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Mesothelioma deaths due to environmental exposure to asbestos in The Netherlands led to par-
liamentary concern that exposure guidelines were not strict enough. The Health Council of the
Netherlands was asked for advice. Its report has recently been published. The question of qual-
ity of the exposure estimates was studied more systematically than in previous asbestos meta-
analyses. Five criteria of quality of exposure information were applied, and cohort studies that
failed to meet these were excluded. For lung cancer, this decreased the number of cohorts in-
cluded from 19 to 3 and increased the risk estimate 3- to 6-fold, with the requirements for good
historical data on exposure and job history having the largest effects. It also suggested that the
apparent differences in lung cancer potency between amphiboles and chrysotile may be pro-
duced by lower quality studies. A similar pattern was seen for mesothelioma. As a result, the
Health Council has proposed that the occupational exposure limit be reduced from 10 000
fibres m23 (all types) to 250 f m–3 (amphiboles), 1300 f m–3 (mixed fibres), and 2000 f m–3

(chrysotile). The process illustrates the importance of evaluating quality of exposure in epide-
miology since poor quality of exposure data will lead to underestimated risk.
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THE CONTINUING DEBATE ON HEALTH

CONSEQUENCES OF ASBESTOS

Asbestos is a well-known carcinogen responsible for
cancer of the pleura and peritoneum (mesothelioma)
and lung cancer. The profound consequence of his-
torical exposure to asbestos is well documented in
many countries (Lin et al., 2007). In all Western
countries, the pleural mesothelioma incidence
among men has increased dramatically in the past
40 years. In recent years, in some countries, a level-
ing off of mesothelioma rates has been observed,
whereas in most countries, the mesothelioma inci-
dence is still expected to rise in the next few years
(Montanaro et al., 2003; Burdorf et al., 2005). As-
bestos is most likely the occupational risk with the

highest burden of disease. For example, The Nether-
lands has one of the highest mesothelioma-related
mortality rates that is expected to peak around
2014, and in the period 2000–2028, at least 13 000
mesothelioma deaths and another 13 000 deaths
due to asbestos-related lung cancer are expected
(Segura et al., 2003). In the UK, mesothelioma mor-
tality is predicted to peak at 2400 deaths in the year
2016 and from 2007 to 2050 will contribute to at
least 60 000 deaths (Tan et al., 2010).

The effects of asbestos on health are one of the
best documented, yet most controversial, topics in
occupational health. Although many thousands of ar-
ticles are available on the health effects of asbestos,
considerable debate remains on the differences in
carcinogenicity among different fibre types and the
exact shape of the exposure–response relationship
(Ogden, 2009). This debate rages also on the pages
of the Annals of Occupational Hygiene, as illustrated
by recent publications whereby one author stated
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firmly that amphiboles are responsible for almost
all cases of mesothelioma (McDonald, 2010), and
other authors showed that mesothelioma cases
also occurred among workers in a plant using only
chrysotile (Finkelstein and Meisenkothen, 2010).

Other ongoing asbestos debates relate to the deri-
vation of occupational exposure limits and to the risk
to public health posed by typically low levels of
environmental exposure. Two authoritative meta-
analyses of epidemiological studies on exposure–
response relationships show an order of magnitude
agreement in excess risk expressed per fibre year
(Hodgson and Darnton, 2000; Berman and Crump,
2008a,b). However, small differences in estimated
risk may easily amplify in formal risk assessments
procedures that rely on extrapolation towards very
low levels of exposure to asbestos that were not
encountered in the epidemiological studies included
in the meta-analyses. Studies in the cities of Casale
Monferrato and Bari in Italy (Magnani et al.,
2001) and Amagasaki City in Japan (Kurumatani
and Kumagai, 2008) have demonstrated that envi-
ronmental exposure to asbestos in the vicinity of
asbestos-cement plants, at levels much lower than
typically seen in occupational situations, may cause
mesothelioma.

RENEWED DISCUSSION OF ASBESTOS IN THE

NETHERLANDS

In the Netherlands, the use of asbestos was pro-
hibited in 1993, but relevant occupational exposure
may still occur during demolition activities. Prevail-
ing occupational exposure limits and environmental
standards were regarded as sufficient to protect the
population against unacceptable risks in the future.
All seemed well and settled.

Around 2000, a few women died of mesothelioma,
who had lived in the direct vicinity of a factory that
produced asbestos-cement in the past. This plant had
distributed asbestos waste (friable and non-friable
waste products containing asbestos types: chrysotile,
crocidolite, and amosite) for free to local residents
for private and public use in order to harden dirt tracks,
yards, and driveways during 1935–1974. Therefore,
the soil in this area was polluted with friable and
non-friable waste materials (Driece et al., 2010).
Based on records of a compensation claim lawyer, at
least five women with mesothelioma were identified
with as only possible source of exposure the asbestos
waste material on dirt tracks or yards around their
homes (Burdorf et al., 2004). Questions were asked
in the Dutch Parliament and a full investigation was
initiated, demonstrating that environmental exposure

to asbestos had led to 14 female deaths from pleural
mesothelioma, accounting for 64% of the extra inci-
dence of mesothelioma among women in the area at
risk (Sinninghe Damste et al., 2007). The average cu-
mulative exposure was estimated to be �0.11 fibre-
years ml–1. These findings again raised the question
in Parliament that whether the current guidelines were
sufficiently strict to protect the general population.
The Health Council of the Netherlands was asked
for advice by the Ministries of the Environment and
of Social Affairs and Employment to provide scientific
evidence on risks of environmental and occupational
exposure to asbestos.

NEW META-ANALYSIS ON EPIDEMIOLOGICAL

STUDIES

The full report of the Health Council Committee
was published recently (Gezondheidsraad, 2010). In
this report, the Committee presents detailed argu-
ments that not all epidemiological studies are equally
suitable to be used in a risk analysis. It has become
common practice in a meta-analysis to evaluate the
influence of quality of the study on the overall pooled
effect, whereby studies with better quality should
contribute more to the evidence than studies with poor
quality. Although quality aspects have been men-
tioned in earlier reviews on asbestos studies, quality
was never systematically evaluated. This is a surpris-
ing finding, given the crucial role of epidemiological
evidence in the guidelines for occupational and
environmental exposure to asbestos. Since a poor
quality of exposure estimates will inevitably lead to
exposure misclassification and, thus, underestimation
or misspecification of exposure–response relation-
ships, the Committee decided to conduct a systematic
review with quality appraisal and to analyse the influ-
ence of quality of the different studies on average
effect estimates for asbestos and cancer.

QUALITY OF EXPOSURE ASSESSMENT

A generic framework for appraisal of the quality
of exposure information in observational studies
for risk assessment has recently been proposed
(Vlaanderen et al., 2008) and was adapted to epide-
miological studies on asbestos. For the detailed ap-
praisal of the scientific aspects on asbestos and
lung cancer, we refer to the publication of Lenters
et al. (2011). The full interpretation of the findings
on both mesothelioma and lung cancer can be
found in the original report of the Health Council
(Gezondheidsraad, 2010). Five quality criteria were
applied to selected cohort studies on asbestos-related
disease in occupationally exposed workers. The first
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criterion was quality and transparancy of the descrip-
tive documentation on the exposure assessment strat-
egy in terms of number of measurements available,
analytical procedures applied, and insight into vari-
ability in exposure within and between exposure cat-
egories. The second criterion was the use of internal
or external conversion factors for changes over time
in analytical and measurement techniques, most no-
tably the conversion of particles into fibre counts.
Studies with internal conversion factors across dif-
ferent departments in different time periods were
given the highest quality. The third criterion evalu-
ated the exposure contrast in the cohort study by
the ratio in average exposure of the highest and low-
est cumulative exposure category and a ratio of �50
was arbitrarily considered as a high and informative
contrast. The fourth criterion related to the coverage
of the accumulated work history of the cohort by ex-
posure measurements. All selected cohort studies
had used procedures for back extrapolation and those
studies for which measurements were available dur-
ing at least 30% of the follow-up period were re-
garded as of better quality. The fifth criterion
stipulated that the job history information should
be sufficiently detailed to capture changes in job
titles or tasks over time in order to assign exposure
correctly to individual workers.

QUALITY HAS A PROFOUND IMPACT ON RISK

ESTIMATES

In total, 19 cohort studies were included in the
analysis of asbestos and lung cancer. For each qual-
ity criterion, the pooled effect of high-quality studies
was larger than the pooled effect of low-quality stud-
ies. The quality of coverage of exposure data and job
history were most critical, and excluding studies that
failed by these criteria increased the risk estimate 3-
to 6-fold. The measure used was the slope (KL �
100) of increase in the relative risk per unit of
cumulative exposure to asbestos [in fibre-years per
millilitre]. Interestingly, these differences were com-
parable to the observed differences between amphib-
oles and chrysotile. With a stepwise exclusion of less
informative studies, the risk estimate 100 � KL in-
creased from 0.13 (19 studies) to 0.48 (3 studies)
(Lenters et al., 2011). A similar pattern was observed
for the meta-analysis of asbestos and mesothelioma.
The meta-analysis on 12 studies showed a striking
difference in carcinogenic potency between amphib-
oles, mixed exposure, and chrysotile with risk esti-
mates KM of 7.95, 1.08, and 0.017, respectively.
However, when limiting the analysis to the studies
with the highest quality with regard to exposure

information, this difference decreased substantially
with risk estimates KM of 1.30 for mixed exposure
and 0.15 for chrysotile (Gezondheidsraad, 2010).

This approach demonstrated that disparities be-
tween observed risks of asbestos exposure in epide-
miological studies may be partly explained by
profound differences in quality of the exposure in-
formation. Moreover, for lung cancer, it cannot be
excluded that the suggested differences in potency
between chrysotile and other types of asbestos may
be entirely due to quality issues since too many stud-
ies had major limitations in their exposure assess-
ment. With regard to mesothelioma, the differences
between fibre types became less prominent when ad-
justed for quality of exposure information since stud-
ies of the highest quality were actually those where
workers had a predominant or exclusive exposure
to chrysotile.

NEW PROPOSALS FOR GUIDELINES ON
OCCUPATIONAL AND ENVIRONMENTAL
ASBESTOS

This novel approach by the Health Council of the
Netherlands resulted in estimates of the slopes of ex-
posure–response relationships that are roughly 5–10
times higher than those published in well-cited
meta-analyses of Hodgson and Darnton (2000) and
Berman and Crump (2008a,b). The existing Dutch
occupational exposure limit is 10 000 fibres m–3

(equivalent to 0.01 fibres ml–1), as measured by
phase contrast microscopy, and applies to all fibre
types. In current procedures, for risk assessment,
two risk levels have to be determined, corresponding
to one extra death for every 250 deaths from all
causes (1.10�4 per year) and one extra death for
every 25 000 deaths from all causes (1.10�6 per
year). These risk levels are calculated for 40 years
of occupational exposure.

Under the assumption of an acceptable risk of one
additional death due to either lung cancer or meso-
thelioma per 1 000 000 person-years among exposed
workers, the Health Council has proposed the fol-
lowing occupational exposure limits: amphiboles
420 fibres m�3, mixed fibre type 1300 fibres m�3,
and chrysotile 2000 fibres m�3. The proposals are
currently considered by the Dutch government and
special emphasis is given to exposure assessment
procedures to demonstrate compliance with these
standards. These new proposals also illustrate that
the occurrence of mesothelioma due to low levels
of environmental exposure in the vicinity of the
asbestos-cement plant was to be expected. This
supports a stringent policy to clean up the polluted
area from asbestos waste.
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LESSONS LEARNED

The report of the Health Council of the Nether-
lands on risks of environmental and occupational ex-
posure to asbestos clearly demonstrates that
a thorough evaluation of the quality of exposure as-
sessment in epidemiological studies should be incor-
porated in risk assessment procedures. The
quantitative evaluation of the impact of quality on
the overall pooled risk is a better approach than dis-
cussing in a narrative review the pros and cons why
particular studies should be included in a formal
meta-analysis or not, as is typical for the asbestos de-
bate. The traditional focus on large cohort studies
should be shifted towards studies with the best ex-
posure assessment strategies since exposure misclas-
sification will attenuate the exposure–response
relationship and, thus, result in biased risk estimates.
A poor exposure assessment in epidemiological
studies will lead to occupational exposure limits
that do not protect the workforce against harmful
effects. Occupational hygienists should play a cru-
cial role in the design of epidemiological studies in
occupational populations.

Acknowledgements—Both authors were members of the com-
mittee on asbestos of the Netherlands Health Council. The
findings and conclusions in this article reflect the opinions of
the authors and should not be construed to represent a statement
of the Dutch Health Council.

REFERENCES

Berman DW, Crump KS. (2008a) Update of potency factors for
asbestos-related lung cancer and mesothelioma. Crit Rev
Toxicol; 38 (Suppl. 1): 1–47.

Berman DW, Crump KS. (2008b) A meta-analysis of asbestos-
related cancer risk that address fiber size and mineral type.
Crit Rev Toxicol; 38 (Suppl. 1): 49–73.

Burdorf A, Dahhan M, Swuste PHJJ. (2004) Milieublootstelling
aan asbest en het optreden van pleura mesothelioom. [Envi-
ronmental exposure to asbestos and occurrence of pleural
mesothelioma]. Ned Tijdschr Geneeskd; 148: 1727–31.

Burdorf A, Järvholm B, Englund A. (2005) Explaining
differences in incidence rates of pleural mesothelioma be-
tween Sweden and The Netherlands. Int J Cancer; 113:
298–301.

Driece H, Swuste PHJJ, Siesling S et al. (2010) Assessment of
cancer risks due to environmental exposure to asbestos.
J Expo Sci Environ Epidemiol; 20: 478–85.

Finkelstein MM, Meisenkothen C. (2010) Malignant mesothe-
lioma among employees of a Connecticut factory that man-
ufactured friction materials using chrysotile asbestos. Ann
Occup Hyg; 54: 692–6.

Gezondheidsraad. (2010) Asbestos—risks of environmental and
occupational exposure. The Hague, the Netherlands: Health
Council of the Netherlands, report 2010/10E. Available at
www.gezondheidsraad.nl/en/publications/asbestos-risks-enviro
nmental-and-occupational-exposure. Accessed 28 May 2011.

Hodgson JT, Darnton A. (2000) The quantitative risks of me-
sothelioma and lung cancer in relation to asbestos exposure.
Ann Occup Hyg; 44: 565–601.

Kurumatani N, Kumagai S. (2008) Mapping the risk of meso-
thelioma due to neighborhood asbestos exposure. Am J Re-
spir Crit Care Med; 178: 624–9.

Lenters V, Vermeulen R, Dogger S et al. A meta-analysis of
asbestos and lung cancer: is better quality exposure assess-
ment associated with steeper slopes of the exposure-
response relationships? Environ Health Perspect, EHP
Online 27 June 2011. Available at http://ehp03.niehs.nih.
gov/home.action. Accessed June 27, 2011.

Lin RT, Takahashi K, Karjalainen A et al. (2007) Ecological
association between asbestos-related diseases and historical
asbestos consumption: an international analysis. Lancet;
369: 844–9.

Magnani C, Dalmasso P, Biggeri A et al. (2001) Increased risk
of malignant mesothelioma of the pleura after residential or
domestic exposure to asbestos: a case-control study in Ca-
sale Monferrato, Italy. Environ Health Perspect; 109: 915–9.

McDonald JC. (2010) Epidemiology of malignant mesothelio-
ma—an outline. Ann Occup Hyg; 54: 851–7.

Montanaro F, Bray F, Gennaro Vet al. (2003) Pleural mesothe-
lioma incidence in Europe: evidence of some deceleration in
the increasing trends. Cancer Causes Control; 14: 791–803.

Ogden TL. (2009) Canadian chrysotile report released—at
last. Ann Occup Hyg; 53: 307–9.

Segura O, Burdorf A, Looman C. (2003) Update of predictions
of mortality from pleural mesothelioma in the Netherlands.
Occup Environ Med; 60: 50–5.

Sinninghe Damste HE, Siesling S, Burdorf A. (2007) Milieu-
blootstelling aan asbest in de regio Goor vastgesteld als oor-
zaak van maligne pleuramesothelioom bij vrouwen.
[Environmental exposure to asbestos in the area around
Goor has been established as the cause of pleural mesothe-
lioma in women]. Ned Tijdschr Geneeskd; 151: 2453–9.

Tan E, Warren N, Darnton AJ et al. (2010) Projection of meso-
thelioma mortality in Britain using Bayesian methods. Br
J Cancer; 103: 430–6.

Vlaanderen J, Vermeulen R, Heederik D et al. (2008) Guide-
lines to evaluate human observational studies for quantita-
tive risk assessment. Environ Health Perspect; 116: 1700–5.

568 A. Burdorf and D. Heederik

D
ow

nloaded from
 https://academ

ic.oup.com
/annw

eh/article-abstract/55/6/565/175990 by U
trecht U

niversity user on 09 July 2020

www.gezondheidsraad.nl/en/publications/asbestos-risks-environmental-and-occupational-exposure.
www.gezondheidsraad.nl/en/publications/asbestos-risks-environmental-and-occupational-exposure.
http://ehp03.niehs.nih.gov/home.action.
http://ehp03.niehs.nih.gov/home.action.

