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Does allergic contact dermatitis from
formaldehyde in clothes treated with

durable-press chemical finishes
exist in the USA?
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Recent US studies have presented case series of patient with allergic contact dermatitis (ACD) allegedly
caused by formaldehyde in clothes treated with durable-press chemical finishes (DPCF), which are known
formaldehyde releasers. However, the amounts of formaldehyde released by modern DPCF are thought
to be well below the levels previously estimated to be able to elicit ACD. The objectives of this review
are (i) to investigate whether clothes sold in the USA may contain enough free formaldehyde to elicit
ACD in previously sensitized individuals and (ii) to assess the validity of US reports on ACD from
formaldehyde in DPCF treated clothes. Literature was examined using various resources.
The threshold level for formaldehyde in clothes that may cause ACD in sensitized individuals is unknown;
we present data suggesting that levels <200 ppm will be safe for most patients and that textiles will
rarely contain higher amounts. All US studies presenting patients with ACD from formaldehyde in
clothes had some weaknesses and in no report was the diagnosis proven beyond doubt. Currently, there
is no definite proof that textile ACD from formaldehyde in DPCF in the USA exists. Future research
should be directed at establishing the elicitation threshold and the amounts of formaldehyde present in
textiles.
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Durable-press chemical finishes (DPCF)∗ have been
used in the clothing industry since the mid-1920s
to make cotton and cotton/polyester blend fabrics
wrinkle-resistant during wear and laundering. The
early chemical finishes based on the condensa-
tion product of urea or melamine with formalde-
hyde contained high amounts of free formaldehyde;
5000−12 000 μg/g (= mg/kg, often – and also in
this article – indicated as parts per million = ppm)
have been reported in rayon and cotton textiles (1).
In the 1950s and 1960s, many cases of allergic con-
tact dermatitis (ACD) from formaldehyde in textiles
were reported. Most came from Scandinavia; only a
few described US patients with formaldehyde textile

∗Synonyms used in literature include: formaldehyde-releasing
permanent-press finishes, formaldehyde textile resins, textile finish
resins, durable-press resins, permanent-press clothing finishes.

dermatitis. Some affected individuals were sensi-
tized to formaldehyde from other sources (in Scandi-
navia notably formaldehyde-based antiperspirants),
but in many the clothes themselves were considered
the cause of sensitization (2).

Since the 1960s textile manufacturers have increa-
singly moved to the use of finishes with lower
levels of formaldehyde such as dimethylol dihydrox-
yethyleneurea (DMDHEU). By 1981 the industry
claimed that the average level contained by textiles
made in the US was approximately 100–200 ppm
free formaldehyde (3). In the last 25 years, the use
of modified DMDHEU (e.g. methylated or glyco-
lated DMDHEU) should have lowered formalde-
hyde amounts further. These values are well below
the levels of 500–750 ppm estimated to be able
to elicit ACD in patients allergic to formalde-
hyde (4, 5). Despite this, several case series of US
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patients suffering from ACD to formaldehyde in tex-
tiles have recently been published (6–10), and sev-
eral authors have suggested that textile ACD from
finishes is underreported (6, 7, 8, 11). This apparent
contradiction prompted us to review the subject crit-
ically. ACD from DPCF in clothes in US patients:
is it underreported and does it exist?†

US Reports of Textile Dermatitis from
Formaldehyde and DPCF

Case series

In the last 16 years, five US clinical studies have
addressed the issue of ACD from formaldehyde and
DPCF in textiles (6–10). The results are shown in
Tables 1 (general data) and 2 (patch test results).
Only one study has been prospective, a study of
repeat patch testing in 10 patients previously known
to be patch test positive to DPCF (10). Routine test-
ing in consecutive patients with a series of finishes
was performed in one study (8), in another, unse-
lected patients were tested only with ethylene urea,
melamine/formaldehyde (6). In the others the selec-
tion for testing one or more finishes was based on
clinical suspicion of textile dermatitis or the selec-
tion process was not specified. The diagnosis in two
studies was based on the finding of one or more pos-
itive patch tests (6, 8), in two others on the basis
of positive patch tests in combination with the clin-
ical picture (7, 9). The results of avoidance of the
sensitizer (removal of suspected clothing or general
advice on safe type of garments) were not speci-
fied in two studies, and in two others ‘most’ or ‘a
significant proportion’ were said to have improved.

The prevalence rate of ‘textile dermatitis’ (or
at least one or more positive patch test reactions
to DPCF) in Fowler’s, study was 1.2% (8). Carl-
son et al. had 2% positive patch test reactions to
ethylene urea, melamine/formaldehyde and 2.3% to
DMDHEU, and considered all to indicate textile
dermatitis (6). Sherertz had 11 cases of contact der-
matitis related to finishes in clothing among 462
patients (2.4%), but not all patients were patch tested
with the finishes (7).

Results of testing with the individual finishes are
summarized in Table 2. The studies differed in pro-
tocol and their results, therefore, are difficult to
compare and, indeed, differ widely. Only two finish
allergens have been tested in all studies: DMD-
HEU and ethylene urea, melamine/formaldehyde.
The percentages positive reactions to them in the
group of patients with putative textile dermatitis
varied and ranged from 9% to 100%. The same

†This article discusses the risk for consumers to develop allergic
contact dermatitis from formaldehyde or DPCF in the clothes they wear.
Reports on occupational ACD are excluded.

large differences apply to the other finishes. In
most studies the older finishes that release larger
amounts of formaldehyde were tested. There is
little US data available on testing with newer
resins that release little formaldehyde (usually indi-
cated as <100 ppm) such as methylated or (oth-
erwise) modified DMDHEU and a finish claimed
not to release formaldehyde at all (1,3-dimethyl-4,
5-dihydroxyethyleneurea, Fixapret® NF; NF = No
Formaldehyde) (10).

Patients reacting to finishes often have multi-
ple reactions (the numbers obviously dependent
on the number of finishes tested). In Fowler’s,
study (8) there were 51 positive reactions in 12
patients, an average of 4.3 (in formaldehyde-positive
patients 4.9, in formaldehyde-negative patients: 2.3).
In Scheman et al. (who tested more finishes and
whose patients were all formaldehyde positive) the
average number of finish reactions was 4.9 (10).
In Metzler-Brenckle and Rietschel in 24 patients
the average number was 4.8 (formaldehyde-positive
patients: 5.3, formaldehyde-negative patients:
4) (9).

In all but one study, there have been patients who
reacted to one or more finishes, but who had a neg-
ative reaction to formaldehyde 1% aqua. Thus, the
percentages of positive reactions to formaldehyde
ranged from 67% to 100% (mean 75%, average
79%, not corrected for numbers tested). The mere
fact of a negative response to formaldehyde was
considered by all authors as proof for the exis-
tence of contact allergy to the entire finish molecule,
i.e. independent of formaldehyde sensitivity (6–10).
No laboratory tests were performed to confirm the
presence of formaldehyde or the incriminated fin-
ishes in the garments suspected to have caused the
dermatitis‡.

Routine testing with durable-press chemical finishes
in general patch test studies

In some studies, notably those of the North Ameri-
can Contact Dermatitis Group (NACDG), the mix-
ture of ethylene urea, melamine/formaldehyde has
been routinely tested in all patients with sus-
pected ACD; the results were reported in blocks of
2 years (12–15). The frequency of patch test reac-
tivity to this test allergen ranged from 2.3% to 7.2%.
Data on concomitant sensitization to formaldehyde
are not available except in the 1994–1996 cohort,
in which 88% of the patients reactive to the finish
were also patch test positive to formaldehyde (15).

‡In a recent report on a case of occupational ACD, a paedia-
trician reacted to DPCF, formaldehyde and – on one occasion and
only weakly – her surgical uniform. This uniform proved to contain
formaldehyde, but the amount was not determined (39).
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The reactions were scored as ‘relevant’ (i.e. that the
positive patch test reaction indicates the existence
of clothing ACD) in 29–66% of the positive cases
(albeit including ‘probable relevance’ and ‘possible
relevance’). ‘Definite relevance’ was established in
only 0.9–7.7%. In these reports, the diagnosis was
based on positive patch test reactions plus a ‘textile
pattern’ of contact dermatitis.

Another chemical finish tested by the NACDG
is DMDHEU. Of 4889 patients tested with DMD-
HEU 4.5% aqua, 1.1% had a positive reaction. No
case was determined to be ‘definitely relevant’, in
19% was relevance ‘probable’ and in 43% ‘possi-
ble (15). In a similar study from the Mayo clinic,
411 (selected from a group of 3850) patients were
tested and 1.9% had a positive reaction, of which
75% was defined as ‘relevant’ (16). Note that both
the members of the NACDG and the Mayo Clin-
ics often function as tertiary referral centres, where
many patients are not followed-up after completing
of patch testing, which makes establishing relevance
clearly problematic. The risk of relevance being
overestimated was also indicated by the NACDG
itself (13). In addition, as specific data were not
provided and the allergen tested (ethylene urea,
melamine/formaldehyde) is a patch test mixture
rather than a DPCF currently used in clothes, we
suspect that these data may have limited value for
today’s textiles.

Discussion

The tentative interpretations of these studies were
that textile dermatitis from DPCF is not infrequent
(1.2–2.4% of the patch test population), that the
problem is probably underestimated and underdiag-
nosed; that formaldehyde is the most important
allergen, that formaldehyde alone is not a suitable
screening agent for textile ACD; and that the DPCF
themselves in up to 30% of the patients are the sen-
sitizers. It is also implicitly concluded that the diag-
nosis can be based on positive patch tests alone (6,
8) or on the combination of patch test results + the
clinical picture of a ‘textile dermatitis pattern’ (7, 9)
and that clothes on the US market contain sufficient
formaldehyde to elicit ACD. Can these conclusions
be validly drawn from the data presented and other
available information?

Is formaldehyde always the allergen?

In some studies, all patients with DPCF con-
tact allergy/ACD reacted to formaldehyde (17, 18).
Between 1991 and 2001, 863 patients were tested
at the Finnish Institute of Occupational Health
with melamine/formaldehyde and 15 (1.7%) had

a positive reaction. All also reacted to formalde-
hyde. Details were not provided (18). Andersen and
Hamann (17) found that all 10 patients with rele-
vant reactions to one or more DPCF also had a
positive patch test reaction to formaldehyde 2%
in water and thus concluded that testing with fin-
ishes has no added value. Of the 10 patients known
to react to ‘older’ resins presented by Metzler-
Brenckle and Rietschel (9), all were also allergic
to formaldehyde. These data would suggest that
formaldehyde sensitivity identifies all cases of tex-
tile ACD from DPCF.

However, this is not always the case. In the
NACDG 1994–1996 cohort, there were 155 positive
reactions to ethylene urea, melamine/formaldehyde.
Of these, 12% did not react to formaldehyde (15).
In the US studies discussed above, 18–33% of
the patients diagnosed with textile dermatitis from
DPCF were formaldehyde-negative (Table 2). The
authors concluded that: (i) formaldehyde is not a
good screen for textile dermatitis caused by allergy
to DPCF (as it may miss up to 30% of such
patients) and (ii) in these cases the finish molecules
themselves must be the sensitizer, independent of
formaldehyde sensitivity. Interestingly, the mention-
ing of the DPCF per se as sensitizer is only made in
conjunction with negative patch tests to formalde-
hyde, so apparently, in the cases of positive reac-
tions to DPCF and formaldehyde, formaldehyde is
accepted as the textile dermatitis allergen.

What no author has speculated on, is that the
cases of negative reactions to formaldehyde (in all
studies tested 1% in water), may actually have been
false-negative. Formaldehyde is a ‘difficult’ allergen
and false-negative reactions are not infrequent. Trat-
tner et al. (19) between 1992 and 1996 tested 3734
consecutive patients with formaldehyde in two con-
centrations, 1% aqua and 2% aqua. 121 patient had
one or two positive reactions shown to be relevant.
About half of these reacted to both 1% and 2%, but
39 (32%) reacted to formaldehyde 2% only. This
implies, that – assuming the authors correctly inter-
preted the reactions as allergic–>30% of patients
tested with formaldehyde 1% aqua will be false-
negative! (19) Pontén et al. also found that patch
testing with 2% detected more than twice as many
individuals allergic to formaldehyde, most of them
reacting to the 2% test substance only (20). Thus the
18–33% negative reactions in the studies on textile
dermatitis discussed here (mean 25%, average 21%,
not corrected for numbers tested) all fall within the
range of what is expected to be false-negative.

We suggest that there are three other indications
that many reactions to formaldehyde may have been
false-negative:
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(1) In Fowler et al. (8) three patients were formald-
ehyde-negative. Two had – despite being form-
aldehyde-negative – a positive patch test
reaction to the formaldehyde-releaser quater-
nium-15.

(2) In the same study, two of the formaldehyde-
negative patients (including the one not reacting
to quaternium-15) had positive patch test reac-
tions to three different DPCF. In both cases
the patients reacted to finishes structurally so
different that cross-reactions between them are
unlikely. They do, however, all release medium
to high amounts of formaldehyde, which may
thus have been the common determinant.

(3) In Sherertz (7), 11 patients reacted to one or
more finishes. Eight also reacted to formalde-
hyde; of these, seven also reacted to at least
one other formaldehyde releaser. All three
formaldehyde-negative patients, however, reac-
ted only to urea-formaldehyde. We suspect that
these patients may well have been weakly aller-
gic to formaldehyde, leading to a false-negative
reaction to formaldehyde, to the absence of a
positive reaction to other formaldehyde relea-
sers but to a positive reaction to urea-formalde-
hyde (as it releases very high amounts of
formaldehyde) (Table 3).

Interestingly, the possibility of false-negative
reactions to formaldehyde has been made by
Fowler (8). He has not infrequently seen cases of
negative reactions to formaldehyde 1% but defi-
nite, relevant positives to 2% concentrations. There-
fore, Fowler advises that if formaldehyde allergy
is strongly suspected, testing should be done with
both 1% and 2% concentrations (26). The Swedish
contact dermatitis group has recently switched from
testing formaldehyde in the standard 1% to a 2%
concentration because of false-negative reactions
to 1% (Magnus Bruze, personal communication,
2008). Unfortunately, in no study discussed here
has the patient been retested with either 1% or 2%
formaldehyde. In the absence of this, we suspect
that many, possibly all, negative reactions in the

studies (6–9) may have been false-negative, which
has already been suggested in a German publication
over 10 years ago (27).

Are the durable-press finish chemical sensitizers
per se?

What proof is there that – as suggested by authors
of the studies described above–DPCF themselves
can be sensitizers? In fact, these investigators pro-
vide none. The concept is entirely based on the
absence of positive patch test reactions to formalde-
hyde in a number of patients diagnosed with tex-
tile dermatitis. As discussed above, these reactions
were most likely false-negative. In addition, in
most such cases, the patients reacted to the older
high formaldehyde-releasing finishes such as urea-
formaldehyde (which are according to some unlikely
to be used in consumer clothes currently (12)) or to
ethylene urea, melamine/formaldehyde, which is a
patch test mixture and apparently not a finish used
as such.

In one study (10) several newer low formalde-
hyde-releasing finishes showed positive patch test
reactions: modified 1,3-dimethyl-4,5-dihydroxyethy-
leneurea preparations (Fixapret® ECO), methylated
DMDHEU (Freerez® PKF) and two other ‘new’
finishes only mentioned by trade names (which
can currently not be found in chemical online
databases). Although all these patients were allergic
to formaldehyde, it could be argued that the amount
of formaldehyde in the test preparations should be
so low, that formaldehyde sensitivity cannot be
held responsible for the positive patch test to them,
and this certainly holds true for 1,3-dimethyl-4,
5-dihydroxyethyleneurea (Fixapret® NF), which does
not release any formaldehyde.

In that study, to the newer low formaldehyde
finishes, there were nine reactions in three patients.
Two patients had a total of nine positive reactions
each and the third had eight. Over half of these were
strong (+++) reactions, whereas 8/9 reactions to
the new finishes were weak positive (+). We thus
suspect that in no case can contact allergy to the

Table 3. Formaldehyde release by various chemical finishes 3,6,8,10,,21,22,23,24,25

Abbrevation Chemical name Trade name Formaldehyde release*

DDEU 1,3-Dimethyl-4,5-dihydroxyethyleneurea Fixapret NF none
DMDHEU Dimethylol dihydroxyethyleneurea Fixapret CPN medium
DMDHEU, meth. Dimethylol dihydroxyethyleneurea, methylated Freerez PKF low
DMDHEU, mod.1 Dimethylol dihydroxyethyleneurea, modified Fixapret ECO low
DMDHEU, mod.2 Dimethylol dihydroxyethyleneurea, modified Permafresh EFR low
DMPU Dimethylolpropyleneurea Fixapret PH high
EUMF Ethylene urea, melamine/formaldehyde Fixapret AC very high (?)
MF Melamine/formaldehyde Kaurit M70 very high
TMAD Tetramethylol acetylenediurea Fixapret 140 high
UF Urea-formaldehyde Kaurit S very high

very high: >1000 ppm; high: 300–1000 ppm; medium: 100–300 ppm; low: <100 ppm; all in μg/gr fabric (ppm).
∗estimation of formaldehyde release varies (considerably) between publications
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newer resins be accepted as proven because of the
very great risk of false-positivity due to the Excited
Skin Syndrome (10)§.

In modern textile technology, the methylol groups
of the DPCF cross-link with the hydroxyl (OH)
groups of the cellulosic textile fibres to form stable
ether bonds. We suspect that after adequate curing
very few DPCF molecules remain in the textiles.
We feel that is unlikely that such low levels are
capable of sensitizing people from wearing clothes
containing the finishes (27).

Clinical picture: how reliable is it for predicting
clothing allergic contact dermatitis (ACD)?

In the studies discussed here, the diagnosis of textile
ACD to DPCF was based on one or more positive
patch test reactions, or such reactions plus a clinical
picture consistent with textile dermatitis (‘textile
pattern dermatitis’). How reliable are these clinical
findings?

Textile dermatitis is said ‘classically’ to conform
to a pattern that coincides with places on the skin,
where clothing may fit tightly. Common eruption
sites include the posterior neck, the upper back, lat-
eral thorax (i.e. anterior and posterior axillary folds),
waistband, and flexor surfaces, with relative sparing
of the undergarment areas. This pattern of textile-
related ACD points out the importance of non-
immunologic factors such as pressure, friction, heat,
and perspiration to the ultimate clinical response (6,
7). The face is usually spared, but patients who also
react to formaldehyde-releasing preservatives may
have involvement at any areas on which personal
care products are used (6). However, in one report,
some patients with textile dermatitis (based on a
positive patch test only!) had diffuse or general-
ized dermatitis, even erythroderma (8) and Scheman
et al. begin their introduction stating that ‘Affected
individuals are often almost erythrodermic’ (10).

Not only the distribution but also the morphol-
ogy may vary. Individual lesions may be papular,
urticarial or vesicular in the acute or subacute phase
and purpuric lesions have also been observed (29).
With chronicity, scaling and lichenified patches may
occur. The lesions may be arranged in follicular, lin-
ear, irregular, or nummular plaques or ‘sheets’ (7).

It thus appears that textile dermatitis may come in
many forms. Indeed, Sherertz concluded that ‘a wide
variety of clinical patterns has been seen in con-
firmed cases of contact allergy to fabric finish, dyes,
or other fabric components, underscoring the diffi-
culty in relying on clinical recognition alone’ (7).
This suggests that the clinical picture may not be

§Positive patch test reactions to these newer low/no formaldehyde
DPCF have been observed in Israeli patients. However, the presence of
these finishes in suspected clothes was not studied (28).

reliable to predict clothing ACD and thus has little
diagnostic power. Indeed, Carlson et al. (6) tested
60 patients ‘for whom there was a high degree of
clinical suspicion for textile dermatitis’ with several
allergens from the Chemotechnique™ (Chemotech-
nique Diagnostics, Malmö, Sweden) textile series,
but only six patients (10%) had positive reactions
(of which four were even ‘questionable’!). Metzler-
Brenckle and Rietschel (9) tested 188 patients ‘with
suspected allergic textile dermatitis’ and only 35
(19%) had positive reactions. And among 428 Dan-
ish patients suspected to suffer from textile der-
matitis, only 15 (6%) were found to have positive
reactions to durable-press allergens (17).

This implies that a clinical picture suggestive of
textile ACD–often used as a criterion for making
this diagnosis (9)–is in the vast majority (in these
studies 80–94%) of the cases actually not caused
by textile allergy. Thus, clinical findings may have
limited diagnostic power.

Do clothes on the US market contain enough
formaldehyde to cause allergic contact
dermatitis (ACD)?

To answer this question, we must first determine
which level is capable of causing ACD and how
much formaldehyde in clothes is safe for allergic
patients.
How much formaldehyde in clothes is safe for pati-
ents allergic to formaldehyde?. The threshold level
of free and releasable formaldehyde in clothes that
will produce clinical dermatitis in a formaldehyde-
allergic patient is unknown. Fisher et al. published
information obtained by communication with US
manufacturers of textiles, which stated that US fab-
rics so identified contained no more than 0.075%
(750 ppm) of free formaldehyde. These authors
failed to reproduce formaldehyde dermatitis in 20
patients known to be allergic to formaldehyde by
having them wear clothing made of these fab-
rics containing, according to their manufacturers,
between 300 and 750 ppm of free formaldehyde (4).

The study of Berrens et al. (5) is often quoted as
an indication that the threshold level is 500 ppm.
However, these authors, after quantitatively assay-
ing clothing from the Netherlands, arbitrarily ad-
vised their patients not to wear those articles of
clothing that contained more than 0.05% (500 ppm)
of free formaldehyde. Presumably based on these
studies, the threshold for ACD from textile fin-
ishes is often suggested to be 500–750 ppm free
formaldehyde in the garment (8, 30), but we can
safely say that nobody knows for sure.

Some investigators have assessed the threshold
level for formaldehyde in cosmetics to produce con-
tact dermatitis in formaldehyde-sensitive patients.
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Levels of 130 ppm did not produce reactions in
patients applying the cosmetic product twice daily to
the face for 2 weeks (31). Levels of 370 ppm, how-
ever, cause reactions in 20% of the patients, and thus
the safe level (in this setting) should lie between
130 and 370 ppm. Note, however, that cosmetics
are applied to the skin and often rubbed in and that
these experiments were done on the face, which is
much more sensitive to contact dermatitis than the
arms, legs, and trunk. On the basis of these data,
we tentatively conclude that levels of <200 ppm in
textiles should be safe for most patients allergic to
formaldehyde. It will surely be argued that Jordan
et al. demonstrated far lower thresholds (30 ppm),
but their experiments were conducted in different
circumstances favouring reactions to low concen-
trations (32).
What is known about the current content of formalde-
hyde in clothes in the USA?.

Technical possibilities. The older resins based
on urea-formaldehyde and melamine/formaldehyde
released large amounts of formaldehyde, which
caused dermatitis. With the introduction of the
cyclized urea derivatives such as DMDHEU, the
levels were drastically lowered to 100–500 ppm.
Currently, the industry has the technical possibil-
ity to lower formaldehyde levels to <100 ppm by
using modern finishes such as modified (glyco-
lated, methylated, etc.) DMDHEU (Table 3). It can
even produce non-formaldehyde finishes including
1,3-dimethyl-4,5-dihydroxyethyleneurea (Fixapret®

NF). Problems of these non-formaldehyde reactants
are that they are difficult-to-cure and more expensive
than DMDHEU, have poor durable-press properties,
and yellow treated white fabrics, so they are not
widely used in clothes (33).

Legislation. Some countries legally limit the
formaldehyde content of textile products to reduce
the risk of contact dermatitis and other adverse
effects among their populations. Japan was the
first in 1973 [which led to a sharp decrease in
the prevalence of sensitization to formaldehyde in
the years thereafter (34)] followed by Finland (35).
Other countries with legal limitations include China,
Norway, France, Japan, and the Netherlands. The
regulations differ, but usually garments for babies
and infants should contain <20 − 30 ppm formalde-
hyde, for clothes in direct contact with the skin a
maximum of 75–100 ppm and for clothing and tex-
tiles without direct skin there are upper limits of
300–400 ppm formaldehyde.

Voluntary restrictions. While currently there are
no US standards or regulations associated with
formaldehyde in clothing and textiles, the Amer-
ican Apparel and Footwear Association (AAFA)
(the national trade association) published a 2008
Restricted Substance List (RSL) requesting that its

members (367 companies) abide voluntarily to the
standards listed. For formaldehyde, the RSL sug-
gests no detectable formaldehyde for infant cloth-
ing (0–36 months), a maximum of 75 ppm for
clothes for people >36 months with direct skin con-
tact and 300 ppm for textiles with no direct skin
contact (36).

The International Association for Research and
Testing in the Field of Textile Ecology (Oeko-
Tex), which represents a large group of worldwide
textile research institutes, developed the Oeko-Tex
100 standards. These voluntary standards place
limitations on free formaldehyde in clothing and
textiles similar to the AAFA guidelines (www.oeko-
tex.com). Their tag is a stamp of approval that
informs the consumer that the textile does not
contain dangerous levels of harmful substances.

Analyses of formaldehyde in textiles. There is
little published information on the content of
formaldehyde in textiles in the USA and other coun-
tries. In a 1985 study, Mathews et al. (37) obtained
average values of formaldehyde released from 180
randomly selected fabrics to be 117 ± 140, 58 ± 72,
19 ± 17, and 31 ± 29 ppm for top-weight (shirt),
bottom-weight (pant), knit, and flatgood categories,
respectively. Formaldehyde releases of less than
100 ppm were measured from 86% of these fab-
rics (37).

The Finnish Customs Laboratory between 1988
and 1993 analysed yearly >1400 imported textiles
for formaldehyde content with the acetylacetone
method. In 1988, 8.3% of the samples contained
100–300 ppm formaldehyde, which had lowered to
4.4% in 1993. The percentage of samples containing
>300 ppm dropped drastically from 3.9% to 0.3%
and the maximum found concentration decreased
from 2200 to 643 ppm (35).

Scheman et al. in 1998 investigated 16 ran-
domly selected samples of cellulose-containing fab-
rics for testing on formaldehyde content with the
Schiff reagent method and a commercially available
Merck formaldehyde test (10). Nine specimens were
manufactured in the US and seven samples else-
where (Indonesia, Taiwan, Lesotho, Brunei, Thai-
land). In eight samples (50%) no formaldehyde was
detected, in seven (44%) formaldehyde was found
in concentrations <200 ppm and only one garment
proved to contain >200 ppm formaldehyde. The lat-
ter specimen was retested using the official Japanese
Law 112 method and contained only 24 ppm free
formaldehyde (10).

Brookstein (personal communication 2008), using
a Morapex extractor/formaldimeter system (www.
treepoint.com), tested 11 young men’s durable-press
treated khaki pants for free formaldehyde. The free
formaldehyde measurements ranged from <20 to
136 ppm. Only two of the 11 pairs of pants had
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free formaldehyde in excess of 100 ppm. The free
formaldehyde measurements for 12 young men’s
dress shirts ranged from <20 to 126 ppm. Only
one of the dress shirts had free formaldehyde in
excess of 100 ppm. The tests were not repeated after
washing. In Australia, in 2007, a broad range of
clothing on the Australian market was tested for
residual formaldehyde content. Formaldehyde was
not detected (38).

Note that the results of formaldehyde testing
depend on the methodology (3, 35). Different meth-
ods can yield strongly discordant results! Twenty
fabrics were investigated in Finland with the offi-
cial Japanese 112 method and with the AATCC-
112 method. In all cases, far higher results were
obtained with the AATCC-112 methods with a mean
ratio of 4.4! In the older studies, determinations of
formaldehyde were primarily done with the chro-
motropic acid procedure, which is considered to
produce much higher results than the currently used
acetylacetone procedures (Japan Law 112, AATCC-
112) (3, 35).

It thus appears (i) that the US textile industry has
the possibility and the intention (voluntary restric-
tions) to provide low formaldehyde (<100 ppm)
garments, (ii) that clothes imported from countries
with textile formaldehyde legislation are likely to
be safe, and (iii) that recent US investigations have
demonstrated low and safe levels in clothes bought
in the USA. We therefore suspect that it is unlikely
that a substantial part of clothes worn in the USA
will contain levels of formaldehyde that may be
unsafe for formaldehyde-sensitive individuals.

To back up our statements (or have them con-
tradicted) studies should be performed to determine
formaldehyde levels in clothes sold on the US mar-
ket. In July 2008, the Congress of the United States
passed the Consumer Products Safety Commission
Modernization Act of 2008. In that Act section 234
says: ‘Not later than 2 years after the data of enact-
ment of this Act, the Comptroller General, in consul-
tation with the Commission, shall conduct a study on
the use of formaldehyde in the manufacture of tex-
tile and apparel articles, or in any component of such
articles, to identify any risk to consumers caused
by the use of formaldehyde in the manufacturing
of such articles, or components of such articles’.
We hope that quantitative formaldehyde assays in
clothes will be part of that intended study.

Conclusions

The existence of ACD from formaldehyde in clothes
in consumers in the US has not been demonstrated
beyond doubt. In the articles reviewed (6–10), in
no single case was the presence of formaldehyde

(or its quantity) demonstrated in suspected tex-
tiles. Removal of the offending clothes should have
resulted in clearing of the dermatitis, but it led in
two studies only to ‘improvement’ in a significant
number of the patients. In the others, the results of
allergen avoidance were not specified. The clinical
picture was sometimes an integral part of the diag-
nosis, but we argue that the diagnostic value of the
clinical pattern of textile contact dermatitis is low.

The existence of ACD from DPCF per se, inde-
pendent of formaldehyde allergy, has not been
proven. They have been implicated solely on the
basis of a negative reaction to formaldehyde. We
feel that there are reasons to assume that most if not
all such negative reactions have been false-negative.
In addition, it is unlikely that with modern day tech-
nology sufficient free DPCF molecules remain in the
clothes after curing to either induce sensitization or
elicit ACD.

At this moment, the existence of ACD from
formaldehyde in clothes, although definitely not
proven, cannot be excluded as we lack data on the
elicitation threshold and the amounts of formalde-
hyde present in textiles. There are good suggestions,
however, that clothing on the US market generally
contain low and safe levels of formaldehyde.

What we most urgently need is to determine what
levels of formaldehyde in textiles are capable of
causing dermatitis (and consequently, which levels
are safe). However, this requires a complex proto-
col. If it can be established that virtually all clothes
contain <200 ppm formaldehyde after washing (as
this usually decreases the amount of formaldehyde
considerably), ACD should be extremely rare. Such
investigations should take place in the USA in
the near future. If the US were to adopt legisla-
tion limiting formaldehyde content in analogy to
other countries such as Japan, Finland, China, Nor-
way, France, Japan, and the Netherlands, the prob-
lem – if at all – should disappear. This should not
adversely affect US apparel companies, as their
trade organization already advises voluntarily lim-
iting formaldehyde content to levels comparable to
those in countries with legislation on formaldehyde
in clothes and textiles.
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