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The contact allergenic activity of acetaldehyde was investigated with a modified cumulative contact
enhancement test (CCET) method in guinea pigs. Possible cross-reactivity between acetaldehyde
and formaldehyde was also studied. In contrast to the original CCET protocol, we used sham-
treated controls and the chemicals were tested with closed epicutaneous application at 1st chal-
lenge. The suitability of the method was verified with formaldehyde and the results were compar-
able with those previously found with the guinea pig maximization test (GPMT). For the 1st time,
acetaldehyde was shown to be a contact allergen in predictive tests. No cross-reactivity was ob-
served between acetaldehyde and formaldehyde. Acetaldehyde seems to be a rare sensitizer in man.
However, its allergenic activity should be considered, since it might be present as an impurity in
ethoxylated surfactants. As the CCET protocol involves topical induction and challenge, we regard
the modified version as well suited to evaluation of the contact allergenic potential of chemicals.
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In our studies on the allergenic activity of eth-
oxylated nonionic surfactants, we found that per-
oxides, formaldehyde and a series of ethoxylated
aldehydes and formates were formed due to autox-
idation of an ethoxylated alcohol (Fig. 1) (1–4).
Another low-molecular aldehyde, acetaldehyde,
was detected in our study on the ethoxylated non-
ionic surfactant TweenA 80 (sorbitan mono-oleate)
(Fig. 1) (1). Acetaldehyde was present in TweenA

80 of technical quality as received. The amount
gradually decreased at air exposure in our labora-
tory when mimicking normal storage and han-
dling. The highest concentration of acetaldehyde
(0.030%, 300 ppm) was quantified in a newly open-
ed bottle of TweenA 80 (1). Acetaldehyde can be
formed as an impurity in the industrial production
of TweenA 80 (5). It has also been detected in alco-
hol ethoxylates of technical quality as an impurity,
probably due to oxidation of the alcohol used in
the production process (6).

Acetaldehyde seems to a be a rare sensitizer in
man. We have found only 1 case report on allergic
contact dermatitis from acetaldehyde (7). A textile
worker who developed allergic contact dermatitis

when exposed to dimethoxane in an aqueous sys-
tem is described. Patch testing with this compound
and its possible degradation products demon-
strated sensitization to acetaldehyde and croton-
aldehyde. Contact urticaria caused by acetaldehyde
has been described in case reports (8, 9). The use
of acetaldehyde in industrial production accounts
for the major exposure. Due to explosive hazards,
it is commonly handled in closed systems in indus-
try and exposure is not apt to be continuous or
heavy. The formation of acetaldehyde and form-
aldehyde in soluble oils used as cutting fluids for
steel grinding was investigated as part of a study
on symptoms in exposed workers (10). No causal
association between complaints and acetaldehyde
in the cutting fluids was established. Positive
patch-test reactions in workers exposed to a fatty
acid ester from a cutting fluid have been reported
(11). The fatty acid ester is described as a reaction
mixture based among others on polyethylene gly-
col, which is the type of substance that our group
has investigated in the studies on ethoxylated sur-
factants (1–4). Whether acetaldehyde or formalde-
hyde was present in the product is not reported.
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Fig. 1. The chemical structures of investigated ethoxylated non-
ionic surfactants: (a) TweenA 80 with about 20 ethyleneoxy
groups per molecule and (b) pentaethylene glycol mono n-dode-
cyl ether C12H25(OCH2CH2)5OH (C12E5). Compounds iden-
tified in these surfactants: (c) formaldehyde, (d) acetaldehyde,
(e) peroxides, (f) ethoxylated aldehydes and (g) ethoxylated for-
mates.

In the updated version (1992) of OECD guide-
line 406 for Testing of Chemicals (12), 2 guinea pig
methods are given in preference to others to pro-
vide information on the sensitization potential of
a chemical. These are the guinea pig maximization
test (GPMT) (13) and the Buehler test (14, 15). In
previous studies, we found the cumulative contact
enhancement test (CCET) (16), in a modified ver-
sion, to be a valuable alternative to the officially
recommended predictive methods (Fig. 2; Table 1).
According to the original CCET method, the in-
duction procedure consists of 4 closed epicutane-
ous applications and 2 injections of 0.1 ml
Freund’s complete adjuvant (FCA), which are ad-
ministered to enhance the sensitivity of the
method. Open testing is performed at 1st chal-
lenge, and if negative, closed challenge testing is
performed 1 week later. The controls are non-
treated except for the FCA injections. In our
modified version, we use sham-treated controls
and the chemicals are challenge tested with patch

test technique. According to our experience, we
find closed application more reliable than open ap-
plication (17). In the original description of the
CCET method (16), formaldehyde was used as one
of the substances to validate the method. However,
the original method was found to be rather insen-
sitive regarding formaldehyde compared to the
GPMT method (18), since a high concentration
was required to get a response.

The aim of the present study was to investigate
the contact allergenic potential of acetaldehyde.
Formaldehyde was tested in an initial experiment
with our modified CCET method to investigate the
suitability of this method. We also wanted to study
possible cross-reactivity between formaldehyde
and acetaldehyde.

Materials and Methods

Chemicals
Formaldehyde stabilized with 10% methanol deter-
mined to 41.4% iodometrically (25) and acetalde-
hyde p.a (±99.5%) were obtained from Riedel de
Haen. Physiological saline (NaCl 9 g/l) was ob-
tained from Kabi-Pharmacia, Stockholm, Sweden
and Freund’s complete adjuvant (FCA) from
Difco, Detroit, Michigan, USA. Octaethylene gly-
col mono n-dodecyl ether, C12H25(OCH2CH2)8OH
(CAS RN 3055–98–9) (referred to as C12E8) was
purchased from Nikko Chemicals CO., Ltd.,Tok-
yo, Japan. The purity was stated to be 98% by the
producer, which was confirmed with gas chrom-
atography (GC) analysis. TweenA 80 (Tween 80,
polysorbate 80, polyoxyethylene 20 sorbitan
monooleate) of technical quality was obtained
from Zeneca, Macclesfield, UK.

Fig 2. The cumulative contact enhancement test (CCET) in a
modified version with sham-treated controls and closed chal-
lenge testing.
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Table 1. Sensitizing capacity in guinea pigs of some chemicals using a modified CCET method with closed challenge testing and
sham-treated controls

No. animals Induction Max. challenge Min. eliciting
Cemicals exp.πcontr. conc. conc. conc. (Exp./p Contr.) Ref.

maleopimaric acida) 14π14 0.18b) (7.2)c) in pet. 0.09b) (3.6)c) 0.04b) (0.001)c ∞0.001 (19)
maleopimaric acida) 15π15 0.03 (1.2) in pet. 0.18 (7.2) 0.4 (0.01) ∞0.001 (19)
maleopimaric acida) 15π15 0.01 (0.4) in pet. 0.18 (7.2) 0.4 (0.01) ∞0.05 (19)
maleopimaric acid 15π15 0.18 (7.2) in pet. 0.18 (7.2) 0.024 (0.0006) ∞0.001 (20)
fumaropimaric acid 15π15 0.18 (7.5) in pet. 0.18 (7.5) n.f. n.s. (20)
glyceryl triabietate 15π15 0.088 (8.3) in pet. 0.088 (8.3) n.f. n.s. (21)
glyceryl 1-monoabietate 14π15 0.088 (3.3) in pet. 0.088 (3.3) 0.029 (1.1) ∞0.05 (22)
ß-epoxyabietate 15π15 0.15 (5.0) in pet. 0.15 (5.0) 0.03 (1.0) ∞0.001 (23)
ethoxylated aldehyde 15π15 10 (0.25) 0.25 (10) 0.025 (1.0) ∞0.01 (3)in aq.
ethoxylated aldehydea) 15π12 0.25 (10) 0.25 (10) 0.025 (1.0) ∞0.01 (3)in aq.
3-carenea) 15π10 3.7 (50) in o.o. 0.73 (10) 0.073 (1.0) ∞0.05 (24)
gum rosin 10π10 (20) in pet. (10) n.t. ∞0.001 (21)
gum rosin 15π15 (20) in pet. (10) n.t. ∞0.01 (22)
a)No adjuvant treatment was undertaken. b)mmol/g. c)%. n.f.Ωnot found. n.s.Ωnot significant. n.t.Ωnot tested.

Sensitization experiments

Female Dunkin-Hartley guinea pigs from AB Sah-
lins Försöksdjursfarm, Malmö, Sweden (experi-
ment 1) and Møllegard Breeding & Research Cent-
er A/S, Skensved, Denmark (experiment 2) were
used in the study. The animals’ average weight was
300–350 g. The diet was a standard diet from Beek-
ey, North Humberside, UK, and water ad libitum.
At induction the animals received 4 closed epicut-
aneous applications on the shaved upper back on
days 0, 2, 7 and 9. The amount given at each appli-
cation was about 200 mg on a 2¿4 cm area. 2 in-
tradermal injections of 0.1 ml FCA (not w/o emul-
sified) were given on day 7 in the same skin region
(16). The controls were sham-treated and closed
challenge testing was performed on day 21 on the
shaved flanks of the animals using Finn
ChambersA (Epitest, Helsinki, Finland) covered
with ScanporA and AcrylasticA (Beiersdorf AG,
Hamburg, FRG) bandage. Approximately 15 mg
test material was applied on each patch. The
patches were removed after 24 h and assessment of
the reactions was made at 48 and 72 h after start
of exposure. The minimum criterion for a positive
reaction was confluent erythema. The study was
approved by the ethics committee.

Experiment no. 1. The exposed group (nΩ15)
was treated with formaldehyde 5.0% w/w
(1.7¿10ª3 mol/g) in saline and the control group
(nΩ15) was exposed to saline. All animals were
challenged with formaldehyde at 3 concentrations
0.03, 0.10 and 0.30% w/w (2.5¿10ª5, 3.3¿10ª4

and 1.0¿10ª3 mol/g) in saline. Saline was tested as
a vehicle control. The animals were also tested with
air-exposed TweenA 80 12.5% in water containing
0.025 % (250 ppm) formaldehyde and undetectable
amounts of acetaldehyde. The water solution of
TweenA 80 was stirred 1 h, 4¿ a day for 12 months

in daylight at room temperature (20–22æC) at our
laboratory, mimicking what we considered normal
handling in laboratories and factories (1). The
content of formaldehyde and acetaldehyde was
quantified using high performance liquid chrom-
atography (HPLC) analysis after derivatization of
the low-molecular aldehydes with 2,4-dinitrophe-
nylhydrazine (1).

Experiment no. 2. Group 1 (nΩ15) was induced
with formaldehyde 5.0% w/w (1.7¿10ª3 mol/g) in
saline. Group 2 (nΩ15) was induced with acetalde-
hyde 15% w/w (3.3¿10ª3 mol/g) in saline. A con-
trol group (nΩ15) received saline alone. All ani-
mals were challenged with formaldehyde at the
concentrations 0.10 and 0.30% w/w (3.3¿10ª4 and
1.0¿10ª3 mol/g) in saline, and with acetaldehyde
at the concentrations 2.5, 5.0 and 10% w/w
(5.6¿10ª4, 1.1¿10ª3 and 2.2¿10ª3 mol/g) in sa-
line. The animals were also tested with TweenA 80
12.5% in water containing 0.025% acetaldehyde
and 0.0005% formaldehyde, and with a sample of
this water solution stored under pure oxygen for
24 h at our laboratory (1). After oxygen exposure
the content of formaldehyde was 0.01% (100 ppm)
and of acetaldehyde 0.001% (10 ppm).

Pretests. Untreated guinea pigs were tested with
formaldehyde (10–30% w/w) and acetaldehyde
(15–45% w/w) in saline to define the lowest irritat-
ing concentrations for induction. FCA-treated
guinea pigs were tested with formaldehyde (0.01–
5.0% w/w) and acetaldehyde (0.44–15% w/w) in sa-
line to define the highest non-irritating concen-
trations for challenge. The test concentrations of
the TweenA 80 solutions were selected according to
previous experience (1).

Rechallenge. The animals were rechallenged 78
days after start of the experiment with formalde-
hyde at the concentrations 0.005, 0.10, 0.30 and
1.0% w/w (1.7¿10ª6, 3.3¿10ª5, 1.0¿10ª4 and
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Table 2. Results of sensitization studies on formaldehyde in
guinea pigs using the CCET in a modified version

No. animals with positive reactionsa)

formaldehyde ox. Tween 80b)

Guinea pigs 0.30% 0.10% 0.030% 12.5% saline

exposedc) (nΩ15)
48 h 8d) 1 2 0 0
72 h 6d) 1 1 0 0

controls (nΩ15)
48 h 0 0 2 1 0
72 h 0 0 0 2 0

a) The figures are the number of animals with confluent reac-
tions 48 and 72 h after application of test materials.

b) Air exposed Tween 80 12.5% in water containing 0.025% (250
ppm) formaldehyde. The solution had been exposed to air
for 12 months when a sample was taken out for the challenge
testing.

c) Induction: 5.0% (1.7 mmol/g) formaldehyde in saline (% w/w).
d) Significantly different from the controls, p∞0.01.

3.3¿10ª4 mol/g) in saline, with acetaldehyde at the
concentrations 0.03 and 2.5 % w/w (6.8¿10ª6 and
5.6¿10ª4 mol/g) in saline and with a sample taken
from a 10% water solution of the ethoxylated alco-
hol, C12E8. The water solution of C12E8 was
handled as described above for 5 weeks in daylight
at room temperature at our laboratory, mimicking
what we considered normal handling in labora-
tories and factories (2). HPLC analysis revealed a
content of 0.005% (50 ppm) formaldehyde and
0.0005% (5.0 ppm) acetaldehyde. New sham-
treated controls (nΩ15) were used in the rechal-
lenge test. The irritation from the water solution

Table 3. Results of sensitization studies on formaldehyde and acetaldehyde in guinea pigs using the CCET in a modified version.
1st challenge (Day 21)

No. animals with positive reactionsa)

formaldehyde acetaldehyde Tween 80b) ox. Tween 80c)

Guinea pigs 0.30% 0.10% 10% 5.0% 2.5% 12.5% 12.5% saline

group 1d) (nΩ15)
48 h 6e) 3 0 0 0 2 0 0
72 h 11f) 8g) 0 0 0 0 2 0

group 2h) (nΩ15)
48 h 0 1 13f) 7e) 4e) 0 0 0
72 h 0 0 13f) 9f) 5e) 0 1 0

controls (nΩ15)
48 h 1 0 0 1 0 0 0 1
72 h 0 0 0 0 0 1 1 0

a) The figures are the number of animals with positive reactions 48 and 72 h after application of test material.
b) Tween 80 12.5% in water containing 0.025% acetaldehyde. Taken from the producers vessel and diluted to 12.5%.
c) Oxidized Tween 80 12.5% in water containing 0.010% (100 ppm) formaldehyde and 0.001% (10 ppm) acetaldehyde. The solution

had been exposed to pure oxygen for 24 days when a sample was taken out for the challenge testing.
d) Induction: 5.0% (1.7 mmol/g) formaldehyde in saline (% w/w).
e) Significantly different from the controls, p∞ 0.05.
f) Significantly different from the controls, p∞ 0.001.
g) Significantly different from the controls, p∞ 0.01.
h) Induction: 10% (2.3 mmol/g) of acetaldehyde in saline (% w/w).

of C12E8 was studied in a pretest on 3 FCA-treated
guinea pigs.

Statistical method

The number of positive test reactions in the ex-
posed animals was compared to the number in
control animals using Fisher’s exact test (26). A
p-value∞0.05 was considered statistically signifi-
cant.

Results

Allergenic activity of formaldehyde
Significant reactivity (p∞0.01) was seen to 0.30%
(3000 ppm) formaldehyde in experiment no. 1
(Table 2). No positive reactions to air-exposed
TweenA 80 solution containing 0.025% (250 ppm)
formaldehyde were seen.

Allergenic activity of formaldehyde and
acetaldehyde

Both formaldehyde and acetaldehyde showed sig-
nificant sensitizing capacity (p∞0.01) and a clear
dose-response relationship was noticed (Table 3).
No cross-reactivity was observed between form-
aldehyde and acetaldehyde. No significant reac-
tions were seen to TweenA 80 solution, containing
0.03% (300 ppm) acetaldehyde, nor to air-exposed
TweenA 80 solution, containing 0.01% (100 ppm)
formaldehyde, in any of the groups.

At rechallenge 78 days after start of the experi-
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Table 4. Rechallenge 78 days after start of experiment no. 2; new sham-treated controls were used

No. animals with positive reactionsa)

formaldehyde acetaldehyde C12E8
b)

Guinea pigs 1.0% 0.30% 0.10% 0.005% 2.5% 0.03% 10% saline

group 1c) (nΩ15)
48 h 5d) 2 0 0 0 0 0 0
72 h 9e) 6f) 0 0 1 0 1 0

group 2g) (nΩ15)
48 h 1 0 0 0 0 0 0 0
72 h 0 0 0 0 0 0 0 0

new controls (nΩ15)
48 h 1 0 0 0 2 0 0 0
72 h 0 0 0 0 1 0 1 0

a) The figures are the number of animals with positive reactions 48 and 72 h after application of test materials.
b) Air exposed C12E8 10% in water containing 0.0050% (50 ppm) formaldehyde and 0.0005% (5 ppm) acetaldehyde.

The solution had been exposed to air for 5 weeks when a sample was taken for the challenge testing.
c) Induction: 5.0% (1.7 mmol/g) formaldehyde in saline (% w/w).
d) Significantly different from the controls, p∞0.05.
e) Significantly different from the controls, p∞0.001.
f) Significantly different from the controls, p∞0.01.
g) Induction: 10% (2.3 mmol/g) of acetaldehyde in saline (% w/w).

ment, significant reactions were seen to 1.0 and
0.30% formaldehyde in group 1, while no signifi-
cant reactions were seen to acetaldehyde (2.5 and
0.03%) in group 2. The air-exposed water solution
of the ethoxylated alcohol, C12E8, containing
0.005% (50 ppm) formaldehyde and 0.0005% (5
ppm) acetaldehyde, gave no significant response
(Table 4).

Discussion

Acetaldehyde was for the 1st time shown to be a
contact allergen in a predictive test in guinea pigs
(Table 3). The allergenic potential and the cross-
reactivity pattern of acetaldehyde and formalde-
hyde were investigated according to a test method
with epidermal induction and challenge, the cumu-
lative contact enhancement test (CCET) method
(16) using sham-treated controls and closed chal-
lenge with Finn ChambersA (Fig. 2). The suit-
ability of the method was verified with formalde-
hyde in the 1st experiment (Table 2). Formalde-
hyde and acetaldehyde were detected in
ethoxylated non-ionic surfactants in our previous
studies (1–4). Ethoxylated non-ionic surfactants
are widely used in household and industrial deter-
gents and as processing aids in a variety of appli-
cations (27). Also many topical pharmaceutical
formulations and cosmetics contain them (28, 29).

The eliciting capacity of different samples of
ethoxylated nonionic surfactants, handled in a way
that mimicked normal handling and storage, was
investigated in the animals sensitized to formalde-
hyde and acetaldehyde. No response was obtained
to these samples (Tables 2–4). The content of acet-

aldehyde and formaldehyde in the tested products
was too low, as can be seen from the results ob-
tained for the pure compounds tested in corre-
sponding concentrations. Acetaldehyde seems to a
be a rare sensitizer in man. However, it might be a
common impurity in ethoxylated surfactants not
previously considered. Regarding formaldehyde, its
contact allergenic effect is well-known (30). Form-
aldehyde is incorporated into a large variety of
products, e.g., from formaldehyde donors used as
preservatives in soluble oils for cutting fluids and
in skin care products. Additional formaldehyde
from ethoxylated surfactants and emulsifiers in
such products can increase the concentration of
formaldehyde, and thus increase the risk of allergic
contact dermatitis in exposed persons.

No cross-reactivity was observed between form-
aldehyde, and acetaldehyde (Tables 3–4, Fig. 1).
Although the functional group in formaldehyde
and acetaldehyde is the same, the additional meth-
ylene group in acetaldehyde makes a considerable
difference in structure between these 2 low-molecu-
lar compounds.

In predictive tests, higher concentrations of acet-
aldehyde were needed for induction and elicitation
compared to those of formaldehyde. Furthermore,
a difference in irritancy was seen in the pretests.
Formaldehyde gave irritant reactions at concen-
trations of 3% (1.0¿10ª2 mol/g) and above. Acet-
aldehyde, on the other hand, gave no irritation
when tested at a concentration of 10% (2.2¿10ª2

mol/g). The difference in response observed be-
tween acetaldehyde and formaldehyde (Table 3)
could be due to a difference in the chemical reac-
tivity, since the carbonyl group of formaldehyde
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exhibits a higher electrophilic reactivity than most
other aldehydes, acetaldehyde included. The ob-
served difference in response might also be due to
differences in penetration and metabolism (31).
Formaldehyde is thought to diffuse rapidly
through the stratum corneum to enter the lower
layers of epidermis. Although a small portion may
be metabolized or absorbed as unchanged form-
aldehyde, distributed or excreted, most remains in
the epidermis as reversible or irreversible complex-
es with proteins (31). No studies on animals or
humans concerning the skin absorption of acet-
aldehyde are available, to the best of our knowl-
edge (32). Endogenous acetaldehyde results from
metabolism of ingested ethanol. Accumulation of
acetaldehyde in the skin at higher concentrations,
due to delayed metabolism of acetaldehyde on con-
sumption of ethanol, was discussed for individuals
with low activity of aldehyde dehydrogenase (33).
The metabolism of ethanol to acetaldehyde by al-
cohol dehydrogenase in the skin has been discussed
in terms of observed cross-reactivity between etha-
nol and acetaldehyde, when aqueous ethanol solu-
tions were shown to induce allergic reactivity (9,
34). Reports of contact urticaria caused by ethanol
consider the possibility that the observed reactions
are provoked by aldehydes (34, 35).

Using the modified CCET protocol, the re-
sponse rate of formaldehyde for the challenge con-
centration 0.30% was 40% in experiment 1 (Table
2) and 75% in experiment 2 (Table 3). The ob-
served difference in response rate was not statisti-
cally significant. In GPMT studies on formalde-
hyde, a variation was seen in the response rate
which was mainly considered to be due to different
strains of guinea pigs used in the parallel experi-
ments (18). In the present investigation, the same
strain of outbred animals was used but from differ-
ent suppliers. Tsuchiya et al. (16) reported a 40%
response rate at a challenge concentration of 10%
formaldehyde, when tested according to the orig-
inal version of CCET, while no response was seen
to 1 and 0.2% formaldehyde at 1st challenge. The
results from a 2nd closed challenge test were not
published. The recommended open challenge may
explain the lower response rate of formaldehyde.
In our modified version, an occlusive patch test is
used at 1st challenge, which ensures contact with
the skin and the test substance for a longer ex-
posure time. This is especially important for vol-
atile compounds such as formaldehyde. In the
present study, the reactivity had decreased in both
the formaldehyde and the acetaldehyde sensitized
groups when rechallenge was performed on day 78.
This could be due to the long time period without
boosting, between the 2 challenge tests.

The GPMT protocol prescribes both intrader-

mal and epidermal induction. In a dose-response
relationship study of formaldehyde with this
method, the incidence of contact sensitivity was
found to depend on the intradermal, but not on
the epidermal, induction dose (18). In the present
investigation, we demonstrated that epicutaneous
induction alone gave a response of the same mag-
nitude as the maximal response found in the
GPMT study. Published results from earlier experi-
ences in our laboratory with the modified CCET
method are presented in Table 1. In some of these
studies (3, 19), addition of FCA did not increase
the response rate. In a study (36) at our laboratory
on the sensitizing potential of 1,2-dibromo-2,4-di-
cyanobutane (the active ingredient in EuxylA

K400), a GPMT failed to detect the allergen, while
a positive response was obtained with the modified
CCET method using a dose-response protocol.
Previous GPMT studies also failed to show the al-
lergenic activity of 1,2-dibromo-2,4-dicyanobutane
(37). The preservative EuxylA K400 is described as
a sensitizer in man (38).

As the CCET protocol involves epicutaneous in-
duction and challenge, we consider the modified
version to be well suited to the evaluation of
chemicals expected to come in contact with human
skin. No comparison has been performed with the
Buehler test (14, 15), which only prescribes epicut-
aneous administration. However, the longer appli-
cation times for the CCET (4¿24 h) compared to
those for the Buehler test (3¿6 h) should increase
the possibility of detecting weak allergens, as also
the use of FCA if necessary. Further evaluation of
the method is in progress at our laboratory.

Conclusion

Acetaldehyde was for the 1st time shown to be a
contact allergen in predictive tests using a modified
version of the CCET method. No cross-reactivity
was observed between formaldehyde and acetalde-
hyde. The response rate of formaldehyde as shown
by the modified CCET method was equal to that
previously found in GPMT studies. As the CCET
protocol involves epicutaneous induction and chal-
lenge, we regard the modified version as well suited
to evaluation of the contact allergenic potential of
chemicals.
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