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A b s t r a c t
This paper reviews the use of the Finnish Information System on Occupational Exposure (Finnish 
job-exposure matrix, FINJEM) in different applications in Finland and other countries. We describe 
and discuss studies on FINJEM and studies utilizing FINJEM in regard to the validity of exposure 
estimates, occupational epidemiology, hazard surveillance and prevention, the assessment of health 
risks and the burden of disease, the assessment of exposure trends and future hazards, and the con-
struction of job-exposure matrices ( JEMs) in countries other than Finland. FINJEM can be used as 
an exposure assessment tool in occupational epidemiology, particularly in large register-based studies. 
It also provides information for hazard surveillance at the national level. It is able to identify occupa-
tions with high average exposures to chemical agents and can therefore serve the priority setting of 
prevention. However, it has only limited use at the workplace level due to the variability of exposure 
between workplaces. The national estimates of exposure and their temporal trends may contribute 
to the assessment of both the recent and future burden of work-related health outcomes. FINJEM 
has also proved to be useful in the construction of other national JEMs, for example in the Nordic 
Occupational Cancer study in the Nordic countries. FINJEM is a quantitative JEM, which can serve 
many purposes and its comprehensive documentation also makes it potentially useful in countries 
other than Finland.
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I n t r o d u c t i o n
The Finnish Information System on Occupational 
Exposure (Finnish job-exposure matrix, FINJEM) 
was constructed in the 1990s (Kauppinen et al., 1998). 
FINJEM was prompted by the need to translate 
occupational histories into quantitative estimates of 
exposure to carcinogens for a census-based epidemio-
logical study on occupational cancer risks, but it was 
designed to also serve other purposes in the field of 
occupational health. It is a job-exposure matrix ( JEM) 
that contains occupation- and time-specific estimates 
of exposure to various agents or factors, which occur in 
Finnish workplaces. It includes comprehensive docu-
mentation on exposure estimates in a database, which 
facilitates its use in hazard surveillance, risk assess-
ment, and as a general exposure information system 
for various other purposes. The transparent nature of 
FINJEM also makes it potentially useful as a source of 
data in applications outside Finland.

The aim of the present paper is to review the use 
of FINJEM in different applications in Finland and 
other countries. The strengths, weaknesses, and future 
potential of FINJEM and the generic JEM methodol-
ogy overall is discussed from different perspectives, 
such as occupational epidemiology, the surveillance 
of hazards, the prevention of hazards, the assessment 
of risks and the burden of disease, the assessment of 
exposure trends, the prediction of future exposures, 
and the construction of JEMs for other countries.

D e s c r i p t i o n  o f   F I N J E M
FINJEM covers the major occupational exposures 
that have occurred in Finland since 1945. The basic 
dimensions with which exposure is assessed in 
FINJEM are agents, occupations, and calendar peri-
ods. The exposure to each agent is characterized by the 
proportion of the exposed (P, as % of the employed) 
and the mean level of exposure among the exposed (L, 
in agent-specific units) by occupation and period. The 
basic structure of FINJEM is presented in Fig. 1.

The exposure estimates of FINJEM are based on 
the evaluations of ~20 experts at Finnish Institute 
of Occupational Health (FIOH) and data from 
the Finnish Database of Occupational Exposure 
Measurements (Heikkilä et  al., 2005), the Finnish 
Register on Occupational Exposure to Carcinogens 
(Kauppinen et al., 2007), and the national Work and 
Health surveys (Perkiö-Mäkelä et  al., 2010). FIOH 

biomonitoring data and data from the Finnish Register 
of Occupational Diseases were also used to estimate 
some exposures. The total number of measurements 
used to assess chemical exposures was 15 7035 (as 
of September 2013). The number of measurement 
results of the following agents exceeded 1000: asbes-
tos (3161), benzene (2413), lead and lead in blood 
(61 023), carbon monoxide (5358), chromium, 
chromium VI, and chromium in urine (8888), dust 
(5514), formaldehyde (9001), man-made mineral fib-
ers (1905), nickel and nickel in urine (3060), other 
mineral dusts (8109), silica/quartz (3852), combined 
effect of solvents (2551), styrene (9683), toluene 
(2709), wood dust (5277), and xylene (2296). The 
basis of the estimates, definitions of agents, and aggre-
gated measurement and survey data are documented 
in the FINJEM database.

The first version of FINJEM was developed in 
1992–1993 for a large epidemiological linkage study 
on cancer (Pukkala, 1995). The second version came 
in 1994–1995, for a large occupational mortality 
study. It included 74 chemical, physical, microbiologi-
cal, ergonomic, and psychosocial factors. The occu-
pational dimension was divided into 311 categories 
(Longitudinal Occupational Classification of Finnish 
Censuses, unpublished data) and this version covered 

1  Basic structure of Finnish Information System 
on Occupational Exposure (FINJEM). Exposure 
to each agent is characterized by the prevalence of 
exposure (P, as % of the employed) and average level 
of exposure among the exposed (L, in agent-specific 
units) by occupation and period.
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the periods 1945–1959, 1960–1984, and 1985–1994. 
Since then, a substantial part of exposure estimates has 
been updated for the periods 1995–1997, 1998–2000, 
2001–2003, 2004–2006, 2007–2009, and 2010–
2012, mainly for surveillance purposes. The period 
1960–1984 was assessed with particular care by divid-
ing individual occupations into subgroups (e.g. full-
time stainless steel welders, occasional stainless steel 
welders), by estimating the effect of the intermittency 
of exposure (annual mean exposure at work), and by 
reviewing a substantial amount of measurement data. 
The other periods were assessed mainly based on 
identified changes of exposure over time (new meas-
urement data, changes in technology, regulations, or 
in the use of chemicals).

The occupation-specific numbers of workers 
exposed to chemical agents have also been divided into 
exposure classes based on the estimated mean level of 
exposure L (arithmetic mean) and the log-normal dis-
tribution of exposures. The geometric standard devia-
tion of the distribution was assumed to be 2.5 but was 
changed whenever available data allowed. The expo-
sure classes were <10, 10–50, and >50% of the Finnish 
occupational exposure limit (OEL) (HTP-arvot, 
2009). This procedure also allows one to calculate the 
prevalence and number of workers exposed to a ‘high’ 
level (>50% of OEL). The calculation requires assum-
ing that the distribution of workers’ exposures within 
an occupation is equal to the distribution of exposure 
levels within this occupation. In 2001, the industrial 
dimension (223 classes, Finnish Classification of 
Industries 1995) (Statistics Finland, 1993) was added 
to FINJEM for the period 1995–1997. Exposure esti-
mates were mechanically calculated on the basis of 
occupation-specific estimates and the distribution of 
occupations within industries.

Occupation- and gender-specific information 
of lifestyle factors (smoking, alcohol, diet, physical 
exercise, overweight) for the period 1995–1997 were 
added to FINJEM in 2005. The data came from the 
1993–1999 surveys on the health behavior of adult 
Finns (data provided by the Finnish Public Health 
Institute, currently the National Institute for Health 
and Welfare). These estimates address the prevalence 
of each category of lifestyle factors. Direct prevalence 
data were used when the number of respondents 
representing a given occupation (three-digit occupa-
tion) in the surveys was at least 20. In cases with fewer 

respondents, the prevalence of a larger occupational 
group (two-digit occupation) was used.

The FINJEM estimates for 16 agents were reviewed 
in a Nordic expert team during the construction of 
JEMs for the Nordic Occupational Cancer study 
(NOCCA), which is a cohort study based on entire 
employed populations in one or several censuses in 
Denmark, Finland, Iceland, Norway, and Sweden. As a 
consequence of this review, many exposure estimates 
in FINJEM were modified to better match the meas-
urement data and the experience of the expert team. 
The team also assessed and added eight new agents, 
not included in FINJEM (six individual solvents, sul-
phur dioxide, and welding fumes), to the NOCCA 
JEMs and FINJEM (Kauppinen et al., 2009).

The present version of FINJEM (FINJEM 
2012) has been updated up to the period 2007–2009. 
Almost all chemical exposures have been updated 
completely, but some other exposures are only partly 
updated or not at all (see Table 1). FINJEM data and 
the background documentation are saved in the MS 
Access database (presently in the 2010 version). The 
exposure estimates are available for collaborative pur-
poses as an MS Excel file if the conditions of use are 
agreed with FIOH. FINJEM can also be purchased 
and used for non-collaborative purposes. Further 
information may be obtained from S.U. (sanni.uuksu-
lainen@ttl.fi).

C o m pa r i s o n  o f  F I N J E M  w i t h 
O t h e r   J E M s

The exposure estimates of FINJEM were compared 
with the semi-quantitative and expert-based estimates 
generated from the data of a large case–control study 
on occupational cancer in Montreal, Canada (Lavoué 
et al., 2012). Canadian data on exposure prevalences 
and levels were processed to allow valid comparisons 
with FINJEM estimates. The comparison of exposure 
prevalences could be made for 27 agents, covering the 
time period 1945–1995. The agent-specific preva-
lences were found to be consistently higher in the 
Montreal JEM, suggesting that it is more sensitive than 
FINJEM. The Montreal JEM records lower exposures 
than FINJEM, which is more specific by requiring a 
certain minimum level of exposure and by excluding 
all exposures whose prevalence in an occupation is 
<5%. The authors concluded that information con-
cerning several agents (e.g. metals, welding fumes) 

382  •  Use of FINJEM in epidemiologic, surveillance, and other applications
D

ow
nloaded from

 https://academ
ic.oup.com

/annw
eh/article-abstract/58/3/380/242077 by Tyoterveyslaitos user on 28 M

ay 2020

mailto:sanni.uuksulainen@ttl.fi?subject=
mailto:sanni.uuksulainen@ttl.fi?subject=


Table 1. Agents and time periods included in FINJEM, as of August 2013.

Agent or stress factor Period covereda

Physical agents (N = 12)

 �� Noise (two indicators), noise impulses, hand vibration 1985–2000 (–2012)

 �� Low-frequency ultrasound, high-frequency ultrasound 1985–1994

 �� Cold 1945–2003 (–2012)

 �� Heat, ultraviolet radiation 1985–2012

 �� Radio frequency radiation, low-frequency magnetic fields 1985–2012

 �� Ionizing radiation 1960–2003 (–2012)

Chemical agents (N = 48)

 �� Organic solvents

  ��  Aliphatic/alicyclic hydrocarbon solvents, aromatic hydrocarbon solvents, 
benzene, toluene, chlorinated hydrocarbon solvents, methylene chloride, 
perchloroethylene, 1,1,1-trichloroethane, trichloroethylene

1945–2009 (–2012)

  ��  Other organic solvents 1945–1994

 �� Organic dusts

  ��  Animal dust, flour dust, leather dust, plant dust, pulp/paper dust, synthetic 
polymer dust, textile dust, wood dust, softwood dust, hardwood dust

1945–2009 (–2012)

 � Petroleum-based products

  ��  Bitumen fumes, gasoline, oil mist 1945–2009 (–2012)

 � Inorganic mineral dusts

  ��  Asbestos, man-made mineral fibers, quartz (silica) dust 1945–2009 (–2012)

  ��  Other mineral dusts 1945–1994

 � Metals

  ��  Cadmium, chromium, iron, lead, nickel, welding fumes 1945–2009 (–2012)

 � Engine exhaust

  ��  Diesel exhaust, gasoline engine exhaust 1945–2009 (–2012)

 � Pesticides

  ��  Herbicides, insecticides 1960–2009 (–2012)

  ��  Fungicides 1945–2009 (–2012)

��Formaldehyde, arsenic, carbon monoxide, PAHs, benzo(a)pyrene 1945–2009 (–2012)

��Environmental tobacco smoke 1985–2009 (–2012)
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Agent or stress factor Period covereda

��Volatile sulphur compounds, sulphur dioxide, detergents (dermal exposure) 1960–2009 (–2012)

��Isocyanates 2001–2009 (–2012)

Microbiological agents (N = 2)

 � Mold spores, gram-negative bacteria of non-human origin 1945–1994

Physiological and ergonomic factors (N = 8)

 � Inconvenient and difficult work postures, manual handling of burdens, perceived 
physical workload, repetitive work movements, high accident risk

1945–1985, 1998–
2003 (–2012)

 � Sedentary work, standing work 1945–1994

 � Work with video display units 1960–1985, 1998–
2003 (–2012)

Psychosocial factors (N = 9)

 � Challenge at work, social climate at work, control possibilities at work, perceived 
workload, perceived risks at work, social demands at work, supervisor support at 
work,

1985–1994

 � Working time arrangements (shift work), night work 1945–1994

Lifestyle factors (N = 5)

 � Daily smoking, substantial alcohol use, poor diet, insufficient physical exercise, 
overweight

1995–2000 (–2012)

aRange of years for which exposure estimates exist, often as divided into shorter periods. The end year in brackets refers to unchecked estimates (i.e. 
estimates only copied from previous checked period).

Table 1. Continued

can be transported from Finland to Canada and prob-
ably other countries. For other agents compared, there 
was significant disagreement and their transportability 
across countries as such cannot be assumed by default. 
The comparison was also methodologically difficult. 
The sources of disagreement between FINJEM and 
the Montreal data set included the actual exposure 
differences between Finland and the Montreal region, 
the conversion of occupational classifications, the 
different exposure metrics used, differences in the 
inclusion of low exposures (minimum criteria), and 
different ways of using available data.

The exposure estimates of FINJEM and two other 
JEMs (Dutch DOMJEM and Asbestos JEM) were 
compared through case-by-case expert assessment of 
a subcohort of 1630 men included in The Netherlands 

Cohort Study (NLCS) (Offermans et  al., 2012). 
DOMJEM has three exposure classes (no/low/high). 
Asbestos JEM has four semi-quantitative classes for 
the prevalence of exposure and seven for the level 
of exposure. The assessment concerned exposure to 
asbestos, polycyclic aromatic hydrocarbons (PAHs), 
and welding fumes. The expert assessment revealed the 
lowest prevalence of exposure for all three exposures. 
DOMJEM showed the highest level of agreement 
with the expert assessment for asbestos and PAHs, 
closely followed by FINJEM. For welding fumes, con-
cordance between the expert assessment and FINJEM 
was high. Asbestos JEM showed poor agreement with 
the expert asbestos assessment. The authors con-
cluded that DOMJEM and FINJEM proved to be 
rather similar in agreement compared with the expert 
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assessment, while Asbestos JEM appeared to be less 
appropriate for use in the NLCS.

The agreement between the FINJEM estimates, 
self-reported exposures, and a panel of occupational 
hygienists was studied in a community-based case–
control study in Australia (Benke et  al., 2001). The 
panel assessed exposure to chemicals for 5620 jobs. The 
agreement among the panel, FINJEM, and self-reported 
exposures was found to be only poor to fair. The use of 
FINJEM for some exposures, for example insecticides, 
was considered to provide good results at very low cost 
in future epidemiological studies but some results indi-
cated that there may be significant differences between 
the exposure profiles of Finland and Australia.

F I N J E M  a s  E x p o s u r e  A s s e s s m e n t 
To o l  i n  O c c u pat i o n a l 

E p i d e mi  o l o g y
The epidemiological studies utilizing FINJEM as an 
exposure assessment tool are summarized in Table 2. 
The majority of studies are on cancer and based on the 
linkage of the Finnish 1970 Census cohort with the 
cancer incidence data of the Finnish Cancer Registry 
from 1971 onwards. The risk estimate most com-
monly calculated in these studies is the risk ratio (RR) 
in different classes of estimated cumulative exposure 
(CE), expressed in concentration–time units (e.g. in 
p.p.m.–years). The potentially confounding factors 
(occupational and non-occupational) are adjusted for 
by multivariate analysis.

The health outcomes studied in Finland include 
coronary heart diseases, metabolic syndrome, and 
musculoskeletal disorders. These studies have been 
based on cohorts, for example the participants of the 
Helsinki Heart Study. In addition to the peer-reviewed 
articles in Table  2, a large national study report on 
occupational mortality and work-disability displays 
risk estimates by major causes of death or disabil-
ity and by many of the FINJEM exposures listed in 
Table 1 (Notkola and Pajunen, 1996).

FINJEM has been applied in epidemiological 
studies in Sweden, The Netherlands, Australia, Spain, 
and Germany. Most of these studies have been large 
case–control studies based on general populations, 
occupational histories of which cover the whole 
occupational spectrum, and a long time period. The 
health outcomes include various cancers, sleep apnea, 
and dementia. Different chemical agents have been 

frequently studied but only a few studies exist on 
physical, microbiological, physiological-ergonomic, 
and psychosocial factors (Table 2).

In a meta-analysis of pancreatic cancer, FINJEM was 
used to classify chemical exposures of epidemiological 
studies, followed by the calculation of meta-relative 
risks by simple random models (Ojajärvi et al., 2000) 
and by hierarchical Bayesian models (Ojajärvi et  al., 
2007). FINJEM was also used in the pooled analysis of 
11 case–control studies on bladder cancer among men 
in Western Europe (Kogevinas et al., 2003).

Table 2 suggests that FINJEM can be used in large 
epidemiological studies on occupational risks, par-
ticularly when other methods of exposure assessment 
are not feasible. Studies based on crude information 
on occupation in one or several national censuses are 
examples of these. Extensive population-based case–
control studies covering a large amount of different 
occupations and a long observation period may also 
gain from using the JEM approach. Industry-based 
cohort studies and nested case–control studies usually 
allow more detailed data on exposure to be collected. 
They thus enable a more accurate exposure assess-
ment for individuals or groups of workers. The use 
of generic JEMs, such as FINJEM, should be avoided 
when applying these study designs.

The performance of FINJEM has been comprehen-
sively tested with Finnish data on exposure to crystalline 
silica and the risk of lung cancer (Pukkala et al., 2005). 
Different metrics of exposure with and without allow-
ance for a latency period, as well as with and without 
possibly confounding occupational and non-occupa-
tional factors were tested. The use of CE with a latency 
allowance and the inclusion of possibly confounding 
factors in statistical models were recommended for 
studies on chronic diseases. Cumulative exposure in 
this context is the sum over exposed years and occupa-
tions of the product of the prevalence (probability) of 
exposure and the level of exposure (e.g. in p.p.m.–years). 
The simplification of the exposure metric resulted usu-
ally in lower observed risk, particularly when the level 
of exposure was not included in the metric. Cumulative 
exposure is the most commonly used metric in studies 
presented in Table 2 but also some other metrics have 
been used, e.g. the prevalence of exposure after exclud-
ing occupations with low prevalences.

Generic JEMs have been criticized for misclassify-
ing exposure at the level of individual subjects, as this 

Use of FINJEM in epidemiologic, surveillance, and other applications  •  385
D

ow
nloaded from

 https://academ
ic.oup.com

/annw
eh/article-abstract/58/3/380/242077 by Tyoterveyslaitos user on 28 M

ay 2020



Table 2. FINJEM in peer-reviewed epidemiological studies on occupational risks.

Health outcome Exposures Study design Country Reference

Cancer by site

 � Respiratory tract, 
lung

Silica Census, cohort Finland Pukkala et al. (2005)

Silica Case–cohort The 
Netherlands

Preller et al. (2010)

Diesel and gasoline engine 
exhaust

Census, cohort Finland Guo et al. (2004a)

Welding fumes, iron fumes Census, cohort Finland Siew et al. (2008)

Eight different organic dusts Census, cohort Finland Laakkonen et al. 
(2006)

 � Nose, 
nasopharynx

Wood dust, formaldehyde Census, cohort Finland Siew et al. (2012)

 � Mouth, pharynx Various chemical agents Census, cohort Finland Tarvainen et al. (2008)

 � Oesophagus Various chemical agents Case–control Spain Santibañez et al. 
(2008)

 � Pancreas Various chemical, physical, 
and ergonomic factors

Case–control Spain Alguacil et al. (2000)

Various chemical, physical, 
and ergonomic factors

Case–control Spain Santibañez et al. 
(2010)

Various chemical agents Meta-analysis Finland Ojajärvi et al. (2000, 
2007)

 � Pancreas/K-ras 
activation

Organic solvents Case–control Spain Alguacil et al. (2002)

Various chemical, physical, 
and ergonomic factors

Case–control Spain Alguacil et al. (2003)

 � Liver Various solvents, gasoline Census, cohort Finland Lindbohm et al. 
(2009)

 � Bladder PAHs Pooled analysis Six European 
countries

Kogevinas et al. (2003)

 � Bladder, urinary 
tract

Various solvents, gasoline Census, cohort Finland Lohi et al. (2008)

 � Non-Hodgkin 
lymphoma

Various chemical and physi-
cal agents

Case–control Sweden Dryver et al. (2004)

Night work Census, cohort Finland Lahti et al. (2008)

Ionizing and non-ionizing 
radiation

Case–control Australia Karipidis et al. (2007b)
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Health outcome Exposures Study design Country Reference

 � Leukaemia Various chemical agents, 
electromagnetic fields

Case–control Sweden Björk et al. (2001)

 � Breast Various chemical, physical, 
and ergonomic factors

Census, cohort Finland Weiderpass et al. 
(1999)

 � Endometrium 
and cervix uteri

Various chemical, physical, 
and ergonomic factors

Census, cohort Finland Weiderpass et al. 
(2001)

 � Ovary Various chemical, physical, 
and ergonomic factors

Census, cohort Finland Vasama-Neuvonen 
et al. (1999)

 � Brain, nervous 
system

Various chemical and physi-
cal agents

Census, cohort Finland Wesseling et al. (2002)

Ionizing and non-ionizing 
radiation

Case–control Australia Karipidis et al. (2007a)

 � Gastrointestinal, 
stomach

Various chemical, physical, 
and ergonomic factors

Census, cohort Finland Weiderpass et al. 
(2003)

Various chemical agents Case–control Spain Santibañez et al. 
(2012)

 � Testicles Various chemical agents Census, cohort Finland Guo et al. (2005)

 � Multisite Diesel and gasoline engine 
exhaust

Census, cohort Finland Guo et al. (2004b)

Mold spores, bacteria Census, cohort Finland Laakkonen et al. 
(2008)

Coronary heart 
diseases

Noise Cohort Finland Virkkunen et al. 
(2005)

Noise, shift work, physical 
workload

Cohort Finland Virkkunen et al. (2006, 
2007)

Metabolic syndrome Noise, physical workload Cohort Finland Koskinen et al. (2011)

Sleep apnea Various solvents Case–control Germany Heiskel et al. (2002)

Dementia Various psychosocial factors Case–control Germany Seidler et al. (2004)

Magnetic fields Case–control Germany Seidler et al. (2007)

Lumbar disc 
disorders

Various physiological and 
psychosocial factors

Census, cohort Finland Leino-Arjas et al. 
(2004)

Table 2. Continued
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leads to the tendency to mask the actual risk, if there 
is one. The prevalence of exposure to most chemical 
agents in the employed population is low, <10%. The 
observed risk may be seriously underestimated if even 
a small proportion of subjects of a large unexposed 
population is misclassified as exposed, i.e. if the speci-
ficity of exposure assessment is decreased. The bias is 
much weaker if a part of the exposed subjects is missed, 
i.e. the sensitivity of exposure assessment is decreased 
(Flegal et al., 1986). If all the subjects in an occupation 
are given the same estimate of exposure, as in the JEM 
approach, the situation is slightly different. Statistical 
simulation tests have indicated that with a reason-
able assumption (log-normal distribution of exposure 
within the exposed in an occupation), the observed 
risk may in some cases be higher than the actual risk 
when CE is used as the metric of exposure. This bias, 
however, tends to be negligible when the prevalence of 
exposure in the studied population is either very low 
or very high (Burstyn et al., 2013). The median preva-
lence of exposure to chemical agents in FINJEM is 
ranging from 0.4 to 1.9% among the Finnish employed 
population in 1950–2008 (Kauppinen et al., 2013). In 
addition to possible bias, the random error may pro-
vide results that are either higher or lower than the 
actual risk (or the lack of risk).

Another factor to consider when using a generic 
JEM is the exposure contrast between the exposed 
and unexposed. If exposure is distributed between 
the exposed occupations in such a way that a group of 
highly exposed subjects can be distinguished, the pos-
sibilities to observe an actual risk are favourable. In the 
opposite case, in which the prevalence or the level of 
exposure, or both, are low in all exposed occupations, 
the chances of finding a true risk are poor. FINJEM 
provides quantitative estimates of average exposure 
among exposed subjects, which can be compared with 
OELs and background exposures to assess the expo-
sure contrast. To avoid the ‘dilution’ of exposure and of 
possible risk, an exposure–response analysis is recom-
mended to be included in studies utilizing FINJEM.

F I N J E M  a s  a  Ha  z a r d  S u r v e i l l a n c e 
To o l  a n d  i n  t h e  P r e v e n t i o n  o f 

Ha  z a r d s
For surveillance purposes, FINJEM provides an over-
view of the extent and level of exposure to chemical 
and physical agents. FINJEM estimates are updated 

every 3 years for most of the chemical agents included 
(Table 1). The numbers of exposed workers and distri-
butions of exposure levels by agent are regularly used 
in the national surveillance of chemical hazards in 
Finland. A large special report on occupational expo-
sure to chemical agents was published in 2005 (Vainio 
et al., 2005).

In addition to cross-sectional data, FINJEM pro-
vides data on exposure trends over time and exposure 
profiles by occupation and agent. Two examples of 
chemical exposure profiles are presented in Figs 2 and 
3. The estimated levels of exposure are compared with 
the Finnish OEL, which enables the identification of 
possibly hazardous exposures by agent and occupa-
tion for preventive purposes.

The benefit of using FINJEM at the workplace level 
for the prevention of chemical and physical hazards 
is limited. Exposures and health risks vary between 
workplaces, between workers performing different 
tasks, and even between workers performing similar 
tasks (Kromhout et al., 1993). The reliable identifica-
tion of workers or worker groups experiencing high 
exposure requires other methods, such as exposure 
measurements, or the use of exposure models based 
on the control banding concept. The FINJEM esti-
mates for different occupations are long-term average 
figures, which are helpful mainly in the planning of 
national or regional preventive measures.

From the point of view of hazard surveillance, it is 
also worth noting that FINJEM covers only a limited 
set of agents. Most dermal exposures and many harm-
ful inhalation exposures are not included. The mini-
mum threshold of the prevalence of exposure (5% of 
the employed in an occupation) may also exclude a 
substantial amount of exposed workers, particularly if 
the occupation is common.

An industry-based exposure matrix is often a bet-
ter alternative for an occupation-based matrix (such as 
FINJEM) in international surveillance projects. The 
reason for this is the better availability of comparable 
labor force data by industry than that by occupation. 
If the labor force in different countries is expressed 
uniformly, for example according to an international 
classification of the United Nations, the preliminary 
(default) estimates of the prevalence and level of expo-
sure are transportable across countries without any 
complicated code conversions. These default estimates 
can then be refined by national experts to correspond 
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2  Occupational exposure profile for formaldehyde in Finland in 2007–2009. The numbers of workers 
exposed to formaldehyde by occupation and average level of exposure compared with Finnish OEL in 2009 
(0.3 p.p.m.). Occupations with the 10 highest numbers of exposed workers are shown in the figure.

3  Occupational exposure profile for welders and flame cutters in Finland in 2007–2009. 
Numbers of workers exposed to chemical agent and average level of exposure compared with 
the Finnish OELs in 2009. Chemical agents with the 10 highest numbers of exposed workers 
are shown in the figure.
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to national exposure circumstances. This procedure 
has been followed in the construction of international 
matrices on occupational exposure to carcinogens 
(CAREX) (Kauppinen et  al., 2000), carcinogens 
and pesticides (Central-American matrices) (see, e.g. 
Partanen et  al., 2003), and wood dust (WOODEX) 
(Kauppinen et al., 2006). The newest of these matri-
ces is CAREX Canada, which includes the regional 
dimension and also covers environmental exposures 
(see the CAREX Canada website). At least in princi-
ple, a global industry-based exposure matrix can be 
constructed to cover all countries and all important 
occupational exposures by applying industry-based 
approach, which is based on transportable preliminary 
(default) estimates and their refinement by an interna-
tional community of occupational hygienists.

F I N J E M  i n  t h e  A s s e s s m e n t  o f  H e a lt h 
Ri  s k s  a n d  t h e  B u r d e n  o f  Di  s e a s e s

FINJEM has been used as the source of national esti-
mates of exposure in quantitative risk assessment. The 
burden of occupational factors in mortality in Finland 
in 1996 due to past exposures was studied on the basis 
of epidemiological RRs and national exposure data 
(Nurminen and Karjalainen, 2001). The calculation of 
the numbers of cases attributable to exposure required 
figures of the size of the exposed population at risk, and 
in most cases, these were derived from FINJEM. This 
study provided only crude estimates of the burden. The 
uncertainty of the results in this study is mainly due to 
two factors. First, the relationships between fatal dis-
eases and occupational exposures were assumed to be 
causative although the evidence on this was in some 
cases questionable. On the other hand, some actually 
causative relationships were definitely missing from 
the calculations. Second, the estimates of the numbers 
of workers exposed to a comparable dose of an agent 
as in the epidemiological study, whose RR was used 
in the calculation of attributable cases, were subjective 
judgments and thus uncertain. However, FINJEM was 
considered to be the most feasible source of national 
exposure data available for the burden assessment, and 
the procedure and estimates used were documented 
in a transparent way to enable re-evaluations, if more 
accurate data became available.

FINJEM estimates and trend data have also been 
used in the assessment of future numbers of attrib-
utable cases in Finland (Priha et  al., 2010) and in a 

European project aiming to assess the consequences 
of changing the OELs of some carcinogens. This 
European project mainly applied the assessment 
method developed in the UK and the industry-based 
CAREX approach (Rushton et  al., 2008). Because 
CAREX did not include temporal trend data on expo-
sures, the predictions of the future burden gained 
from the trend data of FINJEM. If trend data are used 
as default for other countries, care must be taken to 
assess the similarity or dissimilarity of exposure cir-
cumstances between Finland and the country of appli-
cation because the economic structure and the phase 
of technological development influence the preva-
lence and level of exposure.

F I N J E M  i n  t h e  A s s e s s m e n t  o f 
E x p o s u r e  T r e n d s  a n d  F u t u r e 

E x p o s u r e s
The trends of occupational exposure to 41 chemical 
agents in Finland in 1950–2020 have been assessed 
on the basis of FINJEM data (Kauppinen et al., 2013). 
Four different metrics of national exposure were cal-
culated by agent: the prevalence of exposure, the prev-
alence of high exposure (at least 50% of the Finnish 
OEL), the average level of exposure among exposed 
workers, and the national occupational inhalation 
exposure (NOIE), which takes into account both the 
prevalence and level of exposure. Dermal exposure 
was estimated on the basis of statistics on occupational 
skin diseases. An example of trends for one agent is pre-
sented in Fig. 4. Although there was much variability 
by chemical agent, the general pattern was an increase 
of exposure (with the exception of high exposures) 
in 1950–1970, followed by a decrease in 1970–2008, 
which is expected to continue in 2008–2020. Diesel 
exhaust is an example of an agent whose exposure has 
not decreased along with the general trend.

This trend analysis of chemical exposures based on 
FINJEM proved a feasible project, which produced 
national estimates of exposure in terms of the preva-
lence of exposure, the prevalence of high exposure, the 
average level of exposure, and NOIE. Trend data have 
previously mainly been reported as the level of expo-
sure based on exposure measurements. A large review 
of the trends of exposure measurements (Creely et al., 
2007) reported a median annual decrease of exposure 
of 8%, which is higher than the 1% reported by the 
FINJEM trend analysis. The reason for this difference 
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may be that the measurements are often directed to 
workers whose exposure is expected to be higher 
than the average exposure of all exposed workers. 
Measurements also tend to be carried out more fre-
quently in medium-size and large companies, which 
have enough resources and the knowledge to pre-
vent high exposures than in small companies whose 
resources are more limited. The FINJEM analysis 
also provided higher figures of annual decrease (e.g. 
median 7% in 1990–2008) for the subgroup of work-
ers at ‘high’ exposure. However, there is much agent-
specific variability in trends and some exposures do 
not follow the general pattern. On the other hand, 
small decreases of exposures among workers whose 
exposure is low are easily missed in judgment-based 
approaches. It is worth noting also that different expo-
sure metrics show different temporal patterns and that 
they have different fields of use: NOIE is useful in the 
burden assessment, the prevalence of high exposures 
in the priority setting of prevention, and the preva-
lence and level of exposure in various occupations 
mainly in occupational epidemiology.

The same FINJEM-based trend analysis also 
included the prediction of exposures in 2020 by using 
the same metrics of exposure as in 1950–2008. This 

was a challenging task. The changes in the economic 
structure and distribution of occupations could be 
taken into account, but no reliable models were avail-
able to estimate agent-specific changes within occupa-
tions. The trend analysis of past exposures indicates 
that regulations, technology, and labor safety meas-
ures may strongly influence both the prevalence and 
the level of exposure, and that the influence is agent 
specific. The prediction for the year 2020 was there-
fore based on the extrapolation of the trends of expo-
sure observed for the previous period of 1990–2008, 
which experts assessed agent by agent and occupa-
tion by occupation. The resulting estimates for 2020 
should be considered crude figures, the reliability of 
which is not very high.

F I N J E M  a s  a  S o u r c e  o f  I n f o r ma t i o n 
f o r  O t h e r   J E M s

FINJEM was the base for constructing JEMs for the 
NOCCA study (Kauppinen et al., 2009). The Nordic 
JEMs include estimates of the prevalence and level 
of exposure to 28 agents (mainly chemical agents) in 
>300 occupations per country (from the national clas-
sifications of occupations) during four time periods 
covering 1945–1994. A team of Nordic occupational 

4  Occupational inhalation exposure to crystalline silica (quartz dust) in Finland 
in 1950, 1970, 1990, 2008, and 2020, as measured by four different metrics of 
exposure. Proportional values compared with 1950 (=100).
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hygienists modified the FINJEM estimates to take 
into account the major differences of occupational 
exposure between the Nordic countries.

The process to modify FINJEM for other Nordic 
countries was more laborious than its direct use but 
provided more credible estimates. It is therefore rec-
ommended instead of the direct use or the construc-
tion of a completely new JEM, which is the most 
time-consuming alternative. The selection of priority 
agent–occupation combinations and the adoption of 
general principles at the beginning of the work were 
necessary because of the high number of estimates 
to be evaluated (>50 000 per country). Priority was 
given to large occupations and high exposures, which 
contribute significantly to the results of epidemio-
logical studies. Additional exposure measurement 
data (reported to be ‘thousands’ of measurements) 
from Norway and Sweden were used but proved to be 
scanty at the level of occupations, difficult to interpret, 
and time consuming to work with. In the NOCCA 
project, changes were made to the estimates of 140 of 
the 6220 agent–occupation combinations of the origi-
nal FINJEM. The driver for many of these changes was 
industrial hygiene measurement data available from 
Sweden and Norway. The modifications concerned 
levels of exposure to silica and diesel exhaust in partic-
ular. However, most of the original estimates (97%) in 
FINJEM were considered accurate enough to be used 
as the basis to modify estimates for the JEMs of other 
Nordic countries.

The risk estimates of 49 different cancers by 53 
occupational categories in five countries have been 
published (Pukkala et  al., 2009) but the JEMs of 
Nordic countries enable now the comprehensive can-
cer incidence data of NOCCA to be analyzed also 
by exposure (see, e.g. Vlaanderen et  al., 2013). The 
NOCCA project has a website, and collaborative stud-
ies on occupational cancer by using NOCCA data and 
JEMs are encouraged.

Another large cancer study that has used FINJEM 
as the base for constructing a JEM is INTEROCC 
(van Tongeren et al., 2013). The INTEROCC project 
is a multi-center case–control study on brain cancer 
and occupational exposure to chemical agents and 
electromagnetic fields. The exposure estimates of 29 
FINJEM agents (mainly solvents and metal fumes) 
were modified by an international team of experts. 
A  crosswalk was developed between the Finnish 

occupational codes used in FINJEM and the 1968 
International Standard Classification of Occupations 
(ISCO68). Whenever necessary, the exposure esti-
mates of FINJEM were modified to fit the ISCO occu-
pations either by mathematically combining estimates 
of several FINJEM occupations or by splitting the esti-
mates of one FINJEM occupation into multiple ISCO 
occupations. As in the NOCCA study, one long period 
in FINJEM (1960–1984) was split into two peri-
ods (1960–1974 and 1975–1984). In addition, the 
estimates of benzene, hydrocarbon solvents, engine 
exhausts, PAHs, and benzo(a)pyrene were modi-
fied to achieve consistency between the definitions 
of agents and their minimum exposures in FINJEM 
and INTEROCC-JEM. The modifications generally 
increased the prevalence of exposure in the lowest cat-
egories of CE, but in some cases, this was also seen in 
other levels of exposure. The INTEROCC-JEM has 
been used to study the risk of different types of brain 
cancer by exposure (Lacourt et al., 2013).

The modification process of FINJEM in the 
INTEROCC project differed from that of NOCCA. 
The emphasis was on the internal consistency of the 
estimates. For example, exposure to PAHs from envi-
ronmental tobacco smoke was added because it was 
not included by definition in the PAH estimates in 
FINJEM. The use of different occupational classifica-
tion, as in FINJEM, also required splitting FINJEM 
estimates into several occupations of the ISCO classifi-
cation used in the INTEROCC study. The conversions 
between occupational classifications are a potential 
source of bias ranging from negligible to significant. 
Care should be taken particularly with conversions of 
high exposures in large occupations. Although occu-
pational coding systems often differ substantially (‘t 
Mannetje and Kromhout, 2003), crosswalks can be 
established and they seem to be as efficient as manual 
recoding (Koeman et al., 2013).

A Spanish JEM (MatEmESp) has been constructed 
for national surveillance and prevention purposes par-
tially based on FINJEM data. The FINJEM estimates 
of prevalence and the level of exposure to physical, 
chemical, and microbiological agents were adapted to 
the Spanish classification of occupations. These pre-
liminary estimates were then improved by a team of 
Spanish hygienists on the basis of available Spanish 
data. The assessment of safety risks (not included 
in FINJEM), ergonomic factors, and psychosocial 
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factors was based on Spanish surveys and other 
national sources. For some factors, the estimates were 
also provided for men and women separately and for 
three age categories (Garcia et al., 2013).

JEMs that are based on other JEMs tend to resem-
ble their ‘parent’ JEMs. The changing of estimates of 
the ‘parent’ JEM requires good knowledge on expo-
sure circumstances in two countries or populations, 
which is often missing. Even if data were available, it 
is difficult to conclude, for example that the level of 
exposure in two countries actually differs significantly, 
and that the observed difference in the measurement 
data is not due to methodological factors. However, 
large qualitative differences should be identified and 
taken into account. For example, if a part of miners 
are exposed to asbestos in one country and there is no 
asbestos mining in another country, the exposure esti-
mates of asbestos need to be corrected to be in accord-
ance with this fact.

Examples of the use of FINJEM estimates or data 
as one source of information among others in the con-
struction of other JEMs are the French MATGENE 
matrix (Fevotte et al., 2011), the New Zealand JEM (‘t 
Mannetje et al., 2011), and the Swedish particle matrix 
PARCC-JEM (Wiebert et al., 2012).

O t h e r  U s e s  o f   F I N J E M
FINJEM has been used for miscellaneous other pur-
poses. It is a general databank, which is able to provide 
data on the numbers of exposed workers and their 
exposure levels to various agents, for the planning 
of studies and training, for example. It may be useful 
in the evaluation of the impact and cost of changing 
OELs, and it has also been considered as a source of 
information for the assessment of exposures of peo-
ple suspected of having an occupational disease. For 
example, chemical exposures of patients with chronic 
solvent encephalopathy have been surveyed with 
FINJEM (Keski-Säntti et al., 2010).

Va l i d i t y  o f  F I N J E M  a n d 
R e c o mm  e n d at i o n s

The overall validity of FINJEM remains unknown, 
although there is evidence that FINJEM is able to rep-
licate the results of some known risk factors (see, e.g. 
Pukkala et al., 2005). No alternative data of good qual-
ity are available in Finland to directly test the validity 
of FINJEM. A practical complication is that FINJEM 

covers almost 50 chemical exposures, >300 occupa-
tions, and a long period of time (1945–2012). Although 
FINJEM’s actual validity is unknown, efforts have been 
taken during its history to improve it. Knowledge of 
experts, comprehensive Finnish measurement data, 
accurate definitions of exposure, and systematic assess-
ment methods were applied in the construction of the 
original FINJEM. The documentation of the FINJEM 
database has also enabled re-evaluations that have 
resulted in improvements to FINJEM in the NOCCA 
(Kauppinen et  al., 2009) and INTEROCC projects 
(Lavoué et al., 2012; van Tongeren et al., 2013). Further 
improvements are possible when new exposure meas-
urement data become available, and when the Bayesian 
methods of integrating data and prior views of the asses-
sors will be more widely applied in the future. It is also 
worth noting that the validity of any JEM depends on 
its context of application. A JEM that sensitively assigns 
exposure to occupations with a low level of exposure 
is likely to be more useful for assessing the burden of 
diseases, but a specific JEM tends to be more useful in 
occupational epidemiology aimed at the identification 
or quantification of risks.

When FINJEM is applied outside Finland or used 
as the basis to construct a JEM for another country, 
we recommend checking and modifying the estimates 
of at least large occupations with potentially heavy 
exposure to correspond to national exposure circum-
stances. In epidemiological studies of chronic diseases, 
we recommend analyzing risks quantitatively (expo-
sure–response analysis) because the misclassification 
of exposure particularly in low exposure classes may 
mask the risk in the qualitative (exposed versus unex-
posed) analysis. Cumulative exposure with the allow-
ance for a latency period is often the preferable metric 
of exposure in studies of chronic diseases but the use 
of several alternative exposure metrics may be still 
better because the validity of the metric may depend 
on the outcome and on the distribution of exposure 
in the population under study. A good practice is also 
to check the exposure contrast, i.e. to assess if the 
number of substantially exposed workers is sufficient 
for the detection of the risk under study. The use of 
available measurement data is recommended but the 
representativeness of data needs to be judged before 
use. Bayesian approaches that combine exposure data 
and subjective judgments are a promising new way to 
improve the validity of JEMs. In hazard surveillance, 
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industry-based approaches should be considered as 
alternatives to occupation-based JEMs. A good docu-
mentation of exposure estimates is recommended 
when constructing new JEMs. JEMs should also 
be used more than in the past for the assessment of 
risks, burdens of disease, exposure trends, and future 
exposures.
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