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CONTACT DERMATITIS

Can simultaneous contact allergies to phenyl glycidyl
ether and epoxy resins of the bisphenol A/F-types be
explained by contamination of the epoxy resins?

ANN PONTÉN, ERIK ZIMERSON AND MAGNUS BRUZE

Department of Occupational and Environmental Dermatology, Lund University,
Malmö University Hospital, SE-20502 Malmö, Sweden

Background: Simultaneous contact allergies to epoxy resins based on diglycidyl ether of bisphenol A
(DGEBA-R) or epoxy resins of the bisphenol F-type and the reactive diluent phenyl glycidyl ether
(PGE) have been reported. The reason might be cross-reactivity, exposure to an epoxy resin system
with PGE as a component, or contamination by PGE in the epoxy resin.

Aims: To study contamination by PGE, 20 commercial epoxy resins were analysed for the presence
of PGE. To study contact allergy to PGE and its relation to epoxy resins by inserting PGE in the
standard series.

Results: Among 2227 patients, 7 reacted to PGE. Of 23 (30%) patients, 7 with contact allergy to
DGEBA-R and 7/19 (37%) with contact allergy to an epoxy resin of the bisphenol F-type reacted
to PGE. All 7 patients with contact allergy to PGE reacted both to the DGEBA-R and to the epoxy
resin of the bisphenol F-type. PGE was found in 90% of the investigated resins. The amounts of PGE
ranged between 0.004% w/w and 0.18% w/w.

Conclusion: Most probably, the presence of PGE as a contaminant in epoxy resins is of minor
importance for the sensitization, but possibly the contamination of PGE might elicit contact derma-
titis in individuals with a high reactivity to PGE.
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Epoxy resin systems (ERSs) are often modified by
the addition of ingredients such as reactive
diluents. These are used mainly to reduce the vis-
cosity of the epoxy resin. Reactive diluents are
epoxy compounds and may be mono-functional,
e.g. contain one reactive epoxy group or poly-
functional, and they may be aromatic or aliphatic
(1). Several different epoxy-based reactive diluents
are known to cause occupational contact allergy
(2). Phenyl glycidyl ether (PGE, Fig. 1) is an
epoxy-based aromatic reactive diluent, which is
reported as an occupational contact allergen in
workers exposed to ERSs (3–8). The most com-
mon epoxy resin is based on bisphenol A and con-
tains the monomer diglycidyl ether of bisphenol A
(DGEBA). Many cases with contact allergy to
PGE simultaneously have contact allergy to epoxy

resin based on bisphenol A (DGEBA-R), which is
present in the European standard patch test series,
but several cases without simultaneous contact
allergy to DGEBA-R have also been reported
(3–5, 9). Contact allergy to PGE can be found in
workers exposed to ERSs where no obvious
source of PGE exposure is found (10). It has been
reported that PGE has rarely been used in ERSs
the past few years (8). The partially overlapping
patterns of contact allergies to DGEBA-R and
PGE might be explained by simultaneous expos-
ure to PGE present as a reactive diluent in an
ERS, the presence of PGE as a contaminant in
the epoxy resin itself, or by cross-reactivity
between DGEBA and PGE. PGE is chemically
similar both to the monomers in DGEBA-R and
to the main constituents in epoxy resins of the



bisphenol F-type. The latter types of epoxy resin
contain the diglycidyl ether of bisphenol F
(DGEBF), which has three different isomers.
These are p,p9-DGEBF, o,p9-DGEBF, and o,o9-
DGEBF (Figs 1 and 2) (11, 12). The epoxy resins
of the bisphenol F-type can be produced from
reacting epichlorohydrin either with bisphenol F
or with phenolic novolacs (DGEBF-R and
DGEBF(n)-R, respectively). DGEBA-R, on the
other hand, is manufactured so as to contain vir-
tually only one isomer of the monomer diglycidyl
ether of bisphenol A (p,p9-DGEBA) (Fig. 2) (11).
Because of similarities in the chemicals used for
the production, it could be suspected that PGE
would be present as a contaminant in epoxy res-
ins. Possibly, that would be the case especially for
epoxy resins based on phenolic novolac. These
resins are described to have a repetitive unit of
one aromatic ring compared with epoxy resins
based on bisphenol A in which the monomer has
two aromatic rings (Fig. 3) (11). PGE would then

hypothetically correspond to the smallest repeti-
tive unit of DGEBF(n)-R.
To evaluate the frequency of simultaneous con-

tact allergies to epoxy resin and PGE in consecu-
tive dermatitis patients, PGE was included in our
baseline patch test series, which already contained
an epoxy resin of the bisphenol F-type. Further-
more, nine patients with previously known con-
tact allergy to DGEBA-R and an epoxy resin of
the bisphenol F-type were investigated with
respect to simultaneous contact allergy to PGE.
To evaluate the possibility of sensitization to
PGE because of the presence of PGE as a contam-
inant in epoxy resins, a selection of commercial
epoxy resins not declared to contain PGE were
analysed. Patch test substances used for detecting
contact allergy to DGEBA-R in standard patch
test series were also analysed with respect to PGE.

Materials and Methods

Substances

PGE 0.25% w/w in petrolatum (pet.) (Chemo-
technique, Tygelsjö, Sweden) was used for patch
testing in our baseline series. For patch testing,
patients with dilution series, PGE (Acros Organ-
ics, Geel, Belgium), were bought. According to the
manufacturer of the latter chemical, the concen-
tration was 99%. The purity of this substance was
investigated by high-performance liquid chroma-
tography (HPLC). The DGEBA-R test substance
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Fig. 2. The main components in epoxy
resins based on bisphenol A and F.
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Fig. 1. Chemical structure of phenyl glycidyl ether (PGE).
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(Chemotechnique) has been analysed by us and
found to contain 92.1% w/w DGEBA and no
detectable levels of the isomers of DGEBF (13).
This DGEBA-R was used in the present study for
preparing dilution series in acetone for patch test-
ing. Methods for analyses of the concentrations of
PGE and DGEBA in the patch test preparations
in pet. bought from Chemotechnique had not been
developed at the time of the study. The analysed
epoxy resins were obtained from three main
commercial producers: Ciba Specialty Chemicals
(Västra Frölunda, Sweden), Dow Epoxy Products
(Stockholm, Sweden), and Shell Chemicals
(Bromma, Sweden). The resins were declared to
be DGEBF-R, DGEBF(n)-R, DGEBA-R, or
mixtures of DGEBA-R andDGEBF-R (Table 3).
An older DGEBF-R (Rütapox 0161), kept at our
department and provided by Bakelite Gesellschaft
mbH, Duisburg, Germany, was also analysed.
Patch test chemicals used within standard patch
test series for the detection of contact allergy to
DGEBA-R were obtained from Chemotechnique
Diagnostics (Tygelsjö, Sweden), Hermal (Rein-
bek, Germany), Pharmacia & Upjohn Hillerød
AS (Hillerød, Denmark) and from two producers
of baseline patch test series outside Europe and
the USA. All these resins are previously described
in detail with respect to monomer content, includ-
ing the epoxy resins of the bisphenol F-type used
in our standard series (12). In the present study,
D.E.N. 431 was used for patch testing DGEBF(n)-
R in dilution series.
The following chemicals were used for chemical

analyses: ethyl acetate, acetonitrile, and heptane

from Lab Scan (Dublin, Ireland), ethanol from
Kemetyl AB (Haninge, Sweden), methanol
from Mallinckrodt Baker B.V. (Deventer, the
Netherlands), and sodium sulfate anhydrous from
Acros Organics.

Patients

During the period 2001 to June 2004, 2227 (39%
male and 61% female) patients with suspected
contact allergy were consecutively patch tested
with the baseline patch test series at the Depart-
ment of Occupational and Environmental Derma-
tology, Malmö, Sweden, in which PGE and an
epoxy resin of the bisphenol F-type were inserted.
They were tested either as part of an investigation
of suspected occupational dermatitis [1381 (62%)
patients] or non-occupational contact allergy [846
(38%) patients]. Furthermore, nine patients retro-
spectively found to have contact allergy to
DGEBA-R and DGEBF-R were patch tested
simultaneously with DGEBA, the DGEBF iso-
mers and PGE. The results from patch testing
with the epoxy resin monomers are described else-
where (13).

Patch testing

Epoxy resins of the bisphenol F-type were patch
tested in 0.25% pet. in the standard series (14).
Within the group of nine patients with previously
known contact allergy to the epoxy resins, three
patients with already established contact allergy to
PGE were patch tested with five 10-fold serial
dilutions with highest concentration 0.25% w/v
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nFig. 3. Chemical structures of epoxy res-
ins based on phenolic novolac resins and
epoxy resins based on bisphenol A
(DGEBA-R).
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of PGE in acetone. Finn chambers1 (Epitest Ltd
Oy, Tuusula, Finland) on Scanpor (Norgesplaster
A/S, Vennesla, Norway) were used. 15 ml of the
solutions was applied on a filter paper disc in each
test chamber with a micropipette. The other six
patients were tested with PGE 0.25% pet. bought
from Chemotechnique. The Ethics Committee of
Lund University Medical Faculty approved the
study of the patients enrolled for additional patch
testing with components in epoxy resins. The patch
test reactions were scored according to Interna-
tional Contact Dermatitis Research Group criteria
and read on D3 or D4 and D7 or D8.

Chemical analyses

Analysis of epoxy resin samples. The epoxy resin
samples, 0.3–0.5 g, were accurately weighed and
dissolved in around 5 ml ethyl acetate and diluted
to a final volume of 50.0 ml with ethanol. For resins
that could not be diluted in ethanol, ethyl acetate
was used. Prior to the HPLC analysis, these sol-
utions were diluted 10–500 times with the eluent
used for the analysis. Because of different sub-
stances in the investigated epoxy resins that inter-
fered with the PGE peak, we used two analytical
methods to enhance the reliability of the results.
Analysis of PGE in resins with method 1. The

analysis was performed with an HPLC system,
which is described elsewhere (15). Linear gradient
elution with solvent A (acetonitrile/water 40/60)
and solvent B (acetonitrile) was used. The linear
gradient elution was maintained at 0% B for
15 min, reached 100%B at 16 min, and was main-
tained at 100% for another 6 min before returning
to 0% B in 1 min. The detector was operated at
a wavelength of 280 nm. The retention times of
the sample peaks were compared with the reten-
tion time of the reference substance (PGE) peak.
The area or height of the sample peak and the
reference substance peak was measured and the
concentration of PGE in the sample calculated.
Analysis of PGE in resins with method 2. The

analysis was performed with the same HPLC sys-
tem as in method 1. Linear gradient elution with
solvent A (acetonitrile/water 30/70) and solvent B
(acetonitrile) was used. The linear gradient elution
was maintained at 0% B for 18 min, reached
100% B at 19 min and was maintained at 100%
for another 6 min before returning to 0% B in
1 min. The detector was operated at a wavelength
of 230 nm. The retention times of the sample
peaks were compared with the retention time of
the reference substance (PGE) peak. The area or
height of the sample peak and the reference sub-
stance peak was measured and the concentration
of PGE in the sample calculated.

If the sample showed different concentrations
of PGEwhen analysed bymethod 1 and 2, respect-
ively, the lower result was chosen.
NMR spectrometry. 1H nuclear magnetic res-

onance (NMR) spectra were recorded from sam-
ples dissolved in CDCl3 using a Bruker ARX,
500 MHz spectrometer (Bruker BioSpin, Täby,
Sweden). Internal reference was chloroform
(d ¼ 7.27 ppm).
Mass spectrometry (MS). A Jeol SX 102mass

spectrometer (Jeol Ltd., Tokyo, Japan) was used
with direct inlet to obtain mass spectra [electron
impact (EI), 70 eV] of the isolated compound.
Isolation and identification of PGE. The sub-

stance indicated to be PGE in the HPLC analysis
was recovered from one of the investigated resins
(Araldite GY282). About 125 g of the resin was
mixed with 70 ml ethyl acetate, 200 ml methanol,
and 300 ml water in a distillation flask (1l). The
mixture was warmed and maintained at 40�C and
vacuum distilled until a resinous residue was
formed in the distillation flask. Several distillates
were collected and analysed by HPLC. The distil-
lates, which contained most of the suspected PGE,
were combined and then extracted twice with
150 ml heptane. The heptane phase was collected,
dried by the addition of anhydrous sodium sul-
fate, and then filtered. Evaporation of heptane
phase gave 5 mg substance. 1H NMR and EI
MS data from the isolated substance correspond
to published data for PGE (16–19).

Results

Contact allergy to PGE

PGE in the standard series. During 3.5 years of
patch testing with PGE included in the baseline
series, 7 (0.3%) cases of contact allergy to this
substance were found (Table 1). All these simul-
taneously had contact allergies to DGEBA-R and

Table 1. Simultaneous contact allergies to PGE and epoxy res-
ins in 2227 patients tested with the baseline patch test series with
PGE 0.25% pet. and a DGEBF(n)-R 0.25% pet. inserteda

Patient PGE DGEBA-R DGEBF(n)-R

1 þþ þþþ þ
2 þ þþ þ
3 þþþ þþ þþþ
4 þ þþ þþ
5 þ þþ þþþ
6 þþ þþþ þþþ
7 þþþ þþþ þþ

DGEBA-R, epoxy resin based on diglycidyl ether of bisphenol
A; DGEBF(n)-R, epoxy resin of the bisphenol F-type based on
novolac; PGE, phenyl glycidyl ether.
aThe tests were read on D3 or D4 and D7 or D8. The highest
scores recorded are given.
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an epoxy resin of the bisphenol F-type. During
this period, 23 patients (1%) with contact allergy
to DGEBA-R and 19 patients (0.9%) with contact
allergy to an epoxy resin of the bisphenol F-type
were found. Thus, 7/23 (30%) and 7/19 (37%),
respectively, of the epoxy-resin-allergic patients
had simultaneous reactions to PGE and the epoxy
resins in question.
Patients with known contact allergy to epoxy

resin. Among the nine patients previously known
to have contact allergies both toDGEBA-R and to
an epoxy resin of the bisphenol F-type, 7 reacted to
PGE. Three of these 7 patients had strong (þþþ)
reactions to PGE on D3 or D7 (Table 2). Among
the three patients patch tested with the dilution
series, the lowest concentration of PGE to elicit
a positive reaction was 0.025% w/v on D7. The
same patient reacted to DGEBA-R 0.10% w/v
and to the DGEBF-R 0.0010% w/v on D7.

Chemical analyses

PGE (Acros) was not found to contain DGEBA or
DGEBF (detection limits<0.0002%w/wDGEBA
and <0.002% w/w DGEBF). The results of the
analyses with respect to PGE in commercial epoxy
resins and patch test substances used for detection
of contact allergy to DGEBA-R in standard series
are given in Table 3. The DGEBA-Rs in which
PGE could be detected contained 0.004–0.035%
w/w PGE, and 0.016–0.18% w/w PGE was de-
tected in the epoxy resins of the bisphenol F-type.
The amounts of PGE in the patch test chemicals
ranged from 0.008% to 0.04% w/w PGE.

Discussion

Although PGE could be anticipated to be present
in the occupational and non-occupational envir-
onment to a lesser degree than the monomers
in liquid epoxy resins, contact allergy to PGE
can be judged to be comparatively common in
patients with contact allergy to DGEBA-R and
epoxy resins of the bisphenol F-type. Possibly,
simultaneous contact allergies to PGE and these
epoxy resins can be explained by cross-reactivity
because of the chemical similarity (Figs 1 and 2).
PGE might penetrate the skin easier because of
its lower molecular weight (MW 150). The reac-
tive diluent, o-cresyl glycidyl ether (o-CGE, MW
165), which also contains one epoxy group and
an aromatic ring, has been shown to penetrate
through human skin in vitro easier than DGEBA
(MW 340) (20). After 24 hr, approximately 75
times more o-CGE than DGEBA had penetrated
human dermatomed skin. Occlusion doubled the
penetration rate for o-CGE but had no effect on

DGEBA. This was thought to be because of the
fact that occlusion prevented evaporation of
o-CGE (20). It can be assumed that the same dif-
ference exists for PGE compared with DGEBA.
The calculated logPo/w for PGE and o-CGE is
1.48 and 1.98, respectively, and the logPo/w of
DGEBA is 3.84 (21). Based on the presence of
the reactive epoxy group and the greater penetra-
tion because of a lower MW, PGE can be sus-
pected to be a stronger or at least as strong
sensitizer as DGEBA and the DGEBF isomers.

Table 2. Contact allergy to PGE in nine patients with contact
allergy to DGEBA-R and an epoxy resin of the bisphenol F-type

Patient
DGEBA-R
1.0% aca

DGEBF(n)-R
1.0% aca

PGE
0.25% pet.

PGE
0.25% aca

1 þþ NTc � NT
þþ
(þ)
�

2 þþþ þþþ þþþ NT
þþþ þþþ
þþþ þþ
þþ þ
� �

3 þþ þþ þb þþ
(þ) (þ) �
� �

4 �d �d þb �
5 þþ þþþ þb þþ

þþ þþ þ
� þþ �

þ

6 þþþ þþþ þþþ NT
þþþ þþþ
þþþ (þ)
� �

7 þþþ þþþ þþþ NT
þþþ þþþ
þþþ þþþ
(þ) þþ
� �

8 þþþ þ � NT
þþ þ
(þ) �
�

9 þþþ þþþ þþ NT
þþþ þþþ
þþ þþ
� �

D, day; DGEBA-R, epoxy resin based on diglycidyl ether of
bisphenol A; DGEBF-R(n), epoxy resin of the bisphenol F-type
based on novolac; NT, not tested; PGE, phenyl glycidyl ether. The
tests were read D3 and D7. The highest scores recorded are given.
aReactions to five 10-fold serial dilutions in acetone beginning
with the concentration given in the head of the column.
bPatients 3–5 were patch tested with PGE 0.25% pet. prior to the
study and were tested with serial dilutions. The results for PGE
0.25% pet. from these earlier occasions are given.
cPatient 1 had a þ reaction to the epoxy resin of the bisphenol
F-type in the baseline series and was not tested with the dilution
series because of lack of space on the back.
dPatient 4 reacted with a þþ reaction to both epoxy resins in the
baseline series.
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The sensitizing capacity and cross-reactivity of
PGE have been investigated, and the results show
that PGE is a strong sensitizer and that the pri-
mary sensitizer may be of importance for the
cross-reactivity pattern (22). A case report on
active sensitization to PGE in a patient who pre-
viously had contact allergy to DGEBA-R has
been published (23). PGEmight also be a stronger
irritant compared with the epoxy resin monomers.
Based on older studies in humans, DGEBA-R is
known to be a minor or no irritant at 10–25% pet.
(24, 25). Because of its higher vapour pressure,
PGE is more volatile compared with DGEBA,
and it is suspected to cause airborne contact
allergy. Contact urticaria to PGE has also been
described (26).
The epoxy group contains a chiral carbon atom

and therefore – similar to DGEBA and the
DGEBF isomers – PGE is a mixture of stereo-
isomers, but if or how this contributes to the sen-
sitizing capacity is unknown.

There are several reports of contact allergy to
PGE without simultaneous reaction to DGEBA-
R, and approximately 40–50% of the patients
described did not react to DGEBA-R in the stand-
ard series (3–5, 9). Among the patients patch
tested with our standard series, 3/7 PGE-allergic
patients had previous or present occupational
exposure to ERSs, but whether they hade been
exposed to PGE or not could not be confirmed.
A few of our nine patients with previously known
contact allergies to the epoxy resins who were
patch tested with PGE had worked with epoxy
resins many years ago and information about their
work material could not be procured. Six of these
patients (all females) had no obvious source that
explained their contact allergy to the epoxy resins
and PGE. In a study of workers exposed to ERS, 4
individuals among 325 patch-tested workers
reacted to PGE (10). At the time of that study,
no ERSs to which the workers were exposed were
declared to contain PGE. All four workers had
simultaneous contact allergy both to DGEBA-R
and to the tested epoxy resins of the bisphenol F-
type, and thus 4/26 (15.4%) of those who had con-
tact allergy to the latter type of resin reacted to
PGE (10). It can be hypothesized that the primary
exposure of either PGE or monomers of the epoxy
resins could be of importance for the pattern of
simultaneous contact allergies to these allergens.
Compared with the concentrations of known

sensitizers, i.e. DGEBA and the DGEBF isomers,
the presence of PGE in the commercial epoxy res-
ins is judged to be of marginal importance for the
sensitizing capacity of these resins. In a patient
with a high reactivity (0.025% w/v) to PGE, the
contamination with this substance (0.18% w/w;
Table 1) could be suspected to elicit dermatitis
and possibly airborne dermatitis. Especially, if
sensitized only to PGE or with a higher sensitivity
to PGE than to DGEBA, it could be of clinical
importance. Although not tested with the dilu-
tions series of PGE within the present study, it
can be anticipated that the patients with strong
(þþþ) reactions might react to an even lower
concentration of PGE. In the present study, com-
parisons between reactions to the epoxy resins and
PGE are difficult because PGE was not tested in
an equimolar concentration compared with the
epoxy resins. Furthermore, the patients tested
with dilution series are too few to allow any con-
clusions on the relation between the reactivity to
the tested epoxy resins and PGE.
There was no obvious relation between the con-

tent of PGE in the studied epoxy resins and the
total content of epoxy resin monomers in the same
epoxy resins according to the results published
earlier (12). Theoretically, epoxy resins of the

Table 3. Analysis of PGE in epoxy resins and patch test sub-
stances

Epoxy resins PGE (% w/w)a

DGEBF-R
Araldite Gy 285 0.049
Araldite Gy 281 0.18
Araldite Gy 282 0.16
Epikote 862 0.025
Rütapox 0.12

DGEBF(n)-R
Araldite EPN 1179 0.016
Araldite EPN 1180 0.03
Epikote/epon 154 0.16
D.E.N. 431 0.038
D.E.N. 438 0.02

DGEBA-R/DGEBF-R
Araldite Py 304 0.067
Araldite Py 302-2 0.18
Epikote 232 0.01
D.E.R. 351 0.027
D.E.R. 352 0.019

DGEBA-R
Araldite Gt 6071 <0.016
Araldite Gy 280 0.004
Araldite Gy 250 0.019
Epikote 828 <0.006
D.E.R. 331 0.035

Patch test substances
Chemotechnique 0.008
Pharmacia Upjohn 0.04
Hermal 0.018
A <0.02
B <0.007

DGEBF-R, epoxy resins based on bisphenol F; DGEBF(n)-R,
epoxy resin of the bisphenol F-type based on novolac; DGEBA-
R/DGEBF-R, mixtures of epoxy resins based on bisphenol
A and F; DGEBA-R, epoxy resin based on bisphenol A;
<, detection limit. A and B, patch test chemicals obtained from
patch test producers outside the EU and the USA.
aThe content of PGE was analysed with two different HPLC
systems. The lowest value obtained is listed.
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bisphenol F-type based on novolacs have a smaller
repetitive unit than epoxy resins based on bisphe-
nol A or F (Fig. 3). Therefore, it was suspected
that they could contain comparatively more PGE.
However, only slightly more PGE was found in
the epoxy resins of the bisphenol F-type than in
the DGEBA-Rs, and no obvious difference
between DGEBF-R and DGEBF(n)-R was found
(Table 1). The reason for PGE being present at all
in the investigated resins is unknown but assumed
to be a contaminant resulting from the manu-
facturing processes, which most probably contain
phenol and epichlorohydrin.

Conclusion

For primary sensitization to PGE, the presence of
this substance as a contaminant in DGEBA-R
and epoxy resins of the bisphenol F-type seems
to be of minor importance. In some patients, pre-
viously sensitized to PGE either through cross-
reactivity with DGEBA-R and epoxy resins of
the bisphenol F-type or primarily to PGE, the
contamination of PGE in epoxy resins might be
of importance for eliciting contact dermatitis,
including airborne dermatitis. Therefore, PGE
and other reactive diluents to which the patient
is exposed should be tested separately.
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Sweden
Tel: þ46 40 33 78 33
Fax: þ46 40 33 62 13
e-mail: ann.ponten@skane.se

Contact Dermatitis 2008: 59: 273–279 PGE IN EPOXY RESINS 279


