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Nasal histology and nickel concentration in
plasma and urine after improvements in the
work environment at a nickel refinery in
Norway
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BOYSEN M, SOLBERG LA, ANDERSEN I, HOGETVEIT, TORJUSSEN W. Nasal
histology and nickel concentration in plasma and urine after improvements in the work
environment at a nickel refinery in Norway. Scand j work environ health 8 (1982) 283—
289. Nasal histology and nickel concentration in the plasma and urine of nickel workers
were reexamined after 4 a for an evaluation of the effect of improvements in the refining
process and work conditions. Ninety-eight (31 %) nickel workers who were part of a
previous study were reexamined. In addition, 33 of the original 38 workers with nasal
epithelial dysplasia were studied for possible regression of the histological changes.
Reduction in the atmospheric content of nickel and improved hygienic conditions
lowered the concentration of nickel in plasma and urine by approximately 50 %. The
mean histological score and frequency of dysplasia was virtually the same in the two
investigations, 12 and 13 %, respectively. Nasal biopsies are of limited diagnostic value
in the examination of individual cases. However, the method seems to be of value in
identifying and monitoring groups of persons with increased risk of developing nasal

carcinoma.
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The inhalation of nickel compounds is as-
sociated with an increased incidence of
carcinomas of the respiratory tract, parti-
cularly of the nasal cavities (6, 7, 11, 13).
A recent study of the nasal mucosa of
process workers in a Norwegian nickel
refinery revealed epithelial dysplasia in
12 % and carcinoma in 0.6 % of the workers
(18). The nickel content in the plasma and
urine of these workers was considerably
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higher than in nonexposed persons (16).
The high frequency of respiratory tract
carcinomas and nasal epithelial dysplasia
led to measures to reduce the amount of
nickel in the refinery environment. A pre-
ventive health program was also intro-
duced, part of which was to monitor the
content of nickel in the plasma and urine
of the workers and, if possible, to detect
respiratory tract malignancies (8, 9).

The present study is based on the reex-
amination of 31 % of the nickel workers
first examined in 1976 (18). Our purpose
was to evaluate (i) whether the improve-
ments introduced in the refining process
had reduced the amount of nickel in the
environment, (ii) whether the technical
improvements and improved hygienic
conditions had reduced the nickel content
in the workers’ plasma and urine, and (iii)
whether the same improvements had re-
sulted in the regression of histological
changes in the workers’ nasal mucosa.
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Material and methods

The raw material refined at Falconbridge
Nikkelverk A/S, Kristiansand, Norway, is
nickel matte containing 50 % nickel, 30 %
copper, 20 % sulfur, and trace amounts of
other metals. The nickel is processed by
crushing, roasting, smelting, and electro-
lysis.

Workers involved in the roasting/smelt-
ing process are mainly exposed to dry fur-
nace dust of water-insoluble nickel subsul-
fide and oxide. In the electrolysis depart-
ment workers are mainly exposed to
water-soluble aerosols of nickel sulfate and
chloride. Nonprocess workers include
plumbers, fitters, and electricians doing
maintenance work in these two depart-
ments, as well as workers ‘employed in
other departments of the plant. These
workers are exposed to various nickel
compounds, but generally at lower con-
centrations and for shorter periods than
the first two groups of workers.

Since 1976 several improvements have
been introduced in order to reduce the
amount of nickel in the atmosphere. The
main technical improvements include the
replacement of the old Hereshof roasters
by fluid bed furnaces, the covering of the
electrolysis tanks with expanded poly-
styrene pellets, and the installation of new
fans.

Follow-up of previously examined nickel
workers

Two groups of workers were selected for
reexamination in the period 1979-1981.
The protocol of the original examination
(18) was followed.

Group I comprised 98 (31 %) randomly
selected workers (table 1) of the 318 ex-

amined in 1976. All volunteered for the
reexamination. Ten workers had changed
jobs since 1976. Of these, seven are vir-
tually nonexposed to nickel in their pres-
ent jobs, but three are still exposed as
process workers (see footnote a of table 3).
In order to follow the course of nasal
epithelial dysplasia, we wished to reexam-
ine as many of the workers as possible in
whom dysplasia was diagnosed in 1976. Of
these 38 workers, 33 were reexamined after
approximately 2.5 a, and 16 were also ex-
amined after approximately 4.5 a. These
33 reexamined workers formed group II;
12 of them are also included in group I.

Reference group

Samples of blood and urine were collected
from 20 age-matched volunteers from the
office staff of the refinery for comparison
with the blood and urine of the refinery
workers.

Collection of samples

Biopsies were taken under local anesthesia
(Xylocain 2 %/Adrenalin 0.1 %) from the
anterior curvature of the middle turbinate
on the same side as in the original exami-
nation. The specimens were fixed in caco-
dylate-buffered 3 % glutaraldehyde (pH
7.4), embedded in Epon, sectioned (1 um),
and stained with toluidine blue.

Blood and urine were collected the first
thing in the morning, at least 12 h after
work, and on the same day as the biopsy
specimens. The nickel concentration was
determined by an atomic absorption spec-
trophotometer (model 603) equipped with
a graphite furnace (model HGA-76, auto

Table 1. Age and the duration of nickel exposure of the active nickel workers (allocated according

to category of work) and the referents.

Number of Age (a) Employment (a)
subjects
Mean Range Mean Range
Exposed subjects
Roasting/smelting 29 50 37—64 22 12—-30
Electrolysis 41 54 32—64 25 12—-34
Nonprocess 28 53 37—-67 24 14—-34
All nickel workers 98 52 32—-67 24 12—34
Referents 20 52 42—73 —
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sampling system, AS-1) and a model 56
recorder, both from the Perkin-Elmer
Corp, Norwalk, CT, USA, as previously
described by Torjussen & Andersen (16).

The safety engineer collected air samples
by using static samplers at fixed places in
the work areas. The air samples were ana-
lyzed with the same equipment as the
plasma and urine samples.

Histological examination

The biopsy specimens were histologically
graded according to a classification scale
slightly modified from Torjussen et al (17,
18) (see table 2). All sections from the origi-
nal and present examination were ex-
amined independently by two of the
authors (MB & LAS), who did not consult
the previous histological descriptions or
clinical/occupational information. In a few

Table 2. Histological classification of nasal surface
epithelium. The sections were given the highest
score obtained according to presence of one of the
listed characteristics.

Characteristic Score

Pseudostratified columnar epithelium
Stratified cuboidal epithelium 1
Mixed stratified cuboidal/stratified

squamous epithelium 2
Stratified squamous, nonkeratinizing

epithelium 3
Stratified squamous, keratinizing epithelium 4
Dysplasia 5

16
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cases of disagreement, a concensus was
reached after some discussion.

Statistical evaluation

The Wilcoxon test for paired differences
was used to compare the 1976 histological
scores and the nickel levels in plasma and
urine with those of the present study. The
Wilcoxon test for two samples was used
to compare the nickel values of the ex-
posed workers and the referents. To com-
pare the frequency of dysplasia in 1978/
1979 and 1980/1981, the square contin-
gency test was applied. A probability level
of less than 5 % was required for signifi-
cance.

Results

Atmospheric nickel concentrations

In 1976 the atmospheric nickel concentra-
tion ranged from 0.1 to 1.0 mg/m3 in the
roasting/smelting department and from 0.1
to 0.5 mg/m3 in the electrolysis depart-
ment. The nonprocess workers were ex-
posed to levels ranging from 0.01 to 0.5
mg/m?.

Repeated analyses of atmospheric nickel
in the new smelting department and in the
electrolysis department in 1979-1980 re-
vealed values of less than 0.1 mg/m3.

Nickel analysis in plasma and urine

Fig 1 presents the results of the nickel anal-
yses of the plasma and urine of the 98

Fig 1. Nickel levels in the plasma
and urine of the 98 nickel
workers examined in 1976 and
1979/1980 (mean + SD). For all
categories of work the 1979/
1980 values were significantly
lower than the 1976 ones
(p <0.05), but they still ex-
ceeded those of the referents
(c) (p<0.05) (--- workers
in the electrolysis department, —
workers in the roasting/smelting
department, - - - nonprocess work-
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workers in group I in the present and
former study. The mean plasma and urine
nickel values for all categories of workers
were reduced by approximately 50 %
(p < 0.05), but they still exceeded the values
recorded for the referents who had min-
imal exposure to nickel (p < 0.05).

The 33 workers with epithelial dysplasia
in 1976 (group II) also showed a significant
decrease in their plasma and urine nickel
concentrations (p < 0.05) (fig 2). Only the
plasma and urine values of the electrolysis
workers and the urine values of the roast-
ing/smelting workers exceeded the values
recorded for the referents (p < 0.05). The
apparent increase in the nickel values of

the roasting/smelting workers after 4.5 a is
probably due to the limited number of ob-
servations.

Histological examination

Table 3 summarizes the results of the his-
tological examination of group I. The
mean histological score and the percen-
tage of individuals with epithelial dys-
plasia were virtually identical in 1976 and
1979/1980, namely, 12 and 13 %, respective-
ly. The comparison of the examinations
presented in table 4 shows that 30 workers
(30.6 %) obtained the same score, 38 (38.8 %)
a lower, and 30 (30.6 %) a higher score in

Table 3. Histological scores of the 98 active nickel workers examined in 1976 and 1979/1980.

Category of Number of Histological score®

rk a
wo e L 0 1 2 3 4 5  Mean
Examination in 1976
Roasting/smelting 34 0 10 5 7 8 4 2.74
Electrolysis 43 0 8 11 11 8 5 2.79
Nonprocess 21 0 8 8 1 1 3 219
All nickel workers 98 0 26 24 19 17 12 2.64
Examination in 1979/1980
Roasting/smelting 29 1 2 7 12 2 5 2.90
Electrolysis 41 1 2 7 12 2 5 2.55
Nonprocess 28 2 6 7 7 2 4 254
All nickel workers 98 4 17 22 34 8 13 265

2 Five workers employed in the electrolysis department and two in the roasting/smelting department
in 1976 were employed as nonprocess workers at the time of the 1979/1980 examination. Three
workers employed in the roasting/smelting department in 1976 were working in the electrolysis
department in 1979/1980.

b The changes in the histological scores are not statistically significant.
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Fig 2. Nickel levels in the plasma
12 12 and urine of the 33 nickel workers
with nasal epithelial dysplasia in
1976, reexamined after 2.5 and
4.5 a (mean + SD). For all cate-
gories of work the values re-
corded in the follow-up examina-
tion were significantly lower than
the 1976 ones (p < 0.05). Only the
urine values of the workers in the
electrolysis and the roasting/
smelting department and the
plasma values of workers in the
former differed significantly from
those of the referents (c). For
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the latest examination (p > 0.05). Only for
20 % did the score differ by more than one
when the two examinations were com-
pared. Of the 12 workers with dysplasia in
1976, only six showed dysplasia when re-
biopsied in 1979/1980 (table 4), but dys-
plasia was now found in seven other
workers.

The results of the reexamination of
workers with dysplasia in 1976 (group II)
are presented in table 5. Of the 33 workers
rebiopsied after 2.5 a and the 16 workers
examined after 4.5 a, 13 (39 %) and 8 (50 %),
respectively, showed dysplasia. No case of
carcinoma was found in the present inves-
tigation.

Discussion

Occupational exposure to nickel 1s associ-
ated with an increased risk of respiratory
tract carcinoma (10). For workers who, in
the period 1953—-1971, were involved for 3 a
or more in roasting/smelting and electro-
lysis work at Falconbridge Nikkelwerk,
Kristiansand, Norway, the ratio of ob-
served to expected cases of nasal carci-
noma was 40:1 and the corresponding
ratio for lung carcinoma was 7 : 1 (13). For
nasal carcinoma the ratio increased with
the duration of employment, being 168: 1
for workers employed for 25 a or more (1).
The nonprocess workers showed approx-
imately three times the incidence of respi-
ratory carcinoma when compared to non-
exposed individuals (13). Although other

chemical compounds such as copper,
cobalt, arsenic, and sulfur may be of im-
portance, it is nickel compounds, especial-
ly the water-insoluble ones, which are con-
sidered to be the main carcinogenic sub-
stances (14, 15).

In order to reduce the amount of air-
borne nickel in the refinery, during the last
few years there has been a changeover
from an open metallurgical to a closed
chemical production process. This change
has resulted in the airborne content of
nickel being reduced to values below the
hygienic standard of 0.1 mg/ms3, the value
recommended by Norwegian authorities
for occupational exposure to nickel. At
the same time an extensive health program
has been introduced including, among
other tests, an annual medical examina-
tion, chest radiographs, and regular mea-
surement of the nickel content in plasma
and urine. Workers with a high body bur-
den of nickel are instructed in hygienic pre-

Table 4. Histological score of the 98 active nickel
workers examined in 1976 and 1979/1980.

Histological score in 1976

Histological

score in Total

1979/1980 0 1 2 3 4 s
0 0 3 0 1 0 0 4
1 0 6 7 1 2 1 17
2 (4] 4 7 8 1 2 22
3 0 9 8 6 9 2 34
4 0 0 0 2 5 1 8
5 0 4 2 1 0 6 13

Total 0 26 24 19 17 12 98

Table 5. Histological score of 33 and 16 nickel workers presenting nasal epithelial dysplasia in 1976

after 2.5 and 4.5 a, respectively.

Category of Number of Histological score2

work workers 0 1 > 3 4 5 Mean
Examination in 1978/1979

Roasting/smelting 1 0 2 0 3 2 4 3.55
Electrolysis 13 0 1 2 6 0 3.31
Nonprocess 9 0 2 1 1 0 5 3.56
All nickel workers 33 0 5 3 10 2 13 3.45
Examination in 1979/1980

Roasting/smelting 3 0 0 0 1 0 2 4.33
Electrolysis 6 0 i 1 2 0 2 3.16
Nonprocess 7 0] 0 2 0 1 4 4.00
All nickel workers 16 0 1 3 3 1 8 3.75

2 The changes in the histological scores are not statistically significant.
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cautions, in irrigation of the nasal cavities
with 0.9 % saline after work, and in the
wearing of protective masks. Reduced
work time has been instituted in some
of the areas where a high level of nickel
was registered (8).

The most generally accepted and widely
used method for monitoring occupational
nickel exposure is the determination of
nickel in blood and urine (2, 9, 12). The
present study shows that the reduction in
airborne nickel and improvements in hy-
giene have resulted in a significant reduc-
tion in plasma and urine nickel concentra-
tions during the years from 1976 to 1979/
1980, but the level of nickel in the plasma
and urine of the nickel workers is still
somewhat higher than in referents. Wheth-
er this phenomenon is related to the
amount of nickel still present in the oc-
cupational atmosphere or due to the slow
release of nickel accumulated within the
organism during previous higher expo-
sure is difficult to decide.

The real significance of nasal epithelial
dysplasia is not known at present. The fact
that such lesions are found within occupa-
tional groups with an increased incidence
of nasal carcinoma, eg, among nickel (17,
18) and furniture (5) workers, strongly sug-
gests that dysplasia should be considered
a precancerous lesion. This probably close
relation between dysplasia and carcinoma
is also illustrated by our experience of a
nasal carcinoma developing in a retired
nickel worker 2 a after dysplasia was found
in the same nasal cavity.

Despite individual variation, we found
that the mean histological score and the
frequency of dysplasia remained virtually
the same in our 98 workers after 4 a of ob-
servation. This result suggests that once
established, dysplasia shows little ten-
dency towards regression. The high
frequency of dysplasia among retired nick-
el workers supports this assumption (17,
Boysen et al, unpublished results). The
possibility that even the present low at-
mospheric nickel contamination is suffi-
cient to maintain, in principle, reversible
dysplasia cannot be completely excluded.
Neither can it definitely be ruled out that
nickel accumulated in the nasal mucosa
continues to influence the epithelium ad-
versely. However, within a span of 4 a and
after substantial improvements in the indi-
vidual nickel load, one would expect reac-
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tive epithelial changes to subside. In our
opinion the constant prevalence of dys-
plasia among the nickel workers studied
favors the view that these morphological
changes express early and essentially ir-
reversible steps in a gradual malignant
transformation of the nasal epithelium.

Dysplasia appears in scattered areas in
the nasal mucosa (3, 4). Due to the limited
size of the biopsies such areas may easily
be missed, and therefore some of the
workers who showed dysplasia in the first
biopsy failed to do so when rebiopsied
and, also, a number of “new” cases of dys-
plasia were found in the present investiga-
tion.

On the basis of the findings in the pres-
ent and previous (18) studies attempts
were made to evaluate the real prevalence
of nasal epithelial dysplasia, and whether
regression or progression of dysplasia
takes place. The application of static and
dynamic statistical models suggests that a
moderate increase in the frequency of dys-
plasia is likely and that substantial regres-
sion or progression can be excluded. The-
real prevalence of dysplasia in active nick-
el workers is at least twice the percentage
detected in single studies. Depending on
the model used, the mean values varied be-
tween 58 and 27 %, with a lower end of the
95 % confidence interval at 24— 16 %. More-
over, the statistical evaluation shows that.
at least ten independent examinations
have to be made in order to detect dys-
plasia with 95 % confidence (calculations
performed by Dr O KXaalhus, Norsk
Hydro’s Institute for Cancer Research,
Montebello, Oslo 3, Norway).

Nasal biopsies are of limited diagnostic
value in individual cases for the same
reasons, but they still appear to be valu-
able in identifying and monitoring groups
occupationally exposed to nickel. From
our experience with furniture makers (5)
it seems probable that nasal biopsies may
also prove valuable for the recognition of
occupational hazards from other types of
inhaled dust.

Further studies should be carried out to
determine whether dysplasia is reversible
or not. Irreversibility of dysplasia does not
exclude the possibility of a regression of
the premalignant state of the mucosa in
that the dysplastic epithelium may gradu-
ally be replaced by the remaining nondys-
plastic normal epithelium. It is also impor-



tant to evaluate whether the present level
of nickel exposure is sufficiently low to
prevent the occurrence of new cases of
dysplasia.

Accumulating evidence from our pres-
ent and previous morphological studies
(3) supports the concept of nasal dysplasia
as a precancerous lesion, particularly in
view of the biological behavior of similar
changes in other organs, eg, in the cervical
and bronchial epithelium. However, fur-
ther development of dysplasia into distinct
malignancy appears to be a relatively rare
event. Nevertheless, it should carefully
be considered whether workers with such
lesions should be transferred to other
work. In any event, these workers should
be followed closely for the early detection
of nasal carcinoma.
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