KVASNÝ PRŮMYSL
Kvasny prumysl (2019) 65: 84–96
https://doi.org/10.18832/kp2019.65.84

Monitoring of potential contaminants in beer
from the Czech Republic
Jana Olšovská*, Vladimíra Jandovská, Sylvie Běláková, Petra Kubizniaková, Tomáš Vrzal, Karel Štěrba
Research Institute of Brewing and Malting, Lípová 15,
120 44 Prague, Czech Republic

*Corresponding author: olsovska@beerresearch.cz
tel.: +420 224 900 150

Abstract
The health safety of beer is still a discussed topic. In the Czech Republic, there is a well-developed system for controlling the content of potential beer contaminants, which are regularly attended by a number of large and medium-sized breweries and Analyses are organized by laboratories of the Research Institute of Brewing and Malting. For
many years aliphatic chlorinated hydrocarbons, biogenic amines, nitrates, phthalates, ATNC, nitrosamines, polychlorinated biphenyls, polycyclic aromatic hydrocarbons, heavy metals, mycotoxins, coliforms, and recently pesticides in
beer have been analyzed. This study summarizes five-year results and extends information about the origin, health
risks and hygiene limits of controlled substances and bacteria in beer. The study proves that the level of health safety
of beers in the Czech Republic is very high, which is closely related to the high hygiene level of controlled breweries.
The number of positive samples was only minor, 8 positive samples were found in 220 beer samples controlled for
44 chemical contaminants. Three positive samples contaminated by coliform bacteria were found among 675 controlled ones.
Key words: beer contaminants, biogenic amines, n-nitroso compounds, nitrosamine determination, heavy metals,
mycotoxins, coliform bacteria

1 Introduction
Current environment is highly polluted by various contaminants that circulate in nature and, consequently, in
a food chain. Therefore, beer raw materials such as water,
barley malt or hops could be a potential source of many
toxic substances. While a separation process, which
largely eliminates these substances during production, is
part of a brewing technology, contaminants may occur in
excess concentrations in beer if incorrect procedures or
contaminated raw materials are used. In addition, in case
of a breach of good technological practice, which results
in unwanted chemical or microbiological processes, socalled process contaminants may arise.
Only for a negligible number of potential contaminants of beer was determined a hygiene limit which is
legally regulated. It is only a tin in case of canned beer
(EC No 1881/2006), and arsenic, aluminum, cadmium,

lead, nitrates, NDMA and sum of nitrosamines, whose
limits are recommended by JECFA (Joint FAO/WHO Expert Committee on Food Additives), defined as PTWI and
PMTDI (Provisional Tolerable Weekly Intake – for contaminants with cumulative effects and Provisional Maximum Tolerable Daily Intake – for contaminants without
cumulative effects). The hygiene limits of other potential
contaminants can be derived from related matrices, such
as water, malt, or food and beverages in general.
In the Czech Republic there is a long-term well-developed system of beer health safety control. The majority of
Czech breweries regularly monitor potential contaminants
in their beers in laboratories of the Research Institute of
Brewing and Malting. The results are compared to the hygiene limits, which are derived from existing or related legislation or recommended limits based on various studies.
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traction from liquid to liquid for a sample preparation
(Almeida et al., 2012) or using capillary electrophoresis
with mass spectrometric detection spectrometry (Daniel
et al., 2015).

The aim of this study was to evaluate the level of
health safety of Czech beer based on a 5-year monitoring
of potential beer contaminants, both environmental and
process ones. The complex analysis contained determination of aliphatic chlorinated hydrocarbons, biogenic
amines, nitrates, phthalates, ATNC (Apparent Total Nitrosamine Compounds), nitrosamines, polychlorinated
biphenyls, polycyclic aromatic hydrocarbons, heavy metals and mycotoxins. Coliform bacteria detection was also
performed as part of this comprehensive analysis.

1.3 Nitrates
As such, nitrates are not toxic to adults. Their toxicity is
due to their reductive conversion to nitrites, both due to
external conditions and, in particular, bacterial effect in
the gastrointestinal tract (Manassaram et al., 2006). In
addition, nitrites can contribute to the formation of very
toxic N nitroso compounds (see Nitrosamines and ATNC)
(Čepička et al., 1991). The source of nitrates in beer can
be raw materials, especially water and hops. Especially in
case of dry hopping there may be a significant release of
nitrates from hops (Kippenberger et al., 2014).
There is a number of methods and techniques for the
determination of nitrates in liquid samples, using both
UV spectrometry (Armstrong, 1963) and visible spectrum (Doane and Horwáth, 2003). Various older methods
for the determination of nitrates in brewing water are
based on a colorimetric assay (Sawicki and Scaringelli,
1971; Cataldo et al., 1975).

1.1 Aliphatic chlorinated hydrocarbons
Aliphatic chlorinated hydrocarbons are chlorinated derivatives of non-cyclic hydrocarbons. They are volatile
substances, which are broadly used in a wide variety of
industries producing solvents, degreasing agents, flame
retardants or metal cleaning agents. These substances
are dangerous due to their persistence, toxicity and abili
ty to accumulate in biological systems. They are stored
in adipose tissue in human body and cause carcinogenic diseases upon prolonged exposure (Poli et al., 2005;
Sergejovová and Vaňková, 2000).
The source of chlorinated aliphatic hydrocarbons in
beer can be groundwater or surface water, or these compounds can be produced during technological treatment
of drinking water in breweries (Horák et al., 1999a).
The determination of organic chlorinated substances
in liquid samples is generally carried out by gas chromatography (GC). This may be connected with a solid phase
microextraction of the sample (Wypych and Mańko,
2002) or, in case of capillary gas chromatography with
purge-and-trap sampling, with an atomic emission detector (Campillo et al., 2004).

1.4 Phthalates
Esters of phthalic acids or phthalates are the most commonly used plasticizers. As these substances are bound
physically rather than covalently in the polymer structure, they are very easy to release from plastics and contaminate the environment to a great extent. Therefore,
phthalates in beer can mainly come from raw materials,
but can also be released from plastic materials, plastic
coated equipment that is in a direct contact with beer or
intermediates. Furthermore, they can be transferred to
beer from containers intended for transport and storage
of beer. Metal caps (crowns) of glass bottles have a plastic seal made from polyvinyl chloride and the alcohol
content in beer may aid in releasing the phthalate into
beer (Carnol et al., 2017; Ye et al., 2009). Phthalates have
proven carcinogenic effects, affect the endocrine system,
and may cause premature birth or asthma (Carnol et al.,
2017).
Both GC and HPLC methods have been described for
the determination of phthalates in beer. The principle of
determination of phthalic acid esters in liquid samples by
GC is more common, especially in connection with mass
detection. Del Carlo et al., 2008 or Casajuana and Lacorte,
2004, used this method in combination with solid phase
sample extraction. In 2008, Liang et al. published a method for the determination of phthalates by HPLC with UV
detection using dispersed microextraction from liquid to
liquid (Liang et al., 2008).

1.2 Biogenic amines
Biogenic amines are organic nitrogen compounds formed
by decarboxylation of free amino acids. They are natural substances of a body and play an indispensable role
in some physiological processes. Various foods such as
meat, fish, fermented vegetables, but also beverages such
as beer and wine contain biogenic amines at above-limit
concentrations having a toxic effect on the human body
(Anli et al., 2004). Increased concentrations of biogenic
amines in beer generally indicate the presence of a bacterial contamination (Bodmer et al., 1999). Therefore, the
presence of biogenic amines in beer is considered a marker of a microbial contamination in the brewery and is
a proof of its poor hygiene level (Romero R. et al., 2003).
Several methods have been described for the determination of biogenic amines in beer using various analytical instrumentation, such as GC determination with
mass spectrometric detection and dispersed microex85
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1.5 Nitrosamines and ATNC
Nitrosamines are substances belonging to a group of
N-nitroso compounds, i.e. substances which have a covalently bonded nitroso group (NO) to a nitrogen atom
in their molecule. They are divided into volatile, low volatile and non-volatile ones based on a different vapor
pressure. In foods and beverages, the most commonly
observed nitrosamines are volatile N-nitrosamines, especially N-nitrosodimethylamine (NDMA). N-nitrosamines
are very toxic, their carcinogenic, mutagenic and teratogenic effects have been demonstrated. Non-volatile
N-nitrosamines exhibit less harmful effects than volatile
N-nitrosamines, but they may be precursors for the formation of volatile N-nitrosamines. The determination
of non-volatile N-nitrosamines is relatively difficult and
a routine method has not yet been developed. They are
therefore determined together with volatile compounds
as the apparent sum of all N-nitroso compounds, called
ATNC (Fan and Lin, 2018; Lachenmeier and Fügel 2007).
However, a new study on the determination of non-volatile N-nitrosamines developed at the RIBM has been published recently (Vrzal and Olšovská, 2019).
In particular, the presence of these substances has
been proved in foods that were treated by heat or contained conserved salt. Volatile N-nitrosamines can be
found in beer as a product of reaction of amines naturally
found in barley with nitrogen oxides from drying air, or
they can also be transformed from pesticides. ATNC contained in beer may originate from bacterial contamination
of beer or its intermediates (Vrzal and Olšovská, 2016).
An HPLC method with a combination of UV and
a chemiluminescent detector was described for the determination of some N-nitrosamines (Kodamatani et al.,
2009), as also was HPLC with mass spectrometric detection (Zhao et al., 2006).

to monitor the content of all PAHs (Horák et al., 1999c).
GC may be used in connection with mass spectrometric
detection (Orecchio et al., 2009; King et al., 2004).

1.7 Polychlorinated biphenyls
Polychlorinated biphenyls (PCBs) are a mixture of biphenyl molecules substituted with chlorine atoms (Horák et
al., 1999c). They are non-polar and have a high chemical, thermal and biological stability, and has been widely
used in various industries for their properties (Horák et
al., 1999b; Jaraczewska et al., 2006; Falck et al., 1992).
PCBs are very harmful substances which cause liver disorders, affect the function of endocrine glands and cognitive functions, have carcinogenic and immunotoxic effects, and cause reproductive and developmental defects.
Due to their high thermodynamic stability, their metabolic degradation is considerably slow, and they are therefore deposited in adipose tissue and breast milk (Ahmed,
2003; Safe, 1989).
As a result of toxic effects, the use of PCBs in Europe
and North America was restricted and later banned in
the 1970s (Jaraczewska, 2006). Nevertheless, these substances are still identified in all environmental components. Contamination of beer with PCB can come from
both water and soil, as PCBs are also used as pesticides
(Falck et al., 1992).
Polychlorinated biphenyls are determined primarily
by GC. Müller et al., used the GC method in connection with
a mass spectrometer for the purpose (Müller et al., 2001).

1.8 Metals
Beer is a rich source of metals, which are usually contained in low concentrations. Some metals have nutritional properties and are essential for proper functioning
of human body at very low concentrations (Donadini et
al., 2008). Such elements are called essential micronutrients and include potassium, calcium, magnesium,
chromium, copper, nickel, zinc and iron, as well as cobalt
or manganese (Tchounwou et al., 2012). Thus, regular
consumption of beer in a controlled amount can be also
beneficial for the body from the viewpoint of mineral replenishment (Vieira et al., 2014; Pohl, 2008).
Other metals such as tin, aluminum or nickel do not
perform biological functions and can cause serious diseases. Arsenic, chromium, cadmium, lead and mercury
are a group of metals with a high degree of toxicity (causing systemic damage to organs even at low exposure levels); they belong to the group of priority heavy metals.
(Tchounwou et al., 2012).
Metals contained in beer come mainly from raw materials, malt, hops and water that can be contaminated
with fertilizer and chemical spraying containing metals

1.6 Polycyclic aromatic hydrocarbons
Polycyclic aromatic hydrocarbons (PAHs) are compounds composed of two or more condensed benzene
rings in different configurations with different substituents. These compounds are spread in the environment
as air and water contaminants. A large amount of PAH is
released in processing of coal, in incomplete combustion
of fossil fuels, and in the incineration of waste or cigarette
smoke. In food and beverages, smoking, grilling or roasting increases the content of PAH (Horák et al., 1999b; Plaza-Bolaňos et al., 2010).
PAHs have been shown to have mutagenic and carcinogenic effects, but these effects and their extent depend on a chemical structure. On the other hand, it is not
clear whether individual compounds or the sum of all of
them lead to fatal toxic effects; it is therefore necessary
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which accelerate the sensory ageing process in beer. Usually, the iron concentration is ranging from <0.01 mg/L to
0.2 mg/L (Vanderhaegen et al., 2006).
Mercury may occur in various forms, from elemental
mercury to inorganic and organic complexes. These compounds get in the environment from natural sources, but
mainly due to a human activity (Kroupová, 2013). Mercury toxicity is dependent on the chemical form of the
compound. Elemental mercury, which is not toxic when
ingested, can be found in soil and water, where microorganisms can convert it to methylmercury. This belongs to
the mercury alkyls, the most toxic mercury compounds.
Methylmercury is classified as a potential carcinogen
and accumulates in the human body (Horvat and Gibičar,
2005; Martin and Griswold, 2009).
Nickel is a metal used in various industries. It is found
in small quantities in the environment. Nickel contamination in beer can come from barley as nickel tends to
accumulate in plants. Water may be another source. In
small amounts, nickel is essential for proper functioning
of a healthy organism, but at higher concentrations it can
cause skin allergies or, in extreme cases, lung or prostate
cancer (Mahurpawar, 2015).
Lead is a very toxic metal. Lead compounds are
spread to all parts of the environment, due to both anthropogenic activity and geochemical processes (Mahurpawar, 2015). Lead is easily accumulated in the environment but is not degraded (Han et al., 2006). The main
source of contamination of brewing raw materials is soil
and water (Mahurpawar, 2015).
Although tin is widespread in nature, contamination
in beer from raw materials, especially barley and hops, is
not very common since only a small amount of this metal
can be found in plants. However, storage of raw materials
or intermediates, such as wort concentrate, in cans may
result in increased tin concentration (Biégo et al., 1999).
Excessive tin may cause respiratory and nervous system
disorders (Mahurpawar, 2015).
Zinc is a metal that, in small quantities, appears to be
an essential part of some physiological functions in the
human body (Nascentes et al., 2005). It is generally believed that zinc is not very toxic, but excessive zinc intake can cause problems in the nervous, respiratory and
digestive systems and, in extreme cases, prostate cancer
(Plum et al., 2010).
The majority of described metals are determined using EBC methods based on a principle of atomic absorption spectrometry (AAS) (EBC 9.13.3, 2012; EBC 9.14.3,
2012; EBC 9.20, 2012). Further, the metal concentration
in beer can be determined by inductively coupled plasma
mass spectrometry (ICP-MS) (Aceto et al., 2000) or electrochemically (Ibanez, et al., 2008; Brainina et al., 2004).

or as a consequence of ecosystem contamination (Kellner et al., 1982). The concentration of metals may change
during the production of beer depending on a technological process and the chemical composition of the intermediates. A decrease of metal concentration during fermentation was observed (Čejka et al., 2009). Another source
of metals in beer can be also brewing equipment (pipes,
tanks, containers, filtration equipment) or containers for
transporting or storing the final product (Pohl, 2008).
Arsenic and all its soluble compounds have toxic effects. Inorganic forms of arsenic can cause skin, lung, liver and bladder cancer (Martin and Griswold, 2009).
Aluminum is abundantly spread in nature; moreover, it may also be found in some pesticides used for
hops treatment (Kellner et al., 1984), and it is also the
most common material for cans production (Lopez et al.,
1998). Aluminum has neurotoxic effects, can cause neurodegenerative diseases such as Alzheimer’s disease or
bone and liver diseases (Jaishankar et al., 2014).
Various cadmium compounds are contained in air,
soils, rocks, coal, mineral fertilizers and pesticides. Cadmium is a very toxic metal that causes kidney dysfunction, hypertension, liver damage, bone fragility and accumulates in biological system (Martin and Griswold, 2009;
Pohl, 2008).
Copper is an essential element for proper functioning
of a human body, but in high concentrations it can harm
the body (Durukan et al., 2011). Copper is widely used
in many industries, copper compounds are present in
significant concentrations in soils, as copper fungicides
are used to protect against fungal diseases (Krofta et al.,
2011). Copper at high concentrations may induce vomiting, indigestion, nausea and long-term damage of liver
and kidneys (Durukan et al., 2011).
In nature, chromium occurs in compounds only in two
permanent oxidation states, trivalent and hexavalent. Trivalent chromium is an important nutritional element, hexavalent chromium is highly toxic and is characterized as
a 1st class carcinogen (Vieira et al., 2014; Martin and Griswold, 2009). Chromium sources in beer are mainly raw
materials, but contamination from brewing equipment or
packaging material may also occur (Vieira et al., 2014).
Iron is an element that is widely distributed throughout the biosphere. It is present in all living organisms and
is significantly represented in soil and water. It is essential for the human body primarily because of its involvement in hemoglobin synthesis (Abbaspour et al., 2014).
However, at high iron concentrations tissue damage may
occur as a result of free radical formation (Lieu et al.,
2001), in which iron ions act as a reaction catalyst (Emerit et al., 2001). The iron concentration is controlled especially due to unwanted catalysis of oxidation reactions,
87
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1.9 Mycotoxins
Mycotoxins belong to important toxins of natural origin.
They are produced as secondary metabolites by microscopic filamentous fungi. Therefore, their name is a combination of the Greek expression for fungi “mykes” and
the Latin word “toxicum”, which means poison (Žabka
and Jegorov, 2002).
Mycotoxins are chemically and thermally very stable
compounds that can occur at all levels of the human and
livestock food chain. Contamination can occur during the
cultivation of cereals in the field, as well as during storage
(Krska et al., 2001).
Mycotoxins can pass from infected barley to malt during a controlled malting process, which creates suitable
conditions for their production. In general, mycotoxins
are stable up to 170 °C in a neutral to acidic environment
and are therefore nearly inert to the beer brewing process. For this reason, a great deal of attention is being
paid to mycotoxin analysis (Wolf-Hall, 2007). The European Food Safety Authority (EFSA) Scientific Committee
on Contaminants in the Food Chain has established a tolerable weekly intake (TWI) and a tolerable daily intake
(TDI) for some selected mycotoxins (EFSA, 2010). TWI
of ochratoxin A is defined as 120 ng/kg of body weight,
TDI for deoxynivalenol is 1 µg/kg. Provisionally, TDI
for zearalenone is 0.2 µg/kg and for the sum of T-2 and
HT-2 toxin the grouped TDI is 100 ng/kg of body weight.
To summarize, the ordinary control of mycotoxins in beer
should involve the determination of the aflatoxin group
(B1, B2, G1 and G2), zearalenone, T-2 and HT-2 toxin, deoxynivalenol and ochratoxin A.

the immune system and cause allergies. Others are demonstrable carcinogens and teratogens (Gilden et al.,
2010 and Alavanja et al., 2004), the application of which
is not currently permitted by legislation (Commission
Regulation, 2005).
Currently, the legislation does not define the maximum permissible limits for pesticide residues in beer
matrix. However, the hygiene limits exist for hops and
barley (Commission Regulation, 2005). Just these two
brewing raw materials are the most important source of
pesticide residues in beer (Dušek et al., 2018). Therefore,
a consistent control of beer in terms of pesticide residues
is justified.

1.11 Coliform bacteria
The term coliform bacteria (coliforms) applies to Enterobacteriales order, a group of bacteria which form acid and
gas by fermenting lactose (at temperature 30–37 °C within 48 hours). The group involves Escherichia coli (and
most of other species of genus Escherichia) and genera
Citrobacter, Enterobacter, Klebsiella, Raoultella, and some
representatives of genus Serratia. The order Enterobacteriales includes more than 40 bacterial genera found in
various environments. Some representatives cause infectious diseases in humans and animals. Many Enterobacteriales species primarily affect digestive tract and can
cause diarrheal disease. Furthermore, some enterobacteria/coliforms can cause urinal diseases, wound infections, respiratory tract diseases, etc. (Brenner and Farmer, 2015). Some species of enterobacteria are capable of
reducing nitrates to nitrites which successively react with
amines and result in the formation of carcinogenic N-nitrosamines. The most critical bacterium in this regard
is S. pseudoproteus, which is not taxonomically part of
coliforms but is monitored in the brewery environment.
(Sedláček, 2007). Wort contamination by enterobacteria
and coliforms can result in increased concentration of biogenic amines in beer (Smith, 1994; Buňka et al., 2012).
Although coliform bacteria can occur in wort, they are
not transferred into finished beer due to their sensitivity to ethanol and acidic pH (Gasarasi et al., 2003; Briggs
et al., 2004). Contaminated water or leakages on tubing
junctions through which the impurities and bacteria can
penetrate to cooled wort can be a source of enterobacteria in brewery plant (Jespersen and Jacobsen, 1996). Enterobacteria present in water and yeast samples detected
during a sanitation control are an indicator of deteriorated hygienic conditions and low level of sanitation in the
brewery plant (Vaughan et al., 2005).

1.10 Pesticides
The pesticide group includes a wide range of substances
that are not only widely used in agriculture, such as plant
protection products for a variety of diseases, pests, and
weeds, but also for plant growth regulation. Last but not
least, pesticides are used for their slowdown effect of
premature fruit loss (Jeyaratnam, 1990). Currently, their
use ensures crop yields that are necessary to ensure
global food production (Aktar et al., 2009). It could be
said that pesticides are widespread in all environmental
components. Residues of these substances can be found
in food, vegetation, workplaces, homes, soil, and water
(Aktar et al., 2009). Due to their effect on living organisms, pesticides can negatively affect the human body.
They can cause many acute and chronic diseases, such
as hormonal disorders, infertility, and abnormal fetal development. Pesticides can also affect the development of
a nervous system, which can lead to problems with coordination skills, behavioral disorders or delayed organism
development. Some pesticides have a negative effect on
88
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2 MATERIALS AND METHODS

Determination of ATNC content in beer was performed according to published methods (Walters et al.,
1983). The relative expanded uncertainty is 25%.
Sample preparation prior to volatile nitrosamine determination (N-nitrosodimethylamine, N-nitrosodiethylamine, N-nitrosodibutylamine, N-nitrosopiperidine,
N-nitrosopyrrolidine, N-nitrosomorpholine) was performed by a vacuum distillation method published previously (Čulík et al., 1989). The gas chromatographic –
chemiluminescence detection analyses were carried out
by Thermo 1310 gas chromatograph with TR-WAX capillary column (30 m, 0.32 mm ID, 1.0 µm film thickness
of polyethylene glycol stationary phase). The injection of
5 µl of sample was performed at 210 °C by splitless technique (splitless time 50 s). Constant pressure of argon, as
a carrier gas, was maintained at 35 kPa. The programmed
oven temperature during the analysis was set as follows:
40 °C (2 min) – 20 °C min-1 – 210 °C (4 min). Interface and
the pyrolytic tube temperature were maintained at 250
and 500 °C, respectively. N-nitrosamines were detected
by Ellutia 820 TEA chemiluminescence detector with the
flow of oxygen at 3.2 mL min-1. Concentrations of N-nitrosamines in samples were determined according to
the peak area ratio of the analyte and internal standard
(N-nitrosodipropylamine). The relative expanded uncertainty is 25%. The maximum amount of NDMA in beer by
the US Food and Drug Administration is 5 µg/L (Fan and
Lin, 2018; US FDA, 2005). According to the recommendations of the Czech Beer and Malt Association, NDMA
in beer should not exceed 0.5 µg/kg and the sum of six
nitrosamines 1.5 µg/kg (Vrzal and Olšovská, 2016).
For a regular control of beer, individual PAHs (benzo(a)anthracene,
benzo(b)fluoranthene,
benzo(k)
fluoranthene, chrysene, dibenzo(a,h)anthracene, benzo(a)pyrene, indeno(1,2,3-cd)pyrene, dibenzo(a,i)pyrene and dibenzo(a,h)pyrene) were determined by the
method of Horák et al. (Horák et al., 1999c). The relative
expanded uncertainty is 15%. The hygiene limit of individual substances 0.5 µg/L and the total content of all
substances 5 µg/L in beer is derived from recommendation for beverages in general (JEFCA, 1996).
The determination of PCBs in beer was carried out by
GC with ECD when the analytes from beer were extracted
into hexane (Horák et al., 1999c). The relative expanded
uncertainty is 25%. The permissible concentration of
phthalates in beverages is 0.5 mg/kg (JECFA, 1996).
Concentrations of arsenic, aluminum, cadmium, copper,
chromium, iron, nickel, lead, tin and zinc were determined
by flame or electrothermal atomic absorption spectrometry
according to EBC (EBC 9.13.3, 2012; EBC 9.14.3, 2012; EBC
9.20, 2012). The relative expanded uncertainty varies from
6% to 20% depending on the measured metal (see Table 1).

The contaminants in beer were determined using the following methods:
Aliphatic chlorinated hydrocarbons were determined
using GC with headspace injection and ECD (electron capture detector) according to Horák et al. (1999a). The relative expanded uncertainty varies from 20% to 25% depending on the analyte, the method makes it possible to
determine dichloromethane, 1,1-dichloroethane, 1,2-dichloroethane, trichloromethane, 1,1,1-trichloroethane,
1,1,2-trichloethane, 1,1,2-trichloroethene, 1,1,2,2 tetrachloroethene, carbon tetrachloride, 1,1,1,2-tetrachloroethane and 1,1,2,2-tetrachloroethane (Horák et al.,
1999a; EN ISO 10301:1997). The limit of aliphatic chlorinated hydrocarbons in beverages in general is 0.07 mg/kg
(JEFCA, 1996).
Biogenic amines, histamine and tyramine, were determined by a high-performance liquid chromatography
(HPLC) method with fluorescence detection according
to Jurková et al. (Jurková et al., 2005), where the samples were automatically derivatized in the autosampler
with OPA ortho phtalaldehyde (OPA solution is prepared from 0.1 g of OPA, 1 mL of methanol p.a., 200 µl
of 2-mercaptoethanol and 20 mL of boric buffer pH 9.7).
The mobile phase A is 0.01 M K2HPO4, B is methanol
(gradient grade). The chromatographic column used
was Luna C18, 250 x 4.6 mm, 5 µm (Phenomenex, USA),
the column temperature was 35 °C, the flow of a mobile
phase 0.9 mL/min. The gradient mode was used for separation 0–10 min/from 80% A to 60% A, 10–25 min/
from 60% A to 10% A, then 25–31.5 min isocratically/
10% A, and finally 31.5–33.5 min/from 10% A to 80% A.
The fluorescence detection was set at λex 330 nm and λem
440 nm. The relative expanded uncertainty is 10% for
both analytes. The maximum permissible concentration
of histamine in beer is 20 mg/kg, the permissible concentration of histamine in food is in general 100 mg/kg
(JEFCA, 1996).
The nitrate content in beer was determined by the ion
chromatography HPLC technique with a spectrometric
detection at 210 nm (Čepička et al., 1991). The relative
expanded uncertainty is 4%. The maximum permissible
concentration of nitrates in beer respects the limits for
drinking water, 50 mg/L (JEFCA, 1996).
Determination of phthalates, bis-(ethylhexyl)-phthalate and di-n-butyl-phthalate, in beer was carried out using GC with ECD (electron capture detection) when the
analytes from beer were extracted into hexane (Horák
et al., 1999c). The relative expanded uncertainty is 30%.
The permissible concentration of phthalates in beverages in general is 2.0 mg/kg (JEFCA, 1996).
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sample of a flavored non-alcoholic beer and two pale lagers
contained the over-limit amounts of chromium. The nitrate
content was exceeded in 2018 in one sample of a special
dark beer. To summarize, only 8 samples from the total of
220 samples, exceeded the hygiene limit (see Table 2).
Ochratoxin A was the most frequently detected mycotoxin. This compound was annually identified in at
least 70% of the analyzed samples, in 2017, it was even
detected in 45 of 49 samples in total. However, the concentration range of ochratoxin A was ranging only from
1 to 141 ng/L, when compared to the TWI of ochratoxin A.
Other substances with significant proportions of positive
findings are deoxynivalenol, T-2 and HT-2 toxin. Altogether
77.2% of positive samples of deoxynivalenol were found,
which ranged from 2.01 to 29.3 ng /L. The number of beer
samples contaminated with T-2 and HT-2 toxin in 2016
and 2018 ranged from 16% to 88.4%, respectively. The
maximum concentration for both toxins was 1.8 ng/L. The
content of zearalenone was determined in only one eer
sample in the amount of 0.41 ng/L in 2016. The aflatoxin
group was not identified in any controlled samples of beer
over the period of 2014–2018 (see Table 3).
Microbiological analysis was carried out on 675 beer
samples from 2014 to 2018. Excessive coliform values
were detected in only one sample in 2017 when 116 samples were checked and in 2018 in two samples out of 162
(see Table 4). This implies that the hygiene standards of
the controlled breweries are very high and this finding
follows the analytical results where products of microbial contamination were not found in beers.

Mercury was determined using a cold vapor-based
method on an AMA 254 analyzer (Száková et al., 2004).
The relative expanded uncertainty is 6%.
The hygiene limits of monitored metals are given in
Table 1. They are derived from JEFCA, the maximum concentration of tin in canned beer 100 mg/kg is given by
Regulation 1881/2006/ES.
Analyses of selected mycotoxins were performed by
HPLC-MS/MS and Ultra Performance Liquid Chromatography (UPLC) methods with PDA and FLR detection
(Photo Diode Array and Fluorescence) after previous
purification through an immunoaffinity column (Bělá‑
ková et al., 2011; Benešová et al., 2012; Zollner and Mayer-Helm, 2006). There is as yet no hygiene limit for mycotoxins in beer.

3 Results and Discussion
Table 1 summarizes the groups of listed analytes (aliphatic chlorinated hydrocarbons, biogenic amines, nitrates, N-nitrosamines, ATNC, PAH, PCB and metals), the
limit of quantification (LOQ), the method uncertainty
and the checked hygiene limit. Table 2 summarizes the
results of beer samples from 2014 to 2018, in which the
above-mentioned contaminants were determined.
Limiting values for coliform bacteria in beer are established by the act “298/1997 Coll.” covering the microbiological requirements for food. The limiting value for
coliform bacteria is 100 CFU (colony-forming unit) per
mL. Table 4 summarizes the results of analyses on the
presence of coliform bacteria from 2014 to 2018. The
number of samples per year, the number of samples exceeding the limiting value and the ratio of positive results
are listed. This means that the coliform bacteria were
detected, but as long as the limiting value for CFU is not
exceeded, the sample meets legislative requirements.
During the five-year monitoring, 220 samples of Czech
beers were tested. These were mainly lagers, but also
non-alcoholic beers and beer mixes. In 2014, one sample
of a non-alcoholic beer exceeded the limit of lead concentration. In 2015, over-limit values of N-nitrosodimethylamine, N-nitrosodiethylamine, N-nitrosopiperidine and
total N-nitrosamines were found in one sample of a beer
mix. The following year, all checked samples were in compliance with the required standards and regulations.
Three samples of beer from a total of 49 analyzed in
2017 were found to exceed the defined hygiene limits.
Higher concentrations of nitrates were measured in dark
and semi-dark special beers, and the above-limit levels of
histamine were detected in one sample of dark lager. In
2018 a total of 51 samples were analyzed, of which one

4 Conclusion
The purpose of this work was to show the efficient system of the beer control in the Czech Republic from the
view of health safety, and publish the results of a longterm study. Based on the results of a five-year monitoring,
we can conclude that most of the checked samples did
not contain significant concentrations of any described
contaminating toxic substances. The number of positive
samples was minimal. Furthermore, these samples were
detected due to the regular monitoring. Subsequently,
the contamination was no longer confirmed in the control sample measurement, indicating most probably the
randomness of the result. In the second case, trouble in
the technological process was detected in time, and removed on the basis of this finding.
Due to the increasing number of microbreweries, the
development of new technologies and the usage of unconventional raw material, the regular checking of the
health safety of beer should become a matter of course,
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Monitored analytes, LOQ, relative expanded uncertainty and checked hygiene limits
(aliphatic chlorinated hydrocarbons, biogenic amines, nitrates, phthalates, N-nitrosamines, ATNC, PAH, PCB and metals)

chemical group

aliphatic chlorinated
hydrocarbons

biogenic amines
nitrates
phthalates

analyte

LOQ

dichloromethane

2 μg/L

1,1-dichloroethane

1 μg/L

1,2-dichloroethane

1 μg/L

trichloromethane

1 μg/L

1,1,1-trichloroethane

1 μg/L

1,1,2-trichloroethane

2 μg/L

1,1,2-trichloroethene

1 μg/L

1,1,2,2 tetrachloroethene

1 μg/L

carbon tetrachloride

1 μg/L

1,1,1,2-tetrachloroethane

1 μg/L

1,1,2,2-tetrachloroethane

3 μg/L

relative expanded
uncertainty %

hygiene limit*

20–25

0.07 mg/kg

histamine

1 mg/kg

10

20 mg/kg

tyramine

2 mg/kg

10

100 mg/kg

nitrates

0.5 mg/kg

4

50 mg/kg

0.01 mg/L

30

2.0 mg/kg

0.2 μg/kg

25

bis-(ethylhexyl)-phthalate
di-n-butyl-phthalate
N-nitrosodimethylamine
N-nitrosodiethylamine
N nitrosodibutylamine

N-nitrosamines

N-nitrosopiperidine

0.5 µg/kg

N-nitrosopyrrolidine
N-nitrosomorfoline
sum of N-nitrosamines
ATNC

PAH

1.5 µg/kg

ATNC

20 μg N-NO/kg

benzo(a)anthracene

10 ng/L

benzo(b)fluoranthene

30 ng/L

benzo(k)fluoranthene

50 ng/L

chrysene

10 ng/L

dibenzo(a,h)anthracene

40 ng/L

benzo(a)pyrene

20 ng/L

indeno(1,2,3-cd)pyrene

30 ng/L

dibenzo(a,i)pyrene

20 ng/L

dibenzo(a,h)pyrene

50 ng/L

25

15

sum of PAHs
PCB

metals

*derived from JEFCA, 1996

0.5 µg/L

5 µg/L
10 ng/L

25

0.5 mg/kg

As

0.05 mg/L

10

0.2 mg/kg

Al

0.2 mg/L

8

5.0 mg/kg

Cd

0.005 mg/L

8

0.05 mg/kg

Cu

0.01 mg/L

15

5.0 mg/kg

Cr

0.02 mg/L

8

0.1 mg/kg

Fe

0.01 mg/L

20

5.0 mg/kg

Ni

0.02 mg/L

8

1.0 mg/kg

Pb

0.03 mg/L

8

0.05 mg/kg

Sn

0.5 mg/L

10

100 mg/kg

Zn

0.01 mg/L

6

50 mg/kg

Hg

0.0005 mg/L

6

0.003 mg/kg
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Table 3
year

2014

2015

2016

2017

2018
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Results of determined compounds listed in Table 1 in monitored beer samples ranging from 2014 to 2018
year

number of samples

number of unsatisfactory
samples

relative ratio of
unsatisfactory samples
%

analyte above the limit
found

2014

40

1

2.5

Pb

2015

45

1

2.2

NDMA, NDEA, NPID,
sum of nitrosamines

2016

35

0

0

-

2017

49

3

6.1

histamine, nitrates

2018

51

3

5.9

Cr, nitrates

Results of mycotoxin determination in monitored beer samples ranging from 2014 to 2018
mycotoxins

number of samples

positive samples

relative ratio of
positives
%

range
ng/L**
µg/L***

aflatoxins

35

0

0.0

–

deoxynivalenol

43

28

65.1

2.33–22.5

exceeding the
limit*

no

zearalenone

27

0

0.0

–

T-2 and HT-2
mycotoxins

24

8

33.3

0.17–0.71

no

ochratoxin A

47

33

70.2

1.4–141

no

aflatoxins

37

0

0.0

–

deoxynivalenol

47

14

29.8

2.01–29.3

no

zearalenone

35

0

0.0

–

T-2 and HT-2
mycotoxins

35

18

51.4

0.04–0.9

no

ochratoxin A

50

35

70.0

1.8–28.8

no

aflatoxins

38

0

0.0

–

deoxynivalenol

73

24

32.9

2.12–10.7

no

zearalenone

25

1

4.0

0.41

no

T-2 and HT-2
mycotoxins

25

4

16.0

0.04–0.82

no

ochratoxin A

78

62

79.5

1–134

no

aflatoxins

35

0

0.0

–

deoxynivalenol

50

29

58.0

2.09–13.9

zearalenone

30

0

0.0

–

T-2 a HT-2 mycotoxins

29

7

24.1

0.3–0.85

no

ochratoxin A

49

45

91.8

1.3–77.3

no

aflatoxins

55

0

0.0

–

deoxynivalenol

57

44

77.2

2.03–17.0

zearalenone

40

0

0.0

–

T-2 and HT-2
mycotoxins

43

38

88.4

0.05–1.8

no

ochratoxin A

67

51

76.1

1.4–56.1

no

no

no

* The above-limit value was derived from the highest found concentration of a given mycotoxin, their TWI or TDI and recommended
consumption of beer under moderate drinking conditions, which is two 0.5 L beer for men and two 0.3 L beer for women (Poli et al.,2013).
** units ng/L apply to aflatoxins and ochratoxin A
***units µg/L apply to deoxynivalenol, zearalenone, and T-2 and HT-2 mycotoxins

92

J. Olšovská at al.
Table 4

Kvasny prumysl (2019) 65: 84–96

The results of microbiological analyses of samples of beers from the years 2014 to 2018
year

number of samples determined

the proportion of positive samples
%

the number of over-limit samples

2014

97

14.4

0

2015

172

13.9

0

2016

128

9.4

0

2017

116

9.5

1

2018

162

26.5

2

performance liquid chromatography with fluorescence detection.

so that the beer remains in compliance with regulations of
safe food. Finally, systematic checking of beer contaminants
can help the breweries and the whole brewing industry to
defend themselves against the increasing number of cases
which, as the study suggests, are unjustified and harm the
reputation of Czech brewing and brewing in general.
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