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Abstract. Two men working in lhe recovery process in a 
sulphate pulp factory had developed eczema on their 
hands and faces. Both gave positive reactions to chromium 
and one also Lo cobalt at routin� patch testing. This 
finding initiated examination of samples from different 
stages. In samples from the ··recovery process" both tri
and hcxa-valent chromium as wcll as cobalt were found. 
The chromium is oxidized to hexavalcnt form in the lime 
lciln. The chromium and cobalt seem to be added to the 
process as Na,SO., CaO and CaCO,, used as "make-up 
chemicals". The content of chromium varied considerably. 
The highest content, 3 300 f'g Cr"/g, was found in a 
special form of Na;,O., "chrome-cake", obtained as a 
by-product of production of chromic acid. Such Na,SO, 
must not be used in pu'p factories. Chromium was also 
found in Na,SO, of high technical and of pro mial)•si 

quality. IL is pointed out that this substance also occurs 
in detergents and is used in the determination of "ad
sorbed" chromate in cement. 

During the last two years two patients with con

tact allergy to chromium and cobalt, working in 

sulphate pulp factories have been examined. To 

trace the chromium and cobalt sources, scveral 

samples from different stages of the sulphate 

process in one factory and the chemicals used 

have been analysed. 

MATERIAL AND METHODS 

The sulphate p11/p process (4) 

The kraft process. Wood chips (a) are cooked with alkaline 
liquor in digesters (b). The "cooking Jiquor" (c) con
taining sodium hydroxidc and sodium sulphide dissolve the 
cementing material of the wood. "Sulphate turpentine" 
(d) is con<lensed from gases released. The Jiberated fibres,
largely cellulose, and spent chemicals arc separated on
washers (e). The fibres are at this point ready for paper
making (/), eventually after bleaching.

The recover}' process. The "wcak black liquor" (g) from 
1be washers is concentrated in an evaporator (h). A semi
solid crnde "sulphate soap" (I) can be skimmed from 
the top of the evaporator tank. This soap can be neu-

tralized with acid, producing tall oil. The "strong black 
liquor" (i) is sprayed imo a recovery furnace (k). The 
organic material is burned and the inorganic chemicals 
are then converted into the "soda solids" (Na,CO, and 
Na,S). Some soda gets lost in the washing operation and 
is replaccd by addition of crude sodium sulphate or 
"Glauber's salt" (1). This is reduced during the burning 
process to sodium sulphidc (Na,,S). The soda solids are 
melted in the furnace and discharged into a tank of water 
forming the "green liquor" (I). This comains sodium 
sulphjde, sodium carbonatc, carbon and iron sulphidcs 
(green). 'In thc causticizcr (111) tbe sodium carbonate is 
converted into sodium hydroxide and calcium carbonate 
by the addition of lime (Il) and heating. The causticized 
liquor is separated in a clarifier (n) in a slurry of calcium 
carbonate (o) and "white liquor" (p). Together with added 
limestone (111) the calcium carbonate is convencd into 
quick lime at 900°C in a rotary lime kiln (q) of the same 
kind as cement kilns and becomes available for caus
ticizing (m). The .. white liquor'' (p) is used as cooking 
liquor (b). The process is automated, but because of 
leakage the vicinily of the tubes, kilns and vcssels is 
contaminated by chemicals. 

Determination oj chro,nitlln and cobalt 

Chromium and cobalt coment was dctermined in ao 
Atomic Absorption Spectropbotometer (Perkin-Elmer 303) 
at 3 577 respectively 2 407 A. 

For determination of lo/al chro111iu111 and coba/1 tbe 
weak black liquor, green liquor and white liquor were 
aspirated directly into the Spectrophotometer flame with
out any preparation. The strong black liquor, a thick mass, 
was first diluted with water. The samples of CaO and 
CaCO3 from thc kiln as wcll as the technical and pro

analysi samples were dissolved in 3 M HCl before total 
chromium and cobalt determination. 

These subslances were shaken with water for 15 min 
before determination of the so/11ble chromium contem. 

Sodium sulphate, Na,SO., was dissolved in water. This 
sub�tance produces a high "salt effect" in the Atomic 
Absorption Spectrophotometer, thus the absorption was 
also measured at 3 528 Å. The hexavale11/ chromium (Cr6) 
was chelated by ammonium pyrrolidine-di-thiocarbamatc 
at pH 8.0. The cbelate was extracted from the water 
solution by methyl-iso-buthylketon. 
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Fig. J. Flow diagram for 1he sulphate process. 

The tril'a/ent chro111i11m (Cr'') was calculated as the 
diffcrence between the values of the total and the 
hexavalent chromium. 

Samples from different stages of the sulphate pulp 
process and of the substances added to the process are 
given in Table J. All samples from Lhe process excepl 
the green liquor wcre obtained on an occasion when 
Na,SO, containing 572 ,,,g Cr/g was used. The green 
Jiquor was obtained later whcn Na,SO, contained 5 pg 
Cr f g. Six öther technical and six /JrO analys/ samples of 
Na,SO, from different producers wcre analysed. Two 
technical and one pro analysi sample of CaO and two 
technical oncs of CaCO, wcre analysed. 

Case J 
A man, aged 50 (Dept. Dern1., Utneå), bad been working 
in the rccovery process in a sulphale pulp factory for 
one year. He developed eczerna on bis hands and ankles 
and also in tbe face. When patch testcd he showed positive 
reaction to chromium but negative to cobalt and nickel. 
He tried to continue the same work for one year. During 
holjdays and sick-leave periods he recovered but worsened 
immediatcly on returning to work. For this reason be 
changed his occupa1ion. Unfortunately be then came in 
contact with anothcr source of cbromium, namely zinc 
galvanized sheets (2). Hence, not umil he had cbanged 
his work once more, was be clear of eczema. 

Case 2 

A man, aged 66 (Dept. Derm., Umeå), had becn working 
for 50 years in a sulphate pulp factory and for the last 
15 years in the recovery process. He bad for the last 
3 years bad eczema oa his hands and arms and periodically 
in the face. He bad recovered <luring bolidays and sick
leave periods hut had immediately wor�ened on returning 
to work. Patch testing sbowed positive reactions to 
chromium and cobalt but negative ta nickel. After 2 
months' sick-leave his eczema cleared up completely and 
he then retired wi1h an annuity. 
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Table I. Chromium and cobalt in samp/es from different 
stages oj the sulphate pulp process and in chemica/s 
used in the recovery process 

Samples from the 
process /tg Cr3/g pg Cr•/g 

Weak black liquor 
(g)" 0.1 b 

Strong black liquor 
(j) 2.2 

Green liquor ())° 0.4b 
White liquor (p) 0.lb 
caco. from 
clarifier (0) 168.0 

CaO from limo kiln 
(r) 0.0 

Chemicals 
Na,SO/ Technical (I) 182.0 
Na2SO4å Technical 1.3 
Na,SO/ Technical 0,0 
Na,SO/ Tcchnical 1.3 
Na,SO/ Technical 1.4 
Na,so,• Tecbnical 0.6 
Na,SO/ Technical 1.2 
Na,SO." Technical 6.7 
Na,SO4 Pro analysi 0.7 
Na2SO4 Pro analysi 1.0 
Na,so. Pro analysi 0.3 
Na,SO4 Pro analysi 0.7 
Na,so, Pro analysi 0.4 
Na,so, Pro analysi 0.3 
CaO Tecbn ica I (Il) 0.8 
CaO Technical 0.0 
CaO Pro analysi 0.0 
CaCO3 Technical (Il[) 1.2 
CaCO3 Technical 0.0 

0.0 

0.0 
0.0 
0.0 

0.0 

248.0 

390.0 
3.7 

3 300.0 
2.8 
0.0 
0.0 
0.0 
0.0 
0.2 
0.3 
0.0 
0.0 
0.0 
0.0 
6.8 

23.0 
0.0 
0.0 
0.0 

a Figures in ( ): sec the Flow Diagram. 
b /tg/ml. 

ttg Co/g pH 

0.0 12.6 

0.0 10.0 
0.0 12.6 
0.0 12.4 

0.0 12.0 

9.0 12.4 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
7.0 
0.0 
0.0 
0.2 
0.5 

c Sample taken when Na2SO4 (I) used contained 5.0 /tg Cr/g. 
d Cr and Co values are calculated on water!e�s Na,so •. 
e Chrome cake. 



RESULTS 

The analytical results of the chromium and cobalt 
content in samples from different stages of the 
sulphate pulp process and in chemicals used are 
given in Table L 

DlSCUSSION 

The two patients who had developed eczema after 
having worked for 1 and 12 years respectively 
with the recovery process, showed positive reac
tions to chromium at routine patch testing. 
Furthermore, one of them reacted to cobalt. The 
presence of chromium and cobalt in the working 
process was suspected. 

In a preliminary investigation chromium was 
found in the slurry of calcium carbonate (o) from 
the clarifier. This initiated a close study of 
cbromium and cobalt contcnt in samples from 
<lifferent stages of the recovery process and of 
chemicals added. 

In the process about 5 % of the cbemicals are 
!ost and Na2SO4 (I), CaO (U) and CaCO3 (lll)
are the "make-up chemicals". In all the 14
samples of Na2SO4, trivalent chromium (Cr3) 

was found and in 6 of them also hexavalent
chromium (Cr6). A very high content of Cr6 was
found in two samples. One of these, containing
as m uch as 390 1,g Cr6 / g, was used in the pro
cess when the samples from the different stages
were obtained. all except the green liquor (/). The
two samples containing 390 and 3 300 µg Cr6/g
were yellow. This kind of Na2SO4 is obtained as
a side-product from tbe processing of chromic
acid and is called chrome cake. It is noteworthy
that all six samples of Na�SO4 pro analysi also
contained Cr3 and two of them Cr6 . Some authors
have reported that detergents which usually con
tain Na�SO4 are contaminated by chromium. bul
others have denied the presence of this sub
stance (3). The small amounts and the variation
of the chromium content may explain the dif
ferent results.

Na�S0
1 is used in the process of determining 

the amount of "adsorbed" chromate in cement 
(1). In such an investigation it is therefore neces
sary to determine the chromium content in the 
actual Na,SO4 . This substance is also used in 
manufacture of glass. The results show that 
chromium is continuously brought to the pulp 
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process mainly by Na2SO4 but also by CaO and 
CaCO3. The amount can, however, vary con
siderably, Cobalt may also be brought inte the 
process; here by CaO and CaCO3 . Chromium in 
samples from the process itself was mainly found 
in CaO (o) from the lime kiln (n) and in CaCO3 
(r) from the clarifier (q). The CaCO3 (o) contains
only trivalent chromium, since the environment, 
with the sulphides present, is reducing. The only 
trivalent chromium is then oxidized to hexavalent 
on heating at 900 °C in the alkaline lime kiln (q). 

The white liquor (p) which goes back to the 
kraft process contained very little chromium and 
no cobalt. Thus the main chromium and cobalt 
seem to "circulate" within the recovery process. 
The green liquor (l) may contai.n more chromium 
than the present investigation shows on occasions 
when Na�SO.1. with high chromium content is used. 

Workers in the recovery process can easily be 
exposed to chromium and cobalt containing ma
terial. The region of the lime kiln, in particular, 
is highly contaminated by dust (CaO). Further
more cleaning and repair of kilns, vessels, tubes, 
filters, washers, pumps as well as sample-taking 
for technical control imply risk of contamination. 
The skin can also be damaged by the alkalis. 
The sensitization of the two workers is therefore 
easily understood. According to the managers of 
the actual pulp factories several other workers 
have earlier developed hand eczema and for this 
reason left the work. They do not seem to have 
been patch tested. 

The two workers in question had been on sick
leave several limes due to their hand and face 
dermatitis but had never been patch tested on 
these occasions. By patch testing the two workers 
and by analysing samples from the working place 
it has been possible to explain the cause of the 
allergic contact dermatitis. One of the patients 
(case I) has come in contact with two different, 
until recently unobserved sources of chromiu.m. 

As there is a potential risk of chromium and 
cobalt sensitization, as well as skin damage by 
alkali. preventive measures must be considered 
important. It is necessary to inform employers 
and employees about the risk. Sodium sulphate 
with large contents of chromate must not be 
used. As many stages of the work as possible, 
should be automated, for example the supply of 
make-up chemicals. 

During special working stages with a high risk 

Acta Dermatovener (Stockholm) 52 



224 S. Fregert et al. 

of contact, protective clothing such as plastic 

gloves and rubber boots should be used. When the 

kilns are cleaned special protective clothes should 

be worn. The dusling of the premises should be 

reduced. Personal hygiene is here, as in most 

kinds of work. of great importance. 
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Addem/11111 

Recently we have exnmined a third case, a man agcd 61 
(Dcpt. Dem1., Uddevalla). He hud been worl..ing in a 
sulphate paper pulp factory for -10 years though not 
within the recovery process. 

During the last JO years he bad had daily contact with 
Glaubcrs salt (I), chali.. (Il) ,111d sulphate turpentinc (d). 

For the last 4 yc:1r� he has h.id hand dermatitis con
tinuously and periodically also on the face, :irms, and 
legs. The dem1atitis ha, healed panly during sick-lea\'e 
periods and holidays. 

Four years ago hc was tested and found positive to 
chromium, but negative to turpenlinc. He wa, not tested 
with cobalt on thi, occasion. At that time it wa, not 
1..nown that tbe cbemicals at bts place or worl- could 
contain chromium. 

Recently he w□s rc-tested and was found to be positive 
to turpcntine and also to cobalt. lie intends to rctire be
cause of the chronic course of the dermatitis. 
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