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V ¢lanku jsou struéné shrnuty souc¢asné poznatky tykajici se vzniku tékavych N-nitrosaminu ve sladu. Jsou zde publikovany vysledky
dlouholetého sledovani obsahu téchto kancerogennich latek v béznych sladech plzeriského typu i ve sladech specialnich.
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In this article, new findings concerning the arrising of volatile N-nitrosamines in malt are summarized. There are published results of
longstanding monitoring of these cancerogenic compounds present at malts of pilsner type and special malts.
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Alle gegenwartigen Erkenntnisse zum Entstehen von den fliichtigen N-Nitrosaminen im Malz werden in diesem Artikel zusammen-
gefasst. Die Resultate der langjahrigen Verfolgung des Gehalts an diese krebserzeugenden Stoffe in zwei Typen vom Malz, laufendes
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1 UVOD

Problematice N-nitrosamint se nas$ kolektiv AZL-PU Praha vénuje
jiz vice nez 30 let, coz dokazuje vycet publikaci [1-11], ve kterych Ize
nalézt detailniinformace tykajici se mechanismu vzniku a pfitomnosti
tékavych N-nitrosaminu ve sladu a pivu.

Struéné Ize fici, ze se na vzniku N-nitrosodimethylaminu (NDMA)
podili zejména aminy hordenin, gramin a dimethylamin, které jsou
pfirozené pfitomné v zeleném sladu (obr. 1). Prostfednictvim po-
mérné komplikovanych nitrosaénich reakci vznika z téchto pfiroze-
nych prekurzort kancerogenni NDMA [11].

Obr. 1 Pfirozené prekurzory NDMA v zeleném sladu / Fig.1 The na-
tural precursors of NDMA in green mal
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Toto v8ak neni jediny mozny zpusob vzniku tékavych N-nitrosa-
mind. Termickym $tépenim netékavych nitrosoaminokyselin N-nit-
rosoprolinu a N-nitrososarkosinu Ize totiz obdobné vysvétlit vznik
N-nitrosopyrrolidinu (NPYR) a N-nitrosodimethylaminu (NDMA)
v nékterych specialnich sladech.
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1 INTRODUCTION

The Analytical Testing Laboratory which is part of the Research In-
stitute of Brewing and Malting in Prague has already followed the
issue of N-nitrosamines for more than 30 years. During this time
a number of studies with detailed information about the origin, the
formation mechanism and the presence of N-nitrosamines in malt and
beer were published [1 — 11].

Specifically amines such as hordenine, gramine and dimethylamine
which are naturally present in green malt take part in the formation
of the cancerous N-nitrosodimethylamine (NDMA) (Fig. 1). It develops
from these natural precursors by means of relatively complicated ni-
trosation reactions [11]. Nitrosation reactions however are not the only

Obr. 2 Schéma termického $tépeni netékavych N-nitrosaminu pfi-
tomnych ve sladu / Fig.2 The mechanism of the thermal cleavage
process for non-volatile N-nitrosamines present in malts
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Zdalo by se tedy, ze naSe detailni znalost mechanismu vzniku
NDMA ve sladu automaticky znamena vyreSeni tohoto, pro slado-
vniky velmi nepfijemného, problému. Obsah NDMA ve sladu je,
s ohledem na jeho zdravotni nebezpecnost, statnimi kontrolnimi or-
gany ostfe sledovan.V Némecku je napfiklad obsah NDMA ve sladu
omezen technickou smérnou hodnotou (Technische Richtwert) na
2,5 ug/kg a v pivu na 0,5 ug/kg [12]. V CR je obsah NDMA v pivu
omezen nejvyssi pfipustnou hodnotou (NPM) 0,5 pg/kg NDMA
a 1,5 pg/kg pro sumu vSech tékavych N-nitrosamin( véetné NDMA.
V pfipadé sladu neni sou€asnou legislativou nejvySsi pfipustné
mnozstvi pro NDMA a sumu tékavych N-nitrosamin( stanoveno.
CSPS doporucéuje u sladl neprekra¢ovat hodnotu obsahu NDMA
1 pg/kg a celkové sumy vSech tékavych N-nitrosamint 10 pg/kg, coz
je zejména v pfipadé NDMA, pomérné pfisny pozadavek.

Jak vyplyva z vysledkll zahraniéniho vyzkumu i vysledkd mnoha-
letého screeningu provadéného nasim oddélenim, problém pfitom-
nosti NDMA ve sladu neni jesté zdaleka vyfeSen. Hlavnimi pfi¢inami
pfitomnosti téchto kancerogennich sloucenin ve sladu jsou zejména
znecisténi ovzdusi oxidy dusiku N,O; a N,O,, sumarné oznacova-
nymi jako NOx, a dale je to nedodrzovani spravného postupu hvoz-
déni [9-10]. Pomérné Casto se setkdvame s pfipady, kdy u sladovny
vykazujici dlouhodobé uspokojivé vysledky nahle dojde k markant-
nimu zvySeni obsahu NDMA. Tato odchylka byva vétSinou zplsobena
netésnosti vyménika horkého hvozdiciho vzduchu, u kterych muaze
nékdy dojit ndsledkem nedostate¢né udrzby k jejich propaleni. Ve své
praxi jsme se setkali i s pomérné kuriéznimi pfipady, kdy napfiklad
doslo ke kontaminaci hvozdiciho vzduchu NOx chybnou orientaci na-
savacich otvord pro vzduch uréeny k ohfevu hvozdu nebo zvySenym
provozem nakladnich voz( v aredlu sladovny v dobé teplotni inverze.
Pomérné Castou chybou je i neuvazené zazdéni studenych tahd
hvozdu ve snaze zlepSit jeho tepelnou bilanci.

Tento ¢lanek podava prehled o sou¢asném stavu v oblasti vyskytu
tékavych N-nitrosaminu v rGznych druzich slad(l tuzemské i zahra-
niéni provenience.

2 EXPERIMENTALNI CAST

Teékavé N-nitrosaminy byly z komerénich vzork( sladi izolovany va-
kuovou destilaéni metodou [8], a nasledné byl jejich obsah stanoven
na pfistrojovém spojeni GC-TEA s vyuzitim kfemenné kapilarni ko-
lony Chrompack CP-WAX o délce 60 m, vnitinim prdméru 0,53 mm
a tloustce filmu 1 pm. Podminky plynové chromatografie byly nasle-
dujici:
teplota nastfiku 210 °C, wide bore liner (P/N 453 00310) s viozkou
ze skelné vaty
teplota pece programovand 85 °C (2 min) — 8 °C/min — 170 °C (2 min)
— 79 °C/min — vyhféati na 210 °C (3 min)
teplota spojeni GC-TEA 230 °C
elektronicky fizeny pradtok nosného plynu (argon) 6,0 ml/min
objem nastfiku na kolonu 5 pl metodou splitless (50 s).

3 DISKUSE VYSLEDKU

V priibéhu uplynulych 6 let (2005 az 2010) byla v nasi laboratofi
zméfena fada vzorku sladd, a to jak tuzemské, tak zahraniéni vyroby.

method for the development of volatile N-nitrosamines. The thermal
cleavage of non-volatile nitrosoaminoacids, N-nitrosoproline and N-
nitrososarcosine can result in the formation of N-nitrosopyrrolidine
(NPYR) and N-nitrosodimethylamine (NDMA) in some special malts.
Fig. 2 shows the thermal cleavage process for non-volatile N-ni-
trosamines present in malts.

Detailed knowledge of the formation mechanism of NDMA in malts
however does not necessarily bring the resolution of this very un-
pleasant problem for the maltster.

Despite results from foreign research and from results of long-term
screening by our department the problem of the presence of NDMA
in malt is by far not solved. The main reason for the presence of these
cancerous compounds in maltis specifically the atmospheric pollution
by nitrogen oxides N,O5; and N,O, called in summary NO, and an in-
correct procedure during kilning [9 — 10]. Quite frequently malt houses
which have not yet had any problem with the NDMA presence in malt
suddenly register a substantial increase in its content. The reason for
this is often a seal leakage in the hot air exchanger during kilning.
That could happen due to inadequate maintenance. Another rather
unusual reason for the contamination of the kiln air with NO, was the
wrong direction of suction inlets for air intended to heat the kiln or in-
creased traffic in the malt house area during thermal inversion. A quite
frequent reason is a hasty enclosure against cold draughts in an effort
to improve the thermal balance.

With regards to health concerns, the content of NDMA in malt is
sharply observed by inspection bodies. For example, in Germany the
allowed content of NDMA is restricted by a technical guideline (Tech-
nischer Richtwert) to 2.5 ug/kg in malt and to 0.5 pg/kg in beer [12].
In the Czech Republic the highest allowed content of NDMA in beer
is restricted to 0.5 pg/kg and the amount of all volatile N-nitrosamines
including NDMA to 1.5 pg/kg. Currently no restriction exists in the
Czech Legislation regarding the content of NDMA or the amount of
all volatile N-nitrosamines in malt. The Czech Beer & Malt Association
(CBMA) recommends that the content of NDMA in malt should not
exceed the value of 1 pg/kg and the sum of all volatile N-nitrosamines
should not exceed the value of 10 pg/kg. Particularly for the NDMA
content this is a rather rigorous demand.

This study gives an overview about the current state in the field of
the presence of volatile N-nitrosamines in different sorts of Czech
and foreign malts.

2 MATERIAL AND METHODS

For the extraction of the volatile N-nitrosamines from the commer-
cial malt samples a vacuum distillation method was used [8]. Their
content was determined by means of a gas chromatograph equipped
with a TEA detector. The separation was accomplished on a silica
capillary column Chromapack CP-WAX with a length of 60 m, aninner
diameter of 0.53 mm and a film thickness of 1 pm.

The operating conditions were: electronically controlled carrier gas
(argon) at 6.0 ml/min., the temperature of the injection port equipped
with a wide bore liner (P/N 453 00310) and a fiberglass insert was
210 °C, the temperature of the connection GC — TEA was 230 °C.
The initial oven temperature of 85 °C was held for 2 min., then in-
creased up to 170 °C at a rate of 8 °C/min, held for 2 min, then in-
creased again up to 210 °C at a rate of 79 °C/min and held for 3 min

Tab. 1 Obsahy tékavych N-nitrosaminli ve vzorcich svétlych sladu tuzemské i zahrani¢ni provenience v letech 2005 az 2010 / Contents of
volatile N-nitrosamines in the samples of pale domestic and foreign malts for the years 2005-2010

NDMA NPYR
Rok/Year Pocet Pocet
vzork(/ Minimum | Maximum Pramér/ | Median/ vzorkl/ Minimum | Maximum Pramér/ Median/
Number Average | Median Number Average Median
of samples of samples
2005 61 <0.2 53.5 2.0 0.9 5 <0.2 <0.2 <0.2 <0.2
2006 289 <0.2 11.9 1.5 1.2 60 <0.2 <0.2 <0.2 <0.2
2007 381 <0.2 9.4 1.2 0.8 12 <0.2 <0.2 <0.2 <0.2
2008 322 <0.2 7.7 1.1 0.7 12 <0.2 0.4 0.2 0.2
2009 344 0.2 6.0 1.3 0.9 9 <0.2 0.6 0.2 0.2
2010 297 <0.2 7.8 1.1 0.8 16 0.1 0.3 0.1 0.1
2011
(Lall.Q) 123 <0.2 5.4 1.1 0.9 6 <0.2 <0.2 <0.2 <0.2
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Tab. 2 Porovnani obsahu tékavych N-nitrosamin(l ve vzorcich svétlych sladl u vzork( tuzemské a zahraniéni provenience / Comparison of
the contents of volatile N-nitrosamines in the samples of pale domestic and foreign malts

Tékavé N-nitrosaminy ve sladu, véc jiz davno minula?

Slady CR/Czech malts
NDMA NPYR
Rok/ Year Pocet Pocet
vzorkd/ Minimum | Maximum Prdmér/ | Median/ vzorkd/ Minimum | Maximum Pramér/ Median/
Number Average | Median Number Average Median
of samples of samples
2009 335 0.2 6.0 1.3 0.9 9 <0.2 0.6 0.2 0.2
2010 242 <0.2 7.8 1.0 0.7 9 <0.2 <0.2 0.2 0.2
2011
(.all.Q) 65 <02 5.0 1.0 0.7 4 <0.2 <0.2 0.2 0.2
Zahraniéni slady/Foreign malts
NDMA NPYR
Rok/ Year Pocet Pocet
vzorkd/ Minimum | Maximum Pramér/ | Median/ vzork{/ Minimum | Maximum Pramer/ Median/
Number u Y Average | Median Number u u Average Median
of samples of samples
2009 9 0.6 1.6 1.0 1.0 0 - - - -
2010 55 <0.2 5.3 1.3 1.2 7 <0.2 0.4 0.2 0.2
2011
(.all.Q) 58 <0.2 25 1.1 1.0 2 <0.2 <0.2 0.2 0.2

Jednalo se o svétlé slady plzeriského typu, slady mnichovského typu,
a déle slady karamelové a barvici. Ze ziskanych naméfenych hodnot
byl provadén po zminéné obdobi monitoring, z néhoz vyplynuly na-
sledujici informace.

V tab. 1 jsou uvedeny vysledky obsahu tékavych N-nitrosamint
NDMA a N-nitrosopyrrolidinu (NPYR) ve vzorcich svétlého sladu pl-
zenského typu v letech 2005 az 2010 plvodem z CR i zahranici.
Z téchto hodnot je zfejmé, Ze sice doslo v priibéhu poslednich péti
let ke snizeni poc¢tu vzorkl vykazujicich extrémni obsah NDMA, nic-
méné priimér respektive median vysledkl se pohybuje jiz dlouhodobé
okolo hodnoty 1,1 pg/kg. Déle Ize konstatovat, ze obsah NPYR ve
vzorcich svétlych sladl plzefiského typu je zanedbatelny a pohybuje
se az na drobné vyjimky pod mezi stanovitelnosti metody, tedy pod
hodnotou 0,2 pg/kg.

Porovnani obsahu tékavych N-nitrosamind v tuzemskych a zahra-
niénich vzorcich svétlého sladu plzeriského typu v pribéhu posled-
nich dvou let uvadi tabulka 2. Jak vyplyva z téchto vysledkl, primérné
obsahy i median byly u tuzemskych piv nepatrné nizsi v porovnani
s pivy zahrani¢nimi. Na druhé strané se vSak mezi tuzemskymi slady
vyskytly pfipady s vy$Sim obsahem NDMA v porovnani se vzorky za-
hrani¢nimi, napfiklad maximalni namérena hodnota u jednoho z ¢es-
kych sladu v roce 2010 byla 7,8 pg/kg.

Rozdily v obsahu tékavych N-nitrosamin(i ve vzorcich specialnich
sladl sumarizuje tabulka 3. Namérené koncentrace NDMA a NPYR
v rliznych druzich speciélnich sladd potvrzuji ndmi dfive publikované
zavery [9,10], stejné jako fakt, Ze jiné tékavé N-nitrosaminy nebyly ve
vSech analyzovanych vzorcich sladli nalezeny. Z vysledk je zfejmé,
ze technologie vyroby mnichovského sladu podporuje vznik zejména
NDMA, maximalni naméfena hodnota v roce 2006 byla napfiklad
11,0 pg/kg. | v ostatnich letech jsou hodnoty NDMA znaéné vyso-
ké. ZvySeni teploty pfi vyrobé karamelového sladu vede k mirnému

at this temperature. The sample volume of 5 pl was introduced by
splitless injection (50 s).

3 RESULTS AND DISCUSSION

During the last 6 years (2005—-2010) a number of domestic and for-
eign malt samples were tested in our laboratory. The samples came
from pale Pilsner malts, Munich malts, caramel malts and black malts.
The test results were analyzed and the information acquired is given
below.

Tab. 1 summarizes contents of volatile N-nitrosamines NDMA and
NPYR in samples of domestic and foreign pale Pilsner malts from
2005 to 2010. It is evident that during the last five years the number
of samples with an extreme content of NDMA decreased. However,
both the averages and the medians indicate long-term values of about
1.1 pg/kg. The contents of NPYR in the pale Pilsner malts are negli-
gible and remain mostly under the detection limit of 0.2 pg/kg.

The comparison of volatile N-nitrosamines in domestic and foreign
pale Pilsner malts during the last two years is shown in Tab.2. The
average and median values for NDMA content in the domestic malts
were slightly lower. Nevertheless, some samples of the domestic pale
Pilsner malts have substantially higher contents of NDMA than the
foreign malts. For example, the highest value of 7.8 pg/kg was deter-
mined by one Czech malt from 2010.

The differences in the content of volatile N-nitrosamines in the sam-
ples of special malts are summarized in Tab. 3. The determined con-
centrations of NDMA and NPYR coincided with the values in our stud-
ies published previously [9, 10] and also confirmed the absence of
other volatile N-nitrosamines. The results indicate that the production
technology for the Munich malt especially enhances the development

Tab. 3 Porovnani obsahu tékavych N-nitrosamind u rGznych typl specialnich sladt / Comparison of the contents of volatile N-nitrosamines

in the samples of special malts

NDMA (ug/kg) NPYR (pg/kg)
Rok/ Year Mnichovsky slad/ | Karamelovy slad/ Barvici slad/ Mnichovsky slad/ | Karamelovy slad/ Barvici slad/
Munich malt Caramel malt Black malt Munich malt Caramel malt Black malt
2005 0.5-9.6 (2.5) <0.2-7.6 (1.3) <02 <02 <0.2-1.2(0.3) <02
2006 0.4-11 (2.8) 0.2-0.5 (0.4) <0.2 <0.2 <0.2-1.0 (0.2) <0.2
2007 0.7-0.7 (0.7) 0.2-0.7 (0.4) <0.2 <0.2 < 0.2-0.5 (0.3) <0.2
2008 3.8-5.0 (4.3) <02 <02 <02 <0.2-1.0 (0.3) <02
2009 - <0.2-0.3 (0.2) <0.2 <0.2 < 0.2-0.9 (0.5) <0.2
2010 0.8-6.1 (3.5) <0.2-7.6 (0.8) <0.2 <0.2 <0.2-1.1 (0.3) <0.2
2011 (i.all.Q.) 0.4-2.1 (1.0) - - <02 - -
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vzestupu obsahu obou vznikajicich N-nitrosamin(, tedy jak NDMA
tak i NPYR, namérené koncentrace vSak zdaleka nedosahuji tako-
vych hodnot jako u sladu mnichovského. Prazici teploty pfi vyrobé
barviciho sladu naopak vedou k vyznamnému snizeni jejich obsahu.
K tomuto faktu pfispiva znaéna tékavost NDMA a NPYR.

Je zfejmé, Zze doporucena hodnota obsahu NDMA 1,0 pg/kg je pro
mnichovskeé slady zbyte¢né pfisna, nebot jejich podil v celkovém ob-
jemu sypani pfi vyrobé piva neni zdaleka dominantni. Na druhou
stranu vSak ziskané vysledky potvrzuji nutnost peclivého dodrzovani
spravného technologického postupu vyroby sladu a neustalou pravi-
delnou kontrolu vyrabénych sladil na obsah tékavych N-nitrosamin(.
Vzhledem k finanéni naro¢nosti této analyzy je bohuzel tato kontrola
u nékterych mensich sladoven podceriovana. Toto tvrzeni potvrzuje
i nedavno uvefejnény ¢lanek publikovany v Brauweltu [15], kdy byl
v Némecku odhalen slad s alarmujicim obsahem NDMA 25 pg/kg.

S ohledem na vy$e zminéné skuteCnosti by zfejmé stalo za Gvahu
zvySit doporuceny limit CSPS pro obsah NDMA ve svétlych sladech
na 2,5 pg/kg tak, jak je tomu napfiklad v Némecku. U mnichovskych
sladi by mohla byt tato hodnota v pfipadé NDMA zvy$ena na
5,0 ug/kg, nebot ostatni tékavé N-nitrosaminy se ve sladu bézné ne-
vyskytuji.

4 ZAVER

Na zéakladé ziskanych vysledkU Ize konstatovat, Ze problém zvysSe-
ného obsahu NDMA a NPYR v tuzemskych i zahraniénich sladech
tak, jak jsme se s nim setkavali v minulosti, byl sice zavedenim mo-
dernich technologii hvozdéni a spravnych vyrobnich postupli v zasadé
vyresen, nicméné nékteré znepokojujici vysledky potvrzuji neustalou
nutnost pravidelné kontroly zdravotni nezdvadnosti vyrabéného sladu,
aby se tak v€as upozornilo na moznou technologickou odchylku. Zvy-
Senou pozornost vyzaduji zejména slady specialni, jmenovité mni-
chovské slady a slady karamelové. Klesajici pocet analyzovanych
vzorkl na obsah NDMA a NPYR v$ak tomuto poZadavku neodpovida
amlze pfinést nékterym vyrobclim piva v budoucnu i nezanedbatelné
finanéni ztraty, zplsobené nutnosti stahnout vyrobky z trhu z divodu
prekroceni povoleného obsahu tékavych N-nitrosamin(.

Podékovani:

Tato prace je soucasti Vyzkumného zaméru MSM 6019369701. Au-
tofi dale dékuji subjektim sdruzenym v CSPS za podporu pfi feSeni
tohoto Ukolu. Zvlastni dik nalezi nasim koleglim z AZL, bez jejichz po-
moci a poskytnutych cennych rad by tato prace nemohla vzniknout.
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of NDMA. For example, the highest measured value in the year 2006
was 11.0 pg/kg. Also in other years rather high values for the NDMA
contents were found. The increased temperature needed for the pro-
duction of caramel malts promotes the development of the both
volatile N-nitrosamines, NDMA and NPYR but the concentrations
found were by far not as high as for the Munich malt. On the contrary,
because of their considerable volatility the higher roasting tempera-
ture in the production of black malt causes a substantial decrease in
the content of these components.

It is obvious that the recommended value for the NDMA content of
1.0 pg/kg is too rigorous for the Munich malts, since their share in
the total volume of grist in the beer production is by no means dom-
inant. Nevertheless, the results found confirm the need for careful
monitoring of the correct technological approach in malt production
and a permanent regular control of the content of volatile N-ni-
trosamines. Unfortunately, due to the high cost of these analyses this
control is often neglect by some smaller malt-houses. This fact is also
confirmed by a study recently published in Journal Brauwelt [15]
which revealed malt produced in Germany with an alarming NDMA
content of 25 pg/kg.

In view of the facts mentioned above, consideration should be given
to raising the limit for NDMA content in pale malts recommended by
CBMA to the value of 2.5 pug/kg as is the case in Germany. A value
of 5 pg/kg could be suggested for the NDMA content in Munich malts
since no other volatile N-nitrosamines are normally present.

4 CONCLUSIONS

The results obtained lead to the conclusion that in the past the very
common problem with increased contents of NDMA and NPYR in do-
mestic and foreign malts was resolved by the introduction of modern
kilning processes and optimal production approaches.

Nevertheless, some alarming results support the necessity of a reg-
ular control of the health risks for the malt produced. Hereby, a pos-
sible technological error could be detected. An increased attention
should be focused on special malts, particularly on Munich malts and
caramel malts. The decreasing number of samples analyzed for
NDMA and NPYR contents does not reflect this demand. It could
cause substantial financial losses to some producers in the future as
products with a content of volatile N-nitrosamines over the allowed
limit could be recalled.
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