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non of a Norwegian county. Scand J Work Environ Health 1992;18:44-51. Occupational airborne ex­
posure was examined for a stratified.saml?le ~~ 1275~ of the general population aged 18-73 years in
Hordaland County, Norway.The subjects IdentifiedallJobs of more than six months since leavingschool
and stated whethertheyhad been occup.ationally exp~sed to specificagentsand work processes potential­
ly harmful to the lungs. The prevalencem the population ever havingbeenexposed was 18OJo for asbestos
9OJo for q~artz, 5OJo for alum~num d.ust, 6OJo for.wood dust, 12OJo for metal gases, 12070 for welding, 907:
for solderm~, an~ 1070 f?r hairdressing..According to occupational title (last job), 3070 of the population
h~d hel~ a Job.wlth a high degree of airborne exposure, 26070 a job with moderate exposure, and 70070
a Job.wIth no airborne exposure. During their worklifeboth the men and the womentended to leavepol­
lutedJobsmo~e o~ten than u~poll~ted jobs. Occupational exposure to airbornepollutantspotentially harmful
to the lungs IS Widespread In this Norwegian general population.
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One objective of occupational epidemiology is to iden­
tify subjects exposed to agents or work processes that
are hazardous to human health. The outcome variables
in this research have usually been well defined enti­
ties. The exposure characterization, however, is often
less precise because of its complexity and variability.
In community surveys occupational exposure charac­
terization has mainly been based on title of present job
or the job held the longest (1). However, these enti­
ties may be poor indicators of lifetime exposure.
Nevertheless, occupational title has shown to be a
marker for both lung cancer (2, 3) and obstructive lung
disease (4). Few community surveys have focused on
complete work histories of subjects in general popu­
lation samples (5).

Studies of working populations have identified
numerous agents as being potentially harmful to the
airways (6). However,little is known of the exposure
prevalence of specific airborne agents or their combi­
nations in the community (7, 8).

The objectives of the present study were to charac­
terize airborne exposure at work in the general popu­
lation by means of occupational titles. Furthermore
we wanted to obtain community-based prevalence es­
timates of past or present occupational exposure to
some specific agents and work processes harmful to
the lungs .
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Subjects and methods

Study area and study population

The Hordaland survey is a two-phased cross-sectional
study of the general population of Hordaland coun­
ty, on the southwest coast of Norway. The county com­
prises 100/0 of the Norwegian population. The 1980
census (9) showed that the working population of the
county was occupied in private and public services
(64%), industry (210/0), construction (9%), and agri­
culture and fishing (5%). The corresponding figures
for Norway were 62,19, 11, and 80/0, respectively (9).
Of those working in industry in Hordaland, 43% were
occupied in engineering, 17% in shipbuilding, 15%
in the food industry, 11% in the graphics and pub­
lishing industry, 8% in the textile industry, and 7%
in the iron and metal industry (9).

In the first phase of the study, conducted in 1985,
a questionnaire was mailed to a random sample of 4992
persons of the general population aged 15-70 years
(10). The questionnaire contained questions on smok­
ing habits, past or present occupational dust or gas ex­
posure, including asbestos and quartz (11), and respira­
tory symptoms and physician's diagnosis of asthma
(12). The response rate was 90% of the sample. The
respondents (N = 3370) living in Bergen or one of 11
surrounding municipalities were divided into two strata
on the basis of the information obtained from the
postal survey. The first stratum contained subjects who
had received a physician's diagnosis of asthma and em­
physema or who had been occupationally exposed to
asbestos or quartz or nonsmokers without respiratory
symptoms. The second stratum contained those not
included in the first. In the second phase, conducted
from 1987 to 1988, a 91% random sample of the sub-



jects in stratum 1 and a 22% random sample of the
subjects in stratum 2, altogether 1512 subjects, were
invited to attend a standardized clinical examination.
The overall attendance rate was 84% of those invited.
The attendants and nonattendants in the second phase
of the study were comparable as to gender, while the
attendants were significantly older than the nonatten­
dants (table 1). According to information from the
questionnaire phase of the survey no .significant dif­
ference existed between the attendants and nonatten­
dants regarding smoking habits and occupational ex­
posure to dusts or gases and quartz. A history of oc­
cupational asbestos exposure was significantly more
frequent among the attendants than among the non­
attendants (table 1).

Exposure characterization

At the clinical examination all of the subjects com­
pleted an occupational history questionnaire. They
were instructed to state all jobs held for at least six
months since leaving school, beginning with the pres­
ent job and listing backwards, and to provide starting
and finishing year of each job. In the second part of
the questionnaire they were asked whether they had
been occupationally exposed to 11 agents and work
processes potentially harmful to the airways. The
agents and work processes were asbestos, quartz, alu­
minum production and processing, wood dust, metal
gases (chromium, nickel, platinum), isocyanates, al­
dehydes, anhydrides , welding, soldering , and hair­
dressing. The alternatives for answering were "yes"
and "no." Regarding asbestos, quartz, aluminum, and
wood dust , the subjects were asked to pick out the
branch of industry or work process in which they had
been mostly exposed to the agents from a list of printed
alternatives. For asbestos and quartz the subjects were
also asked to state the degree of exposure, and for as­
bestos whether they had been ,exposed daily, weekly,
monthly, or more seldom.

The questionnaire was checked for completeness by
a nurse and a physician. This control showed that a
majority of the subjects were not familiar with the
terms isocyanates, aldehydes, and anhydrides, and they

did not answer the questions concerning the com­
pounds . In the following analyses the data on these
agents were therefore excluded.

For each job the subjects recorded the occupational
title. For the present report job was defined as an en­
gagement, while occupational title was defined as a
profession. Hence a subject may have had one occupa­
tional title and several jobs, but not vice versa.

The occupational title of each job was coded accord­
ing to the three-digit numbers of the Nordic Classifi­
cation of Occupations (13), which follows the recom­
mendations of the International Standard Classifica­
tion of Occupations (14). The occupational titles were
allocated into the following three exposure categories:
high degree of exposure (AE + +): occupations in
which most workers regularly experiencea high degree
of airborne exposure; moderate degree of exposure
(AE + ): occupations in which most workers regularly
experience a moderate degree of airborne exposure;
no exposure (AE-): occupations in which most work­
ers regularlyexperiencetrivial or no airborne exposure.
The term " airborne exposure" included dusts, fumes,
mists, and gases (6, 15). The definition of " high" and
"moderate" airborne exposure wasbased on the judge­
ment of those performing the allocation. It was per­
formed by two experienced occupational physicians
and one industrial hygienist who did not participate
in the field work otherwise . They agreed on the clas­
sification for 196of the 213 occupational titles (over­
all agreement 92010). In cases of disagreement occupa­
tion was classified according to the majority of the
evaluators.

Examples of AE+ + occupations (18 titles) were
concrete and construction workers, welders and
painters. AE+ occupations (71 titles) comprised such
titles as cleaners, joiners, and engineering workers.
AE - occupations (124titles)were, for instance, clerks,
shop assistants, and teachers. Housewife was not in­
cluded in the Nordic Classification of Occupations . In
the present study housewife was regarded as an occu­
pation in the AE - group. The complete list of
occupations allocated into the three exposure groups
can be obtained from the senior author.

Table 1. Characteristics of the attendants and nonattendants in the second phase of the general population survey of Bergen
and 11 surrounding munic ipalities.

Age' (years) Smoking habits " Past or present

Urban
occupational exposure "

Women Smokers area of
(%j Ex· Non· restoence- Dust or Asbes- QuartzMean SO Cigarelles/d smokers smoke rs (%) gas tos (% )% (%) (%) (%j (%)

Mean SO

Attendant s
(N = 1275) 49 42 16.1 29 15 5,5 14 57 68 32 10 8

Nonallendanls
(N =237) 47 37 16.9 27 14 6.8 15 59 68 30 6 8

, Age on 31 December 1987.
b Information from the postal questionnai re.
c Living in the municipality of Bergen,
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The subjects were classified as smokers if they were
smoking daily at the time of the study (11). Nonsmok­
ers were defined as subjects who had never smoked
daily. Ex-smokers were subjects who used to smoke
daily but had given it up.

Analysis

The differences between the attendants and nonatten­
dants were examined with chi-square tests of the

BMDP (biomedical data package) program (16). All
of the prevalence estimates given in tables 2-5 and
in figure 1 were corrected for the different sampling
fractions of the two strata (17) and are hence commu ­
nity representative estimates . Differences in frequen­
ciesand tests for trends were performed with a weighed
regression analysis. For all the analyses a significance
level of P =0.05 was used.

o 1 2 3 4 5 6 7 8 9 1 0

o 1 2 3 4 5 6 7 8 9 10

Number of occupational titles
throughout professional career

Results

One, two, and three occupational titles held since
leaving school were each stated by approximately 20%
of the men and women (figure I, upper half). Five or
more occupational titles were stated by 190/0 of the men
and by 10010 of the women. The mode number of jobs
held since leaving school and lasting for at least six
months were three for the men and one for the women
(figure 1, lower half). Altogether 27% of the men and
22% of the women had been employed in more than
five jobs . More than five jobs was significantly more
frequently seen for those 35-54 years of age (39%)
than for those 18-34 years of age (14%) or those
55-73 years of age (22%). The number of jobs did
not vary with smoking habits. According to the longest
job held, the five most common occupations (percent­
age of the population) were housewives (9.9%), clerks
(7.6%), shop assistants (5.2%), general managers
(5.1%), and cleaners (3.2%). Of the 10most common­
ly held occupations six were AE - occupations and
four were AE ,+ occupations.

On the basis of the occupational title of the longest
job held, 40% of the population aged 18-73 years had
been employed in a job with a high or moderate de­
gree of airborne exposure (table 2). The correspond­
ing figure for the last job held was 29% . The highly
exposed occupations were five to six times more preva­
lent among the men than among the women. Accord­
ing to both the last and longest job held, the preva­
lence of subjects with AE - jobs tended to decrease
as age increased. Higher percentages of ever-smokers
had held AE + + and AE + jobs than nonsmokers
(table 2). AE - jobs were more prevalent in urban than
in rural areas .

To examine how the subjects moved between the ex­
posed and unexposed occupations during their career,
we followed the 1921-1936 cohort from 1957 to 1987
(table 3). For both genders workers holding an AE­
occupation in 1957 stayed in the same exposure group
longer than workers having an AE + or AE + + oc­
cupation in 1957.The transition from AE + or AE + +
to AE- occupations was greater than in the other
direction . Men with airborne occupational exposure
tended to leave the work force more often than men
without such exposure .

The estimated lifetime prevalences of occupational
exposure to the specific agents and work processes, ex­
cept for hairdressing, were much higher for the men

JJJ Men

o Women

1 0

20

Percent
of the
population
30

10

Number of jobs throughout
professional career

Figure 1. Number of occupat ional titles and jobs held during
the professional career of 1275 men and women aged 18-73
years in Bergen and 11 surrounding municipalities.

Percent
of the
populat ion
20
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than the women (table 4). Due to the low exposure
rates of the women, the estimates for occupational ex­
posure to the agents and work processes are only given
for the men by age and smoking habits (table 4). The
lifetime prevalence of exposu re to asbestos increased
with age. No age trend in occurrence was observed
for any of the other agent s or work pro cesses. The
male ever-smokers had been exposed to the agents or
work processes almost twice as often as the male non­
smokers.

Occupational exposure to at least one of the eight
agents or work processes was stated by 570/0 of the men
and 3% of the women. Among the men exposure to
one, two, three, four , five, and six of the agents or
work processes was reported by 19, 12, 11,8,4, and
2%, respectively. The most commonly reported com-

binations of two agents or work processes were weld­
ing and metal gases and asbestos and welding. Both
combinations were reported by 23% of the male popu­
lation. The most commonly reported combination of
three agents or work processes was asbestos, metal
gases, and welding, which was reported by 11% of the
male popul ation. Of the asbestos exposed, 9% had
been exposed daily, 18% weekly, 24% monthly, and
49010 more seldom than monthly. Sixteen percent
regarded their exposure as of high degree, 70% as low,
and 14% did not know. Of those with quartz exposure,
27% reported high-degree exposure, 63% stated that
they had had low-degree exposure, and 10% did not
know. Asbestos, quartz, aluminum , or wood dust were
reported as the main exposure for several branches of
industry and work processes (table 5).

Table 2. Prevalence estimates, and their standard errors (SE),of airborne occupational exposure accord ing to the occupational
title of the last job held and the job held longest by gender, age, smoking habit s, and area of residence of a stratified samp le
of the general populat ion aged 18-73 years from Bergen and 11 surrou nding municipalit ies, 1987-1988.- (AE- = jobs with·
no airborne exposure, AE + = jobs with a moderate degree of airborne exposure, AE + + = jobs with a high degree of airborne
exposure)

Exposure status

Last job held Job held longest

Category N AE- AE+ AE+ + AE- AE+ AE+ +

Preva- SE Preva- SE Preva- SE Preva- SE Preva- SE Preva- SElence lence lence lence lence lence
('!o) ('!o) ('!o) ('!o) ('!o) ('!o) ('!o) ('!o) ('!o) ('!o) ('!o) ('!o)

Gender
Male 653 61 2.3 33 2.2 6 1.0 58 2.4 37 2.3 5 0.9
Female 622 80 2.0 20 2.0 1 0.8 64 2.3 36 2.3 1 0.8

Age (years)
18-34 479 73 2.5 25 2.4 2 0.8 67 2.6 31 2.6 2 0.8
35-54 445 74 2.6 25 2.6 1 0.4 57 3.0 42 2.9 1 0.3
55-73 351 65 3.0 29 2.9 6 1.3 57 3.1 38 3.0 4 0.5

Smoking habits
Nonsmoker 697 76 2.0 23 2.0 2 0.6 64 2.2 34 2.2 2 0.5
Ex-smoker 225 73 3.4 24 3.2 3 0.8 67 3.7 31 3.6 3 1.1
Smoker 353 65 2.8 32 2.8 4 1.4 55 3.0 42 3.0 3 0.9

Areaof residence
Urban 861 74 1.8 23 1.7 3 0.7 65 2.0 32 1.9 3 0.6
Rural 414 64 2.2 34 2.3 2 0.5 52 2.9 46 2.9 2 0.7

Total 1275 70 1.5 26 1.5 3 0.5 61 1.7 37 1.6 3 0.5

• Ninety-nine subjects had never been employed. They were included among those with no occupational exposure.

Table 3. Occupat ional career of 122 men and 119 women born between 1921 and 1936 and hold ing an occupation with no air­
borne exposure (AE-) or one wi th a moderate or high degree of airborne exposure (AE + /AE + + ) in 1957.

1967 versus 1957- 1977 versus 1957- 1987 versus 1957-

Same Different Same Different Same Different
exposure exposure exposu re exposure exposu re exposure

status status status status status st atus
(%) (%) (%) (%) (%) (%)

Men

AE - occupat ion (N = 68) 94 6 91 6 82 5
AE +/+ + occupat ion (N =54) 89 10 80 16 54 25

Wome n

AE - occupation (N = 72) 81 15 76 16 64 11
AE + / + + occupation (N = 47) 46 54 33 56 19 56

a The discrepancy between 100 % and the sum of those with the same and different exposure status was caused by subjects
who had left the work force .
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Table 4. Estimated lifetime prevalences, and the ir standard errors (SE), of occupational exposure to some agents and work
processes for both the men and women and the estimated lifetime prevalences for the men by age and smoking habits.

Men Women Age (years) group (men) Smoking habits (men)(N =653) (N =622)

Exposure Preva- Preva- 18-34 35-54 55-73 Non- Ex-

lence SE lence SE (N = 274) (N = 222) (N = 157)
smokers smokers Smokers

(%) (%) (N=291) (N=151) (N=::211)
(%) (%) (%) (%) (%) (%) (%) (Vo)

Asbestos 36 2.3 1.0 0.4 29 37 42 26 42 39
Quartz 17 1.7 1.0 0.3 15 18 18 12 23 15
Aluminum 11 1.5 0.1 0.1 12 11 7 5 9 16
Wood dust 12 1.5 1.0 0.3 12 14 9 9 13 12
Metal gases 24 2.1 0.2 0.2 20 26 27 13 29 29
Welding 25 2.1 0.2 0.1 22 27 25 17 26 29
Soldering 18 1.8 0.2 0.1 14 22 18 12 16 22
Hairdressing 0.6 0.3 2.1 0.7 1.0 0.2 0.3 0.2 0.3 1.0

Table 5. Branches of industry and work processes in which
those with exposure to asbestos, quartz, aluminum, or wood
dust had been mainly exposed.

cupational title of the job held the longest were 19 and
50%, respectively.

The prevalences of those with past or present occu­
pational exposure to specific agents or work processes
increased significantly as the exposure level increased
for an occupational title (table 6). The exception was
hairdressing, and also soldering, when compared with
the last job held. Those with AE + or AE + + occu­
pations had been exposed to the agents or work
processes three to five times more often than those with
AE - occupations. Occupational exposure to at least
one of the specific agents or work processes was noted
for 180/0 of the unexposed subjects versus 63% of the
exposed, according to occupational title of the last job
held. The corresponding figures according to the oc-

Agent

Asbestos

Work in ship's engine room
Building and construction work
Mechanical work
Insulation work
Shipbuilding
Plumbing work
Unspecified

Quartz

Construction work
Sandblasting
Tunneling
Road work
Mining
Foundry work
Unspecified

Aluminum

Processing
Welding
Production

Wood dust

Furniture industry
Sawmill work
Unspecified

Exposed workers
(%)

24
18
16
10

7
6

19

36
15
9
6
2
1

27

42
31
27

27
4

68

Discussion

The present study presents a complete work history of
a community sample. However, the self-reported in­
formation on the type of occupation and the length
of employment may be subject to recall bias. The
quality of such retrospective data has recently been ex­
amined through the linkage of interview data from a
Swedish community survey, of 25 586 subjects, to oc­
cupational information on the same individuals from
a number of censuses (18). The occupational history
by interview agreed very well with the census data in
terms of occupational title. This finding is consistent
with results of surveys on occupational groups (19, 20)
in which employees ' work histories were compared
with the companies' registers. As would be expected,
the quality of the data decreased with increasing time
since the starting year of job and with the number of
jobs held.

Asking people whether they had been occupational­
ly exposed to isocyanates, aldehydes, and anhydrides
was not successful, as a majority of the subjects did
not know these agents. Future studies examining the
type and level of occupational exposures in the gen­
eral population should possibly focus more on work
processes associated with potentially harmful agents
rather than on the agents themselves. For instance, oc­
cupational exposure to isocyanates can be assessed by
questions on the spray painting of cars.

The quality of the data may have been impaired by
nonresponse bias. However , a survey of the nonpar­
ticipants in neither the first (10) nor in the second
(table 1) phase of the study revealed any difference be­
tween the participants and the nonparticipants re­
garding gender, smoking habits, or occupational dust
or gas exposure. The attendants to the second phase
were, however, significantly older and more asbestos­
exposed than the nonattendants (table 1). But a re-
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Table 6. Prevalence of occupational exposure to spec ific agents and work processes among those with occupations with no
(AE-), moderate (AE +), and high (AE + +) airborne exposure according to the last job held and the job held longes t." (- =
magnitude nil , 0 = less than 0.5%).

Last job held Job held longest

Exposure AE- AE + AE+ + AE- AE+ AE+ +
(N =885) (N=341) (N=49) (N =756) (N =474) (N=45)

(%) (%) (%) (%) (0/0) (0/0)

Asbestos 13 41 45 13 33 49
Quartz 6 17 65 7 14 58
Aluminum 3 9 18 3 7 27
Wood dust 4 17 22 4 13 18
Metal gases 7 22 41 6 18 42
Welding 7 26 45 7 21 47
Soldering 5 22 12 5 16 22
Hairdressing 1 3 0 1 3 0

No exposure 82 42 6 81 54 7
One of the exposures 8 15 27 9 12 24
Two of the exposures 4 14 24 4 11 22
Three of the exposures 3 12 14 3 10 14
Four of the exposures 2 11 13 2 9 15
Five of the exposures 1 3 16 1 3 16
Six of the exposures 0 2 0 1 2

a Ninety-nine subjects had never been employed. They were included among those with no occupational exposure.

sponse rate of 100070 would only have changed the
mean age of the attendants from 42 to 41 years. Fur­
thermore, if the rate of asbestos exposure of the non­
attendants was only half of that of the attendants, the
overall prevalence of asbestos exposure in the popu­
lation would have changed from 18 to 16%, as was
estimated for the attendants only. An increased risk
of death for highly exposed subjects may tend to un­
derestimate the level of occupational lifetime exposure
in the community.

The validity of the information regarding past or
present occupational exposure to the agents and work
processes is not known. However, subjects stating these
exposures had higher gender-, age-, and smoking-ad­
justed odds ratios for obstructive lung disease than the
unexposed did (4).

The division of occupations into three exposure
groups will always, to some extent, be arbitrary. How­
ever, the high agreement between the allocations of the
three experts in occupational medicine and hygiene in­
dicates that this arbitrariness was limited. A recent
Dutch community study (21) found that agricultural
work was a stronger predictor of ever having been
treated for asthma, bronchitis, or emphysema than
various industrial jobs were. Hence, at least in The
Netherlands , farmers should possibly be put into the
AE + + group, while our allocation was AE + .

The higher prevalence of AE + and AE + + jobs
among the men than among the women and among
the smokers than among the nonsmokers is compati­
ble with findings of other community studies (22, 23).
The gender difference in the prevalence of occupational
exposure does not automatically imply that associa­
tion 'between exposure and disease variables should be
assessed separately for men and women (24). On the
other hand separate analyses would be required if there
were gender differences in the quality of exposure,

4

biological sensitivity to exposure, or the distribution
of potential confounders . Workers who are sensitive
to tobacco smoke may avoid occupations with expo­
sure to air pollution. In addition, the social environ­
ment in polluted workplaces may encourage workers
to start smoking and discourage smokers to quit to a
higher extent than the social environment of clean
workplaces does (25).

The present study showed that workers tended to
leave polluted occupations (AE + / + +) more often
than unpolluted occupations (AE -). According to
data from Norwegian censuses in 1960, 1970, and 1980,
the prevalences of AE + and AE + + occupations in
the population did not differ considerably during this
period, being 23, 27, and 22% in the three censuses,
respectively (26). Our finding does not necessarily sug­
gest that a high levelof airborne exposure makes work­
ers find a cleaner job. It may be other health com­
plaints reg, musculoskeletal (27)] or it may be reasons
unrelated to health reg, salary (28), job satisfaction,
and social esteem]. Interpretation of the occupational
career of the 1921-1936 cohort should be cautious,
as we studied the survivors. If the selection by death
is higher for those with polluted jobs than for those
with unpolluted jobs, the transition away from pol­
luted jobs would be underestimated.

Our estimates of subjects ever having been exposed
to specific agents and work processes potentially harm­
ful to the lungs indicate that occupational exposure to
these risk factors is widespread in the community. The
estimates of lifetime prevalences of asbestos and quartz
exposure were higher than those obtained from the
same study population through a self-administered
postal questionnaire (11). The postal questionnaire was
primarily a questionnaire on respiratory disorders and
smoking habits and contained six questions on asbestos
and quartz exposure. In the second phase of the study
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the subjects recorded a complete work history and then
answered detailed questions on asbestos and quartz ex­
posure including the selection of printed alternatives
for branch of industry or work process of main ex­
posure. If the answers given in the latter questionnaire
was a true picture of exposure, the postal question­
naire information on asbestos and quartz exposure had
a sensitivity of 26 and 36070, respectively, and a speci­
ficity of 98%. Low sensitivity and high specificity for
a question on asbestos exposure was also observed in
a chest-radiograph survey of 21 453 men 40 years of
age or more in the county of Telemark, Norway (29).
A prerequisite for any comparison of prevalences of
airborne occupational exposures in different areas is
identical methods of exposure recordings. When an ex­
posure factor is not very common, low sensitivity is
not too important. What is critical is a high specifici­
ty (30). Hence our findings indicate that self-admin­
istered questionnaires can be acceptable tools when the
prevalence of occupational airborne exposure is being
examined in the community. In the exposure-disease
relationship any misclassification of exposure tends to
underestimate the relationship, that is, if the misclas­
sification is nondifferential (31).

In the county of Telemark (29) the main industries
in which those with asbestos exposure had been ex­
posed were electrochemical and chemical industries,
building and construction industries, shipyards, and
seafaring (machine rooms). The difference in indus­
tries and work processes reported as the main source
of asbestos exposure in our study compared with that
in the Telemark study may have been due to a differ­
ence in the industrial structure in the two study areas.
Dissimilarities in the study design and the gender and
age composition of the study populations may also
have been of importance.

In an American community study including 2714
Anglo whites aged 18years and over, 5.4% of the male
working population reported that they had been ex­
posed to silica at work (7). This is only one-third of
the quartz exposure estimate in our study. The dis­
crepancy could be due to differences in the industrial
structure and geology of the study areas. Nicholson
et al (32) have estimated that approximately 30% of
male workers above 40 years of age in the United States
have been exposedto asbestos. This estimate is in crude
agreement with our finding.

Nineteen percent of those classified as unexposed
according to the occupational title of the job held the
longest had been exposedto one or more of the specific
agents or work processes versus 93% of those highly
exposed according to occupational title. The finding
is compatible with that of a Norwegian case-referent
study assessing the relationship between occupational
airborne exposure and lung cancer among 256 men
(33). This study found that 22% of the unexposed sub­
jects, according to the job title of the job held the
longest, had been exposed to at least three of 22 ex­
posure factors. This finding may suggest that infor-
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mation on specific agents should be preferred to oc­
cupational titles when risk factors for disease are being
assessed. On the other hand occupational title is easier
to obtain and is lesssubject to recall bias than exposure
to specific agents (34).

Furthermore, of those exposed to the specificagents
or work processes, only a minority had been exposed
to only one exposure factor. Thus, when assessing the
relative importance of each exposure factor, one has
to adjust for exposure to the other potentially adverse
factors. This adjustment would require a large sam­
ple size in general population studies.

Exposure characterization according to last job held
and job held the longest showed the approximate same
ability to discriminate between those unexposed and
those exposed to the agents and work processes (ta­
ble 6). Warneryd et al (18) found that the validity of
the information on occupational title of the last job
was higher than that of the job held the longest. This
finding may suggest that one should ask for the last
job rather than the longest job in studies in which ex­
posure characterization is based only on one question
on occupational title. However, whether to use the last
job or the job held the longest as exposure characteri­
zation also depends on the aim of the study. If the ob­
jective is to examine the relationship of exposure to
a chronic disease, the job held the longest should be
preferred to the last job.

In summary, the present study indicates that occupa­
tional airborne exposure was widespread in a Nordic
general population. A majority of those exposed
reported exposure to two or more of the exposure fac­
tors.
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