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Case Report

Reassessment of Occupational Exposure Limits

Hans Stouten, MSc,1� Heidi Ott,2 Carolien Bouwman, PhD,1

and Peter Wardenbach, PhD2

Background Although the Netherlands currently has its own procedure for evaluating
chemical compounds and setting occupational exposure limits (OELs), most of these limits
were originally adopted in the 1970s from threshold limit values (TLVs) set by the
American Conference of Governmental Industrial Hygienists (ACGIH). However,
beginning in the late 1980s, criticism about non-scientific considerations being used to
set TLV’s suggested that TLVs might not offer sufficient health protection to workers. This
situation prompted the Dutch Ministry of Social Affairs and Employment to request that the
Health Council of the Netherlands reassess the health protection of MAC values that were
contained in the 1994 Dutch MAC list.
Methods Criteria documents were prepared for 161 compounds. They were evaluated by
a committee of the Health Council of the Netherlands consisting of international experts
who reassessed the toxicological hazards of these substances and recommended, whenever
possible, health-based OELs. The results of the reassessment by the Health Council were
compared with the MAC values of the 1994 Dutch MAC list, ACGIH TLVs, and existing
German OELs.
Results The toxicological database met the committee’s criteria for a health-based OEL
for only about 40% of the compounds.
Conclusions Many older MAC values were either too high or not scientifically supported
and therefore not health-based. Am. J. Ind. Med. 51:407–418, 2008. �2008 Wiley-Liss, Inc.
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INTRODUCTION

The threshold limit values (TLVs) published by

the American Conference of Governmental Industrial

Hygienists (ACGIH) have been adopted as occupational

exposure limits (OELs) in countries all over the world,

including the Netherlands in the 1970s and Germany in the

1950s. However, beginning in the late 1980s, criticism

about non-scientific considerations being used to set TLV’s

suggested that TLVs might not offer sufficient health

protection to workers. The criticism, which voiced interna-

tionally [Castleman and Ziem, 1988; Ziem and Castleman,

1989; Roach and Rappaport, 1990; Robinson et al., 1991] and

in the Netherlands [Ulenbelt, 1991; Ulenbelt et al., 1991; Bus

and Posthuma, 1992], concerned strong corporate influence

in developing TLVs and the quality of the justifications

underlying TLVs. This prompted the Dutch Ministry of

Social Affairs and Employment to request that the Health

Council of the Netherlands reassess the health protection of

the MAC values listed in the 1994 Dutch MAC list.

This article describes the results of the reassessment by

the Health Council.

History of Setting
Occupational Standards

The derivation of acceptable air concentrations for

chemicals in the workplace started in Germany. At the end of

the 19th century, Lehmann was the first to publish maximum
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concentrations for a number of compounds. At the beginning

of the 20th century, occupational standard setting began in

the United States and Russia. In the United States

several organizations were formed, including the American

Standards Association which introduced the term ‘‘max-

imum allowable concentration’’ (MAC). However, the most

well known and influential organization that dealt with OELs

was ACGIH, founded in the 1930s. In 1947, ACGIH

published its first list with more than 150 OELs defined as

TLVs [Notten, 1979].

In 1955 in the Federal Republic of Germany, the

Deutsche Forschungsgemeinschaft (DFG; German Research

Foundation) set up the Commission for the Investigation of

Health Hazards of Chemical Compounds in the Work

Area (MAK Commission). Initially, this commission pub-

lished lists with the maximale Arbeitsplatzkonzentrationen

(MAK), which were largely adopted from the ACGIH lists.

The first MAK list appeared in 1958. From 1969 onwards, the

MAK Commission developed health-based OELs from its

own documentation and evaluations. At present, in most

cases the Commission relies exclusively on scientific

publications or reports that are fully available to the public.

If necessary, unpublished internal company data in the form

of complete study reports are also included. These are then

identified as such in the reference list of the documentation.

The OELs set by the MAK Commission are exclusively

based on scientific arguments. Personal communications and

aspects such as economic and technical feasibility are

excluded [Woitowitz, 1988; Deutsche Forschungsgemein-

schaft, 2006]. Next, the Committee on Hazardous Substances

(Ausschuss für Gefahrstoffe, AGS), consisting of represen-

tatives of industry, trade unions, authoritative bodies, and the

scientific community, is responsible for incorporating these

values into national regulation [Woitowitz, 1988].

The regulatory basis for OELs in Germany is the

Hazardous Substances Ordinance (Gefahrstoffverordnung),

which was completely revised and made effective in January

2005. This new ordinance now refers only to health-based

OELs (Arbeitsplatzgrenzwerte, AGW) whereas previously,

AGS also established technically based OELs. The latter

commonly described as exposure concentrations that could

be achieved by existing technology. Health-based regulatory

OELs are listed in the Technical Rule for Hazardous

Substances 900 (Technische Regel für Gefahrstoffe, TRGS

900), which is published by the German Ministry of Labor

and Social Affairs in the Gemeinsames Ministerialblatt and

also on the homepage (www.baua.de) of the Federal Institute

for Occupational Safety and Health (Bundesanstalt für

Arbeitsschutz und Arbeitsmedizin, BAuA). In most cases,

the recommendations for health-based OELs of the MAK

Commission or the European Union (indicative occupational

exposure limit values, IOELVs) form the basis for inclusion

in TRGS 900. These recommendations are examined by

Subcommittee III (Evaluation of Hazardous Substances) of

the AGS. Thereafter the Subcommittee III proposes a

health-based OEL to the AGS. In addition, the Subcommittee

III derives health-based OELs on its own and proposes

them to the AGS as well. After adopting the OELs, the

AGS recommends them to the Federal Ministry of Labor

and Social Affairs, which includes the OELs in the

TRGS 900.

In the Netherlands, the first list of OELs was published in

1978 and consisted mainly of TLVs adopted from the ACGIH

list. At the same time, the minister of Social Affairs and

Employment decided to become independent from foreign

organizations and develop national limit values (MAC values)

using its own procedure. One of the reasons was that the

Ministry felt the TLVs were poorly documented in many cases.

To this end, a three-step procedure was set up [Notten, 1979].

During the first step, the Dutch Expert Committee on

Occupational Standards (DECOS) (a standing committee of

the Health Council of the Netherlands since 1994) evaluated

data on the toxicokinetics and toxicodynamics of a substance

from scientific publications and other reports that were fully

available to the public and derived a health-based recom-

mended OEL (HBROEL). This step included the release of a

draft document for public review and a final ‘‘internal’’ review

by the Council’s Standing Committee on Health and Environ-

ment. During the second step, only technical and economic

aspects of the feasibility of the recommended health-based

value were discussed by the OEL Subcommittee, a committee

of the Social and Economic Council. If there were constraints

on the applicability, the OEL Subcommittee might recom-

mend another OEL or a time frame for determining the health-

based OEL. Based on both recommendations, the State-

Secretary of Social Affairs and Employment set a legally

binding MAC value that was marked as such in the Dutch

MAC list. In case the OEL was different from the HBROEL,

this was indicated in the list.

The three-step procedure for setting MAC values in the

Netherlands has been replaced by a new system of public and

private OELs which became effective on January 1, 2007. The

new system implies that, basically, employers and employees

are responsible for developing health-based private OELs for

most substances. According to Dutch regulations, employers

must ensure safe working conditions. The ministry of Social

Affairs and Employment sets public OELs for only a selected

number of compounds, and adopts the IOELVs of the European

Union. For genotoxic carcinogenic compounds, the ministry

will continue to request cancer risk calculations by the Health

Council and evaluation of the feasibility of these cancer risk

values by the subcommittee of the Social Economic Council. As

a consequence of the new system, the State Secretary of

Social Affairs and Employment published a list of legally

binding OELs in December 2006. This list consists of about

125 OELs for non-carcinogenic compounds (part A) and about

45 OELs for genotoxic carcinogenic compounds (part B) [see

Ministry of Social Affairs and Employment, 2006].
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Background of the Updating Project

Since the health protection of TLVs was questioned and

most limit values in the Dutch MAC list were adopted from

the TLV list, the Dutch State Secretary of Social Affairs and

Employment requested the TNO Nutrition and Food

Research Institute1 (Zeist, the Netherlands) to perform a

screening of the degree of health protection of the MAC

values in the 1994 MAC list. For this purpose, concise

toxicity profiles were prepared on almost 300 substances

based on the ACGIH documentation and criteria documents

from other European countries (Germany and Nordic

countries). TNO concluded that for about 100 substances,

the adopted MAC values were not sufficiently protective. For

another approximately 100 substances, the MAC values

could not be supported with the available toxicological

database [Feron et al., 1995].

After consultation of the Social and Economic Council,

the State Secretary requested that the Health Council of the

Netherlands in April 1997 reassessed the toxicological

hazard posed by 196 substances and recommended (when

possible) health-based OELs. Given the international

character of the TLVs and in view of the European

harmonization, the State Secretary asked the President of

the Health Council to set up a committee consisting of

international experts. Members of the committee were

selected from a list of nominees composed after consultation

among regulatory organizations of several European coun-

tries. From each country, one member was invited to

participate in a non-official capacity. A representative

of ACGIH was invited as an advisor. All members were

acknowledged experts in toxicology, epidemiology, or

occupational medicine, as well as experienced in setting

OELs. Beside the chairman and 4 Dutch members, the

committee included members from Denmark, Finland,

Germany, Ireland, Sweden, the United Kingdom, and the

United States (NIOSH) (see Appendix A). The President of

the Health Council inaugurated the International Committee

on Updating of OELs in August 1997.

Procedure of Updating OELs

Under the authority of the Ministry of Social Affairs and

Employment, toxicological reviews for 196 substances were

prepared at several Dutch research institutes. The Interna-

tional Committee on Updating OELs (hereafter referred to as

the Dutch Committee) determined that the reviews were to be

based on a full search of the published scientific literature.

This committee also set the outline for the contents of the

documents.

The Dutch Committee also formulated a minimum

database necessary for a health-based OEL. Such a database

should include at least data on acute (irritation) and repeated-

dose toxicity using multiple doses. Preferably, the key

study should provide information about the target organ

and critical effect, and a concentration at which there is

no observed adverse effect. In addition, in the case of

missing data, the Dutch Committee decided not to make

use of structure-activity-relationships, because differences

in kinetics of structurally related compounds cannot be

excluded.

From the available data, the Dutch Committee identified

a key study serving as the starting point for deriving a health-

based OEL. To apply the human or animal data from the key

study to the occupational exposure situation of the worker,

the Dutch Committee used an overall assessment factor.

The overall factor results from multiplying separate assess-

ment factors covering the following aspects: variation in

sensitivity between workers, extrapolation from animals to

humans (when starting from an animal study), differences in

duration and pattern of exposure between the key study and

the exposure of the worker, the type of critical toxic effect, the

presence or absence of a dose–effect relationship, and the

quality of the total database. Unless the scientific data

indicated otherwise, the Dutch Committee chose to use fixed

(default) values for each of the assessment factors. These

values are based on theoretical considerations and empirical

investigations and they compensate for uncertainties inherent

to extrapolation of experimental (animal) data to a given

human situation and for uncertainties in the toxicological

data base. Principally, the overall factor is established

by multiplication of the separate factors. The values were

adopted from the report Methods for Establishment of

Health-based Recommended Occupational Exposure Limits

for Existing Substances, V96.463, 4 July 1996, by TNO

Nutrition and Food Research Institute, Zeist, the Netherlands

[Hakkert et al., 1996; see also de Raat et al., 1997; Appendix

B]. All available data were discussed and thoroughly

evaluated. For each aspect, the appropriateness of applying

assessment factors was considered. In case the key study

referred to an oral animal experiment, differences in caloric

demand between the experimental animal and humans

were taken into consideration (allometric scaling). Given

the inherent uncertainty in deriving OELs and in view of the

European harmonization, that is, aligning with the Scientific

Committee for Occupational Exposure Limits to Chemical

Agents (SCOEL), the health-based OEL was rounded up or

down to a preferred value (e.g., 0.1, 0.2, 0.5, 1, 2, 5 mg/m3,

etc.).2 The health-based OEL is intended to protect workers

1 Since 2005: TNO Quality of Life.

2 This procedure of deriving health-based OELs resembles to a large
degree the procedure applied in Germany by the Subcommittee III of the
AGS [Anon, 1998; Kalberlah and Schneider, 1998; Kalberlah et al.,
1999]. Health-based OEL in Germany (Arbeitsplatzgrenzwert, AGW)
shall mean the limit value for the time-weighted mean concentration of a
substance in workplace air relative to a defined reference period. This
value shall indicate the concentration of a substance that is not expected
to induce any acute or chronic deleterious effect on the general state of a
worker’s health.
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and their progeny against adverse effects from exposure

to the particular compound during their working life (i.e.,

8 hr/day, 5 days/week, for 40 years).

If the toxicological data on a given substance did not

meet the minimum requirements necessary for a health-

based OEL, the Dutch Committee strived to give ‘‘expert

judgment’’ on the degree of health protection of the present

MAC value. That means that the Dutch Committee indicated

whether the present MAC-value might be too high, too low,

or about right based on extrapolation from a study that did not

meet the criteria, for instance, a study with repeated exposure

to only one concentration or dose.

Carcinogenic substances were not considered by the

Dutch Committee but were passed on to DECOS to obtain a

proposal for their classification. Although the health-based

OEL should protect against adverse reproductive effects, for

a number of substances information was lacking for

determining the risk for causing fertility or developmental

effects in humans,

The procedure included the release of a draft document

for each substance for public review for a period of 6 weeks.

Comments received were taken into account in the final

version of the document. Finally, the Health Council’s

Standing Committee on Health and Environment reviewed

each document.

RESULTS

The Dutch Committee succeeded in publishing criteria

documents for 161 substances (Health Council of the

Netherlands, 2000; the reports can also be downloaded from

www.healthcouncil.nl). For the remaining 35 compounds,

the Dutch Committee did not give an evaluation for several

reasons: suspicion of carcinogenicity or genotoxicity, or still

being under review by SCOEL.

For 95 substances, the Dutch Committee believed that the

toxicological data available did not meet the minimum require-

ments (see Procedure of updating OELs) for the recommenda-

tion of a health-based OEL. For 32 of the 95 compounds, the

Dutch Committee was able to estimate whether the current

MAC value might be health protective: for 7 substances, the

current concentration was deemed to be protective; for 24,

probably too high; and for one, probably too low.

For the remaining 66 compounds, the Dutch Committee

considered the toxicological database to be suitable for

recommending a health-based OEL. The results for indi-

vidual substances and the corresponding values in Dutch and

German OEL lists and in the TLV list of ACGIH are

summarized in Table I.

For 58 of the 66 compounds, the proposed limits were

lower than the values included in the Dutch MAC list of 1994,

the starting point of the reassessment: for 24 compounds,

the difference was a factor of 2–5; for 16 compounds, a

factor of 6–10; for 11 compounds, a factor 11–20; and for

7 compounds, a factor exceeding 20. For seven compounds,

the Dutch Committee recommended health-based OELs that

were similar, that is, differing by less than a factor of 2, to

those on the 1994 list.3

DISCUSSION

Compared with the exposure limits in the Dutch MAC

list of 1994, 89% (58/65) of the health-based OELs

recommended by the Dutch Committee were lower by a

factor of two or more (Table I). Most substances (47/65; 72%)

have a 10-fold or less lower health-based OEL. The

difference between the 1994 limits and the limits recom-

mended by the Dutch Committee might be the result of new

data and, particularly, the use of assessment factors. Contrary

to ACGIH, the Dutch Committee applied assessment

factors when using an experimental animal study as a basis

for deriving a health-based OEL. Generally, an assessment

factor of 9 was used in the extrapolation to account for inter-

and intraspecies variation.

Almost all of the Dutch Committee’s recommendations

have been reviewed through the proper three-step procedure

in the Netherlands. The OEL Subcommittee of the Social and

Economic Council recommended adopting almost all of the

OEL proposals of the Dutch Committee. Of the 95 substances

for which the Dutch Committee considered the toxicological

database too poor to recommend a health-based OEL, only

6%4 of OELs were still retained in the Dutch MAC list of

September 2006. Of the 66 substances for which the Dutch

Committee has recommended a health-based OEL, most

(79%) were already adopted in the 2006 list (see Table II;

column NL-SZW 2006). The current official list with legally

binding exposure limits published in December 2006 (see

History of setting occupational exposure standards) includes

only 6 of the 66 health-based OELs recommended by the

Dutch Committee and 2 of the 95 compounds (nicotine and

oxalic acid)5 for which no OEL could be proposed. All eight

compounds were also on the list of the European Commission

but the European Commission OELs were higher for five of

the six compounds for which the Dutch Committee

recommended a health-based OEL.

Nowadays in the Netherlands, employers and employees

are, according to working conditions legislation, res-

ponsible for developing OELs for the substances that

are no longer on this official list. To this end, they may

use the health-based OELs recommended by the Dutch

Committee or limits developed within the framework

3 For the remaining compound, diphenyl oxide, there is no entrance in the
Dutch MAC-list.

4 The Dutch committee deemed five of six of these OELs to be protective
and the OEL ubcommittee advised the State-Secretary to retain them.

5 The Dutch committee deemed the OEL for oxalic acid to be protective
against systemic effects and the toxicological data base for nicotine too
poor for recommendation of an OEL.
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of REACH (registration, evaluation, and authorization of

chemicals).

The German TRGS 900 lists only 11% of the compounds

for which the Dutch Committee could not derive a health-

based OEL. Also Germany considered the results of the Dutch

Committee when in 2005, the TRGS 900 was revised to fulfill

the requirements of the new Hazardous Substances Ordinance

[OELs for about 420 substances were removed either because

they were obviously not health-based (about 220 OELs) or

because their soundness needed a detailed examination by

Subcommittee III of the AGS (about 200 OELs); only about

290 OELs are retained in the present TRGS 900]. Seventy-one

percent of the 66 substances for which the Dutch Committee

recommends a health-based OEL, are not listed in TRGS 900.

Many of these substances (32/47 substances) will be examined

by Subcommittee III of the AGS for the derivation of a health-

based OEL. Eighteen percent of the OELs listed in the TRGS

900 are higher by a factor of two or more compared with the

OELs derived by the Dutch Committee; for 9%, a factor of

10 or more (see Table II). Although many OELs were deleted

from the German TRGS 900 as scientifically unsupported, it

is still the duty of the employer to ensure safe working

conditions.

Most (97%) substances for which the Dutch Committee

could not recommend a health-based OEL are still present in the

2006 ACGIH list. For about 83% of the substances (55 of

66 substances), for which a health-based OEL was given, the

TLVin theACGHlistof2006 ishigherby a factorof twoormore.

For 32% of the substances, this factor is 10 or more (see Table II).

CONCLUSIONS

The reassessment project showed that many of the older

MAC values in the Netherlands (derived from the ACGIH list

in the 1970s) were not health based. The exposure limits were

found to be either too high or not scientifically supported.

Comparison of recent evaluations by the Dutch Committee

with 2006 OEL lists indicates a continued discrepancy in

the level of recommended exposure limits and the pre-

requisites for their derivation. This holds especially true for

the 2006 TLVs.

These differences indicate the need to routinely

scrutinize newly generated health data and to review

methodologies, for example, the use of extrapolation factors,

for the derivation of OELs. Without such an examination, the

health of workers might be endangered. This holds especially

true for countries who must rely on OELs established by

others because of limited manpower and knowledge.
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bOELs in force September1, 2006; the current official list in the Netherlandswith legally
binding OELs published in December 2006 includes only 6 of the 66 OELs recom-
mended by the Dutch Committee.
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The Committee on Updating OELs consisted of the

following members:

J. Noordhoek, Chairman{; professor of toxicology; Univer-

sity of Nijmegen, Nijmegen, the Netherlands.

A. Aitio; Team Leader; Biomonitoring team, Institute of

Occupational Health, Helsinki, Finland.

P.L. Chambers{; Co-ordinator Toxicology Studies; Univer-

sity of Dublin, Ireland.

V.J. Feron; Professor of Toxicology; TNO Nutrition and Food

Research Institute, Zeist, the Netherlands (meanwhile

retired).

H. Greim; Professor of Toxicology; Senatskommission der

Deutschen Forschungsgemeinschaft zur Prüfung

gesundheitsschädlicher Arbeitsstoffe, Technische Uni-

versität München, Freising-Weihenstephan, Germany

(meanwhile retired).

U. Hass; Senior Researcher in Toxicology; Institute of Food

Safety and Toxicology; Søborg, Denmark.

C.J. Högberg; Professor of Toxicology; National Institute for

Working Life and Karolinska Institutet, Stockholm,

Sweden.

G. De Mik; Toxicologist; National Institute of Public Health

and the Environment, Bilthoven, the Netherlands

(meanwhile retired).

A. Moses; Consultant Toxicologist; Hartford, Northwich,

United Kingdom (meanwhile retired).

W. Seinen; Professor of Toxicology; Utrecht University,

Utrecht, the Netherlands.

G.M.H. Swaen; Epidemiologist; Dow Chemical, Terneuzen,

the Netherlands.

W.M.D. Wagner, Corresponding Member; American

Conference of Governmental Industrial Hygienists,

Cincinnati OH, USA (meanwhile retired).

R.D. Zumwalde; Senior Scientist; National Institute

for Occupational Safety and Health, Cincinnati, Ohio,

USA.

L.C.M.P. Hontelez, Advisor; Ministry of Social Affairs and

Employment, The Hague, the Netherlands.

W.F. Passchier, Observer; Health Council of the Netherlands,

The Hague, the Netherlands (meanwhile retired).

C.A. Bouwman, Scientific Secretary; Health Council of the

Netherlands, The Hague, the Netherlands.

J.T.J. Stouten, Scientific Secretary; Health Council of the

Netherlands, The Hague, the Netherlands.

Appendix B

Default Values

Unless the scientific data indicated otherwise, the

committee chose to use assessment factors adopted

from the report Methods for establishment of Health-based

Recommended Occupational Exposure Limits for Existing

Substances, V96.463, 4 July, 1996, by TNO Nutrition and

Food Research Institute6, Zeist, the Netherlands (Hakkert

et al., 1996; see also De Raat et al., 1997; 25: 204–10).

6 Since 2005: TNO Quality of Life

Aspects Factor

Interspecies differences 3
Intraspecies differences 3
Differences between experimental conditions and exposure pattern
of theworker

1^10

Type of critical effect 1
Dose-response curve 1
Confidence of the database 1
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