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Analysis of 1sothiazolinone preservatives in polyvinyl alcohol
cooling towels used 1n Japan

TSUYOSHI KAWAKAMI, KAZUO ISAMA and YOSHIAKI IKARASHI

Division of Environmental Chemistry, National Institute of Health Sciences, Tokyo, Japan

Recently, cases of contact dermatitis that were related to the use of polyvinyl alcohol (PVA) cooling towels containing
isothiazolinone preservatives were reported in Japan. The aim of this investigation was to analyze the concentrations of five different
isothiazolinone compounds present in PVA towels and to assess the effectiveness of washing in removing the preservatives from new
towels prior to being used for the first time. Twenty-seven PVA towels were used in this study. Two groups (i.e., laboratory-
simulation and volunteer) of washing experiments were conducted to evaluate the effect of washing procedures. Qualitative and
quantitative analyses were performed by LC /MS /MS, which detected 2-methyl-4-isothiazolin-3-one (MI) and 5-chloro-2-methyl-4-
isothaizolin-3-one (CMI) in 23 samples (MI: 0.29-154 pg g-wet™!, CMI: 2.2-467 pg g-wet ™), 2-n-octyl-4-isothiazolin-3-one (OIT)
in one sample (478 p.g g-wet™*). The compounds 4,5-Dichloro-2-n-octyl-4-isothiazolin-3-one (2CI-OIT) and 1,2-benzisothiazolin-3-
one (BIT) were not detected in all samples. We confirmed the presence of residual MI, CMI, and OIT in the washed towels, and the
residual-to-original content ratio of OIT was higher than that of MI and CMI in PVA towels, due to the higher hydrophobicity of
OIT than MI and CMI. A concern has been raised about the occurrence of contact dermatitis being caused by the use of PVA
towels. It is suggested that a detailed description of isothiazolinone preservatives in PVA towels and an effective washing procedure
for the removal of these preservatives should be provided by the manufacturer. Further, alternative non-sensitizing preservatives

might be considered for the manufacture of PVA cooling towels in the future.

Keywords: Isothiazolinone preservatives, polyvinyl alcohol cooling towel, contact dermatitis; household products.

Introduction

Isothiazolinone compounds, comprised of nitrogen- and
sulphur-containing heterocyclic aromatic rings, are widely
used as preservatives in cosmetics,! paints,'?! oils,*! anti-
fouling booster biocides,™ wall adhesives,”! and moist tis-
sue paper ! because of their broad-spectrum antibacterial
activities. In particular, a mixture of 2-methyl-4-isothiazo-
lin-3-one (MI; CAS 2682-20-4) and 5-chloro-2-methyl-4-
isothiazolin-3-one (CMI;CAS 26172-55-4) is one of the
most exgensively used isothiazolinone preservatives (e.g.,
Kathon CG)m in cosmetics and industrial products, and
its first use can be traced back to 1976 in Europe and 1981
in the United States.

However, these preservatives have the potential to cause
skin sensitization, and many cases of isothiazolinone
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preservative-induced contact dermatitis have been
reported."® The European Union (EU) recently stipu-
lated that the permissible concentration of MI and CMI
mixtures in cosmetic products should be less than 15 pg
g~ (ML 3.75 ng g~!, CMI: 11.25 ug g~ 1).”) In the United
States, the permissible concentration of MI and CMI mix-
tures for rinse-off products, e.g., shampoo and soap, is
similar to that stipulated by the EU; however, it is less
than 7.5 pg g~! for leave-on products such as body
creams.!’” The permissible concentration for the MI pre-
servative alone is less than 100 ng g~'."1% In Japan, the
cosmetic industry standards require the concentration of
MI and CMI mixtures to be less than 15 wg g~ for rinse-
off products only, and that of MI alone is to be less than
100 pgg~t.0U

In recent years, several types of novel household and
personal products have been developed that help keep the
body cool; these are especially popular during the humid
summer season in Japan. These products include: (i) gel-
based products that use high-water content superabsorbent
polymers that can dissipate heat from skin, and (i) polyvi-
nyl alcohol (PVA) towels (Fig. 1) that provide a cooling
sensation to the skin by absorbing excess heat as a result
of hyper-efficient water evaporation. Unfortunately, the
use of mattress-type gel products have in mattress
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(b)

Fig. 1. (a) An example of the usage of PVA cooling towel, and
(b) unopened PVA cooling towel (sample A5). Water drops can
be seen inside the package and are noticeable.

manufacture have led to several cases of allergic contact
dermatitis.['?!

These gel products used 2-n-octyl-4-isothiazolin-3-one
(OIT; CAS 26530-20-1) as a preservative, which probably
migrated from the gel layer to the textile surface through a
polyethylene film and was directly exposed to the patient’s
skin. One of the cases where the patient required over
30 days to recover was classified as a severe consumer
product accident as per the Consumer Safety Product Act
legislated by the Ministry of Health, Labour and Welfare,
Japan. This motivated us to investigate the amounts of iso-
thiazolinone preservatives in commercial gel products in
Japan from April to June, 2010, and OIT, MI, and CMI
were detected in these gel products studied.!*!

On the other hand, cases of contact dermatitis caused by
the use of PVA cooling towels were also reported by the
National Consumer Affairs Center of Japan (NCAC) in
2012.11 Generally, since dried PVA towels are hard and
easily broken, these are moistened with water to prevent
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them from breaking before they depart the factory (Fig. 1),
and the water-containing isothiazolinone preservatives are
used in the PVA towels to protect the products against mil-
dew. Although NCAC has confirmed the presence of iso-
thiazolinone preservatives in several PVA towels, the
amounts of these preservatives have not been accurately
determined.

Although some manufacturers suggest that customers
wash new towels before using them to remove the preser-
vatives, the effect of washing on the removal of the
preservatives has not been assessed previously. Therefore,
it is necessary to study isothiazolinone preservatives
in PVA towels for the prevention and control of contact
dermatitis, which is caused by the use of these cooling
towels.

The aim of this study was to confirm the presence of five
isothiazolinone preservatives in the PVA towels, quantify
their concentrations, and evaluate the effectiveness of the
washing process in removing the preservatives from the
PVA towels before their first-time use. We conducted two
types of washing experiments: (i) a laboratory-simulated
washing procedure, which used a glass tube and mechani-
cal shaker for the washing and elution of preservatives in
ultrapure water (Milli-Q water) for analysis, and (ii) volun-
teer-based washing, where the towels were washed by vol-
unteers as per the products instruction.

Materials and methods

PV A towel samples

Twenty-seven PVA cooling towels were purchased from
several online and retail stores in Japan in December, 2011
(sample Al to A7), and from May to June, 2012 (sample
B1 to B20) (Table 1). All the PVA towels were used for
skin cooling (Fig. 1), except samples A6 and A7, which
were used to wipe the body after swimming. The towels
were moist at the time of purchase (Fig. 1), except for sam-
ple B19, which was sold in a dry condition.

There exists a one-to-one correspondence between sam-
ples A1-A5 and samples B1-B5, e.g., Al corresponds to
B1, because they are the same product purchased at differ-
ent times. An additional 19 towels (same product as sam-
ple B8) were purchased in December 2012, of which 5
were used to quantify the amounts of preservatives in PVA
towels, and the other 14 were distributed to volunteers for
washing to assess the effectiveness of the washing proce-
dure in removing preservatives. f

Materials and reagents

The mixture of MI and CMI (MI: 3.63%, CMI: 10.85%)
was obtained from Waterstone Technology (Carmel, IN,
USA). 1,2-Benzisothiazolin-3-one (BIT; CAS 2634-33-5)
and OIT were purchased from Tokyo Chemical Industry



