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Summary The history of chromium as an allergen goes back more than a century, and includes
an interventional success with national legislation that led to significant changes in
the epidemiology of chromium allergy in construction workers. The 2015 EU Leather
Regulation once again put a focus on chromium allergy, emphasizing that the investi-
gation of chromium allergy is still far from complete. Our review article on chromium
focuses on the allergen’s chemical properties, its potential exposure sources, and the
allergen’s interaction with the skin, and also provides an overview of the regulations,
and analyses the epidemiological pattern between nations and across continents. We
provide an update on the allergen from a dermatological point of view, and conclude that
much still remains to be discovered about the allergen, and that continued surveillance
of exposure sources and prevalence rates is necessary.

Key words: allergic chromium dermatitis; allergy; chromium; chromium allergy;
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Chromium is a transition metal with the atomic number
24. Industrialization and modern living have resulted
in increased exposure to chromium ions for more than
a century. Chromium salts can induce skin irritation
and allergic contact dermatitis. These manifestations
have been the basis for multiple studies, reports, and
regulations (Table 1). We review chromium allergy
from a dermatological perspective, providing an update
combined with a historical perspective.

Materials/Methods

For the epidemiological part of this review article, a
PubMed/MEDLINE literature search was performed on
10 December 2014, with the following search terms:

‘((((chromium or chromate or chrome or
potassium dichromate) and (patch test or
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dermatitis or allergy or sensitivity or sensiti-
zation or allergic contact dermatitis))) AND
English [Language]) AND (“2004”[Date -
Publication]: “2015”[Date - Publication])’

For a study to be included in the prevalence calcula-
tion, the prevalence rate had to be obtained from patch
test clinics where the primary indication was dermatitis
and not, for example, prosthesis insertion. Studies needed
to report prevalence rates that would allow for calcula-
tions. Finally, we decided to only include studies published
from 2004 and onwards, with the primary intention of
performing an up-to-date review analysis on prevalence
rates and trends during the last 10 years.

The information for the remaining sections of this
review article originated from a similar PubMed/
MEDLINE literature search performed with relevant
search terms for the respective topics, focusing mainly on
newer publications, but not neglecting older studies. The
historical perspective of chromium allergy was mainly
based on the doctoral theses by the Scandinavian derma-
tologists Bonnevie (7) and Høvding (8). Retrieved clinical
case reports, clinical trials, original research and review
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Table 1. Historical milestones regarding allergic contact dermatitis caused by chromium

1908 The first detailed description of cement dermatitis by Martial (1). During the construction of the Paris Metro system during
1900–1905, one-third to one-half of the workers experienced itching eruption of the hands. Because of the similarity of the
eruption to scabies, he called the condition ‘la gale du ciment’

1931 Patch testing with potassium dichromate 0.5% pet. was introduced (2)
1950 The association between cement dermatitis and chromium allergy was shown by Jaeger and Pelloni (3)
1964 Fregert and Rorsman (4) showed that allergy to chromium implies sensitivity to both chromium(III) and chromium(VI)
1971 Addition of 0.3% ferrous sulfate to cement reduced the risk of allergic contact dermatitis (5)
1981 Aalborg Portland A/S patented a method whereby the amount of chromium in the cement could be reduced with the method

suggested by Fregert et al. in 1979 (6)
1983 Legislation made the addition of ferrous sulfate compulsory in Denmark. The content of water-soluble chromium in dry cement

must not exceed 2 ppm (arbejdstilsynetsbekendtgørelse 1983)
2005 European legislation on chromium(VI) in cement (2003/53/EC)
2010 German regulation on leather. Eighteenth amendment to the Regulation of the German Ordinance on Commodities
2015 European regulation on leather. Commission regulation (EU) No. 301/2014

articles were evaluated, and the reference lists of relevant
articles were checked for additional relevant studies.

Statistics

Data were analysed with IBM® SPSS™ Statistics (SPSS
Inc., Chicago, IL, USA) for Windows™ (Release 19.0).
Comparisons were made by use of the 𝜒2-test. A 𝜒2 trend
test was used to test for possible significant trends across
test years (linear-by-linear association). The weighted
average of prevalence rates was calculated as [(n1 ×%1)+
(n2 ×%2)+ (nn ×%n)]/(n1 +n2 +nn). Statistical signifi-
cance was predefined as a p-value of <0.05.

Results

The literature search resulted in a total of 1066 poten-
tial studies for the epidemiological part. Abstracts were
then screened, and 132 articles were found to be relevant
for further analysis. For the epidemiological comparison
between Europe, North America, and Asia, a total of 31
studies were relevant.

The Passivating Effects of Chromium

Chromium as a metal in its pure form is not useful for
many applications. However, chromium is widely used
as an alloying element in stainless steel alloys, where it
provides superior corrosion resistance. With >10.5 wt%
chromium as the alloying element, a tenacious passivat-
ing surface film is formed on the surface of stainless steel,
preventing oxidation (and corrosion) of iron in the bulk
material. Accordingly, an increased content of chromium
as an alloying element provides further protection against
corrosion (9).

Chromium is also used for plating purposes;
chromium-plated layers appear as bright shiny metal

surface layers, typically on steel, copper, brass, or plas-
tic, and a sub-layer of nickel is often applied before the
chromium layer. Such chromium-plated layers can be
made in plating baths containing chromium salts, which
will dissolve as either chromium(III) or chromium(VI).
Any left-over chromium salts are washed off after plating.
Currently, mainly chromium(III) salts are being used, in
order to minimize the use of chromium(VI) (9).

Chromium is also used as a thin conversion coating
of aluminium, zinc, tin, etc. The chromating treatment
results in a thin surface layer consisting of chromates and
hydroxides, providing enhanced corrosion resistance.
The chromate layers can appear in various colours, such
as black, yellow, or green. Plating bath chemistry can be
based on chromium(VI) or chromium(III). Aluminium
has traditionally been coated with chromium(VI), with
the brand name Alodine®. For many years, this process
has been recognized to be a good basis for subsequent
application of paint, as it offers good adhesion and
corrosion resistance.

A number of other passivation products without
chromium have been introduced over the last 5–10 years
and have gradually gained a foothold in the market,
because of the Restriction of Hazardous Substances
Directive and a general desire to minimize the use
of chromium(VI). In Denmark and Western Europe,
the trend is towards passivation without the use of
chromium(VI). Until recently, chromium(VI) as a passi-
vation layer was primarily used for so-called yellow and
olive passivation in Eastern Europe, Asia, and Africa (9).

Corrosion of stainless steel or chromium-plated items
can cause the release of chromium in various oxidation
states, the most common being II, III, and VI. The equi-
librium potential between chromium and various oxi-
dized species as a function of pH is plotted in Fig. 1. The
stability region for water is marked by the two dashed
lines. If the pH is below 4, Cr3+ ions and HCrO4

− ions
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Fig. 1. Electrochemical
potential–pH equilibrium diagram
for the system chromium–water at
25∘C, 1 atm pressure, and a
chromium concentration of
1×10−6 M. The electrochemical
potential is given in volts standard
hydrogen electrode [Eh (V)]. The
diagram was produced with HSC
CHEMISTRY 7.1TM software.

are thermodynamically most stable. At higher pH values,
chromium will exist as Cr2O3 or as chromium in oxida-
tion state VI as HCrO4

− or CrO4
2−. The potential pH dia-

grams show that chromium(III) is the most stable oxida-
tion state, and forms as Cr3+, Cr(OH)2+, and Cr2O3 (10).
Chromium in oxidation state VI, (CrO4)2−, can be released
in a strong oxidizing environment (high electrochemical
potential) and at high pH.

The influence of conditions such as pH, surface area,
relative humidity, temperature, ultraviolet (UV) irradi-
ation, repeated exposure, wear, alkaline solutions and
sequential wet and dry exposures on chromium release
was recently examined in larger studies on leather (11,
12). Several of the parameters significantly influenced
the oxidation state of chromium, and further studies are
needed.

Chromium Exposure Sources

A review of the published literature going back
>100 years showed multiple exposure sources for
chromium (13). A non-exhaustive list is shown in
Table 2. In the text below, we introduce the most relevant
sources of chromium exposure today.

Cement

Cement has historically been the most common and
important cause of chromium allergy and dermatitis. The

association was first established in 1949 (3, 24). How-
ever, 10 years earlier, chromium allergy was suspected
as a likely cause of dermatitis in cement workers (7).
Cement regulations have now changed the epidemiology
of chromium allergy among EU nations (Fig. 2), but,
in other countries, occupational chromium dermatitis
remains a major occupational health concern among
construction workers (25–27). A recent Australian ret-
rospective analysis showed a stable prevalence of allergic
contact dermatitis caused by cement as opposed to the
decrease observed in many European countries (28). The
authors concluded that there is a need for regulation of
chromium in cement similar to the European directive.
Notably, cement exposure still causes allergic chromium
dermatitis in Europe (29), and knowledge about adequate
protective equipment and careful occupational hygiene
remains crucial for prevention and work safety in con-
struction workers. In a recent survey from Denmark, it
was shown that 10% of chromium-allergic patients still
reported a history of cement dermatitis (30).

Leather goods

It is estimated that 90% of the leather produced globally
is tanned with chromium sulfates (60), the consequence
being that chromium exposure may occur from prolonged
contact with various leather products, for example belts,
leather covers for car steering wheels, footwear, furniture,
gloves, jackets, and watch straps. Chromium(III) is used
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Table 2. Non-exhaustive list of chromium sources

Chromium source Reference(s)

Anti-rust coatings∗ (13, 14)
Ashes∗ (13, 15)
Bleaches and detergents∗ (13, 15–23)
Cement∗ (3, 7, 13, 24–30)
Electroplating∗ (13, 14)
Fabrics∗ (13–15)
Food laboratory∗ (13)
Foundry sand∗ (13)
Galvanized sheets∗ (13, 15)
Glass polishes∗ (13)
Glass stains and glazing∗ (13)
Implants/prostheses (31–35)
Leather articles (30, 36–39)
Magnetic tapes∗ (13)
Matches∗ (13, 14)
Make-up/cosmetics (40–44)
Metal alloys (45–49)
Mobile phones (50–53)
Milk testers∗ (13)
Oils∗ (13, 15)
Paints∗ (13, 14)
Paper industry∗ (13)
Photographic chemicals∗ (13, 14)
Primer paints∗ (13, 14)
Printing∗ (13–15)
Sutures (54)
Tattoo ink (55–59)
Wood preservatives∗ (13)

Sources in bold are described further in the text.
∗Reviewed by Cronin (13).

in leather tanning to provide softness, durability and
flexibility following binding to collagen fibres, whereas
chromium(VI) is an impurity resulting from oxidation
of chromium(III) during manufacturing, and hypothet-
ically also following usage (36, 61). An increase in the
rate of allergic contact dermatitis caused by chromium as
a result of skin contact with leather products was recently
observed in Denmark (37). Moreover, a recent German
survey performed between 2000 and 2006 examined
850 leather items, and showed that more than half
released >3 ppm chromium(VI), and one-sixth released
>10 ppm (http://www.bfr.bund.de/cd/9575). A Danish
survey from 2009 examined 60 pieces of leather footwear,
and showed that chromium was present in nearly all of
the examined products, with a median content of 1.7%;
44% of 18 products evaluated with the ISO 17075 stan-
dard method showed release of chromium(VI) (38). We
recently examined 121 Danish patients with chromium
dermatitis diagnosed between 2003 and 2012, and
showed that 66% reported dermatitis following exposure
to leather products (30). As with cement, it is expected

Fig. 2. A picture from 2007 taken in Lanzarote, Spain, showing a
bag of cement without chromium(VI). The EU Directive restricting
the marketing and use of cement containing >2 ppm chromium(VI)
came into force in January 2005 (2003/53/EC).

that the European regulation on leather will change the
epidemiological pattern in the EU, and a decrease in the
rate of chromium allergy resulting from leather exposure
is expected. For the management of chromium-allergic
patients with foot dermatitis, a recommendation to use
chromium-free footwear is given. However, in a recent
report, three pairs of allegedly ‘chromium-free’ footwear
all contained chromium (62). Hedberg et al. (63) recently
examined four leather samples from three European
tanneries. They showed chromium release in different
extraction solutions of all of the samples, but their results
did not make it evident whether the surface of the samples
released chromium(III) or chromium(VI), owing to the
shifting oxidation state. Studies on the same leather sam-
ples showed that, previously, analysis according to ISO
17075 might underestimate the released chromium(VI)
content, and environmental parameters not accounted
for in ISO 17075 might be of significance for estimat-
ing the content of chromium released from leather
goods (11, 12).

Mobile phones

Multiple case reports of mobile phone-associated aller-
gic contact dermatitis have been published over the past
10 years. Seishima et al. reported the first case of aller-
gic contact dermatitis caused by a chromium-containing
phone in 2002 (50). The patient was a 35-year-old female
with left-sided pre-auricular pruritic dermatitis. She had
positive patch test reactions to 0.05%, 0.1% and 0.5%
potassium dichromate, but did not react to other met-
als. A component of her mobile phone was plated with
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chromium, and a diagnosis of allergic contact dermati-
tis caused by chromium was established, leading to her
dermatitis resolving 10 days after avoidance of skin con-
tact with the mobile phone. In 2003, Seishima et al. pub-
lished a report on 8 additional cases of chromium-induced
mobile phone allergic contact dermatitis from Japan, all of
whom were patch test-positive to potassium dichromate
and had auricular or pre-auricular facial dermatitis; their
dermatitis cleared ∼10 days after avoidance of the aller-
genic mobile phone (51). A similar case was published
by Tan and Nixon from Australia in 2011 (52). A recent
review article (53) of mobile phone dermatitis from 2014
showed that 10 of 37 published patient cases had a pos-
itive patch reaction to potassium dichromate; 6 of these
test results implicated allergic contact dermatitis caused
by chromium alone, whereas the remaining 4 patients
had concomitant allergy to either nickel or cobalt, and
these could therefore have played an additional role.

Make-up/cosmetics

The EU banned the use of chromium and other met-
als in cosmetic products in 1976 (Cosmetics Directive
76/768/EEC), but metals are still permitted in very low
quantities as impurities. Despite this, only a few stud-
ies have evaluated the presence of chromium in cos-
metics. In 2000, Sainio et al. examined 88 eye shadows
bought in Finland; all contained chromium, and nine had
concentrations of water-soluble chromium of >2 ppm,
with the highest value being 318 ppm (40). Recent stud-
ies (41–43) representing the Asian and European mar-
ket have found similar results, and concluded that, even
though there may be chromium in cosmetics, it does not
pose a significant health risk regarding the carcinogenic
effect of chromium(VI), but that it could potentially con-
tribute to allergic contact dermatitis morbidity. A recent
study from 2009 examined toy make-up from Italy. This
type of make-up is intended for the skin of children’s faces.
Among 52 samples investigated with atomic absorption
spectrometry, chromium was found at>5 ppm in 28 sam-
ples, and at >1000 ppm in three eye shadows (44).

Tattoo ink

Tattoo dyes are not officially controlled, and could poten-
tially contain various unknown substances (64). Most
of the published cases lack information on relevant ink
ingredients, because few manufacturers release the doc-
umentation (55). In a recent market survey from Italy,
Forte et al. (55) showed that allergenic metals such as
chromium, nickel and cobalt were present at above the
safe allergological limit of 1 ppm in 35 cases, nine cases,

and one case, respectively, among a total sample size of
56 inks. The prevalence of tattooing among people aged
18–50 years in the United States was recently estimated
to be close to 25% (56). Pigments that contain chromium
are used mostly in green tattoos, but the yellow colour
may rarely contain chromium salts as well. Allergic reac-
tions to chromium pigments in green tattoos have been
reported in older cases (57–59) and also in a light blue
tattoo (65). In a recent case series, 3 patients with positive
patch test reactions to potassium dichromate experienced
a flare-up in the green portions of their tattoos during
testing (66).

Detergents and bleaches

Washing detergents and bleaches have been associated
with allergic chromium dermatitis. Historically, a French
bleaching agent, ‘Eau de Javel’, caused allergic chromium
dermatitis in Belgium, France, Israel, and Spain (16–19).
Chromium salts were added to contribute to the colour
and act as staining agents and stabilizers, but were later
replaced with other chemicals (17). In modern formu-
lations, chromium is often present in the trivalent form,
and is thus less bioavailable (20). In a study from 1988
concerning US household bleaches, the authors found
only trace levels of chromium, which were no different
from those in other consumer products (21). In a study
from 1997 of Swedish detergents, Wahlberg et al. (22)
found similar low chromium concentrations when they
examined 19 detergents, with 16 of 19 products con-
taining <1.0 μg/g and no product containing >4 μg/g.
However, in 1998, Ingber et al. (23) examined detergents
and bleaches in Israel. They found chromium concentra-
tions of >5 ppm in 56% of the products tested. No similar
reports have been published recently.

Chromated metal alloys

As explained above, the surfaces of many metal products
made from iron or zinc, such as screws, fittings, and
other materials used in construction, are chromated
to prevent rust or surface oxidation (45, 46). Fregert
et al. (47) described hand dermatitis in 5 metal-workers
who handled chromated metal sheets, emphasizing
the clinical relevance of chromium exposure. The con-
tent of water-soluble chromium was between 0.03 and
0.44 μg/cm2, and, of this, 22–86% was chromium(VI).
Rycroft and Calnan (48) reported a metal-worker who
was sensitized to chromium following contact with
wet cement. However, hand dermatitis was induced
by the handling of a chromated metal sheet releasing
0.03–0.10 μg/cm2 chromium(VI). Hjerpe (49) observed

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
Contact Dermatitis 5



CHROMIUM ALLERGY AND DERMATITIS • BREGNBAK ET AL.

a small outbreak of hand dermatitis in 5 assembly workers
in a Swedish automobile company, caused by chromated
metal products; they had direct skin contact with screws,
nuts, discs and other metal components covered with
a yellow chromate layer. His conclusion was that yel-
low chromation is unsuitable for components that are
manually handled. Wass and Wahlberg (67) published
an experimental patch test study with 5 patients, and
found that all 5 patch tested chromium-allergic individ-
uals reacted to chromated discs releasing 0.060 μg/cm2

chromium(VI) from the surface within 20 min. Patch test-
ing with discs releasing lower amounts of chromium(VI)
failed to elicit positive test reactions. On the basis of
their results, they recommended that the mean release
of chromium(VI) from chromated products should not
exceed 0.30 μg/cm2. Geier et al. (45) patch tested 95
patients with proven (n=11) or suspected (n=84)
chromium allergy. They were patch tested with potas-
sium dichromate 0.5% pet., and exposed to chromated
rings (black, olive, and yellow); 52% (49/95) reacted
to potassium dichromate 0.5% pet. and 26% (25/95)
reacted to at least one chromated ring. They concluded
that chromium metal products must be regarded as a
hazard to chromium-sensitive individuals, in particular
those with a strong allergy potential. In Sweden, Kettelarij
et al. (31) recently examined used unwashed dental tools
for chromium release; in total, 21 tools were examined,
all releasing non-negligible amounts of chromium, and
seven releasing high amounts (30–160 μg/cm2/week).

Implants/prostheses

With increasingly ageing populations, metal implants
and devices are widely used in medical treatment. All
metals in contact with biological systems undergo some
degree of corrosion, leading to the formation of metal
ions, which may activate the immune system by form-
ing complexes with endogenous proteins. Orthopaedic
implants that contain chromium include stainless steel,
cobalt–chromium alloys, and vitallium. The most widely
used materials for vascular and cardiac stents are stain-
less steel or cobalt–chromium alloys, both of which con-
tain significant amounts of chromium (32). It has been
shown that the prevalence of metal allergy is higher
among patients who have functional implants, and even
higher in those with failed implants (33, 34). The extent
to which metal sensitivity contributes to implant fail-
ure is a controversial topic. Dental implants also contain
and release chromium. This has been summarized in a
recent review by Basko-Plluska et al. (35) from 2011. In
a Swedish study by Kettelarij et al. (31), five of five dental
alloys released chromium in small amounts.

Regulations

Although chromium is widely found in our environment,
and complete allergen avoidance can be difficult, reg-
ulatory interventions seem to limit excessive exposure.
The potential source of chromium(VI) in cement is the
trivalent compound in the raw materials from which
it is produced. Chromium(III) compounds are oxidized
to chromium(VI) compounds during the manufacturing
process. In 1971, Burckhardt et al. (5) reported 62 of 78
chromium-allergic patients who did not react to a solu-
tion of 40% cement in water to which 0.3% ferrous sul-
fate had been added. Fregert et al. (6) further explored
how the addition of 0.35% ferrous sulfate to cement could
reduce the water-soluble chromium content of 20 ppm
to undetectable concentrations. In 1981, ferrous sulfate
was therefore added to cement manufactured by Aal-
borg Portland, Denmark. This lowered the water-soluble
chromium content to <2 ppm. Legislation made the addi-
tion compulsory in Denmark from 1983. Finland fol-
lowed in 1987, and Sweden in 1989. An EU Directive
restricting the marketing and use of cement containing
>2 ppm chromium(VI) came into force in January 2005
(2003/53/EC) – see Table 3.

Chromium exposure from leather has also been regu-
lated stepwise. In 2003, the content in protective gloves
was limited to <10 ppm chromium(VI) in the EU (EN
420:2003), and in 2009 it was further limited to <3 ppm
chromium(VI) (EN 420:2009). In Germany, the 18th
amendment to the Regulation of the German Ordinance
on Commodities came into effect on 14 August 2010.
This regulation limited the level of chromium(VI) in mate-
rials made of leather intended to come into prolonged
contact with the skin to be not detectable (<3 ppm).
Influenced by the German regulation and the increas-
ing leather problem observed in Denmark (37), the Dan-
ish government submitted a dossier with information
about the chromium leather problem to the European
Chemicals Agency in January 2012. This was adopted
by the EU Commission [Commission regulation (EU) No.
301/2014] and is a part of REACH, which is the Reg-
ulation on Registration, Evaluation, Authorization and
Restriction of Chemicals in the EU. Thus, from May 2015,
leather articles placed on the markets of European coun-
tries that come into contact with the skin should not con-
tain >3 ppm chromium(VI) – see Table 4.

Chromated copper arsenate (CCA) is a wood preser-
vative containing arsenic, chromium, and copper. In
many countries, such as Canada, the United States, the
United Kingdom, Australia, and Norway, regulations
have limited the use of CCA as a wood preservative,
because of concerns about its allergenic and toxic capac-
ity (68). In Canada and the United States, manufacturers
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Table 3. Summary of the EU Directive (2003/53/EC) and reference method

From 17 January 2005 CEN standard

Part 1 Cement and cement-containing preparations may not be
used or placed on the market, if they contain, when
hydrated, more than 0.0002% soluble chromium(VI) of
the total dry weight of the cement.

EN 196-10: A test portion of cement is used to make a standard
mortar with CEN Standard sand and water in accordance with
current standard EN 196-1. The mortar is mixed for a specified
time and then filtered. An aliquot of filtrate is first treated with
diphenylcarbazide reagent, and then acidified within a narrow
range of pH (2.1–2.5). In acid solution, chromium(VI) forms a
red–violet complex with the reagent, and its absorption/colour is
measured with a visible light spectrophotometer set at a
wavelength of 540 nm, although other instrumental/end-point
procedures are permitted.

Part 2 If reducing agents are used, the packaging of cement or
cement-containing preparations should be marked with
information on the period of time for which the
reducing agent remains effective (i.e. packing date,
storage conditions, and storage period).

Part 3 Part 1 and Part 2 do not apply when it is for use in totally
automated and fully enclosed processes, where there is
no possibility of contact with the skin.

CEN, European Committee for Standardization; EN, European Norm.

Table 4. Summary of the Comission regulation (EU) no 301/2014 and reference method

From 1 May 2015 ISO standard

Part 1 Leather articles coming into contact with the skin shall not
be placed on the market if they contain chromium(VI) in
concentrations equal to or greater than 3 mg/kg
(0.0003% by weight) of the total dry weight of the
leather.

ISO 17075:2007: Soluble chromium(VI) is leached from the sample
in phosphate buffer at pH 7.5–8.0, and substances that influence
the detection are removed by solid-phase extraction if necessary.
Chromium(VI) content is determined with diphenylcarbazide
reagent at a wavelength of 504 nm with a spectrophotometer or a
filterphotometer. The method described is suitable for quantifying
the chromium(VI) content in leathers down to 3 mg/kg.

Part 2 Articles containing leather parts coming into contact with
the skin shall not be placed on the market if any of those
leather parts contains chromium VI in concentrations
equal to or greater than 3 mg/kg (0.0003% by weight) of
the total dry weight of that leather part.

Part 3 Part 1 and 2 shall not apply to the placing on the market of
second-hand articles that were in end-use in the EU
before 1 May 2015.

CEN, International Organization for Standardization; EN, European Norm.

of wood-treatment chemicals voluntarily agreed to cease
the use of CCA on lumber for non-industrial purposes as
of 31 December 2003 (Health Canada Pest Management
Regulatory Agency (HCPMR) 2002; U.S. Environmental
Protection Agency (EPA) 2002a). Nevertheless, a recent
study examined chromium on the hands of children
after they had been playing on playgrounds built on
CCA-treated wood. They found a significantly higher
amount of accumulated chromium among the group
from CCA playgrounds (69). Various other regulations
concerning the carcinogenic effect of chromium(VI) exist,
but they are beyond the scope of this review.

It is emphasized that the above description of regula-
tions is non-exhaustive. Further descriptions of regula-
tions are beyond the scope of this review.

Contents and Release Methods

Measuring the amount of chromium that is released from
items can provide an estimate of potential chromium
exposure. The different compositions of items require
different methods to determine the release. Below, we
present selected methods.

X-ray fluorescence (XRF)

The results obtained by screening with XRF indicate
which elements are present and their approximate
proportional distribution. It is a semiquantitative screen-
ing method that can only determine whether an element
is present, and not whether it is released from the item or
its oxidation.

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Artificial sweat test – EN 1811:2011 (70)

The artificial sweat test (reference test method EN1811)
is a test on metals that correlates, as far as possible,
with the variable human reactions that occur when
metallic articles are in direct and prolonged contact
with the skin. The release of chromium can be studied
quantitatively by immersing items in artificial sweat
for 1 week according to the reference test method for
the EU nickel regulation (EN 1811: 2011) (70). The
concentration of dissolved metal ions in the solution is
determined with an appropriate analytical method, for
example inductively coupled plasma mass spectrometry
(ICPMS) for total chromium content and photometric
analysis for detection of chromium(VI). The result is
expressed in micrograms per square centimetre per week
(μg/cm2/week). However, problems regarding correct
measurements when the concentrations of the different
oxidation states are determined can be a problem, as the
evidence suggests that chromium may be both oxidized
and reduced in artificial sweat (71).

ISO 17075:2007

ISO 17075:2007 is a test method for determining
the chromium(VI) content in solutions leached from
leather, and is suitable for all leather types to determine
contents down to 3 mg/kg (3 ppm). The principle of
the procedure is that a leather piece is sampled and
ground according to written procedures (72). After-
wards, it is placed in an extraction solution of phosphate
buffer for 3 hr. Chromium(VI) in the solution oxidizes
1,5-diphenylcarbazide (DPC) to 1,5-diphenylcarbazone
to give a red–violet complex with chromium, which can
be quantified photometrically at 540 nm. The method
measures the mass fraction, expressed in milligrams
per kilogram (mg/kg). There is no attempt to make the
environmental conditions of the test imitate human
physiology, with a pH of 8.0±0.1, room temperature
(20–25∘C), and no UV light. Recently, Hedberg et al.
(12) investigated the influence of stipulated test condi-
tions of ISO 17075:2007. They concluded that several
test parameters of the standard affect the amount of
detectable chromium(VI), among others the cutting/
grinding of the sample, which can possibly result in an
underestimation of the release of chromium(VI). Fur-
thermore, the standard does not consider the influence of
temperature and UV irradiation, which have been shown
to be significant factors for chromium release from leather
articles (11, 12).

Inductively coupled plasma mass spectrometry

ICPMS is a type of mass spectrometry that is capable
of detecting metals at low concentrations. The current

Fig. 3. A positive diphenylcarbazide spot test reaction on a
chromated screw. (1) A cotton stick is soaked in the pre-made
diphenylcarbazide solution, and then rubbed firmly against the
screw for 30 seconds. (2) In the presence of chromium(VI),
oxidation of 1,5-diphenylcarbazide to 1,5-diphenylcarbazone will
give a reddish purple-coloured cotton stick; the final reading should
be performed after 2 min.

technology does not normally allow separation between
the different oxidation states. It is therefore a useful tool
with which to determine the total chromium content of
solutions, but other methods are needed in order to dis-
tinguish between chromium(III) and chromium(VI) con-
tents, such as photometric detection.

Testing with the DPC spot test

The diphenylcarbazide (DPC) reagent is used for spec-
trometric determination of chromium(VI) content in ISO
17075:2007. Chromium release from leather and metals
can also be detected with a DPC spot test (Fig. 3) (39). It is a
semiquantitative direct screening method that can detect
chromium(VI) content down to 0.5 ppm. The clinical role
of the DPC spot test has not yet been defined, but it has
shown the ability to screen leather, screws/nails, and ear-
rings.

Chromium Deposition on the Skin

Skin exposure can be regarded as an interactive process
of deposition of a source on the skin, and is defined as
the mass of chemical reaching the body barrier and avail-
able for absorption per unit time (73). Most studies on
chromium allergy lack data on how much chromium the
skin has been exposed to. However, a wide range of meth-
ods have been developed to determine the deposition of
metals on the skin in occupational settings, for example
washing techniques (74), tape stripping (75), the acid
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wipe test (76), and visualization by spot tests (77, 78). The
washing techniques often involve washing the entire sur-
face of the hands and collecting the washing liquid. Tape
stripping, the acid wipe test and spot tests have the advan-
tage of being able to examine a specified area of particular
interest or exposure, and they can therefore assess the pos-
sible amount deposited per unit time.

Acid wipe sampling was developed for the quantitative
assessment of nickel, chromium and cobalt deposition
on the skin. The technique has been applied in several
studies (76–82), and may be a valuable tool in the diag-
nostic workup of occupational hand eczema. It has been
used to assess metal exposure in different occupations, is
reproducible, and has the highest sampling efficiency of
the mentioned techniques [∼93% for nickel, chromium,
and cobalt (76)]. It was developed in 2006 by Lidén
et al. (76), and validation (81) was initially performed on
workers performing normal work tasks. Here, chromium
was deposited on the skin of carpenters, cashiers, and
locksmiths, but to a much lesser degree on the skin of sec-
retaries. In 2010, Julander et al. (80) examined skin depo-
sition of chromium on the hands of workers producing
components for gas turbines and space propulsion. Their
results showed that, even though the chromium-exposed
workers washed their hands several times during a work-
day, they would still be exposed to chromium on the skin,
which may contribute to deposition and a risk for allergy.

Ideally, a rapid, inexpensive and direct-reading method
for dermal exposure measurement should be developed.
At present, most studies seem to use the acid wipe sam-
pling technique for measuring the deposition of metals on
the skin.

Chromium Penetration

Chromium penetration of the stratum corneum (SC) is
a prerequisite for activation of the skin immune appara-
tus. The outermost barrier of the human body consists of
layers of cornified keratinocytes with intercellular spaces
sealed with lipids. It is the principal barrier against per-
meation, and represents an external barrier against for-
eign insults, as well as an internal barrier to keep the
skin hydrated. The electrophilic nature of many metals
and their water solubility determine their protein reac-
tivity and penetration, which can result in intracellular
depot formation in the SC (83). It is the bioavailability of
the chromium salts that is essential for sensitization and
induction of allergic contact dermatitis.

In vitro permeation studies with a variety of analyti-
cal techniques have been applied in the past, involving
both animal and human skin. Early studies, mostly focus-
ing on exogenous factors, showed that crucial factors

regarding the permeation of chromium salts include the
following. (i) The oxidation state of chromium, because
chromium(VI) can pass more easily through the skin bar-
rier than chromium(III) (84–88). Chromium(III) tends to
form stable complexes within the epidermis, and a smaller
degree of permeation could also be attributable to greater
rejection of the positively charged chromium(III) ions by
the skin barrier (71, 87). (ii) Increasing the concentration
of chromium(VI) results in an increased concentration in
the skin, with a maximum peak, presumably as a result
of the limited binding capacity of the skin (71, 86–89).
(iii) Exposure time is an important factor, and longer expo-
sure time results in higher amounts of chromium being
absorbed by and permeating through the skin (71, 87).
In agreement with these results is a recent study (71)
on porcine and human skin, with evaluation by capillary
electrophoresis–inductively coupled plasma-sector field
mass spectrometry. They reconfirmed that chromium(III)
has strong affinity for the skin, whereas the affinity of
chromium(VI) for the skin is less pronounced, as it passes
more easily through it. Although chromium(VI) ions pass
more easily through the epidermis than chromium(III)
ions, the condition of the skin barrier appears to play a
critical role. Thus, Basketter et al. showed that, on normal
skin, the patch test threshold level for potassium dichro-
mate was 10 ppm, but, in the presence of an irritant, it was
closer to 1 ppm (90).

A recent study on skin penetration using a Franz cham-
ber showed that metallic chromium cannot permeate the
skin in artificial sweat at pH 6.5 (91). Metallic cobalt and
nickel could be oxidized when suspended in synthetic
sweat, but not chromium. Nevertheless, lowering the pH
of the sweat to 4.5 allowed chromium to penetrate the
skin (92). In an in vitro permeation experiment with intact
and damaged human skin, Larese et al. (93) showed that
cobalt and nickel powders can permeate through dam-
aged skin more easily than chromium powder, probably
as a result of its stronger binding to skin proteins. Finally,
a recent study by Kubo et al. showed that the SC com-
prises three layers with distinct metal ion barrier proper-
ties, owing to variation in amino acids (94).

Dose–Response Relationship

The specific dose of an allergen causing elicitation can
be identified by experimental dose–response studies
performed on allergic individuals. There have been
several dose–response studies on chromium (61, 90,
95–102), but most of these have focused mainly on
chromium(VI), and not chromium(III). An article by
Hansen et al. (103) from 2002 reviewed results from
previous studies on thresholds for elicitation. They calcu-
lated the minimal eliciting threshold (MET) in 10% of the
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chromium-sensitive patients, and found that the MET10%

for chromium(VI) ranged from 7 ppm (100, 102) to
45 ppm (96), with a median value of 13 ppm. Regarding
chromium(III), they did not systematically investigate
the dose–response relationship, as a result of their data,
but concluded that it is a weaker eliciting agent than
chromium(IV).

An experimental study focusing on both
chromium(III) and chromium(VI) was performed in
2003 by the same authors (61). For chromium(VI), they
found a MET10% of 1 ppm and a MET50% of 5 ppm. For
chromium(III), they found a MET10% of 6 ppm and a
MET50% of 89 ppm. These results highlight the signifi-
cance of chromium(III) for chromium contact dermatitis,
and show a lower chromium(III) elicitation thresh-
old than previously assumed. The results regarding
chromium(VI) were in agreement with previous studies
(103). The chromium(III) result is in contrast to most
other studies (4, 97, 98), which all showed elicitation
results of >1000 ppm. Allenby and Goodwin (100) found
a similar MET in their study from 1983, with 1 indi-
vidual reacting to solutions containing only 49 ppm
chromium(III). A study from India found no elicitation
of dermatitis among 18 chromium-allergic individuals
exposed to 50 ppm chromium(III), but the duration of
exposure to the allergen was only 4 hr (104). The syner-
gistic effect regarding a lower threshold in the presence of
both chromium(III) and chromium(VI) has, to our knowl-
edge, only been examined once, but the authors did not
test with low enough concentrations to show a potential
synergistic effect (61). A study from 2001 by Basketter
et al. (90) investigated the dose–response relationship
in chromium allergy. They found a MET10% of 34 ppm
(95%CI: 0.1–182 ppm) both by testing under closed
patch test conditions and with repeated open application,
in order to mimic more realistic conditions of exposure.
The conclusion of their study was that chromium-allergic
individuals can react upon repeated exposure to very low
levels of chromium. The results were not very different
from those of a study from 2000 indicating that 10 ppm
chromium may elicit hand dermatitis with immersion
of a finger for 10 min daily for 2 weeks (105). The MET
values for the different oxidation state forms and their
interaction still seem to be incompletely explored, and
further studies are probably needed in order to shed
further light on this topic.

Genetics

Although only a few studies have investigated a genetic
predisposition to chromium allergy, several studies have
investigated nickel, cobalt and chromium in combination.

A thorough review of genetic factors in contact allergy
was recently performed by Schnuch et al. (106).

Several different approaches have been used to inves-
tigate the genetic background of chromium allergy.
In 1993, Ishii et al. (107) showed that genetic con-
trol of delayed-type hypersensitivity reactions in mice
was antigen-specific for chromium, thus indicating a
genetic component. Several studies have been performed
with the human leukocyte antigen (HLA) encoded by
the major histocompatibility complex (MHC) class I
(HLA-A/HLA-B/HLA-C) and MHC class II (HLA-DP/
HLA-DQ/HLA-DR) genes as serological immunogenetic
markers (108–112). None of these studies found signifi-
cant differences in the distribution of HLA alleles between
chromium-sensitive individuals and controls. In 2008,
Schnuch et al. reviewed evidence indicating that patients
with polysensitization to contact allergens could repre-
sent a group with increased genetic susceptibility for the
development of contact allergy (113). They found that
the probability of being sensitized to an index allergen
gradually increased with the number of additionally
diagnosed allergens from the baseline series, including
chromium. Their conclusion was that polysensitized indi-
viduals may represent a subgroup of patients in whom
genetic risk factors are more prominent. Later in 2008,
Carlsen et al. (114) published a study examining asso-
ciations of 21 allergens in the European baseline series
with polysensitization. They found that the individuals
in their allergic population had already shown the ability
to acquire contact allergies but sensitization to specific
baseline allergens could not be used as risk indicators for
polysensitization. Wang et al. examined the genetic poly-
morphisms of DNA from 153 cement workers, and found
a significant association with the tumour necrosis factor
(TNF)-𝛼 promoter-308 heterozygous and GST-T1 null
genotype among the chromium-sensitive workers (115).

In conclusion, chromium allergy is a complex multifac-
torial disease, and the general view is that genetics do play
a role, but that their importance as compared with envi-
ronmental influences is probably very small.

Immunology

Although chromium(VI) penetrates the biological mem-
branes more easy than chromium(III), it does not react
with proteins to form haptens. It is first reduced to
chromium(III) within the skin (116), which explains
why chromium(III) is considered to be the actual hap-
ten forming the complex recognized by T cells (117).
A crucial distinct feature for the development of aller-
gic contact dermatitis is the involvement of specific
T cells. Allergens are bound, internalized, processed, and
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transported by Langerhans cells or macrophages to the
regional skin-draining lymph node, where they present
the contact allergen in the context of MHC molecules to
specific naïve T cells that become activated and clonally
expand to memory T cells (118). Re-exposure to the
relevant allergen initiates the efferent phase and clinical
expression of allergic contact dermatitis (119). Apart
from the antigen-specific T cell-activating signal, a sec-
ond pro-inflammatory stimulus is required for efficient
sensitization (120). This second stimulus delivers the
danger signal to the immune system, upregulating extra-
cellular matrix proteins that serve as endogenous ligands
for the extracellular Toll-like receptors (TLRs), and in
particular TLR4. The stimulation of the TLR receptors
triggers the production of pro-inflammatory cytokines,
which, in turn, promote the acquisition of skin sensitiza-
tion, and subsequently the elicitation of allergic contact
dermatitis (121). Recently, nickel was shown to be able to
bypass the need for a second stimulation, and to induce
an inflammatory response by directly activating human
TLR-4 (120). This discovery has resulted in investigations
on whether other metals have the same stimulatory effect
or other unique response patterns. A recent investigation
by Rachmawati et al. (122) studied a panel of allergens
including chromium, cobalt, and palladium, and came
to the conclusion that chromium may rather depend on
microbial or tissue-derived cofactors to induce contact
sensitization. In another recent study, they examined
the different immunological pathways of hypersensi-
tivity specifically caused by chromium(VI) (123). They
suggested that chromium allergy might be prevented
if anti-oxidative agents could reduce the formation of
reactive oxygen species and their effects on cytokines [e.g.
TNF-𝛼 and interleukin (IL)-1]. In a recent study on the
concepts in cutaneous allergy the underlying immuno-
logical mechanisms are reviewed (124). Their conclusion
was that, for prevention, diagnosis, treatment, hazard
identification, and risk assessment, understanding the
immunological mechanisms is crucial.

Concomitant test reactions

The finding of no cross-reactivity between cobalt,
chromium and nickel was described in 1966, when
Fregert and Rorsman (125) examined a total of 5416
patients, and came to the conclusion that concomi-
tant allergies to these metals can be explained by the
co-occurrence of various metals in sensitizing prod-
ucts. Several studies using guinea-pigs have shown
no cross-reactivity between chromium and nickel
(126–128). A later evaluation study using both
guinea-pigs and the local lymph node assay in mice

showed no cross-reactions between chromium, nickel,
titanium and zirconium salts (129). The topic was also
examined in guinea-pigs with chromium and cobalt,
and no indication of cross-reactivity was found (126).
Guinea-pig sensitization rates seem to be practically
identical between the sexes (130).

Potassium dichromate has been shown to be a strong
sensitizer both in human models and in animals, with the
two most widely recognized models being the guinea-pig
maximization test and the local lymph node assay in
mice. Kligman (131) developed a predictive human assay,
the maximization test, which classifies allergens into five
classes according to their potency. Potassium dichromate
showed extreme allergenic potential, and was classified as
a class 5 hapten. Magnusson and Kligman (132) reported
potassium dichromate as a grade IV (of V) allergen, sen-
sitizing 75% of the guinea-pigs in the maximization test.
Basketter and Scholes (133) reported potassium dichro-
mate to be an extreme sensitizer, according to the local
lymph node assay.

Epidemiology

Patient characteristics

The characteristics of chromium-allergic patients show
variations between different continents. In a recent ques-
tionnaire study, we characterized Danish chromium-
allergic patients for the period 2003–2012 (30). We
found that almost three-quarters of patients were women,
with an age of >58 years. Occupational causation of
chromium dermatitis was found for only one-quarter
of patients. Similar trends have been seen in other
European countries, with approximately two-thirds of
the chromium patch test-positive populations being
women in, for example, the Czech Republic (134), Italy
(135), Poland (136), and Spain (137). Regulations and
laws have existed in European nations for many years,
beginning with the Danish cement regulation of 1983
(see Regulations). These interventions appear to have
changed the aetiology and epidemiology of chromium
allergy, from an occupational problem caused mainly by
cement exposure (138–140) affecting primarily males,
to a consumer problem caused by exposure to leather arti-
cles and primarily affecting females (30, 37, 141). A high
age of chromium-allergic patients could be recognized
when cement was the main cause of chromium allergy.
In a thesis regarding cement dermatitis and chromium
allergy from 1970, the chromium-positive study popu-
lation had an average age of >50 years, implying that
the development of clinical chromium allergy was a pro-
tracted process, usually requiring many years of exposure
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(8). This could be a physiological phenomenon or a result
of longer disease duration before diagnosis. Climatic and
cultural differences probably play important roles as well.
In 1985, Olumide (142) observed a prevalence of contact
allergy to potassium dichromate of 7.8% in Nigeria, with
the main causes being cement and leather. The leather
exposure could very well be a result of the high usage
in Nigeria of sandals with no shoe lining or socks, and
thereby bio-available chromium(VI) (38).

In general, the characteristics of chromium-allergic
patients appear to have been sparsely investigated outside
Europe. In countries without regulation of chromium in
cement, the aetiology and epidemiology resemble those
in Europe before regulations came into force; that is,
chromium allergy is mainly observed in male construc-
tion workers (27, 143, 144).

Atopic dermatitis

The relationship between allergic contact allergy and
atopic dermatitis is inconclusive, and past findings have
been contradictory. Regarding allergic contact der-
matitis caused by chromium, published studies have
mainly shown positive associations with atopic der-
matitis (145–148). Nevertheless, these findings could
be attributable to false-positive test reactions that may
have occurred as a result of irritating properties of the
chromium patch test preparation (145). Other factors,
such as characteristics of the chromium-allergic patient,
could potentially bias the data, making it difficult to detect
an association, for example age, sex, and concurrent sen-
sitizations. As mentioned above, Kubo et al. (94) recently
found the SC to be composed of three layers with distinct
metal ion barrier properties, by using both regular and
filaggrin-knockout mice. The discovery of such a metal
ion barrier does make a positive association between
atopic dermatitis and allergic chromium dermatitis likely.
In another recent study by Malajian and Belsito (149), a
strikingly higher prevalence of chromium allergy among
atopic dermatitis patients than in a non-atopic dermatitis
group was found.

Although atopic dermatitis may, in some cases, lead
to false-positive reactions upon patch testing, atopic der-
matitis cannot be ignored as a potential risk factor for
the development of allergic contact dermatitis caused by
chromium or other allergens.

Temporal trends: historical and recent

Most data concerning prevalence rates are obtained from
patch test clinics, and may give an inaccurate estimate,
owing to selection bias. The causes of chromium-allergic

contact dermatitis are different from one country to
another, and are influenced by regulations, fashion
trends, technological developments, socio-cultural fac-
tors, and different patch test referral patterns. During
the 1970s, an increase in the number of patients with
occupational chromium dermatitis led to an increasing
number of persons with permanent disability in Denmark
(150). The legislation regarding compulsory addition
of ferrous sulfate in 1983 resulted in a decreasing
prevalence of chromium allergy in Denmark (139). The
prevalence of chromium then decreased until 1995, and
then increased again until 2007, presumably because of
increased leather exposure (37). The reported prevalence
rates from 1950 to 1996 have been reviewed by Proctor
et al. (151). The reported clinical prevalence trends from
Europe and North America are shown in Fig. 4. There
was a notable rise from the late 1960s to the mid-1970s,
and later similar fall in prevalence rates from the late
1980s, peaking in the mid-1990s.

We performed a literature search with the pur-
pose of describing recent temporal trends regarding
global chromium allergy prevalence rates (see Materi-
als/Methods for details). The data reported are prevalence
rates from 2002 and onwards, in an attempt to compare
trends from three continents: Europe, North America,
and Asia.

The European Surveillance System on Contact Aller-
gies (ESSCA) started to collect patch test data from dif-
ferent centres in 2001. This European collaboration has
so far resulted in four ESSCA analyses, reporting clini-
cal prevalence rates and current temporal trends for the
years 2002–2003, 2004, 2005–2006, and 2007–2008
(152–155). The authors observed an overall significant
decline in the prevalence of chromium allergy from 5.3%
in 2002–2003 to 4.2% in 2007–2009 (linear-by-linear
association ptrend <0.001). A similar temporal trend was
observed when the weighted average of the individual
countries’ (134–137, 152, 156–165) prevalence rates
across Europe in the period 2002–2012 (ptrend <0.001)
were examined. This general decrease in the prevalence
of chromium allergy among European countries corre-
sponds well with a possible effect of the European cement
regulation.

The only continents outside Europe that have enough
reported prevalence rates for estimation of temporal
trends are North America and Asia. The data from North
America show a significant decrease in prevalence from
2002 to 2010 (ptrend =0.003). Asian clinics generally
report much higher prevalence rates of chromium allergy
than those in Europe and North America. However,
no significant trend was observed from 2002 to 2012
(ptrend =0.131) (Table 5).
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Fig. 4. Prevalence rates of positive patch test reactions to chromium among dermatitis patients: a weighted average from a literature search
on general clinical studies from 2003 to 2014 on published prevalence rates (see Table 5). *Prevalence rates from the review by Proctor et al.
(151). ESSCA, European Surveillance System on Contact Allergies.

Table 5. The weighted average of prevalence rates of chromium(VI) contact allergy from general clinical studies from 2002 and onwards

Region Reference 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Temporal

trend

Asia (166–174) n 1686 1343 967 967 841 615 615 788 – – 85 →

% 12.6 15.7 24.5 24.5 24.2 14.7 14.7 15.4 – – 16.1

Europe (134–137, 152, 156–165) n 1900 2047 1937 2046 1633 14 850 15 907 1867 15 142 14 156 13 048 ↘

% 6.9 6.6 6.8 6.1 5.7 4.5 4.5 4.9 2.1 3.5 3.0

North America (175–179) n 3125 3433 3433 3086 2937 3253 3253 2866 2866 – – ↘

% 5.0 5.0 5.0 5.5 5.6 4.9 4.9 3.7 3.7 – –

ESSCA (152, 160) n 5256 5256 9987 9273 9273 12 911 12 911 – – – – ↘

% 5.3 5.3 4.4 4.0 4.0 4.2 4.2 – – – –

n, total number of patients examined in the study; %, percentage of positive patch test reactions to potassium dichromate; ESSCA, European
Surveillance System of Contact Allergies.

Temporal trends are defined as𝜒2 trend test with<0.05;↘ , significant fall;→ , no significant change. Notice that the Europe and ESSCA results
include some duplicate data.

The decrease in the prevalence rates appears to be a
general trend in European and North American clini-
cal populations. The frequency of chromium allergy is
dependent on the level of exposure in the population, and
the fact that different regulations regarding chromium
exposure and an awareness of protective measures in
occupational settings have been in focus for many years
might explain the observed differences. It is plausible
that regulations such as the German regulation and the
upcoming European regulation have already had an
impact, as a result of the industry’s early awareness.

Clinical Aspects

From a clinical point of view, chromium allergy may
often manifest as severe, sometimes widespread, very
persistent dermatitis, and is considered to have a rel-
atively poor prognosis, as dermatitis is often chronic
(180–183). In 1960, Calnan (184) described the disease
with prominent features of chronicity, recurrences, and
therapeutic recalcitrance. In 1975, Fregert (183) pub-
lished a study examining 14 chromium-allergic patients
over a 10-year period. Only 7% of the patients remained
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free of disease during the examination time, 43% had
intermittent episodes of dermatitis, and 50% had chronic
disease. In 2009, Hald et al. (180) examined the disease
severity of 799 consecutive hand dermatitis patients
assessed by the dermatologist with the Hand Eczema
Severity Index. Their study showed that severe symptoms
of hand dermatitis at baseline were associated with a
positive patch test reaction to chromium, and evaluation
6 months after initial examination showed that patients
with chromium contact allergy had the worst prognosis.
A 7-year follow-up study on the same patient cohort
was recently published, supporting the perception of
hand dermatitis as a chronic disease and poor prog-
nosis being associated with severity of hand dermatitis
at baseline (185).

In a recent study characterizing a Danish cohort of
chromium patch test-positive patients, we showed that
the hands and the feet are most prone to be involved both
in the acute phase and in the chronic phase of allergic con-
tact dermatitis caused by chromium (30). Other investi-
gations have supported the idea that these manifestations
are the most frequent. Avnstorp (138) described primar-
ily the clinical patterns of chromium allergy caused by
cement, and found erythema and hyperkeratosis on the
dorsal aspects of the hands and fingers, but also on the
wrists, to be the most prevalent findings. Another Danish
study (37) showed similar results, with the hands being
the most frequent locations of dermatitis, and nearly half
of the chromium-positive patients suffering from foot
dermatitis.

Chromium allergy has been linked to recurrent,
vesicular hand dermatitis (186, 187). In both studies,
double-blind, placebo-controlled oral challenge with
tablets of 2.5 mg of chromium and placebo were given.
Of the 61 patients, 28 experienced flare-up of dermatitis
after ingestion of chromium, and 6 experienced flare-up
of dermatitis after ingestion of the placebo tablet. In
a recent published case, a chromium-allergic patient
with treatment-resistant dermatitis had his lesions com-
pletely resolved after stopping daily intake of vitamin
pills containing 150 μg of chromium chloride (188).
After 3 months without dermatitis, he experienced
immediate flare-up after one tablet a day for three con-
secutive days. Sharma et al. recently reviewed the role of
a low-chromium diet among chromium-allergic patients
(189). They reported that careful selection of food with
a relatively low chromium concentration can result
in a reduction in the total dietary intake of chromate
per day. A diet with a low chromium concentration
may improve the outcome of the disease, especially
chronic vesicular hand eczema caused by chromium
sensitivity.

Patch Testing

Patch testing with potassium dichromate 0.5% pet. was
introduced in 1931 (2). Currently, it is present in the
European baseline patch test series, and it is used at
0.25% in North America. The European Environmen-
tal and Contact Dermatitis Research Group (190, 191)
conducted trials comparing 0.5% potassium dichro-
mate with 0.375% and 0.25%. The conclusion was that
patch testing with lower concentrations of potassium
dichromate results in fewer irritant reactions, but that,
at lower concentrations, some allergic reactions may
be missed. Potassium dichromate is an allergen that
may produce a positive test reaction after the D2 read-
ing. Shehade et al. (192) examined 4721 patch tested
patients with D2 and D4 readings. A total of 3.4% had
positive reactions to potassium dichromate, but 18.9%
of these reactions were negative at the D2 reading.
Macfarlane et al. (193) examined patch test reactions
at D7 and D9. This study concluded that D9 readings
were of limited value, and that paired patch test read-
ings on D4 and D7 were more reliable than those on
D2 and D4.

Lymphocyte proliferation testing is an in vitro assay
that evaluates lymphocyte antigen recall (194). Recent
studies have suggested that production of the cytokine
IL-13 may be used to diagnose chromium-allergic contact
dermatitis, and that interferon-𝛾 , IL-2, IL-5 and IL-12
may serve to further establish an accurate diagnosis
(195, 196). It was recently suggested that cellular in vitro
responses, determined with the lymphocyte transforma-
tion test, could discriminate between sensitized individ-
uals with and without clinically manifest allergy (197).
These tests could potentially supplement patch testing.

Future Investigations

A reduction in the amount of chromium exposure
remains an important health consideration. As previous
regulations on chromium in cement have decreased
the prevalence of chromium allergy, novel regulations
on chromium in leather are expected to have a similar
impact on the epidemiological pattern. We recommend
epidemiological monitoring of current interventions to
measure the magnitude of effect.

According to the European leather regulation, control
of compliance regarding chromium(VI) release levels
has to be performed according to ISO 17075:2007, and
only once. This could be a problem, given that environ-
mental factors such as pH change, temperature and tear
from the environment could change the oxidation state
of chromium, thus giving different release levels. The
standard should be refined.
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14 Contact Dermatitis



CHROMIUM ALLERGY AND DERMATITIS • BREGNBAK ET AL.

Reference
1 Martial R. La ‘Gâle’ du ciment. Presse

Med 1908: 64: 507–508.
2 Englehardt W E, Mayer R L. Über

Chromeczeme im Graphischen Gawerbe.
Arch Gewerbepath Hyg 1931: 2:
140–168.

3 Jäeger H, Pelloni E. Test épicutanés aux
bichromates, positifs dans l’eczema au
ciment. Dermatologica 1950: 100:
207–215.

4 Fregert S, Rorsman H. Allergy to
trivalent chromium. Arch Dermatol
1964: 90: 4–6.

5 Burckhardt W, Frenk E, de Sépibus D,
Paschoud J M, Szadurski J, Schwarz K.
Decrease of the eczematous effect of
dement by ferrous sulphate.
Dermatologica 1971: 142: 271–273.

6 Fregert S, Gruvberger B, Sandahl E.
Reduction of chromate in cement by iron
sulfate. Contact Dermatitis 1979: 5:
39–42.

7 Bonnevie P. Aetiologie und pathogenese
der ekzemkrankheiten. Thesis, Denmark,
University of Copenhagen, 1939.

8 Høvding G. Cement eczema and
chromium allergy, an epidemiologic
investigation. Thesis, Norway, University
of Bergen, 1970.

9 Nilsson NH, Malmgren-Hansen B,
Christensen I. Methods to Determine
Chromium (VI) and Brominated Flame
Retardants in Electrical and Electronic
Equipment. Carsten Lassen COWI A/S,
Danish Environmental Protection
Agency, 2009, Environmental Project
No. 1292. Chemistry and Water
Technology, Danish Technological
Institute.

10 Pourbaix M. Atlas of Electrochemical
Equilibria in Aqueous Solutions, 2nd
edition: Houston, TX, National
Association of Corrrosion Engineers,
1974.

11 Mathiason F, Lidén C, Hedberg Y S.
Chromium released from leather – II: the
importance of environmental
parameters. Contact Dermatitis 2015:
72: 275–285.

12 Hedberg Y S, Lidén C, Odnevall W. I.
Chromium released from leather – I:
exposure conditions that govern the
release of chromium(III) and
chromium(VI). Contact Dermatitis 2015:
72: 206–215.

13 Cronin E. Contact Dermatitis: Edinburgh,
New York, Churchill Livingstone, 1980.

14 Hodgson G A. Industrial dermatitis.
Postgrad Med J 1966: 42: 643–651.

15 Rudzki E, Kozlowska A. Causes of
chromate dermatitis in Poland. Contact
Dermatitis 1980: 6: 191–196.

16 de la Cuadra J, Lachapelle J M. Chromate
in Spanish Eau de Javel. Contact
Dermatitis 1987: 16: 282–283.

17 Lachapelle J M, Lauwerys R, Tennstedt D
et al. Eau de Javel and prevention of
chromate allergy in France. Contact
Dermatitis 1980: 6: 107–110.

18 Quinones P A, Garcia Munoz C M.
Allergic contact sensitizations to nickel
and chromium: presence of these
metallic elements in commercial
detergents for household use. Ann
Dermatol Syphiligr (Paris) 1965: 92:
383–386.

19 Feuerman E. Chromates as the cause of
contact dermatitis in housewives.
Dermatologica 1971: 143: 292–297.

20 Basketter D A, Briatico-Vangosa G,
Kaestner W, Lally C, Bontinck W J.
Nickel, cobalt and chromium in
consumer products: a role in allergic
contact dermatitis? Contact Dermatitis
1993: 28: 15–25.

21 Hostynek J J, Maibach H I. Chromium in
US household bleach. Contact Dermatitis
1988: 18: 206–209.

22 Wahlberg J E, Lindstedt G, Einarsson O.
Chromium, cobalt and nickel in Swedish
cement, detergents, mould and cutting
oils. Berufsdermatosen 1977: 25:
220–228.

23 Ingber A, Gammelgaard B, David M.
Detergents and bleaches are sources of
chromium contact dermatitis in Israel.
Contact Dermatitis 1998: 38: 101–104.

24 Pirilä V, Kilpio O. On dermatoses caused
by bichromates. Acta Derm Venereol
1949: 29: 550–563.

25 Macedo M S, de Avelar Alchorne A O,
Costa E B, Montesano F T. Contact
allergy in male construction workers in
Sao Paulo, Brazil, 2000–2005. Contact
Dermatitis 2007: 56: 232–234.

26 Sarma N. Occupational allergic contact
dermatitis among construction workers
in India. Indian J Dermatol 2009: 54:
137–141.

27 Wang B J, Wu J D, Sheu S C et al.
Occupational hand dermatitis among
cement workers in Taiwan. J Formos Med
Assoc 2011: 110: 775–779.

28 Wong C C, Gamboni S E, Palmer A M,
Nixon R L. Occupational allergic contact

dermatitis to chromium from cement:
estimating the size of the problem in
Australia. Australas J Dermatol 2014
[Epub ahead of print].

29 Hedberg Y S, Gumulka M, Lind M L,
Matura M, Lidén C. Severe occupational
chromium allergy despite cement
legislation. Contact Dermatitis 2014: 70:
321–323.

30 Bregnbak D, Thyssen J P, Zachariae C,
Johansen J D. Characteristics of
chromium-allergic dermatitis patients
prior to regulatory intervention for
chromium in leather: a questionnaire
study. Contact Dermatitis 2014: 71:
338–347.

31 Kettelarij J A, Lidén C, Axen E, Julander
A. Cobalt, nickel and chromium release
from dental tools and alloys. Contact
Dermatitis 2014: 70: 3–10.

32 Kapnisis K, Constantinides G, Georgiou
H et al. Multi-scale mechanical
investigation of stainless steel and
cobalt–chromium stents. J Mech Behav
Biomed Mater 2014: 40C: 240–251.

33 Hallab N, Merritt K, Jacobs J J. Metal
sensitivity in patients with orthopaedic
implants. J Bone Joint Surg Am 2001:
83-A: 428–436.

34 Jacobs J J, Urban R M, Hallab N J, Skipor
A K, Fischer A, Wimmer M A.
Metal-on-metal bearing surfaces. J Am
Acad Orthop Surg 2009: 17: 69–76.

35 Basko-Plluska J L, Thyssen J P, Schalock
P C. Cutaneous and systemic
hypersensitivity reactions to metallic
implants. Dermatitis 2011: 22: 65–79.

36 Hansen M B, Menné T, Johansen J D.
Cr(III) and Cr(VI) in leather and
elicitation of eczema. Contact Dermatitis
2006: 54: 278–282.

37 Thyssen J P, Jensen P, Carlsen B C,
Engkilde K, Menné T, Johansen J D. The
prevalence of chromium allergy in
Denmark is currently increasing as a
result of leather exposure. Br J Dermatol
2009: 161: 1288–1293.

38 Thyssen J P, Strandesen M, Poulsen P B,
Menné T, Johansen J D. Chromium in
leather footwear – risk assessment of
chromium allergy and dermatitis.
Contact Dermatitis 2012: 66: 279–285.

39 Bregnbak D, Johansen J D, Jellesen M S,
Zachariae C, Thyssen J P. Chromium(VI)
release from leather and metals can be
detected with a diphenylcarbazide spot
test. Contact Dermatitis 2015 [Epub
ahead of print].

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
Contact Dermatitis 15



CHROMIUM ALLERGY AND DERMATITIS • BREGNBAK ET AL.

40 Sainio E L, Jolanki R, Hakala E, Kanerva
L. Metals and arsenic in eye shadows.
Contact Dermatitis 2000: 42: 5–10.

41 Kang E K, Lee S, Park J H, Joo K M, Jeong
H J, Chang I S. Determination of
hexavalent chromium in cosmetic
products by ion chromatography and
postcolumn derivatization. Contact
Dermatitis 2006: 54: 244–248.

42 Hwang M, Yoon E K, Kim J Y et al. Safety
assessment of chromium by exposure
from cosmetic products. Arch Pharm Res
2009: 32: 235–241.

43 Contado C, Pagnoni A. A new strategy
for pressed powder eye shadow analysis:
allergenic metal ion content and particle
size distribution. Sci Total Environ 2012:
432: 173–179.

44 Corazza M, Baldo F, Pagnoni A,
Miscioscia R, Virgili A. Measurement of
nickel, cobalt and chromium in toy
make-up by atomic absorption
spectroscopy. Acta Derm Venereol 2009:
89: 130–133.

45 Geier J, Lessmann H, Hellweg B et al.
Chromated metal products may be
hazardous to patients with chromate
allergy. Contact Dermatitis 2009: 60:
199–202.

46 Kim I S, Yoo K H, Kim M N et al. The fine
scratches of the spectacle frames and the
allergic contact dermatitis. Ann Dermatol
2013: 25: 152–155.

47 Fregert S, Gruvberger B, Heijer A.
Chromium dermatitis from galvanized
sheets. Berufsdermatosen 1970: 18:
254–260.

48 Rycroft R J, Calnan C D. Relapse of
chromate dermatitis from sheet metal.
Contact Dermatitis 1977: 3: 177–180.

49 Hjerpe L. Chromate dermatitis at an
engine assembly department. Contact
Dermatitis 1986: 14: 66–67.

50 Seishima M, Oyama Z, Yamamura M.
Cellular phone dermatitis. Arch Dermatol
2002: 138: 272–273.

51 Seishima M, Oyama Z, Oda M. Cellular
phone dermatitis with chromate allergy.
Dermatology 2003: 207: 48–50.

52 Tan S, Nixon R. Allergic contact
dermatitis caused by chromium in a
mobile phone. Contact Dermatitis 2011:
65: 246–247.

53 Richardson C, Hamann C R, Hamann D,
Thyssen J P. Mobile phone dermatitis in
children and adults: a review of the
literature. Pediatr Allergy Immunol
Pulmonol 2014: 27: 60–69.

54 Tritsch H, Orfanos C, Luckerath I. Studies
on allergic skin reactions to chromated
catgut. Hautarzt 1967: 18: 355–361.

55 Forte G, Petrucci F, Cristaudo A, Bocca B.
Market survey on toxic metals contained

in tattoo inks. Sci Total Environ 2009:
407: 5997–6002.

56 Laumann A E, Derick A J. Tattoos and
body piercings in the United States: a
national data set. J Am Acad Dermatol
2006: 55: 413–421.

57 Bjornberg A. Allergic reactions to
chrome in green tattoo markings. Acta
Derm Venereol 1959: 39: 23–29.

58 Cairns R J, Calnan C D. Green tattoo
reactions associated with cement
dermatitis. Br J Dermatol 1962: 74:
288–294.

59 Loewenthal L J. Reactions in green
tatoos. The significance of the valence
state of chromium. Arch Dermatol 1960:
82: 237–243.

60 Aslan A. Determination of heavy metal
toxicity of finished leather solid waste.
Bull Environ Contam Toxicol 2009: 82:
633–638.

61 Hansen M B, Johansen J D, Menné T.
Chromium allergy: significance of both
Cr(III) and Cr(VI). Contact Dermatitis
2003: 49: 206–212.

62 Thyssen J P, Jellesen M S, Moller P,
Menné T, Johansen J D. Allergic
chromium dermatitis from wearing
‘chromium-free’ footwear. Contact
Dermatitis 2014: 70: 185–187.

63 Hedberg Y S, Liden C, Odnevall W. I.
Correlation between bulk- and surface
chemistry of Cr-tanned leather and the
release of Cr(III) and Cr(VI). J Hazard
Mater 2014: 280: 654–661.

64 Kazandjieva J, Tsankov N. Tattoos:
dermatological complications. Clin
Dermatol 2007: 25: 375–382.

65 Tazelaar D J. Hypersensitivity to
chromium in a light-blue tattoo.
Dermatologica 1970: 141: 282–287.

66 Jacob S E, Castanedo-Tardan M P,
Blyumin M L. Inflammation in green
(chromium) tattoos during patch testing.
Dermatitis 2008: 19: E33–E34.

67 Wass U, Wahlberg J E. Chromated steel
and contact allergy. Recommendation
concerning a ‘threshold limit value’ for
the release of hexavalent chromium.
Contact Dermatitis 1991: 24: 114–118.

68 Mercer T G, Frostick L E. Evaluating the
potential for environmental pollution
from chromated copper arsenate
(CCA)-treated wood waste: a new mass
balance approach. J Hazard Mater 2014:
276: 10–18.

69 Hamula C, Wang Z, Zhang H et al.
Chromium on the hands of children after
playing in playgrounds built from
chromated copper arsenate
(CCA)-treated wood. Environ Health
Perspect 2006: 114: 460–465.

70 CEN. Reference Test Method for Release of
Nickel from all Post Assemblies which are
Inserted into Pierced Parts of the Human
body and Articles Intended to Come into
Direct and Prolonged Contact with the Skin.
EN-1811, 2011.

71 Van Lierde V, Chery C C, Roche N,
Monstrey S, Moens L, Vanhaecke F. In
vitro permeation of chromium species
through porcine and human skin as
determined by capillary
electrophoresis-inductively coupled
plasma-sector field mass spectrometry.
Anal Bioanal Chem 2006: 384:
378–384.

72 ISO. Leather – Chemical Tests –
Determination of Chromium(VI) Content.
ISO 17075, 2007. International
Organization for Standardization,
Geneva.

73 Fenske R A. Dermal exposure assessment
techniques. Ann Occup Hyg 1993: 37:
687–706.

74 Linnainmaa M, Kiilunen M. Urinary
cobalt as a measure of exposure in the
wet sharpening of hard metal and stellite
blades. Int Arch Occup Environ Health
1997: 69: 193–200.

75 Hostynek J J, Dreher F, Nakada T,
Schwindt D, Anigbogu A, Maibach H I.
Human stratum corneum adsorption of
nickel salts. Investigation of depth
profiles by tape stripping in vivo. Acta
Derm Venereol Suppl (Stockh) 2001: 212:
11–18.

76 Lidén C, Skare L, Lind B, Nise G, Vahter
M. Assessment of skin exposure to nickel,
chromium and cobalt by acid wipe
sampling and ICP-MS. Contact Dermatitis
2006: 54: 233–238.

77 Julander A, Skare L, Vahter M, Lidén C.
Nickel deposited on the
skin – visualization by DMG test. Contact
Dermatitis 2011: 64: 151–157.

78 Midander K, Julander A, Skare L, Lidén
C. Cobalt skin dose resulting from short
and repetitive contact with hard metals.
Contact Dermatitis 2014: 70: 361–368.

79 Jensen P, Thyssen J P, Johansen J D,
Skare L, Menné T, Lidén C. Occupational
hand eczema caused by nickel and
evaluated by quantitative exposure
assessment. Contact Dermatitis 2011:
64: 32–36.

80 Julander A, Skare L, Mulder M, Grander
M, Vahter M, Lidén C. Skin deposition of
nickel, cobalt, and chromium in
production of gas turbines and space
propulsion components. Ann Occup Hyg
2010: 54: 340–350.

81 Lidén C, Skare L, Nise G, Vahter M.
Deposition of nickel, chromium, and

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
16 Contact Dermatitis



CHROMIUM ALLERGY AND DERMATITIS • BREGNBAK ET AL.

cobalt on the skin in some
occupations – assessment by acid wipe
sampling. Contact Dermatitis 2008: 58:
347–354.

82 Lidén C, Skare L, Vahter M. Release of
nickel from coins and deposition onto
skin from coin handling – comparing
Euro coins and SEK. Contact Dermatitis
2008: 59: 31–37.

83 Samitz M H, Katz S A. Nickel–epidermal
interactions: diffusion and binding.
Environ Res 1976: 11: 34–39.

84 Mali J W, Van Koot, Van Neer. Some
aspects of the behavior of chromium
compounds in the skin. J Invest Dermatol
1963: 41: 111–122.

85 Spruit D, van Neer F C. Penetration rate
of Cr (3) and Cr (VI). Dermatologica
1966: 132: 179–182.

86 Samitz M H, Katz S, Shrager J D. Studies
of the diffusion of chromium compounds
through skin. J Invest Dermatol 1967:
48: 514–520.

87 Gammelgaard B, Fullerton A, Avnstorp
C, Menné T. Permeation of chromium
salts through human skin in vitro.
Contact Dermatitis 1992: 27: 302–310.

88 Wahlberg J E, Skog E. Percutaneous
absorption of trivalent and hexavalent
chromium. A comparative investigation
in the guinea pig by means of 51Cr. Arch
Dermatol 1965: 92: 315–318.

89 Lidén S, Lundberg E. Penetration of
chromium in intact human skin in vivo.
J Invest Dermatol 1979: 72: 42–45.

90 Basketter D, Horev L, Slodovnik D,
Merimes S, Trattner A, Ingber A.
Investigation of the threshold for allergic
reactivity to chromium. Contact
Dermatitis 2001: 44: 70–74.

91 Larese F F, Gianpietro A, Venier M,
Maina G, Renzi N. In vitro percutaneous
absorption of metal compounds. Toxicol
Lett 2007: 170: 49–56.

92 Larese F F, D’Agostin F, Crosera M,
Adami G, Bovenzi M, Maina G. In vitro
percutaneous absorption of chromium
powder and the effect of skin cleanser.
Toxicol In Vitro 2008: 22: 1562–1567.

93 Larese F F, D’Agostin F, Crosera M,
Adami G, Bovenzi M, Maina G. In vitro
absorption of metal powders through
intact and damaged human skin. Toxicol
In Vitro 2009: 23: 574–579.

94 Kubo A, Ishizaki I, Kubo A et al. The
stratum corneum comprises three layers
with distinct metal-ion barrier
properties. Sci Rep 2013: 3: 1731.

95 Estlander T, Jolanki R, Kanerva L.
Occupational allergic contact dermatitis
from trivalent chromium in leather
tanning. Contact Dermatitis 2000: 43:
114.

96 Kosann M K, Brancaccio R R, Shupack J
L, Franks A G Jr, Cohen D E. Six-hour
versus 48-hour patch testing with
varying concentrations of potassium
dichromate. Am J Contact Dermat 1998:
9: 92–95.

97 Rudzki E, Zakrzewski Z, Prokopczyk G,
Kozlowska A. Contact sensitivity to
trivalent chromium compounds. Derm
Beruf Umwelt 1978: 26: 83–85.

98 Samitz M H, Shrager J. Patch test
reactions to hexavalent and trivalent
chromium compounds. Arch Dermatol
1966: 94: 304–306.

99 Fischer L A, Menné T, Voelund A,
Johansen J D. Can exposure limitations
for well-known contact allergens be
simplified? An analysis of dose–response
patch test data. Contact Dermatitis 2011:
64: 337–342.

100 Allenby C F, Goodwin B F. Influence of
detergent washing powders on minimal
eliciting patch test concentrations of
nickel and chromium. Contact Dermatitis
1983: 9: 491–499.

101 Pirilä V. On the role of chrome and other
trace elements in cement eczema. Acta
Derm Venereol 1954: 34: 136–143.

102 Burrows D, Calnan C D. Cement
dermatitis. II. Clinical aspects. Trans St
Johns Hosp Dermatol Soc 1965: 51:
27–39.

103 Hansen M B, Rydin S, Menné T, Duus J J.
Quantitative aspects of contact allergy to
chromium and exposure to
chrome-tanned leather. Contact
Dermatitis 2002: 47: 127–134.

104 Wilkinson D S, Fregert S, Magnusson B
et al. Terminology of contact dermatitis.
Acta Derm Venereol 1970: 50: 287–292.

105 Nielsen N H, Kristiansen J, Borg L,
Christensen J M, Poulsen L K, Menné T.
Repeated exposures to cobalt or
chromate on the hands of patients with
hand eczema and contact allergy to that
metal. Contact Dermatitis 2000: 43:
212–215.

106 Schnuch A, Westphal G, Mossner R, Uter
W, Reich K. Genetic factors in contact
allergy – review and future goals.
Contact Dermatitis 2011: 64: 2–23.

107 Ishii N, Takahashi K, Kawaguchi H,
Nakajima H, Tanaka S, Aoki I. Genetic
control of delayed-type hypersensitivity
to chromium chloride. Int Arch Allergy
Immunol 1993: 100: 333–337.

108 Kapoor-Pillarisetti A, Mowbray J F,
Brostoff J, Cronin E A. HLA dependence
of sensitivity to nickel and chromium.
Tissue Antigens 1981: 17: 261–264.

109 Liden S, Beckman L, Cedergren B, Groth
O, Goransson K, Wahlby L. Lack of
association between allergic contact

dermatitis and HLA antigens of the A
and B series. Acta Derm Venereol 1981:
61: 155–157.

110 Liden S, Beckman L, Cedergren B,
Goransson K, Nyquist H. HLA antigens
in allergic contact dermatitis. Acta Derm
Venereol Suppl (Stockh) 1978: 58:
53–56.

111 Emtestam L, Zetterquist H, Olerup O.
HLA-DR, -DQ and -DP alleles in nickel,
chromium, and/or cobalt-sensitive
individuals: genomic analysis based on
restriction fragment length
polymorphisms. J Invest Dermatol 1993:
100: 271–274.

112 Roupe G, Rydberg L, Swanbeck G.
HLA-antigens and contact
hypersensitivity. J Invest Dermatol 1979:
72: 131–132.

113 Schnuch A, Brasch J, Uter W.
Polysensitization and increased
susceptibility in contact allergy: a
review. Allergy 2008: 63: 156–167.

114 Carlsen B C, Menné T, Johansen J D.
Associations between baseline allergens
and polysensitization. Contact Dermatitis
2008: 59: 96–102.

115 Wang B J, Shiao J S, Chen C J, Lee Y C,
Guo Y L. Tumour necrotizing
factor-alpha promoter and GST-T1
genotype predict skin allergy to
chromate in cement workers in Taiwan.
Contact Dermatitis 2007: 57: 309–315.

116 Wang B J, Guo Y L, Chang H Y et al.
N-acetylcysteine inhibits chromium
hypersensitivity in coadjuvant
chromium-sensitized albino guinea pigs
by suppressing the effects of reactive
oxygen species. Exp Dermatol 2010: 19:
e191–e200.

117 Siegenthaler U, Laine A, Polak L. Studies
on contact sensitivity to chromium in
the guinea pig. The role of valence in the
formation of the antigenic determinant. J
Invest Dermatol 1983: 80: 44–47.

118 Jakob T, Ring J, Udey M C. Multistep
navigation of Langerhans/dendritic cells
in and out of the skin. J Allergy Clin
Immunol 2001: 108: 688–696.

119 Picker L J, Kishimoto T K, Smith C W,
Warnock R A, Butcher E C. ELAM-1 is an
adhesion molecule for skin-homing T
cells. Nature 1991: 349: 796–799.

120 Schmidt M, Raghavan B, Muller V et al.
Crucial role for human toll-like receptor
4 in the development of contact allergy
to nickel. Nat Immunol 2010: 11:
814–819.

121 McFadden J P, Puangpet P, Basketter D
A, Dearman R J, Kimber I. Why does
allergic contact dermatitis exist? Br J
Dermatol 2013: 168: 692–699.

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
Contact Dermatitis 17



CHROMIUM ALLERGY AND DERMATITIS • BREGNBAK ET AL.

122 Rachmawati D, Bontkes H J, Verstege M I
et al. Transition metal sensing by
Toll-like receptor-4: next to nickel, cobalt
and palladium are potent human
dendritic cell stimulators. Contact
Dermatitis 2013: 68: 331–338.

123 Lee Y H, Su S B, Huang C C et al.
N-acetylcysteine attenuates hexavalent
chromium-induced hypersensitivity
through inhibition of cell death,
ROS-related signaling and cytokine
expression. PLoS One 2014: 9: e108317.

124 Martin S F. New concepts in cutaneous
allergy. Contact Dermatitis 2015: 72:
2–10.

125 Fregert S, Rorsman H. Allergy to
chromium, nickel and cobalt. Acta Derm
Venereol 1966: 46: 144–148.

126 Liden C, Wahlberg J E. Cross-reactivity to
metal compounds studied in guinea pigs
induced with chromate or cobalt. Acta
Derm Venereol 1994: 74: 341–343.

127 van Hoogstraten I M, de Groot J, Boden
D, von Blomberg B M, Kraal G, Scheper R
J. Development of a concomitant nickel
and chromium sensitization model in the
guinea pig. Int Arch Allergy Immunol
1992: 97: 258–266.

128 Turk J L, Parker D. Sensitization with Cr,
Ni and Zr salts and allergic type
granuloma formation in the guinea pig. J
Invest Dermatol 1977: 68: 341–345.

129 Ikarashi Y, Momma J, Tsuchiya T,
Nakamura A. Evaluation of skin
sensitization potential of nickel,
chromium, titanium and zirconium salts
using guinea-pigs and mice. Biomaterials
1996: 17: 2103–2108.

130 Ziegler V, Suss E. The TINA test. Curr
Probl Dermatol 1985: 14: 172–192.

131 Kligman A M. The identification of
contact allergens by human assay. 3. The
maximization test: a procedure for
screening and rating contact sensitizers.
J Invest Dermatol 1966: 47: 393–409.

132 Magnusson B, Kligman A M. The
identification of contact allergens by
animal assay. The guinea pig
maximization test. J Invest Dermatol
1969: 52: 268–276.

133 Basketter D A, Scholes E W. Comparison
of the local lymph node assay with the
guinea-pig maximization test for the
detection of a range of contact allergens.
Food Chem Toxicol 1992: 30:
65–69.

134 Martin T, Iva K. Allergic contact
dermatitis and changes in the frequency
of the causative allergens demonstrated
with patch testing in 2008–2012.
Biomed Pap Med Fac Univ Palacky Olomouc
Czech Repub 2014 [Epub ahead of print].

135 Rui F, Bovenzi M, Prodi A et al. Nickel,
chromium and cobalt sensitization in a
patch test population in north-eastern
Italy (1996–2010). Contact Dermatitis
2013: 68: 23–31.

136 Reduta T, Bacharewicz J, Pawlos A.
Patch test results in patients with allergic
contact dermatitis in the Podlasie region.
Postepy Dermatol Alergol 2013: 30:
350–357.

137 García-Gavín J, Armario-Hita J C,
Fernandez-Redondo V et al.
Epidemiology of contact dermatitis in
Spain. Results of the Spanish
Surveillance System on Contact Allergies
for the year 2008. Actas Dermosifiliogr
2011: 102: 98–105.

138 Avnstorp C. Cement eczema. An
epidemiological intervention study. Acta
Derm Venereol Suppl (Stockh) 1992: 179:
1–22.

139 Avnstorp C. Follow-up of workers from
the prefabricated concrete industry after
the addition of ferrous sulphate to
Danish cement. Contact Dermatitis 1989:
20: 365–371.

140 Johansen J D, Menné T, Christophersen J,
Kaaber K, Veien N. Changes in the
pattern of sensitization to common
contact allergens in Denmark between
1985–1986 and 1997–1998, with a
special view to the effect of preventive
strategies. Br J Dermatol 2000: 142:
490–495.

141 Zachariae C O, Agner T, Menné T.
Chromium allergy in consecutive
patients in a country where ferrous
sulfate has been added to cement since
1981. Contact Dermatitis 1996: 35:
83–85.

142 Olumide Y M. Contact dermatitis in
Nigeria. Contact Dermatitis 1985: 12:
241–246.

143 Guo Y L, Wang B J, Yeh K C et al.
Dermatoses in cement workers in
southern Taiwan. Contact Dermatitis
1999: 40: 1–7.

144 Bilcha K D, Ayele A, Shibeshi D, Lovell C.
Patch testing and contact allergens in
Ethiopia – results of 514 contact
dermatitis patients using the European
baseline series. Contact Dermatitis 2010:
63: 140–145.

145 Hegewald J, Uter W, Pfahlberg A, Geier J,
Schnuch A. A multifactorial analysis of
concurrent patch-test reactions to
nickel, cobalt, and chromate. Allergy
2005: 60: 372–378.

146 Heine G, Schnuch A, Uter W, Worm M.
Type-IV sensitization profile of
individuals with atopic eczema: results
from the Information Network of
Departments of Dermatology (IVDK) and

the German Contact Dermatitis Research
Group (DKG). Allergy 2006: 61:
611–616.

147 Clemmensen K K, Thomsen S F, Jemec G
B, Agner T. Pattern of contact
sensitization in patients with and
without atopic dermatitis in a
hospital-based clinical database. Contact
Dermatitis 2014: 71: 75–81.

148 Thyssen J P, Johansen J D, Linneberg A,
Menné T, Engkilde K. The association
between contact sensitization and atopic
disease by linkage of a clinical database
and a nationwide patient registry.
Allergy 2012: 67: 1157–1164.

149 Malajian D, Belsito D V. Cutaneous
delayed-type hypersensitivity in patients
with atopic dermatitis. J Am Acad
Dermatol 2013: 69: 232–237.

150 Menné T, Bachmann E. Permanent
disability from skin diseases. A study of
564 patients registered over a six year
period. Derm Beruf Umwelt 1979: 27:
37–42.

151 Proctor D M, Fredrick M M, Scott P K,
Paustenbach D J, Finley B L. The
prevalence of chromium allergy in the
United States and its implications for
setting soil cleanup: a cost-effectiveness
case study. Regul Toxicol Pharmacol
1998: 28: 27–37.

152 Goon A T, Goh C L. Metal allergy in
Singapore. Contact Dermatitis 2005: 52:
130–132.

153 Handa S, Kaur I, Gupta T, Jindal R. Hand
eczema: correlation of morphologic
patterns, atopy, contact sensitization and
disease severity. Indian J Dermatol
Venereol Leprol 2012: 78: 153–158.

154 Boonchai W, Iamtharachai P. Risk
factors for common contact allergens
and patch test results using a modified
European baseline series in patients
tested during between 2000 and 2009 at
Siriraj Hospital. Asian Pac J Allergy
Immunol 2014: 32: 60–65.

155 Cheng S, Cao M, Zhang Y et al. Time
trends of contact allergy to a modified
European baseline series in Beijing
between 2001 and 2006. Contact
Dermatitis 2011: 65: 22–27.

156 Bajaj A K, Saraswat A, Mukhija G,
Rastogi S, Yadav S. Patch testing
experience with 1000 patients. Indian J
Dermatol Venereol Leprol 2007: 73:
313–318.

157 Ni C, Dou X, Chen J, Zhu X, Liu L.
Contact sensitization in Chinese patients
with hand eczema. Dermatitis 2011: 22:
211–215.

158 Yin R, Huang X Y, Zhou X F, Hao F. A
retrospective study of patch tests in

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
18 Contact Dermatitis



CHROMIUM ALLERGY AND DERMATITIS • BREGNBAK ET AL.

Chongqing, China from 2004 to 2009.
Contact Dermatitis 2011: 65: 28–33.

159 Dou X, Zhao Y, Ni C, Zhu X, Liu L.
Prevalence of contact allergy at a
dermatology clinic in China from
1990–2009. Dermatitis 2011: 22:
324–331.

160 Hassan I, Rather P A, Jabeen Y et al.
Preliminary experience of patch
testing at Srinagar, Kashmir. Indian J
Dermatol Venereol Leprol 2013: 79:
813–816.

161 Uter W, Aberer W, Armario-Hita J C
et al. Current patch test results with the
European baseline series and extensions
to it from the ‘European Surveillance
System on Contact Allergy’ network,
2007–2008. Contact Dermatitis 2012:
67: 9–19.

162 Aguilar-Bernier M, Bernal-Ruiz A I,
Rivas-Ruiz F, Fernandez-Morano M T, de
Troya-Martin M. Contact sensitization to
allergens in the Spanish standard series
at Hospital Costa del Sol in Marbella,
Spain: a retrospective study
(2005–2010). Actas Dermosifiliogr
2012: 103: 223–228.

163 Akyol A, Boyvat A, Peksari Y, Gurgey E.
Contact sensitivity to standard series
allergens in 1038 patients with contact
dermatitis in Turkey. Contact Dermatitis
2005: 52: 333–337.

164 Beliauskiene A, Valiukeviciene S, Uter
W, Schnuch A. The European baseline
series in Lithuania: results of patch
testing in consecutive adult patients.
J Eur Acad Dermatol Venereol 2011: 25:
59–63.

165 Bordel-Gomez M T, Miranda-Romero A,
Castrodeza-Sanz J. Isolated and
concurrent prevalence of sensitization to
transition metals in a Spanish
population. J Eur Acad Dermatol Venereol
2008: 22: 1452–1457.

166 Bruynzeel D P, Diepgen T L, Andersen K
E et al. Monitoring the European
standard series in 10 centres
1996–2000. Contact Dermatitis 2005:
53: 146–149.

167 Ertam I, Turkmen M, Alper S. Patch-test
results of an academic department in
Izmir, Turkey. Dermatitis 2008: 19:
213–215.

168 Lindberg M, Edman B, Fischer T,
Stenberg B. Time trends in Swedish
patch test data from 1992 to 2000. A
multi-centre study based on age- and
sex-adjusted results of the Swedish
standard series. Contact Dermatitis 2007:
56: 205–210.

169 Machovcova A, Dastychova E, Kostalova
D et al. Common contact sensitizers in

the Czech Republic. Patch test results in
12,058 patients with suspected contact
dermatitis*. Contact Dermatitis 2005: 53:
162–166.

170 Mahler V, Geier J, Schnuch A. Current
trends in patch testing – new data from
the German Contact Dermatitis Research
Group (DKG) and the Information
Network of Departments of Dermatology
(IVDK). J Dtsch Dermatol Ges 2014: 12:
583–592.

171 Schwensen J F, Menné T, Veien N K et al.
Occupational contact dermatitis in blue
collar workers: results from a multicentre
study from the Danish Contact
Dermatitis Group (2003–2012). Contact
Dermatitis 2014: 71: 348–355.

172 Wetter D A, Davis M D, Yiannias J A et al.
Patch test results from the Mayo Clinic
Contact Dermatitis Group, 1998–2000.
J Am Acad Dermatol 2005: 53:
416–421.

173 Wentworth A B, Yiannias J A, Keeling J
H et al. Trends in patch-test results and
allergen changes in the standard series: a
Mayo Clinic 5-year retrospective review
(January 1, 2006, to December 31,
2010). J Am Acad Dermatol 2014: 70:
269–275.

174 Warshaw E M, Belsito D V, Taylor J S
et al. North American Contact
Dermatitis Group patch test results:
2009 to 2010. Dermatitis 2013: 24:
50–59.

175 Nguyen S H, Dang T P, MacPherson C,
Maibach H, Maibach H I. Prevalence of
patch test results from 1970 to 2002 in a
multi-centre population in North
America (NACDG). Contact Dermatitis
2008: 58: 101–106.

176 Davis M D, Wang M Z, Yiannias J A
et al. Patch testing with a large series of
metal allergens: findings from more than
1,000 patients in one decade at Mayo
Clinic. Dermatitis 2011: 22: 256–271.

177 The European Surveillance System of
Contact Allergies (ESSCA): results of
patch testing the standard series, 2004.
J Eur Acad Dermatol Venereol 2008: 22:
174–181.

178 Uter W, Hegewald J, Aberer W et al. The
European standard series in 9 European
countries, 2002/2003 – first results of
the European Surveillance System on
Contact Allergies. Contact Dermatitis
2005: 53: 136–145.

179 Uter W, Ramsch C, Aberer W et al. The
European baseline series in 10 European
countries, 2005/2006 – results of the
European Surveillance System on
Contact Allergies (ESSCA). Contact
Dermatitis 2009: 61: 31–38.

180 Hald M, Agner T, Blands J, Ravn H,
Johansen J D. Allergens associated with
severe symptoms of hand eczema and a
poor prognosis. Contact Dermatitis 2009:
61: 101–108.

181 Thormann J, Jespersen N B, Joensen H D.
Persistence of contact allergy to
chromium. Contact Dermatitis 1979: 5:
261–264.

182 Wall L M, Gebauer K A. A follow-up
study of occupational skin disease in
Western Australia. Contact Dermatitis
1991: 24: 241–243.

183 Fregert S. Occupational dermatitis in a
10-year material. Contact Dermatitis
1975: 1: 96–107.

184 Calnan C D. Cement dermatitis. J Occup
Med 1960: 2: 15–22.

185 Petersen A H, Johansen J D, Hald M.
Hand eczema – prognosis and
consequences: a 7-year follow-up study.
Br J Dermatol 2014: 171: 1428–1433.

186 Veien N K, Hattel T, Laurberg G.
Chromate-allergic patients challenged
orally with potassium dichromate.
Contact Dermatitis 1994: 31: 137–139.

187 Kaaber K, Veien N K. The significance of
chromate ingestion in patients allergic to
chromate. Acta Derm Venereol 1977: 57:
321–323.

188 Ozkaya E, Topkarci Z, Ozarmagan G.
Systemic allergic dermatitis from
chromium in a
multivitamin/multimineral tablet.
Contact Dermatitis 2010: 62: 184.

189 Sharma A D. Low chromate diet in
dermatology. Indian J Dermatol 2009:
54: 293–295.

190 Andersen K E, Burrows D, Cronin E,
Dooms Goossens A, Rycroft R J, White I
R. Recommended changes to standard
series. Contact Dermatitis 1988: 19:
389–390.

191 Burrows D, Andersen K E, Camarasa J G
et al. Trial of 0.5% versus 0.375%
potassium dichromate. European
Environmental and Contact Dermatitis
Research Group (EECDRG). Contact
Dermatitis 1989: 21: 351.

192 Shehade S A, Beck M H, Hillier V F.
Epidemiological survey of standard series
patch test results and observations on
day 2 and day 4 readings. Contact
Dermatitis 1991: 24: 119–122.

193 Macfarlane A W, Curley R K, Graham R
M, Lewis-Jones M S, King C M. Delayed
patch test reactions at days 7 and 9.
Contact Dermatitis 1989: 20: 127–132.

194 Wolf R, Davidovici B, Marcos B, Orion E.
Lymphocyte transformation test in
patients with allergic contact dermatitis.
Contact Dermatitis 2005: 53: 245.

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
Contact Dermatitis 19



CHROMIUM ALLERGY AND DERMATITIS • BREGNBAK ET AL.

195 Martins L E, Reis V M. IL-13: a marker of
chromium contact allergy. J Eur Acad
Dermatol Venereol 2013: 27:
e390–e393.

196 Martins L E, Reis V M. Cytokine detection
for the diagnosis of chromium allergy.
An Bras Dermatol 2013: 88:
719–725.

197 Lindemann M, Rietschel F, Zabel M,
Grosse-Wilde H. Detection of chromium
allergy by cellular in vitro methods. Clin
Exp Allergy 2008: 38: 1468–1475.

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
20 Contact Dermatitis


