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Occupational Asthma From Epoxy Compounds ®
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and 3 from triglycidyl isocyanurate.

occupational asthma.

What is already known about this topic? The respiratory-sensitizing potential of epoxy compounds is largely unknown.

What does this article add to our knowledge? We describe 15 cases of occupational asthma from epoxy resin systems

How does this study impact current management guidelines? Epoxy compounds can cause sensitizer-induced

BACKGROUND: Two-component epoxy resin systems (ERSs)
composed of epoxy resin and polyamine hardeners are
extensively used in industrial and construction coating.
Triglycidyl isocyanurate (TGIC) is another type of epoxy
derivative, mostly encountered in polyester powder paints.
Epoxy compounds are well-known skin sensitizers, but their
respiratory-sensitizing potential is largely unknown.
OBJECTIVE: To report patients examined for occupational
asthma (OA) from epoxy compounds.

METHODS: We retrospectively reviewed patient files of cases
tested with a placebo-controlled specific inhalation challenge
(SIC) according to their workplace exposure—either by mixing
epoxy resin and the polyamine hardener of a 2-component paint
or by dusting or heating TGIC-containing powder paint. The
data were collected from the Finnish Institute of Occupational
Health, Helsinki, Finland, and at Fundacién Jiménez Diaz
Hospital, Madrid, Spain, during 1997 to 2018. We also
measured airborne polyamine and solvent vapors at the work-
place and during SIC with ERSs.

RESULTS: Altogether 113 patients with work-related asthma
symptoms underwent SIC with ERSs. Fifteen cases (13%) had
positive SIC reactions confirming OA; in 12 cases reactions were
late-type, in 1 case early, and in 2 cases combined. The median
duration of exposure for patients with OA was 10 years; 2 of
them (13%) had a diagnosis of allergic contact dermatitis from
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ERS compounds. In addition, 3 cases had a positive SIC reaction
to TGIC. The airborne polyamine levels measured were low.
CONCLUSION: ERSs and TGIC can cause sensitizer-induced
OA in some exposed workers. Respiratory exposure to ERSs is
difficult to demonstrate using air measurements. © 2019
American Academy of Allergy, Asthma & Immunology (J Allergy
Clin Immunol Pract 2019;7:191-8)
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INTRODUCTION

Epoxy resin systems (ERSs) are used extensively at workplaces
in, for example, industrial and construction coatings, adhesives,
plastic composites, and modern sewage pipe relining materials.
They most often appear as 2-component systems, in which the
resin is mixed with a hardener at the workplace, resulting in
relatively fast polymerization and the formation of hard epoxy
plastic. Triglycidyl isocyanurate (T'GIC) is a trifunctional epoxy
compound used as a hardener in thermosetting polyester powder
paints. Figure 1 shows some common epoxy and polyamine
structures.

Several chemicals are known to cause occupational asthma
(OA) via immunological, mainly IgE-independent, mecha-
nisms.’ Specific inhalation challenge (SIC) is the most definitive
method to identify these respiratory-sensitizing agents.”
Although population-based questionnaire studies have shown
an increased asthma risk among workers exposed to ERSs,” their
respiratory sensitization capacity is largely unknown. An excep-
tion is phthalic anhydride derivatives, which are used as
hardeners in special, heat-cured epoxy products; these are well
known to cause IgE-mediated sensitization and OA.” OA from
ERS components, epoxy resins, and polyamine hardeners has
been reported only in solitary case reports.” Similar&y, only a
few cases of OA from TGIC have been published.'' " Neither
TGIC nor epoxy resins nor polyamine hardeners are classified as

. S . . 1
respiratory sensitizers within the European Union. ~
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Abbreviations used
ERS- epoxy resin system
FEno- fractional exhaled nitric oxide
FIOH- Finnish Institute of Occupational Health
FJD- Fundacion Jiménez Diaz Hospital
HSA- human serum albumin
ICS- inhaled cortocosteroid
OA- occupational asthma
SIC- specific inhalation challenge
SPT- skin prick test
TGIC- triglycidyl isocyanurate
WEA- work-exacerbated asthma

Monomeric, liquid-state components of ERSs are highly
reactive and sensitizing to the skin, and ERSs are indeed among
the most common causes of occupational allergic contact
dermatitis in industrialized countries.'® Besides epoxy resin itself,
the polyamine hardeners'” and reactive diluents in ERSs'® may
sensitize the skin. Although most epoxy resin components are
pootly volatile, contact dermatitis on open skin areas such as the
face and neck is seen relatively often among patients with epoxy
dermatitis,'® which is suggestive of airborne exposure. Contact
dermatitis from TGIC has also been reported.'”*’

We report a series of cases of work-related asthma symptoms
among workers who were exposed to ERSs and TGIC at the
workplace and tested with a placebo-controlled SIC with the
relevant workplace agent at the Finnish Institute of Occupational
Health (FIOH), Helsinki, Finland, during 1997 to 2018 and at
Fundacién Jiménez Diaz Hospital (FJD), Madrid, Spain, during
2009 to 2018. Positive reactions confirmed OA, and cases with
negative reactions were considered work-exacerbated asthma
(WEA).

METHODS
Study population

The FIOH is the only unit in Finland that performs SICs on
patients with suspected OA to epoxy compounds. The cases are
referred to the FIOH for confirmation of the diagnosis from all over
Finland (population about 5.5 million). In the Allergy Occupational
Unit at FJD, patients are referred from all over Spain (population 44
million; another center can also perform these tests). We retro-
spectively reviewed cases in which the patient had undergone SIC
with epoxy resin, polyamine hardener, and TGIC at the FIOH
during 1997 to 2018 and at FJD during 2009 to 2018; SIC with
ERSs had not been performed at FJD before 2009, because no cases
with suspicion of ERSs were referred to the clinic. We collected
information on age, sex, smoking, exposure to ERSs and TGIC,
work and clinical history, as well as clinical investigations.

Patients who underwent SIC and were exposed to epoxy com-
pounds at the workplace were diagnosed with asthma and had WEA
symptoms. Cases with positive SIC reactions were considered OA
and those with negative reactions were considered WEA. The cases
of negative SIC reactions to ERSs or TGIC and positive SIC
reactions to other workplace agents were excluded.

The study was approved by the FIOH (TTL/2/2016). According
to the local legislations and ethical committees, no approval was
needed because no patient intervention was involved at the FIOH or

FJD.
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SICs and skin prick tests

At the FIOH, the work-mimicking placebo-controlled SICs were
performed in a 6-m® chamber with a control test (with butyl acetate
solvent or 1-component, solvent-based paint) on the first day,
followed by ERS tests on the following days, each challenge having a
24-hour follow-up. The ERS tests were performed by mixing 100 to
200 mL of the epoxy resin used in the patient’s work with a suitable
amount of polyamine according to the mixing ratio at work, and
stirring the mixture at 2-minute intervals. The duration of the
control test was 15 to 30 minutes, and the first ERS test lasted
30 minutes. The repeated ERS test lasted 45 minutes. TGIC-
containing powder paint (mixed with lactose or as is) was dusted
for 30 minutes. A control challenge with dusting lactose powder was
petformed on the previous day. Challenge tests performed at FJD
followed a similar methodology to those at the FIOH, although the
chamber was 7 m> and solvent-based paint and lactose (for TGIC)
were used for the control test. The total duration of the repeated test
was 120 minutes.

Bronchial reaction was monitored using FEV; and fractional
exhaled nitric oxide (FENO) before and 24 hours after each challenge,
and a histamine/methacholine challenge the day before placebo
challenge and approximately 24 hours after the challenge with epoxy
compounds. A positive test result was defined as a sustained fall in
FEV; of 15% or more from prechallenge value, when fluctuations of
FEV, were less than 10% on a control day.” The reaction was
considered early if a significant fall in FEV; was detected within 1
hour of the challenge, and late if detected after 1 hour. A combined
reaction included both the early and late phases. A 2-fold reduction
in the provocative dose/concentration in the histamine/methacho-
line challenge was considered significant. A 10-ppb increase in FENO
from a baseline level of below 50 ppb and a 20% increase from above
50 ppb were considered significant.”’ Significant changes in FENO
and hyperresponsiveness were supportive, but not sufficient alone for
a positive SIC result.

Skin prick tests (SPT) with human serum albumin (HSA)-con-
jugated diglycidyl ether of bisphenol A epoxy resin were performed
at the FIOH as described earlier,”” and prick-prick tests with epoxy
components were performed at FJD.

Measurement of polyamines and solvent vapors in
the air

We measured airborne polyamines and solvents in the floor-
coating process in a Finnish paper factory on 2 subsequent days,
as well as in the challenge chamber at the FIOH, to map the level of
exposure in epoxy work and to validate the SIC. In the workplace
measurements, a construction painter mixed epoxy floor paint with
polyamine hardener and spread the mixture on an area of about
50 m® in several repeated phases over 3 to 4 hours. In the SICs,
100 mL of an epoxy floor paint and 30 to 40 mL of its polyamine
hardener were mixed together and stirred at 2-minute intervals over
30 minutes. The amount and delivery method were identical to
those used in the patient examinations.

Amines were collected from the breathing zone on impregnated
filters (0.52 N H,SO,4) at a flow rate of 2 L/min and over a
collection time of 120 to 180 minutes in the floor-coating process
and 30 minutes in the validation SICs. The filters were extracted
with methanol and analyzed using liquid chromatography and mass
spectrometry, as previously described.”> Solvent vapors were
collected (1) on active charcoal tubes (SKC 226-01 [SKC, Inc.,
Covington, GAJ; flow rate, 0.1-0.2 L/min) and (2) at the workplace
also on 3M 3500 dosimeters (3M Company, London, Ontario,
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Diglycidyl ether of bisphenol A (DGEBA, the main monomer of epoxy resin), CAS 1675-54-3 (monomer) or 25068-38-6 (resin)
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Diglycidyl ether of bisphenol F (DGEBF, the main monomer of DGEBF-epoxy resin), CAS 28064-14-4 (monomer) or 9003-36-5 (resin)
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Triglycidylisocyanurate (TGIC), CAS 2451-62-9

Isophoronediamine (IPDA), CAS 2855-13-2
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H

Diethylenetriamine (DETA), CAS 111-40-0

FIGURE 1. Some common epoxy resin and polyamine structures, their names, and CAS numbers. CAS, Chemical Abstracts Service.

Canada), desorbed with dimethylformamide and analyzed by gas
chromatography, as previously described.”*?> The collection times
were similar to those for the amines. Analyses were performed at
the FIOH, in its FINAS-accredited testing laboratory (T013, EN
ISO/IEC 17025).

Statistical analysis

We used SPSS version 24.0 (IBM Corporation, Armonk, NY;
2016) for data analysis. We expressed continuous variables as
medians and categorical values as percentages. We analyzed the
differences between the groups using the Mann-Whitney U test or
the chi-square test. A P value of less than .05 was considered sta-
tistically significant.

RESULTS

SIC with ERSs was performed on 113 patients: 99 patients
(9 positive and 90 negative results) at the FIOH and 14
patients (6 positive and 8 negative results) at FJD (Figure 2).
The proportion of positive SIC reactions was 13% in the whole
population; at the FIOH it was 8% and at FJD 43%. Most of
the patients were middle-aged men, most commonly working
as industrial painters (Table I). The median duration of

Patients challenged with epoxy Patients challenged with epoxy
compounds at the FIOH compounds at FJD
n=99 n=14

Negative test Positive test Positive test Negative test
n=90 n=9 n==6 n=8

Patients with positive challenge
test to epoxy compounds
n=15

Early reaction Combined reaction Late reaction
n=1 n=2 n=12

FIGURE 2. Study flowchart. FIOH, Finnish Institute of Occupa-
tional Health; FJD, Fundacion Jimenez Diaz Hospital.
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TABLE |I. Characteristics of patients examined using SIC with ERSs
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Characteristic Total (N = 113) Positive SIC (OA) (n = 15) Negative SIC (WEA) (n = 98) P value
Sex, male, n (%) 101 (89) 15 (100) 86 (88) 152
Age (y), median (Q;-Qs3) 38 (31-50) 40 (33-53) 38 (31-49) .632
Current smoking, n (%) 28 (25) 3 (20) 25 (26) .645
Atopy,* n (%) 42 (37) 7 (47) 35 (36) 414
Type of work .824

Industrial painter 40 (35) 7 (47) 33 (34)

Construction coater 15 (13) 2 (13) 13 (13)

Production worker (plastics etc) 24 (21) 3 (20) 21 (21)

Plumber/sewage pipe reliner 8 (7) 1(7) 7 (7)

Assembler/mechanic 10 (9) 0 (0) 10 (10)

Other 16 (14) 2 (13) 14 (14)
Duration of exposure (y), median (Q;-Qs3) 9 (4-19) 10 (6-17) 9 (3-19) .548
Duration of asthma symptoms (y), median (Q;-Qs) 1.9 (1.0-4.0) 1.3 (0.6-3.0) 2.0 (1.0-4.1) .303
Work-related rhinitis symptoms, n (%) 60 (53) 6 (40) 54 (55) 275
Contact dermatitis from ERSs, T n (%) 25 (22) 2 (13) 23 (24) 378

*At least 1 positive reaction in SPTs or specific IgE to common environmental aeroallergens.

FConfirmed with patch test.

exposure was 9 years and of asthma symptoms 1.9 years. Of the
workers, 53% experienced work-related rhinitis symptoms and
22% were diagnosed with allergic contact dermatitis from
ERSs. SPTs to HSA-conjugated epoxy resin were performed in
93 cases in the FIOH. One case with negative SIC test result
had a positive SPT reaction. At FJD only 1 SPT was
performed; this case with negative SIC test result had contact
urticaria and a positive SPT result to epoxy. When we
compared patients with positive and negative SIC results, we
found no significant differences in sex, age, atopy, type of
work, duration of exposure or symptoms, existence of work-
related rhinitis symptoms, or allergic contact dermatitis from
ERSs (Table I).

Altogether 15 patients had a positive SIC reaction to ERSs,
confirming OA (Table II). The most common occupations were
metal painting and windmill factory production work. The
median duration of exposure was 10 years, and of symptoms 1.3
years (Table I). Three (20%) cases were current smokers and 7
(47%) were atopic. Twelve patients had used inhaled cortocos-
teroids (ICSs) before SIC.Their medication was adjusted before
SIC according to asthma control. At the FIOH, ICSs were
withheld 1 to 14 days before SIC in 7 cases and continued
during SIC in 1 case. At FJD, ICSs were withheld 3 days before
challenge in all cases but 1. Two of the cases were diagnosed with
contact dermatitis from epoxy resin (Table II). The type of SIC
reaction was late in 12 (75%) cases, combined in 2 (12%) cases,
and early in 1 (12%) case. A significant increase in hyper-
responsiveness was detected in 2 of the 7 (29%) patients with
hyperresponsiveness follow-up during SIC. Similarly, a signifi-
cant increase in FENO was seen in 2 of the 7 (29%) patients. One
patient (case 15) had a positive SIC reaction to both ERSs and
toluene diisocyanate.

The cases of 3 patients with positive SIC reactions to TGIC
are presented in Table III. They were all painters who used
powder paint. The duration of exposure to TGIC was 1 to 9
years. They were not atopic, and 2 of them had work-related
rhinitis. Peak expiratory flow monitoring at work and off work
was compatible with OA in 2 cases. Both early and late SIC
reaction types were detected.

The results of the air measurements during coating work at the
workplace and SIC to ERSs are presented in Table IV. The level of
airborne amines was very low, mostly below the limit of detection
in both the workplace measurements and validation SICs. The
concentration of airborne solvents was high at the workplace. In
the SICs, the airborne solvents were comparable with typical in-
dustrial work with solvent-based products. The most common
solvent with the highest concentration in all measurements was
xylene. The identified amines and solvents were in concordance
with the safety data sheets of the respective products.

DISCUSSION

We report 15 cases of OA from ERSs confirmed with positive
SIC, as well as 98 WEA cases who were exposed to ERSs at work
but had negative SIC results. The median duration of exposure
to ERSs was 10 years before OA diagnosis, and the SIC reaction
was late-type in most cases. Concomitant contact dermatitis from
ERS compounds was detected in 13% of the OA cases and 24%
of the WEA cases with negative SIC reactions. We also present 3
OA cases from TGIC. The levels of airborne polyamines were
very low in both the workplace measurements and the SIC.

At the FIOH, many SICs with ERSs (99 patients) have been
performed in recent decades. A small proportion of positive re-
actions (8%) may indicate that the sensitizing potential of these
compounds is low. At FJD, 43% of the patients have shown a
positive SIC reaction, but the total number of cases is smaller
(14 cases). No cases with suspicion of ERS-related OA were
referred to the unit before 2009, suggesting that the number of
suspected cases has increased in recent years in Spain. The dif-
ference between the proportions of positive reactions in these
units is most likely due to different indications for SIC and
different referral practices. At FJD, the pretest probability of OA
was higher than it was at the FIOH, when the SIC was
considered indicated. Two percent of all SIC-positive OA cases
(including SICs with both low- and high-molecular-weight
agents) were caused by epoxy compounds at the FIOH
(2006-2015) and 6% at FJD (2009-2015). OA most commonly
develops within the first years of exposure to occupational



TABLE Il. Cases of OA from ERSs confirmed with positive SIC

PEF monitoring

at work and
Contact off work Increase in

Patient Duration of Duration of Work-related dermatitis compatible  Obstruction in Type of  hyperresponsiveness Feno change

no. Job Smoking Atopy* exposure (y) symptoms (y) rhinitis from ERSsT for OA spirometry Hyperresponsiveness Feno SIC reaction in SIC during SIC

1 Spray painter in — — 12 1.4 = = S = = 11 Combined NA NA
metal industry

2 Spray painter in + + 12 4.0 + - + - + NA Late NA NA
metal industry

3 Foreman painting = = 30 42 = + NA = + 15 Late NA NA
metal parts Epoxy resin

4 Sales rep and technical — — 19 14.0 + — Suggestive + — 12 Combined NA NA
support in floor
coatings

5 Spray painter in = = 17 0.8 + - NA = = 54 Late NA NA
metal industry

6 Spray painter in - — 29 1.0 + - NA — + 39 Late NA NA
metal industry

7 Painter in metal + - 9 1.3 + - NA - - NA Late NA NA
industry

8 Painter in metal + + 4 2.5 + - + + + NA Late NA NA
industry

9 Sewage pipe = — 4 0.8 = T Suggestive = s 17 Late Sin +9
renovator Epoxy resin 10.8-fold

10 Car repair worker — + 6 0.4 — - NA — + 70 Late — +17

11 Construction worker = = 10 3 = = NA = - 14 Late = +9

12 Windmill - + 8 0.2 - - NA — + 33 Late + -7
factory worker 4.5-fold

13 Windmill = + 5 0.6 - - NA = + 122 Late = +20
factory worker

14 Construction worker — + 10 3 — — NA — — 33 Early — +12

15 Windmill = s 8 0.5 = — Suggestive = s 25 Latef = —11

factory worker

Note. Cases 1-9 were examined at the FIOH and cases 10-15 at FID.

NA, Not available; PEF, peak expiratory flow.

*At least 1 positive reaction in SPTs or specific IgE to common environmental aeroallergens.
tConfirmed with patch test.

{Also, positive SIC reaction to toluene diisocyanate.
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Cases of OA from TGIC confirmed with positive SIC

TABLE lil.

PEF monitoring

at work and

SUOJALEHTO ET AL

Increase in
hyperresponsiveness Feno change

off work
compatible

Contact

Duration of Work-related dermatitis

Type of
SIC reaction

Obstruction in

Duration of
Smoking Atopy* exposure (y) symptoms (y)

Patient
no.

during SIC

in SIC

spirometry  Hyperresponsiveness Feno

to TGIC for OA

rhinitis

Job

Late

26

Powder paint

16

shop worker

NA

NA

NA Prolonged early

Powder painter +

17
18

+3

Early

15

0.3

Spray painter

in metal

industry

Note. Cases 16 and 17 were examined at the FIOH and case 18 at FJD.

NA, Not available; PEF, peak expiratory flow.

*At least 1 positive reaction in SPTs or specific IgE to common environmental aeroallergens.
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agents.”® Median duration of exposure to ERSs before OA
diagnosis was 10 years. Duration of exposure was similar among
patients with OA from isocyanates (median, 10 years; Q;-Qj3,
5-25 years; P = .745) diagnosed in the FIOH and FJD
(2006-2015). Cases diagnosed with OA from persulfates during
the same time period had slightly longer median duration of
exposure, but the difference was not statistically significant
(median, 17 years; Q1-Q3, 11-25 years; P = .056).

In this study, 40% of the patients with OA and 55% of the
patients with WEA reported work-related rhinitis symptoms. The
proportion was slightly lower than that formerly reported for OA
(73%) and work-related asthma (78%) due to chemicals,”” but
similar to that for isocyanate OA cases (49%; P = .532) and per-
sulfate OA cases (60%; P = .241) diagnosed at the FIOH and FJD
(2006-2015). We found contact dermatitis from ERS components
in 13% of the OA cases and in 24% of the WEA cases. To our
knowledge, only case studies have formerly reported concomitant
OA and contact dermatitis from epoxy compounds and other
chemicals.****” The relatively high proportion of contact
dermatitis in our material may reflect substantial dermal exposure
to ERSs in this group. Recent data support the claim that skin
exposure may contribute to the development of OA.”"**
Considering the low airborne levels of ERS components, dermal
exposure may play a role in the development of ERS-related OA.

Most of the SIC reactions to ERS components in earlier
reports have been late> 10 Similarly, all but 1 of our cases had a
late or combined SIC reaction. In our experience, patients report
delayed asthma symptoms (12-24 hours) after ERS exposure at
the workplace. Hannu et al® reported a case with an immediate
SIC reaction and IgE-mediated allergy to epoxy resin, verified by
both serum IgE and an SPT. We found 2 SPT-positive cases (2%
of tested), both with negative SICs to ERSs. Positive SPTs to
ERSs seem to be rare. The FIOH’s recent data on 1268 SPTs to
the HSA conjugate of epoxy resin showed only 19 (1.5%)
positive reactions.”

The resin part of 2-component ERSs typically contains 20%
to 75% of epoxy resin based on the monomer diglycidyl ether of
bisphenol A epoxy resin, but some products also contain epoxy
resin based on diglycidyl ether of bisphenol F (Figure 1). In
addition, some special products contain “reactive diluents,”
which have related epoxy structures; these have a lower molecular
weight and are added to decrease the viscosity of the resin.
The hardener part usually contains polyamines such as
isophoronediamine, m-xylylenediamine, or diethylenetriamine.
Almost all industrial coatings also contain organic solvents, or are
diluted with solvents during use. By definition, they are not
reactive, but may smell strongly.

Previous case reports have described OA verified by a positive
SIC reaction to ERS components: to epoxy resin’~ and poly-
amine hardeners containing isophoronediamine and other
>%1% In our material, the SIC method was to mix epoxy
resin and polyamine hardener, both of which contain several
constituents. We were unable to identify 1 single agent causing
the positive reactions; thus, the causal agent may be epoxy resin,
polyamine hardener, or any other compound that evaporated
during mixing. None of these compounds is classified as a res-
piratory sensitizer in the European Union, and subsequently, the
package labels or safety data sheets of the patients’ products did
not give information on the respective respiratory hazard. It
would be informative to test the epoxy resin and the polyamine
hardener, or even specific ingredients, separately in the patients

amines.
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TABLE IV. Concentration of airborne amines and solvents at coating workplace and in 2 validation SICs

Number of Air concentration of
Measurement Process and amount of ERS used Sampling time (min) samples polyamines/total solvents
Workplace measurement Mixing and spreading of epoxy floor Polyamines: 120 4 m-XDA: 4/4 samples <LOD*
coating, total volume about 100 L IPDA: 3/4 of the samples <LOD*
and 1/4 sample 0.01 pg/m’
Solvents: 120-210 84 +4 TVOC/active charcoal (N = 4):
15-131 mg/m®
3M dosimeter (N = 4):
169-278 mg/m*
Validation SIC 1 Mixing 100 mL of epoxy paint and Polyamines: 30 1 TETA: <LOD¥
40 mL of hardener
Solvents: 30 1 TVOC/active charcoal: 20.7 mg/m®
Validation SIC 2 Mixing 100 mL of epoxy paint and Polyamines: 30 1 EDA: 0.21 mg/m3
30 mL of hardener
Solvents: 30 1 TVOC/active charcoal: 6 mg/m®

Note. Epoxy resin in the air was not measured because its concentration was expected to be below the LOD.
EDA, Ethylenediamine; IPDA, isophoronediamine; LOD, limit of detection; m-XDA, m-xylylenediamine; TETA, triethylenetetramine; 7VOC, total volatile organic compounds

(mainly organic solvents from paints).
*LOD was 0.02-0.04 pg/m®, depending on sample.
¥LOD was 80 pg/m®.

with a positive reaction to mixed SIC. However, SIC with
separate components may miss the generation of possible aller-
genic reactions to products and heat.

Most of the reactive starting materials in ERSs are poorly
volatile. However, the heat generated during the mixing of the
components, as well as the organic solvents in ERSs, might
enhance the evaporation of some of the nonvolatile components.
We measured airborne amines and solvents at a large workplace
during floor painting as well as in the SIC chamber at the FIOH.
Epoxy resin was not measured in the air, because its concen-
tration was expected to be below the limit of detection. The
levels of amines were extremely low in both. Solvent fumes were
abundant, especially at the workplace. The workplace measure-
ment represented extreme solvent exposure rather than typical
exposure in epoxy processes, whereas the validation SICs more
likely represented solvent exposure in average epoxy coating
work. Our results suggest that asthma, similarly to airborne
contact dermatitis, may occur with minimal exposure to epoxy
compounds. It is unlikely that these discases are caused because
of irritancy at such low exposure levels. Despite the low level of
amines, our patients often report a strong smell of polyamine
hardeners at the workplace and in the SIC, meaning that at least
some polyamine molecules reach the airways. In addition, the
low, nonirritant level of exposure and the delayed reactions in the
SIC suggest that the reactions were due to sensitization rather
than to irritation. Low air levels of ERS components may cause
false-negative findings in SIC,” and we cannot reliably exclude
OA in patients with WEA with negative SIC results.

TGIC is a crystalline, nonvolatile cross-linking agent (Figure 1)
often present in polyester powder coatings of less than 1% to 10%.
Itis, in principle, trapped inside the paint particles, but part of the
substance may be released into the respiratory tract when TGIC-
containing powder is inhaled, or through fumes generated dur-
ing the curing of these paints at elevated temperatures. To our
knowledge, 9 cases of OA to TGIC have been previously reported,
8 of which were confirmed with SIC.""'# As in our 3 cases, both
early and late reaction types have been detected in former studies.
IgE-mediated sensitization was not evident in these cases. TGIC
has several harmful effects and is classified as, for example, a skin

sensitizer and toxic via inhalation, but not as a respiratory sensi-
. . 15
tizer, in the European Union.

CONCLUSIONS

Epoxy compounds can cause sensitizer-induced OA in some
exposed workers, although air concentrations appear to be low.
Late-type asthma reactions may hamper the recognition of this
disease. The specific causative chemical compounds and the
background mechanisms remain unknown. Two-component
ERSs are currently used in large quantities in various applica-
tions, and new applications such as pipe relining resins and
3D-printing materials have arisen in recent years. Because of their
superior technical qualities and excellent durability and work-
ability, it is unlikely that epoxy resins will be replaced by other
plastics in the near future. Preventive work, including informing
the workers of the sensitization risks, as well as advice on technical
measures and skin and respiratory protection, is necessary.

REFERENCES

1. Maestrelli P, Yucesoy B, Park H, Wisnewski AV. Mechanisms, genetics, and
pathopysiology. In: Malo J, Chan-Yeung M, Bernstein DI, editors. Asthma in
the workplace. 4th ed. Boca Raton, FL: CRC Press; 2013.

2. Vandenplas O, Suojalehto H, Aasen TB, Baur X, Burge PS, de Blay F, et al.
Specific inhalation challenge in the diagnosis of occupational asthma: consensus
statement. Eur Respir J 2014:43:1573-87.

3. Lillienberg L, Andersson E, Janson C, Dahlman-Hoglund A, Forsberg B,
Holm M, et al. Occupational exposure and new-onset asthma in a population-
based study in Northern Europe (RHINE). Ann Occup Hyg 2013;57:482-92.

4. Helaskoski E, Kuuliala O, Aalto-Korte K. Occupational contact urticaria caused
by cyclic acid anhydrides. Contact Dermatitis 2009;60:214-21.

5. Lambourn EM, Hayes JP, McAllister WA, Taylor AJ. Occupational asthma due
to EPO 60. Br J Ind Med 1992;49:294-5.

6. Aleva RM, Aalbers R, Koeter GH, De Monchy JG. Occupational asthma caused
by a hardener containing an aliphatic and a cycloaliphatic diamine. Am Rev
Respir Dis 1992;145:1217-8.

7. Kanerva L, Estlander T, Keskinen H, Jolanki R. Occupational allergic airbone
contact dermatitis and delayed bronchial asthma from epoxy resin revealed by
bronchial provocation test. Eur J Dermatol 2000;10:475-7.

8. Hannu T, Frilander H, Kauppi P, Kuuliala O, Alanko K. IgE-mediated occu-
pational asthma from epoxy resin. Int Arch Allergy Immunol 2009;148:41-4.

9. Authried G, Al-Asadi H, Moller U, Sherson DL. Delayed asthma bronchiale due
to epoxy resin [in Danish]. Ugeskr Laeger 2013;175:2643-4.


http://refhub.elsevier.com/S2213-2198(18)30458-6/sref1
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref1
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref1
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref2
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref2
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref2
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref3
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref3
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref3
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref4
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref4
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref5
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref5
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref6
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref6
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref6
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref7
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref7
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref7
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref8
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref8
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref9
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref9

198

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

SUOJALEHTO ET AL

Vandenplas O, Rifflart C, Evrard G, Thimpont J, Seed M, Agius R. Occupa-
tional asthma caused by an epoxy amine hardener. Occup Med (Lond) 2017:67:
722-4.

Piirila P, Estlander T, Keskinen H, Jolanki R, Laakkonen A, Pfaffli P, et al.
Occupational asthma caused by triglycidyl isocyanurate (TGIC). Clin Exp
Allergy 1997;27:510-4.

Meuleman L, Goossens A, Linders C, Rochette F, Nemery B. Sensitization to
triglycidylisocyanurate (TGIC) with cutaneous and respiratory manifestations.
Allergy 1999:54:752-6.

Sastre J, Carnes J, Garcia del Potro M, Manso L, Aguado E, Fernandez-
Nieto M. Occupational asthma caused by triglycidyl isocyanurate. Int Arch
Occup Environ Health 2011;84:547-9.

Anees W, Moore VC, Croft JS, Robertson AS, Burge PS. Occupational asthma
caused by heated triglycidyl isocyanurate. Occup Med (Lond) 2011;61:65-7.
European Chemicals Agency. Substance information. Available at: https://echa.
europa.eu/fi/substance-information/-/substanceinfo/100.017.741. Accessed
March 3, 2018.

Aalto-Korte K, Pesonen M, Suuronen K. Occupational allergic contact derma-
titis caused by epoxy chemicals: occupations, sensitizing products, and
diagnosis. Contact Dermatitis 2015;73:336-42.

Aalto-Korte K, Suuronen K, Kuuliala O, Henriks-Eckerman ML, Jolanki R.
Contact allergy to epoxy hardeners. Contact Dermatitis 2014;71:145-53.
Aalto-Korte K, Kuuliala O, Henriks-Eckerman ML, Suuronen K. Contact
allergy to reactive diluents and related aliphatic epoxy resins. Contact Dermatitis
2015;72:387-97.

Dooms-Goossens A, Bedert R, Vandaele M, Degreef H. Airborne contact
dermatitis due to triglycidylisocyanurate. Contact Dermatitis 1989;21:202-3.
Aalto-Korte K, Suuronen K. Occupational contact allergy to components of
polyester resin systems. Contact Dermatitis 2016;75:14-9.

Dweik RA, Boggs PB, Erzurum SC, Irvin CG, Leigh MW, Lundberg JO, et al.
An official ATS clinical practice guideline: interpretation of exhaled nitric oxide
levels (FENO) for clinical applications. Am J Respir Crit Care Med 2011;184:
602-15.

Helaskoski E, Suojalehto H, Kuuliala O, Aalto-Korte K. Prick testing with
chemicals in the diagnosis of occupational contact urticaria and respiratory
diseases. Contact Dermatitis 2015;72:20-32.

23.

24.

25.

26.

27.

28.

31

32.

J ALLERGY CLIN IMMUNOL PRACT
JANUARY 2019

Henriks-Eckerman ML, Suuronen K, Jolanki R, Riala R, Tuomi T. Determi-
nation of occupational exposure to alkanolamines in metal-working fluids. Ann
Occup Hyg 2007;51:153-60.

ISO 16017-1: Indoor, ambient and workplace air—sampling and analysis of
volatile organic compounds by sorbent tube/thermal desorption/capillary gas
chromatography, part 1: Pumped sampling (ISO 16017-1:2000). Available at:
https://www.iso.org/standard/29194.html. Accessed August 14, 2018.

ISO 16017-2: Indoor, ambient and workplace air—sampling and analysis of
volatile organic compounds by sorbent tube/thermal desorption/capillary gas
chromatography, part 2: Diffusive sampling (ISO 16017-2:2003). Available at:
https://www.iso.org/standard/29195.html. Accessed August 14, 2018.
Nicholson PJ, Cullinan P, Burge PS, Boyle C. Occupational asthma: prevention,
identification and management: systematic review and recommendations.
British Occupational Health Research Foundation; 2010. Available at: http:/
www.bohrf.org.uk/downloads/Occupational AsthmaEvidenceReview-Mar2010.
pdf. Accessed August 13, 2018.

Vandenplas O, Van Brussel P, D’Alpaos V, Wattiez M, Jamart J, Thimpont J.
Rhinitis in subjects with work-exacerbated asthma. Respir Med 2010;104:
497-503.

Moulin P, Magnan A, Lehucher-Michel MP. Occupational allergic contact
dermatitis and asthma due to a single low molecular weight agent. J Occup
Health 2009;51:91-6.

. Holness DL, Arrandale VH, Mathias CGT. Occupational urticaria and allergic

contact dermatitis. In: Malo JL, Chang-Yeung M, Bernstein DI, editors. Asthma
in the workplace. 4th ed. Boca Raton, FL: CRC Press; 2013.

. Herrick CA, Xu L, Wisnewski AV, Das J, Redlich CA, Bottomly K. A novel

mouse model of diisocyanate-induced asthma showing allergic-type inflam-
mation in the lung after inhaled antigen challenge. J Allergy Clin Immunol
2002;109:873-8.

Lehto M, Haapakoski R, Wolff H, Majuri ML, Makela MJ, Leino M, et al.
Cutaneous, but not airway, latex exposure induces allergic lung inflammation
and airway hyperreactivity in mice. J Invest Dermatol 2005;125:962-8.
Vanoirbeek JA, Tarkowski M, Ceuppens JL, Verbeken EK, Nemery B,
Hoet PH. Respiratory response to toluene diisocyanate depends on prior fre-
quency and concentration of dermal sensitization in mice. Toxicol Sci 2004;80:
310-21.


http://refhub.elsevier.com/S2213-2198(18)30458-6/sref10
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref10
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref10
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref11
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref11
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref11
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref12
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref12
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref12
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref13
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref13
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref13
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref14
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref14
https://echa.europa.eu/fi/substance-information/-/substanceinfo/100.017.741
https://echa.europa.eu/fi/substance-information/-/substanceinfo/100.017.741
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref16
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref16
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref16
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref17
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref17
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref18
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref18
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref18
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref19
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref19
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref20
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref20
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref21
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref21
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref21
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref21
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref22
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref22
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref22
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref23
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref23
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref23
https://www.iso.org/standard/29194.html
https://www.iso.org/standard/29195.html
http://www.bohrf.org.uk/downloads/OccupationalAsthmaEvidenceReview-Mar2010.pdf
http://www.bohrf.org.uk/downloads/OccupationalAsthmaEvidenceReview-Mar2010.pdf
http://www.bohrf.org.uk/downloads/OccupationalAsthmaEvidenceReview-Mar2010.pdf
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref27
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref27
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref27
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref28
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref28
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref28
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref29
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref29
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref29
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref30
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref30
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref30
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref30
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref31
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref31
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref31
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref32
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref32
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref32
http://refhub.elsevier.com/S2213-2198(18)30458-6/sref32

	Occupational Asthma From Epoxy Compounds
	Introduction
	Methods
	Study population
	SICs and skin prick tests
	Measurement of polyamines and solvent vapors in the air
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


