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Background: The prevalence of chromate allergy has declined worldwide in the last decades.

Objectives: The aim of the study was to assess tendencies in chromate allergy in northern Israel and its possible causes.

Methods: Retrospective analysis of patch test data during 1999-2013 and a review of the medical records of patients

with chromate allergy were conducted.

Results: A total of 4846 consecutive patients were patch tested, of whom 146 (3%) were found to be chro-

mate sensitive. The prevalence of chromate allergy decreased significantly from 4.7% in 1999Y2001 to 2.8% in 2002Y2004

(P = 0.02). Since then, no significant fluctuations have occurred. A gradual and consistent decline in chromate allergy was

recorded among women from 4.8% in 1999Y2001 to 2.3% in 2008Y2010. Cement (18.4%) was the most frequent source of

exposure and was mainly observed in men. The frequency of clinically relevant cement exposure increased significantly

from 7.7% in 2002Y2004 to 28.7% in 2011Y2013 (P = 0.04), whereas the frequency of relevant detergent exposure de-

creased significantly from 25% in 1999-2001 to 5.7% in 2011Y2013 (P = 0.04). Hand (68.5%) was the most frequently

involved anatomical site.

Conclusions: The prevalence of chromate allergy in northern Israel is stable in the general population and gradually

decreasing among women. These changes may be caused by reduced exposure to water-soluble hexavalent chromium

in detergents but not in cement.

Exposure to hexavalent chromium is a common cause of
allergic contact dermatitis. There has been a general decline in

the prevalence of chromate allergy in the last decades.1Y3 Reduc-
tion in water-soluble hexavalent chromium to less than 2 ppm in
cement4 and legislation limiting its concentration in detergents
and consumer products to 1 ppm5 have resulted in decreased
chromate allergy. In countries and during periods in which such
interventions were not implemented, there were no consistent de-
clines in chromate allergy, and cement exposure continued to be a
major cause of chromate dermatitis.6Y8

Most data from Israel show potassium dichromate to be the
second most common allergen in routine patch testing.9Y11 In
a study published half a century ago, 91.6% of Israeli house-
wives who presented with hand eczema had a positive patch test to

potassium dichromate.12 Since then, the concentration of hexa-
valent chromium in Israel has been regulated in detergents and
bleaches but not in cement.

The present study was performed to determine trends in chromate
allergy in northern Israel in view of these regulatory changes

PATIENTS AND METHODS

Study Population and Design

All patients with suspected allergic contact dermatitis who were
patch tested between January 1999 and December 2013 at the
patch test clinic, Rambam Medical Campus, Haifa, were included
in the study. Only the first result was used in patients who were
patch tested on more than 1 occasion during this period. Data
were stratified according to date of test, sex, and age. Information
according to theMOAHLFA (males, occupational dermatitis, atopic
background, hand dermatitis, leg dermatitis, facial dermatitis, age of
older than 40 years) index11 was recorded, together with the patch
test data from the allergen database.

Medical records of patients with positive patch test reactions
to potassium dichromate were reviewed regarding the anatomi-
cal location of dermatitis (hand, foot, leg, face/neck, arms, trunk,
universal, only hand dermatitis) and relevant causative expo-
sures (leather shoes, other leather exposure, cement, detergents,
metal, cosmetics, graphic work and paint, soil, and other chro-
mium materials).
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The relevance of positive allergens was recorded as probable,
possible, past, unknown, or not relevant.13,14 For the purpose of
this study, current relevance was defined as present relevance (proba-
ble or possible), unless otherwise stated. Relevance was assessed
as probable if the substance identified by patch testing could be
verified as present in the known skin contactants of the patient.
Relevance was defined possible if the patient was exposed to cir-
cumstances in which skin contact with materials known to contain
the putative allergen would likely occur.

An atopic predisposition was defined as having at least one
of the atopic markers (a history of atopic dermatitis, asthma, or
allergic rhinitis).

Patch Testing

Patch testing was performed with the European baseline series.
The allergenswere suppliedbyChemotechniqueDiagnostics (Malmo,
Sweden). All tests were applied with Finn Chambers on Scanpor
tape. Potassium dichromate 0.5% in petrolatum was used for
testing. The patch tests were applied to the upper back and were
occluded for 48 hours, and readings were performed on day 2
and day 4.

The reactions were scored as negative (j), irritant reaction
(IR), doubtful reaction (?), positive reactions (+, ++, +++), according

to the recommendations of the International Contact Dermatitis
Research Group. Negative reactions (j), IRs, and doubtful re-
actions (?) were registered as a negative response. One + or
more on both reading days or solely on day 4 was registered as a
positive response.

Statistics

Comparisons were made using the W
2 test and Fisher exact test,

when necessary. A W
2 trend test (linear-by-linear association) was

performed to test for significant trends across test years.
The statistical significance level was set to 5% in all analyses.

The statistical analyses were performed with SAS statistics 9.2.

RESULTS

A total of 4846 patients with suspected allergic contact dermatitis,
52% females and 49% males, aged 5 to 96 years were patch tested
between 1999 and 2013. The overall prevalence of chromate allergy
was 3% (3.1% in women and 2.9% in men). The overall prevalence
of chromate allergy decreased significantly from 4.7% in 1999Y2001
to 2.8% in 2002Y2004 (P = 0.02, Fig. 1). No significant changes
in prevalence were observed during the remaining years (January
2002-December 2013). A gradual and consistent decrease in chro-
mate allergy was observed in women, from 4.8% in 1999Y2001 to
2.3% in 2008Y2010, although this decrease was statistically insig-
nificant (Ptrend = 0.06). Among men, a dramatic decrease was
observed between 1999Y2001 and 2002Y2004 (P = 0.025), followed
by a subsequent insignificant increase in 2005Y2008 and stable preva-
lence until the end of 2013.

The prevalence rates did not differ significantly between men
and women as a whole and not when stratified by 3-year periods
(Table 1); however, in 2002Y2004, the rate for women was higher
than that for men (3.4% vs 1.7%, respectively).

Noteworthy, 63 (43.1%) of our chromate-sensitive patients
had +++ reaction, 76 (52.1%) had ++, and only 7 (4.8%) had +; 1.
26 T reactions were excluded.

Table 2 presents the clinical characteristics of the 146 patients
with chromate allergy tested, according to the MOAHLFA index.
Occupational dermatitis, as well as hand dermatitis, occurred sig-
nificantly more often in men, whereas atopic background (positive

Figure 1. The prevalence of chromate allergy among patients with
dermatitis patch testing between 1999 and 2013. The columns rep-
resent 3-year periods. The decreasing prevalence observed between
1999Y2001 and 2002Y2004 was significant (Ptrend = 0.02). From
then on, no significant changes were observed.

TABLE 1. The Prevalence of Chromium Allergy Among 4846 Patients With Dermatitis Stratified by Patch
Test Year

Patch Test Year All Male Patients Female Patients P*

1999Y2001 4.7 (28/596) 4.5 (12/265) 4.8 (16/331) 0.86

2002Y2004 2.6 (26/984) 1.7 (8/458) 3.4 (18/526) 0.10

2005Y2007 3.1 (31/1014) 3.0 (15/508) 3.2 (16/506) 0.80

2008Y2010 2.4 (26/1083) 2.5 (13/510) 2.3 (13/573) 0.76

2011Y2013 3.0 (35/1167) 3.3 (18/547) 2.7 (17/620) 0.58

Chromate allergy. Data are presented as % (n/n).
*P value of v2 test comparing male and female patients.
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medical history for atopic dermatitis [4.1%], asthma [10.2%], or
allergic rhinitis [12.1%]) and face dermatitis were significantly
more frequent in women. Age older than 40 years was more pre-
valent in women, although this difference was not statistically
significant (P = 0.09). The median age of patients at the onset of
their contact allergywas 40.5 years.Menwere younger thanwomen
(33 vs 44 years, respectively). Among men, 58.2% were younger
than 40 years, compared with 43.2% among women.

Cement was the most frequent source of exposure in chromate
allergy, observed in 18.4% of the 146 chromate-allergic patients
and more commonly in men (P G 0.0001). Detergents and bleaches
(13.1%) were the second most frequent source of exposure and
were mainly registered in women (P = 0.0069). Exposures to leather
products (6.8%) including leather shoes (4.8%) were registered
more commonly in women (P = 0.0079). Exposures to metals
(6.1%), soil (2%), and graphic work and paint (1.4%) were also
recorded. Exposure to metal was reported mainly in men, although
the differences were not statistically significant between the sexes
(P = 0.08). Relying on medical history, a current relevance (pro-
bable and possible) of positive patch test to potassium dichromate
was detected in 70 (47.9%) of the allergic patients.

Interestingly, 5 pediatric patients, aged 9 to 18 years, were pos-
itively patch tested to chromate. In 2 patients (aged 9 and 18 years),
the allergy was attributed to leather shoes and in 2 patients (aged

16 years) to cement. For the fifth 9-year-old girl, no relevant ex-
posure was detected.

Hand dermatitis (68.5%) was the most frequent anatomical
location, presenting significantly more often in men (81.5%) than
in women (58%, P = 0.002). Foot and leg dermatitis (39%) was also
a common anatomical site. Face involvement (15.1%) was significantly
more common in women (22.2%) than in men (6.2%, P = 0.007).
Few patients had dermatitis of the neck (2.1%) or generalized
distribution (4.1%). More than one third (36.6%) of the patients
with chromate allergy had dermatitis in more than 1 location.

Of the chromate-sensitive patients, 64.4% suffered from a
concurrent allergy to another allergen. The most frequent addi-
tional allergens were cobalt chloride (31.5%) and nickel sulphate
(26%). The latter allergen was significantly more common in
women than in men (P = 0.009).

Information about sources of chromate exposure was examined
in relation to the 3-year periods. A statistical analysis was performed
to determine whether the frequencies of reported sources of chro-
mate exposure (detergents and bleaches, leather products, and ce-
ment) changed significantly across the test years. The frequency of
clinically relevant cement exposure increased significantly among
patients with chromate allergy from 7.7% in 2002Y2004 to 28.7% in
2011Y2013 (P = 0.04, Fig. 2), whereas the frequency of exposure to
detergents decreased significantly from 25% during 1999Y2001 to

TABLE 2. Clinical Characteristics of 146 Patients With Dermatitis and Chromate Allergy Between 1999
and 2013

Total (n = 146), % (n) Male (n = 65), % (n) Female (n = 81), % (n) P*

MOHALFA index

Males 44.5 (65) V V V

Occupational Dermatitis 31.5 (46) 64.6 (42) 4.9 (4) G0.0001

Atopic background 19.2 (28) 9.2 (6) 27.2 (22) 0.006

Hand dermatitis 68.5 (100) 81.5 (53) 58.0 (47) 0.002

Leg and foot dermatitis 39.0 (57) 41.5 (27) 37.0 (30) 0.58

Face dermatitis 15.1 (22) 6.2 (4) 22.2 (18) 0.007

Age 9 40 yrs 49.3 (72) 41.5 (27) 55.6 (45) 0.09

Relevant exposures

Cement 18.5 (27) 41.5 (27) 0.0 (0) G0.0001

Detergents and bleaches 13.0 (19) 4.6 (3) 19.8 (16) 0.007

Leather shoes 4.8 (7) 4.6 (3) 4.9 (4) 1.0†

Leather products 6.8 (10) 6.2 (4) 7.4 (6) 0.08†

Metals 6.2 (9) 10.8 (7) 2.5 (2) 0.08†

Paint and graphic 1.4 (2) 1.5 (1) 1.2 (1) 1.0†

Soil 2.1 (3) 4.6 (3) 0.0 (0) 0.09†

Anatomical location of dermatitis

Feet 39.0 (57) 41.5 (27) 37.0 (30) 0.58

Face 15.1 (22) 6.2 (4) 22.2 (18) 0.007

Universal distribution 4.1 (6) 4.6 (3) 3.7 (3) 1.0†

Hands only 34.9 (51) 43.1 (28) 28.4 (23) 0.064

Hands 68.5 (100) 81.5 (53) 58.0 (47) 0.002

Neck 2.1 (3) 1.5 (1) 2.5 (2) 1.0†

Some patients had dermatitis in more than 1 anatomical location.
*P value of v2 test comparing male and female patients.
†P value of exact Fisher test comparing male and female patients.
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5.7%during2011Y2013 (P=0.042).No significantfluctuations in the
frequency of exposure to leather products were identified.

In subgroup analysis, differences between Jewish and Arab
patients regarding prevalence of chromate allergy were also ex-
amined. No significant fluctuations in the prevalence in Jewish
patients were noted throughout the years, whereas a significant
decline in 2002Y2004 was observed among Arabs (P = 0.028).

DISCUSSION

The present study demonstrated a significant decrease in the
prevalence of chromate allergy in northern Israel from 1999Y2001
to 2002-2004, followed by a steady prevalence between 2002 and
2013. The prevalence rates were lower than those reported in most
European countries, during the same period.15,16 In women, con-
sistent and gradual decreases in prevalence were observed between
1999 and 2010.

The most common location of affected skin was the hands,
occurring significantly more frequently in men, as previously re-
ported17Y19 owing to the predominant occupational dermatitis
in men. Face dermatitis occurred significantly more frequently in
women, which theoretically might be attributed to exposure to
chromate in cosmetic products. Hwang et al20 found chromium
content more than the detection limit of 0.1 ppm, ranging from
0.2 to 3.15 ppm in 7 cosmetic products available for purchase on
the Korean market. No data about chromium content in cosmetic
products exist in the Israeli market. However, exposure to cos-
metics was not defined as having ‘‘current relevance’’ in anyone of
our 146 chromate-allergic patients. Thus, the relevance of this
exposure is highly uncertain.

There was a tendency in men to present with chromate-allergic
contact dermatitis at an earlier age, which may be due to the fact
that occupational dermatitis, particularly cement dermatitis, af-
fects more young Arab construction workers. Arabs constitute up
to 53% of the northern Israel district population.21 They work in

the construction industry at a younger age and are exposed to
hexavalent chromium in cement during the first decades of life.
The age differences between sexes are paradoxical to Denmark,
where chromate allergy is no longer an occupational disease be-
cause of legislative changes implemented in 1983.18,19

The proportion of allergic contact dermatitis caused by cement
exposure increased more than the 15-year period of the current
study. In contrast, detergents and bleaches, which were common
exposure sources in Israel in the past,12 were less recorded during
2011Y2013 than in 1999Y2011. No fluctuations in the frequency
of exposure to leather products were identified, in contrast to
reports from Denmark.18,19,22

The gradual decrease of chromate allergy prevalence among
women patch tested between 1999 and 2013 was due in part to a
decrease in exposure to detergents and bleaches, because 25%
of 146 patients with chromate allergy tested between 1999 and
2001 had relevant exposure to detergents in their medical history,
compared with only 5.7% between 2011 and 2013. Israeli legisla-
tion from the early 1990s, which recommended that chromium
concentrations in consumer products should be lower than 5 ppm,
with manufacturers aiming for a concentration of no more than
1 ppm,23,24 may also account for the decrease in chromate allergy
among women.

There is no legislation in Israel mandating a reduced con-
centration of chromium in cement, and this may account for the
steady prevalence of chromate allergy among men. Chromium
is converted from an inert, insoluble, trivalent form to a soluble,
allergenic, hexavalent form during kiln processing. The addition
of ferrous sulphate to cement reduces the hexavalent form to
a trivalent state (chromium III), which has a low degree of skin
permeation and therefore rarely causes sensitization.25

Legislative changes in Denmark in 1983 dictated a compulsory
addition of ferrous sulphate to cement, reducing the amount of
water-soluble chromium from approximately 10 ppm to less than
2 ppm.26 This resulted in a decreased rate of chromate allergy in
those attending patch test clinics, from 3% in 1985Y1986 to 1% in
1997Y1998 (P = 0.001), particularly among those of working age
(19Y60 years). The proportion of chromate occupational allergic
contact dermatitis also decreased, from 43% in 1985Y1986 to 20%
in 1997Y1998.27 The prevalence of chromate sensitization to ce-
ment in Denmark has declined since then.18,22 In 1987, Finland
also enforced the addition of ferrous sulphate to cement. Follow-up
data from the Finnish Register of Occupational Diseases revealed
that the occurrence of occupational chromate allergy subsequently
decreased to less than one third of the previous level.28

A high prevalence of occupational dermatitis (332 of 1138
workers, 29%) and chromate sensitization (96 of 180 workers
exposed, 53%) was observed during the construction of the tunnel
across the channel between England and France in 1990Y1992.29

Likewise, German and Austrian data from 1992Y2000 showed a
high prevalence of chromate occupational allergic contact dermatitis
among construction workers.30 The abundance of information
about this occupational hazard finally led to the introduction of an

Figure 2. Sources of chromium exposure in patients with dermatitis
and chromate allergy. The decreasing proportion observed between
1999 and 2011 in relevant detergents exposure was significant (P =
0.02). The increasing proportion observed between 2002 and 2011 in
relevant cement exposure was also significant (P = 0.02).
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EU directive 2003/53/EC in January 2005, which restricted the
marketing and use of cement containing more than 2 ppm of
chromium.31 An analysis of UK data since 2003 found a significant
reduction in the incidence of chromate allergy, suggesting that
the EU 2003/53/EC intervention was successful.32 These findings
have been reproduced in Scandinavia, Germany, and Austria, after
legislation to reduce chromium levels in cement.27Y30 Before the
regulation of the chromium content in cement, there was no
significant change in the rate of contact allergy to chromate. The
North American Contact Dermatitis Group and St John’s Institute
of Dermatology Contact Dermatitis Clinic in London did not find
significant differences in the frequency of contact allergy to chro-
mate between the periods 1985Y1989 and 1992Y1994.6,7 A review
of 2 occupational surveillance health schemes (EPIDERM and
OPRA) between 1993 and 2004 also concluded that there had been
no change in the number of chromate-related cases in the period
during which legislation reducing the chromate concentration in
cement was not imposed.8

Apart from legislative changes, several strategies have been
proposed to prevent chromate hypersensitivity among cement
workers, including the use of protective gloves to prevent direct
hand contact with cement28 and the use of protective barrier cream,
such as ascorbic acid cream.30

Lack of decline in chromate allergy among men is attributed
predominantly to the absence of legislation regulating cement
manufacturing and other industries implicated in chromate ex-
posure. Noteworthy, 42 (64.6%) of the chromate-allergic males
had occupational relevant exposure to chromate, significantly more
often than females (4.9%, P G 0.0001); 27 (41.5%) construction workers,
6 (9.2%) automobile and airplane mechanics, 4 (6.1%) textile workers,
3 (4.6%) metalworkers, and 2 (3.1%) farmers were identified.

The prognosis for chromate-allergic contact dermatitis is poor,
particularly among construction workers.33,34 This debilitating
condition, together with persistent post occupational dermatitis,
is accompanied by marked financial consequences and adverse
effects on quality of life.35

Study Limitations

There are several limitations to this study. First, relevance was
determined by the physician on the basis of patient history and
potential exposure and nearly always was recorded soon after
patch testing. Probable category of relevance represents the most
robust elements of the relevance data. On the other hand, possible
relevance, which means that the allergen identified can be found in
products of the type used by the patient but confirmation of the
actual presence of the allergen in said product is not required, is
less certain. Second, after the first-study calendar period (1999Y2001),
we patch tested almost twice as many patients as in the other study
calendar periods. This fact may cause a ‘‘dilution effect’’ of the
patch test pool and may account for part of the declining preva-
lence observed. Third, our study provides data from a small region
populated with no more than 2 million inhabitants.

In conclusion, the present study demonstrated a decrease in
the prevalence of chromate allergy among women and a steady
prevalence in the general population and amongmen during a 15-year
period. This may be attributed to a decline in relevant exposure to
water-soluble hexavalent chromium in detergents due to legislation
from the early 1990s, whereas no regulation on the cement industry
was implemented.
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