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ABSTRACT

Background: Allergic contact dermatitis (ACD)
caused by chromium in cement is a significant occu-
pational hazard. However, legislation in Europe over
the past two decades to reduce the concentration of
chromium in cement to <2 ppm through the addition
of ferrous sulphate to cement, has seen a significant
decrease in the incidence of chromium allergy. No
such legislation exists in Australia.
Methods: A retrospective analysis of results from
the Patchcams database of patients attending the
Occupational Dermatology Clinic at the Skin &
Cancer Foundation, Melbourne, who were patch
tested for chromium between 1 January 1993 to 31
December 2013, was conducted.
Results: Our review revealed that there has not
been any significant change in the number of cases of
ACD to chromium attributed to sensitisation through
cement. Based on our data, we estimate that a
minimum of 24 cases of chromium occupational ACD
(OACD) from cement is found in Australia yearly,
causing considerable morbidity, often associated
with an inability to work, costly workers’ compensa-
tion claims and sometimes the development of
the disabling condition, persistent post-occupational
dermatitis.

Conclusion: These findings highlight the need for
high-level discussions about adopting European leg-
islation in Australia in order to reduce the likelihood
of developing chromium OACD from cement.
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INTRODUCTION

Occupational exposure to cement is a significant risk factor
for the development of chromium sensitivity. Hexavalent
chromium (chromium VI) in cement is a common cause of
allergic contact dermatitis (ACD).1 Over the past few
decades legislative changes in Europe have mandated a
reduced concentration of chromium in cement to reduce
exposure.

Contact dermatitis from cement is caused by both irrita-
tion and allergy. Wet cement is an irritant because of its
abrasive texture and marked alkalinity resulting from the
addition of accelerators. Plain cement has a pH of around
11, but the introduction of additives, including various
accelerators, makes it even more alkaline.2 It was not until
1950 that the cause of cement allergy; water-soluble chro-
mium, was discovered.3 Both chromium and cobalt are
impurities found in the clay used to make cement and,
interestingly, dual sensitivity to both substances often
occurs.4 Chromium is converted from an inert, insoluble,
trivalent form to a soluble, allergenic, hexavalent form
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during kiln processing. The addition of ferrous sulphate to
cement reduces the hexavalent form to a trivalent state
(chromium III), which has a low degree of skin permeation
and therefore rarely causes sensitisation.5

Legislative changes in Denmark in 1983 enforced the
compulsory addition of ferrous sulphate to cement, reduc-
ing the amount of water-soluble chromium from approxi-
mately 10 ppm to <2 ppm.6 This resulted in an overall
decrease in chromium allergy in those attending patch test
clinics, from 3% in 1985–1986 to 1% in 1997–1998
(P = 0.001), primarily among those of working age (from 19
to 60 years of age). The proportion of chromium occupa-
tional ACD (OACD) also decreased from 43% in 1985–1986
to 20% in 1997–1998.7 Since then, the prevalence of chro-
mium sensitisation to cement in Denmark has been declin-
ing.8,9 In 1987 Finland also enforced the addition of ferrous
sulphate to cement. Follow-up data from the Finnish Reg-
ister of Occupational Diseases revealed that the occurrence
of chromium OACD subsequently decreased to less than
one-third of the previous level.10

A high prevalence of occupational dermatitis (332 of 1138
workers; 29%) and chromium sensitisation (96 of 180
workers exposed, 53%) was observed during the construc-
tion of the Channel Tunnel between England and France
during 1990–1992.4 Likewise, German and Austrian data
from 1992–2000 showed a high prevalence of chromium
OACD in construction workers.11 The abundance of infor-
mation about this occupational hazard finally led to the
introduction of an EU directive 2003/53/EC in January 2005,
which restricted the marketing and use of cement contain-
ing >2 ppm of chromium.12 An analysis of UK data since
2003 found a significant reduction in the incidence of OACD
attributed to chromium, suggesting that the EU 2003/53/EC
intervention was a successful intervention.13 These findings
have been reproduced in Scandinavia, Germany and Austria
following legislation to reduce chromium levels in
cement.7,10,13,14

However, where there was no regulation of the chromium
content in cement there was no significant change in the
rate of contact allergy to chromium. The North American
Contact Dermatitis Group and St John’s Institute of Derma-
tology Contact Dermatitis Clinic in London found no signifi-
cant differences in the frequency of contact allergy to
chromium between from 1985–1989 to 1992–1994.15,16 A
review of two occupational surveillance health schemes
(EPIDERM and OPRA) from 1993 to 2004 also concluded
that there had been no change in the number of chromate-
related cases during this time period, when there had been
no legislation reducing the chromate concentration in
cement.17

Despite long-standing awareness of this problem in Aus-
tralia and, in particular, the poor prognosis of chromium
OACD, estimates of those affected have been limited. In
1991 Wall and Gebauer reported a staggering 248 cases of
chromium ACD over an 8-year period in Western Australia
from all causes.18 In a 6-year retrospective study of a patch
test population in New South Wales, 40/218 (18%) of those
with occupational skin disease had chromium OACD. The
source of chromium was attributed to cement, paint and

leather.19,20 This study aims to estimate the magnitude of
chromium OACD from cement in Australia and to facilitate
a discussion on the costs and benefits of adopting
European-style legislation.12

METHODS

We retrospectively analysed results from the Patchcams
(Occupational Dermatology Research, Melbourne) data-
base of patients attending the Occupational Dermatology
Clinic (ODC) at the Skin & Cancer Foundation, Melbourne
from 1 January 1993 to 31 December 2013. Allergens used
for patch testing were obtained from Chemotechnique
Diagnostics (Malmö, Sweden) and applied to the back using
Finn Chambers (SmartPractice, Phoenix, AZ, USA) on
Scanpor (Epitest, Tuusula, Finland; now Smart Practice,
Phoenix, AZ, USA). The patches were removed after 48 h
and test readings were performed at day 2 and day 4/5.
Chromium allergy was assessed by testing with potassium
dichromate at a dilution of 0.5% and often at 0.25% in
petrolatum as well. The population of Victoria was com-
pared to the population of Australia from the 2011 census
data. This study was performed as part of a quality assur-
ance activity, approved by the Board of the Skin and Cancer
Foundation.

RESULTS

A total of 3685 patients were patch tested to chromium.
There were 116 cases where a positive patch test result to
chromium was assessed as being relevant to the patient’s
presenting dermatitis, based on clinical history of dermati-
tis, positive patch test and history of exposure. The percent-
age of chromium OACD in patients attending ODC annually
ranged from 5% in 1993 to 3% in 2013. After a review of the
patient histories, 47 (41%) cases of chromium OACD caused
by cement were identified. There were also 37 (32%) cases
where the primary source of chromium exposure was
clearly attributed to leather. In nine (8%) cases, the source
of chromium exposure was attributed to both chromium
and leather and it was not possible to conclude which expo-
sure had caused sensitisation. There were 23 (24%) cases of
chromium OACD from other sources, which included rust-
proof paints and coatings (Table 1).

In the 10 years from 2004 to 2013 the mean number of
annual cases of OACD caused by chromium in cement, and
cement and leather combined, was 4.0 cases (total 40
cases). Additional cases may have been patch tested at the
Skin and Foundation Contact Dermatitis Clinic, in Monash
Medical Centre and by private dermatologists and allergists,
so that we estimate that patch testing at our clinic has
captured approximately 66–80% of the cases of chromium
OACD, yielding 5–6 cases annually in Victoria. Based on the
recent 2011 census, Victoria represents 25% of the popula-
tion of Australia.21 Thus, we estimate that, at an absolute
minimum, 20–24 cases of OACD to chromium from cement
occur annually in Australia.
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DISCUSSION

It is clear that there has been little change in the number of
annual cases of chromium OACD from cement between
1993 and 2013 in Victoria. More cases of chromium OACD
were identified from exposure to cement as compared to
leather, which is no longer the case in Europe.8,13 Our esti-
mate is that at least 24 cases of chromium OACD occur
annually in Australia. It is also important to note that some
workers with OACD in Australia are not referred for patch
testing. In a previous workplace-based study we found that
almost 30% of workers with OACD or occupational contact
urticaria had not been referred for testing.22

The prognosis for chromium OACD is notoriously bad.20,23

Many workers with chromium OACD will experience this
debilitating condition, together with persistent post-
occupational dermatitis, and suffer severe and disabling
dermatitis, with marked economic consequences and
adverse effects on their quality of life.20,24

Based on 430 chromium OACD cases from cement per
year, the 10-year maximum cost in the UK associated with
the European legislation on chromium reduction in cement
was estimated to be £28.6 million (2001 £) and the benefit
£53.3 million (2001 £), providing a cost-benefit ratio of up to
1:1.9.25 The cost of the ferrous sulphate addition to cement
was approximately 1% the total value of cement.8 The
enforcement of the European legislation has been shown to
be both economically viable and successful in reducing the
prevalence of occupational chromium allergy.7,10,13,25

In Australia the National Industrial Chemicals Notifica-
tion and Assessment Scheme (NICNAS) assesses industrial

chemicals for their health and environmental effects prior
to use, or chemicals already in use on a priority basis, under
the Industrial Chemicals Notification and Assessment Act
1990.26 As yet, NICNAS has not undertaken an assessment of
chromium VI in cement or leather products and has not
made a recommendation on its safe use. Current legislation
under the Approved Criteria for Classifying Hazardous Sub-
stances (National Occupational Health and Safety Commis-
sion, 1008 [2004]), Appendix 8.22 states: ‘The packaging of
cements and cement preparations containing more than
0.0002% soluble chromium (VI) of the total dry weight of
the cement must bear the inscription: “Contains chromium
(VI). May produce an allergic reaction” unless the prepara-
tion is already classified and labelled as a sensitiser with
phrase R43’.27

A limitation of this study is that our extrapolation of the
number of cases in Australia is based on Victorian data.
However, the New South Wales study referred to earlier
reported 40 cases of chromium OACD from all sources over
6 years, so that would suggest a similar rate of cases occur-
ring in that state.19 Much higher numbers of chromium
OACD were reported from Western Australia around the
same time.18

In summary, we believe that it is now important to evalu-
ate the costs of chromium OACD from cement and the costs
of the reduction of chromium in cement through the wide-
spread addition of ferrous sulphate, and subsequently
evaluate the cost-benefit to Australia of enacting the legis-
lation that has been enacted in Europe. The estimate of the
magnitude of the problem provides the first step in this
analysis.

Table 1 Chromium patch test results from 1993 to 2013

Year
Total tested
chromium (n)

Relevant reactions
to chromium n
(% total tested)

Source of
chromium
allergy
is cement (n)

Source of
chromium
allergy is
leather (n)

Source of
chromium
allergy is
both cement
and leather (n)

Other sources
of chromium
including rustproof
paints and coatings (n)

1993 94 5 (5) 1 4
1994 127 7 (6) 2 3 2
1995 123 4 (3) 1 2 1
1996 148 4 (3) 1 3
1997 144 3 (2) 1 2
1998 116 4 (3) 1 1 1 1
1999 133 3 (2) 1 2
2000 135 1 (1) 1
2001 194 6 (3) 2 3 1
2002 220 5 (2) 2 1 2
2003 277 6 (2) 1 4 1
2004 264 10 (4) 3 4 2 1
2005 240 5 (2) 3 2
2006 252 6 (2) 2 2 1 1
2007 196 9 (5) 4 3 1 1
2008 177 6 (3) 3 2 1
2009 166 8 (5) 6 1 1
2010 190 6 (3) 3 1 2
2011 174 6 (3) 3 2 1
2012 155 7 (5) 5 1 1
2013 160 5 (3) 2 2 1
Total 3685 116 47 37 9 23

Occupational contact dermatitis 3
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Conclusion

The success of European legislation in reducing the amount
of chromium in cement and subsequently, the number of
cases of chromium OACD caused by cement, suggests that
this approach is feasible. This is the first Australian study to
attempt to estimate the number of annual cases of chro-
mium OACD from cement. These data enable us to facilitate
a debate on the cost-benefit implications of the widespread
addition of ferrous sulphate to cement, in order to reduce
the incidence of this debilitating dermatological condition.
It goes without saying that all suspected cases of OACD
should be referred for diagnostic patch testing.
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