/Addition of toxic metals
to brewing water

podrobné studovano z bézné varky. Obsahy kovll v pouZitém sladu
a chmelu jsou uvedeny v fab. 6. Z véarky byly odebirany vzorky (viz
kap. 2.3) a podle hmotnostnich bilanci (viz kap. 2.4) byla vypocitana
distribuce kovli ze surovin (celkovy obsah 100 %) do mlata, kald,
kvasnic a piva (obr. 1). Potvrdilo se, ze toxické kovy vétSinou pre-
chazeji do odpadl (mlata, kall, kvasnic), takze do piva jich pfechazi
jen nepatrny zlomek (kromé As, kterého pfechazi do piva asi polo-
vina). Tyto vysledky v podstaté odpovidaji zjiSténim uvedenym v lite-
ratufe [4-6, 9, 10, 15].

3.3 Studium distribuce toxickych kovu pfidanych do varni
vody

Dale byla simulovana mozna kontaminace pfidavkem toxickych
kovl (tab. 5) do procesu a zjistovano, zda se tato kontaminace pro-
jevi zvySenou koncentraci v pivu nebo zda se pfislusny kov vylouéi
jiz béhem procesu (napf. v mlaté, kalech, pfi kvaseni atd.).

Vysledky jsou uvedeny v tab. 6; mnozstvi kovu, ktery pfeSel az do
piva, je graficky znazornéno na obr. 2. Je patrné, ze z pfidaného
mnozstvi relativné nejvice prejde do piva As (asi dvé tfetiny), a dale
Ni a Cr (asi ¢tvrtina). Z hmotnostnich bilanci byla dale odhadnuta ab-
solutni mnozstvi pfidanych kov( absorbovanych mlatem a kvasni-
cemi. Z vysledkl vyplyva, Ze nejvétsi afinitu k mlatu méa Hg a Pb, nej-
niz8i As. Naopak v kvasnicich se nejvice hromadi Ni a dale As a Se.
Dulezité je zjiSténi, Ze ani v pfipadé vysoké kontaminace surovin téz-
kymi kovy se jejich zvySeny obsah v pivu neprojevi (kromé As) a je-
jich hladina stale lezi pod povolenym limitem.

4 ZAVER

Na zékladé poloprovoznich pokustll byla sledovana distribuce vy-
branych tézkych kovl béhem celého technologického procesu. OSet-
feni chmele vysokou davkou pesticidd s obsahem Cu a Al se proje-
vilo v mirném zvys$eni jejich obsahu v pivu, narst koncentrace obou
téchto kovu v pivu vSak &ini pouze nékolik setin nebo tisicin mg/l.
V pfipadé Cu jde o technologicky mirné vyznamny, ale zdravotné ne-
vyznamny narust, u Al je narust zcela nedulezity.

Toxické kovy, které se dostavaji do piva hlavné ze surovin, se bé-
hem pivovarského procesu vétSinou distribuuji do odpadi (mlata,
kalu, kvasnic), takze do piva jich pfechazi jen nepatrny zlomek (kromé
As, kterého pfechazi do piva asi polovina).

Pfipadné zvySeni néjakého toxického kovu na zacatku pivovar-
ského procesu se projevi v pivu pouze v pfipadé As, ostatni toxické
kovy se z velké vétSiny odstrani s mlatem, dale kaly nebo kvasnicemi.
| po relativné vysokém pridavku toxickych kovl do varni vody zlstal
jejich obsah ve finalnim pivu pod povolenou mezi (kromé As).

3.2 Study of the distribution of toxic metals during beer
production
This part of the study focused on the distribution of metals from

Kov / Metal Pridavek / Addition barley to malt and the green malt rootlets (the coombs), the behavi-
Cd 200 g/l our of heavy metals (Cd, Pb, Ni, Cr, As, Se and Hg) during the course
Pb 500 ug/l of the brewing process and their distribution between finished beer
Ni 300 g/l and brewing residuals.

Cr 300 ug/l Heavy metals have the tenden_cy to cumulate in the green _malt ro-
H 100 ua/! otlets (the coombs) (Tab. 4), which can cause problems in its agri-

9 g cultural or industrial use.

As 300 pug/l The behaviour of toxic metals during production was studied in de-
Se 300 pg/l tail in a regular brew. The metal contents in used malt and hops are

listed in Tab. 6. Samples were taken from the brew (see chap. 2.3)
and according to the mass balances (see chap. 2.4), the distribution
of the metals from the raw materials (total content 100 %) into spent
grain, trub, yeast and beer (Fig. 1) was calculated. It was confirmed
that toxic metals mostly pass into the residuals (spent grain, trub and
yeast), so only a negligible fraction of them pass into beer (except
As, of which about half passes into beer). These results essentially
correspond with the findings stated in the literature [4 — 6, 9, 10, 15].

3.3 Study of the distribution of toxic metals added to brewing water

A possible contamination by added toxic metals to the process (Tab.
4) was simulated and it was determined whether this contamination
would cause an increased concentration in beer or whether the me-
tal would be separated during the process (for ex. in spent grain, trub,
during fermentation etc.).

The results are listed in Tab. 6; the amount of metal which passed
into beer is graphically represented in Fig. 2. It is apparent that, relati-
vely most of the added amount passes into beer in the case of As
(about two thirds) and then for Ni and Cr (about a quarter). Absolute
amounts of added metals absorbed by spent grain and yeast were es-
timated from the mass balances. The results suggest that Hg and Pb
have the strongest affinity to spent grain As the weakest. On the other
hand, what cumulates the most in yeast is Ni and then As and Se. An
important finding is that even in the case of high contamination of raw
materials by toxic metals, their increased content in beer will not be ob-
servable (except As) and their level will still be below the allowed limit.

4 CONCLUSION

Based on pilot plant experiments, the distribution of selected he-
avy metals during the whole technological process was observed.
Treating hops with a high dose of pesticides containing Cu and Al
caused a slight increase in their content in beer. However, the incre-
ase in concentration of both these metals in beer accounts to only
a few hundredths or thousandths mg/l. The increase of the Cu con-
centration is technologically slightly significant, but insignificant he-
alth-wise. That of Al is completely unimportant.

Toxic metals, which pass into beer primarily from raw materials, di-
stribute themselves into the residuals (spent grain, trub, yeast) du-
ring the brewing process most of the time. Therefore, only a negli-
gible fraction of them passes into beer (except As, of which about
a half passes into beer).

A possible increase of a toxic metal at the beginning of the brewing
process will affect the beer only in the case of As other toxic metals
are mostly removed with spent grain and also with trub and yeast. Even
after a relatively large addition of toxic metals to brewing water, their
content in finished beer remained below the allowed limit (except As).
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