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Temperature dependent primary 
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In a recent outbreak of hand eczema amongst cleaning personnel after the introduction 
of a new, lemon-scented detergent, it was noted that the patients complained of a burning, 
stinging sensation when their hands were submerged in hot detergent solutions. Since 
routine patch testing with the Standard Series and perfume components was of no help 
in pinpointing the responsible agent, testing with selected perfume components was repeated 
at higher temperatures. Identical tests were placed on both forearms for 20 min, one 
arm being exposed to 43 ° C, the other to 23-25 ° C. Little or no reaction was seen on the 
"cold" arm, whereas the lemon perfume component Citral proved to be a strong primary 
irritant at higher temperatures. 

Histological examination of the test sites showed the reaction to be of a toxic (primary 
irritant) nature. Surprisingly, the toxic character could still be recognized in biopsies taken 
as late as 48 h after exposure. 

It is suggested that: 
1. Heat plays an important part in the outbreak of primary irritant (toxic) dermatitis and 

can be used as an accelerating factor when testing for primary irritants. 
2. It is important to be sure that detergents and detergent perfumes do not contain sub­

stances which act as irritants at the temperatures at which they are habitually used 
(45-50° C). 

3. We probably ought to use lukewarm rather than hot water for manual dishwashing and 
cleaning whenever it is possible. 

Key words: Citral - "housewives' eczema" - lemon perfume - primary irritant dermatitis 
- temperature dependent - toxic contact dermatitis. 
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Shortly after the introduction of a lemon­
scented detergent in two 900-bed hospitals 
in Copenhagen County, a cluster of eczemas 
occurred amongst the cleaning personnel. 
The detergent in question was suspected 
right from the start, but the responsible 
agent proved difficult to pin down. Initially, 
it was thought that we were dealing with an 
allergic contact dermatitis, but as the pre­
liminary investigations proceeded, we came 
to realize that we were dealing with a 

hitherto unrecognized primary irritant der­
matitis mechanism. 

The local manufacturer provided samples 
of the whole perfume as well as of the 
unscented detergent. The main components 
of the latter were sodium lauryl sulphate 
and sodium dodecyl benzene sulphonate both 
anionic detergents. Primarily, patch tests 
were made with the whole perfume (2 % 
in petrolatum), the scented and unscented 
detergent (1 % and 10 % in water) as well 
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as the Scandinavian Standard Patch Test 
Series (Wilkinson et al. 1970) on all ex­
posed patients referred. Readings at 48 h 
gave no clear indication of relevant sensitiv­
ity; in fact, 18 out of 20 patients (18120) 

were completely negative. 
When testing for perfume allergies, tests 

with whole perfume or with solutions of 
scented soaps or detergents often give false 
positive or negative reactions (Rothenborg 
& Hjorth 1968). The reason is, that when 
using whole perfume for testing the rele­
vant allergen may appear in too Iowa con­
centration to evoke a reaction with the pre­
sent patch test technique. If patch tests are 
made with solutions of scented soaps or deter­
gents, the irritant properties of the soap or 
detergent components may result in false 
positive tests. In consequence, it is neces­
sary, as far as possible, to get the perfume 
components for testing. 

Accordingly, samples of the perfume 
broken down into six fractions were ob­
tained from the perfume manufacturer and 
further skin testing was undertaken with 
5 % and 10 % solutions of these fractions 
in alcohol. Again, no relevant sensitivity pat­
tern was found when the test were read 
at 48 h, but it became apparent that a num­
ber of the patients had an immediate type 
wheal and flare reaction to some of the 
ingredients of the perfume. 

During this initial phase of the examina­
tions new patients, who had been exposed 
to lemon-scented detergent, continued to 
come to the clinic. Quite frequently they 
volunteered the information that they had 
experienced burning and stinging sensations 
when putting their hands in hot water con­
taining the detergent under suspicion. None 
of the patients had used gloves while clean­
ing. 

Only at this point did we realize the sig­
nificance of what seems to be the accepted 
cleaning and washing-up procedure: In most 
cases people use water as hot as their hands 

can possible tolerate for dish washing and 
cleaning. There seems to be a firm belief, 
which to our knowledge is unfounded in ex­
perimental fact, that the hotter the water, 
the better the cleaning. This belief is prob­
ably based on the experience that many 
greasy materials cannot be removed by cold 
water with or without detergent. 

Combining the information spontaneously 
supplied by patients of burning sensations 
in the hands submerged into hot detergent! 
water solutions, with the finding of a num­
ber of immediate type, urticaria-like reac­
tions to some of the perfume components, 
we came to the conclusion that the perfume 
tests needed to be repeated at a higher 
temperature than is normally done. 

Material and Methods 

From the preliminary test battery of per­
fume components and a few chemically pure 
ingredients known to occur in the perfume, 
those fractions were selected which had 
given rise to any reaction at all during the 
preliminary tests. To this list were added the 
scented detergent (20 % in water) and the 
non-scented (also 20 % in water) in all 12 
substances to be tested (Table 1). The test 
substances were transferred to Finn chamber 
discs (Pirila 1975) by means of capillary 
tubes. No filter paper was used for fear 
that the filter paper might absorb or with­
hold some of the active ingredients (Fregert 
et al. 1968). The tests were applied to the 
flexor side of the forearms on 12 patients 
(Fig. 1) symmetrically on both arms. In order 
not to spill the test substances, the plaster with 
the discs were applied on the patients with the 
open side of the discs and the adhesive side 
of the tape turning upwards, while the patients 
held their forearms horizontally, palm down 
and elbow bent (Fig. 1). Tests were placed 
on both forearms simultaneously. The arms 
were then placed horizontally on plastic 
containers filled with water at 23-2rC and 
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Fig. 1. Application of Finn chambers on pal­
mar aspect of forearm. The cup-like Finn 
chambers are placed, face upwards to avoid 
loss of liquid test material. 

43°C respectively (Fig. 2). The arms were 
strapped reasonably tight to the plastic con­
tainers to prevent accidental movement dur­
ing the 20-min exposure time (Fig. 3). 
Thermocouples were placed between skin 
and plastic container to monitor the tem­
peratures during the experimental period. 
Temperatures were read on a Withof Trans-

Fig. 2. Test subject with forearms placed on 
waterfilled plastic container, right arm on 
container 43°C, left arm on container 23-27°C. 
Lower left corner temperature monitor. 

Fig. 3. Strapping down of arm to avoid acci­
dental movement during test period. 

ocomp® 288 potentiometric recorder, tem­
perature range 0-115°C, paper speed 240 
mm/h. Ambient temperature was held at 
21°C ± 2°C. 

After 20 min the tapes with the aluminum 
chambers containing the test material were 
removed, and the test sites were examined 
immediately through a looking glass with 
two-fold magnification. As Coenraads 
(Coenraads et al. 1975), but unlike BjjZlm­

berg (1968), the tests were read as positive 
or negative without any attempt at grading. 
The tests were read again at 3 and 24 h 
whenever possible, and in all cases at 48 
or 72 h. Patients with positive reactions 
were photographed in a standardized setup 
at the time of observation. 

To get an impression of the time relation 
of the histological changes the patients were 
divided into four groups, which were biop­
sied respectively 20 min, 3, 24, and 48 h 
after exposure, but only one biopsy from 
each patient. 

Results 

Of the ingredients tested only Citral caused 
a significant number of manifest reactions 
(Table 1), and this only when the test sites 
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Table 1. Immediate and late reactions to detergent components 

1. Anthone 10 % in alc. (citrufix): 

2. Terpenes de limette 5 % in ale.: 

3. Terpenes de citron 5 % in ale.: 

4. Acetate P.A. 10 % in ale. (citrufix): 

5. Terpenes d'oranges 5 % in ale.: 

6. Rumehal 10 % in alc. (citrufix): 

7. Citral A 10 % in alc.: 

8. Citral N 10 % in alc.: 

9. Citral zur synthese (Merck) 10 % in ale.: 

10. Detergent with perfume 20 % in water: 

11. Detergent without perfume 20 % in 
water: 

12. Essences et fractiones Citral: 

3/12 means 3 patients out of 12 tested, etc. 

were heated to 43°C during the test period. 
At 23°C testing with pure Citra! (items no. 
7, 8, and 9) gave in all 19 slightly positive 
reactions at 20 min; at 24 h these positive 
reactions were reduced to 3, and at the 
reading after 48 h all signs of reaction had 

20 min 24h 48h 

28°C 0/12 0/12 0/12 
43°C 0/12 0/12 0/12 
28°C 0/12 0/12 0/12 
43°C 1/12 1/12 0/12 
28°C 0/12 0/12 0/12 
43°C 1/12 4/12 1112 
28°C 0/12 0/12 0/12 
43°C 0/12 0/12 0/12 
28°C 0/12 0/12 0/12 
43°C 1/12 3/12 0/12 
28°C 3/12 0/12 0/12 
43°C 3/12 1112 0/12 
28°C 6/12 1/12 0/12 
43°C 9/12 9/12 8/12 
28°C 7/12 1112 0/12 
43°C 9/12 9/12 9/12 
28°C 6/12 1112 0/12 
43°C 9/12 8/12 10/12 
28°C 1/12 0/12 0/12 
43°C 2/12 0/12 0/12 
28°C 1112 1112 0/12 
43°C 1/12 0/12 0/12 
28°C 0/12 0/12 0/12 
43°C 0/12 0/12 0/12 

disappeared without trace (Fig. 4 A-D, left 
arm). 

At 43°C, however, the macroscopic reac­
tions produced by Citral were already quite 
pronounced at 20 min with redness, swel­
ling, and a desiccated surface in 9/12 of the 

Fig. 4 A. Patient no. 10 photographed 30 min after exposure to perfume components, right arm 
at 43°C, left arm at 23 °C. Note that at this initial point there is a slight redness also on the un­
heated left arm. 
Fig. 4 B. Patient no. 10 1 h after exposure. Note that tests on unheated left arm have almost dis­
appeared, whereas they have increased on the heated arm. 
Fig. 4 C + D. Patient no. 10 respectively 24 and 48 h after exposure. Reactions on the unheated, 
left arm have disappeared, but are firmly established on the right heated arm. 
Fig. 4 E. Patient no. 10 8 days after exposure. There is still a trace of the reactions to perfume 
components on the heated arm, whereas the skin on the unheated left arm is normal. The in­
flamed spot on the ulnar side of the right arm is due to the biopsy taken 6 days before. 
Fig. 4 F. Patient no. 2 7 days after exposure to perfume components. The three strongly positive 
reactions on the right heated arm are from Citral. There are no traces on the left arm, which 
has been exposed simultaneously to the same perfume components, but at normal temperature 
during testing. 
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Fig. 5 A. (Above) Patient no. 2. Biopsy from heated test site with Citral. The biopsy taken a few 
minutes after the removal of the Finn chambers. For details, see Table 2 and text. (x 100). 
Fig. 5 B. (Below) Patient no. 5. Biopsy from heated test site with Citral. The biopsy taken 3 h af­
ter the removal of the Finn chambers. For details, see Table 2 and text. (X 100). 
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Fig. 5 C. (Above) Patient no. 8. Biopsy from heated test site with Citra!. The biopsy taken 24 h 
after the removal of the Finn chambers. For details, see Table 2 and text. (X 1(0). 
Fig. 5 D. (Below) Patient no. 11. Biopsy from heated test with Citral. The biopsy taken 48 h af­
ter the removal of the Finn chambers. For details, see Table 2 and text. (X 100). 
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cases tested; at 48 h 8/12, 9/12, and 10/12 
respectively were red and infiltrated with 
well-pronounced crusts (Fig. 4 A-D, right 
arm). Moreover, the reactions produced by 
Citral at 43 0 C were longlasting, and in 
many cases could still be seen after 7 to 10 
days (Fig. 4 E-F). However, they healed 
without scarring, implicating rather super­
ficial skin damage, a supposition confirmed 
by the histological examinations. 

The natural product Terpenes de citron, 
5 % in alcohol, which contains some Citral, 
also caused some slight reaction after 24 h 
when applied at 43 0 C in 4/12 of the cases, 
and in 1112 of the cases after 48 h, indi­
cating that irritation could still be produced 
with the natural product, although in fewer 
cases and less pronounced. 

Histology 
The results of the histological examinations 
are summarized in Table 2. The biopsies 
have been divided into four groups: the first 
(patients nos. 1 and 2) where the biopsies 
were taken immediately after removal of 
the Finn chambers, and the second, third, 
and fourth groups where the biopsies were 
taken respectively 2~-3 h, 24 h, and 43-48 
h after application of the Finn chambers. 

Fig. 5 A-D depicts examples of the his­
tological changes found in each of the men­
tioned groups. 

Fig. 5 A is from patient no. 2 (biopsy 
no. 10298/75). To the right the epidermis 
is pale and the structure blurred. The nu­
clei can be recognized as shadows. Below 
the epidermis there is a spongiotic split, but 
no acantholysis. The corneal layer is pre­
served, but a little disintegrated. Towards 
the left the changes are gradually decreas­
ing, but still with spongiosis and a few 
neutrocytes and lymphocytes at the base, 
and necrobiosis at the top of epidermis. 
The papillary layer of the epidermis shows 
slight edema, a few neutrocytes, and lym­
phocytes around the vessels. The other pa-

tient in this group had even slighter histo­
logical changes. 

Fig. 5 B is from patient no. 5 (biopsy no. 
11952/75). To the left the superficial part 
of epidermis is pale. The corneal layer is a 
little disintegrated. Focal areas of spongiosis, 
neutrocytes, and lymphocytes are seen. The 
papillary layer of the dermis shows some 
edema, but only a few leucocytes around 
the capillaries. 

Fig. 5 C is from patient no. 8 (biopsy no. 
9341/75). The superficial part of the epi­
dermis is pale with a blurred structure. The 
corneal layer is a little disintegrated. The 
basal part of epidermis shows severe spon­
giosis and some infiltration with neutrocytes 
and lymphocytes. The papillary and super­
ficial parts of the dermis are edematous 
with some perivascular neutrocytic and 
lymphocytic infiltration. 

Fig. 5 D is from patient no. 11 (biopsy 
no. 12732/75). Extensive necrobiosis of the 
epidermis is found. The corneal layer is a 
little disintegrated. There is spongiosis and 
infiltration with a neutrocytes and lympho­
cytes. The papillary dermis is edematous 
mainly with perivascular infiltration of neu­
trocytes and lymphocytes. 

Discussion 

The histological examination of the skin 
changes in this material leaves no doubt 
that we are dealing with a toxic dermatitis 
(Bandmann 1970, Lever 1967, Miescher 
1961, Pinkus & Mehregan 1969). The dam­
age can be seen within 20 min after ex­
posure in the superficial part of the epi­
dermis, later spreading to the deeper parts 
of the epidermis where spongiosis and im­
migration of neutrocytes and lymphocytes 
are seen. The changes in the dermis are 
limited to a vascular reaction. It is re­
markable that the lesion could still be re­
cognized as toxic 48 h after the exposure 
to Citral. 
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It is surprising that the smallest histo­
logical changes are found in the second 
group of patients (2Yz-3 h), but this could 
be a statistical phenomenon. Such a pheno­
menon could be explained either by varia­
bility in the test procedure or in an indi­
vidual variation in the resistance to irritants. 
Apparently there is no relationship between 
age and degree of tissue reaction (Table 2). 

The mechanism behind the increased ir­
ritancy at higher temperatures of Citral and 
of the lemon perfume as such in the deter­
gent solution is obscure. The following 
mechanisms have been considered: 
1. Increased penetration of toxic substances 
2. A simple increase in chemical reaction 

involving the skin and following the 
usual laws of chemistry (which accord­
ing to Arrhenius' equation means a two­
fold increase in speed of chemical reac­
tions for every temperature increase of 
lO°C) 

3. Increased irritancy of the anionic deter­
gent components due to the content of 
Citral 

4. Contact urticaria. 
Anionic detergents are usually considered 
more hazardous to the skin than non-ionic 
or cationic (Schwartz et al. 1957). Some 
evidence exists of increased percutaneous 
absorption at higher temperatures (Arita et 
al. 1970, Blank et al. 1967, Stoughton 1969). 
All show that percutaneous penetration is 
increased as the temperature rises, but only 
Blank et al. have worked at temperatures 
which approach the water temperature nor­
mally used for cleaning. 

Although little is known about the chem­
ical interactions between the skin and chem­
icals or topical medicaments, it seems fairly 
evident that such a reaction must follow 
simple physical and chemical laws. It is 
hard to explain the observed well-pron­
ounced reaction to Citral persisting for more 
than a week without it being some form of 
direct chemical damage. Such damage is 

most likely due to an increase in both pene­
tration and local chemical reactions at the 
higher temperature. 

The lemon perfume components have a 
slightly acid reaction with a pH of 4-5 in 
aqueous solution, whereas the anionic de­
tergents are weakly alkaline. According to 
Barrett (1969) and Higuchi (1960) weakly 
acid and alkaline compounds show maxi­
mum penetration if buffered to weakly acid 
respectively alkaline pH. Thus a weakly al­
kaline compound will penetrate better if 
buffered to an alkaline pH than if buffered 
to an acid pH. If the weakly acid lemon 
perfume has any influence on the anionic 
detergent, it ought therefore to render 
the detergent less toxic to the skin. 
However, neither the perfume nor the de­
tergent have any pronounced buffering ca­
pacity in the concentrations normally used 
for cleaning. Furthermore, with the test 
procedure described, no lasting positive re­
actions have been evoked with pure deter­
gent/water solutions irrespective of concen­
tration or temperature. It would therefore 
seem, that whatever effect has been caused 
by the lemon perfume, it must be a direct 
one - an irritation caused by the lemon 
perfume as such, not through an influence 
on the detergent. 

Suspicion of eczema due to contact ur­
ticaria (Hjorth & Roed-Petersen 1976, Mai­
bach & Johnson, 1975) was aroused by the 
clinical symptoms described by the pa­
tients, i.e. burning and stinging of hands 
submerged in hot detergent solution as well 
as by the wheal and flare reactions initially 
observed on the test sites on some of the 
patients during the early stages of the in­
vestigation. The longlasting reactions pro­
duced in many of the test subjects, as well 
as the result of the histological examinations 
(Fig. 5 A-D), however, seem to repudiate 
the idea of contact urticaria in our patients. 
Wheal and flare was observed only at the 
time when tests were made with the whole 
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perfume applied at body temperature, not 
during testing with perfume fractions at 
higher temperatures. However, burning and 
stinging at those heated test sites, which later 
turned out to be positive, was a frequent 
finding. 

It is only fair to emphasize that we have 
found no case of sensitization to lemon per­
fumes, and no ill effects of their applica­
tion at normal body temperature. The le­
mon perfumes, therefore, should be quite 
in order for soaps, deodorants and other 
products used at normal body temperature. 
But we believe that they have no place in 
detergents. 

Conclusion 

The investigation has clearly shown Citral, 
a constituent of lemon perfume, to be a 
strong irritant if applied in connection with 
heat. Thus the investigation underscores 
two concepts new to contact dermatology: 

1. Temperature is a factor to be taken into 
consideration in the development of pri­
mary irritant hand eczemas (dermatitis 
contactus toxica manuum). 

2. Detergent perfumes should not contain 
potentially irritant substances, substances 
which, although harmless at normal body 
temperature, become irritant at higher 
temperatures. 

Probably we ought to advise our patients 
to use cold or lukewarm water rather than 
hot whenever possible for manual dish wash­
ing, cleaning, and laundry. However, house­
wives and cleaning personnel love hot water, 
water as hot as their hands can possibly 
tolerate, and old habits are difficult to 
change. Therefore, it is most unfortunate 
to use perfumes with potentially irritant 
substances as detergent scents. Lemon per­
fume is a point in question. It undoubtedly 
contains substances which become irritant 

at higher temperatures (45-50°C), probably 
even in low concentrations. If we must have 
perfumed detergents the perfumes must be 
free of irritants. 
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