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1. AIMS OF THE STUDY
This study was carried out for the following reasons.

1) to determine the status of cement eczema in Denmark in 1981.

2) to investigate the influence of water soluble chromates in cement
on the development and severity of allergic cement eczema.

3) to estimate whether the addition of ferrous sulfate to Danish

cement decreased the risk of developing allergic cement eczema
in Denmark.

4) to evaluate if individual preventive measures were able to pro-
tect against development of cement eczema.

5) to evaluate the medical and social prognosis of workers with
cement eczema after the addition of ferrous sulfate to Danish
cement.

6) to study possible socio-economic benefits derived from the ad-
dition of ferrous sulfate to Danish cement.

2. DEFINITIONS
Allergic cement eczema.
cement eczema with a concomitant chromium hypersensitivity.

Irritant cement eczema:
Cement eczema without a concomitant chromium hypersensitivity.

Objective cement eczema:

Presence of the following skin changes found at the examination:
erythema and/or vesicles and/or hyperkeratosis of the wrists and/or
the palms and/or the dorsal aspect of the hands and/or the fingers.

Reported cement eczema:
Episodes of hand eczema previously and/or within the past year
lasting at least 2 weeks and/or currently.

Chronic cement eczema:
Hand eczema currently and within the past year lasting for at least
2 weeks.

Chromium hypersensitivity:
A positive patch test to potassium dichromate.

3. INTRODUCTION

The association between cement eczema and cutaneous chromium
hypersensitivity was established as early as 1950 (Jdeger & Pelloni
1950). The development of chromium contact sensitivity probably
depends on the concentration of water soluble hexavalent chromate
(Cr(VI)) in the cement. The exact concentration of water soluble
chromate in the cement needed to induce hypersensitivity is not
known. The threshold concentration for elicitation of hypersensitive
reactions in occluded patch testing is approximately | ppm (Pirild
1954, Allenby & Goodwin 1983).

Chromium hypersensitive workers may develop chronic hand
eczema due to the ubiquitous occurrence of chromium compounds
(Nriagu 1988) and the primary irritant effect caused by the alkaline,
abrasive and hygroscopic properties of the cement itself (Burrows

1983). The hand eczema of some workers clears due to hardening
(Hevding 1970, Hunziker & Musso 1960, Peck et al. 1945). Some
workers have latent hypersensitivity without manifestations of hand
eczema (Hovding 1970, Avastorp 1991, 111).

Fregert et al. (1979) suggested a method of reducing the amount
of water soluble chromate in cement by adding ferrous sulfate. In
1981, Aalborg Portland A/S, the only manufacturer of cement in
Denmark, patented a method whereby the amount of chromate in
the cement could be reduced using this method. As of September
1981, ferrous sulfate has been added to all the cement produced
by Aalborg Portland A/S for use in Denmark, thus reducing the
content of water soluble chromate in cement to not more than 2
ppm at a cost of about 1% of the total value of the cement.

Legislation stating that the content of water soluble chromate in
dry cement must not exceed 2 mg per kg (2ppm) was passed in
Denmark in 1983 (Arbejdstilsynets bekendtggrelse 1983).

4. HISTORICAL REVIEW

4.1. The evolution of cement

The concrete used today is a mixture of Portland cement, sand,
stones and water. Mortar consists of a mixture of Portland cement.
sand, water and often also hydrated lime. The exact composition
depends on the purpose for which the product is to be used.

More than two thousand years ago the Etruscans used calcined
limestone to make concrete and mortar. In ancient Rome a mixture
of calcined limestone, vulcanic ash, sand, stone and water was
used in construction work (Portland Cement 1980). The Latin
word. cementum, means crushed stone. In 1824 Joseph Aspdin, a
British builder, patented a cement produced by firing a mixture of
limestone and clay (Table 1) (Bogue 1949). He called his product
Portland cement because it was similar in appearance to a building
stone quarried on the island of Portland off the south coast of
England. In 1845 the first Portland cement, in the modern sense of
the term, was produced by firing such a mixture to temperatures
from 1,200°C to 1,400°C (Portland Cement in the Making 1977).
Joseph Aspdin heated his mixture in small, primitive, vertical
kilns (Bogue 1949) in which no chromate formed (Fregert 1981).
Chromate was not formed during the production of cement until
the introduction of the modern horizontal kiln (Fregert 1981).

4.2. Cement eczema

Irritant dermatitis caused by cement was described as early as 1700
(Ramazzini cited in Calnan 1960), and in 1831 it was suggested

Table 1. History of cement eczema.

1824 Portland cement. Primitive kilns

1845 Portland cement. High temperatures
1908 Cement eczema

1939 Cement eczema. Chromium allergy
1950 Cement eczema. Chromium in cement
1979 Ferrous sulfate. Chromate reduction
1981 Epidemiological studies in Denmark
1981 Industrial chromate reduction

1987 Epidemiological studies in Denmark




that lime was harmful to the skin (Thackrah cited in Calnan 1960).
In 1908, the first cases of cement eczema since the introduction
of modern Portland cement were seen among workers building the
Metro in Paris and were described as “la gile du ciment” (Table
1) (Martial 1908). In 1925, 5 cases of “lime dermatitis” were seen
among tunnel builders in the London underground (O"Donovan
1925). In 1939, Bonnevie described 7 cases of cement eczema
in Denmark. He saw positive patch test reactions to potassium
dichromate in some of the workers and thought that the sensitivity
was caused by their chromium tanned leather gloves (Bonnevie
1939). In 1950, Jéieger and Pelloni brought to light the importance
of the chromium content of cement as the cause of chromium
allergy among workers with cement eczema (Jdeger & Pelloni
1950). In 1970, Hevding published an epidemiological study in
which 20 of a group of 366 (5.5%) bricklayers and bricklayers’
assistants had cement eczema; 17 of those workers with cement
eczema (85%) reacted positively to patch tests with chromate (Hgv-
ding 1970).

Most authors have found the medical prognosis of those suf-
fering from allergic cement eczema to be poor (Hevding 1970,
Hunziker & Musso 1960, Burrows 1972, Burrows & Calnan 1965,
Dooms-Goosens et al. 1980, Reichenberg 1972). In Denmark 46
men received permanent disability pensions because of chromium
allergy from 1970 to 1976. This was approximately 21% of all
those with allergic skin diseases causing permanent disability dur-
ing that period (Menné & Bachmann 1979).

5. CHROMATE IN CEMENT

5.1. The origin of chromate

The potential source of Cr(VI) in cement is the trivalent (Cr(I1I))
compound (Cr203) in the raw materials from which it is produced.
Cr(IlI) compounds are oxidized to Cr(VI) compounds (CrO; ™)
when heated in the kilns to temperatures of approximately 1,400-
1,500°C. The content of chromium in cement is determined by the
presence of chromium compounds in the raw materials, by the kiln
lining and by chromium steel abrasion during the grinding pro-
cesses (Skomorowski 1985). The Cr(VI) content of cement varies
from country to country according to variations in the amount of
chromium in the raw materials (Fregerr & Gruvberger 1972).

5.2. Reduction and solubility

Ferrous sulfate reduces Cr(VI) in cement to Cr(Ill) (Fig. 1). In
1971, Burckhardt reported that 62 of 78 chromium allergic pa-
tients did not react to a solution of 40% cement in water to which
0.3% ferrous sulfate had been added (Burckhardr et al. 1971). In
a study including 8 chromium hypersensitive individuals, negative
reactions were obtained after patch testing with 1.76 ppm of potas-
sium dichromate in water solution. Furthermore, no reactions were
found from patch testing with buffered cement after iron sulfate
was added (Bruze er al. 1990(a)).

Chromate is highly water soluble, and the solubility increases
with the alkalinity of the cement (Brun 1964, Fregert & Gruv-
berger 1973). In ordinary Danish Portland cement. the chromium
content is 40.5 ppm, and of this, 9.6 ppm is water soluble chromate
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cr9% 3Fe?—cr3% 3Fe®

Fig. 1. The main chemical reaction in the reduction of water
soluble chromarte by the addition of ferrous sulfate.

(Lund 1977). Cr(IIT) compounds are precipitated in the alkaline
environment as insoluble chromium hydroxide (Fregert & Gruv-
berger 1972). The addition of 0.35% (w/w) ferrous sulfate to
cement reduces a water soluble chromate content of 20 ppm to
undetectable concentrations (Fregert et al. 1979).

The chromium in both bagged cement and bulk cement will
remain in a reduced state, as Cr(III) compounds, for 8 weeks.
Storage conditions may be essential. Especially if bagged cement
are stored in open sacks or exposed to moisture, the Cr(VI) will
not be reduced when the cement is subsequently mixed with water
(Bruze et al. 1990 (b)).

6. STUDIES BY THE AUTHOR

6.1. Populations and methodology

Status and case control study in 1981

Bricklayers and bricklayers’ assistants were randomly selected from
the files of the Danish Bricklayers® Federation and the Bricklayers’
Assistants Federation in Copenhagen. A sub-group consisted of re-
tired workers between the ages of 60 and 67; such early retirement
is made possible by Danish law.

Concrete workers and workers employed in the manufacture of
precast concrete building components were selected so that workers
engaged at representative building sites and factories were included.
The selection was done in collaboration with an advisory group
including representatives of both workers and employers.

A total of 1,840 Danish workers who were representative of those
workers who have daily contact with wet cement were selected for
study. 1,538 (88%) of 1.749 accessible workers participated in the
clinical and questionnaire investigations. 1,298 (74.2%) workers
were examined clinically, and 1,230 (70.3%) were patch tested.
The distribution of the population by specific occupation and type
of examination is presented in Table 2 (Avnstorp 1983, 1).

A control group composed of workers with no contact with wet
cement was chosen from the same factories.

Prognosis study

In 1987 a follow-up study was carried out among a cohort of
143 workers who were engaged in the manufacture of precast
concrete building components in 1981 and who had daily contact
with wet cement at that time. The population was divided into two
sub-groups; those who were and those who were not chromium
hyper-sensitive in 1981 (Avastorp 1989, II).

Risk factor study
Workers who had daily contact with wet cement and who were
employed in five Danish factories manufacturing precast concrete



Table 2. Distribution of the 1981
occupation and fype of examination.

study  population by specific

Accessible Ques-  Not
Initially  for exam- Clinically tion- exam-  Patch
selected  ination examined naire ined tested
Bricklayers 777 738 525 145 68 469
Bricklayers’
assistants 334 302 . 192 58 52 184
Retired
bricklayers
and assistents 157 157 113 37 7 105
Factory workers 238 232 196 0 36 190
Concrete workers 112 110 100 0 10 94
Control group 222 210 172 0 38 158
Total 1.840 1,749 1,298 240 211 1.230

building components participated in the studies in 1981 and in
1987 (Avnstorp 1991, 11I). Some of those workers from the 1981
study also participated in the prognosis study.

Cohort A

Cohort A consisted of 196 workers employed at the factories
in 1981 at the time of the primary investigations (Fig. 2, cohort
A). The workers in this cohort have therefore been exposed to
cement containing 10 ppm water soluble chromate.

1981

A

WORKERS ENGAGED BEFORE 1981
196 (190 patch tested, 20 chromium hypersensitive)
170 (not chromium hypersensitive)

B e

143 “HEALTHY WORKERS"

47 WORK RELATED SKIN DISEA-
SE AND /OR CHROMIUM
HYPERSENSITIVE

76 (not accessible: dead,
emigrated, changed
occupation)

WORKERS ENGAGED IN THE
PERIOD 1981 - 1987.

229 (227 paich tested, 6
chromium hypersensitive)

221 (not chromium hyper-
sensitive)

67 [still employed at the
factories in 1987)

Fig. 2. Composition of cohoris of workers participating in the risk factor
study in 1981 and 1987,

Cohort B

Cohort B consisted of 67 workers who in 1981 reported no
episodes of hand eczema and who were still engaged at the
factories in 1987 (Fig. 2. cohort B). Furthermore they were not
chromium hypersensitive in 1981 or 1987 and had not changed
work processes or preventive measures in the period 1981-1987.

Cohort C

Cohort C investigated in 1987, consisted of 229 new workers
employed at the same factories after 1981 (Fig. 2, cohort C).
159 of those workers had been exposed only to cement with a
chromate content of 2 ppm or less. While 70 workers had been
exposed to cement containing 10 ppm before 1981 and since
then to 2 ppm or less of chromate.

6.2. Description of work processes

Bricklayers

Bricklayers are skilled workers who lay bricks and stones using
various bonding materials, especially cement (Fig. 3). They have
contact with wet cement primarily on the hands and forearms.
Their primary work sites are indoor or outdoor sites of new con-
struction or renovation; there are often considerable concentrations
of dust in the air at the latter sites due to the destruction of old
walls. Bricklayers rarely use gloves and often put their hands into
solutions of hydrochloric acid and water in order to neutralize the
alkaline cement on their hands. For some work processes they use
products containing epoxy resins.

Bricklayers' asistants

Bricklayers’ assistants are semi-skilled workers who mix the mortar
used by the bricklayers. The mixing is done with special tools and
is typically performed once or twice a day.

Bricklayers® assistants also handle building materials and assist
in the actual laying of bricks. They have contact with wet cement
primarily on the hands, forearms and legs. Their work sites are the
same as those of the bricklayers. Assistants, however, sometimes
use leather gloves, but, like the bricklayers, they often put their
hands into hydrochloric acid solutions.

Fig. 3. A bricklayer constructing a wall.



Concrete workers

Concrete workers are unskilled workers engaged at the building
sites. During construction they work largely out-of-doors where
they pour the pre-mixed concrete into moulds containing steel
reinforcements. The concrete is then vibrated manually. These
workers often walk on newly poured concrete foundations while
wearing rubber boots (Fig. 4). They have contact with wet cement
primarily on the hands, forearms and legs. They often use leather
or rubber gloves.

Precast concrete building component factories

Each factory is comprised of two separate areas. In one area the
carpenters, painters, iron winders and moulding smiths who have
no contact with wet cement carry out their work. In the other area,
concrete prepared in the batch plant is transported by cranes to
the moulding bays where it is poured into moulds and vibrated
automatically or manually. The workers then level (Fig. 5) and
sometimes also steam cure the concrete components. Finishing
and repairing is done with mixtures of cement and epoxy resins
(Fig. 6). The workers in the batch plant have contact with wet
cement primarily on the hands, but the entire body can be exposed
to cement when spills occur. Most of the work processes are carried
out in large workshops, and those workers who have daily contact
with wet cement often use leather or rubber gloves.

6.3. Compilation of test results

The clinical and questionnaire investigations

Medical and occupational histories which included all the variables
listed in Table 3 were taken for each worker. The general condition
of the skin and any sign of dermatitis on the hands or any other area
of the body were recorded at the clinical examination, using the
definitions listed above. Those workers who could not be present
for a clinical examination were asked to complete a questionnaire
in which the same definitions were used. There were no statistically
significant differences with respect to exposure to wet cement or
the reporting of skin changes between the group of workers actually

examined and the group who were only examined by questionnaire.

Patch testing

Patch testing was carried out at the work sites with 0.5% potassium
dichromate in petrolatum (pet.) and in water, 5% nickel sulfate in
pet.. 1% cobalt chloride in pet., 25% balsam of Peru in pet., and 1%
epoxy resin in pet. (Hermal Chemie, Reinbek, West Germany), as
well as with a 3.85% rubber mix in pet. The rubber mix contained
the following chemicals:

Tetramethylthiuramdisulfide . ... .. .. T 0.25%
Tetramethylthiurammonosulfide . . ............... 0.25%
Tetraethylthiuramdisulfide ..................... 0.25%
Dipentamethylenethiuramdisulfide . .. ............ 0.25%
Mercaptobenzothiazole . . .............covvnt. 0.50%
Cyclohexylbenzothiazylphenemide .............. 0.50%
Morpholinylmercaptobenzothiazole .. ............ 0.50%
Phenylcyclohexyl-p-phenylenediamin ............ 0.25%
Isopropylaminodiphenylamine .................. 0.25%
Diphenyl-p-phenylenediamin . .................. 0.25%
Dihydroxydiphenyl .. cavuns v sddnas sane v 0.10%
TOtaL s v wvamms s vuum s S R L 3.85%

(Hjorth & Fregert, Personal communication 1979).

Fig. 5. Leveling of a precast concrete building component.

Fig. 4. Concrete workers laying a floor,

Fig. 6. Repairing a precast concrete building component.



Table 3. Variables recorded ar the clinical examination and from the
questionnaire.

Age
Duration of exposure to cement
Work processes (degree of exposure)
Eczema and other abnormal skin conditions:
a) previously
b) during the year prior to the examination
¢) at the time of the examination
Itching, vesicles and fissures on the hands lasting at least two weeks within
the past year or currently
Use of soaps, detergents, gloves and creams®)
Visits to physicians other than dermatologists or to dermatologists
Treatment with topical steroids
Sick leave due to eczema
State of employment
Change in occupation
Cause of change in occupation
Retired before the age of 67
Cause of retirement

*} Creams: emollient creams, barrier creams, protective creams.

The patch test substances were applied in Finn chambers (Epitest
OY, Helsinki, Finland) which were fixed on the upper back with
Scanpore (Norges Plaster A/S, Oslo, Norway). The patches were
removed by the workers after 48 hours. Readings were made by
the investigator after 72 hours in accordance with the guidelines
of the International Contact Dermatitis Research Group (ICDRG)
(Wilkinson et al. 1970). Any doubtful positive reactions and possi-
ble irritant reactions were read again after 96 hours and again after
one week. A positive patch test reaction was defined as erythema
plus infiltration and/or vesicles (++ and +++ reactions). The dis-
tribution of the patch test reactions to 0.5% potassium dichromate
in pet. for the total group of patch tested individuals in 1981 is
shown in table 4. There was no difference in the distribution of
patch test reactions to potassium dichromate in pet. and in water.

One disadvantage with respect to the time of application of the
patch tests was that the workers themselves removed the patches
after 48 hours. If any of the workers had removed the patch before
the scheduled time some reactions may have been missed. They
may also have taken showers although informed about not to do
so during the patch testing period. No exact information about
these bias are given, but the workers were highly motivated for
the investigation and the impression was that most followed the
instructions carefully.

The most difficult part of patch testing is interpreting the results
and especially determining when they are false positive or false
negative (Rycroft RIG 1986, Calnan CD 1987).

In a high risk population few false positive reactions should be
likely when standard patch testing procedures and concentrations
are used (Hevding 1970, Burrows & Calnan 1965, Coenraads
1983 (b)). In the present study eight out of ten of the workers
with positive patch test to 0.5% potassium dichromate had some
skin damage. In the control group of workers without wet cement
exposure 2% (2 of 172) were found to be chromium hypersensitive
(Avnstorp 1983, 1). This reactivity was equal to results reported
from Finland where 2% (8 of 410) of a group of healthy volunteer
males showed positive patch test reactions to potassium dichromate
in pet. (Peltonen & Friki 1983).

It is possible that an appreciable number of the truly positive
reactions would have been missed had 0.25% or 0.375% potassium
dichromate been used (Burrows 1983, Burrows et al. 1989). Sensiti-
vity to chromate has been found to persist in workers with allergic
cement eczema (Czarnecki 1979). In the present study some of
the workers had a latent hypersensitivity to chromium. Hevding
(1970) also found latent reactors in his study among bricklayers
and bricklayers’ assistants. These findings may reflect the dyna-
mics in clinical manifestations of occupational hand eczema or the
development of hardening (see also chapter 7.3). To increase the
predictive value of the test, potassium dichromate was tested in
both petrolatum and water as vehicles. It is not possible to judge
about the specificity and sensitivity of the patch test since no other
test procedures were performed. Further studies could include other
patch test models and the comparing with in vitro tests.

Only ++ and +++ reactions were defined as positive patch test
reactions. Thereby a high percentage of reactions ranging from
doubtful and weak reactions to strong irritant reactions were exclu-
ded from the calculations (Table 4). If all patch test reactions had
been included as positive the number of workers found to be chro-
mium hypersensitive would have been about three times higher.
By using the grading system shown in table 4, the present results
are comparable to results made by other investigators. Furthermore
the number of false positive reactions should have been brought to
a minimum.

The conditions for the patch testing were equal in 1981 and
again in 1987. Besides the finding of fewer positive reactions to
potassium dichromate in 1987 the distribution of the reactions to
the patch testing did not differ between the examination done in
1981 and again in 1987.

Patch testing with rubber chemicals was done especially to ana-
lyse if some work related hand eczemas were attributed to the use
of rubber gloves and rubber boots and to exclude other frequent
causes for work related hand eczema. The rubber mix used in this
study was recommended for routine testing by Hjorth and Fregert
(Personal communication 1979) and has previously been used in a
patch test study (Menné 1981).

Epoxy resin was included for patch testing because the brick-
layers and the workers engaged in the precast concrete building

component factories were exposed to products containing epoxy
resins.

Table 4. The distribution of the patch test reaction to potassium
dichromate 0.5% (in pet.}) for the whole group of paich rtested
individuals in 1981.

INCEALIVE TEHCHION .oxveermme msmerow mmms o e T 1,028
Doubtful positive reaction (7+) ...................... 38
Weak teaction (+) .cnssevei s smnmnn o rsisdmas 32
Positive reactions

o) s A T T e e S T T 37

KPR i s omn s R R S A e e 31
Irritant reaction (IR?) .. ... ... ittt 22
Pollcular ToACHON i« vvus v vmem s i s i v 36
Hemorrhagic reaction . .......... ... ... ..ooiuiiun.. 6
Total 1.230




Balsam of Peru was included because first aid boxes placed at
the worksites previously contained ointments with balsam of Peru.
Results obtained from patch testing with epoxy resin and balsam
of Peru were not included in the calculations since these allergens
were not found to be of occupational importance in cement eczema.

Analysis of data

Prevalences were estimated. Non-parametric bivariable analyses
were done using Chi-square, Wilcoxon-Mann-Whitney, Kruskall
Wallis, and Goodman-Kruskal’s gamma test (Siegel 1956). In ge-
neral a 5% significance level was used. Multivariate analyses were
carried out using multivariate contingency table analysis (Bishop
et al. 1975) and logistic regression analysis (Halperin et al. 1971).
A total of 150 variables were included.

7. CEMENT ECZEMA IN RELATION TO THE
AUTHOR’S STUDIES

7.1. Chromium hypersensitivity

Immunology

Chromium allergy in patients with cement eczema represents a de-
layed type contact-hypersensitivity reaction (Baer 1986). In humans
Cr(VI) compounds are more strong sensitizers than Cr(II) compo-
unds (Magnusson & Kligman 1969), whereas the metal chromium
itself is considered non-sensitizing (Cronin 1980). Chromium com-
pounds are ubiquitous in the natural human environment, and eli-
citation may occur from skin contact not only with Cr(VI) compo-
unds, but also with Cr(1l1) compounds (Polak 1983, Zelger 1964).
In animal studies, Cr(VI) and Cr(Ill) compounds seem to have
equipotency to induce sensitivity whereas Cr(VI) compounds have
a superior elicitory capacity when applied epicutaneously or intra-
dermally (Haines & Nieboer 1988). This is also the case in human
studies where higher levels of Cr(IlI) than Cr(VI) compounds are
required to elicit patch test reactions in chromium hypersensitive
individuals (Allenby & Goodwin 1983). Different guinea pig sensi-
tization assays have been used to evaluate the sensitization capacity
of potassium dichromate. In such test systems the proportion of
sensitized guinea pigs may vary from 50 to 100%. Genetical aspects
may also influence the results. One guinea pig strain may respond
well to potassium dichromate, while another strain may respond
poorly (Andersen & Maibach 1985). With respect to the sex of the
animal, the sensitization rates seem to be practically identical in
males and females (Ziegler & Siiss 1985).

The inflammatory response in contact dermatitis involves speci-
fic immunological events activated by haptens and non-specific im-
munological events triggered by irritants (Scheper et al. 1989). The
development of allergic contact dermatitis occurs in four different
phases: refractory, induction, elicitation and persistence (Haines &
Nieboer 1988). In the refractory period, an individual is exposed
to the allergen but remains unaffected. During the induction period
the individual develops sensitized populations of lymphocytes. Eli-
citation involves secondary challenge with the antigen and results
in an inflammatory skin reaction. Persistence involves the conti-
nued presence of specific effector cells with the ability to produce
inflammation.
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There are few morphological differences between allergic and
irritant reactions in the skin (Avastorp er al. 1989). Antigen specific
activation of the T-lymphocytes is dependent on the antigen pre-
senting cells and the production of mediators (Scheper et al. 1989).
The skin acts as an immunological unit, and the only barriers the
hapten must cross in order to reach the immunoactive keratinocy-
tes, Langerhans cells and other dendritic cells are the surface lipid
layer and the stratum corneum (Lidén 1988).

Activated T-lymphocytes can be seen four hours after a chal-
lenge (Avstorp et al. 1987). Recently activated and antigen specific
T-lymphocytes may enter sites of inflammation non-specifically
(Scheper et al. 1983). This may in part explain the chronicity of
cement eczema, since contact with chromate does not have to be
constant, and contact with the alkaline cement itself could maintain
the inflammation.

Concentration and exposure

The concentration of chromate in concrete and mortar is about 4
to 5 times lower than in dry cement. Because there can be great
variations in the composition of the final product, the concentra-
tions of chromate in the original dry cement are used here as
the point of reference. Difficulties are obvious in comparing con-
centrations of chromium compounds between individual couniries
since no standardized method for the analysis exist. This fact has
to be taken into account when comparing concentrations of wa-
ter soluble chromate in cement from one area with another area
(Table 5a). Standardized methods should be developed. In the Eu-
ropean Community it is planned in the near future to co-operate
in standardizing measurements of chromium compounds (Molin
1991). Standardized analyses results should further lead to a grea-
ter extent of comparability of results obtained from epidemiologic
studies (see also chapter 7.3).

It could be that, in some areas, exposure to wet cement was more
important for the prevalence of chromium hypersensitivity than
other exposures. The use concentration of Cr(VI) being generally
higher in cement than in the other substances (table 5a, b).

Dose-response relationships in chromium allergy might be dif-
ficult to establish since work processes and working conditions
differ. Besides differences in chromium valencies and concentra-
tions, differences in irritation and maceration may influence on
the sensitization process. The chromate concentration in the ce-
ment and factors such as duration of exposure and workprocesses
may influence on the development of chromium hypersensitivity
in allergic cement eczema (see also chapter 7.3).

The risk of developing chromium hypersensitivity increases with
the intensity and duration of exposure. Workers in the precast
building component factories had the most intensive exposure to
wet cement due to their work processes, while a group of retired
bricklayers had had the longest exposure time. Both groups had
higher prevalences of chromium allergy than the other groups
examined (Table 6) (Avastorp 1983, 1). Hovding (1970) also found
that there was an association between duration of exposure and the
development of chromium allergy.

The bricklayers developed chromium allergy at a younger age
than did the bricklayers’ assistants. Bricklayers had a longer ex-
posure time to wet cement since the mean age for starting work



Prevalence®*)
of allergic

Concentration (pg/g) cement eczema

Table S5a. Chromate Cr(Vl) concentrations
in cement and prevalences of allergic
eczema from various countries.

Country basic use (in percentages)  Author
Australia <1-18.5 <0.2-4.6 - Ellis & Freeman 1986
Denmark 1981 ....... 9.6 1.9-2.4 8.9 Avastorp 1991 (II1)

DR cevanas <2 <0.4-0.5 1.3
Germany normal . ... .. 12.5-24 2.5-6 11.1 Reifenstein et al. 1986
(DDR) »low« chromate . . <0.4 <0.08-0.1 0.7
[taly 10-55  2-138 - Meneghini et al. 1969
Norway 6-40 1.2-10 Fregert & Gruvberger 1972

4.6 Hovding 1970

Sweden 2-15 0.4-3.8 3.0 Fregert & Gruvberger 1972
USA (California) <0.1 <0.02-0.025 1.1 Perone et al. 1974

Use-concentrations are estimated and may vary further depending on final use.
*) Not uniformly defined in all studies.

Table 5 b. Examples of other possible
sensitizing exposures to chromium
compounds Cr(IITHCrVI) than cement.

Chromium
compound Concentration
Exposure responsible basic use Author
Bleaches Cr(VI) 3.65-82.9 0.04-0.8 pg/ml Lachapelle et al. 1980
Detergents Cr(I1I) 5-15.5 0.05-0.16 pg/e Allenby & Goodwin
Cr(VI) 5-16.5 0.05-0.17 pgfe 1983
Cutting oils Cr(II/Cr(VI) — <0.1-1.17 pglg Wahlberg et al. 1977

Galvanized sheets Cr(III)/Cr(VI) - 0.03-0.44 pg/m’ Fregert et al. 1970

Leather tanning  Cr(TII) <115-36.000 100-1.300 pglg Fregert & Gruvberger
1979

Cleaning water  Cr(III) - 2.6-35x 10 pug/ml Clemmensen et al.
1983

Use concentrations are estimated and may vary further depending on the final dilution.

was 15 for bricklayers and 25 for bricklayers’ assistants (Avnstorp
1983, I). Multivariate analysis showed that the risk of developing
chromium allergy was not influenced by age and exposure time
to the same degree as by exposure due to certain work processes
(Avnstorp 1983, 1). It seems that the influence of duration of ex-
posure depends upon the precise type and degree of the exposure
and cannot necessarily be predicted simply from the name of the
occupation.

The minimal duration of chromate exposure leading to contact
sensitization is unknown. Allergic cement eczema may develop al-
ready within 2 years of exposure (Werdenbach & Kollmeier 1989).

Cement burns, which usually occur among those working with
cement as a hobby, rarely cause chromium allergy (Rostenberg
1962, Vickers 1976, Hannuksela et al. 1976, Flowers 1978).

Examples of other possible eczematogenic exposures of chro-
mate than cement are found in the metal industry, and in washing
and bleaching materials (table 5b). In cutting oils the chromium
content might be higher after use, probably most as Cr(III) compo-
unds (Einarsson et al. 1975). Mould oils are used in the manufac-
ture of precast concrete components in factories. Oil dermatitis is
largely of an irritant nature, but mould oils may contain chromium
(Anderson 1960, Wahiberg 1977). Such oils may remove the lipids

on the surface of the skin, thus facilitating the penetration of
chromium compounds (Fisher 1979). Among the Danish workers,
no direct association was found between the use of mould oils
and chromium allergy (Avnstorp 1983, I). The total amounts of
chromium (Cr(IIT)/Cr(V1)) washed off from the hands of workers

Table 6. Prevalence of chromium hypersensitivity in the various occupa-
tions represented in the 1981 study population. Percentages are given in
parentheses.

No. of No. of Chromium
workers workers hyper-
examined patch tested  sensitive
Factory workers with daily
contact with wet cement 196 190 20 (10.5)
Retired bricklayers and
bricklayers’ assistants 113 105 11 (10.5)
Concrete workers 100 94 5(5.3)
Bricklayers 525 499 23 (4.6)
Bricklayers’ assistants 192 184 7 (3.8)
Control group 172 158 2(1.3)
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who had worked with galvanized sheets has been found to be 1.04-
5.00 mg per person. Of this, 42-51% was Cr(VI). In bricklayers
the corresponding value was <0.007 mg total chromium (Fregert
et al. 1970). In the metal industry an additive effect could be
responsible since the workers are often exposed to cutting oils and
chromium containing metal components at the same time during
the work processes. Chromium allergy due to the use of bleaches
and detergents has been claimed (Feuerman 1969, Garcia-Perez et
al. 1973). The use concentrations of liquid bleach and detergents
may be higher than indicated in table 5b, since these products
arc sometimes used undiluted. The removal of Cr(VI) compounds
from liquid bleach, “eau de Javelle” has been claimed to be a
good example of prevention against the development of chromium
allergy among female domestic workers (Garcia-Perez et al. 1973,
Lachapelle et al. 1980). For leather tanning high concentrations of
Cr(1lI) derivatives are mostly used (table 5b). In contrast the Cr(IIl)
content in cleaning water is not very likely to be high enough to
induce or elicit chromium hypersensitivity.

Systemic reactions may occur in patients previously sensitized
by the percutaneous absorption of chromium (Veien er al. 1991).
Inorganic chromium compounds are poorly absorbed. and the amo-
unt absorbed from an oral dose varies from 1 to 25% (Schroeder et
al. 1961, Hansky & Connell 1962). Chromium rich foods include
brown sugar, animal fats and butter (Love 1983). Oral challenge
with 2.5 mg potassium dichromate produced a flare of dermatitis
in 21 patients with symmetric, vesicular hand eczema. In these pa-
tients the systemic exposure seemed to be more important than skin
contact with the hapten since the dermatitis of 11 of these patients
cleared or improved after all had followed a diet restricting the
ingestion of chromate rich foods for 1 month (Veien et al. 1983).
Systemic contact dermatitis to chromium may also occur after the
inhalation of chromium in welding fumes (Fregert & Ovrum 1963,
Shelley 1964 ).

Penetration of the hapten and antigen formation

Cr(VI) compounds penetrates the skin more easily than Cr(III)
compounds (Mali et al. 1963, Mali et al. 1964). In laboratory
diffusion experiments with equivalent concentrations of different
chromium compounds in phosphate buffers in the pH range 5-
7, the order of diffusion through human skin has been found to
be: Potassium dichromate Cr(VI) > Chromium chloride Cr(Ill) >
Chromium sulphate Cr(lll) > Chromium nitrate Cr(IIT) (Samit= et
al. 1967).

As Cr(IIT) chromium compounds are not soluble in a mixture of
alkaline cement and water, (Fregert & Gruvberger 1972) they are
unlikely to induce hypersensitivity. In addition. Cr(IIl) salts have a
strong affinity for the epithelium. thus reducing their ability to pe-
netrate intact skin (Mali er al. 1963). Cr(I11I) compounds are more
likely to penetrate damaged skin (Flesch 1965). Studies of pene-
tration need to be reevaluated with newer methods to obtain more
information about the bioavailability of the different chromium
compounds,

The reduction of Cr(VI) to Cr(Ill) in the epidermis and the
formation of protein-Cr(IIl) complexes is the possible first step in
sensitization (Mali et al. 1963). A common antigenic determinant
is probably involved in chromium contact sensitivity, rather than
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independent entities corresponding to each valency state. It has
been suggested that this determinant can be formed by chromium
in the trivalent form (Siegenthaler 1983).

The reduction of Cr(VI) to Cr(III) in the skin is probably caused
by the sulfur-containing amino acids (Samitz & Karz 1964). Cr(II1)
then binds to skin proteins (Samitz et al. 1969) and to compo-
nents of the Langerhans cells (Shelley & Juhlin 1976). Lactic acid,
hemoglobin and gamma globulin have also exhibited chromium-
reducing ability (Samirz & Karz 1964). The bricklayers and brick-
layers” assistants who took part in the studies often applied a diluted
hydrochloric acid solution to their hands. Although this may have
protected some of them against developing cutancous chromium
hypersensitivity, this association was not found during the analysis
of data (Avastorp 1983, 1).

Chromium concentrates at the dermoepidermal junction and in
the upper dermis (Lidén & Lundberg 1979). Two months after the
intracutaneous injection of a 51Cr labelled chromium compound,
3-5% of the compound could still be detected (Pedersen et al.
1969). Cr(IlI) has been found to persist in the skin as long as 4
vears after intracutaneous injection (Frégert 1971).

7.2. Clinical patterns of cement eczema

Irritant cement eczema and risk factors

In general irritant cement eczema cannot be differentiated from
allergic cement eczema clinically. The same effiorescenses may
be present over time. Erythema and hyperkeratoses on the dorsal
aspects of the hands and fingers, but also on the wrists are the most
prevalent findings (Avastorp 1983, I). Cement eczema may
initially develop as a result of daily irritation of the skin by contact
with wet cement (Fig. 7) (Avnstorp 1983, 1, Adams 1983 (a)). The
skin of those who have daily contact with wet cement becomes
irritated by the hygroscopic and alkaline constitution of the cement
(pH 12.6). The skin’s barrier layer becomes more permeable, and
repeated contact with abrasive materials may lead to irritant ce-
ment eczema (Orris & Tesser 1982, Avastorp 1991, 111). In hospital
wetl workers susceptibility to irritant hand dermatitis depends on
the degree of exposure to chemicals, water, soil and wear, and
individual predisposition to atopy. Co-existing or recently healed

Fig. 7. The cement covered hands of a worker who has just finished making
a precast concrete component.



eczema may also make the skin more vulnerable (Andersen et al.
1987). By repetition of the same stimulus, or by a combination
of varying stimuli, the degree of impairment surpasses a critical
level, in consequence of which a clinical disease ensues (Malren
1981). Irritant cement eczema may therefore be due to the sum
of various adverse reactions. In the current study, the influence
of daily contact with wet cement was illustrated by the fact that
cement eczema was more common among working bricklayers
than among unemployed bricklayers (Avnstorp 1983, 1),

Attempts have been made to distinguish endogenous eczema
from exogenous eczema (Rietschel 1991). Combined influences
from endogenous and exogenous factors have been found among
hospital “wet workers”. Trivial irritants and endogenous factors
were found to play a greater role than contact sensitivity in the ag-
gravation of current hand eczema (Nilsson 1985). Atopic eczema
in childhood has been found to be a more important predictive
factor for hand eczema than occupational exposure (Meding &
Swanbeck 1990 (a)). Rystedt (1985) found that 57% of the indi-
viduals with atopic dermatitis in childhood developed sporadic or
continuous hand eczema during concrete work. When compared
with other occupations such as metal industry, cleaning and even
among office workers, equal prevalences were found.

In the current study some of the hand eczemas categorized as
irritant cement eczemas might therefore have been atopic hand
eczemas. In contrast it should probably not have influenced the
decrease in the number of workers with allergic cement eczema,
Atopy was not included as a variable in the study because in a
pilot study it was found that the workers had a poor memory of
episodes of childhood eczema.

Non eczematous skin changes

Mild, reversible skin damage is commonly seen among workers
who have daily contact with wet cement (Avastorp 1983, I). Minor
skin complaints are accepted as normal by these workers. Mechani-
cal traumas from the handling of bricks, tools and machines, cause
occupational stigmata in the form of hyperkeratosis with fissures
on the palmar aspects of the hands and fingers. Workers often cover
such fissures with plastic tape (Fig. 8).

In the present study it was the impression that during the winter
months, many workers develop fissures on their hands and fingers.
In winter, the cold outdoor air has a low relative humidity, and
when this air is heated indoors, the moisture content is lowered
further. This can cause a drying out of the skin of the hands (Gaul
& Underwood 1952). Low humidity occupational dermatitis has
been correlated to working environments with a relative humidity
of 35% (Rycroft & Smith 1980).

Allergic cement eczema

Allergic cement eczema is primarily located on the hands, fingers
and wrists (Avastorp 1983, 1. Hovding 1970, Burrows & Calnan
1965). Eczema on the dorsal aspects of the right hand, in particular,
has been shown to be associated with chromium hyper-sensitivity
(Fig. 9) (Avastorp 1983, 1). Furthermore allergic cement eczema
has been found to have a greater extent of involvement than irritant
cement eczema (Avastorp 1991, TI1). Allergic cement eczema may

Fig. 8. A worker covering fissures on the fingers with plastic tape.
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also spread to the forearms, the feet and sometimes the face and
parts of the trunk.

Heat and high humidity exacerbated allergic cement eczema
among workers in Kuwait. This phenomenon was explained by the
fact that excessive hydration of the skin could lead to increased
leaking of chromium through the skin (Kanan 1972). In Singapore,
where the climate is hot and humid year round, the number of heat
related dermatoses was, nevertheless, lower than expected, possibly
due to the use of air conditioning and good factory ventilation (Goh
& Soh 1984).

Individual prophylaxis

The dynamics of the development of occupational hand eczema are
not fully understood, but irritation and contact sensitivity, together
with individual constitutional factors, influence its development,
Theoretically, at least one of the triggering factors could be elimi-
nated if the workers used individual preventive measures. Use of
gloves, protective hand creams and hand washing were not found
to influence the propensity to develop irritant cement eczema in the
present study (Avastorp 1991, TIT). Furthermore no additive effect

Fig. 9. Allergic cement eczema.



was found from the individual preventure measures. The absence of
influence from individual preventive measures could be explained
by the work processes being so hazardous that they overwhelm
the protective effect. It could also be that the preventive initiatives
were not conducted systematically or carefully enough.

In workers with chromium allergy, the use of leather gloves
may deteriorate the dermatitis because of the chromium tanning
(Fregert & Gruvberger 1979). The use of rubber gloves can cause
secondary sensitization to rubber chemicals as described in chapter
7.3. Rubber gloves may contain chromium (Conde-Salazar 1980).
Often gloves also contain the remains of cement spills and may
be soaked with mould oil (Fig. 10). The moderate use of gloves
may be advisable to protect against trauma from specific work
processes, but prolonged occlusion of the skin with gloves should
be avoided (Adams 1983 (b)).

Barrier creams and ointments containing chemicals such as et-
hylenediaminetetraacetate (EDTA), ascorbic acid and combinations
of sodium pyrosulfite, tartaric acid and glycerine have been used
in the attempt to reduce Cr(VI) to Cr(Ill) and to chelate Cr(1II) on
the skin (Samitz & Pomeranz 1958, Samitz & Gross 1962, Samitz
1970, Shuppli 1970, Amphoux et al. 1975, Romaguera et al. 1985).
The effect of these measures under actual working conditions s,
however, doubtful. A thin layer of cream can easily be rubbed and
washed off, and it can hardly be thought of as an effective barrier
for those carrying out manual work. The creams themselves do not
inhibit the absorption of chromium (Wahlberg 1971).

7.3. The epidemiology of cement eczema

Prevalence and incidence

Most data concerning prevalences and incidences of hand eczema

and contact hypersensitivity are obtained from patch test clinics.

This may give inaccurate information due to selection bias.
Contradictory results about frequencies of chromium hypersen-

sitivity have been published. Some authors have found decreasing

numbers of chromium hypersensitive individuals (Fédrm 1986. Von

Gailhofer & Ludvan 1987, van Ketel 1984, Estlander 1990), while

Fig. 10. Leather gloves soaked with mould oil.
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others have found unchanged (Edman 1988), high (Wall & Gebauer
1991), or increased numbers (Gollhausen et al. 1988).

In Heidelberg, Germany (P. Frosch, personal communication),
in Erfurt, Germany (HJ. Schubert, personal communication) and in
London, England (/. White, personal communication) the incidence
of chromium allergy appeared to be stable from 1981 to 1987. 20-
70% of the chromium hypersensitive patients were thought to have
allergic cement eczema, but no exact data was available.

The prevalence of chromium hypersensitivity in men in Finland
has been shown to vary from 2% in a healthy group of men
to 15.5% among male patients engaged in the building industry,
who were examined at a hospital dermatology out patient clinic.
A high prevalence was also found among female workers in the
leather tanning industry where 15.4% were found to be chromium
hypersensitive (Peltonen & Friki 1983).

Recently published data from Sweden found that the prevalence
of chromium hypersensitivity was low for both sexes but higher
for females than for males (Meding & Swanbeck 1990 (b)). The
same trend was found by Edman & Moller (1982) with respect to
the distribution among the sexes.

Studies carried out at work sites provide more accurate epide-
miological information. Such studies have previously been done in
Norway (Hovding 1970), Sweden (Wahlberg 1968). The Nether-
lands (Coenraads 1983 (a)) and Germany (Reifenstein et al. 1986)
{Table 5a). These studies gave attention to the high prevalence of
irritant dermatitis among workers in the building and construction
industries and to the importance of hypersensitivity to chromium.
In the present study the epidemiologic design was composed of a
prevalence and case-control study (Avastorp 1983, 1), a historical
cohort (Avnstorp 1989, II, Avastorp 1991, III) and a prevalence
study of two different populations (Avnstorp 1991, 1II) (see also
chapter 6.1). The ideal epidemiologic design would probably have
been a parallel longitudinal study of two different cohorts, who
were primarily examined at the same time and who in the follo-
wing years only differed with respect to exposure to the amount of
water soluble chromate in cement.

The prevalences of chromium allergy in the study carried out in
Denmark in 1981 is shown in Table 6 (Avastorp 1983, I). The pre-
valences differ between the occupations. Workers with most inten-
sive exposure to wet cement such as factory workers and workers
with the longest duration of exposure such as retired bricklayers
having the highest prevalences of chromium hypersensitivity (see
also chapter 6.2 and 7.1).

Among workers with daily contact with wet cement at the fac-
tories covered by the study the prevalence of allergic cement
eczema decreased statistically significant from 1981 (cohort A fig.
2, exposed to 10 ppm water soluble chromate) to 1987 (cohort C,
fig. 2. exposed to 2 ppm since 1981). A concomitant decrease was
not found with respect to irritant cement eczema (table 7) (Avns-
torp 1991, TII). The risk for developing irritant cement eczema was
therefore unchanged. The decrease in allergic cement eczema may
be associated with the reduction of the content of water soluble
chromate in Danish cement. In a previously published paper (Avns-
rorp 1989) it was postulated that the decrease followed the addition
of ferrous sulfate. This might not be true since the results could
have been influenced by confounding factors. Especially problems



Table 7. Prevalence of allergic and irritant cement eczema in 1981

and 1987 among factory workers with daily contact with wet
cement. Percentages are given in parentheses.
1981 1987 p-value*)
Allergic cement
eeZema. ... .. 170f 190 (8.9)  30f227(1.3) <0.001

Irritant cement

eczema. . ... ... 30 of 190 (15.8) 25 0f 227 (11.0) N.S.

*) Yates' correction applied to p-values (x°-test).

with obtaining matched groups of workers with respect to duration
of exposure might have influenced the resulis (see also chapter
7.4).

If the development of allergic cement eczema is the result of a
dose-response effect a decrease could be expected as a consequence
of lowering the exposure to water soluble chromate. As seen in
table S5a the prevalence of allergic cement eczema is low among
workers exposed to low concentrations of water soluble chromate
in cement in contrast to higher prevalences among workers ex-
posed to higher concentrations. The prevalence values given in
table 5a are not directly comparable since the patch tested group of
workers in each study not have been equally selected. Furthermore,
differences in exposure to wet cement are probably due to different
working conditions and differences in duration of exposure (see
also chapter 7.1).

In a study from the German building industry it was found that
fewer workers developed cement eczema if they were processing
cement containing low concentrations of water soluble chromate
(Table 5a) (Reifenstein et al. 1986). Five out of 690 workers de-
veloped allergic cement eczema after 3-15 years of exposure to
cement with a Cr(VI) content < 0.4 ppm. The corresponding value
was 85 out of 765 after 2-6 years of exposure to cement containing
12.5-24 ppm of Cr(VI). Work processes are not well defined in this
paper and therefore selection bias may have influenced the resulis.

In a study in San Francisco, California, among workers exposed
Lo cement containing no more than 0.1 ppm water soluble chromate
(table 5a), one out of 95 workers was found to be hypersensitive
to chromium although more than one-third had evidence of mild
to moderate cement eczema (Perone et al. 1974). More than 50%
of the workers examined were exposed to cement for 15 years or
longer. The patch test concentration of potassium dichromate used
in this study was 0.25% in water. More positive reactions might
have been obtained if 0.5% was used (see also chapter 6.3). On the
other hand cement filtrates containing 4.7 ppm Cr(VI) that were
used in supplementary for patch testing gave the same result,

Automatization of work processes could probably bring the risk
for developing allergic and irritant cement eczema to a lower
level, whereas individual preventive measures do not seem to have
significant influence on the development of irritant cement eczema
(see chapter 7.2) (Avnstorp 1991, III). Furthermore the use of
gloves did not seem to influence on the development of allergic
cement eczema to the same degree as the chromate content of the
cement (Avnstorp 1989) (see also chapter 7.4).

In Denmark mechanization of workers’ processes was performed
in the late 50°s and early 60’s. Up to the early 70°s further mod-

ifications in working practices took place. Since then and during
the study period in the present study, no essential changes in the
performance of the concrete pouring occurred.

Medical prognosis

Allergic cement eczema seems (o be more severe than irritant ce-
ment eczema (Avastorp 1991, 1I1) (see also chapter 7.2). Meding
and Swanbeck (1989) also found that allergic dermatitis had a hig-
her score of extent of involvement than irritant dermatitis. Workers
with allergic cement eczema had more frequent hand eczema epi-
sodes and requirements of topical steroid treatment (Avnstorp 1989,
11). Hovding (1970) found that the duration of cement eczema was
short among bricklayers and bricklayers’assistants without a con-
comitant chromium hypersensitivity in contrast to the year-lasting
symptoms among those hypersensitive to chromium. None of the
Il workers with irritant cement eczema who participated in the
prognosis study (Avnstorp 1989, II) had changed occupation, but
one worker had retired earlier. Ten of the eleven workers were
therefore still employed at the factories, The eczema of eight of
the workers had cleared although they stayed in the same occup-
ation. Therefore the difference between the medical course for
allergic and irritant cement eczema was not caused by change in
occupation among those with irritant cement eczema. Chromium
hypersensitivity therefore seems to be an important factor for the
severity and prognosis of cement eczema. The addition of ferrous
sulfate to the cement did not influence the status of hand eczema
in already chromium sensitive workers (Avastorp 1989, 1I).

The three main contending explanations for the chronicity of
allergic cement eczema could be that inapparent sources of contact
with the original cause of the eczema continue, or that contacts
with other causes of hand eczema (to which the workers® skin is
rendered more susceptible by the original allergic cement eczema)
maintain the eczema, or that there is some inherent chronicity to
hand eczema (see also chapter 7.1 and 7.2).

In workers already hypersensitive to chromium, the concentra-
tion of water soluble chromate in cement needed to elicit allergic
cement eczema is probably lower than the concentration needed to
induce sensitivity. Elicitation from even very low concentrations
of chromate would also be likely if the skin is damaged as a result
of irritation from wet cement. When used as a filler in repair work,
cement in which the chromate content has not been reduced may
represent a source of the hapten (Liick & Jentsch 1988).

The persistence of allergic cement eczema would also, in part,
be associated with daily irritation of the skin by wet cement. If a
worker is advised to change occupations or to be retrained, it is
therefore essential that the new job should not involve contact with
abrasive “wet” work processes or contact with other irritants such
as, for example, cutting oils.

Whether or not allergic cement eczema can be improved by a
change in occupation is not clearly shown in the literature. Some
authors have found the medical prognosis to be poor in spite of a
change (Dooms-Goossens et al. 1980, Fregerr 1975), while others
have found that a job change has a favourable influence on the
course of the disease (Geiser and Girard 1965, Peter 1968).

It the worker remains in his original occupation, the progno-
sis may be favourable. In his cohort study of chromium allergic
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bricklayers and bricklayers’ assistants in Bergen, Norway, Hov-
ding (1970) found that 4 of 15 eczemas cleared after five years.
The cement eczema of 8 of 17 bricklayers in Geneva, Switzerland,
cleared although the workers continued to have the same jobs (Hun-
ciker & Musso 1960). No reduction was made in the chromate
content of the cement used by the workers in either of these
studies. No conclusive explanation has been given for this adaptive
phenomenon seen in some workers. It may be that some workers
develop immunological tolerance (Peck et al. 1945), and some may
experience hyporeactivity induced by repeated irritation of the skin
(Lammintausta et al. 1987).

In the present study the status of workers who had continuous
contact with wetl cement containing no more than 2 ppm was almost
equal to the status of workers who had no contact with wet cement
(Avnstorp 1989, 11). Among those 12 workers with allergic cement
eczema in 1987, six workers were still engaged at the factories, 3
had taken early retirement and 3 had changed occupation.

During the study period from 1981 to 1987 the number of sta-
tement of claims for occupational injury benefits due to cement
eczema was unchanged (table 8). Statement of claims include both
workers with irritant cement eczema and workers with allergic
cement eczema. In contrast the number of approved claims of
chromium allergy from exposure to cement decreased statistically
significant (P=0.033, chi-square) while the number of approved
claims of chromium hypersensitivity due to other exposures, as for
example chromium for leather tanning, was unchanged (table 8).
These data may reflect that the workers had an unchanged risk for
developing irritant cement eczema. The decreased number of ap-
proved claims of allergic cement eczema may reflect the decreased
risk of developing chromium hypersensivity from exposure to wet
cement.

Concomitant sensitivities

The chronicity of allergic cement eczema may also be attributable
to co-existing contact allergies (Avastorp 1989, T1, Forstrém et al.
1969). Concomitant sensitivities to cobalt and rubber chemicals
were found significantly more often among chromium hypersensi-
tive workers than among those not hypersensitive 10 chromium

Table 8. Statement of claims and approved claims of cement eczema and
chromium hypersensitivity in Denmark in the period 1981-1987. Number
of workers. 5 mill. population.

1 11 1 v

198Y: v not 25 21 46
computerized

T98 2 o not 18 29 47
computerized

1983 .. ........ 26 12 20 32

1984 v e 21 12 16 28

1985 oo scmvmmsns 25 13 13 26

L1986 anm i 33 7 18 25

L 38 5 14 19

1) Statement of claims of occupational injury due to cement eczema.

I} Approved claims of chromium hypersensitivity due to exposure to wel cement.

1) Approved claims of chromium hypersensitivity due to other exposures (leather
tanning, metal industry ).

1V) Total number of approved claims due to chromium hypersensitivity.

(Avastorp 1983, 1). This is in agreement with the findings of Hov-
ding (1970), Fregert & Rorsman (1966) and Fregert (1975).

Cobalt occurs in cement as non-water-soluble oxides but forms
complexes with amino acids in eczematous skin, thereby possibly
forming haptens (Fregert & Gruvberger 1978). In cement eczema
cobalt sensitivity is therefore probably secondary to the chromium
hypersensitivity. Nickel is a contaminant of cement in the form
of insoluble NiO which, in contrast to the cobalt oxides. is not
allergenic (Wahlberg et al. 1977). This was confirmed in the present
studies since no statistically significant association between nickel
allergy and cement eczema was found (Avnstorp 1983, 1, 1989).
Sensitization to rubber chemicals is thought to be a secondary
sensitization because workers with hand eczema use rubber gloves
to protect their hands from the wet cement. A similar correlation
has been déscribed among workers from a factory in Singapore
manufacturing precast concrete building components (Goh & Gan
1987).

Social prognosis

The social prognosis of workers with chromium allergy may depend
on whether or not they are skilled or unskilled. Bricklayers, for
example, are skilled workers who may find it difficult to change
occupations. Employed and unemployed bricklayers in Denmark
had an equal prevalence of chromium allergy, thus illustrating
that chromium allergy itself had no influence on their employment
status (Avnstorp 1983, 1). Hovding found that healthy bricklayers
and bricklayers’ assistants changed occupation to a greater degree
than did workers with eczema and that workers with eczema did
not lose their jobs more often than those without eczema (Hovding
1970).

Chromium allergy in unskilled workers had no significant in-
fluence on whether or not they changed jobs, nor was it a cause
of unemployment (Avastorp 1989, 1I). Unskilled chromium sensi-
tive workers are sometimes given the opportunity to change to a
job within the factory where they will have no contact with wet
cement (Avastorp 1989, 11, Coenraads 1983 (a)). This initiative
enables them to remain employed.

The social prognosis of chromium hypersensitive workers is
influenced by their age, with workers below the age of 40 having
the best opportunity to change jobs or be successfully retrained
(Avnstorp 1989, 11, Hjorth & Avastorp 1986). In a German study,
most workers experienced a loss of social standing upon entering
a retraining programme, especially if they were 50 years of age or
older (Carrie & Kiihl 1968). In the present study, the fact according
to Danish legislation, that older workers could retire with little loss
of income from the age of 60 may have enabled them to maintain
their social standing. Social standing is here considered to be the
sum of earnings as well as the maintenance of employment status
in the peer group (Avnstorp 1989, 1I).

Economic aspects

Fewer workers consulted a dermatologist in 1987 than in 1981,
and the need for topical steroid treatment decreased over the same
period (Avnstorp 1989). Concomitantly the number of approved
allergic cement eczemas decreased (table 8). If the decreased num-
bers of allergic cement eczema are thought primarily to result from



the reduction in the chromate content of cement (Avnstorp 1991,
1) these benefits may result from the same reason.

In Singapore, allergic cement eczema was the only dermatosis
severe enough to result in sick leave among workers in the con-
struction industry, where absence due to occupational dermatoses
was generally low (Goh 1986 (a)). Studies in The Netherlands
(Coenraads 1983 (b)) and the UK (Burrows & Calnan 1965) have
shown that the loss of working days in the building and construction
industries due to occupational dermatitis, has had significant finan-
cial consequences for these industries. These findings were not
confirmed in the present study. The number of Danish workers
who took sick leave due to hand eczema was low even before
reduction of the chromate content (Avastorp 1983, I). The number
decreased further after the reduction in chromate, but this decrease
was not statistically significant (Avnstorp 1989).

Approximately 10% of the total amount of cement used in Den-
mark in the study period contained more than 2 ppm of chromate.
This cement was imported, and, possibly to keep the cost low, the
chromate content had not been reduced. This type of cement was
used at small building sites and fabrics, but not in the factories
making precast building components. The cost of reducing the con-
tent of water soluble chromate in Danish cement is about 1% of
the total price of the cement, or approximately 10 million DKK (1
million £, 1.7 million $) per year (Avnstorp 1989). Calculations of
the cost-benefit of the intervention were not included in the present
study.

7.4. Bias

Selection

One disadvantage of the risk factor study (Avastorp 1991, TII) is
that it does not take into account that some workers with hand
eczema may have changed occupation because of the eczema.
Some of those workers with chromium hypersensitivity may have
left the occupation with wet cement exposure before 1981 due to
severe allergic cement eczema. Older workers with allergic cement
eczema retired earlier (Avnstorp 1989, 1I), and a high percentage
of retired bricklayers and bricklayers’ assistants were chromium
hypersensitive (Avastorp 1983, I). Older chromium hypersensitive
workers who left their jobs before 1981 could therefore have influ-
enced the results of the risk factor study and the prognosis study.
If withdrawal due to chromium hypersensitivity was more prono-
unced before 1981 than in the study period from 1981 to 1987, the
number of workers with allergic cement eczema found in 1981 was
lower than the real number of sensitized workers. Previous studies
among workers in the building industries have found such with-
drawal to be of relatively little importance (Hevding 1970, Goh
1986 (a). Coenraads 1983 (a)). In the present study, some of the
workers with cement eczema were assigned to other jobs within
the factories (Avnstorp 1983, T). In the prognosis study (Avastorp
1989, II), chromium hypersensitive workers were not found to have
changed occupation to a higher degree than workers not chromium
hypersensitive (Avastorp 1989, I1).

Although such a selection effect might have been pronounced
before 1981, the results in the current study with respect to the
development and severity of allergic cement eczema and the pro-
gnosis for workers with allergic cement eczema, would have been

further confirmed if more chromium hypersensitive workers had
participated in 1981.

In contrast. more workers over the age of 40 than under this age
participated in the study. This tendency has also been seen by Agrup
(1969) and could be explained by the fact that younger workers
were not motivated to participate. as they had no skin complaints.
A primary selection of workers done by the employers should
not be very likely. A certificate of health was not requested and
industrial doctors or nurses were not involved in the employment.

As the examination was carried out at the work sites, the number
of workers who refused to participate was low. This was true for
both the population at risk and the control group.

A secondary healthy worker effect was not found to be prominent
in a study of construction workers in The Netherlands (Coenraads
1983 (a)). while it was supposed to be of some magnitude in
Singapore (Goh 1986 (a)). Migration among the study populations
was pronounced during the period covered by the current study,
but this may have been due more to the difficulty in getting a job
in the building and construction industries in some geographical
areas than to the health of the workers. More of the workers who
had skin complaints in 1981 participated in the follow-up study
than workers who had no skin damage in 1981 (Avasrorp 1989, 11).
This was in agreement with Meding (1990), who in a population
study found that persons with more severe hand eczema probably
participate to a higher degree in dermatological examinations than
persons with mild or cleared hand eczema. If this reflects a general
tendency, it should lead to conservative estimates of the relevant
parameters.

Information
In order to ensure the similarity and equal quality of the information
gathered, workers who had daily contact with wet cement and
workers in the control group were examined in the same way. The
results obtained from the questionnaire completed by workers who
were not present for a clinical examination were found to be valid
since there was good correspondence between the answers given by
those only examined by questionnaire compared to those workers
examined both by questionnaire and by clinical examination.
With respect to the used definitions of objective cement eczema
as the presence of just one of three skin changes (erythema. ve-
sicles, hyperkeratosis) at the time of examination, the biology of
hand eczema was respected (Avnstorp 1991, II). Hand eczema
varies in its clinical expression over time, the individual effluore-
scenses fluctuating and not being permanently present. Furthermore
by specifying the extensions of the objective skin changes, the re-
sults in the present study should be comparable to studies made by
other investigators (Avnstorp 1991, 1ID).

Confounding factors

It is questionable whether age itself is a confounding factor in
occupational hand eczema (Goh 1986 (b)). In a German study of
workers with dermatitis, who were engaged in the manufacture of
precast concrete building components, allergic cement eczema was
manifest in 50% (14 of 28) of the workers between the ages of
18 and 25 (Liick & Jentsch 1988). Multivariate analysis showed
that varying exposure to cement in different occupations had a
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greater influence on the development of allergic cement eczema
than age (Avnstorp 1983, I). Although no direct relationship has
been found between the time of onset of cement eczema and the
duration of exposure to cement, it has been found that the duration
of exposure is an important factor in the development of chromium
hypersensitivity (Hevding 1970). In the present study, differences
in the duration of exposure in the two compared groups in the risk
factor study (Avnstorp 1991, III), could be a confounding factor.
The fewer number of chromium hypersensitive workers found in
1987 could be the result of a shorter duration of exposure and
not a result of exposure to a lower concentration of water soluble
chromate. When comparing matched groups of workers with re-
spect Lo duration of exposure from the two different populations
the same trend was found that the number of chromium hypersen-
sitive workers in the group of workers decreased if the workers
had been exposed to lower concentrations of water soluble chro-
mate (Avastorp 1989). The number of matched workers were too
small to give a statistically significant value. On the other hand no
difference was found in the distribution of the duration of exposure
in the two populations (Avastorp 1991, I1I).

The time interval between the first examination in 1981 and the
reexamination performed in 1987 was chosen in collaboration with
the advisory group (see also chapter 6.1). The group found that it
was not advisible to wait more than six years. By waiting longer,
the motivation from the workers to participate would probably
decrease. Bias due to migration should also be expected to be
more pronounced. By waiting more than six years the performance
of matched analyses of larger groups of workers should probably
therefore not have been possible, although from a statistical point
of view it would have been very attractive.

Workers in 1987 used gloves to a greater degree that did wor-
kers in 1981. Stratified analysis removed the influence from this
confounding factor (Avastorp 1989): Those workers from the 1981
and 1987 populations who frequently used gloves were selected
for this analysis. In 1981, 93 of 190 workers had frequently used
gloves during the past year prior to the examination. Of these 93
workers, 13 were found to be chromium hypersensitive. In 1987,
144 of 227 workers had frequently used gloves during the past
year prior to the examination. Of these 144 workers, 5 were found
to be chromium hypersensitive (p=0.006, chi-square with Yates
correction). Since the statistically significant decrease in chromium
hypersensitivity found in the study remained unchanged for these
matched workers, the decrease should probably not be the result
of changes in habits of using gloves by the workers.

8. CONCLUSIONS AND SUGGESTED ADDITIONAL
STUDIES
Water soluble chromate in cement may cause allergic cement
eczema in workers in the building and construction industries who
have daily contact with wet cement. The addition of ferrous sulfate
to the cement reduces the amount of water soluble chromate in it.
During the study period the prevalence of allergic cement eczema
decreased. Concomitantly the number of approved claims of aller-
gic cement eczema decreased. It can not be proven from the current
study that the decrease was a result of reducing the content of wa-
ter soluble chromate in cement. Especially differences in duration

18

of exposure could be a confounding factor. On the other hand no
other explanation for the decrease was found. Individual preventive
measures such as using gloves and creams were not found to have
an influence on the development of cement eczema.

Allergic cement eczema seems to be more severe, with a greater
extent of involvement than irritant cement eczema. The medical
prognosis of workers with irritant cement eczema can be assumed
to be good. Most of those suffering from irritant cement eczema
in 1981 did not have it 6 years later. Those with allergic ce-
ment eczema have a poorer prognosis as their status was generally
unchanged by the addition of ferrrous sulfate to the cement. Al-
lergic cement eczema is chronic and is characterised by persistent
or recurrent hand eczema. Concomitant sensitivities to cobalt and
rubber chemicals may in part explain the unfavourable prognosis
of those with allergic cement eczema. Neither a change of occupa-
tion nor retirement changed the medical prognosis significantly in
comparison with remaining in the original occupation.

Minor skin complaints, such as dry skin with fissures and itching
of the hands and fingers, are frequently seen in workers who have
daily contact with wet cement. Such mild skin damage is largely
reversible and is not influenced by the chromate content of the
cement.

Further studies should be performed to determine the influence
of individual prophylaxis on the development of occupational hand
eczema. Also of special interest for additional study are the me-
chanisms which trigger the onset of occupational hand eczema.

Additional epidemiologic studies done in other countries where
chromate-reduced cement is now used, should also be of value in
the discussion of the results found in the present study.

If the decrease in number of workers with allergic cement eczema
found in the present study was a consequence ol lowering the ex-
posure fo water soluble chromate in cement the development of
allergic cement eczema may be dose-response dependant. Concen-
trations of water soluble chromate in cement not exceeding 2 ppm
could be near or below the minimal threshold concentration nee-
ded to induce hypersensitivity in workers with daily exposure to
wet cement, whereas concentrations of 2 ppm or lower could elicit
allergic cement eczema.

As standard testing procedures and methods of data analysis
have been used, the results presented here can be compared with
those obtained in other countries.

The dynamics of and association between constitutional diffe-
rences and allergy and irritation of the skin could be examined by
statistical methods based on multivariate analysis, but even sophi-
sticated statistical methods cannot compensate enherent weakness
of the data.

The sources of chromium exposure in females should be exa-
mined since more women seem to develop chromium hypersensi-
tivity.

If the decreased numbers of allergic cement eczema are thought
primarily to result from the reduction in the chromate content of the
cement, the economic benefit of the intervention can be seen in the
reduced need for the services of dermatologists and treatment with
topical steroids. Concomitantly the number of approved claims
of allergic cement eczema decreased, reducing the costs for the
insurance agencies. Also, a reduction in the chromate content of



cement could lead to a reduction in sick leave taken because of
allergic cement eczema.

The addition of ferrous sulfate increases the price of the cement
by about 1%. Ferrous sulfate should be added when the cement
is manufactured, using an industrialised method to ensure that
the final product contains standard concentrations of water soluble
chromate which do not exceed predetermined levels.

9. DANISH SUMMARY

Allergisk cementeksem viser sig oftest som et vedvarende handek-
sem hos arbejdere og héndvarkere med daglig kontakt med vad
cement i beton eller mgrtel. Sammenhzangen mellem cementeksem
og kromallergi blev fastsliet allerede i 1950. Allergien overfor
krom skyldes cementens indhold af vandoploseligt kromat. Sidst i
1970erne var cementeksem et tiltagende arbejdsmiljproblem, idet
cementeksem var blandt de hyppigst anmeldte arbejdsbetingede
hudsygdomme hos mend i Danmark. Det vides ikke njagtigt
hvilke koncentrationer af vandoplgseligt kromat i cementen, der
er ngdvendige for at fremkalde allergi hos arbejdere med daglig
kontakt med vid cement. Det naturlige indhold af vandopleseligt
kromat i dansk cement er ca. 10 mg pr kg cement (10 ppm).

1 1979 viste en gruppe svenske hudleger en mulig praktisk lgs-
ning pd problemet. De viste, at tilstning af jernsulfat til cementen
nedsatte indholdet af vandopleseligt kromat. Den danske cementfa-
brik Aalborg Portland A/S videreudviklede metoden til industrielt
brug, hvilket sikrede et lavt kromatindhold i cementen allerede ved
levering fra fabrikken. Metoden blev patenteret og indfert i 1981.

Underspgelsen viste, at hyppigheden af allergisk cementeksem
faldt statistisk signifikant fra 1981 til 1987. Samtidig faldt antal-
let af allergiske cementeksemer anerkendt i Arbejdsskadestyrelsen.
Antallet af irritative cementeksemer var uzndret. En vasentlig
fejlkilde i underspgelsen var forskelle i ekspositionstiden for de
underspgte arbejdere. Faldet i antallet af allergiske cementeksemer
i Danmark kan derfor skyldes andre forhold end lavere koncen-
trationer af vandoplgseligt kromat i cementen. P4 den anden side
syntes brugen af personlige vernemidler ikke at have haft indfly-
delse. Personlig beskyttelse med handsker syntes séledes ikke at

have indflydelse pd udviklingen af allergisk cementeksem. Udvik-
lingen af irritativt cementeksem syntes samtidig at veere upavirkelig
af individuelle profylaktiske foranstaltninger som handvask, f orspg
pd at undgd kontakt med vad cement samt handske- og cremebrug.
En mulig forklaring pa faldet i antallet af allergiske cementekse-
mer, var indferelsen af kromatreduceret cement. Faldet synes ikke
at veere begrundet i pget automatisering af arbejdsprocesserne.

Forlpbet af det allerede udviklede allergiske cementeksem er
darligt, selv efter tilsetningen af jernsulfat til cementen. Forlgbet
er preget af vedvarende eller tilbagevendende hindeksem. Til-
stodende allergier overfor kobolt og gummikemikalier forvarrer
formentlig forlgbet. I modsatning hertil er forlgbet af det irritative
cementeksem godt, idet de fleste irritative cementeksemer svinder
efter en vis tid.

Erhvervsskift pévirker ikke sikkert forlgbet af det allergiske ce-
menteksem i forhold til forbliven i det oprindelige erhverv. Den
sociale prognose vurderet ved den beskeftligelsesmzssige udsigt
er formentlig god for yngre arbejdere med allergisk cementeksem,
hvad enten de bliver i deres oprindelige erhverv eller skifter til
et andet uden kontakt med vid cement. Risikoen for at ende i
arbejdslashed synes ikke at veere stgrre for de kromallergiske end
for de ikke-kromallergiske. Efterlénsordningen medfarer at ®ldre
arbejdere kan opretholde deres sociale status pa trods af cemen-
teksemet.

Safremt faldet i antallet af allergiske cementeksemer skyldes
indforelsen af kromatreduceret cement er der opndet en arbejds-
miljomeessig gevinst for de arbejdere og hindverkere, som har
kontakt med vid cement. Den samfunds-ckonomiske gevinst er
et nedsat behov for legelige ydelser og behandling med hormon-
cremer. Mistede arbejdsdage viser samme tendens. Da antallet af
anerkendte tilfelde af allergisk cementeksem i Arbejdsskadestyrel-
sen samtidig er faldet findes en yderligere gevinst i form af faerre
udbetalte mén-erstatninger.

Undersogelsen er baseret pa standardiserede undersogelses- og
testmetoder. Kromatreduceret cement anvendes nu i bl.a. Sverige
og Finland. Epidemiologiske undersggelser fra disse lande vil yder-
ligere kunne belyse resultaterne i nerverende studie.

19



10. REFERENCES

Adams RM (a). Occupational skin disease. Grune & Stratton Inc., New
York 1983: 397-399,

Adams RM (b). Occupational skin disease. Grune & Stratton Inc., New
York 1983: 163-164.

Allenby CF, Goodwin BFI. Influence of detergent washing powders on min-
imal eliciting patch test concentrations of nickel and chromium. Contact
Dermatitis 1983; 9: 491-499,

Andersen KE, Maibach HI. Guinea pig sensitization assays. In: Curr.
Probl. Derm. Andersen KE, Maibach HI (eds). Karger, Basel 1985; 14:
263-290.

Andersen KE, Benezra C, Burrows D et al. Contact dermatitis. A review.
Contact Dermatitis 1987; 16; 55-78.

Anderson FE. Cement and oil dermatitis. The part played by chrome sen-
sitivity. Br J Dermatol 1960; 72: 108-117.

Agrup G, Hand eczema and other hand dermatoses in South Sweden. The-
sis, University of Lund, Sweden. Acta Dermatovenereol (Stockh) 1969:
49: suppl 61: 9-10.

Amphoux M, Woerth P, Grimonnet J, Ha-Hau-Cam J. Doppelblind ver-
such mit einer schutzsalbe (Ivosin®) an den hiinden von cementarbeitern.
Dermatosen 1975; 23: 214-226.

Arbejdstilsynets bekendtggrelse om vandopleseligt chromat i cement. Bek-
endtgorelse nr. 661, 1983,

Avnstorp C (I). Cementeksem blandt danske arbejdere beskaftiget pd bygge-
pladser og i industrien. English summary included. Ph.D. Thesis, Uni-
versity of Copenhagen. Denmark, 1983.

Avnstorp C (I1). Follow-up of workers from the prefabricated concrete in-
dustry after the addition of ferrous sulfate to Danish cement. Contact
Dermatitis 1989; 20: 365-371.

Avnstorp C (IIT). Risk factors for cement eczema. Contact Dermatitis 1991;
25: 81-88.

Avnstorp C. Prevalence of cement eczema in Denmark before and since
addition of ferrous sulfate to Danish cement. Acta Dermatovenereol
(Stockh) 1989; 69: 151-155.

Avnstorp C, Balslev E, Thomsen HK. The occurrence of different mor-
phological parameters in allergic and irritant patch test reactions. In:
“Current Topics in Contact Dermatitis”. Frosch P et al. (eds). Springer
Verlag, Heidelberg 1989: 38-41.

Avnstorp C, Ralfkjer E, Jorgensen J, Wantzin GL. Sequential immunophe-
notypic study of lymphoid infiltrate in allergic and irritant reactions.
Contact Dermatitis 1987; 16: 239-245,

Baer RL. The mechanism of allergic contact dermatitis. In: “Contact Der-
matitis”, 3rd ed. Fisher AA (ed). Lea & Febiger, Philadelphia: 1986,
1-8.

Bishop YMM, Fienberg SE, Holland PW. Discrete multivariate analysis:
Theory and practice. MIT Press. Massachusetts 1975.

Bogue RH. Portland cement. In: “Encyclopedia Chem. Tech”. Finle GIJ
(ed). 1949; 3: 411-431,

Bonnevie P. Aetiologie und pathogenese der ekzemkrankheiten. Thesis,
University of Copenhagen. Denmark. 1939; 325-333.

Brun RM. Contribution a 1'étude des chromates du ciment. Nouvelle tech-
nique pour le test épicutané au ciment. Dermatologica 1964; 129: 79-88.

Bruze M. Fregert S, Gruvberger B (a). Paich testing with cement containg
iron sulfate. Dermatologic Clinics 1990; 8: 173-176.

Bruze M, Gruvberger B, Hradil E (b). Chromate sensitization and elicitation
from cement with iron sulfate. Acta Derm-Venereol (Stockh) 1990; 70:
160-162.

Burckhardt W, Frenk E, de Sépibus D, Paschoud JM, Szadurski J. Schwarz
K. Abschwiichung der ekzematogenen wirkung des zementes durch fer-
rosulfat. Dermatologica 1971: 142: 271-273.

Burrows D. Prognosis in industrial dermatitis. Br J Dermatol 1972; 87:
145-148.

Burrows D. Adverse chromate reactions on the skin. In: “Chromium:
metabolism and toxicity”. Burrows D (ed). CRC Press, Boca Raton,
Florida 1983; 137-163.

Burrows D, Calnan CD. Cement dermatitis, 2. clinical aspects. Trans St.
John’s Hosp Derm Soc 1965; 51: 27-39.

Burrows D, Andersen KE, Camarasa JG et al. Trial of 0.5% versus 0.375%
potassium dichromate. Contact Dermatitis 1989; 21: 351.

Calnan CD. Cement dermatitis. J Occup Med 1960; 2: 15-22.

Calnan CD. The use and abuse of patch testing. In: “Occupational and
industrial dermatology”. Maibach HI (ed). 2nd ed. Year Book. Chicago
1987: 28-31.

20

Carrie C, Kiihl M. Rehabilitation von chronisch hautkranken. Dermatosen
1968; 16: 351-352.

Clemmensen OJ, Jergensen J, Jons O et al. Exposure to chromium from
hospital cleaning. Dermatosen 1983; 31: 54-57.

Coenraads PJ (a). Prevalence of eczema and other dermatoses of the hands
and forearms in construction workers in the Netherlands. In: “Preva-
lence of hand eczema.Association with occupational exposure, especially
in construction workers”, Thesis, University of Groningen. The Nether-
lands 1983: 86-107.

Coenraads PJ (b). Sickness and absence from work due to skin diseases in
the construction industry: review of literature. In: “Prevalence of hand
eczema.Association with occupational exposure, especially in construc-
tion workers”. Thesis, University of Groningen. The Netherlands 1983:
70-84.

Conde-Salazar L, Castano AM, Vicente MA. Determination of chrome in
rubber gloves. Contact Dermatitis 1980; 6: 237-238.

Cronin E. Contact Dermatitis. Churchill Livingstone, Edingbourgh 1980:
288,

Czarnecki N, Die persistenz der chromatallergie beim zementeksem. Hau-
tarzt 1979; 30: 80-83.

Dooms-Goossens A, Ceuterich A, Van Maele N, Degreff H. Follow-up
study of patients with contact dermatitis caused by chromates, nickel
and cobalt. Dermatologica 1980; 160: 249-260.

Edman B. Computerized patch test data in contact allergy. Thesis: Univer-
sity of Lund, Sweden 1988: 28-36.

Edman B, Moller H, Trends and forecasts for standard allergens in a 12-year
patch test material. Contact Dermatitis 1982; 8: 95-104.

Einarsson O, Kylin B, Lindstedt G, Wahlberg JE. Chromium, cobalt and
nickel in used cutting fluids. Contact Dermatitis 1975; 1@ 182-183.

Ellis V, Freeman S. Dermatitis due to chromate in cement. Part I. Chromate
content of cement in Australia. Aust J Derm 1986; 27: 86-90.

Estlander T. Occupational skin disease in Finland. Thesis. University of
Helsinki, Finland. Acta Derm-Venereol 1990; suppl. 155: 83.

Feuerman EJ. Housewives' eczema and the role of chromates. Acta Der-
matovenereol (Stockh) 1969; 49: 288-293,

Fisher AA. Allergic dermatitis of the hands due to industrial oils and fluids.
Cutis 1979; 23: 131-242.

Flesch P. The role of epidermal components in cutaneous sensitization to
some chemical agents. Proc Congr Hung Derm Soc 1965: 113-115.

Flowers MW, Burn hazard with cement. Br Med J 1978; 1: 1250.

Fregert S. Occupational dermatitis in a |0-year material. Contact Dermatitis
1975; 1: 96-107.

Fregert S. Remaining chromium in intracutancous test sites. Contact Der-
matitis Newsletter 1971; 10: 233,

Fregert S. Chromium valencies and cement dermatitis. Br J Dermatol 1981,
105: suppl 21: 7-9.

Fregert S, Gruvberger B. Chemical properties of cement. Dermatosen 1972,
20: 238-248.

Fregert S, Gruvberger B. Correlation between alkali sulphate and water-
soluble chromate in cement. Acta Dermatovenereol (Stockh) 1973; 53;
225-228.

Fregert S, Gruvberger B. Chromium in industrial leather gloves. Contact
Dermatitis 1979; 5: 189.

Fregert S, Gruvberger B. Solubility of cobalt in cement. Contact Dermatitis
1978; 4: 14-18.

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

Fregert S, Rorsman H. Allergy to chromium, nickel and cobalt. Acta Der-
malﬂvengreoi (Stockh) 1966; 46: 114-118.

Fregert S, Ovrum P. Chromate in welding fumes with special reference to
contact dermatitis. Acta Dermatovenereol (Stockh) 1963; 43: 119-124.
Fregent S, Gruvberger B, Heijer A. Chromium dermatitis from galvanised

sheets. Dermatosen 1970; 18: 254-260.

Firm G. Changing patterns in chromate allergy. Contact Dermatitis 1986;
15: 298-310.

Forstrém L, Pirild V, Huju P. Rehabilitation of workers with cement eczema
due to hypersensitivity to bichromate. Reports from the institute of oc-
cupational health. Helsinki, Finland 1969. report no. 69,

Garcia-Perez . Martin-Pascual A, Sanches-Misiego A. Chrome content in
bleaches and detergents. Its relationship to hand dermatitis in women.
Acta Dermatovenereol (Stockh) 1973; 53: 353-358.

Gaul LE, Underwood GB. Relation of dew point and barometric pressure
to chapping of normal skin. J Invest Dermatol 1952; 19: 9-19.



Geiser ID. Girard A. Remarques sur les cas déczéma au ciment observés
d la clinique de dermato-vénéreologie de Lausanne de 1947 4 1961,
Dermatologica 1965; 131: 93-102.

Goh CL (a). Sickness absence due to occupational dermatosis in a prefab-
rication construction factory. Contact Dermatitis 1986 15: 28-31.

Goh CL (b). Prevalence of contact allergy by sex, race and age, Contact
Dermatitis 1986; 14: 237-240.

Goh CL, Gan SL. Rubber allergy among construction workers in a pre-
fabrication construction factory. Clin Experiment Dermatol 1987; 12:
332-334.

Goh CL, Soh SD. Occupational dermatoses in Singapore. Contact Dermati-
tis 1984: 11: 288-293.

Gollhausen R, Enders F, Przybilla B, Burg G, Ring J. Trends in allergic
contact sensitization. Contact Dermatitis 1988; 18: 147-154,

Haines AT, Nieboer E. Chromium hypersensitivity. In: “Chromium in the
natural and human environments”. Nriagu JO, Nieboer E (eds). Wiley
Interscience Publication, New York 1988: 497-532,

Halperin N, Blackwelder CE, Verter J1. Estimation of the multivariate lo-
gistic risk function: A comparison of the discriminant function and max-
imum likehood approaches. J Chron Dis 1971; 24: 125-158.

Hannuksela M. Suhonen R, Karvonen J. Caustic ulcers caused by cement.
Br J Dermatol 1976; 95: 547-549,

Hansky J, Connell AM. Measurement of gastrointestinal transit using ra-
dicactive chromium, Gut 1962; 3: 187-188.

Hjorth N. Avnstorp C. Rehabilitation in hand eczema, Dermatosen 1986:
34: 74-76.

Hunziker N, Musso E. A propos léczéma au ciment. Dermatologica 1960;
121: 204-212.

Hovding G. Cement eczema and chromium allergy, an epidemiologic in-
vestigation. Thesis, University of Bergen. Norway. 1970.

Jéeger H, Pelloni E. Tests épicutanés aux bichromates, positifs dans
I'eczema au ciment. Dermatologica 1950; 100: 207-215.

Kanan MW. Cement dermatitis and atmospheric parameters in Kuwait. Br
J Dermatol 1972; 86: 155-159.

Lachapelle M, Canwerys R, Tennstedt D et al. Eau de Javel and prevention
of chromate allergy in France. Contact Dermatitis 1980: 6: 107-110.
Lammintausta K. Maibach HI, Wilson D. Human cutaneous irritation: in-

duced hyporeactivity. Contact Dermatitis 1987; 17; 193-198.

Lidén S. The skin, a primary lymphoid organ? Acta Dermatovenereol
(Stockh) 1988; 68: suppl 135: 10-11.

Lidén S, Lundberg E. Penetration of chromium in intact human skin in
vivo. I Invest Dermatol 1979; 72: 42-45,

Love G. Chromium — biological and analytical considerations. In:
“Chromium; metabolism and toxicity”, Burrows D (ed). CRC Press,
Boca Raton, Florida 1983 1-12,

Lund MH. Chrom i cement. Nordisk betong 1977; 6: 28-30.

Liick H, Jentsch G. Chromium dermatitis caused by epoxy resin. Contact
Dermatitis 1988; 19: 154-155,

Magnusson B, Kligman AM. The identification of contact allergens by
animal assay. The guinea pig maximization test. J Invest Dermatol
1969; 52: 268-276.

Mali J'WH, Van Kooten WJ, Van Neer FCJ. Some aspects of the behavior of
chromium compounds in the skin. J Invest Dermatol 1963; 41: 111-122.

Mali JWH, Van Kooten WJ, Van Neer FCJ, Spruit D. Quantitative aspects
of chromium sensitization. Acta Dermatovenereol (Stockh) 1964; 44;
4448,

Malten KE. Thoughts on irritant contact dermatitis, Contact Dermatitis
1981: 7: 238-247.

Martial R. La “Gile” du ciment. Presse Med 1908; 64: 507-508,

Meding B. Epidemiology of hand eczema in an industrial city. Thesis,
University of Goéteborg, Sweden. 1990: 31-32.

Meding B, Swanbeck G. Epidemiology of different types of hand eczema
in an industrial city. Acta Derm Venereol (Stockh) 1989; 69: 227-233.

Meding B, Swanbeck G (a). Predictive factors for hand eczema. Contact
Dermatitis 1990; 23: 154-161.

Meding B, Swanbeck G (b). Occupational hand eczema in an industrial
city. Contact Dermatitis 1990; 22: 13-23.

Meneghini CL, Rantuccio F, Petruzzellis V. Cr 6 content in cements. Con-
tact Dermatitis 1969; 5: 108.

Menné T. Nickel allergy-reliability of patch test. Evaluated in female twins.
Dermatosen 1981; 29: 156-160.

Menné T, Bachmann E. Permanent disability from skin diseases.
matosen 1979; 27: 37-42.

Der-

Molin J. National Institute of Occupational Health, Copenhagen, Denmark.
Personal communication 1991.

Nilsson E. Contact sensitivity and urticaria in “wet” work. Contact Der-
matitis 1985; 13: 321-328.

Nriagu JO. Production and uses of chromium. In: “Chromium in the
natural and human environments™. Nriagu JO, Nieboer E (eds). Wiley
Interscience Publication. New York 1988: 81-103,

O’Donovan WI. Lime dermatitis. Lancet 1925; 21: 599-602.

Orris L, Tesser M. Dermatoses due to water, soaps, detergents and solvents.
In: “Occupational and industrial dermatology”. Maibach HI, Gellin GA
(eds). Year book medical publishers inc. Chicago 1982: 23-27.

Peck S, Gant JQ, Schwartz L. “Hardening” in industrial allergic dermatitis.
Industr Med 1945; 14: 214-222,

Pedersen NB. Bertilsson G, Fregert S, Lidén K, Rorsman H. Disappearence
of chromium injected intracutaneously. Int Arch Allergy 1969: 36:
82-88.

Peltonen L, Friki J. Prevalence of dichromate sensitivity. Contact Dermati-
tis 1983; 9: 190-194,

Perone VB, Moffitt AE, Possick PA, Key MM, Danzinger SJ, Gellin GA.
The chromium, cobalt and nickel contents of American cement and their
relationship to cement dermatitis. Am Industr Hyg Ass J 1974; 35:
301-306.

Peter K. Uber das schicksal der patienten mit gewerbeeksem. Dermatolog-
ica 1968; 136: 236-256.

Pirild V. On the role of chrome and other trace elements in cementeczema.
Acta Dermatovenereol (Stockh) 1954; 34: 136-143.

Polak L. Immunology of chromium. In: “Chromium; metabolism and
toxicity”, Burrows D (ed). CRC Press, Boca Raton, Florida 1983: 51-
136.

Portlandcement. Betonteknik. Cementfabrikkernes tekniske oplysningskon-
tor. Alborg 1980,

Portland cement in the making. Cement and concrete association publica-
tion 98.001, Wexham Springs, Slough 1977,

Reichenberg M. Katamnestische Untersuchungen bei angehorigen des
Baugewerbes. Dermatosen 1972; 20: 271-294.

Reifenstein H, Liick H, Pitzold M, Harms U, Zur hiufigkeit des zementek-
sems bei der verarbeitung chromatarmer zemente. Z Gesamte Hyg 1986;
32: 559-560.

Rictschel RL. Irritant dermatitis: Diagnosis and treatment. In: “Exogenous
dermatoses: Environmental dermatitis”. Menné T, Maibach HI (eds).
CRC Press, Boca Raton, Florida 1991: 375-379.

Romaguera C, Grimalt F, Vilaplana J, Carreras E. Formulation of a barrier
cream against chromate, Contact Dermatitis 1985; 13: 49-52.

Rostenberg A. Primary irritant dermatitis versus allergic eczematous contact
dermatitis. In: “Dermatoses due to environmental and physical factors”.
Rees RB (ed). Thomas publ. Springfield 1962: 15-27,

Rycroft RJIG, Smith WDL. Low humidity occupational dermatoses. Contact
Dermatitis 1980; 6: 488-492.

Rycroft RIG. False reactions to nonstandard patch tests. Seminars in Der-
matology 1986: 5: 225-230.

Rystedt I. Work-related hand eczema in atopics. Contact Dermatitis 1983;
12: 164-171.

Samitz MH. Ascorbic acid in the prevention and treatment of toxic effects
from chromates. Acta Dermatovenereol (Stockh) 1970: 50: 59-64.

Samitz MH, Gross S. Inactivation of chromium ion in allergic eczematous
dermatitis. J Invest Dermatol 1962; 38: 5-12.

Samitz MH. Katz S. A study of the chemical reactions between chromium
and skin. J Invest Dermatol 1964; 43: 35-42,

Samitz MH, Katz S. Scheiner DM, Gross PR. Chromium — protein inter-
actions. Acta Dermatovenereol (Stockh) 1969: 49: 142-146.

Samitz MH, Pomeranz H. Studies on the effect on the skin of nickel and
chromium salts. Arch Industr Health 1958; 18: 473-479.

Samitz MH, Katz S, Schrager JD. Studies of the diffusion of chromium
compounds through skin. J. [nvest. Dermatol. 1967; 48: 514-520.

Scheper RJ. von Blomberg M, Vreeburg KJ1J, van Hoogstraten MV, Recent
advances in immunology of nickel sensitization. In: “Nickel and the
skin: immunology and toxicology”. Maibach HI, Menné T (eds). CRC
Press, Boca Raton, Florida 1989: 55-63.

Scheper RJ, von Blomberg M, Boerrigter GH, Bruynzeel D, van Dinther A,
Vos A. Induction of immunological memory in the skin. Role of local T
cell retention. Clin Experiment Immunol 1983; 51: 141-148,

Schroeder HA, Balassa JJ. Tipton IH. Abnormal trace metals in man —
chromium. J Chron Dis 1961: 15: 941-964.

21



Shelley WB. Chromium in welding fumes as cause of eczematous hand
eruption. J Amer Med Assoc 1964; 189: 772-773.

Shelley WB, Juhlin L. Langerhans cells form a reticuloepithelial trap for
external contact antigens. Nature 1976: 261: 46-47.

Shuppli R. Fiiber eine neuen typus von schutzsalben gegen chromatekzeme.
Dermatosen 1970; 18: 350-355.

Siegel S. Non-parametric statistics. McGraw-Hill Kogakusha Ltd. London
1956,

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.

Skomorowski E. Chromium in Portland cement. Cement Wapno-Gips 1985;
1: 1-16.

Van Ketel WG. Low incidence of occupational dermatitis from chromate.
Contact Dermatitis 1984; 10: 249,

Veien NK, Hattel T, Justesen O, Nerholm A. Oral challenge with metal
salts (I). Vesicular patch-test-negative hand eczema. Contact Dermatitis
1983; 9: 402-406.

Veien NK, Menné T, Maibach HI. Systemically induced allergic contact der-
matitis. In: “Exogenous dermatoses: Environmental dermatitis”. Menné
T, Maibach HI (eds). CRC Press, Boca Raton, Florida 1991: 267-282.

Vickers HR, Edwards DH. Cement burns. Contact Dermatitis 1976; 2:
T3-T8.

22

Von Gailhofer G, Ludvan M. Zur Anderung des Allergenspektrums bei
Kontaktekzemen in den Jahren 1975-1984. Dermatosen 1987: 35:
12-16,

Wahlberg JE. Absorption-inhibiting effect of barrier creams. Dermatosen
1971; 19: 197-207.

Wahlberg JE. Yrkeshudsjukdomar hos byggnadsarbetare. Byggnadsindus-
trins forskningsrapporter och uppsatser. Stockholm. Sweden. 1968.

Wahlberg JE, Lindsted G, Einarsson O. Chromium, cobalt and nickel in
Swedish cement, detergents, mould and cutting oils. Dermatosen 1977;
25: 220-228.

wall L. Gebauer KA. Occupational skin disease in Wesiern Australia. Con-
tact Dermatitis 1991; 24: 101-109.

Werdenbach P, Kollmeier HH. Contact eczema and tumours caused by
chromium, nickel and their compounds. An evaluation of occupational
diseases approved from 1978 until 1984, Zbl. Arbeitsmed 1989; 39:
186-190.

Wilkinson DS, Fregert S. Magnusson B et al. Terminology of contact
dermatitis. Acta Dermatovenereol (Stockh) 1970; 50: 287-292.

Zelger J. Zur klinik und pathogenese des chromat-ekzems. Arch Klin Ex-
periment Dermatol 1964; 218: 499-542.

Ziegler V, Siiss E. The tina test. In: “Curr. Probl. Derm”. Andersen KE,
Maibach HI (eds). Karger, Basel 1985; 14: 172-192.



