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Background: Occupational exposure of 
bricklayers, construction workers, tile set-
ters etc. has changed during the last years. 
For some years now, all manually handled 
cement in the European Union and in Swit-
zerland is chromate-reduced. Epoxy resin 
systems are being used in more and more 
fields of application. Improved worker’s 
protection, especially wearing protective 
gloves, is promoted. These changes influ-
ence the spectrum of occupational contact 
sensitization. Objective: Description of the 
current allergen spectrum in patients work-
ing in the building trade who suffer from oc-
cupational contact dermatitis. Material and 
methods: Retrospective analysis of data of 
the Information Network of Departments 
of Dermatology (IVDK), 2009 – 2011. Re-
sults: During the study period, 245  brick-
layers, construction workers, tile setters 
etc. with occupational dermatitis have been 
patch tested. Potassium dichromate was the 
most frequent allergen, yielding 15.1% posi-
tive reactions, followed by epoxy resin with 
13.7% positive reactions. Beyond that, there 
were 8 additional components of epoxy res-
in systems (5 reactive diluents and 3 amine 
hardeners), as well as 9  rubber ingredients, 
mainly thiurams, among the 30  most fre-
quent allergens. In the course of time, a 
decline of chromate sensitization could be 
noted, paralleled by a decline of cobalt sen-
sitization. In contrast, sensitization to epoxy 
resin has increased. Conclusion: Thanks to 

the usage of chromate-reduced cement, chro-
mate sensitization continues to decline in the 
building trade. The increase of epoxy resin 
sensitization must prompt intensified preven-
tion efforts. When recommending protective 
gloves, thiuram-free products should be 
preferred. The most important allergens are 
covered by the following test series recom-
mended by the German Contact Dermatitis 
Research Group (DKG): DKG baseline se-
ries, DKG test series “building trade”, DKG 
rubber series.

Introduction
Occupational exposure of bricklayers, 

construction workers, tile setters, and work-
ers in similar professions has changed sig-
nificantly over the past years. Since the year 
2000, all manually-handled cement has to 
be chromate-reduced in Germany, accord-
ing to an industry agreement [14]. In July 
2003, the European Union (EU) stipulated 
that chromate-reduced cement has to be used 
wherever skin contact is possible [2]. This 
regulation had to be implemented by all EU 
member states by January  2005 at the lat-
est [2, 28]. Switzerland introduced similar 
regulations in July 2007 [3]. Thus, exposure 
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to chromate due to contact with cement or 
cement-containing substances has since 
been reduced. On the other hand, exposure 
to epoxy resin systems has been increasing 
in the building trade [13]. Epoxy resins are 
no longer exclusively used for heavily-used 
industrial flooring systems or special coat-
ings, for concrete sealing, or for concrete re-
pair, but also for a number of other purposes, 
particularly for the (also decorative) coating 
of floors that are not so heavily used. The 
German employer’s liability insurance as-
sociation of the building trade (Berufsgenos-
senschaft der Bauwirtschaft – BG BAU), 
together with manufacturers of construction 
chemicals and other related parties, are try-
ing to improve health and safety in the build-
ing trade, particularly in the handling of ep-
oxy resin systems [34]. Among other things, 
the use of adequate gloves and skin protec-
tants is recommended. All these factors lead 
to a change in the occupational exposure to 
potential allergens. Based on data collected 
by the Information Network of Departments 
of Dermatology (Informationsverbund Der-
matologischer Kliniken –IVDK), we will de-
scribe the current spectrum of occupational 
sensitization as well as the most important 
changes observed over the past years.

Material and methods

This retrospective analysis is based on 
data collected by IVDK: clinical data, data on 
patient history, and test results derived from 
the examination of patients with occupation-
al dermatitis who worked in the professional 
group “bricklayers and similar, manufacturer 
of construction material” at the time of ex-
amination or earlier. This professional group 
includes bricklayers, tile setters, builder’s 
laborers, concrete repairers, (stucco) plas-
terers, grouting workers, composition floor 
layers, terrazzo layers, floor fitters, parquet 
recliners, manufacturers of shaped bricks, 
manufacturers of concrete, and manufactur-
ers of burnt lime products. To describe the 
spectrum of sensitization, we used data from 
the years 2009 – 2011. To analyze significant 
changes in the frequency of sensitization to 
certain allergens, we additionally evaluated 

data from the years 1994  –  2008, some of 
which have already been published [13].

IVDK is a network of currently 56 De-
partments of Dermatology in Germany, 
Switzerland, and Austria focusing on the ep-
idemiological monitoring of contact derma-
titis. All IVDK members are also members 
of the German Contact Dermatitis Research 
Group (Deutschen Kontaktallergie-Gruppe 
– DKG). A detailed description of the meth-
ods and organization of IVDK has been pub-
lished elsewhere [26]. In summary: The par-
ticipating centers assess clinical and patient 
data as well as the results of the patch tests of 
all tested patients in a standardized way and 
record them electronically. Every 6 months, 
the data are sent to the IVDK headquarters at 
the University of Göttingen where they are 
checked for quality and are subsequently en-
tered into the IVDK’s central database [26, 
31]. Processing and evaluation of the data 
is carried out according to published scien-
tific standards [33] with the software SAS® 
(SAS Institute, Cary, NC, USA), current ver-
sion 9.3.

Patch tests were carried out and read ac-
cording to the DKG guidelines [25]. Test 
results of day 3 were used for evaluation; 
only in very few cases where the reading 
was carried out on day 4 instead of day 3, the 
day-4 results were used. Most test prepara-
tions were obtained from Almirall Hermal, 
Reinbek, Germany. Some test preparations 
that were not available from Almirall were 
purchased from Chemotechnique, Vellinge, 
Sweden. The exposure time for the patch 
test was 48 hours (in 31,827 = 84.9% of the 
37,487  patients tested between 2009 and 
2011) or 24 hours (in 5,660 = 15.1% of pa-
tients), respectively. In 92.6% of patients, the 
test tape Finn-Chambers-on-Scanpor (8 mm 
inner chamber diameter) was used.

Results

Patients

In all the dermatology departments that 
work together with the IVDK, patch tests 
were carried out in a total of 37,487 patients 
between 2009 and 2011. Of these, 415 (1.1%) 
belonged to the profession group “bricklay-
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ers and similar, manufacturer of construction 
material” (current or former profession). Of 
these 415 patients, 245 (59.0%) were tested 
because of occupation-related skin disease. 
The data of these 245 patients provided the 
basis for our evaluation of the current spec-
trum of sensitization.

All patients were male; 159  patients 
(64.9%) were aged 40 years or older. Atop-
ic dermatitis was present in 61 patients 
(24.9%). 167 patients (68.2%) suffered from 
hand eczema, 21 (8.6%) from facial eczema, 
and 11 (4.5%) from eczema on the legs. The 
patients’ current professions were as fol-
lows: 72 bricklayers (29.4%), 35 tile set-
ters (14.3%), 30 builder’s laborers (12.2%), 
18 concrete workers (7.3%), 18 floor fitters 
(7.3%), 8 (stucco) plasterers (3.3%), 6 par-
quet recliners (2.4%), 4 concrete repairers 
(1.6%), 3 composition floor/terrazzo layers 
(1.2%), 1 manufacturer of concrete stone 
(0.4%), and 1 grouting worker (0.4%). In 
8 cases (3.3%), only the superordinate job 
title was indicated. The most frequently sus-
pected allergen sources were (multiple an-
swers were possible): construction material 
(161 patients (65.7%)), gloves (56 patients 
(22.9%)), adhesives (43 patients (17.6%)), 
and rubber (29 patients (11.8%)). The most 
frequent diagnoses were: allergic contact ec-
zema (88 patients (35.9%)), chronic irritant 
contact eczema (46 patients (18.8%)), atopic 
eczema (28 patients (11.4%)), hyperkeratot-
ic eczema (18 patients (7.3%)), dyshidrotic 
eczema (13  patients (5.3%)), nonclassified 
eczema (10  patients (4.1%)), acute irritant 
eczema (5 patients (2.0%)), and airborne 
contact eczema (5 patients (2.0%)).

Current spectrum of sensitization

Most frequent allergens

All allergens to which 5 patients or 
more (> 2% of the studied group) showed 
a positive reaction are listed in Table 1. The 
most frequent allergen was potassium di-
chromate (positive reactions in 15.1% of 
patients); the second most frequent aller-
gen was epoxy resin (in 13.7%). Although, 
unlike the allergens of the DKG baseline 
series, they were not tested in 205  –  212 
patients (83.7  –  86.5% of 245) but only in 
159 – 181 patients (64.9 – 73.9% of 245), 8 

further components of epoxy resin systems 
are among the 30 most frequent allergens 
– 5 reactive diluents (glycidyl ether) and 3 
amine hardeners. Rubber ingredients that are 
not included in the DKG baseline series were 
tested in 132 – 136 patients (53.9 – 55.5% of 
245) using patch testing; of these substances 
and of those rubber allergens included in the 
DKG baseline series, 9 are among the 30 
most frequent allergens.

Test results using DKG test series

Since 1999, the DKG task force “Oc-
cupational Test Series” has recommended 
carrying out patch tests when occupational 
contact allergy is suspected in bricklayers, 
construction workers, tile setters, and people 
working in similar jobs using the follow-
ing DKG test series: baseline series, rubber 
series, synthetic resins/adhesives, building 
trade, ingredients of external agents, pre-
servative agents (e.g., in external agents) 
[12]. Back then, the DKG test series “build-
ing trade” also included several allergens 
of other above-mentioned DKG test series. 
To avoid double testing, the test substances 
were reduced to 5 at the end of 2001; these 
5 substances do not belong to any other test 
series recommended by the DKG. The evalu-
ation of IVDK data obtained in 2006 – 2008 
demonstrated that it is not necessary to test 
with all recommended DKG series because 
several test substances did not lead to reac-
tions. Since September 2010, the DKG has 
recommended carrying out patch tests with 
the new DKG test series “building trade” and 
the DKG rubber series when occupational 
contact dermatitis is suspected in bricklay-
ers, tile setters, etc. [11]. Patch testing using 
the DKG baseline series was carried out in 
224  patients (91.4% of 245), the DKG test 
series “building trade” was used in 145 pa-
tients (59.2%), and the DKG rubber series 
was used in 135 patients (55.1%). Further-
more, the DKG test series “preservative 
agents, e.g., in external agents” was used in 
167 patients (68.2%), the DKG test series 
“ingredients of external agents” was used in 
164 patients (66.9%), and the DKG test se-
ries “synthetic resins/adhesives” was used in 
138 patients (56.3%). The DKG test series 
“building trade” comprises 17 substances, 
15 of which are also included in the DKG 
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test series “synthetic resins/adhesives” (22 
substances), among them all 12 epoxy resin 
allergens. These two DKG test series were 
tested in parallel in 88 patients. Due to the 
resulting overlap, data evaluation focused on 
the individual test substances irrespective of 
the test series the substance was tested in.
–– DKG baseline series: The test reactions 

obtained using the DKG baseline series 
are presented in Table 2. Irritant con-
trol sodium lauryl sulfate 0.25% aqu. 
was tested in 207  patients. 162 patients 
(78.3%) showed no reaction (sls0). 35 
patients had a mild irritant reaction (sls1), 
9 patients had a more severe reaction 

(sls2), and 1 patient had a pronounced 
reaction (sls4).

–– DKG test series “building trade”: The 
test results using the substances of the 
DKG test series “building trade” are 
listed in Table 3. Positive results were 
most frequently obtained with epoxy 
resin allergens, and among those in par-
ticular with 1,6-hexandiol diglycidyl 
ether (1,6-HDDGE) and 1,4-butanediol 
diglycidyl ether (1,4-BDDGE) as well as 
with m-xylidenediamine (MXDA). The 3 
other allergens of synthetic resins that are 
not epoxy resin systems were virtually ir-
relevant. No positive reactions were ob-

Table 1.  IVDK, 2009 – 2011: the 30 most frequent allergens in 245 bricklayers, tile setters, etc. with 
occupational dermatitis. Percentage of reactions and exact 95% confidence interval (95% CI). 
Test substance Tested 

patients
Patients showing pos-

itive reaction
% positive (95% CI)

Potassium dichromate 205 31 15.1 (10.5 – 20.8)
Epoxy resin 212 29 13.7 (9.4 – 19.1)
Thiuram mix 208 21 10.1 (6.4 – 15.0)
1,6-Hexandiol diglycidyl ether 163 20 12.3 (7.7 – 18.3)
Cobalt chloride 210 19 9.0 (5.5 – 13.8)
m-xylidenediamine 159 18 11.3 (6.8 – 17.3)
Tetraethylthiuram disulfide 133 17 12.8 (7.6 – 19.7)
Tetramethylthiuram monosulfide 132 16 12.1 (7.1 – 18.9)
1,4-butanediol diglycidyl ether 163 16 9.8 (5.7 – 15.5)
Balsam of Peru 212 12 5.7 (3.0 – 9.7)
Phenyl glycidyl ether 181 12 6.6 (3.5 – 11.3)
Tetramethylthiuram disulfide 133 12 9.0 (4.7 – 15.2)
Methylisothiazolinone 170 11 6.5 (3.3 – 11.3)
4,4’-Methylenedianiline 182 10 5.5 (2.7 – 9.9)
Nickel sulphate 210 10 4.8 (2.3 – 8.6)
p-tert-butylphenyl glycidyl ether 159 10 6.3 (3.1 – 11.3)
(Chloro-)Methylisothiazolinone (MIC/MI) 210 9 4.3 (2.0 – 8.0)
Colophonium 212 8 3.8 (1.6 – 7.3)
Butyl glycidyl ether 163 8 4.9 (2.1 – 9.4)
Dipentamethylenethiuram disulfide 134 6 4.5 (1.7 – 9.5)
Fragrance mix 209 6 2.9 (1.1 – 6.1)
Isophorone diamine 164 6 3.7 (1.4 – 7.8)
Morpholinyl mercaptobenzothiazole 136 6 4.4 (1.6 – 9.4)
BIS-GMA 138 6 4.3 (1.6 – 9.2)
Mercapto mix 211 6 2.8 (1.1 – 6.1)
Methyldibromo glutaronitrile 211 5 2.4 (0.8 – 5.4)
Mercaptobenzothiazole (MBT) 211 5 2.4 (0.8 – 5.4)
N-Isopropyl-N’-phenyl-p-phenylenedi-
amine

209 5 2.4 (0.8 - 5.5)

1,2-Benzisothiazolin-3-one, sodium salt 164 5 3.0 (1.0 – 7.0)
Trimethylhexane-1,6-diamine 159 5 3.1 (1.0 – 7.2)
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served using trimethylolpropane triglyc-
idyl ether, a reactive diluent that is only 
rarely used in the building trade. Of the 
two preservative agents in the test series, 
methylisothiazolinone (MI) provoked 
more than twice as many positive reac-
tions (6.5%) than benzisothiazolinone 
(BIT) (3.0% positive reactions).

–– DKG rubber series: The test results us-
ing the DKG rubber series are presented 
in Table 4. The most frequent positive 
results were obtained with thiurams, fol-
lowed by mercaptobenzothiazole deriva-
tives and 1,3-diphenylguanidine. One 
single-positive reaction was observed 
with monobenzone and zinc dibutyldi-
thiocarbamate, respectively. All other 
test substances of the rubber series did 
not provoke a positive reaction.

–– DKG test series “preservative agents, 
e.g., in external agents”: The test results 
using the DKG test series “preserva-
tive agents, e.g., in external agents” are 
shown in Table 5. MI is the most frequent 
allergen in preservative agents (Table 1) 
and thus also the most important allergen 
of this test series. Furthermore, 2 patients 
showed positive reactions to iodpropinyl 
butylcarbamate and sodium benzoate, re-
spectively; 1 patient had a positive reac-
tion to sorbic acid. All other allergens did 
not cause positive test reactions.

–– DKG test series “ingredients of external 
agents”: Table 6 shows the test results of 
the DKG test series “ingredients of ex-
ternal agents”. There were positive reac-
tions to some allergens of this test series; 
however, there are usually even more 
questionable and/or irritant reactions that 
justify the characterization “problematic 
allergens” with a negative reaction index 
[6, 18]. Therefore, it has to be assumed 
that not all positive reactions to these al-
lergens are indeed markers of sensitiza-
tion.

–– DKG test series “synthetic resins/adhe-
sives”: The DKG test series “synthetic 
resins/adhesives” comprises 22 substanc-
es, 15 of which are also included in the 
DKG test series “building trade”. The re-
actions to these test substances are listed 
in Table 3. The other 7 test substances 
are: methacrylates, namely methyl meth-
acrylate, 2-hydroxypropyl methacrylate 

(HEMA), 2-hydroxyethyl methacrylate 
(HPMA), ethylene glycol dimethacry-
late (EGDMA), and triethylene glycol 
dimethacrylate (TEGDMA), BIS-GMA, 
and benzoyl peroxide. Only 2 patients 
reacted to the methacrylates: 1 patient 
reacted positively to all 5 methacrylates 
(except for BIS-GMA) and hydroxyethyl 
acrylate, 1 patient had a positive reaction 
to HEMA. 69 patients showed positive 
reactions to BIS-GMA. Benzoyl perox-
ide led to 4 positive reactions (3 +; 1 ++) 
as well as to 4 irritant and 9 questionable 
reactions, confirming that this test prepa-
ration was also a “problematic allergen”.

Reaction coupling

Among the frequent allergens, there are 
some for which reaction coupling by expo-
sure coupling or by immunologic cross-reac-
tions is known to exist. Some combinations 
are listed in Table 7. It can be seen that al-
lergic reactions to cobalt chloride are more 
frequently coupled with reactions to potas-
sium chromate (12 of 16 reactions) than with 
reactions to nickel sulfate (2 of 18 reactions). 
Positive reactions to methylisothiazolinone 
(MI) were highly associated with reactions 
to methylchloroisothiazolinone/methyl-
isothiazolinone (MIC/MI) mix. About half 
of the allergic reactions to phenyl glycidyl 
ether (PGE) occurred concomitantly with 
reactions to epoxy resin. Simultaneous reac-
tions to PGE and p-tert-butylphenyl glycidyl 
ether were observed in 4 of 10 cases. Both 
patients who showed positive reactions to 
cresyl glycidyl ether also reacted positively 
to PGE (not listed in Table 7). Coupling of 
allergic reactions to 1,6-hexanediol diglyc-
idyl ether (1,6-HDDGE) and 1,4-butanediol 
diglycidyl ether (1,4-BDDGE) was high: Of 
20 reactions to 1,6-HDDGE and 16 reactions 
to 1,4-BDDGE, 14 occurred concomitantly.

Of the 29 patients with allergic reactions 
to epoxy resin, 20 reacted to further compo-
nents of epoxy resin systems: 13 to MXDA, 
11 to 1,6-HDDGE, and 10 to 1,4-BDDGE. 
All 6 patients who had a positive reaction to 
BIS-GMA also reacted positively to epoxy 
resin, but only 1 of these 6 patients reacted to 
2-hydroxyethyl methacrylate (HEMA).

Four of the 10 patients who showed a 
positive reaction to 4,4’-methylenedianiline 
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Table 2.  Test results using the DKG standard series. Right column shows percentage of positive reactions (% pos.).

Substance Conc. Unit Base No. of 
tests neg. ? q + ++ +++ ir. % pos.

Potassium dichromate 0.50 % pet. 205 165 7 1 21 7 3 1 15.1
Epoxy resin 1.00 % pet. 212 180 2 0 14 12 3 1 13.7
Thiuram mix 1.00 % pet. 208 184 2 0 7 9 5 1 10.1
Cobalt chloride 1.00 % pet. 210 187 3 0 11 7 1 1 9.0
Balsam of Peru 25.00 % pet. 212 190 3 0 11 1 0 7 5.7
Nickel sulphate 5.00 % pet. 210 199 0 0 3 5 2 1 4.8
(Chloro-)Methylisothiazolinone (MIC/MI) 100.00 ppm aqu. 210 200 1 0 6 3 0 0 4.3
Colophonium 20.00 % pet. 212 203 1 0 4 3 1 0 3.8
Fragrance mix 8.00 % pet. 209 196 3 0 5 1 0 4 2.9
Mercapto mix without MBT 1.00 % pet. 211 204 1 0 4 0 2 0 2.8
Methyldibromo glutaronitrile (dibromodicya-
nobutane) 0.20 % pet. 202 188 6 1 4 0 1 2 2.5

N-Isopropyl-N’-phenyl-p-phenylenediamine 0.10 % pet. 209 202 1 1 1 2 2 0 2.4
Mercaptobenzothiazole (MBT) 2.00 % pet. 211 204 2 0 3 2 0 0 2.4
Composits mix 5.00 % pet. 202 195 4 0 2 1 0 0 1.5
Fragrance mix II 14.00 % pet. 210 202 3 0 2 1 0 2 1.4
Lanolin alcohols 30.00 % pet. 211 206 2 0 1 2 0 0 1.4
Propolis 10.00 % pet. 210 201 5 1 1 1 0 1 1.0
Cetostearyl alcohol 20.00 % pet. 211 203 4 0 1 1 0 2 0.9
Zinc diethyldithiocarbamate 1.00 % pet. 212 205 4 1 1 0 1 0 0.9
Ylang-ylang (I + II) oil* 10.00 % pet. 133 130 2 0 1 0 0 0 0.8
Jasmine absolute* 5.00 % pet. 133 130 1 0 1 0 0 1 0.8
Sandalwood oil* 10.00 % pet. 133 132 0 0 1 0 0 0 0.8
Formaldehyde 1.00 % aqu. 211 206 2 1 0 1 0 1 0.5
Paraben mix 16.00 % pet. 211 204 5 0 1 0 0 1 0.5
Turpentine 10.00 % pet. 211 206 4 0 1 0 0 0 0.5
Hydroxyisohexyl 3-cyclohexene carboxalde-
hyde (HICC; Lyral®) 5.00 % pet. 212 209 2 0 0 1 0 0 0.5

Bufexamac 5.00 % pet. 209 207 2 0 0 0 0 0 0.0
p-tert-Butylphenol formaldehyde resin 1.00 % pet. 212 211 1 0 0 0 0 0 0.0
Bronopol 0.50 % pet. 211 207 2 0 0 0 0 2 0.0

*Lower number of tests because the test formulation was not included in the DKG standard series before September 2010.

Table 3.  Test results using the test substances included in the DKG test series “building trade”. Right column shows percentage of 
positive reactions (% pos.).

Substance Conc. Unit Base No. of 
tests neg. ? q + ++ +++ ir. % pos.

1,6-hexanediol diglycidyl ether 0.25 % pet. 163 139 2 1 11 5 4 1 12.3
m-xylidenediamine 0.10 % pet. 159 141 0 0 10 7 1 0 11.3
1,4-butanediol diglycidyl ether 0.25 % pet. 163 135 6 1 10 3 3 5 9.8
Phenyl glycidyl ether 0.25 % pet. 181 161 7 1 9 2 1 0 6.6
Methylisothiazolinone 0.05 % aqu. 170 157 2 0 6 4 1 0 6.5
p-tert-butylphenyl glycidyl ether 0.25 % pet. 159 146 1 2 6 4 0 0 6.3
4,4’-Methylenedianiline 0.50 % pet. 182 165 6 0 5 4 1 1 5.5
Butyl glycidyl ether 0.25 % pet. 163 153 2 0 5 2 1 0 4.9
Isophorone diamine 0.50 % pet. 164 156 1 1 4 1 1 0 3.7
trimethylhexane-1,6-diamine (isomer mixture) 0.50 % pet. 159 150 1 1 2 3 0 2 3.1
1,2-Benzisothiazolin-3-one, sodium salt 0.10 % pet. 164 154 3 0 5 0 0 2 3.0
Diethylenetriamine 1.00 % pet. 160 157 1 0 1 1 0 0 1.3
Cresyl glycidyl ether 0.25 % pet. 164 155 6 1 2 0 0 0 1.2
Hydroxyethyl acrylate 0.10 % pet. 164 159 3 0 2 0 0 0 1.2
Phenol-formaldehyde resin (Novolak) 5.00 % pet. 181 177 1 0 1 1 0 1 1.1
p-tert-butylcatechol 0.25 % pet. 195 193 1 0 1 0 0 0 0.5
Trimethylolpropane triglycidyl ether 0.25 % pet. 157 155 2 0 0 0 0 0 0.0
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Table 4.  Test results using the DKG rubber series. Right column shows percentage of positive reactions (% pos.).

Substance Conc. Unit Base No. of 
tests neg. ? q + ++ +++ ir. % pos.

Tetraethylthiuram disulfide (Disulfiram) 0.25 % pet. 132 114 1 0 8 7 2 0 12.9
Tetramethylthiuram monosulfide 0.25 % pet. 131 113 1 1 8 7 1 0 12.2
Tetramethylthiuram disulfide 0.25 % pet. 132 119 1 0 5 6 1 0 9.1
Morpholinyl mercaptobenzothiazole 0.50 % pet. 132 126 0 0 4 1 1 0 4.5
Dipentamethylenethiuram disulfide 0.25 % pet. 133 125 1 0 5 1 0 1 4.5
1,3-Diphenylguanidine 1.00 % pet. 132 125 2 0 3 1 0 1 3.0
N,N’-Diphenyl-p-phenylenediamine 0.25 % pet. 132 128 0 0 1 3 0 0 3.0
N-Cyclohexyl-2-benzothiazole sulfenamide 1.00 % pet. 132 128 0 0 2 1 1 0 3.0
Dibenzothiazyl disulfide 1.00 % pet. 132 127 1 0 2 2 0 0 3.0
Monobenzone 1.00 % pet. 132 128 3 0 1 0 0 0 0.8
Zinc dibutyldithiocarbamate 1.00 % pet. 133 131 0 1 1 0 0 0 0.8
4,4‘-Dihydroxydiphenyl 0.10 % pet. 132 132 0 0 0 0 0 0 0.0
Dibutylthiourea 1.00 % pet. 132 132 0 0 0 0 0 0 0.0
Diphenylthiourea 1.00 % pet. 132 132 0 0 0 0 0 0 0.0
Ethylenediamine-di-HCl 1.00 % pet. 131 131 0 0 0 0 0 0 0.0
Methenamine (hexamethylenetetramine) 1.00 % pet. 132 131 1 0 0 0 0 0 0.0
p-tert-butylcatechol 0.25 % pet. 132 132 0 0 0 0 0 0 0.0
Cyclohexylthiophthalimide 0.50 % pet. 132 132 0 0 0 0 0 0 0.0
Zinc dibenzyldithiocarbamate 1.00 % pet. 133 133 0 0 0 0 0 0 0.0

Table 5.  Test results using the DKG test series “preservative agents, e.g., in external agents”: Right column shows percentage of 
positive reactions (% pos.).

Substance Conc. Unit Base No. of 
tests neg. ? q + ++ +++ ir. % pos.

Methylisothiazolinone 0.05 % aqu. 157 145 2 0 6 4 0 0 6.4
Iodopropynyl butylcarbamate 0.20 % pet. 161 152 6 1 2 0 0 0 1.2
Sodium benzoate 5.00 % pet. 163 158 2 0 2 0 0 1 1.2
Sorbic acid 2.00 % pet. 160 156 2 0 0 1 0 1 0.6
Quaternium-15 1.00 % pet. 160 160 0 0 0 0 0 0 0.0
Benzyl alcohol 1.00 % pet. 160 160 0 0 0 0 0 0 0.0
Chloroacetamide 0.20 % pet. 160 160 0 0 0 0 0 0 0.0
Chlorhexidine digluconate 0.50 % aqu. 162 161 1 0 0 0 0 0 0.0
Diazolidinyl urea (Germall II) 2.00 % pet. 160 160 0 0 0 0 0 0 0.0
Imidazolidinyl urea (Germall 115) 2.00 % pet. 160 160 0 0 0 0 0 0 0.0
Triclosan 2.00 % pet. 160 160 0 0 0 0 0 0 0.0
DMDM Hydantoin 2.00 % aqu. 160 159 1 0 0 0 0 0 0.0

Table 6.  Test results using the DKG test series “ingredients of external agents”. Right column shows percentage of positive reactions (% pos.).

Substance Conc. Unit Base No. of 
tests

neg. ? q + ++ +++ ir. % pos.

Cocamidopropyl betaine 1.00 % aqu. 161 148 3 0 4 0 0 6 2.5
Propylene glycol 20.00 % aqu. 158 149 4 0 1 1 1 2 1.9
Amerchol L-101 50.00 % pet. 159 154 1 0 2 1 0 1 1.9
Cetostearyl alcohol 20.00 % pet. 152 146 3 0 1 1 0 1 1.3
Octyl gallate 0.30 % pet. 161 139 13 0 2 0 0 7 1.2
Benzophenone-4 (Sulisobenzone) 10.00 % pet. 152 149 2 0 1 0 0 0 0.7
Butylhydroxyanisole (BHA) 2.00 % pet. 160 159 1 0 0 0 0 0 0.0
Butylated hydroxytoluene (BHT) 2.00 % pet. 160 159 0 1 0 0 0 0 0.0
Polyethylene glycol ointment DAB 8 100.00 % 159 159 0 0 0 0 0 0 0.0
tert-Butylhydroquinone 1.00 % pet. 161 157 2 0 0 0 0 2 0.0
Triethanolamine (TEA;Trolamine) 2.50 % pet. 159 157 1 0 0 0 0 1 0.0
Cocamide diethanolamine 0.50 % pet. 158 153 4 0 0 0 0 1 0.0
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(4,4’-MDA) also reacted to epoxy resin, 
and 3 also reacted to further components of 
epoxy resin systems, e.g., hardeners and/or 
reactive diluents. Another patient who had 
a positive reaction to 4,4’-MDA addition-
ally reacted to isophorone diamine but not 
to other components of epoxy resin systems.

In total, 28 patients reacted to thiurams, 
i.e., thiuram mix and/or at least one com-
ponent of this mixture. Eight patients had 
positive reactions to mercaptobenzothiazole 
(MBT) and/or mercapto mix and/or at least 
one component of this mixture. Two patients 
showed positive reactions to zinc diethyldi-
thiocarbamate (ZDEC) and 1 of these also 
to zinc dibutyldithioarbamate (ZDBC). For 
zinc dibenzylditiocarbmate, no positive tests 

were obtained. The 2 dithiocarbamate-posi-
tive patients also reacted to thiurams. Of the 
8 patients who showed allergic reactions to 
MBT and/or MBT derivatives, 4 also reacted 
to thiurams. There were, however, no con-
comitant reactions to dithiocarbamates and 
MBT or MBT derivatives.

Chronology

Figure 1 shows previously published 
[13] sensitization frequencies for the 4 most 
frequent occupational allergens, which were 
tested in more than 80% of the test group, 
plotted over time. These are: potassium di-

Table 7.  Simultaneous reactions to various allergens.

pos.
Cobalt chloride

neg., quest., ir. Sum

Potassium dichromate
pos. 12 19 31

neg., quest., ir. 4 169 173
Sum 16 188 204

pos.
Cobalt chloride

neg., quest., ir. Sum

Nickel sulphate
pos. 2 8 10

neg., quest., ir. 16 182 198
Sum 18 190 208

pos.
Methylisothiazolinone

neg., quest., ir. Sum

Methylchloroisothiazolinone/
methylisothiazolinone

pos. 7 1 8
neg., quest., ir. 2 146 148

Sum 9 147 156

pos.
Phenyl glycidyl ether

neg., quest., ir. Sum

Epoxy resin
pos. 5 22 27

neg., quest., ir. 4 133 137
Sum 9 155 164

pos.
Phenyl glycidyl ether

neg., quest., ir. Sum

p-tert-butylphenyl glycidyl 
ether

pos. 4 6 10
neg., quest., ir. 6 143 149

Sum 10 149 159

pos.
1,4-butanediol diglycidyl ether

neg., quest., ir. Sum

1,6-hexanediol diglycidyl 
ether

pos. 14 6 20
neg., quest., ir. 2 140 142

Sum 16 146 162
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chromate, epoxy resin, thiuram mix, and co-
balt chloride. The figure shows 3-year peri-
ods between 1994 and 2011. The frequency 
of sensitization to dichromate decreased 
from 43.1% in the period 1994  –  1996 to 
15.1% in the period 2009 – 2011. Sensitiza-
tion to cobalt also decreased: from 16.1% in 
1994 – 1996 to 9.0% in 2009 – 2011. In con-
trast, sensitization to epoxy resin increased 
from 8.4% (1994 – 1997) to 13.7% (2009 
– 2011). For thiuram mix, the frequency 
of positive reactions increased from 7.7% 
(1994 – 1996) to 10.1% (2009 – 2011). None 
of the courses was monotonic or linear.

Discussion
The current spectrum of sensitization in 

bricklayers, tile setters, construction work-
ers, and workers in similar professions who 
suffer from occupational dermatitis is domi-
nated by dichromate, components of epoxy 
resin systems, and rubber ingredients.

Although potassium dichromate is still 
the most frequent contact allergen, the de-
clining trend of chromate sensitization in 
this group of patients, which was observed 
in the past years [13], has been continuing. 

Preventive measures to reduce allergic ce-
ment eczema, in particular the limitation of 
the chromate content in manually-processed 
cement to below 2 ppm, are obviously effec-
tive. That this measure could be effective in 
principle had already been known for more 
than 20 years in Scandinavian countries [4, 
5, 24]. However, in Germany, no declining 
trend could be observed until 2000, and Bock 
et al. [36] had reported that in 335 occupa-
tional skin diseases diagnosed in the building 
trade according to the German Ordinance on 
Occupational Diseases (No. BK 5101), sen-
sitizations to potassium dichromate were 
observed in 162 patients (48.4%), to cobalt 
dichloride in 67 (20%), to epoxy resins in 43 
(12.8%), and to thiurams in 22 (6.6%). It was 
not until the year 2003 that an EU regula-
tion stipulated the use of chromate-reduced 
cement when manually processed. Not only 
in Germany [13] but also in other European 
countries, this led to a decline in chromate 
sensitization in bricklayers who had occupa-
tional skin diseases [28, 29].

More or less in parallel with this de-
crease of chromate sensitizations, a decline 
of sensitizations to cobalt could be observed 
in the same patient group. It is well known 
that cobalt in cement frequently leads to co-
sensitization by coexposure in patients with 
allergic cement eczema due to chromate al-
lergy [32]. In our patient collective, as well, 
allergic reactions to cobalt predominantly 
occurred in patients who were sensitized to 
chromate. Based on investigations by Fregert 
and Gruvberger [8] at the end of the 1970s, it 
has been assumed that an important require-
ment for the development of cobalt sensitiza-
tion due to contact with cement is the pres-
ence of free amino acids in eczematous skin 
lesions, because under these circumstances 
water-soluble cobalt-amino acid complexes 
are built, which can cause sensitization. As 
the irritant properties of cement, and thus 
its ability to trigger irritant contact eczema, 
are not changed by reducing the chromate 
content, it could have been assumed that co-
balt becomes the most important allergen in 
cement when chromate is reduced. In other 
words, when the frequency of irritant ce-
ment eczema does not decline and the pres-
ence of free amino acids in eczematous skin 
alone promotes cobalt sensitization, it could 
be assumed that the frequency of cobalt sen-

Figure 1.  Frequency of allergic reactions to 4 oc-
cupational allergens. For interpretation please see 
text.
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sitization does not decrease in parallel with 
chromate sensitization. However, IVDK data 
do show such parallels (with certain reserva-
tions). This could have two possible explana-
tions: Either there are factors other than the 
presence of free amino acids in eczematous 
skin lesions due to which cobalt sensitiza-
tion develops (these could, for instance, be 
immunological processes in allergic contact 
eczema that result from primary sensitiza-
tion to chromate), or the preventive mea-
sures, which were promoted simultaneously 
with the introduction of chromate-reduced 
cement, like, for example, the use of gloves 
when handling cement or cement-containing 
products, have led to a reduction of irritant 
cement eczema and thus contributed to the 
decreased frequency of contact allergy to 
cobalt. No data on the incidence of irritant 
cement eczema in Germany were available 
when this article was compiled. But if it had 
really decreased, one would have assumed 
that less bricklayers, construction work-
ers, tile setters, and workers in similar jobs 
have registered with the IVDK for reasons 
of occupation-related eczema. This is, how-
ever, not the case. In the period 2000 – 2008, 
the IVDK registered 180  –  210 patients 
for each 3-year period [13]; in the period 
2009 – 2011, the registered number was 245. 
This increase could possibly be traced back 
to the fact that more and more patients with 
allergic contact eczema caused by epoxy 
resin systems are being tested. Furthermore, 
the number of suspected occupation-related 
skin disease has markedly increased, which 
is surely related to the prevention campaign 
carried out in 2007/2008. While in the years 
2003 and 2004, respectively, about 15,000 
reports according to the German Ordinance 
on Occupational Diseases (No. BK  5101) 
were received, this number was approxi-
mately 18,500 in 2008, reaching circa 23,600 
in 2010 [7]. Thus, our data cannot clearly an-
swer why exactly there has been a simultane-
ous decrease in the incidences of chromate 
and cobalt sensitization in bricklayers, tile 
setters, construction workers, and workers in 
similar jobs.

In general, nickel and cobalt sensitiza-
tions are highly associated, which is assumed 
to result from the presence of cobalt in nickel 
alloys, e.g., in costume jewelry [30]. Thus, 
the pronounced dissociation of sensitizations 

to nickel and cobalt in the group investigated 
by us is striking. Nickel is also present in ce-
ment, but not in a form where it could cause 
sensitization. Bricklayers and tile setters 
could have contact to nickel in handles of 
tools or the like [5, 8, 14, 27]. However, nick-
el allergy does not seem to play an important 
role from a quantitative point of view; the 
rate of sensitization is not higher than in men 
working in other professions [17]. The dis-
sociation of nickel and cobalt sensitizations 
shows that cobalt sensitization was acquired 
by the handling of cement rather than by co-
balt in nickel alloys.

As has been described for previous years 
[13], sensitization to epoxy resin continues 
to increase in bricklayers, tile setters, and 
workers in similar jobs suffering from oc-
cupational dermatitis. In the meantime, the 
sensitization rate is almost as high as the rate 
of sensitization to potassium dichromate. 
Here, efforts of prevention seem to have not 
been very effective thus far. Therefore, there 
will have to be greater efforts in the future 
to recommend truly adequate gloves, to im-
prove occupational hygiene, and to avoid 
direct skin contact with epoxy resin systems 
on construction sites. This kind of sensiti-
zation does not only involve the resin itself 
(the substance used for patch tests contains a 
resin on the basis of bisphenol A diglycidyl 
ether) but also reactive diluents and harden-
ers. Among the reactive diluents, 1,6-hex-
anediol diglycidyl ether (1,6-HDDGE) is 
the most frequent allergen, mostly involving 
a parallel reaction to 1,4-butanediol digly-
cidyl ether (1,4-BDDGE), which is signifi-
cantly less prevalent than 1,6-HDDGE in ep-
oxy resin products used in the construction 
business [19]. The concomitant reactions 
are certainly caused by immunologic cross-
reactions to these chemically highly-related 
reactive diluents. The rate of positive reac-
tions to phenyl glycidyl ether (PGE), which 
is no longer used in epoxy resin systems in 
the building trade, is remarkably high [19]. It 
is well known that patients who have a pri-
mary sensitization to epoxy resin on the basis 
of bisphenol A diglycidyl ether can also de-
velop a cross-reaction to PGE [22, 23]. This 
might explain some of the reactions (5 of 9 
positive reactions to PGE). However, there 
are also 4 patients in the group investigated 
by us who had an allergic reaction to PGE 
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but not to epoxy resin. It is unclear whether 
in these cases a primary sensitization to PGE 
is indeed present or if the sensitization to 
PGE is instead caused by an immunologic 
cross-reaction, while a primary sensitization 
to other aromatic glycidyl ethers, e.g., cresyl 
glycilyl ether (CGE) or p-tert-butylphenyl 
glycidil ether (PTBPGE) is present. Both are 
still being used in epoxy resin systems in the 
building trade, albeit not very extensively 
[19]. Of note, trimethylolpropane triglycidyl 
ether (TMPTGE) did not cause any allergic 
reaction. According to the information sys-
tem of hazardous materials published by the 
German Institution for Statutory Accident 
Insurance and Prevention in the building 
trade (GISBAU), these reactive diluents are 
only rarely present in epoxy resin systems 
used in the building trade [19]. It remains 
unclear whether its low sensitizing potency 
or the fact that it is only rarely used is the 
reason why no sensitization to TMPTGE was 
observed in our patient collective.

Among the hardeners used in epoxy resin 
systems, m-xylidenediamine (MXDA) is by 
far the most frequent allergen. Sensitization 
has been observed in approximately 3-times 
as many cases as sensitization to isophorone 
diamine (IPDA). Both amine hardeners are 
extensively used in epoxy resin systems in 
the building trade [19].

4,4’-methylenedianiline (4,4’-MDA) has 
not been used in epoxy resin systems for 
years [19]. According to current investiga-
tions, it has been assumed that positive re-
actions to 4,4’-MDA are also a marker for 
sensitization to 4,4’-diphenylmethane diiso-
cyanate (4,4’-MDI) because 4,4’-MDA is 
the corresponding amine of this diisocyanate 
[1]. Diisocyanates are basic chemical com-
ponents of polyurethane, which is used as 
fitting or insulating foam or as a glue. Thus, 
people working on construction sites could 
be exposed to 4,4’-MDI. The problem with 
using diisyocyanates for skin testing is that 
these test substances frequently do not con-
tain the indicated diisocyanate concentration 
because of their high reactivity; thus, they 
do not reliably reflect sensitization [9]. Oc-
cupational dermatologists in Scandinavia are 
therefore recommending patch testing with 
4,4’-MDA to detect sensitization to 4,4’-
MDI [1, 10]. The fact that 4 of our 10 pa-
tients who reacted to 4,4’-MDA also reacted 

positively to epoxy resin, and that 3 of them 
were also sensitized to further components of 
epoxy resin systems, probably reflects coex-
posure to polyurethane products and epoxy 
resin systems. Immunologic cross-reactions 
between 4,4’-MDA, on the one hand, and ep-
oxy resins, reactive diluents, or other amine 
hardeners (like MXDA or IPDA), on the oth-
er, are not to be assumed, nor is exposure to 
4,4’-MDA due to epoxy resin systems.

The proportion of allergic reactions to 
thiurams (28 patients (11.4%) of our patient 
collective) is strikingly high. In general, thi-
urams are still the most frequent allergens in 
rubber gloves [15]. It can be assumed that in 
our collective, rubber gloves were an impor-
tant source of sensitization to thiurams. Fur-
ther allergen sources could be other things 
made of rubber, like boots, handles, and so 
forth. Dithiocarbamates, which are chemi-
cally related to thiurams, led to allergic reac-
tions in only 2 patients. Both of them were 
allergic to thiurams. It can be hypothesized 
that in these patients, immunologic cross-
reactions between thiurams and dithiocar-
bamates are present, although exposure cou-
pling cannot be excluded. Sensitization to 
mercaptobenzothiazole and its derivatives 
was observed significantly less often than 
sensitization to thiurams. In the light of this, 
thiuram-free rubber gloves should be recom-
mended for the building trade, as has been 
done for other sectors [21, 35].

As mentioned above, since Septem-
ber  2010, the DKG has recommended car-
rying out patch tests with the new DKG test 
series “building trade” and the DKG rubber 
series along with the DKG standard series 
when occupational contact dermatitis is sus-
pected in bricklayers, tile setters, etc. [11]. 
As our results show, these tests cover the 
allergens that are most relevant for this pa-
tient group. The most important allergen in 
preservative agents, methylisothiazolinone 
(MI), is not only included in the DKG test 
series “preservative agents, e.g., in exter-
nal agents”, but also in the DKG test series 
“building trade”. There was an almost com-
plete accordance of positive reactions to MI 
and the methylchloroisothiazolinone/methy-
lisothiazolinone (MCI/MI) mix, which is in-
cluded in the DKG standard series. A recent 
detailed analysis of IVDK data suggests that 
primary sensitization to MI has increased 



Geier, Lessmann, Skudlik, et al.	 138

over the last years; immunologic cross-reac-
tion then leads to allergic reactions to MCI 
(and thus to the test formulation MCI/MI) 
[16]. MI is also present in various materials 
used in the building trade so that the sensiti-
zation is of occupational relevance in many 
cases.

The DKG test series “ingredients of ex-
ternal agents” and “preservative agents, e.g., 
in external agents”, which were frequently 
carried out as additional tests in our patient 
collective, only rarely provided further rel-
evant results. Using the preservative agents 
series, reactions to iodopropynyl butylcarba-
mate, sodium benzoate, and sorbic acid were 
observed sporadically, while all other aller-
gens did not provoke any positive reaction.

Using the DKG test series “ingredients 
of external agents” several positive reactions 
were observed; however, also questionable 
and irritant reactions were obtained for the 
allergens contained in this series, resulting in 
an unfavorable reaction index [6]. It has to be 
assumed that not all reactions observed with 
this test series were indeed type IV sensiti-
zations. In fact, some of the reactions could 
well have been false positive, in particular if 
they were only single positive [18]. Given 
the low yield of unambiguous allergic reac-
tions, it has to be questioned whether this 
DKG test series should be routinely used 
in bricklayers, tile setters, and workers in 
similar jobs in which occupational contact 
eczema is suspected. In our opinion, well-
targeted testing when intolerance of external 
agents or ointment bases is suspected seems 
to be more sensible. Moreover, external 
agents provided by the patient can easily be 
tested, and in the case of a positive reaction, 
the causative agent can be detected by fur-
ther well-targeted tests [20].

The following conclusions can be drawn 
from our data analysis:
–– The exclusive use of chromate-reduced 

cement for manual processing, which has 
been mandatory by EU regulation since 
2003, continues to be successful; sensi-
tization to chromate in bricklayers, con-
struction workers, and tile setters with 
occupational dermatitis continues to de-
crease.

–– Sensitization to epoxy resins and further 
components of epoxy resin systems, like 
reactive diluents and amine hardeners, 

are still of increasing importance in this 
occupational field. More intensive pre-
ventive measures, in particular improved 
work hygiene to avoid direct skin con-
tact, are required.

–– Thiurams are of major importance as 
allergens in bricklayers, construction 
workers, tile setters, and workers in simi-
lar jobs, who suffer from occupational 
dermatitis. When recommending gloves 
for this business sector, thiuram-free 
products should be preferred.

–– The DKG recommendation that has been 
valid since September 2010 and recom-
mends the use of the DKG standard se-
ries, the DKG test series “building trade”, 
and the DKG rubber series when occu-
pational contact allergy is suspected in 
bricklayers, construction workers, tile 
setters, and workers in similar jobs, is 
still correct. These test series cover all 
allergens important in this sector. More 
extensive tests are not necessary for rou-
tine testing; further tests should only be 
carried out if necessary judging on indi-
vidual patient history.
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