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Potential environmental
contaminants in hops

UP-TO-DATE STUDY RESULTS | Unavoidable residues such
as e.g. harmful metals, dioxins, polychlorinated biphenyls, poly-

cyclic aromatic hydrocarbons, mycotoxins and radionuclides are

among the environment-related, undesirable substances in hops.

This overview presents and assesses up-to-date results from resi-

due investigations of the above-mentioned environmental con-

taminants in hops from various European growing countries.

DURING THE OVERALL vegetation and
harvesting phase of hops, unintentional
contamination with harmful substances
due to influences related to location and
environment, orlater on e.g. due to thermal
reactions during drying, can arise. How-
ever, such environment-related contami-
nations can hardly be influenced by hop
growers, in contrast to residues of plant
protectants[1].

Inview of the increased awareness of en-
vironmental and health issues on the part
of consumers of any and all food and the
desire to obtain controlled raw materials
thatare low in harmful substances, itisnec-
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essary to have detailed knowledge about
the level of undesirable substances. Hop
quality is checked intensively prior to mar-
keting. Controlled contract cultivation,
extensive quality checks during the whole
processing process and recognised quality
and environment management systems as-
sure high food safety.

The most diverse hop varieties of the
2023 harvest were monitored and, in the
context of ascreening initiated by the “Hop
Analysis Working Group” (AHA), another
up-to-date overview of potential environ-
mental contaminants was drawn up. This is
a consistent continuation of the investiga-
tions of the 1995, 2002 and 2012 harvests
[2, 3, 4]. Based on this extensive dataset, an
assessment of pollution is possible over an
extended period of almost 30 years.

Apartfrom data on various harmful met-
als (since 1995), radionuclides and myco-
toxins (since 2002), analyses of polycyclic
aromatic compounds (PACs), polychlorin-
ated dibenzodioxins (PCDDs), polychlo-
rinated dibenzofurans (PCDFs) and poly-
chlorinated biphenyls (PVBs) were carried
out again along the lines of the screening of
the 2012 harvest.

> Sample material

The hops investigated were compiled into
lots from farmer batches supplied by the
HVG, BarthHaas and Hopsteiner trading
companies. Each lot represented a hop
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quantity of some 25 tons. Eleven of the
hop samples analysed originated from the
Hallertau (DEH) growing region. In addi-
tion, eleven other batches were sampled,
originating from other German growingre-
gions Elbe-Saale (DEE), Tettnang (DET)
and Spalt (DES) as well as from Slovenia
(SI), the Czech Republic (CZ) and Poland
(PL). All22 samples were analysed for met-
als. Four selected hop lots from Germany
were also analysed for additional param-
eters. Commercially available (dried) hops
were used, and concentrations found are
based thereon. All analyses were carried
out at the SGS Institute Fresenius GmbH,
Berlin.

> Metals

As of the age of industrialisation, humans
have been exposed to higher pollution lev-
els. Heavy metals (colour and rust protec-
tion agents, use of sewage sludge, burning
of fossil raw materials) are among the most
widespread inorganic contaminants in
food. It is pointed out that, in the context
of this article, the term heavy metal is not
associated with a health hazard. Heavy
metals are defined purely on the basis of
their consistency. When a health hazard is
known to exist, the term harmful metals is
used. These include for example the heavy
metals lead (Pb), cadmium (Cd), mercury
(Hg) and the metalloid arsenic (As).

Table 1 shows the individual results
from the screening of the 2023 harvest for
the harmful metals mentioned above and,
in addition, for the metals chromium (Cr),
cobalt (Co), iron (Fe), molybdenum (Mo),
nickel (Ni) and the metalloid selenium
(Se).

Table2providesanoverview ofthe 2023,
2012, 2002 and 1995 harvests for each sub-
stance, including the annual mean values as
well as minimum and maximum values and
also statistical key figures. When no metal
was detected, the mean value is calculated
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INDIVIDUAL RESULTS FOR METAL LEVELS (MG/KG)

Growing region and variety As Pb cd Cr Co Fe Mo Ni Hg Se
DEH Herkules 0.06 0.29 <0.01 0.35 <0.05 88.3 0.17 0.96 <0.01 <0.2
DEH Magnum <0.04 0.06 0.010 <0.2 0.06 156 0.11 1.29 <0.01 <0.2
DEH Taurus <0.04 0.03 0.020 <0.2 0.09 85.1 0.11 1.77 <0.01 <0.2
DEH Polaris <0.04 0.03 <0.01 <0.2 0.05 95.7 0.25 0.86 <0.01 <0.2
DEH Perle <0.04 0.04 <0.01 <0.2 <0.05 86.7 0.20 0.77 0.010 <0.2
DEH Tradition <0.04 0.07 <0.01 0.39 <0.05 118 0.19 1.21 <0.01 <0.2
DEH Saphir <0.04 0.04 <0.01 <0.2 <0.05 87.4 0.11 0.61 <0.01 <0.2
DEH Spalter Select <0.04 0.29 <0.01 <0.2 <0.05 109 0.13 0.71 <0.01 <0.2
DEH Hallertauer 0.08 0.12 <0.01 0.59 <0.05 189 0.19 1.13 <0.01 <0.2
DEH Hersbrucker <0.04 0.06 <0.01 <0.2 <0.05 98.6 0.25 1.08 0.010 <0.2
DEH Northern Brewer 0.06 0.1 0.016 0.28 0.15 180 0.15 2.34 0.013 <0.2
DES Spalter 0.05 0.08 <0.01 <0.2 <0.05 105 0.14 0.78 <0.01 <0.2
DET Herkules <0.04 0.60 <0.01 0.22 <0.05 77 0.23 1.26 0.013 <0.2
DET Tettnanger <0.04 0.42 <0.01 0.22 <0.05 134 0.30 0.57 0.017 <0.2
DEE Magnum <0.04 0.10 <0.01 <0.2 <0.05 108 0.60 1.42 <0.01 <0.2
DEE Polaris <0.04 0.06 <0.01 <0.2 0.05 89 0.11 0.40 <0.01 <0.2
PL Lubliner <0.04 0.10 0.016 <0.2 <0.05 118 0.23 2.00 <0.01 <0.2
PL Magnum <0.04 0.12 0.017 0.23 0.05 137 0.21 1.98 <0.01 <0.2
Sl Golding <0.04 0.24 0.017 0.61 0.06 148 0.55 1.42 <0.01 <0.2
Sl Aurora <0.04 0.17 0.018 0.24 0.06 134 0.53 0.88 <0.01 <0.2
CZ Saazer <0.04 0.10 <0.01 0.23 <0.05 133 0.19 0.79 <0.01 <0.2
CZ Sladek <0.04 0.08 <0.01 <0.2 <0.05 115 0.33 0.47 <0.01 <0.2
?5;‘)-;:1Hallertau DEE = Elbe-Saale DES = Spalt DET = Tettnang PL = Poland S| = Slovenia CZ = Czech Republic

on the basis of the respective numerical
value of the limit of detection.

When looking at all individual values
(table 1), no particularly striking fluctua-
tions between the various varieties are not-
ed. This observationsisin line with screen-
ing for contaminantsso far. Thereisalsono
obvious correlation between hop growing
region and metal levels measured. In the
absence of outliers, it can be assumed that
no region suffers from particularly high
contamination with harmful metals of dif-
ferent origins.

Reference is made to the legal limit val-
ues of the German Drinking Water Regula-
tion (TrinkwV) for interpreting results. As
was done in the past, an average hop addi-
tion of 100 g per hl of beer is assumed. This
corresponds to a dilution factor of 0.001.
Table 2 shows the metallevelin beer (mg/1)
resulting from a theoretical transfer rate of

100 %, as well as the relationship with the
limit value stipulated in the Drinking Water
Regulation [5].

However, this limit value is not always
associated with a health risk. When tak-
ingiron as an example, treatment of drink-
ing water is stipulated by law when the
limit value is exceeded by 0.2 mg/l in or-
der to prevent optical and sensory upsets
(brownish discolouration, metallic taste).
Though iron in this range of concentra-
tion has no health relevance, this metal was
again included in the analyses of hops from
the 2023 harvest and compared with both
the results from past harvests and the limit
value for drinking water.

The theoretically possible maximum
concentrations of all other metals in beer
originating from hops are lower by factors
ranging from 18 up to more than 250 g than
the limit values permitted by the Drinking
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Water Regulation [5]. Itisknown that met-
al transfer rates during the whole brewing
process are not 100% as a result of various
separation processes but are considerably
lower. However, more than 100 g of hops
per hl are added to some beers, mainly in
the cold section. A significantly smaller
substance transfer takes place during such
cold hopping compared to the hot section
of the brewhouse. An average “processing
factor” of 0.001 can still be used by way
of approximation as a representative ba-
sis for calculation that tends to be on the
high side in order to determine transfer
rates.

> Mycotoxins and radionuclides

Aflatoxins and ochratoxin A are among the
best-known mould fungi found in food.
Aflatoxins which have a strong liver-toxic
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I COMPARISON OF SCREENING RESULTS FOR METAL LEVELS FROM THE 2023, 2012, 2002

AND 1995 HARVESTS (RESULTS IN MG/KG)
Harvest As Pb Cd Cr Co Fe Mo Ni Hg Se
20230 <0.044 0.145 <0.012 <0.262 <0.058 118 0.240 1.123 <0.011 <0.2
2023 Minimum <0.04 0.03 <0.01 <0.2 <0.05 77.0 0.11 0.40 <0.01 <0.2
2023 Maximum 0.08 0.60 0.018 0.61 0.15 189.0 0.60 2.34 0.017 <0.2
2023 “sR" 0.010 0.143 0.003 0.121 0.022 30.8 0.144 0.527 0.002 )
2023 “vkR" 23% 99% 29% 46% 39% 26% 60% 47% 16% )
20120 <0.048 0.142 <0.04 0.166 <0.4 116 <0.4 1.231 <0.01 <0.04
2012 Minimum <0.04 0.06 <0.04 0.04 <04 77 <0.4 0.72 <0.01 <0.04
2012 Maximum 0.08 0.23 <0.04 0.33 <0.4 198 <0.4 1.95 0.01 <0.04
2012 “sR" 0.012 0.052 ) 0.079 &) 30.7 =) 0.348 =) )
2012 “vkR" 25% 37% =) 47% ) 27% ) 28% ) )
20020 <0.034 0.219 <0.01 0.230 0.060 106 0.168 1.860 <0.035 <0.033
2002 Minimum <0.02 0.05 <0.01 0.14 0.01 64 0.08 0.94 <0.02 <0.01
2002 Maximum 0.07 0.57 <0.01 0.41 0.14 194 0.40 3.40 0.05 0.05
2002 “sR” 0.014 0.114 =) 0.068 0.028 31.7 0.087 0.630 0.021 0.012
2002 “vkR" 42% 52% ) 30% 47% 30% 52% 34% 61% 37%
19950 0.070 0.340 <0.014 0.350 <0.1 n.a. n.a. 1.620 <0.050 <0.05
1995 Minimum 0.03 0.17 <0.01 0.16 <0.1 n.a. n.a. 1.01 <0.02 <0.05
1995 Maximum 0.22 0.52 0.031 0.84 <0.1 n.a. n.a. 2.49 0.07 <0.05
1995 “sR" 0.04 0.08 0.01 0.12 ) ) ) 0.41 0.01 )
1995 “vkR" 61% 25% 38% 35% *) &) =) 25% 26% =)
‘sR” = standard deviation; “VKR" = coefficient of variation;  n.a.=not analysed; () = cannot be evaluated
Table 2

and cancerogenic effect are subdivided
into groups B and G based on their blue
or green fluorescence. In the European
Union, maximum levels are specified for
food and raw products, both relating to the
sum of aflatoxins (B, +B,+G +G,) aswell to
ochratoxin A [6]. However, there is no ex-
plicit regulation for hops. It is known that

the risk of fungus infestation is reduced in
view of its antimicrobial effect. For the sake
of confirmation, table 4 shows the results
of mycotoxin analyses of four selected hop
lots. No sample contained concentrations
above the limit of detection for aflatoxins
B,,B,,G,, G, (0.2 u/kgeach) and for ochra-
toxin A (0.5 u/kg).

In addition to natural radioactivity
(e.g. potassium-40) accounting for a ma-
jor part of radioactivity, artificially pro-
duced radionuclides from weapons tests
above ground as well as the reactor acci-
dents in 1986 in Chernobyl and in 2011 in
Fukushima have a practical significance
for exposure of humans. After Chernobyl,

THEORETICAL CARRY-OVER FROM HOPS INTO BEER RELATIVE TO THE LIMIT VALUES
LAID DOWN IN THE GERMAN DRINKING WATER REGULATION (MG/KG)

A As Pb cd Cr Co Fe Mo Ni Hg Se
B <0.000044 | 0.000745 | <0.000012 | <0.000262 | <0.00058 0.118 <0.00024 | 0.001123 | <0.000011 | <0.0002
C 0.01 0.01 0.003 0.025 ) 0.2 ) 0.02 0.001 0.01
D >227 69 >250 >95 - 1.7 18 >91 >50

A = metal analysed

D = factor Drinking Water Regulation : hop introduction

Table 3

B = introduction of A (mean values 2023 from table 2) in mg/| at a processing factor of 0.001
C = maximum value Drinking Water Regulation [5] *) no maximum value in Drinking Water Regulation
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RESULTS OF MYCOTOXIN AND RADIONUCLIDE ANALYSES
Mycotoxins Radionuclides

Growing region Aflatoxin Aflatoxin Aflatoxin Aflatoxin Ochratoxin Caesium Caesium
and variety B1 B2 G1 G2 A 134 137

rg/kg kg/kg Hg/kg Hg/kg rg/kg Bq/kg Bq/kg
DEH Herkules <0.2 <0.2 <0.2 <0.2 <0.5 <3 <3
DEE Magnum <0.2 <0.2 <0.2 <0.2 <0.5 <3 <3
DET Tettnanger <0.2 <0.2 <0.2 <0.2 <0.5 <3 <3
DEH Perle <0.2 <0.2 <0.2 <0.2 <05 <3 <3
Maximum values Sum: 4* 20 = U2k
*EU maximum values for cereals and cereal products [6]
** Maximum values in Bq/I; from Drinking Water Regulation [5]
Table 4

ANALYSES OF RESIDUES OF DIOXINS AND POLYCHLORINATED BIPHENYL

Growing region and variety DEH Herkules DEE Magnum DET Tettnanger DEH Perle EU maximum value
WHO-TEQ* 2005 (pg/g)

Sum PCDD/Fs 0.030 0.041 0.024 0.029 B

Sum dioxin-like PCBs 0.027 0.042 0.049 0.059 -

Sum PCDD/F-PCBs 0.057 0.083 0.073 0.088 (B

PCDD = polychlorinated dibenzodioxins; PCDF = polychlorinated dibenzofurans; PCB = polychlorinated biphenyls
*TEQ = toxicity of mixtures in the form of dioxin equivalents [6]

**fishery products and mussels [6]

Table 5

the fission products caesium-134 and cae-
sium-137 in particular were elevated. In
order to assure safety of food products im-
ported from third countries, uniform limit
values for radioactivity have been specified
throughout Europe [7]. The strictest value
for a reactive contamination with cae-
sium-137 currently applicable amounts to
370 Bq/kg for “milk and milk products and
food forbabiesand infants”. The limit value
of 600 Bq/kg applies “to all other products
involved”. Before the current EU Regula-
tion was introduced, maximum values for
caesium-134 were also listed. However,
in view of its half-life of just two years, it is
no longer included. Both caesium radio-
nuclides are still included in the current
Drinking Water Regulation [5].

Table 4 shows that both mycotoxins and
radionuclides investigated were below the
detection threshold in hops. Their theo-
retical carry-over into beer would be lower
by several orders of magnitude than the
maximum values laid down for other food

products or drinking water. This result is
in agreement with the results of the hop
screenings of the 2002 and 2012 harvests as
well as with the observations by Biendl [8],
permitting unlimited use of hops and hop
productsin thisrespect.

> Dioxins and PCB

Dioxins are highly toxic compounds di-
vided into two classes of different polychlo-
rinated congeners. More than 200 poly-
chlorinated dibenzodioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs)
with comparable properties exist. Togeth-
er, theyarereferred toas “PCDD/Fs”. They
are formed in the main as undesirable by-
products of incineration processes. Diox-
in-like polychlorinated biphenyls (PCBs)
are specially produced for various applica-
tions (plasticisers in varnishes and plastics,
electrical condensers and transformers).
These substances enter the food chain via
waste waters and have been detected ubiq-
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uitously for decades. The different toxici-
ties of dioxins and PCB are expressed in the
form of toxicity equivalent factors (TEFs)
by the World Health Organisation (WHO).
The toxicity of the most toxic dioxin known
is given a score of 1 (“Seveso poison”). On
this basis, toxicity of mixtures in the form
of dioxin equivalents (TEQs) can be com-
piled.

Strict regulations apply to the concen-
tration of dioxins in food and animal feed.
To obtain an up-to-date assessment, the
four hop varieties selected were tested
for 17 PCDD/Fs and 12 dioxin-like PCBs.
These sum parameters “WHO-PCDD/F”
and “WHO-PCDD/F-PCB” are summed
up in Table 5 as TEQs, analogous to the
maximum quantities applicable through-
out Europe [6].

As in the 2012 harvest [4], the results
of samples from the three different grow-
ing regions analysed were similar. All of
them were considerably below the limit
values for various food products, e.g. for
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ANALYSIS OF RESIDUES OF POLYCYCLIC AROMATIC COMPOUNDS (PAC)

Growing region and variety DEH Herkules DEE Magnum DET Tettnanger | DEH Perle | EU maximum value
Hg/kg

5-methylchrysene <0.2 <0.2 <0.2 <0.2

Benzo(k)fluoranthene* <0.2 0.2 0.4 <0.2

Benzo(j)fluoranthene <0.2 0.3 0.6 0.2

Benzo(c)fluorene <0.5 <0.5 <0.5 <0.5

Benzo(ghi)perylene* 0.3 0.7 0.6 0.5

Cyclopenta(c,d)pyrene <0.2 <0.2 <0.2 <0.2

Dibenzo(ah)anthracene <0.2 <0.2 <0.2 <0.2

Dibenzo(a,e)pyrene <0.5 <0.5 <0.5 <0.5

Dibenzo(a,h)pyrene <0.5 <0.5 <0.5 <0.5

Dibenzo(a,i)pyrene <0.5 <0.5 <05 <0.5

Indeno(1,2,3-cd)pyrene* <0.5 <0.5 <0.5 <0.5

Benzo(a)anthracene <0.2 0.2 0.5 0.2

Benzo(b)fluoranthene* <0.2 0.4 0.7 0.2

Chrysene 0.3 0.4 0.8 0.3

Benzo(a)pyrene (BaP) 1.3 0.8 1.0 0.4

PAC4 <0.2 0.3 0.5 0.2 o=

PAK4 1.6 1.9 3.0 1.1 50**

PAC4 = sum of benzo(a)anthracene, benzo(b)fluoranthene, chrysene and benzo(a)pyrene (BaP)

*Sum parameter Drinking Water Regulation (5)

**Powder made from food of plant origin for preparation of beverages, dried herbs and spices (6)

Table 6

fishery products and mussels. In view of a
processing factor of 0.001, results were sig-
nificantly lower than the lowest EU maxi-
mum value for baby and infant food of 0.1
pg/g (WHO-PCDD/F-TEQ) or 0.2 pg/g
(WHO-PCDD/F-PCB-TEQ) [6].

> Polycyclic aromatic compounds
(PAC)

In view of the discussion about the effect
of acrylamides in food heated at elevated
temperatures assessed as being harm-
ful to health, food monitoring started to
focus on potential formation of process-
related harmful substances (thermal reac-
tion products) such as e.g. PAC. Thus, the
amount of 16 compounds of this class was
analysed in hops.

PACs are widely disseminated in the en-
vironment, originating fromincineration of
carbon-containing substances such as pe-
troleum or coal. These compounds can be
taken up by plants via surface water or the
soil. Considerable amounts may be formed

in food as a result of direct drying over an
open flame or during smoking. Many of the
roughly 250 PACsidentified are regarded as
being carcinogenic. Initially, only benzo(a)
pyrene (BaP) was used as a marker for ana-
lytical assessment of PACs in food. The sum
parameter PAC4 of the following four mark-
ers for detection of food contamination is
nowadays preferable: “BAP + benzo[a]
anthracene + benzo[b]fluoranthene +
chrysene”. In this regard, maximum quanti-
ties of PAC4, in addition to BaP, are speci-
fied in an EU Regulation [6]. No particular
maximum value exists for hops.

Table 6 shows that the marker benzo(a)
pyrene (BaP) was below 1 p/kg in all four
hop samples. When looking at the sum
parameter PAC4, contamination of maxi-
mum 3 p/kg of raw hops is very low. They
are thus considerably below the EU limit
values for e.g. “Powder made from food of
plant origin for preparation of beverages or
of dried herbs and spices” [6].

The currently valid German Drinking
Water Regulation stipulates a limit value
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of 0.1 p/1 for the sum of the following com-
pounds from [5]: “benzo(k)fluoranthene +
benzo(b)fluoranthene + benzo(ghi)per-
ylene + indeno(1,2,3-cd)pyrene”. When
theoretically possible introduction of this
sum parameter from hops to beer based on
the same assumptions as those for the met-
als is calculated, the resulting maximum
concentration is 0.0023 pg/1, more than 40
timeslower than that permitted in drinking
water. Once again as for the 2012 harvest
[4], the safety of hop raw material for beer
production is confirmed.

> Summary

In this contribution, results of an up-to-
date environmental pollutant screening
from the 2023 harvest are presented and
compared with results from the 1995, 2002
and 2012 harvests. Once again, no hop sam-
ples were contaminated with aflatoxins
B,+B,+G,+G, norwith ochratoxin A or the
radionuclides Cs-134 and Cs-137. Pollution
with harmful metals continues to be very



low. Environment-related residues of the
classes of polychlorinated dioxins and diox-
in-like polychlorinated biphenyls in hops
can be classified as just as safe as polycy-
clic aromatic hydrocarbons. Theoretically
determined carry-over of contaminants
investigated from hops into beer, relevant
for consumers, isin eachinstance below the
maximum values stipulated in the German
Drinking Water Regulation. m
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