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A case of contact urticaria syndrome due to
di(2-ethylhexyl) phthalate (DOP) in work clothes
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We previously reported a case of contact urticaria syndrome (CUS) due to di(2-ethylhexyl) phthal-
ate (DOP) in a polyvinyl chloride (PVC) grip on cotton gloves. The patient reported in this pre-
vious paper was careful not to have any contact with PVC products in his daily life or in his
working environment. He discontinued the use of protective gloves with a PVC grip that was the
cause of CUS. When working, he used cotton gloves without a PVC grip. We prescribed antihis-
tamines which slightly improved his condition. However, when he wore work clothes while on duty,
CUS relapsed. This condition was severe and made him feel anxious. When we advised him to
wear a cotton shirt under his work clothes, the contact urticaria did not develop. We suspected
that some component of the work clothes was the cause of his symptoms. A prick test with the
extract solution of his work clothes showed a wheal and flare at the 15 min reading. The common
component of the grip and the work clothes was found by analysis to be DOP.
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Skin hazards due to polyvinyl chloride (PVC) are
likely to increase because PVC products are widely
used in products used in daily life and in the work-
ing environment. PVC is made by polymerization
of vinyl chloride monomer. It is a plastic material
softened by a heating process. When a small
amount (,5%) of plasticizers is added, it hardens
the PVC. When the amount of plasticizers is 30%–
50%, it softens the PVC. Softened PVC is used in
making film, sheets, chemically-resistant shoes,
plastic gloves, etc. Di(2-ethylhexyl) phthalate
(DOP, from its alternative chemical name, dioctyl
phthalate) has been used in PVC as a plasticizer
because of its superior compatibility, volatility, low
temperature flexibility, insulation and heat/light
stability. Besides DOP, other plasticizers for soften-
ing PVC include di(2-n-butyl) phthalate (DBP),
butyl benzyl phthalate (BBP) and di-n-butyl male-
ate (DBM).

We experienced a case with contact urticaria
syndrome due to DOP from wearing work
clothes.

Case Report

A 50-year-old automobile tire wholesaler de-
veloped contact urticaria syndrome (CUS) when
he wore work clothes. He had previously experi-
enced contact urticaria syndrome (generalized ur-
ticaria, diarrhea and abdominal pain) due to the
grip on cotton gloves, made of PVC containing
DOP (1). Along with prescribed antihistamines, he
wore cotton gloves without a PVC grip. His con-
dition somewhat improved. However, he developed
CUS again when he wore his work clothes. We sus-
pected his condition to be due to CUS not only
from the cotton gloves but also from his work
clothes. We suggested that he should wear a cotton
shirt under his work clothes. When he did this, he
did not develop contact urticaria or gastrointesti-
nal symptoms. We suspected that the CUS might
be from his work clothes. We conducted skin test-
ing with extracts of his work clothes. After 15 min,
wheals and flares developed on the area where the
extracts of his work clothes were tested.
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Fig. 1. Analyzing and detecting pro-
cedure for PVC.

Materials and Methods

Extraction of the components of work clothes
We suspected his condition to be CUS due to a
component in his summer and winter work clothes
that were made of cotton and chemical fibers. We
extracted the components of his work clothes with
acetone and methanol. The extracted solutions
were separated by the column chromatography.

1 g of work clothes fragments was placed in a
500 ml eggplant-shaped flask with 100 ml acetone
and heated at 150 æC on a sand bath for 30 min.
After filtering with a glass filter (3G160), the solu-
tion was extracted again with 100 ml methanol for
30 min. We concentrated the extract solution to 10
ml by rotary evaporator (2).

Identification of the components in the work clothes

We analyzed the extract solution by using column
chromatography. We identified the separated
chemicals using Fourier infrared absorption spec-
trophotometry (FT-IR) (3, 4) and the gas chrom-
atography/mass spectrometry (GC/MS) (4, 5).

Fourier infrared absorption spectrophotometry
(FT-IR). The separated solutions were each put in

Table 1. Chemicals detected in each solution

No. Elution Chemicals detected

0 acetone and methanol DOP, DBP and fatty acid ester
1 hexane paraffin
2 hexane: chloroform silicon
3 chloroform DOP, DBP
4 chloroform: methanol DBP

an agate mortar separately and dried at 60 æC. A
pellet (3 mm id) for FT-IR was made from the
dried material mixed with potassium bromide
(KBr). The infrared absorption spectrum was
measured using a Fourier-transform infrared spec-
trophotometer (60SXR).

Gas chromatography/Mass spectrometry (GC/
MS). 1 ml of each separated solution was injected.
The conditions were as follows: apparatus: MAT
90 mass spectrometer (Finnigan, Bremen, Ger-
many); column: 5% phenylmethyl silicon (0.25 mm
thickness), DB-5MS (J&W), 0.25 mm id¿30 m
length; carrier gas: helium 1.5 ml/min; column
temperature: 50 æC (3 min), rising by 10 æC/min to
320 æC (5 min), then cooling; injection mode: 1 ml;
injection temperature: 280 æC; ionization mode:
electron ionization (EI) 70eV.

Prick and scratch testing. We performed prick/
scratch testing with extracts, reading at 15 and 30
min. We used histamine hydrochloride 1% aq. as a
positive control. We tested distilled water and
white petrolatum as negative controls. Water-sol-
uble materials were examined by prick testing. Ma-
terials dispersed in petrolatum were examined by
scratch testing. Readings were graded according to
Lahti and Turjanmaa (6), as follows: no reaction;
2π 1/2 size of histamine reaction; 3π size of hista-
mine reaction; 4π larger than histamine reaction.

Results

Analyzed chemicals (Fig. 1, Tables 1, 2)
Summer work clothes. We detected the following
chemicals in the extract and separated solutions:
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di(2-ethylhexyl) phthalate (DOP), di(2-n-butyl)
phthalate (DBP) and fatty acid ester in the extract,
paraffin in the hexane elution, silicon in the hex-
ane: chloroform elution, DOP, DBP and polyester
oligomer in the chloroform elution, DBP in the
chloroform: methanol elution.

Winter work clothes. We detected the following
chemicals in the extract and separated solutions:
di(2-ethylhexyl) phthalate (DOP), di(2-n-butyl)
phthalate (DBP) and fatty acid esther in the ex-
tract, paraffin in the hexane elution, silicon in the
hexane: chloroform elution, DOP, DBP and fatty
acid ester in the chloroform elution, DBP in the
chloroform: methanol elution.

Prick and scratch testing (Fig. 2)

The results of the prick and scratch testing are
shown in Table 2. We confirmed the positive reac-
tions to the separated solutions of no. 0 (the whole
extract), nos. 3 and 4 for summer work clothes, no.
0 (the whole extract, Fig. 2), nos. 3 and 4 for win-
ter work clothes. DOP, a component of summer
and winter work clothes, also showed positive reac-
tions. DBP, with a similar chemical structure to
DOP, also reacted positively.

Discussion

We experienced a case of contact urticaria due to
work clothes. When we carried out prick/scratch
testing, we confirmed positive results with the ex-
tract solution of work clothes. We also confirmed
positive reactions for the separated solutions nos.

Fig. 2. Positive skin reactions (left side:
summer clothes; right side: winter
clothes).

Table 2. Results of prick/scratch testing

Conc./ 15-min 30-min
Materials vehicle reading reading

no. 0 (S, W) 5% pet. 4π 4π
no. 1 (S) 5% pet. ª ª
no. 2 (S, W) 5% pet. ª ª
no. 3 (W, W) 5% pet. 4π 4π
no. 4 (W) 5% pet. 4π 4π
DOP 2% pet. 4π 4π
DBP 2% pet. 4π 4π
extraction residue as is ª ª
ethanol as is ª ª
stearyl alcohol 2% eth. ª ª
histamine hydrochloride 1% aq. wheal and wheal and

flare flare
white petrolatum as is ª ª
distilled water as is ª ª

S: summer clothes. W: winter clothes.

0, 3 and 4 of the summer work clothes, and nos.
0, 3 and 4 of the winter work clothes, and both
DOP and DBP at the 15-min reading. In nos. 0
and 3 of the summer work clothes and nos. 0 and
3 of the winter work clothes, DOP was detected.
We observed a positive reaction to DBP at both
15-min and 30-min readings. In nos. 0, 3 and 4 of
the summer work clothes and nos. 0, 3 and 4 of
the winter work clothes, DBP was detected. Be-
cause part of the chemical structure of DBP is very
similar to part of the chemical structure of DOP
(Fig. 3), we considered that the positive reaction to
DBP at the 15-min and the 30-min readings were
a cross-reactions to DOP. Petrolatum, ethanol and
distilled water were negative.

DOP is a plasticizer used in making PVC prod-
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Fig. 3. Chemical structures of DOP and
DBP.

ucts. Many plasticizers are used for making many
kinds of PVC products. There are vast amounts of
PVC products in the world. It is a very difficult
and a constant problem for this patient to avoid
PVC products in his daily life and working en-
vironment. He had thus been suffering from stage
3 CUS (7). The symptoms continue to be a serious
problem in his daily life and he is always anxious.
Whenever he handles things in daily life, he always
puts on cotton gloves. There are many medical in-
struments and articles made of PVC, such as
stethoscopes, oxygen masks, tubes, needles for
drip infusions, medical gloves, some medical wear,
and so on. With stage 3 or 4 (anaphylactoid) CUS
due to DOP, prevention is very difficult and the
patient may experience feelings of helplessness.

There have been previous reports of allergic re-
actions to PVC: contact dermatitis (8–11); contact
urticaria (12); and asthma (13). Health hazards of
PVC have recently been reviewed (14). In the fu-
ture, our expectation is that the number of cases
of PVC allergy like these will increase. We strongly
advise the use not only of latex-free but also of
PVC (DOP)-free medical instruments.
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