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Abstract. Since far more chromate can be extracted from 
cement with sodium sulphmc than with water, thc hypo
thesis was adoptccl that thc amount o[ chromatc which 
is extractcd with water (i.c. the ec,ematogenous chro
mate) is dependent on the alkali sulphnte origin:illy found 
in the cement. A numbcr or experiments ha,c becn pcr
f»rmed which support this hypo1hcsis. lt is tcchnically 
feasible to regulutc the rnw material �o that no alkali
sulphate forms in the clinker and thcrcby no watcr
SJluble chromate. The contcnt o( such chromatc in ce
ment is thus relutively low and depcndent only on 1hc 
,ligthly soluble gypsum (calcium sulphate) which is added 
to the clinker. However, from a financial point of view 

it is difficult to alter thc composition of the raw material. 

Brun (2, 3) found that when cement was extracted 

with sodium �ulphate, 2-20 times more hexa

valent chromium (chromate) was obtained than 

by extraction with water only. He presumed that 

only a part of lhe chromate in cement was "frec" 

and that the rest was "adsorbed" but that a part 

could be "liberatect·• by sodium sulphate. He 

found that even the amount of chromate thal 
could be extracted with water diminished with 
time. Thus, afler 24 hours extraction ,ery little 

or no chromatc was oblained. Jf sodium sulphatc 

was added after 24 hours of water-extraction, 

the chromate was recovered. Thus, thc original 

"free" chromale also had been adsorbcd after 

24 hours, but could be "liberated" again. 

It is known thal cement normally contains al

kali sulphate and we have thcrefore assumed 

that the chromate which was extracted by addi

tion of water only was in reality "sulphate

extracted". 

To test this hypothesis, several experiments 

were carried out. 

MATERIAL AND METHODS 

The cement samples were the same a� those pre,·iously 
analysed (5). Samplcs of clinker were obtained from 
1wo Swcdi�h cement factoric,. 

15 ,32803 

Th� water-soluble cbromate was determined by atomic 

absorption spectrophotometry as dc�cribed prc1iously (5). 
The dc1crmination of chroma1e exlr:tctable with sodium 
sulphatc (20%) was carricd oul according to Petruzzellis 

c: al. (5, 7). The sodium \u)pbate was free from cbro
mium (4). The chromate value� arc expressed in µg, g. 

Derer111i11a1io11 o/ 11·01er-sol11ble s11/pfwte in cement 

50 g o( cement was shaken with 25 ml of water for 20 
min. To the supema1ant, 10 ml of BaCI, (10%) wa, 
added and thc �upematant cbeckecl by adding more 
BaCt, Wann nitric acid (2.5 M) was added Lo the prc
cipitatc 10 disolve precipilates other tban BaSO., c.g. 

l3aCrO,. The prccipitale wa, washcd thrcc limes witb 
watcr, dried ovcrnighl at JOS°C and finally wcighed. Sul
pbatc \'a)ues arc expresscd in mg so,-• per gram ce

ment. 
All determinations were made in duplicale. 

lNVESTJGA TIO S 

(a) The presence of water-soluble sulphate and

water-soluble chromate was determincd in ce

ment samples from cight different factories (5).
The results (Fig. l) indicate thal there is a corre
lation between Lhe amount 'lf water-soluble sul

phate and water-soluble chromate.

(b) Because gypsum, calcium sulphate, is partly

soluble in the alkal.inc environment, water-soluble 

sulphate will always be present in cement. There

fore lhe content of water-soluble sulphale and 

water-soluble chromale was determined in clinker, 

i.e. cement without gypsum. Since it seemed

likely that thc content of water-solublc sulphalc

might be lower or even absent in at least some

clinker samples, the presence of sulphate and

chromate was delermined in seven samples of 

clinker from the same factory, obtained on dif

ferent occasions. It was found, as seen in Fig. 2,

that water-solublc chromatc was present only in

the three clinkers which contained soluble sul

phatc.

(c) Four diffcrenl clinkers rree from soluble
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F,g. 1. Water-soluble chro
matc and water-soluble 
sulphate in 8 samples of 
cement. 

sulphate and soluble chromate were extracted 
wilh sodium sulphate (20 °o ), resulting in 26, 28, 
28. and 38 µg Cr/g, which is about thc same as
was obtained when a similar cement was extracted
in the same way (5). This shows that chromate is
soluble only when sulphate is present.

(d) To the four clinkers (Fig. 2) which lackcd
soluble sulphate, 3.5 °� gypsum, calcium sulphate. 
was added, forming complcte Portland cement. 
Some of the chromate then became water-soluble 
(Fig. 3). Thus. the water-soluble part of the gyp
sum has the capacity to render some chromate 
soluble. 

(e) To clinkcr without wal.er-�oluble chromate
but containing 33 µg Cr/g extractablc with so
dium sulphate (20%), various amounts of sodium 
sulphate were added. As can be seen in Fig. 4, the 
content of water-soluble chromate increases with 
the alkali sulphate added. 

(/) To the three clinkers (Fig. 2) ocntaining 
water-soluble sulphale and chromate. I O 00 am
monium chloridc (Nlf4CI) was added and heated 
at I 200°C for 3 hours. The free alkali was 
evaporated by this procedure (6) and the water-

Fig. 2. Water-,oluble chro
m:11e and wateMolublc 
sulphate in 7 samples of 
cUnker. 
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Fig. J. Watcr-solublc chromate in clinkcr beforc anti :tfter 
addina of gypsum (cement clinker - 1,1.ypsum). 

,:oluble sulphale disappeared. Le�s lhan I µg Cr 1 
g was then watcr-soluble. 

Cement containing 13 µg walcr-soluble chro
mium and JO mg water-soluble s04-� per gram 
was treated in the same way. Less than 1 µg Cr/g 
was then water-soluble. Tlrns, decrease of the 
alkali dccreases the solubility of sulphate and 
thereby also the content of water-soluble chro
matc. 

(g) Clinker always contains water-insoluble sul
phale and this can be partly dissolvecl by alkali. 
To the four clinkers (Fig. 2) lacking both �oluble 
sulphate and soluble chrornate, I M aOH was 
aclded (50 ml to 5 g of clinker). Soluble sulphate 
(2 mg SO�-� /g) was then found and the amount 
of soluble chromate increased to about 4 µg Cr g. 
Thus, increase of alkali is held lo increase the 
solubility of sulphate and thercby also the content 
of water-�oluble chromale. 

(h) Cement sample� containing water-soluble
sulphate ( 10 mg SO,-�/ g) and water-soluble 
chromate (13 µg Cr/g) were extrncted with water 
for 24 hours. after which time the SO4 -� had 
decn:ased to 2.5 mg /g and the chromalc to 5 µg

Cr,g. 
(i) From cement samplcs containing water

soluble sulphate, 28 µg Cr g could originall> be 
extracted with sodium sulphate. Afler 24 hours of 
water extraction, 25 µ,g Cr g could be extracted 
with sodium sulphate. 

O·-F----.....---------------
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Fig. 4. Correlation betwecn watcr-soluble cbromatc and 
added alkali-�ulpbate in clinker. 
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The findings in (h) and (i) may indicate that 
the solubility of chromate decreases when Lhe 
sulphate is incorporated during the hydration 
process of cement manufacture, but can be "liber
ated" again with sodium sulphate. 

(i) Two parts of cement (13 µg Cr/g) and l part
of water were mixed and then dried as a thin 
layer under plastic occlusion for 2 months. The 
hardened concrete was then crushed in an agate 
mortar. The water-soluble chromate content was 
4 µ,g/g cement. 

The amount of sodium-extractable chromate 
was, in the original cement. 28 µg. In the hard
ened concrete the chromate content was 27 µ,g 
Cr/g of cement. Tims, the solubility of chromate 
decreases during the hardening process but re
mains extractable with sodium sulphate. 

k) Pisters described (8) how I g of cement of
known content of total chromium was extracted 
with 100 ml of sodium sulphate (20 % ) for 48 
hours at 80° C under continuous stirring. All the 
extracted chromium was hexa-valent. In the pres
ent investigation the ratio of extractable chro
mate and total chromium for four cement samples 
from diffcrent factories was 36/66, 13/52, 17/43 
and 50 / 173. Thus, only a part of the total chro
mium can be extracted with sodium sulphate. 

DlSCUSSION 

The present investigation shows that when clinker, 
i.e. cement without gypsum, does not contain
water-soluble sulphate, it does not contain water
soluble chromate (b). If gypsum or sodium sul
phate are added, the chromate becomes soluble
(c, d, e). When sulphate solubility is decreased
by the addition of ammonium chloride at a high
temperature (!) the chromate contenl is also
diminished. When sulphate solubility is increased
by the addition of alkali, the chromate content
is also increased (g). As sulphate becomes incor
porated by the hydration of cement during 24
hours' extraction with water (h) or 2 months'
hardening (i) the solubility of chromate decreases.
When this cement is extracted with 20% sodium
sulphate just as much is obtained as was obtained
at the original cement extraction (i, i). 

Even with prolonged extraction at higher tem
peratures plus sodium sulphatc, only a part of 
the total chromium is obtained (k). 

Brun's (2, 3) finding that little or none of the 

water-soluble chromate remains after 24 hours 
of cxtraction is explained by Pister's finding (8), 
that the amount of sulphate diminishes or dis
appears after 24 hours. These findings have been 
confirmed in the present study (h). However, this 
decrease was restored when 20% sodium sulphate 
was added (i). 

The present findings verify our hypothesis that 
the amount of water-soluble chromate in Port- I 
land cement is dependenl on the water-soluble 
sulphate. Since chromate is obtained by extraction 
with water alone, it implies that chromate has 
been extracted with the soluble sulphate already 
present in cement. 

According lo the findings that chromate and 
sulphate internet and that sulphate is known to 
be incorporated into the calcium aluminate lo 
form calcium hydrosulpho-aluminate (1) it can 
be postulated that the chrornate too is incorpo
rated into lhis compound. 

To reduce the content of water-soluble chro
mate and thus possibly the risk of sensitization, 
cement should contain as Jittle water-soluble sul
phate as possible. 

Since all cement must, for technical reasons, 
contain gypsum (calcium sulphate) which is to a 
cerlain extent soluble, one must count on cement 
generally containing chromate in soluble form. 
This was the case in the 52 samples from different 
countries previously studied (5). 

The amount of water-soluble sulphate in the 
actual clinker should be reduced by keeping the 
content of alkali at a low levet. Since alkalinity 
is dependent on the naturc of the raw material, 
and since factories use the local raw material, it 
would no doubt be not only a technical hut also 
a financial problem to alter lhe composition of 
the raw materials. The total content of chromium 
scems, on thc olher hand, to be of minor im
portance. As shown previously, the total content 
in two samples was considerably higher than in 
all others, but the values of water-soluble chro
mate were among the Iowest (5). 

From the practical point of view, il is there
fore necessary to find other ways of completely 
eliminating the water-soluble hexa-valent chro
mate in cement. 
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