ᄂ̂ᗁੰ 23 ѐֽϥゟ෭ቲྏរඕژ̶ڍ
࣫ᄹॆ അ࡚බ गୁᎂ ౘംܪ
ᄂ̂ᗁੰϩቲొ

Evaluation of Formaldehyde Allergy
in a Patch-test Population
Haw-Yueh Thong

Mei-Ping Tseng

Chee-Ching Sun

Tsu-Liang Chen

Formaldehyde ( FA ) in industrial, cosmetics and house - hold products is of importance for the
induction of allergic contact dermatitis. Among 3,403 patients (1,006 men, 2,397 women) consecutively patch tested at National Taiwan University Hospital in the past 23 years, 128 patients (23 men, 105
women) showed a positive reaction to FA. The overall prevalence rate of FA sensitivity was 3.8 %. The
women patch-tested presented with eczema primarily involving the head and neck region, followed by
the hands and arms, whereas the men more frequently presented as a hand dermatitis. Among them
19.5 % (25 women) were suspected due to cosmetics; 24 women presented with a facial dermatitis and,
1 presented with a dermatitis on the scalp. 18 % (10 women and 13 men) of the studied population diagnosed an occupational dermatitis, 87 % ( 20 patients ) had a dermatitis involving at least the hands.
Often the sources of FA sensitivity are occult. Further patch testing with preservative series or industrial
biocide tray, as well as chemical analysis for the identification of FA using chromotropic acid method in
the cosmetics, hair preparations and chemical products in contact with the patients may facilitate in
identifying the source of allergen. (Dermatol Sinica 21 : 119-125, 2003)
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ϥゟ ( formaldehyde ) ߏ૱֍̍ٺຽϡݡĂ̼Ӷ̈́͟ݡ૱ϡ֨۞̚ݡჺĂ҃ͷߏ˘ૻ
۞࿅ୂࣧĂ૱ౄј࿅ୂّତᛈϩቲۆĄԧࣇಡӘ˟˩ˬѐֽдᄂ̂ᗁੰ၆ٺϥゟ̝෭ቲྏរ
۞ඕڍĄд 3403 Ҝྏצ۰ ( 1,006 ҜշّĂ2,397 Ҝّ̃ ) ༊̚Ăѣ 128 Ҝ ( 23 շĂ105 ̃ ) ၆ϥ
ゟӔன࿅ୂͅᑕĄϥゟ࿅ୂ۞Җதࠎ 3.8 %Ąϥゟٙౄј۞ϩቲۆĂдّ̃ঽˠ૱֍۞Ҝ
ཉࠎᐝᐚొ ( 45.5 % ) ̈́͘ొ ( 24.4 % )ćдշّঽˠ૱֍۞Ҝཉࠎ͘ొ ( 44.1 % ) ̈́ᐝᐚొ
( 30.3 % )Ąϥゟ۞ֽĂ19.5 % ( 25 ) ᄃ̼ӶݡѣᙯĂΪ֍ّ̃ٺĂ ̚96 % ( 24 ) ͽᓚొᒅ
ৃĂ1 ҜঽˠͽᐝొᒅৃܑனĄ18 % ( 10 ̃Ă13 շ ) ᄃᖚຽѣᙯĂ87 % ( 20 ) ͽҌ͌Βӣ͘ొ۞
ᒅৃܑனĄ̂ొ̶ϥゟ۞ֽᙱͽࠧؠĄᓜԖ˯ــᅮࢋᅃӄ۞͞םֽڱӄԱವϥゟ۞
ֽĄԧࣇ֭੫၆ϥゟวّ̝෭ቲྏរඕ̈́ڍᓜԖ˯ҿٙࢬᓜ۞યᗟүፋநаᜪĄ( ̚ර
ϩᄫ 21 : 119 - 125, 2003 )
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INTRODUCTION
Formaldehyde (FA) is a frequent allergen
known worldwide. It is widely used as a preservative in chemical products, cosmetics, shampoos, textiles and etc. The prevalence of FA
sensitization varies greatly, as shown by the
results of the patch test series in different countries. The majorities of series report sensitivity
prevalence between 2.0 % and 6.0 %, calculating to an overall incidence of 3.9% in 119,505
patients.1 The prevalence of sensitization is high
in the western countries. For the North
American Contact Dermatitis Group in 1984 85 it was 8.4%.2 In West Germany, Gollhausen
et al 3 reported a FA sensitivity of 3.5 % in
11,962 patients. In Japan, the prevalence
dropped from 17.9% in 1977 to 2.8% by 1978
and 1.9% in 1979; corresponding to the government regulations in restricting the levels of FA
allowed in underclothes.4
Our investigation spanned the 23 years
1978-2000. It was undertaken to determine our
prevalence of FA sensitivity and to establish
whether there is a significant correlation
between FA sensitivity and the clinical relevance.
MATERIALS AND METHODS
We retrospectively reviewed the patch test

records of the Contact Dermatitis Clinic of
National Taiwan University Hospital between
January 1978 and January 2000. A total of
3,403 patients were referred to the special clinic, all patch-tested with the European standard
series and selected materials according to individual clinical suspicion. A thorough review of
the patients’ present illness, family history,
medical history and any history of atopy, namely asthma, allergic rhinitis or atopic dermatitis
were recorded in detail, in addition to the sites
and appearance of lesions. The relation of the
skin lesions and occupational exposure was also
questioned. Exposure to formaldehyde was considered to be occupational if a definite relationship between the dermatitis and the work could
be established, and the anatomic distribution of
the dermatitis was consistent with the workplace exposure.5
The standard series of allergens were
applied to the upper back of the patients using
Finn Chambers for 2 days. This standard series
contains FA 1% aq. Readings are performed at
48- and 96-hours, or at 72-hours alone. A positive reaction was defined as an erythema ( + )
with infiltration (++), or erythema with infiltration, papules and vesicles (+++).
We used Chi-Square test with α value of
0.05 to examine the statistically significant rela-

Fig. 1

The rate of positive patch test result to formaldehyde in 1978-2000.
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Table I. The basic data of 128 patients with a positive reaction to formaldehyde

Age (mean ± SD, year)

FA positive
Men
36.4 ± 14.37

Women
31.8 ± 11.99

Atopy (personal and/or family, %)

17.4

23.9

30.3
44.1
12.1
6.1
9.1

45.5
24.4
3.8
3.8
22.7

0

23.8*

Site (%)

Head and neck
Hands and arms
Trunk
Generalized
Others
Sources of exposure (%)

Cosmetics
Occupation (P<0.001)
(no.)

56.5
Construction workers (5)
Dye-industry (2)
Electronic/engineering (1)
Leather (1)
Furs (1)
Paper industry (1)
Others (2)
Site in relation to sources of exposure (%)
Cosmetics (women: N=25)
0

Occupation
(men: N=13, 1 missing)
(women: N=10)

Hands
Hands & others
Forearm
Face
Total no. of patch tested
1006
No. of positive reaction
23
*One patient was sensitive to formaldehyde in shampoo

tionship between atopy and allergy to FA; the
occupations and the gender difference among
the patients with a positive reaction to FA patch
test result; the gender difference and the lesion
sites of patients with FA sensitivity. All statistical analyses were done by means of SAS (version 6.12).
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9.5
Electronic (2)
Office work (2)
Dentistry (2)
Hairdresser (1)
Metal industry (1)
Others (2)

69.2
7.7
7.7
7.7

Face
Scalp

96
4

Hands
Hands & others
Forearm
Face
2397
105

70
20
0
10

RESULTS
From 1978-2000, a total of 3,403 patients
(1, 006 men, 2,397 women) were patch-tested,
128 (23 men, 105 women) were positive to FA,
representing 3.8% of the total patch-tested population. The incidence of FA sensitization
ranged from 0.4% to 14% during these 23 years
(Fig. 1). By using the Wilcoxon rank sum test,
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Table II. Concomitant allergens among the 128 patients with formaldehyde sensitivity
Allergen
Men (no.)
Women (no.)

Nickel sulphate
Ammoniated mercury
Potassium dichromate
Cobalt chloride
Thimerosal
Fragrance mix
Skin care cosmetics
Medicaments
Para-tertiary butyl phenol
Total

3
3
8
3
2
1
0
1
0
23

a statistically significant decline in the incidence of FA sensitization over the years was
shown ( P < 0.001). Table I. shows the basic
data of the total patch-tested population with a
positive reaction to FA. There is no association
between atopy and allergy to FA. Table I also
revealed the relationship between the sites of
dermatitis and the gender. In addition, the relationship of the gender and the source of FA sensitization being cosmetics or occupation were
also examined.
An analysis of the presence of any concomitant allergen was also performed, with
nickel sulphate, potassium dichromate, ammoniated mercury and cobalt chloride being the
more frequent concomitant allergens ( Table
II. ). 6 patients, exclusively women, developed
concomitant sensitization to skin care cosmetics. 3 patients also showed a positive patch test
reaction to para-tertiary-butyl-phenol, which is
a phenol - formaldehyde resin. Another 3
patients had an additional positive reaction to
medicaments. In overview, the pattern of FA
sensitization between men and women was different, especially in the source of exposure,
which was statistically significant (Table I.).
Men
Of the 23 men who were sensitized to FA,
the sites affected primarily or exclusively were
the hands and arms in 44.1%, the head and neck
region in 30.3 %, and the trunk in 12.1 %. In
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21
11
6
11
10
8
6
2
3
105

these 23 men, 13 were believed to be occupational (Table I.). The occupations of these men
were construction workers (5), workers in dye
industry (2), metal industry (2), others (4). Of
the occupational - related cases, 76.9 % ( 10 )
presented with a dermatitis involving at least
the hands.
Women
In the 105 female patients with a positive
reaction to FA, the sites affected were the head
and neck region in 45.5 % of the patients, the
hands and arms in 24.4 %, and the trunk in
3.8 %. 25 patients were sensitized to cosmetic,
10 cases were occupational related. Only one
patient of the cosmetic-related group presented
as a scalp dermatitis and she showed a positive
patch test result to both FA and a hair shampoo.
Table I also showed the jobs of the 10 cases
being interpreted as occupational sensitization
to FA. The occupations involved were electronic manufacture( 2 ), office work ( 2 ), dentistry
(2), hairdressers (1), metal industry (1), others
(2).
DISCUSSION
FA is a ubiquitous chemical which has
many important commercial and industrial
applications. It is generally found in the environment in one of the three forms: as free FA,
as FA donated from a FA - releasing preservatives ( FRP ), and as FA resins ( with varying
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potentials in liberating FA ). Over the past 20
years, FA has experienced decreasing use in
most countries, presumably due to an increased
utilization of FA donor preservatives (e.g. imidazolidinyl urea, diazolidinyl urea, and
dimethyloldimethylhydantoin ), which are generally agreed to be safer. In our series, the incidence of FA sensitization ranged from 0.4% to
14% during these 23 years, except in 1982 and
1983, when the incidence was exceedingly high
(>10%). No possible contributing factors could
be elicited. Nevertheless, statistical analysis of
the trend did suggest a decline in the incidence
of the FA sensitization over the years.
The majorities of significant exposures
include cosmetic products containing free FA
( particularly shampoos and hair - care products); industrial biocides in metalworking fluids
( MWF ); FA - releasing biocides; FA - resins
treated paper products; paper products using
inks and dyes which contain FA; textiles, furs
and leathers treated with FA; glues and paints
containing FA or FA resins encountered by construction workers 6, as well as direct occupational contact in medical and dental personnel.
Domestic exposure occurs from shampoos 7 - 10,
cosmetics 1, cleaning products 11 and fabric softeners.12
In this series, among the 23 men with a
positive patch test reaction to FA, 56.5 % was
considered to be occupational. Their principle
sources of exposure were most likely glues and
paints, MWF, leather, paper product. The primary sites of dermatitis were the hands and
arms. The sources of FA exposure in our series
were somewhat different from the previous
reported cases of occupational sensitization to
FA.13 Regrettably however, we were unable to
perform a product screening test such as chromotropic acid method, for the presence of FA in
all the potential chemicals in contact with these
patients and thus unable to unravel other potential sources of FA exposure.
The FA in cosmetics appeared to be an
important source of sensitization among the 105
women. 25 patients diagnosed as cosmeticrelated with their dermatitis on the face. Only
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one of these patients developed an allergic contact dermatitis from FA in a hair shampoo. The
relative low incidence of FA dermatitis caused
by shampoos despite the frequent presence of
FA in shampoos may be due to its high dilution
and the low contact dermatitis reactivity of the
scalp.14 Unlike men, eczema involving the head
and neck region was the principle manifestation
in the female population. Since there were more
female patients sensitized to cosmetics, this
finding was not surprising.
Allergy to FA is rarely suspected clinically
or considered prior to patch testing. The incidence of cross-reactivity of FA with other FRPs
and the significance of FA allergy on patch testing is less understood. Even if a positive reaction to FA is found, it is often ignored because
its source and relevance are unknown. It is generally accepted that sensitization to FA develop
mostly from occupational or cosmetic
exposure.15 Non-occupational and non-cosmetic sensitization to FA itself and not due to
release from FA resins is rather unusual.
However, once sensitization has occurred,
threshold responses to FA may vary greatly.1
Hypersensitivity reaction to as low as 0.02ppm
FA had ever been reported.16 Most investigators
agreed that, topical products containing less
than 30ppm FA may be tolerated by most sensitive patients.17 The content of FA as a preservative in cosmetic products is regulated in many
countries. A survey of FA in shampoos in
Denmark revealed a FA content within a range
of 10 ppm - 1470 ppm in some hair preparations and skin creams.18 In Taiwan, the content
of free FA allowed in cosmetics is 1000 ppm.
However, there seemed to have a lack of FA
content labeling in cosmetics or most chemical
products in our country. A preliminary highperformance liquid chromatography ( HPLC )
analysis of the FA content based on random
sampling of various shampoo and skin care
products on the Taiwan market revealed that the
FA content lies within 0.008 ppm - 2720 ppm
(submitted for publication).
The prognosis of a clinically relevant FAsensitive patient is generally considered to be
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bad because of widespread exposure to FA. The
interpretation of a positive patch test reaction to
FA remains to be a challenge for dermatologists. Epstein & Maibach 19 interpreted the positive FA reactions as being significant especially
when the repeat test also showed positive reactions. Fransway & Schmitz 15 stated that
although most reactions to FA in patch tests are
only weakly positive, they often have a clinical
relevance. We would suggest interpreting the
positive reaction as relevant, and would like to
emphasize the importance of an additional
effort in search of the source of FA. When the
relevance of positive patch test reactions to FA
was based on information obtained on exposure, a very high rate of current relevance was
noted. Chemical analysis for the presence of FA
in the products could be performed using various methods, e.g., the chromotropic acid test in
which the test substance is added to several
drops of H 2SO4 / chromotropic acid solution in a
1: 4 mixture ratio, and the amount of FA is proportional to time and to a violet color appearance.20 A color change to violet indicates the
presence of free FA 0.25 ppm.21 Our government regulated that the free FA content in cosmetics should not exceed 1,000 ppm, whereas
the acceptable limit of free FA in textiles is 75
ppm. Thus, the method is sensitive enough for
the analysis of the patients’ cosmetic products
and may serve as a practical screening tool in a
clinical setting. Supplier information on the
content of preservatives should also be obtained
for suspected items. Further patch tests based
on preservative series or an industrial biocide
tray in the FA-sensitive patients may facilitate
in the identification of the source of allergen.22
FA - sensitized patients were advised to use
alternatives to those products containing FA or
FA releasers.
To conclude, allergic contact dermatitis
from FA has posed a diagnostic challenge to
most of the clinicians for many reasons: a The
history is often unreliable, b The clinical presentation is often non-specific, c FA is ubiquitous, d There is a lack of public awareness
towards FA allergy, e The labeling of FA con-
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tent and thus identification of FA on chemical
products is not required, f There is no comprehensive database regarding the FA content in
various products. Further patch testing of
patients showing an equivocal patch test reaction to FA may be needed to confirm its relevance. Product screening for FA content using a
convenient detection method, such as the chromotropic acid method, may be helpful.
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