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Abstract. The water-soluble chromate in Portland cement,
i.e. the sensitizing chromium, can theoretically be elimi-
nated or reduced in several ways: by changing the com-
position of the raw materials, by changing thc manu-
facturing process, by dilution with chromate-free material,
by precipitation, or by reduction combined with precipita-
tion. Reduction with ferrous sulphate seems to be the
only worthwhile possibility. All water-soluble chromate
is reduced and precipitated by additon of 0.2% ferrous
sulphate when the watcr-soluble chromate content reaches
15 ug Cr/g. Studies arc now in progress Lo elaborate a
practical application.

It is probable that only the water-soluble chro-
mium compounds in cement are capable of in-
ducing chromium allergy or eliciting dermatitis
in chromium-sensitized persons. Due to the al-
kalinity of cement, only hexa-valent chromium
(chromate) is soluble. However, tri-valent chro-
mium is also an allergen (5) and it is uncertain
if the skin, under normal conditions, can neutra-
lize enough cement to allow tri-valent chromium
to become soluble.

In order to eliminate or reduce the amount of
soluble chromate in cement, the following meth-
ods can theoretically be considered.

Minimization or elimination of chromate sup-
plied via raw material, kilnbricks or in grinding.
The amount of chromium, always in a tri-valent
form, in the raw material can vary. From the
practical point of view it is difficult to choose
malerial with a low chromium content, especially
as large amounts are involved.

Two types of brick are used for kilns, the
magnesite type with large amounts of added tri-
valent chromium and the dolomite type with little
or no chromium. Rotary kiln bricks should not,
however, give off any amount worth mentioning
except perhaps in a newly lined furnace (9, 10,

12, 14). Later, a relatively stable layer of clinker
is built up.

It is probable that a small amount of chromium
may be added to the slurry when grinding with
nickel-chromium balls in the ball mill (9). This
chromium can later be oxidized during the heat-
ing process, in contrast to the chromium which
is added when clinker is ground (9, 10, 12).

In some factories, used kiln bricks are ground
and mixed with the raw material, whereby a rela-
tively large amount of chromium can accident-
ally be added to the cement. Such ingrinding
should, of course, be avoided.

Diminished oxidation. Portland cement was
previously produced in vertical kilns without a
surplus of air. Little chromium or none at all
was oxidized by this process (3, 4), which is still
used for calcium aluminate cement in which no
oxidation of the chromium occurs (6, 12). For
technical reasons a surplus of air must be used
in a modern rotary kiln for Portland cement.

Prolonged heating. Calcium chromate is not
stable at high temperatures and the heating of
clinker to 1400°C for 3 hours has been reported
to diminish the chromate content from 10 to
1 pg/g (12). From a technical point of view
such heating is not possible in routine processing
because of other changes in the clinker.

Low content of water-soluble sulphate. The
amount of water-soluble sulphate in the clinker
(i.e. cement without gypsum) can be reduced and
thereby also the amount of water-soluble chro-
mate, by using raw material that gives a relatively
low alkali content (7). This would, however, give
rise to practical and economic difficulties.

Gypsum, calcium sulphate, must for technical
reasons always be added to the clinker, thus
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Table I. Amount of iron sulphate necessary for com-
plete reduction of Cr® in cement

Original
waler-
soluble
Cement  Cr® FeSO, - TH,O Fe(NH, ),(SO,),-6H,0
sample  (ug/g) (% added) % added)
1 2 0.10 0.25
D 15 0.20 0.50
3 13 0.20 0.50
4 40 0.25

soluble sulphate is always present in Portland
cement (6, 7). If the cement contains only the
soluble sulphate released by action of gypsum,
the chromium content is usually less than 5 pug
Cr/g (D).

Dilution by addition of material. Blast furnace
slag and Pozzolanic material., which do not con-
tain hexa-valent chromium. are added for tech-
nical reasons (6, 11. 13). Their effect on the
chromate content is studied in the present in-
vestigation.

Precipitation. Precipitation of the chromate

with barium and lead has bheen reported (8, 15,
16, 24, 25, 26). This method is also investigated
in the present study.
Reduction with ascorbic acid and
sulphur compounds has been reported (8, 19, 20,
21, 22). Generally spcaking, the rcducing agents
have been incorporated in barrier creams to be
used in cement work (19, 20, 25).

The reducing capacity of iron sulphate (Fe!!SO,)
has previously been studied for both dermatolo-
gical (1, 12, 27) and technical reasons (28).

Binding. It has been suggested that an ion ex-
changer resin which can bind chromate should be
incorporated in barrier creams (23). EDTA has
also been used in the same way (8, 18).

Reduction.

INVESTIGATIONS
Determination of chromium in water extract.
Five grams of cement was shaken mechanically
with 50 ml distilled water for 15 min and then
filtered and washed at 100 ml waler. The water
extract was sucked direct into an Atomic Ab-
sorption Spectrophotometer (Perkin-Elmer 303)
for the determination of chromium (6).

In order to determine the tri- and hexa-valent
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chromium separately, the hexa-valent was chelated
by ammonium pyrrolidine-di-thocarbamate at pH
8.0 and extracted from the water solution by
methyl-iso-butylketone before determination in the
atomic absorption spectrophotometer (6).

All determinations were made in duplicate. The
amounts of metals are expressed in pug Cr per
gram of cement.

Dilution by addition of material. One part of
either blast furnace slag or of Pozzolanic ma-
terial was mixed with two parts of Portland ce-
ment containing water-soluble chromate (15 pg
Cr/g).

10 pg Cr/g was found in both mixtures. Thus,
there was no reduction, but the decrease corre-
sponds only to the dilution of the material (17).
Some samples of furnace slag contain sulphides
which can reduce chromate in an acid environ-
ment which is why a fals¢ valuc can be obtained
if a colorimetric method with diphenylcarbacide
and sulphuric acid is used (6, 17). In the present
investigation the chromate was determined in an
alkaline environment.

Precipitation. Barium hydroxide (5%) was ad-
ded to Portland cement containing water-soluble
chromate (10 pg Cr/g). No water-soluble chro-
mate was found in this mixture. Thus, the re-
port on complete precipitation is confirmed.

Lead acetate (5%) was added to Portland ce-
ment containing water-soluble chremaie (10 ug
Cr/g). No water-soluble chromate was found in
the mixture. Thus. the report on complete pre-
cipitation of lead is also confirmed.

Reduction

(a) Ascorbic acid (5% ) was added to cement con-
taining water-soluble chromate (13 pg Cr/g). The
content of chromate decreased to 6 pg Cr/g.

(b) Sodiumthiosulphate (5 %) (Na.S.O;) was ad-
ded to cement containing water-soluble chromate
(13 pg Cr/g). The content of chromate decreased
to 9 pg Cr/e.

(¢) Sodium metabisulphite (5% ) (Na,S.0;) was
added to cement containing water-soluble chro-
mate (13 pg Cr/g). The content of chromate de-
creased to 9 pg Cr/g.

(d) Sodium dithionite (Na.S,O4) in various con-
centrations was added to cement containing water-
soluble chromate (10 pg Cr/g). When 0.2% was
added, all the chromate was reduced and precipit-
ated.



(e) Ferrous sulphate (FeSQ,-7H,0) and ferrous
ammonium sulphate (Mohr’s salt) (Fe(NH,).,

(80,),-6H.0) in various concentrations were ad-
ded to cement containing water-soluble chromate.
All the chromate was reduced, as detailed in
Table 1. No chromium at all was present in the
filtrate, since the reduced chromium, after reduc-
tion into tri-valent form, was precipitated in the
alkaline environment.

DISCUSSION

1t does not seem possible for technical or eco-
nomic reasons to appreciably diminish the con-
tent of water-soluble chromate in Portland ce-
ment by changing the composition of the raw
material, or by changing the construction of the
kiln, or even the process itself. As described
earlier, a low water-soluble sulphate content also
results in a low water-soluble chromate content
(7) and it is conceivable that this sulphate content
can be minimized in certain factories by modifi-
cation of the raw materials. However, as a gen-
erally applicable method, this is not feasible.

The addition of blast furnace slag or Pozzolanic
material reduces the water-soluble chromate con-
tent and this fact should be exploited as much
as possible, even though the chromium sensitiza-
tion risk cannot be completely eliminated.

Precipitation with barium and lead is not really
a practical proposition, since the amounts re-
quired (5% of the final cement product) would
not be justifiable on economic grounds. A con-
clusive fact is that both lead and barium are
poisons and their use should not be permitted, for
ecological reasons.

It is uncertain whether creams with binding ion
exchangers, reducing substances (e.g. ascorbic
acid, sulphur compounds) or ferrous sulphate have
any important clinical effect.

One must take into account the fact that the
active substances are only present on the skin
for a short time and therefore they need to he
applied many times a day, which is no doubt a
practical impossibility over a period of several
years.

The addition of sodiumthiosulphate and sodium-
metabisulphite in such a high concentration as
5% does not achieve complete reduction of the
chromium. In contrast, sodiumdithionite does af-
ford complete reduction with a concentration as
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low as 0.2%. However, this substance loses its
reduction properties considerably if stored, especi-
ally in a damp environment. Thus, it may well
be of little practical use.

The best solution of the problem would no
doubt be to add ferrous sulphate. The amount
of ferrous sulphate required to achieve complete
reduction is small, 0.1%-0.2%, and it is in-
expensive. Amounts of up to 5% ferrous sulphate
do not affect Portland cement technically (2).

At present, studies are in progress to determine
if it is best to add FeSO, simultancous with the
grinding of gypsum to clinker, or when mixing
cement with water for use.
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