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Summary

Background. In view of the current epidemic of contact allergy to methylisothiazoli-
none (MI), it is important to clarify the extent of use of MI and related isothiazolinones in
paints currently available for the consumer and worker in Europe.

Objectives. To elucidate the use and concentrations of MI, methylchloroisothiazolinone
(MCI) and benzisothiazolinone (BIT) in paints on the European retail market.

Methods. Wall paints (n=71) were randomly purchased in retail outlets in five Euro-
pean countries. The paints were quantitatively analysed for their contents of MI, MCI and
BIT by high-performance liquid chromatography coupled to tandem mass spectrometry.
Results. MIwasfoundin 93.0% (n = 66) of the paints, with concentrations ranging from
0.7 to 180.9 ppm, MCI in 23.9% (n=17), ranging from 0.26 to 11.4 ppm, and BIT in
95.8% (n=68), ranging from 0.1 to 462.5 ppm. High concentrations of MI were found
in paints from all five countries. Paints purchased in Denmark and Sweden contained
especially high concentrations of BIT.

Conclusion. The use of MI across European countries is extensive. In view of the ongoing

epidemic of MI contact allergy, an evaluation of the safety of MI in paints is needed.

Key words: benzisothiazolinone; environmental label; methylchloroisothiazolinone;
methylisothiazolinone; paint; safety data sheet.

The isothiazolinones methylisothiazolinone (MI, CAS
no. 2682-20-4), methylchloroisothiazolinone (MCI, CAS
no. 26172-55-4) and benzisothiazolinone (BIT, CAS no
2634-33-5) are antimicrobial agents. The first two are
used as preservatives in cosmetic products, and all three
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are used as biocides in chemical products (non-cosmetic
products), for example paints (1-3). Isothiazolinones
have been used for >30 years, and isothiazolinones have
a well-known capacity to induce skin sensitization (4, 5).

The allergenicity of isothiazolinones is exemplified
by epidemics of sensitization to isothiazolinones, for
example the epidemic of contact allergy to MCI/MI (3:1
fixed combination; CAS no. 55965-84-9) in the early
1980s. Subsequently, restrictions on the use of MCI/MI
in cosmetics and their classification as skin sensitizers in
chemical products have led to a decreasing prevalence of
contact allergy to MCI/MI in several European countries,
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and the prevalence of MCI/MI contact allergy had, until
recently, stabilized at ~ 2% (6-9).

In 2000, MI was introduced by industry as a stan-
dalone preservative, that is, without MCI, for use in chem-
ical products (‘mixtures’ according to the CLP regulation)
with no upper limit on concentration. In 2005, MI was
permitted for use in cosmetic products at a concentra-
tion of up to 100 ppm (10). MI was, according to the
local lymph node assay, a strong sensitizer (EC3 0.4), but
less potent than MCI/MI (11). However, since 2009, the
prevalence of contact allergy to MI has increased at an
alarming rate throughout Europe (12-19).

The Scientific Committee on Consumer Safety did not
consider BIT to be safe for use as a preservative in cosmetic
products (20), and so far the prevalence of BIT allergy has
remained stable (19). BIT is used as a biocide in a broad
range of chemical products (20). Isothiazolinones, espe-
cially MI and BIT, are widely used as biocides in paint (2,
3, 21). Moreover, working as a painter has been associ-
ated with MI sensitization (15, 22, 23), and several case
reports have verified the pattern of paint (both domestic
and occupational exposure) being a risk factor for contact
allergy to MI.

Isothiazolinones can cause contact allergy by direct
skin exposure. As MI is volatile and can therefore evap-
orate, it may cause airborne allergic contact dermatitis,
asthmatic symptoms, and even systemic allergic dermati-
tis (21, 24-32).

In contrast to the more regulated market for isoth-
iazolinones in cosmetic products, industry can omit
warning labelling and information on the use of isoth-
iazolinones in paints. This can be done if the substance
is not classified as a skin sensitizer (H317) according to
the CLP regulation, or R43 according to its predecessor
(the Dangerous Substances Directive), either by legally
binding harmonized classification or by notification by
industry (also called self-classification). It is problematic
for both the consumer and worker with contact allergy to
isothiazolinones and for the clinician that product labels
and safety data sheets often do not contain information
on the isothiazolinone content in the paint, despite a
relatively high concentration (33).

In view of the unprecedented epidemic of contact
allergy to MI, the presence of isothiazolinones in paints
is of particular interest. To our knowledge, the concen-
trations of isothiazolinones in paints intended for use
by the consumer have, on a European basis, not been
analysed. The aim of this European multicentre study
was to determine the concentrations of MI, MCI and BIT
in water-based wall paints purchased in retail outlets for
analysis of consumer exposure. Furthermore, a system-
atic review of the published literature regarding cases

with non-occupational and occupational contact allergy
to isothiazolinones in paint was conducted.

Materials and Methods

Paint collection and samples

A total of 71 white wall paints or wet room paints were
purchased in retail outlets in five European countries:
Denmark (Copenhagen), France (Strasbourg), Germany
(Erlangen), Sweden (Stockholm), and the United King-
dom (London). The paints were randomly chosen, and
represented a broad selection of the brands in each coun-
try; all paints were purchased in the period from 1 Decem-
ber 2013 to 31 January 2014. All paints were intended
for consumer and/or professional use. Wet room paint
was defined as paint intended for use in a humid environ-
ment, for example bathrooms.

All paints were sent by post or courier to the Depart-
ment of Environmental Science, Aarhus University,
Denmark, where the cans were opened for the first time
and analysed. An attempt was made to buy the same Dan-
ish paints as 2 years earlier, but this was not possible (21).

The paint was thoroughly mixed before sampling. If a
thin layer of transparent liquid was visible on top in the
paint can, a sample was taken before mixing. A portion of
~5 ml was taken with a disposable plastic syringe. Analy-
ses were performed in duplicate for randomly chosen sam-
ples (every tenth sample).

Safety data sheet and labelling

Ifpossible, safety data sheets were collected for all paints at
the time of purchase. If the store did not provide any safety
data sheets with the paint, the companies’ websites were
immediately searched for safety data sheets. All safety
data sheets were meticulously searched for warnings and
listings of isothiazolinones in the paint.

Additional labelling on the paint cans was also col-
lected. This labelling, however, consisted mainly of
environmental labels, for example the European Flower.
Environmental labels often have demands regarding the
use of isothiazolinones in the paints, and are therefore
important for this study. The following environmental
and health-related labelling was present on the paint
cans: ‘EU Ecolabel' (‘European Flower’; EU), ‘Svane’
(The Nordic Swan label; Denmark and Sweden), ‘Der
Blaue Engel’ (The Blue Angel; Germany), ‘Svalanmaérkt’
(Asthma and Allergy Association; Sweden), TUV NORD:
Fir Allergiker geeignet, Freiwillige Materialpriifung
(optional material testing; recommended for people suf-
fering from allergy) and volatile organic compound (VOC)
labelling (low VOC content, minimal VOC content).
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The environmental label ‘EU Ecolabel’ limits isothia-
zolinones in paints to a total sum of isothiazolinones of
500 ppm, a maximum MI concentration of 200 ppm, a
maximum MCI/MI concentration of 15 ppm, and a maxi-
mum BIT concentration of 500 ppm (34, 35). The ‘Nordic
Swan label’ (Nordic Ecolabelling) limits isothiazolinones
in paints to a total sum of isothiazolinones of 500 ppm,
and a maximum MCI/MI concentration of 15 ppm (36).
In addition to the environmental label of ‘EU Ecolabel’,
indoor paints can undergo testing for indoor air quality
with a specific methodology and, if successful, meet Class
A+ (‘EU Ecolabel A+’). However ‘EU Ecolabel A+’ has no
additional requirements regarding the use of isothiazoli-
nones in paints (37).

‘Der Blaue Engel’ limits isothiazolinones in paints to
maximum concentrations of 50 ppm MCI/MI, 200 ppm
MI, and 200ppm BIT (38). The ‘TUV NORD’ label
requires, among other criteria, an MCI/MI concentration
of <15 ppm, and BIT or BIT and MI concentrations com-
bined of <200 ppm (39). Products labelled with ‘Svalan’
are recommended by the Swedish Asthma and Allergy
Association, saying that ‘The products are free from
allergens, perfumes and irritants in amounts so that no
reported medical cases are known’ (40). A special provi-
sion is given for paints, for which ‘the recommendation
is valid 2 weeks after application of the paint’ (41). VOCs
represent a wide variety of compounds, and are used
as solvents in paints to help keep the paint stable (37),
but the none of the labels with VOC (‘Minimal VOC,
0-0.29%"; ‘Low VOC, 0.30-7.100%"; ‘Medium
VOC, 8-24.100%’; High VOC, 25-50%; and ‘Very High
VOC, more than 50%’) have specific requirements regard-
ing the use of isothiazolinone in paints, and are therefore
not included as environmental labels of relevance in this
analysis (42).

Analysis of isothiazolinones in paint

The concentrations of MI, MCI and BIT were measured in
all collected paint samples. As described elsewhere (21),
a sample of 1 g (+0.1g) from each paint was extracted
in 25 ml of methanol/0.4% formic acid (20/80 vol/vol)
by means of ultrasound over a period of 10 min. The
suspension was filtered through a Phenex-GF/CA (fibre-
glass/cellulose) filter, and analysed by high-performance
liquid chromatography (HPLC) coupled with tandem
mass spectrometry. The analytes were separated on a
Kinetex C18 (100 x 2.1 mm?) HLPC column, and ionized
with electrospray ionization operated in positive mode.
The mass spectrometer was operated in multiple reaction
monitoring mode, with two mass transitions (parent
ion/product ion) for each analyte (m/z 116/101 and
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116/71 for MI; m/z 150/87 and 150/135 for MCI; m/z
152/109 and 152/134 for BIT). Detection of the analytes
was based on retention time and the most abundant
mass transition corresponding to an authentic standard.
Confirmation of analyte identity was based on the
response of the secondary mass transition relative to the
response of the primary mass transition. Quantification
of the analytes was performed with response factors
calculated from a four-point calibration curve (21).

The recoveries with the extraction method for paint
were calculated by spiking five different paints with MI,
MCI, and BIT. The samples were spiked at three different
concentrations: 0.1, 1.0 or 10 pg/ml. Average recoveries
obtained for MI, MCI and BIT were 85.9%, 82.6% and
58.0%, respectively.

The precision of the analysis was calculated as the
relative standard deviation of replicate analytes extracted
from a total of 12 pairs. The overall precision for MI was
1.3%. The overall precision for BIT was 1.5%.

Review

Literature for a review of non-occupational and occu-
pational cases with contact allergy to isothiazolinones
in paint was systematically sought from the PubMed™
database and Google™ scholar. The literature search was
carried out with the MeSH terms ‘methylisothiazolinone’,
‘2-methyl-4-isothiazolin-3-one’,  ‘methylchloroisothia-
zolinone’, ‘5-chloro-2-methyl-4-isothiazolin-3-one’, ‘be-
nzisothiazolinone’, ‘1,2-benzisothiazol-3(2H)-one’,
Kathon CG’, ‘CAS no. 26172-55-4", ‘CAS no. 2682-
20-4’, ‘CAS no. 2634-33-5", ‘CAS no. 55965-84-9’,
‘contact allergy’, ‘allergic contact dermatitis’, ‘airborne’,
and ‘paint’. Reference lists of the relevant articles were
also studied for case reports relevant for this review. Only
literature in English was included. Overall, case reports
were considered for inclusion if contact allergy to isothia-
zolinone resulting from paint exposure was detected. The
last literature search was performed on 1 July 2014.

Statistics

The data were processed with SPss™ (SPSST™ Statistics
Chicago, IL, USA; IBM PASW Statistics) for Windows™,
edition 20.0, and R statistical software (version 3.1.0;
WWww.r-project.org).

The Mann—Whitney U-test was applied for (i) analysis
of differences between the MI concentrations found in the
previously tested Danish paints and the newly found MI
contents for Danish paints (21), (ii) analysis of differences
between the MI concentrations in paints with environ-
mental labels and paints with no environmental labelling,
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and (iii) analysis of differences between the MI and BIT
concentrations in wet room paints and white wall paints.
The distribution of the measured values for MI, MCI and
BIT were graphically represented by a strip chart with an
overlay boxplot. The Kruskal—Wallis H-test for global het-
erogeneity was applied for analysis of differences in MI and
BIT concentrations across countries.

The threshold for statistical significance was predefined
as a p-value of < 0.05.

Results

Seventy-one paints were analysed for their contents
of three isothiazolinones. MI was identified in 93.0%
(n=66) of the purchased paints, and the MI concen-
tration ranged from 0.7 to 180.9 ppm (Fig. 1). MCI was
identified in 23.9% (n=17) of the purchased paints, and
the MCI concentration ranged from 0.26 to 11.4 ppm.
BIT was identified in 95.8% (n=68) of the purchased
paints, and the BIT concentration ranged from 0.1 to
462.5 ppm (Fig. 2).

The distributions of MI concentration differed between
countries (Fig. 1). However, no overall statistically signifi-
cant heterogeneity was seen. In contrast, BIT concentra-
tions differed statistically significantly between countries
(Fig. 2).

Table S1 shows a detailed description of all 71 pur-
chased paints regarding product name, MI, MCI and
BIT concentrations, and environmental labelling. Seven
paints had a low content of MI (< 5 ppm), and five paints
(three British and two French) had no detectable MI
content at all (Table S1). Only a paint purchased in the
United Kingdom contained only MI (4.0 pg/g) with no

detectable BIT or MCI. Almost all paints contained MI
and BIT in combination. For example, a Danish pur-
chased paint had 180.9 ppm MI in combination with
128.7 ppm BIT. However, many of the Swedish purchased
paints contained a relatively high BIT concentration in
combination with a relatively low MI concentration, for
example 462.5 ppm BIT in combination with 2.47 ppm
MI (Table S1).

Samples were also taken from the thin layer of trans-
parent liquid (surface layer) visible on top of nine paints.
Analysis showed that the MI concentration in this surface
layer was 1.5-2.5 times higher than the MI concentra-
tion in the paint in the corresponding can. In a UK paint,
an MI concentration of 421.0 ppm was found in the sur-
face layer.

Table 1 shows the frequency of available safety data
sheets for all paints in both paint stores and websites for
each country. The internet web addresses for the UK pur-
chased paints were not checked immediately after pur-
chase, which is why the data are not included in Table 1.
The frequency of environmental labelling is also shown
in Table 1. A total of 49.3% (35/71) of the paints were
labelled with environmental labels; a Mann—Whitney
U-test did not reveal any statistically significant differ-
ence in MI concentration between the paints with envi-
ronmental labels and the paints without environmental
labels (p=0.881). All of the UK paints were labelled with
either ‘VOC Symbol’, ‘99% solvent free’, ‘Low VOC content
0.3-7.99%’, or ‘Minimal VOC content 0-0.29%’, and, in
the analysis, these were not regarded as environmental
labels of relevance.

Overall, the labelling of isothiazolinone content on
safety data sheets were insufficient for all European

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
Contact Dermatitis



METHYLISOTHIAZOLINONE AND BENZISOTHIAZOLINONE IN PAINT e SCHWENSEN ET AL.

@&

oA

B aa

o A
ol

a0 A =

450
400 —
350
300 A&
£ 250 |
g n
200 — Vo
AN
Fig. 2. The distribution of 150 7 4§
measurements of benzisothiazolinone 100 4 AR
in wall paints across five European AN
countries, depicted as a boxplot 50 -] |
(showing outliers beyond the 1.5-fold
interquartile range as dots) with an 04
overlay strip chart, which represents I
each single measurement as a triangle. Denmark

Table 1. Frequency of available safety data sheets (SDSs) for paints
at stores or internet websites along with the frequency of paints
having environmental labels

SDS at SDS at Environmental
European store, % website, % labelling on paint
country (n/total) (n/total) cans, % (n/total)
Denmark 0(0/14) 57.1(8/14) 64.3 (9/14)
France 0 (0/9) 44.4% (4/9)* 100 (9/9)
Germany 0 (0/9) 88.9 (8/9)* 77.8 (7/9)
Sweden 0(0/21) 100 (21/21) 42.9(9/21)
United Kingdom 0(0/18) NI 0.0 (0/18)*

NI, not investigated at the time of purchase.

*SDS could be ordered by email.

fPaint cans from the United Kingdom were labelled with VOC
(volatile organic compounds). These were not counted as environ-
mental labels. See ‘Results’.

countries (Table S1). The manufacturers in the German
and Swedish paint markets showed that they were more
proactive regarding labelling of isothiazolinone content
on the paint cans than manufacturers in other Euro-
pean countries. Two German paints claimed to have no
added preservatives on their paint cans. These two paints
did indeed have MI and BIT concentrations of <1 ppm
(Table S1).

Furthermore, on a few German paint cans (n = 3), an
allergy hotline telephone number was listed in case of
allergic symptoms (‘Allergiker-Hotline” and ‘Technisches
Merkblatt’).

The Mann—Whitney U-test did not show any statisti-
cally significant differences in MI concentration between
previously purchased Danish paints in a study by Lundov
etal. (21) and the MI concentrations in the Danish paints
purchased for the present study (p=0.884).
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A total of 19.7% (14/71) paints were wet room
paints, and no statistically significant difference in MI
concentration between wet room paints and white wall
paints was observed (p = 0.840), but wet room paints had
a statistically significantly higher BIT concentration than
white wall paints (p < 0.001).

In the past 30 years, several case reports on contact
allergy to isothiazolinones resulting from paint exposure
have been published (Table 2). Older case reports have
primarily presented contact hypersensitivity to MCI/MI
(mixture 3:1), BIT (e.g. Proxel™) and octylisothiazoli-
none in paints (43—-50). All of these paints probably
contained MCI/MI, BIT, or other isothiazolinones, but
in only a few reports were the paints analysed (48). In
recent years, after the introduction of MI in 2000, several
case reports on contact hypersensitivity to MI or other
isothiazolinones resulting from exposure to paint have
been published (24-28, 30—-32, 51-55). A Danish study
described, for the first time, four paint factory workers
with MI sensitization and allergic contact dermatitis
resulting from direct skin exposure to additives with
a 10% MI solution (54). In many of the recently pub-
lished case reports, allergic contact dermatitis has often
developed at directly exposed skin sites, whereas some
case reports have shown that emissions of MI can elicit
airborne allergic contact dermatitis at indirectly exposed
skin sites, for example the face or arms, or even asth-
matic symptoms (21, 24—32). Some case reports have
described systemic symptoms and generalized dermatitis
resulting from exposure to MI and/or BIT in paints (27,
32, 55), and a few studies even reported that emergency
treatment was necessary, owing to severe asthmatic
symptoms (24, 26).
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Discussion

In this European multicentre study, we investigated the
concentrations of MI, MCI and BIT in 71 paints randomly
purchased in retail outlets in five European countries:
Denmark (Copenhagen), France (Strasbourg), Germany
(Erlangen), Sweden (Stockholm), and the United King-
dom (London). MI was found in 93.0% (n=66) of the
paints, BIT was found in 95.8% (n = 68) of the paints, and
MCI was found in 23.9% (n =17) of the paints.

These data indicate that MI and BIT are widely used
by the paint industry in relatively high concentrations
across the five European countries, indicating a European
problem.

In a previous study from Denmark, Lundov et al. found
MI concentrations ranging from 10 to 300 ppm in 19
randomly chosen water-based paints purchased in 2012
(21). In the present experimental study, employing a
current sample of European paints, the highest MI con-
centration was found in a Danish purchased paint, with
a concentration of 180.9 ppm. In comparison with the
previously mentioned study by Lundov et al., it was found
that 32% (6/19) of the analysed paints had a higher
MI concentration than the highest measured MI con-
centration of 180.9 ppm, but no statistically significant
difference was found (21). However, the MI concentration
varies greatly among the Danish purchased paints. Fur-
thermore, the data indicate that the use of MI in paints is
a European problem, not being limited to Denmark, and
this emphasizes the need for a European evaluation of the
health risk caused by MI in paints, and a regulatory limit
for MI in paint.

It is likely that paint manufacturers add different isoth-
iazolinones, and probably also other preservatives, to the
paint to enhance the antimicrobial effect. By adding dif-
ferent preservatives to the paint, the paint manufacturers
also would avoid the need for warning labelling, as the
concentrations would be lower than if only a few preserva-
tives were used in high concentrations, for example above
1000 ppm. Our data indicate that more than one isothia-
zolinone is often added to the paint, as only four paints
contained only BIT and only one paint contained only
MI. No paints contained only MCI, as expected, as MCI
is employed in a fixed 3:1 combination with MI (MCI/MI
3:1). The BIT concentrations in the purchased paints var-
ied among countries. Paints from Denmark and Sweden
contained relatively high concentrations of BIT as com-
pared with paints from France, Germany, and the United
Kingdom (Fig. 2 and Table S1). Our data indicate that it
is possible for the paint manufacturers to preserve paint
without the use of a relatively high MI concentration, as
some paints contained relatively low MI concentrations,
and this was not related to the intended use of the paint,
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for example white wall paint versus wet room paint. How-
ever, the BIT concentration in paint may be related to the
intended use of the paint, as wet room paint had a statis-
tically significantly higher BIT concentration than white
wall paint.

In a recent Danish emission test and a field experiment
test, it was shown that MI is emitted from newly painted
walls within hours, and that a (low) MI concentration is
emitted for weeks (21). The published case reports of air-
borne contact allergy to MI resulting from exposure to
paint (24-28, 30-32, 51, 52, 55) are now further sup-
ported, as our data indicate that MI is widely used in Euro-
pean paints. In the present study, the MCI concentration
in paint was relatively low as compared with the MI and
BIT concentrations. MI, as a separately added preserva-
tive, had obviously been used additionally to MCI (suppos-
edly Kathon™), as the MI concentration was 2.5-101.3
times higher than the MCI concentration.

Environmental labels often also have provisions for the
use of isothiazolinones in the paint; for example, the Envi-
ronmental label ‘EU Ecolabel’ limits isothiazolinones in
paints (34, 35). None of the paints with the ‘EU Ecolabel’
contained MI or BIT above the relatively high concentra-
tion limits (MI> 200 ppm; BIT > 500 ppm), and the envi-
ronmental labelling may therefore give the consumer a
false sense of security by pretending that the product is
safer than the rest of the products. However, our anal-
ysis showed no difference in MI concentration between
paints labelled with environmental labels and those with-
out additional labelling.

Anti-skinning agents are used to prevent skinning
during the production or storage of paints. The thin
transparent liquid layer visible on top of some of the
paints in the present study was most likely such an
anti-skinning agent. Furthermore, the MI concentration
in all surface layers was higher than that in the corre-
sponding mixed paint. It is not known to what extent the
higher concentration of preservatives in anti-skinning
agents adds to the allergy risk.

The current legislation on labelling (CLP) states that
chemical products (mixtures) containing a skin sensitizer
above a certain concentration should be labelled with
a warning to protect against sensitization (56). This is
according to the rules of self-classification (notification by
industry), if no legally binding (harmonized) classification
hasbeen decided. The generic concentration for classifica-
tion and labelling is 10 000 ppm (1%), but lower, and spe-
cific, concentration limits should be set when appropriate.
There are 1727 notifications of MI as a skin sensitizer
(H317); however, only 52 give a lower specific concentra-
tion limit (1000 ppm or 0.1%) (57). The CLP also states
that information should be given in safety data sheets and
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on the label if the concentration of a classified sensitizer
in a product is above one tenth of the concentration
limit for classification (called the concentration limit for
elicitation).

All analysed paints had MI concentrations well below
1000 ppm and the paint manufacturers were therefore
not obliged by law to state that the paints contained MI,
despite the risk of contact allergy shown in several studies
(Table 2).

For the consumer and the professional decorator, it is
currently almost impossible to obtain knowledge about
the isothiazolinone content in the paint. Labels and safety
data sheets did not generally state the presence of any of
the isothiazolinones (Table S1). Safety data sheets were
not available at any of the paint stores in the five European
cities where the paints were purchased (Table 1). Safety
data sheets could, for some of the paints, be obtained at the
paint manufacturers’ websites, but national differences
were observed (Table 1).

The results concerning some paints from Germany and
Sweden clearly show that paint manufacturers, regard-
less of an inadequate European regulation, are able to
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