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Abstract
Objectives: Regulations to certify nasal carcinoma as occupational disease induced by wood dust vary in the European 
countries. In Germany, it must be adenocarcinoma and the dust originating from beech or oak trees. In other countries, 
the disease is reconized as induced by occupation independent of the kind of wood dust or the type of carcinoma. With 
regard to the harmonization of regulations necessary in Europe we investigate whether these differences are acceptable 
from the scientific viewpoint. Materials and Methods: In a retrospective analysis of a group of 28 patients with wood dust-
induced nasal carcinoma in North Rhine-Westphalia, Germany, we studied whether significant differences in exposure, 
personal risks (smoking) and histological tumor type could justify the current German, Austrian and Luxembourg pattern 
of occupational disease certification. To quantify cumulative time of exposure we developed a new semiquantitative 
formula for the calculation of wood dust years (WDY). Results: Our results indicate that there are no significant 
differences between the subgroups, i.e., exposure to hard wood (n = 13) or other woods (n = 15), WDY (13.1 ± 11.3), 
smoking (n = 17) or nonsmoking, type of work and the diagnosis of nasal squamous cell carcinoma (n = 8) versus nasal 
adenocarcinoma (n = 20). The review of literature suggests systematic errors in the studies that led to the current German 
regulations. Conclusions: We recommend to amend the German, Austrian and Luxembourg regulations and to recognise 
nasal carcinomas as occupational disease, regardless of the type of wood dust exposure, and regardless of the tumor 
histology as also recommended by the International Agency for Research on Cancer (IARC).
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INTRODUCTION

An association between wood dust and malignant nasal 
tumors has been suspected for centuries [1], but the first 

research into the etiology was conducted in England and 

Czechoslovakia as late as the 1960s [2–5]. In 1981, the 

International Agency for Research on Cancer (IARC) 
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recommended that tumors should be recognized as oc-
cupational disease [6]. In Germany, special procedures 
are usually involved before any illness is certified as oc-
cupation-induced disease. First of all, a scientific board 
works out an expertise with a specific recommendation. 
It includes a scientific discussion. Based on the available 
data, the board recommended exclusively nasal adenocar-
cinoma as wood dust-induced malignancies in 1988 [7], al-
though the IARC has long recommended the recognition 
of other types of wood as well.
Today the requirements for recognizing nasal tumor as an 
occupational disease vary throughout Europe. The more 
restrictive German criteria for recognizing wood species 
and histological cancer type are used in Germany, Lux-
embourg and Austria [8,9]. Denmark, England, Sweden, 
Belgium, France, Italy and Switzerland require a proven 
long-term exposure to any kind of wood dust and recognize 
nasal carcinoma of any histological type. These different 
requirements for recognizing an occupational disease are 
firstly due to a lack of understanding of the precise etiology 
of the tumor, and secondly due to a lack of data indicating 
what kind of exposure leads to which type of tumor [10].
Consequently, the same tumor can be recognized as re-
lated to occupational exposure in one European country, 
whilst a few kilometers further across the border it would 
be refused recognition. The implications for the patient 
can be significant, including lost support, compensation, 
and so forth. With data from North Rhine-Westphalia, 
the main industrial region of Germany, we investigated 
the differences between the patients suffering from nasal 
adenocarcinoma (AC) versus squamous cell carcinoma 
(SCC) and their exposure to hard wood (HW; e.g., oak or 
beech) versus other wood (OW; e.g., pine or fir tree).

MATERIALS AND METHODS

The analysis included all fully documented cases of nasal 
carcinoma registered over a 7-year period (1988–1995) 
in the archive of the National Institute for Occupational 
Health and Safety of North Rhine-Westphalia (n = 28). 
In this archive, all cases suspected of any occupational dis-
ease are stored. This is independent of the final outcome 

whether this disease will be certified as occupationally in-
duced or not. We analyzed the group of patients for differ-
ences in the following variables: age, gender, occupational 
history, duration and kind of work, wood dust exposure 
(type, degree, duration), symptoms at the time of diagno-
sis, smoking, tumor localization, and histological type.
To assess the degree of wood dust-exposure, which has 
never been quantified in the case file, we established 
a semiquantitative model in analogy to those used for 
the estimation of asbestos exposure or the working level 
months (WLM) in uranium mining: One wood dust year 
(WDY) represents one year full-time mechanical work at 
“natural” ventilation (without special devices). Mechanical 
processing went into the calculation with a factor of 1.0, as 
opposed to manual work with a factor of 0.5 (because of 
less production of dust). Moderate ventilation, e.g., work-
ing outdoors, or with very good natural ventilation, was 
given a factor of 0.5, when optimal devices for ventilation 
were given a factor of 0.25. The cumulative WDY were cal-
culated by a formula devised by us in accordance with the 
validated formula for asbestos fibre years (formula 1) [11].

T, t – years exposed to wood dust (mechanical or manual 
work).
A, a – type of wood (%100 of T/t of every type of wood).
B, b – kind of work (%100 of T/t, mechanical or manual 
work).
C, c – ventilation (%100 of T/t of any ventiltion at me-
chanical or manual work).
D, d – suction (%100 of T/t of any suction at mechanical 
or manual work).
The time of exposure was defined as the number of years 
during which processing of wooden material was docu-
mented. Latency was defined as the time between first 
exposure and the time of diagnosis. Pack years equal to 
the number of years during which 20 cigarettes per day 
were smoked.

Statistical analysis
Statistical analysis included nonparametric tests 
(Mann-Withney U test, x2-test) and was performed with 
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SPSS software. Differences with p < 0.05 were considered 
significant.
In addition to the statistical analysis of our group of pa-
tients, we tried to establish any morphological differences 
between selected wood species. This was performed as 
a single-blind pilot study. Wood dust from pinetree, pop-
lar tree, maple, cherry, two species of spruce, fir, birch, 
beech, and oak tree was manually produced using abrasive 
paper with a grain density of 120 DIN (German Industrial 
Norm). The specimens were mounted and coated with 
gold to be studied with a scanning electron microscope 
(SEM). From each specimen several photographs were 
taken at a magnification of 4000x and 20 000x. The size 
was measured with a graticule. The photographs were 
analyzed visually, then given to trained investigators, fa-
miliar with the correctly identified pictures, to identify the 
type of wood by looking at unlabeled photographs.

RESULTS

In a cohort of 28 patients, we found 14 different occupa-
tions (Table 1). Of the 28 patients, 20 developed a nasal 
adenocarcinoma (AC) at a mean age of 59.3 (±5.4) years; 
5 developed squamous cell carcinoma (SCC) at a mean 
age of 54.0 (±5.6) years; and 3 other cases, recognized 
as occupational disease, had other nasal neoplasms 
(1 rhabdomyosarcoma, 1 transitional cell carcinoma and 
1 Wegener granulomatosis).
These 3 cases were not included in our analysis. The de-
tailed histology showed that of the 20 adenocarcinomas, 
14 were of intestinal or mucinous type, 4 of papillary and 2 
of tubular types. Of the 5 SCC, 3 were keratinizing, and 2 
others were non-keratinizing. The mean latency was 39.5 
(±10.5) years, with a latency of 42.9 ± 6.3 years for AC 
and 36.2 ± 6.2 years for SCC. The total mean WDY were 
13.1 (±11.3) years. The proportion of time of exposure 
to hard wood was higher than that to other types of wood 
in both groups. The time-dependent data for the AC and 
SCC groups and their relation to the exposure to various 
types of wood is shown in Table 2. The group suffering 
from AC had processed a higher percentage of hard wood 
(57.3%) as compared to the group with SCC (40.1%), the 

SCC group had more exposure to other types of wood 
(52.2%). The combination of the wood subgroups and 
tumor histology is shown in Table 3. Of the 28 persons, 
17 smoked and consumed 31.5 (±30.0) pack years of ciga-
rettes on average. The percentage of smokers was equal in 
the AC and SCC groups. At the time of diagnosis, syptoms 
were similar in both groups, with obstruction of nasal 
breathing, followed by epistaxis and headache (Fig. 1). 
The distribution of tumor localizations is shown in Fig. 2. 
The differentiation between AC and SCC showed no tu-
mor-correlated localization.
Statistical analysis of the data showed no difference between 
the AC and SCC groups in exposure (neither amount nor 
type), age at the time of diagnosis, smoking, or non-smok-
ing and pack years. The only difference found was a longer 
latency of 42.9 ± 6.3 years in the AC group compared to 36.2 
± 6.2 years in the SCC group (p < 0.05).

Table 1. Occupations found in the cohort (multiple voting possible)

Construction joiner
Cabinet-maker
Furniture joiner
Coffin maker
Parquet layer
Stairway joiner
Box joiner

13
5
3
3
2
2
1

Barrel joiner
Cartwright
Cooper
Forestry worker
Wood worker
Farmer
Construction worker

1
1
2
1
1
1
1

Table 2. Time-dependent data on the AC and SCC groups

Adenocarcinoma
(n = 20)

Squamous cell 
carcinoma

(n = 8)

Age at the time of diagnosis
WDY total
 HW
 OW
Latency
Pack years

59.3 ± 5.4 y
16.6 ± 15.0
8.7 ± 9.9
4.1 ± 7.3

42.9 ± 6.3 y
28.7 ± 31.5

54.0 ± 5.6 y
11.9 ± 12.3

2.4 ± 2.7
1.0 ± 1.1

36.2 ± 15.3 y
27.6 ± 28.1

WDY – wood dust years.
HW – hard wood
OW – other wood

Table 3. Tumor histology depending on wood types processed

Types of wood
Adenocarcinoma

(n = 20)

Squamous cell 
carcinoma

(n = 8)

Other wood
Hard wood
Not exactly specified

9
12
3

4
3
1
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If a cohort study had been used to verify or falsify the 
correlation between wood dust or special types of wood 
dust and histological types of tumors, the estimation of 
the sample size with usual statistical methods [12] would 
result in numbers which are so large that a realization 
seems to be impossible due to ethical (duration more than 
20 years), practical (more than 1 500 patients necessary) 
and financial reasons (see discussion).

Visual analysis of several types of wood dust did not reveal 
any morphological differences. None of the 5 investigators 
was able to identify the different types of wood dust on 
electron microscopy pictures (Fig. 3). All the wood fibres 
measured were >10 µm in size.

DISCUSSION

In Germany, about 200 000 people are working in the 
wood industry with declining numbers over the last de-
cades (1978: 237 600; 1986: 185 600) [13]. Annually, about 
15–20 persons develop nasal tumors, which are recognized 
as occupational disease according to the current German 
regulations [14]. This makes nasal carcinoma induced 
by wood dust a very rare disease although there may be 
further unidentified cases, including those not considered 
to be of occupational origin according to current German 
legislation (e.g., SCC) and thus missing from the statis-
tics. The incidence is low throughout Europe, but in the 
European Community there are no uniform data on this 
disease allowing for comparisons.
A possible way to a new appraisal or adaptation of the 
procedure of recognizing wood dust-induced carcinoma 
as occupational disease would be a precise description of 
the etiological factors causing the disease. But to date, the 
precise mechanism and triggers inducing nasal tumors are 
not known. Substances of the wood itself, e.g., phenoxyl 
radicals, chlorophenole, tannine, alcohols are thought to 
play a role in carcinogenesis [15–18]. This theory is sup-
ported by the documented carcinogenic effect of beech 
extract on skin that can lead to SCC [19]. Other authors 
view chemicals used during processing, e.g., potassium 
chromate, sodium chromate, nitrosamines, polycyclic hy-
drocarbons, formaldehyde or Lindan, pyrolytic substances 
produced during processing with high-speed devices, or 
metabolites of fungi which grow on the material, as being 
responsible for tumorigenesis [20–29].
We additionally investigated the morphology of wood 
dust. We considered a fiber hypothesis, like in asbestos-
induced tumors, where fibers of a certain size (5 µm) are 
deemed to be more carcinogenic. Examining dust fibers 
from different types of wood to assess differences between 

Fig. 1. Symptoms at the time of diagnosis (multiple voting possible).

Fig. 2. Localisation of the tumor at the time of diagnosis.

Fig. 3. Wood dust of some different species (SEM, 4 000x).
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them, we could not document any differences in size (all 
>10 µm) or morphology (Fig. 3). One needs to bear in 
mind, however, that fiber size may vary with different 
types of processing. In addition, wood dust does degrade 
and get cleared from tissues in contrast to asbestos fibres 
which persist a very long time or even lifelong. We con-
clude therefore that wood fiber size and morphology are 
probably not related to carcinogenicity.
There is a following argument against the procedure in 
Germany, Austria, and Luxembourg from a pathological 
viewpoint. Taking into account the minimal knowledge 
about the factors of wood dust, which cause the nasal 
malignancies on one hand, and the remarkable potential 
of epithelial cells for transformation into different tumor 
types on the other, any relation of wood dust to a special 
epithelial tumor type must be discussed very carefully. For 
example, epithelial cells can develop SCC in tissues, which 
are normally not containing squamous cells [30]. Adeno-
carcinoma does not arise uniformly either. In view of this 
potential of epithelial cells and the resulting variability, we 
think that nasal SCC cannot be excluded from the list of 
wood dust-induced nasal neoplasms [31,32].
A large variety of possible carcinogenic substances in the 
wood and the tissue potential for degeneration into differ-
ent tumors may explain the multitude of results obtained 
by numerous authors in various studies [22,33–42]. Most 
of these are cohort studies or pooled meta-analyses, and 
are unsuitable for multivariate analysis of the data to as-
sess the effect of other possible influences. The results of 
our study are in accordance with those reported in the 
literature [10], but a multivariate analysis to assess addi-
tional effects (ethnic predisposition or other carcinogenic 
organic solvents, aromatic hydrocarbons, chrome, nickel 
and many others that can induce nasal tumors) [43] was 
not possible in our study because of a small size of the 
group. When comparing the results of the studies per-
formed to date, there are no clear trends, and in addition 
some studies have systematic and statistical deficits [44]. 
A meta-analysis of the existing data might be beneficial in 
the future.
The results of the existing case-control studies are similar 
to ours. For example, Acheson [33] found a higher risk for 

nasal carcinoma after exposure to hard wood as well as to 

other wood; Elwood [35] reported a 2.5-time higher risk for 

a group exposed to other wood compared to a population 

without wood dust exposure. The data reported by Hern-

berg [37] and also Vaughan [41] suggest a higher incidence 

of AC when workers are exposed to hard wood and a higher 

incidence of SCC after exposure to other types of wood. 

Demers et al. [34] however, could not show any uniform 

tendency. The studies, on which current German restric-

tions in recognising occupational nasal carcinoma are 

based, were conducted by Grimm and Wolf [45–48]. These 

case-studies included only data on patients with AC but not 

on patients with SCC. They documented a relatively higher 

risk with hard wood exposure and this led to the current 

German regulations. These studies deserve some criticism 

because of their systematic errors; a conclusion that has 

been reached by previous authours as well [10,44].

We set out to detect any differences between the groups 

of patients, their cancer types and exposure, which would 

justify the restrictions for recognising nasal carcinoma as 

an occupational disease as currently applied in Germany, 

Austria and Luxembourg. We were not able to find any 

significant differences. However, to increase the statistical 

significance of any study in this field, a large scale investi-

gation would have to be launched.

If a significance of p < 0.05 is to be realized in a cohort 

study, some 1500 cases will have to be used if the sample 

size is calculated using our data. Based on the incidence 

of nasal carcinoma 1:10 000, this would need several de-

cades. Therefore, we suggest a case-control study, a design 

which is useful for rare diseases, as an alternative.

Taking into account that (i) the IARC recommended the 

recognition of nasal carcinoma as occupational disease in-

dependent of the type of wood dust and the histological type 

of tumor for more than 20 years, and (ii) that the majority of 

countries in Europe, except Germany, Austria, and Luxem-

bourg followed this recommendation, our analysis supports 

the demand for a uniform procedure in whole Europe.
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CONCLUSIONS

We propose that in cases of proved high exposure to 
wood dust any nasal carcinoma should be recognised as 
an occupational disease independent of the type of wood 
exposure and the histology of the tumor.
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