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Maximum Concentrations at the Workplace

I Significance, use and derivation of MAK values

Definition

% The MAK value (“maximale Arbeitsplatz-Konzentration”: maximum workplace concen-
tration) is defined as the maximum concentration of a chemical substance (as gas, vapour
or aerosol) in the workplace air which generally does not have known adverse effects on
the health of the employee nor cause unreasonable annoyance (e. g. by a nauseous odour)
even when the person is repeatedly exposed during long periods, usually for 8 hours daily
but assuming on average a 40-hour working week. As the MAK value is intended for a
daily exposure period of 8 hours, the permissible concentration should be reduced if
exposure regularly exceeds 8 hours'). Certain aspects of occupational hygiene associated
with liquid substances, e.g. formation of mist with obscured visibility, dampening of
clothing, or condensation on the floor, can not be taken into account in establishing the
MAK value. Such effects have a wide range of variation, depending on the industrial
process, the procedure, and the physical conditions at the workplace. A suitable instrument
for evaluation is not yet available. Regardless of the level of the toxicologically based
MAK value, it should be ensured in these cases that safety at the workplace is not placed at
risk. This situation is not explicitly mentioned in the documentations because it is not
known whether the substance exists as an aerosol at the MAK value. As a rule, the MAK
value is given as an average concentration for a period of up to one working day or shift.
MAK values are established on the basis of the effects of chemical substances; when
possible, practical aspects of the industrial processes and the resulting exposure patterns
are also taken into account. Scientific criteria for the prevention of adverse effects on
health are decisive, not technical and economic feasibility.

For the establishment of a MAK value,

the carcinogenicity (see Section III)

the sensitizing effects (see Section V)

the contribution to systemic toxicity after percutaneous absorption (see Sec-
tion VII)

the risks during pregnancy (see Section VIII)

the germ cell mutagenicity (see Section IX)

of a substance are evaluated and the substance classified or designated accordingly. De-
scriptions of the procedures used by the Commission in the evaluation of these end points
may be found in the appropriate sections of the List of MAK and BAT Values, in the
“Toxikologisch-arbeitsmedizinischen Begriindungen von MAK-Werten” (available in
English translation)®) and in scientific journals®y *y ®) °y 7).

) Hartwig and MAK Commission (2022) Verlingerte Arbeitszeiten und MAK-Werte. MAK Collect Occup
Health Saf 7: in preparation

%) available online under https://mak-dfg.publisso.de or https://onlinelibrary.wiley.com/doi/book/10.1002/352
7600418 (up to 2019)
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In line with the so-called “preferred value approach” also used e.g. in the European
Union, MAK values are to be established preferentially as the numerical values 1, 2 or
5 ml/m?® or, for non-volatile substances, 1, 2 or 5 mg/m®, multiplied by powers of ten.

In the use of MAK values, the analytical procedures used for sampling and analysis and
the sampling strategy are of great importance.

Purpose

MAK values promote the protection of health at the workplace. They provide a basis for
judgement of the toxic potential or safety of the concentrations of substances in the
workplace air. However, they do not provide constants from which the presence or absence
of a health hazard after longer or shorter periods of exposure can be determined; nor can
proven or suspected damage to health be deduced, in an isolated case, from MAK values or
from the classification of a substance as carcinogenic. Such deductions can be made only
on the basis of medical findings, taking into consideration all the circumstances of the
particular case. Therefore, on principle statements in the List of MAK and BAT Values are
not to be seen as a priori judgements for individual cases. On principle, observation of
MAK values does not eliminate the necessity for regular medical examination of the
exposed individuals.

MAK values are not suitable for providing constant conversion factors for deduction of
health risks associated with long-term exposure to contaminants in the non-occupational
atmosphere, e. g., in the vicinity of industrial plants.

Prerequisites

In principle, the substances are dealt with according to their importance for practical
occupational hygiene and the expertise of the members of the Commission. The pre-
requisite for the establishment of a MAK value is the availability of sufficient data for the
substance from the fields of toxicology, occupational medicine or industrial hygiene. Ad-
equate documentation is not always available. The list is revised annually and suggestions
for substances to be added and new information on listed substances are welcome®).

®) Adler ID, Andrae U, Kreis P, Neumann HG, Thier R, Wild D (1999) Vorschlage zur Einstufung von Keim-
zellmutagenen. Arbeitsmed Sozialmed Umweltmed 34: 400—403.

*) Drexler H (1998) Assignment of skin notation for MAK values and its legal consequences in Germany. Int
Arch Occup Environ Health 71: 503—-505. DOI: https://doi.org/10.1007/s004200050313

®) Hofmann A (1995) Fundamentals and possibilities of classification of occupational substances as develop-

mental toxicants. Int Arch Occup Environ Health 67: 139—145. DOLI: https://link.springer.com/article/10.1007/

BF00626344

Neumann HG, Thielmann HW, Filser JG, Gelbke HP, Greim H, Kappus H, Norpoth KH, Reuter U, Vamvakas

S, Wardenbach P, Wichmann HE (1998) Changes in the classification of carcinogenic chemicals in the work

area. (Section III of the German List of MAK and BAT Values). J Cancer Res Clin Oncol 124: 661-669. DOTI:

https://doi.org/10.1007/s004320050229

Neumann HG, Vamvakas S, Thielmann HW, Gelbke HP, Filser JG, Reuter U, Greim H, Kappus H, Norpoth

KH, Wardenbach P, Wichmann HE (1998) Changes in the classification of carcinogenic chemicals in the work

area. Section III of the German List of MAK and BAT Values. Int Arch Occup Environ Health 71: 566—574.

DOT: https://doi.org/10.1007/s004200050325

Please contact the Geschiftsstelle der Deutschen Forschungsgemeinschaft, D-53170 Bonn; or the Sekretariat

der Kommission: Karlsruher Institut fiir Technologie (KIT) — Institut fiir angewandte Biowissenschaften,

Abteilung Lebensmittelchemie und Toxikologie, 76131 Karlsruhe.
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Derivation of MAK values

MAK values are derived by the “Permanent Senate Commission for the Investigation of
Health Hazards of Chemical Compounds in the Work Area of the DFG” exclusively on the
basis of scientific arguments and are published in the List of MAK and BAT Values which
is issued annually. For the derivation of MAK values, certain rules of procedure have been
developed by the Commission on the basis of established toxicological and occupational
medical concepts; answers to at least the more common questions are repeatedly sought in
the same way. Therefore, the usual procedures and the general principles for the derivation
of MAK values are described below. Essentially, these principles correspond with those
published by the European “Scientific Committee on Occupational Exposure Limits,
SCOEL™).

First, the most sensitive parameters described in the available data are to be identified,
i.e., those effects which appear first during exposure to increasing concentrations of the
substance. To be taken into account in this process are both local effects, that is, the results
of effects on surfaces of the organism which are in contact with the environment (e.g.
mucous membranes of the respiratory tract and the eyes, skin) and also systemic effects
and effects on the lungs, that is, the results of uptake of the substance into the organism.
Generally, the concentration-effect relationships for these two kinds of effects are different.
The derivation of the MAK value is based on the “no observed adverse effect level” for the
most sensitive effect with relevance for health. A NOAEL is not equivalent with a
threshold which cannot be scientifically defined. The NOAEL is a concentration de-
termined by experimental conditions at which the given effect is so low that it does not
differ from the control value. It must be decided whether or not such effects may be
considered to be adverse effects. At present there is no generally accepted definition for an
“adverse” effect, at least in part because of the lack of clarity about the still changing
definition for the state of being “healthy”;'), ') therefore, this decision must be made
anew in every case.

Fundamentally, known effects of a substance in man are given highest priority in the
derivation of the MAK value.

In the evaluation of a substance, known effects of structural analogues may also be
taken into account.

If no NOAEL may be derived from the available data, a scientifically founded MAK
value cannot be established and the substance is listed in Section II b of the List of MAK
and BAT Values.

a. Selection of substances and collection of data

For the substances being studied, the epidemiological data published in scientific journals,
occupational medical reports, toxicological properties and any other potentially useful
information is first assembled by carrying out researches in appropriate databanks. The
references found in the literature search are checked for their relevance for the assessment

%) European Commission (Ed) (1999) Methodology for the derivation of occupational exposure limits: Key
documentation Cat. No. CE-NA-19253-EN-C, ISBN 92-828-8106-7, EUR 7, Office for Official Publications
of the European Communities, L-2985 Luxembourg.

%y DFG (Deutsche Forschungsgemeinschaft) (Ed) (1997) Verhaltenstoxikologie und MAK-Grenzwertfest-
legungen. Wissenschaftliche Arbeitspapiere. Wiley-VCH, Weinheim.

) Henschler D (1992) Evaluation of adverse effects in the standard-setting process. Toxicology Letters 64/65:
53-57. DOL https://doi.org/10.1016/0378-4274(92)90172-g
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of the substance in question and the original publications of the selected literature are
examined. When 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 at the
end of the documentation. The validity of the available information and studies is checked.
Whether or not a study is relevant for the current assessment is decided on a case to case
basis. Whenever possible, evaluation of the studies is based on the guidelines of the OECD
or similar bodies.

The unabridged reports are made available to the Commission and are filed at the
Commission’s scientific central office. Information required by a third party about the
company reports cited in the Commission’s documentation is supplied in writing by the
chair of the Commission at own discretion. Access to company reports is not made
available to third parties. Copies, even of parts of reports, are not provided.

b. Values based on effects in man

For many substances encountered at the workplace, irritation or central nervous depression
is the critical effect. Valuable information — at least for these acute effects of single ex-
posures — may be obtained from studies of volunteers exposed under controlled conditions
which yield data for concentration-effect relationships and also for concentrations without
effects (NOAEC). A detailed review of the methods required of such studies and of the
usefulness of various parameters for the establishment of threshold concentrations has
been published'?). Such studies often demonstrate differences in sensitivity between per-
sons who have never been exposed to the test substance and those who have been re-
peatedly exposed, e.g., at work.

Occupational medical and epidemiological studies provide further information from
which the health risks associated with handling particular substances may be evaluated.
However, not only the parameters determined in the exposed persons, but also any dif-
ferences in study design, in the analytical methods and sampling strategies must be con-
sidered in evaluating such studies. Various confounders, exposure to mixtures, previous
disorders or inadequate exposure records can alter or falsify any detected concentration-
effect relationships.

Cross-sectional studies with only single determinations of exposure levels and only
single examinations of the exposed persons do not generally permit the association of any
observed symptoms with the current exposure situation. This requires information as to
past exposure levels.

Therefore, longitudinal studies with repeated determination of the workplace and sys-
temic exposure levels and repeated examination of the exposed persons play a decisive
role in the establishment of thresholds. Valid epidemiological studies of persons exposed
for long periods to concentrations which do not produce adverse effects provide a reliable
basis for the establishment of threshold levels for the workplace, especially when the study
design permits statements as to both local and systemic effects.

The diverse sensitivities of individual employees (as determined by age, constitution,
nutrition, climate, etc.) are taken into consideration in the establishment of MAK values. It
is currently not possible to take sex-specific differences in toxicokinetics and

) DFG (Deutsche Forschungsgemeinschaft) (Ed) (1997) Verhaltenstoxikologie und MAK-Grenzwertfest-
legungen. Wissenschaftliche Arbeitspapiere. Wiley-VCH, Weinheim.
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toxicodynamics into account when establishing MAK and BAT values because of the lack
of appropriate scientific data.

When the NOAEL has been determined from the effects of the substance in man ob-
served at the workplace the MAK value is generally established at the level of this
NOAEL.

When deriving MAK values for systemic effects and effects on the lungs from studies
with volunteers at rest, the results are extrapolated to the increased respiratory minute
volume at the workplace. The MAK value is established at half of the concentration used
in the volunteer study, which is calculated from the ratio of the respiratory volume of
workers to that of persons at rest. Gases and vapours with a blood:air partition coefficient
of < 5 represent an exception (see the documentation “Increased respiratory volume at the
workplace — Significance for the derivation of the MAK value”")). In addition, the results
are extrapolated to the longer daily exposure at the workplace, unless there are tox-
icokinetic data available that show this to be unnecessary.

c. Values based on effects on animals

Because the effects in man are not known for many substances, MAK values are often
derived from results obtained with experimental animals. This is carried out in the clear
understanding of the problems associated with extrapolation between species and of the
much smaller group sizes than is usual in epidemiological studies. On the other hand,
animal studies carried out according to modern principles also offer advantages including
precise characterization of exposure levels, the wide range of parameters that can be
studied, and the possibility of determining dose-response relationships and NOAELs. The
minimum database for the derivation of a MAK value is generally considered to be a
NOAEL from a valid 90-day inhalation study with experimental animals. Of the results of
studies in which substances were administered to experimental animals by the oral or
dermal route, mostly only the systemic effects may be considered to be relevant for per-
sons exposed at the workplace. Therefore, in the documentation of a MAK value such
results must be accompanied by information about the local effects of the substance,
especially the effects on the respiratory tract.

To extrapolate an oral dose from an animal study to a concentration in the air at the
workplace, the Commission uses a procedure which in essence corresponds with that
described in the document for determination of “Derived No-Effect Levels” (Guidance on
Information Requirements and Chemical Safety Assessment, Chapter R.8, ECHA 2008).
The only difference is that the Commission assumes 100 % absorption after inhalation and
oral administration when there are no substance-specific data. Exceptions to this are the
metals and metal compounds, for which 50% absorption is assumed after oral admin-
istration if substance-specific data are not available.

Procedure: If substance-specific data are not available, the oral dose is divided by the
following correction factor (ECHA 2008), depending on the species:

mouse: 7; rat: 4; rabbit: 2.4; monkey: 2; dog: 1.4.

%) see “Increased respiratory volume at the workplace — Significance for the derivation of the MAK value”
(2017). DOL: https://doi.org/10.1002/3527600418.mbrespivole6217
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The further assumptions (human body weight: 70 kg, breathing volume: 10 m? per 8 hours)
still apply. The conversion is calculated with the following formula:

Inhaled concentration =
oral dose (mg/kg body weight and day) x oral absorption in the animal (%) x 70 kg body weight

species-specific correction factor x inhalation absorption in humans (%) x (10 m3 per day)

For example, a dose of 1 mg/kg body weight in the rat, a substance-specific oral absorption
of 80% and unknown inhalation absorption result in the following concentration:

1 mg/kg x 80% x 70kg

= 1,4 mg/m3
4 x 100% x 10 m3

Assuming that the same external concentration in the air leads to the same internal ex-
posure in all species at rest, it must be taken into account when extrapolating data from
inhalation studies in animals to humans that in the case of systemic effects and effects in
the lungs the body burden (related to kg body weight) of the worker at the workplace, with
an assumed respiratory volume of 10 m® in 8 hours, is about twice as high as that of the
experimental animal in the usual 6-hour experiment. The equivalent external concentration
at the workplace is, therefore, half of that used in the experiment. This applies only for
gases and vapours with a blood:air distribution coefficient of >5 and for aerosols, provided
that the effect is the product of cxt. If it can be shown that the critical effect depends more
on the concentration than the product of cxt and that the steady state was reached within
the duration of the experiment, the equivalent concentration at the workplace is two thirds
of the concentration used in the experiment (1:1,5), as then extrapolation of the usual 6-
hour exposure in animal experiments to the 8-hour exposure at the workplace is no longer
necessary (see the documentation “Increased respiratory volume at the workplace — Sig-
nificance for the derivation of the MAK value”'*)). If there are valid PBPK models of
exposure with the relevant metabolites in humans and animals these are used for ex-
trapolation from the experimental animal to persons at the workplace. If necessary, the
dose in the animal experiment is converted if the frequency of exposure differed from that
at the workplace. With continuous exposure (for example, feeding studies) the NOAEL
from the animal experiment is therefore multiplied by 7/5 to take into consideration the
continuous exposure of the animals compared with the intermittent exposure of the usual
5-day working week. With administration of the substance with the diet or drinking water
to rats and mice, as a rule the factors used by the EFSA") are used to convert the values
into a dose per kg body weight, if there are no measured values.

When the NOAEL is based on results with animals in oral or inhalation studies, the
MAK value is generally established at the level of half of the concentration in air ex-
trapolated for workers at the workplace. However, in some cases species differences in
sensitivity to the substance must be taken into account and here the toxicokinetic data are
particularly important.

4y see “Increased respiratory volume at the workplace — Significance for the derivation of the MAK value”
(2017). DOL: https://doi.org/10.1002/3527600418.mbrespivole6217

1%) EFSA (European Food Safety Authority) (2012) Scientific opinion: Guidance on selected default values to be
used by the EFSA Scientific Committee, scientific panels and units in the absence of actual measured data.
EFSA J 10: 2579. DOI: https://doi.org/10.2903/j.efsa.2012.2579
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d. Exceptional workplaces

The concentrations of inhaled gaseous substances in blood and tissues of persons working
under hyperbaric pressure have been shown to correlate positively with the pressure. This
dependence of the body burden on the workplace conditions must be taken into account in
the application of MAK and BAT values.

% e. Chemosensory perceptions and effects

Substances present in the workplace air as gas or aerosol are potentially able to induce
chemosensory perceptions and thus associated effects relevant to health.

Humans possess very sensitive chemosensory senses which are able to perceive chemicals
at the workplace. The sense of smell (nervus olfactorius) is particularly sensitive and
perceives both pleasant and unpleasant odours even at very low concentrations, frequently
below the MAK value. The so-called “trigeminal chemoreception” (nervus trigeminus)
perceives burning and biting sensations, above all at higher concentrations of the sub-
stance in the workplace air. Both senses serve primarily the perception of volatile chem-
icals in the ambient air but can also warn the organism against possible dangers. The sense
of smell possesses above all a “psychological” warning function, while trigeminal che-
moreception can induce defence mechanisms to avoid damage to tissues.

Nevertheless, the mere perception of the chemical is not a health effect; in addition (a)
sensory irritation, (b) considerable odour annoyance or (c) in individual cases “odour-
associated” symptoms must occur.

Sensory irritation

Trigeminal nerve fibres occur in almost all regions of the nose, but also in the mucous
membranes of the eyes, the oral cavity and the throat. Various receptors are found on these
fibres of the peripheral nervous system, which can be activated by chemicals. They detect
changes in temperature and other changes in the milieu (for example, changes in pH) in
their immediate environment. The activation of these chemoreceptors forms the physio-
logical basis of sensory irritation. Sensory irritation is understood to be an acute, more or
less concentration-dependent effect, which can be regarded as reversible until the activa-
tion of the receptors leads to defence reflexes (for example, an increase in blinking fre-
quency, or the release of neurogenic inflammation markers). This sensory defence reaction
takes place without signs of inflammation or histopathological changes yet being evident.
The sensory NOAEC can be determined in human studies (subjective/objective symp-
toms) or estimated from suitable studies with animals (mouse, RD,,). At higher concen-
trations, however, neurogenic inflammation and adverse histopathological changes of the
upper respiratory tract (for example, an inflammatory reaction of the tissue, atrophy/de-
generation of the olfactory epithelium) may additionally occur. Such effects have been
observed in inhalation studies with rodents. A NOAEC can be derived for this, which can
decrease with increasing exposure duration. According to an empirical study,'®) if there are
no studies in humans for sensory irritation, the long-term NOAEC for histopathological
effects of the upper respiratory tract of rodents can be used to estimate a NAEC for sensory

1%y Briining T, Bartsch R, Bolt HM, Desel H, Drexler H, Gundert-Remy U, Hartwig A, Jickh R, Leibold E,
Pallapies D, Rettenmeier AW, Schliiter G, Stropp G, Sucker K, Triebig G, Westphal G, van Thriel C (2014)
Sensory firritation as a basis for setting occupational exposure limits. Arch Toxicol 88: 1855-1879. DOL:
https://doi.org/10.1007/s00204-014-1346-z


https://doi.org/10.1007/s00204-014-1346-z
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irritation (eyes, nose) in humans. If the target tissue is the olfactory epithelium in rodents,
no sensory irritation is to be expected at half the value of the long-term NOAEC; for other
target tissues of the upper respiratory tract the same is true at a third of the value of the
corresponding NOAEC. If there is only a short or medium-term study available, its
NOAEC is divided by 6 or 2, respectively, to extrapolate a long-term NAEC '), unless the
data for the substance or a better-investigated analogous substance suggest that the in-
creasing exposure duration does not lead to an increase in the effects or leads to an increase
of different magnitude. If no NOAEC was obtained, with a suitable database the lower
confidence interval of a benchmark dose (BMDL,; or BMDLp) can be calculated or the
NAEC can be estimated by dividing the LOAEC by 2 or 3 depending on the severity of the
effects and the gradient of the concentration—effect relationship.

Considerable odour annoyance

The receptors of the sense of smell (nervus olfactorius) are activated even at low con-
centrations of a chemical and induce action potentials in the olfactory nerve. Initally, this
leads to the perception of an odour (perception threshold). The basis for this perception is
the characteristic activation pattern of the around 350 different odour receptors in humans,
which, however, can change very rapidly depending on the duration and concentration of
the exposure. These dynamic processes ultimately lead to the recognition of an odour. For
the brain to recognize a particular odour (identification threshold), in some cases the
concentrations need to be 10 times as high as those necessary for the perception threshold.
The primary criterion by which humans judge unknown odours is their hedonic quality;
whether they are pleasant or unpleasant. These judgements are very subjective and in-
dividual as they are learnt during the course of life and are connected with the person’s
experiences with certain odours.

Chemicals at the workplace often have an unpleasant smell. Persistent intensive or
nauseous odours may lead to excessive annoyance. As a rule, this not only involves the
perception of the odour, but also trigeminal sensations (biting, burning) and the otherwise
very pronounced adaptation/habituation to chemosensory irritation does not take place.
From an objective physiological point of view, it is almost impossible to say when ex-
cessive annoyance has been reached. Indirect indicators are reduced cognitive perform-
ance resulting from the diversion caused by the substance when the annoying chemo-
sensory perception can no longer be ignored and hinders the actual task being performed.
In controlled studies in humans, such behavioural effects can be determined using stand-
ardized neuropsychological test procedures.

“Odour-associated” symptoms

Certain chemical substances can induce immediate “odour-associated” symptoms such as
nausea or headaches in some people. As a rule, nothing is known in the scientific literature
about the physiological mechanisms behind these symptoms, but it is above all very odour-
intensive substances that cause such reactions in certain individuals. Substances which can
cause “odour-associated” symptoms even at concentrations below the MAK value are
given the footnote “Even if the MAK value is observed, “odour-associated” symptoms
cannot be ruled out in individual cases.”. A substance is designated with this footnote
according to the following criteria: (a) a low, psycho-physically determined odour
threshold, (b) a very unpleasant odour even in the range of the perception threshold or (c)
case reports or observations which describe the increased occurrence of “odour-asso-
ciated” symptoms.
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Habituation

When only the odour is perceived, constant exposure to certain substances (for example,
hydrogen sulfide, 2-methyl-2-propanethiol) can lead to habituation and thus also to im-
pairment or the complete loss of the olfactory perception of this substance. Also for this
reason, odour perception is not a suitable “warning” against hazardous exposure to such
chemicals. At present there is not enough substance-specific knowledge about the under-
lying mechanisms of very pronounced habituation processes (for example, changes to the
odour receptors) and the concentration—effect relationships involved. In the case of such
substances, attention must be drawn to the phenomenon of olfactory perception.

Documentation

A detailed scientific documentation of each decision is published in the series Toxi-
kologisch-arbeitsmedizinische Begriindung von MAK-Werten, also available in English
translation'’). Annual supplements are planned. These documents present, clearly and in
detail, the scientific data and the reasons for the establishment of a MAK value. Because of
this system, it is sufficient to establish only general principles for the derivation of MAK
values. The assessment of individual substances on the basis of all the available toxico-
logical and occupational medical data yields a more differentiated and specific evaluation
than would the observance of stringently formulated rules.

The published data for the toxicity and effects of a substance in man and animals and all
other relevant information are organized according to the kind of effect and presented in
the form of a review. This review of the toxicological and epidemiological data for a
substance serves initially as a basis for the discussion within the Commission for the
derivation of a MAK value and for detailed evaluation of the physicochemical properties,
percutaneous absorption, sensitizing effects, carcinogenic effects, prenatal toxicity and
germ cell mutagenicity of the substance. When new data become available, the MAK
value, classification and designation of the substance are reassessed and, when necessary,
altered.

Publication

Prospective changes and new entries are announced one year in advance in the List of
MAK and BAT Values, usually on 1st July. In addition, the new entries are published on
the homepage of the Commission at the DFG (https://www.dfg.de/download/pdf/dfg_im_
profil/gremien/senat/arbeitsstoffe/ankuendigungsliste.pdf). If necessary, in addition to the
regular updates each year in July, further announcements of prospective changes and new
entries can be made there at any time. Following ratification of the annual List, the or-
ganizations listed below are officially informed of the planned changes: “Landerausschuss
fiir Arbeitsschutz und Sicherheitstechnik (LASI)” (Federal Committee for Occupational
Safety and Technical Security), the “Bundesverband der deutschen Industrie” (Federation
of German Industries), the “Deutsche Gesetzliche Unfallversicherung” (German Statutory
Accident Insurance) and the “Deutsche Gewerkschaftsbund” (the German Trade Union
Federation). The purpose of this measure is to give these organizations enough time to

'7) available online under https://mak-dfg.publisso.de or https://onlinelibrary.wiley.com/doi/book/10.1002/352
7600418 (up to 2019)


https://www.dfg.de/download/pdf/dfg_im_profil/gremien/senat/arbeitsstoffe/ankuendigungsliste.pdf
https://www.dfg.de/download/pdf/dfg_im_profil/gremien/senat/arbeitsstoffe/ankuendigungsliste.pdf
https://mak-dfg.publisso.de/
https://onlinelibrary.wiley.com/doi/book/10.1002/3527600418
https://onlinelibrary.wiley.com/doi/book/10.1002/3527600418
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send to the Commission any available scientific documentation relevant to the planned
changes and additions to the List of MAK and BAT Values.

Mixtures of substances

In general, the MAK value is only valid for exposure to a single, pure substance. It cannot
be applied unconditionally to one component of a mixture in the workplace air or to a
technical product which might contain more toxic impurities. Simultaneous or successive
exposure to several substances may be much more or, in isolated cases, even less dan-
gerous than the exposure to one of the substances on its own. A MAK value for a mixture
of substances cannot be satisfactorily determined by simple calculation because the com-
ponents of the mixture generally have very different kinds of effect; MAK values can
presently be established for such mixtures only after specific toxicological examination or
studies of the particular mixture of substances. Given the inadequacy of the currently
available data, the Commission decidedly refrains from calculating MAK values for
mixtures, particularly for liquid solvent mixtures. However, it is willing, on the basis of its
own investigations, to provide values for defined vapour mixtures of practical relevance.

Analytical controls

The compliance with MAK and BAT values (that is, keeping the exposure levels below
these values) is intended to protect the health of persons exposed to hazardous substances
at work. This objective can be ensured only by regular analytical determination of the
concentration of the hazardous substances in the workplace air or of the concentration of
the substances, their metabolites or other parameters of intermediary metabolism in the
body fluids of exposed persons. For this purpose, it is necessary to use analytical methods
which have been tested regarding the analytical reliability and practicability.

The Commission’s analytical working groups for air analyses and for analyses in bio-
logical material have developed such methods and published them in the series Luftana-
lysen and Analysen in biologischem Material'®). These collections of methods are sup-
plemented regularly and are published in both German and English. The methods are
conceived as so-called standard operating procedures (SOP) which are intended to ensure
comparability of the analytical results from laboratory to laboratory and with the corre-
sponding limit values. Thus they contribute to the quality control of the results. In addition,

18) «Analytische Methoden zur Priifung gesundheitsschédlicher Arbeitsstoffe”, drawn up by the working groups
“Luftanalysen” (Analyses of Hazardous Substances in Air) and “Analysen in biologischem Material” (Ana-
lyses of Hazardous Substances in Biological Materials).

Available online under https://mak-dfg.publisso.de or https://onlinelibrary.wiley.com/doi/book/10.1002/352
7600418 (up to 2019).

The Commission welcomes suggestions for inclusion of new chemical compounds as well as analytical
methods.

Analytical methods for carcinogenic workplace substances are published in cooperation with the analytical
chemistry group from the German statutory accident insurance, ‘Arbeitsgruppe Analytik im Sachgebiet
“Gefahrstoffe” des Fachbereichs “Rohstoffe und chemische Industrie” der Deutschen Gesetzlichen Unfall-
versicherung’ (“Von den Unfallversicherungstragern anerkannte Analysenverfahren zur Feststellung der
Konzentrationen krebserzeugender, erbgutverandernder oder fortpflanzungsgefihrdender Stoffe in der Luft in
Arbeitsbereichen” (DGUV Informationen 213 -5xx)), DGUV, D-81359 Miinchen:
https://www.bgrci.de/fachwissen-portal/themenspektrum/gefahrstoffe/gefahrstoffanalytik/inhalte/dguv-in
formationen-213-5xx/


https://mak-dfg.publisso.de/
https://onlinelibrary.wiley.com/doi/book/10.1002/3527600418
https://onlinelibrary.wiley.com/doi/book/10.1002/3527600418
https://www.bgrci.de/fachwissen-portal/themenspektrum/gefahrstoffe/gefahrstoffanalytik/inhalte/dguv-informationen-213-5xx/
https://www.bgrci.de/fachwissen-portal/themenspektrum/gefahrstoffe/gefahrstoffanalytik/inhalte/dguv-informationen-213-5xx/
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they provide a good basis for the health protection which is the objective of the limit
values.

In the development of these analytical methods, the accuracy and reliability of the
results is the most important factor. The methods are updated regularly if new scientific
and instrumental findings indicate changes. In this respect the methods always reflect the
current state of technology and are well-suited for monitoring limit values.

The methods for analyses in biological material are, whenever possible, designed so
that their measurement range includes the background concentration range. In this way it is
possible to differentiate between occupational and environmental exposure and to cor-
rectly evaluate the analytical results.

Substances that can occur simultaneously as vapour and aerosol

Substances in the air at the workplace usually occur either as a gas/vapour mixture or in the
condensed phase in the form of droplets or particles (dust). There are, however, also
substances that do not follow this pattern. These are substances with a low vapour pressure
at room temperature, which can therefore occur in relevant amounts as both vapour and
aerosol. They can be both liquids and sublimating solids.

When determining the inhalation exposure to substances it must always be considered
whether vapour and aerosol mixtures can be formed as a result of the work process. This
must be taken into account during the determination and evaluation. In particular, such
mixtures occur above all when aerosols are formed during the work process, for example
as a result of mechanical processes such as the processing of metals or ceramics, during
dipping processes in electroplating or during spraying processes. In addition, there are
manufacturing processes in which non-volatile substances evaporate at higher temper-
atures and then condense again, for example, during the hot processing of bitumen or laser
welding, and thus occur in the workplace air simultaneously as a vapour and an aerosol.
According to DIN EN 13936'?), for substances with a vapour pressure at room temperature
of less than 100 Pa and more than 0.001 Pa sampling procedures should always be selected
which determine vapour and aerosols simultaneously in one sampling system. Liquids
with boiling points between around 180 °C and 350 °C usually fall into this category. The
mass transfer between the vapour and condensed phase is a dynamic process which is
continually changing as a result of influences such as temperature or air currents. The exact
distribution of a substance in the workplace air between the vapour phase and condensed
phase is very difficult to determine, and therefore not possible in practice. Systems with
which aerosols and vapour can be determined together (the aerosol is determined as the
inhalable fraction) are suitable for sampling such substances.

For substances with the physical properties described and for which there is a MAK
value for the respirable fraction of the particle phase, at workplaces it is not possible, for
analytical reasons, to determine only the respirable aerosol fraction. Also for these sub-
stances it is recommended that the inhalable fraction is determined to cover the “worst-
case” scenario®’). As a result of the dynamic behaviour of these substances, only the sum

'9) DIN EN 13936 (2014) Workplace exposure — Procedures for measuring a chemical agent present as a mixture
of airborne particles and vapour — Requirements and test methods. Beuth Verlag, Berlin

2%y Breuer D, Dragan GC, Hebisch R, Bartsch R, Giesen Y, Krdmer W, Nitschke L, Nitz G, Pannwitz K-H,
Tschickardt M, Hartwig A, MAK Commission (2018). Probenahme und Analyse von Stoffen und Stoffge-
mischen, die gleichzeitig als Dampf und Partikel vorkommen kénnen [Air Monitoring Methods in German
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of the vapour and particle fractions can be determined reliably as long as the particle
fraction is determined in its entirety as the inhalable fraction.

Substances in the list in Section II which can occur simultaneously as a vapour and an
aerosol are marked with the following note: “The substance can occur simultaneously as
vapour and aerosol”.

language, 2018], Volume 3, Issue 1, 319-355. The MAK Collection for Occupational Health and Safety. DOI:
https://doi.org/10.1002/3527600418.amsampmixd0019


https://doi.org/10.1002/3527600418.amsampmixd0019
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IT List of Substances

In the following list, maximum concentrations in the workplace air (MAK values) of
gases, vapours and aerosols are expressed in ml/m? (millilitre (ml) of the substance per
cubic metre (m®) of air, ppm), a unit which is unaffected by temperature and barometric
pressure, as well as in mg/m® (milligram (mg) of the substance per cubic metre (m®) of
air)’"), a unit which is temperature and pressure dependent and has therefore been adjusted
to a temperature of 20 °C and barometric pressure of 1013 hPa); the MAK values for
non-volatile aerosols (dust, smoke, mist) are given in mg/m’ air. Non-volatile
aerosols are substances which have such a low vapour pressure that at normal temperatures
a dangerously high concentration cannot occur in the gaseous phase.

Since the health hazards associated with handling a substance can be affected by its
volatility, the vapour pressure of a series of highly volatile compounds has been
listed for 20 °C, unless otherwise stated. Knowledge of the vapour pressure makes it
possible to estimate whether hazardous concentrations of the substance can accumulate by
evaporation under the conditions prevailing at the particular workplace. The listed vapour
pressure values are taken from the literature, mainly from the US National Library of
Medicine, the ECHA, the SRC-Physprop or the GESTIS database, and have been rounded
for practical purposes.

MAK [ml/m’] MAK value in ml/m* (ppm) value or “~” see Section I
MAK [mg/m’] MAK value in mg/m® measured as  value or “~” see Section I
the respirable fraction R see Section Vd
the inhalable fraction I see Section Vd
Peak lim peak limitation category /1l or “=” see Section VI
(excursion factor) (1 to max. 8)
Preg gr pregnancy risk group A, B, C,Dor “=” see Section VIII
Perc abs danger from percutaneous absorption designated with H see Section VII
Sens danger of sensitization designated with  see Section IV
— of the airways Sa see Section IV
— of the skin Sh
— of the airways and the skin Sah see Section IV
danger of photocontact sensitization =~ SP see Section IV
Carc cat carcinogen category 1,2,3,4,5 see Section IIT
Muta cat germ cell mutagen category 1,2,3A,3B,5 see Section IX
% indicates a change from the 2020 List of MAK and BAT Values. see Section I
1 “mg/m*” is a measure which means milligram (mg) of the substance per cubic metre (m®) of air

%) Under the specified atmospheric conditions (20 °C, 1013 hPa) the concentration values can be converted
according to the following formula:

molar mass in. g ¢ (ml/m?)

molar volume in |

The molar volume corresponds to 24.1 1 at 20 °C and 1013 hPa (mbar).

The MAK value is generally established with the units ml/m?; the value in mg/m? is then calculated with the

formula given above. Following a suggestion from users, the calculated values are given correct to two

significant figures

C(mg/m?) =

List of MAK and BAT Values 2021. DFG, Deutsche Forschungsgemeinschaft
DOI: 10.34865/mbwl_2021_eng
German Medical Science | PUBLISSO 2021
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a. Substances with MAK values
and substances listed in Sections II b and III to XII

MAK values which were established on the condition that the working week exceeds 40
hours have been retained with no change in the toxicological evaluation.

Abietic acid Acetic anhydride
[514-10-3] H;C COOH [108-24-7] H;C-CO-0-CO-CH;
VP[hPa]: 4

MAK[ml/m3]: 0.1
MAK[mg/m3]: 0.42
H,C Peak lim: 12)
CH(CH;), Preg gr: C
also includes disproportionation and transposition products.

see section IIb and Xc Acetoacetic acid ethyl ester

MAK[ml/m?]: — [141-97-9] H;C-CO-CH,-COO-CH,>-CHj3
MAK[mg/m3]: — see section IIb
Peak lim: - MAK[ml/m3]: —
Preg'gr: - MAK[mg/m3]: —
Sens: ~Sh ) ) Peak lim: -
An immunological genesis of the asthma often seen in Preg gr: _
persons working with materials containing abietic acid
has not been proved. Acetone
Acacia melanoxylon — Woods [67-64-1] HsC-CO-CH;
VP[hPa]: 240
Acetaldehyde see section XII
[75-07-0] H3C-CHO MAK[ml/m?]: 500
. MAK[mg/m3]: 1200
MAK[ml/m?): 50 . Peak lim:  1(2)
see definition of Carcinogen Category 5 and supporting P . B
documentation reg gr: .
MAK[mg/m?3]: 91 prerequisite for Group C see documentation
Peak lim: 1(1) ..
A momentary value of 100 ml/m3 (180 mg/m3) should not Acetonitrile
be exceeded. [75-05-8] H;C-CN
Ereg gr:t . g VP[hPa]: 96.6
Malftcacéaat.. 5 MAK[ml/m3]: 10
: MAK[mg/m?]: 17
Acetamide Peak lim: 11(2)
60-35-5 H;C-CO-NH Preg gr: ¢
(60-35-5] SR Perc abs: H
MAK[ml/m3]: — .
MAK[mg/m3]: — Acetylacetone — 2,4-Pentanedione
Peak lim: -
Preg gr: - Acetylene black — Carbon black
Carc cat: 3 .
Acetylene tetrabromide
Acetic acid —1,1,2,2-Tetrabromoethane
[64-19-7] H;C-COOH
MAK[mlm?]: 10 Acetylene tetrachloride
MAK[mg/m?]: 25 - 1,1,2,2-Tetrachloroethane
Peak lim: 1(2) . .
Preg gr: C Acetylpropionyl — 2,3-Pentanedione
Acetic acid ethyl ester — Ethyl acetate Acrolein
[107-02-8] H,C=CH-CHO

Acetic acid methyl ester — Methyl acetate VP[hPa]: 290

see section XII
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 3

Acetic acid 2-propoxyethyl ester
— 2-Propoxyethyl acetate



Acrylaldehyde — Acrolein

Acrylamide

[79-06-1]

see section XII
MAK[ml/m3]: —
MAK[mg/m?]:
Peak lim: -
Preg gr:
Perc abs: H
Sens: Sh
Carc cat: 2
Muta cat: 2

H,C=CH-CO-NH,

Acrylates and methacrylates
see section IVe

Acrylic acid
[79-10-7]

MAK[ml/m3]: 10
MAK[mg/m3]: 30
Peak lim: 1(1)
Preg gr: C

H,C=CH-COOH

Acrylic acid n-butyl ester - n-Butyl acrylate

Acrylic acid tert-butyl ester — tert-Butyl
acrylate

Acrylic acid diester with ethylene glycol
- Triethylene glycol diacrylate

Acrylic acid 2-ethoxyethanol diester
- Diethylene glycol diacrylate

Acrylic acid ethyl ester — Ethyl acrylate

Acrylic acid 2-ethylhexyl ester
[103-11-7] % C2Hs
H,C=CH-C-O-CH,-CH-(CH,)3-CH3

The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.132

MAK[ml/m3]: 5

MAK[mg/m?3]: 38

Peak lim: 1(1)
Preg gr: C
Sens: Sh

Acrylic acid 2-hydroxyethyl ester
[818-61-1] H,>C=CH-COO-C,H4sOH
see section IV

Sens: Sh
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Acrylic acid hydroxypropyl ester (all
isomers)

[25584-83-2] H,C=CH-COO-C3HsOH

The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 0.16 at 25°C (calculated value)
see section ITb

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Sens: Sh

Acrylic acid isobornyl ester — Isobornyl
acrylate

Acrylic acid methyl ester — Methyl acrylate

Acrylic acid pentaerythritol triester
- Pentaerythritol triacrylate

Acrylic acid polymer (neutralized, cross-
linked)
(-CHy-CH(COO')),
MAK[mg/m?]: 0.05 R

Peak lim: I(1)
Preg gr: C
Carc cat: 4

Acrylic acid resin — Acrylic acid polymer
(neutralized, cross-linked)

Acrylic acid tetramethylene ester
— 1,4-Butanediol diacrylate

Acrylic acid 1,1,1-(trihydroxymethyl)propane
triester — Trimethylolpropane triacrylate

Acrylonitrile

[107-13-1]

VP[hPa]: 116

see section XII
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Sens: Sh
Carc cat: 2

H,C=CH-CN

Actinolite (fibrous dust) — Asbestos

Adipic acid

[124-04-9]

see section Xc
MAK[mg/m3]: 2 1
Peak lim: 1(2)
Preg gr: C

HO,C-(CH,)4-CO,H

Aerosols
see section V

Afara (Terminalia superba) — Woods
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Aflatoxins
[1402-68-2]
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 1
Muta cat: 3A

African blackwood (Dalbergia melanoxylon)
- Woods

African “cherry” (Tieghemella heckelii)
- Woods

African ebony (Diospyros crassiflora)
- Woods

African whitewood (Triplochiton scleroxylon)
- Woods

Aldrin
[309-00-2] Cl
Cl
d !
20
Cl
Cl
MAK[mg/m?]: 0.25 [
Peak lim: 11(8)
Perc abs: H

Alkali chromates — Chromium(VI) compounds
Alkali citrates — Citric acid

Alkali persulfates
2 92
R* ‘()—ii-()—()—ﬁ—()’ R*
o o
R = Alkaliion
see section IV
Sens: Sah

Alkali salts of benzoic acid — Benzoic acid
alkali salts

Alkyl amines, C11-14-branched, monohexyl
and dihexyl phosphates
[80939-62-4] HaN-CigaHazze  +
HN(Ci1.14H2z29)2  +
0=P(OH),0CeH,3 +
O=P(OH)(OC¢Hi3)2
see section IIb and Xc
MAK[ml/m3]: —
MAK[mg/m3]:
Peak lim: -
Preg gr: -

Alkyl benzenesulfonates C10-C14, linear
[69669-44-9; CH3-(CH,),-CH-(CH,),-CH;
85117-50-6] P

|| x+y=7-11
N

SO3Na’
see section IIb and Xc
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

N-Alkyl-N,N-dimethyl-N-benzylammonium-
chloride — Benzalkonium chloride

Alkyl ether carboxylic acids
RO-(CH,-CH,-0),-CH,COOH
RO-(CH(CH;)-CH,-0),-CH,COOH
R=C4.20,0=2-10

see section ITb and Xc

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

Allyl alcohol

[107-18-6]

VP[hPa]: 24
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr:
Perc abs:
Carc cat:

Allyl chloride

[107-05-1]

VP[hPa]: 393
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 3

H,C=CH-CH,0H

W

H,C=CH-CH,Cl

Allyl 2,3-epoxypropyl ether — Allyl glycidyl
ether

Allyl glycidyl ether
[106-92-3]

OVAO
HzCA/

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Sens: Sh
Carc cat: 2

4-Allyl-2-methoxyphenol — Eugenol



1-(2-Allyloxy)-2-(2,4-dichlorophenyl)ethyl)-
1H-imidazole

[35554-44-0] Cl 0-CH,CH=CH,

N
Cl »
Ly
see section Xc
MAK[mg/m3]: 2 1
Peak lim: 11(2)
Preg gr: C
Perc abs: H

Allyl propyl disulfide
[2179-59-1] e St

MAK[ml/m3]: 2
MAK[mg/m3]: 12
Peak lim: 1(1)

Aluminium-, Aluminium oxide- and
Aluminium hydroxide-containing dusts
[7429-90-5; Al
1344-28-1;
1302-74-5;
21645-51-2]
(inhalable fraction)
see section Vf and g and XII
MAK[mg/m3]: 41
Preg gr: D

Aluminium-, Aluminium oxide- and
Aluminium hydroxide-containing dusts
[7429-90-5; Al
1344-28-1;
1302-74-5;
21645-51-2]
(respirable fraction)
see section Vf and g and XII
MAK[mg/m?]: 1.5 R
Preg gr: D

Aluminium oxide

[1344-28-1] ALO;
(fibrous dust)

see section IIT

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 2

o-Aluminium oxide
[1302-74-5] ALO;
(corundum)
except for aluminium oxide fibres and ultrafine particles; see
section Vh
see section Vf
MAK[mg/m?]: 0.3 R
multiplied with the material density
Peak lim: 11(8)
Preg gr: C
Carc cat: 4
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Aluminium silicate fibres
(RCF)
Cristobalite can develop from aluminium silicate fibres used
in building materials under thermal load, see documentation.
see section III

MAK[ml/m3]: —

MAK[mg/m?]: —

Peak lim: -

Preg gr: -

Carc cat: 2

p-Aminoazobenzene

see section IV
Sens: Sh

o-Aminoazotoluene

[97-56-3] CHj
:< CHs
N
A\
N—< />—NH2

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Sens: Sh
Carc cat: 2
Muta cat: 3B

4-Aminobiphenyl
[92-67-1] ® /_\ \H,

The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.00016 at 25°C (calculated value)
see section XII

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Perc abs: H

Carc cat: 1

Muta cat: 3A

1-Aminobutane — n-Butylamine
2-Aminobutane — sec-Butylamine

2-Aminobutanol

[96-20-8] HOCH,-CH(NH,)-CH,-CHj

The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.58
see section Xc
MAK[ml/m3]: 1
MAK[mg/m3]: 3.7
Peak lim: 11(2)
Preg gr: D
Perc abs: H

1-Amino-4-chlorobenzene — p-Chloroaniline
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2-Amino-5-chlorotoluene
— 4-Chloro-o-toluidine

Aminocyclohexane — Cyclohexylamine

1-Amino-3,4-dichlorobenzene
- 3,4-Dichloroaniline

4-Aminodiphenylamine

[101-54-2] \//—\\ﬁNHﬁ/_\\ﬁNHz

\—/ \—/
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Sens: Sh
Carc cat: 3

2-Aminoethanol
[141-43-5] HoNCH,-CH,OH
The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.3
MAK[ml/m3]: 0.2
MAK[mg/m?]: 0.51

Peak lim: 1(1)
Preg gr: C
Sens: Sh

2-(2-Aminoethoxy)ethanol
[929-06-6] HO-(CHp),-O~(CHp)>-NH;

The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 0.002 at 25°C

see section Xc

MAK[ml/m3]: 0.2
MAK[mg/m?]: 0.87
Peak lim: 1(1)

Preg gr: C
Perc abs: H
Sens: Sh

6-Amino-2-ethoxynaphthalene

[293733-21-8] o\/CH3
LN

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 2

3-Amino-9-ethylcarbazole

[132-32-1] H3C\I
NH,
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 3

2-Amino-2-ethyl-1,3-propanediol
[115-70-8] (HOCH,),C(C,Hs)NH,
The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 1.6x1073
see section IIb and Xc

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

4-Amino-1-hydroxybenzene — p-Aminophenol

2-Aminoisobutanol
— 2-Amino-2-methyl-1-propanol

1-Amino-2-methoxy-5-methylbenzene
— 5-Methyl-o-anisidine

3-Amino-4-methoxy-toluene
— 5-Methyl-o0-anisidine

4-Amino-1-methylbenzene - p-Toluidine
1-Amino-2-methylpropane — Isobutylamine
2-Amino-2-methylpropane - tert-Butylamine

2-Amino-2-methyl-1-propanol
[124-68-5] CH3-C(CH;)NH,-CH,-OH

The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 1.3
see section Xc
MAK[ml/m3]: 1
MAK[mg/m3]: 3.7
Peak lim: 11(2)
Preg gr: C
Perc abs: H



3-Aminomethyl-3,5,5-trimethyl-cyclohex-
ylamine (Isophorone diamine)
[2855-13-2] e, CHs

NH,

H;C CH,-NH,

The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 0.02

see section IIb

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Sens: Sh

Aminonitrofen — 4-(2,4-Dichlorophenoxy)
benzenamine

4-Amino-2-nitrophenol
— 2-Nitro-4-aminophenol

2-Amino-4-nitrotoluene — 5-Nitro-o-toluidine
3-Aminophenol
[591-27-5] OH

NH,
see section IV

Sens: Sh

4-Aminophenol — p-Aminophenol

HOONHz

p-Aminophenol
[123-30-8]

see section IV
Sens: Sh

p-Aminophenol triglycidylether
- Triglycidyl-p-aminophenol

2-[(4-Aminophenyl)-amino]-5-nitrobenzene-
sulfonic acid

— 4-Nitro-4'-aminodiphenylamine-2-sulfonic
acid

2-Aminopropane — Isopropylamine

1-Amino-2-propanol

[78-96-6] NH,-CH,-CHOH-CH;

The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.6
see section IIb and Xc
MAK[ml/m3]: —
MAK[mg/m3]:
Peak lim: -
Preg gr: -

II List of Substances 27

N-(3-Aminopropyl)-N-dodecylpropane-1,3-
diamine
[2372-82-9]
see section Xc

MAK[mg/m3]: 0.05 I
Peak lim: 11(8)
Preg gr: C

CH3-(CHy);1-N((CH,);-NHy),

2-Aminopyridine
[504-29-0] Ny - NH2
vl
The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.13 at 25°C (calculated value)
see section IIb
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

4-Aminotoluene — p-Toluidine

3-Amino-p-toluidine — 2,4-Toluenediamine
(2,4-TDA)

5-Amino-o-toluidine — 2,4-Toluenediamine
(2,4-TDA)

3-Amino-1,2,4-triazole — Amitrole

Aminotris(methylenephosphonic acid)
[6419-19-8] N(CH,PO;R,);
and its sodium salts R=H, Na
see section ITb and Xc
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

Amitrole

-82- =\
[61-82-5] N \H

H,N
MAK[mg/m3]: 0.2 1
Peak lim: 11(8)
Preg gr: C
Perc abs: H
Carc cat: 4

Ammonia
[7664-41-7] NH;
VP[hPa]: 8570

MAK[ml/m3]: 20
MAK[mg/m3]: 14
Peak lim: 1(2)
Preg gr: C

Ammonium molybdate — Molybdenum

Ammonium perfluorooctanoate
- Perfluorooctanoic acid (PFOA)
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Ammonium peroxydisulfate -~ Ammonium
persulfate

Ammonium persulfate
[7727-54-0] 0 9
NH,0-§-0-0-5-0" NH,'
see section IV

Sens: Sah

Ammonium sulfamate
[7773-06-0] Q
S

see section ITb
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

Amorphous carbon — Carbon black
Amosite (fibrous dust) — Asbestos

Amyl acetate (all isomers)
H3C-COOCsHy,
VP[hPa]: <10
MAK[ml/m3]: 50
MAK[mg/m3]: 270
Peak lim: 1(1)
— 3-Methylbutyl acetate

[123-92-2] CH3COO— (CH,),CH(CH3)>
VP[hPa]: 5.3
Preg gr: D

— 3-Pentyl acetate
[620-11-1] CH3COO—CH(CH,CH3),
Preg gr: D

— 2-Methylbutyl acetate
[624-41-9] CH3COO—CH,CH(CH3)CH,CHj3
Preg gr: C

— 1,1-Dimethylpropyl acetate
[625-16-1] CH3COO—C(CH3),CH,CHj3
Preg gr: D

— 1-Methylbutyl acetate
[626-38-0] CH3COO—CH(CH3)(CH,),CHj3
VP[hPa]: 9.3
Preg gr: D

— 1-Pentyl acetate
[628-63-7] CH3COO— (CH,)4CH3
VP[hPa]: 5.3
Preg gr: C

Amyl alcohol — Pentanol (isomers)

a-Amylase
see section IV

Sens: Sa

a-Amylcinnamaldehyde

[122-40-7] m/ (CH,)4-CHj
| -
x CHO

The substance can occur simultaneously as vapour and
aerosol.

see section IV
Sens: Sh

Aniline

[62-53-3] QNHZ

The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.68
see section XII
MAK[ml/m3]: 2
MAK[mg/m3]: 7.7
Peak lim: 11(2)

Preg gr: C
Perc abs: H
Sens: Sh
Carc cat: 4

Aniline yellow — p-Aminoazobenzene

Animal hair, epithelia and other materials
derived from animals
see section IV

Sens: Sah

0-Anisidine

[90-04-0] NH;
©:O/CH3

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim:
Preg gr:

Perc abs:
Carc cat:

N

p-Anisidine

[104-94-9] HyC
0—  )—NH,

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr:

Perc abs:
Carc cat:

Anthanthrene
[191-26-4]

W

= ~F
SRNGEN

see Section III, “pyrolysis products of organic materials”
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2

Anthophyllite (fibrous dust) — Asbestos



Anthracite dust — Coal mine dust

Antibiotics
see section IVe

Antimony
[7440-36-0] Sh
and its inorganic compounds
except for stibine
see section XII
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 2
Muta cat: 3A

ANTU - 1-Naphthylthiourea

p-Aramid
[26125-61-1] o 9
(fibrous dust) [%{J&h ONJ
— H H

see section III

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Carc cat: 3

Arborvitae (Thuja spp.) - Woods
Arprocarb — Propoxur

Arsenic — Phenyl arsenic compounds
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Arsenic
[7440-38-2]
and inorganic arsenic compounds
see section XII
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
with the exception of metallic arsenic and gallium
arsenide
Carc cat: 1
Muta cat: 3A
— Metallic arsenic
[7440-38-2] As

— Arsenic trioxide
[1327-53-3] AsyO3

— Arsenous acid
[13464-58-9] H3AsO;
and its salts, e.g.

— Sodium arsenite
[7784-46-5] NaAsO,

— Arsenic pentoxide
[1303-28-2] As70s

— Arsenic acid
[7778-39-4] H3As04
and its salts, e.g.

— Lead arsenate
[3687-31-8] Pb3(AsO4),

— Calcium arsenate
[7778-44-1] Cay(AsOy)y

— Gallium arsenide
[1303-00-0] GaAs

Arsenic(I1I) oxide — Arsenic
Arsenic(V) oxide — Arsenic

Arsine
[7784-42-1] AsH;
see section ITb

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

Artificial almond oil — Benzaldehyde

Asbestos

[1332-21-4]

(fibrous dust)

Actinolite, Amosite, Anthophyllite, Chrysotile, Crocidolite
and Tremolite

see section III

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Carc cat: 1

Cigarette smokers bear an increased risk of bronchial
cancer.
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Asphalt — Bitumen (high-temperature
processing, vapours and aerosols)

Atrazine
[1912-24-9] a

CH; N)%N
A A A~

H;C N N N CH;
H H
MAK[mg/m3]: 11
Peak lim: 11(2)
Preg gr: C

Attapulgite

[12174-11-7]

(fibrous dust)

see section III
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 2

Mgs-Sig-O29(OH)2(Hzo)s- 4 H20

Auramine
[492-80-8] NH

Oy N

| |
CH; CHs

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2
Muta cat: 3B

Auramine hydrochloride
[2465-27-2] N

H;C. cH
3 ITI N/ 3
CH;

Cay
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2
Muta cat: 3B

Australian blackwood (Acacia melanoxylon)
- Woods

Australian silky oak (Grevillea robusta)
- Woods

Ayan (Distemonanthus benthamianus)
- Woods

Azelaic acid

[123-99-9]

see section IIb and Xc
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

HO,C-(CH,);-CO,H

Azinphos-methyl
[86-50-01

MAK[mg/m3]: 11
Peak lim: 11(8)

i i
P___CH
]Tl/\s/(\)\o/ 3
N “CH,
N
Preg gr: B

prerequisite for Group C see documentation
Perc abs: H
Sens: Sh

Aziridine - Ethylenimine
Azobiscarbamide — Azodicarbonamide

Azo colourants
see also Pigment Yellow

see section I1I

Azodicarbonamide

[123-77-3]
MAK[mg/m3]: 0.02 1
Peak lim: 1(1)
Preg gr: D

H,N-CO-N=N-CO-NH,

1,1'-Azodiformamide — Azodicarbonamide
Azoimide - Hydrazoic acid

Barium compounds (soluble)
(as Ba [7440-39-3])
see section XII

MAK[mg/m?3]: 0.51

Peak lim: 11(8)

Preg gr: D

Barium sulfate
[7727-43-7] BaSO4
(inhalable fraction)
see section Vf and g
MAK[mg/m3]: 41
Preg gr: C

Barium sulfate
[7727-43-7] BaSO4
(respirable fraction)
except for ultrafine particles; see section Vh
see section Vf
MAK[mg/m3]: 0.3 R
multiplied with the material density
Peak lim: 11(8)
Preg gr: C
Carc cat: 4



Beech wood dust
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 1
Dusts have been shown epidemiologically to be
unequivocally carcinogenic. The active carcinogenic
principle has not been identified to date.

Behenic acid
[112-85-6] CH;3(CH,)2,COOH
see section IIb and Xc

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Benomyl

[17804-35-2] 0
C-NH(CH,):CH;

N
O[ )—NH-COOCH;
"N

Bentonite — Montmorillonite

Sens: Sh
Muta cat: 3A

Benzal chloride — Benzyl dichloride
Benzaldehyde

[100-52-7] Q
CHO

see section IIb
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

Benzalkonium chloride
[8001-54-5] GHs ]
{//_\ﬁ N et dcsinch cr
N— |
CH, d
n=7-17
see section IIb
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

Benzene

[71-43-2] @

VP[hPa]: 101
see section XII

MAK[ml/m3]: —
MAK[mg/m3]:
Peak lim:
Preg gr:

Perc abs:

Carc cat:
Muta cat:

W

1,2-Benzenedicarboxylic acid — o-Phthalic
acid
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1,2-Benzenedicarboxylic acid, diisodecylester
- Diisodecyl phthalate

Benzenedicarboxylic acid dibutyl ester
- Di-n-butyl phthalate

1,2-Benzenedicarboxylic acid di-2-propenyl
ester — Diallyl phthalate

1,3-Benzenediol — Resorcinol

Benzidine

[92-87-5]
and its salts HoN NH;
see section XII

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 1

Benzilidene chloride — Benzyl dichloride

1H-Benzimidazole-2-carbamic acid methyl
ester — Carbendazim

1,2-Benzisothiazol-3(2H)-one

[2634-33-5] S,
| NH
Z~

0
see section IIb and Xc
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Sens: Sh

Benzo[a]anthracene
[56-55-3] 7\‘
(\ ANF W/
NN N
see Section III, “pyrolysis products of organic materials”
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2
Muta cat: 3A

Benzo[b]fluoranthene
[205-99-2]

i N

SN X
see Section III, “pyrolysis products of organic materials”

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2
Muta cat: 3B
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Benzo[jlfluoranthene
[205-82-3]

see Section III, “pyrolysis products of organic materials”
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2
Muta cat: 3B

Benzo[k]fluoranthene
[207-08-9]

see Section III, “pyrolysis products of organic materials”

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2
Muta cat: 3B

Benzoic acid
[65-85-0] 7\
see also Benzoic acid alkali salts QCOOH

The substance can occur simultaneously as vapour and
aerosol. Causes pseudoallergic reactions, see
Toxikologisch-arbeitsmedizinische Begriindung von
MAK-Werten (21st issue 1995).
VP[hPa]: 9x10~4 at 25°C
see section Xc

MAK[ml/m3]: 0.1

MAK[mg/m3]: 0.5 R

Peak lim: 11(4)
Preg gr: C
Perc abs: H

Benzoic acid alkali salts
(as benzoate)see also Benzoic acid
Causes pseudoallergic reactions, see

Toxikologisch-arbeitsmedizinische Begriindung von
MAK-Werten (21st issue 1995).

MAK[mg/m?]: 10 I

Peak lim: 11(2)
Preg gr: C
Perc abs: H

Benzoic aldehyde — Benzaldehyde

Benzo[b]naphtho[2,1-d]thiophene
[239-35-0] AN

= S

. =
see Section III, “pyrolysis products of organic materials”
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2
Muta cat: 3B

Benzophenone-3
[131-57-7]

Benzophenone-4
[4065-45-6]

Benzo[a]pyrene
[50-32-8] NN

AN /" -
994
see Section III, “pyrolysis products of organic materials”
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2
Muta cat: 2

p-Benzoquinone — Quinone

3H-1,3-Benzothiazol-2-thione
— 2-Mercaptobenzothiazole

1H-Benzotriazole
[95-14-7] H

The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 6.89x1072 at 25°C
see section Xc
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 3

Benzotrichloride — Benzyl trichloride



Benzoyl chloride
[98-88-4]
see also a-Chlorinated toluenes cocl

The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 0.5
MAK[ml/m3]: —
MAK[mg/m?3]: —
Peak lim: -
Preg gr: -
Carc cat: 3

Benzoyl peroxide — Dibenzoyl peroxide

Benzyl alcohol

[100-51-6] _~_CH,0H
J

The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.13 at 25°C (calculated value)
see section Xc
MAK[ml/m3]: 5
MAK[mg/m3]: 22
Peak lim: 1(2)
Preg gr: C
Perc abs: H

Benzyl alcohol mono(poly)hemiformal

[14548-60-8] @ CHy O (CHy Ot

x=1,5

releases formaldehyde
see section IIb and Xc

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Sens: Sh

Benzylbutyl phthalate
[85-68-7] o
Lo\
. _C-O-CH, )
oo

N C-0-(CHy)s-CH;

MAK[mg/m?]: 20 I

Peak lim: 11(2)
Preg gr: C
Benzyl chloride
[100-44-7] 7\
see also a-Chlorinated toluenes QCHZCI
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2
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Benzyl dichloride
[98-87-3]
see also a-Chlorinated toluenes CHCL,

The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 0.5

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2

Benzyl trichloride

[98-07-7]
see also a-Chlorinated toluenes CCl

The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 0.2

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr:

Perc abs:
Carc cat:

N

Beryllium
[7440-41-7] Be
and its inorganic compounds
see section XII
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Sens: Sah
Carc cat: 1

Bété (Mansonia altissima) — Woods
Bethabara (Tabebuia serratifolia) — Woods

BHT - 2,6-Di-tert-butyl-p-cresol
(3,5-Di-tert-butyl-4-hydroxytoluene) (BHT)

Biacetyl — Diacetyl
N,N'-Bianiline — Hydrazobenzene
Biformyl - Glyoxal
2,2'-Bioxirane — Diepoxybutane

Biphenyl

The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 0.012 at 25°C
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 3



34 Maximum Concentrations at the Workplace

3,3',4,4'-Biphenyltetramine
- 3,3'-Diaminobenzidine and its tetrahydro-
chloride

Bis(2-aminoethyl)amine — Diethylenetriamine

N,N'-Bis(2-aminoethyl)-1,2-ethanediamine
- Triethylenetetramine

1,3-Bis(aminomethyl)benzene
- m-Xylylenediamine

Bis[O,0-bis(2-ethylhexyl) dithiophos-
phorato-S,S’]dioxodi-p-thioxodimolybdenum
[68958-92-9;
72030-25-2]
VP[hPa]: <1.5x107°
see section IIb and Xc
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

Bis[0,0-bis(2-ethylhexyl)phosphorodi-
thioato-S,S']-zinc — Zinc, O,0'-di-2-ethylhexyl
dithiophosphate

3 [ 0 .
CsHiOL S 1 S ]l Sy OCsHiy

Mo Mo
CgHt07 S s ST NocgHy,

Bis(2-chloroethyl)ether — 2,2'-Dichlorodiethyl
ether

Bis(2-chloroethyl)sulfide — Bis(B-chloroethyl)
sulfide (mustard gas)

Bis(B-chloroethyl)sulfide (mustard gas)
[505-60-2] CICH,-CH,-S-CH,-CH,Cl

MAK[ml/m3]:
MAK[mg/m3]:
Peak lim:
Preg gr:

Perc abs:

Carc cat:

o

Bischloromethyl ether

(dichlorodime-

thylether)

[542-88-1]

not to be confused with the asymmetric (Dichloromethyl)

methyl ether
MAK[ml/m3]:
MAK[mg/m3]:
Peak lim:
Preg gr:
Carc cat:

CICH,-O-CH,Cl

=

4,4'-Bis(dimethylamino)benzophenone
— Michler's ketone

3,5-Bis(1,1-dimethylethyl)-4-hydroxybenzene-
propanoic acid octadecyl! ester

- 3,5-Di-tert-butyl-4-hydroxyphenyl propionic
acid octadecyl ester

3,5-Bis(1,1-dimethylethyl)-4-hydroxybenzene-
propanoic acid thiodi-2,1-ethanediyl ester

- 2,2'-Thiodiethylene Bis[3-(3,5-di-tert-bu-
tyl-4-hydroxyphenyl)propionate]

Bis[dimethyltin(isooctylmercaptoacetate)]
sulfide — Methyltin compounds

Bis[dimethyltin(2-mercaptoethyloleate)]sulfide
— Methyltin compounds

1,3-Bis(2,3-epoxypropoxy)benzene
- Diglycidyl resorcinol ether

1,4-Bis(2,3-epoxypropoxy)butane
— 1,4-Butanediol diglycidyl ether

2,2-Bis(4-(2,3-epoxypropyloxy)phenyl)propane
— Bisphenol A diglycidyl ether

Bis(2-ethylhexoxy)-sulfanylidene-sulfido-A5--
phosphane;molybdenum - Bis[O,O-bis
(2-ethylhexyl) dithiophosphorato-S,S']
dioxodi-p-thioxodimolybdenum

N,N-Bis(2-ethylhexyl)-(1,2,4-triazole-1-yl)

methanamine

[91273-04-0] CH,CH, N_
(CH;-(CH:)J-CH-(?HZ)ZN-CHQ»NV:TL

The substance can occur simultaneously as vapour and
aerosol.

see section IIb and Xc

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Sens: Sh

2,2-Bis(p-glycidyloxyphenyl)propane
— Bisphenol A diglycidyl ether

1,2-Bis(2-hydroxyethoxy)ethane — Triethylene
glycol

Bis(2-hydroxyethyl)ether — Diethylene glycol
Bis(hydroxymethyl)acetylene — Butynediol

1,3-Bis(hydroxymethyl)-5,5-dimethyl-2,4-imi-
dazolidinedione — 1,3-Dimethylol-5,5-dimethyl
hydantoin

1,3-Bis(hydroxymethyl)urea
[140-95-4] (HOCH,-NH),CO

releases formaldehyde

see section IIb and Xc
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -



2,2-Bis(4-hydroxyphenyl)propane
- Bisphenol A

Bis(1-hydroxy-2(1H)-pyridinthionato)zinc
- Zinc pyrithione

1,2-Bis(2-(methacryloyloxy)ethoxy)ethane
- Triethylene glycol dimethacrylate

Bis(2-methoxyethyl)ether — Diethylene glycol
dimethyl ether

Bis(2-methoxypropyl)ether — Dipropylene
glycol monomethyl ether

Bis[methyltin di(isooctylmercaptoacetate)]
sulfide — Methyltin compounds

Bis[methyltin di(2-mercaptoethyloleate)]sulfide
- Methyltin compounds

Bismorpholino methane
- 4,4'-Methylenedimorpholine

Bisphenol A
(4,4'-Isopropy- CH3
lidenediphe- HOOH
nol)
[80-05-7]
see section XII

MAK[mg/m3]: 51

Peak lim: 1(1)

Preg gr: C

Sens: Sp

Bisphenol A diglycidyl ether
[1675-54-3] 0 —
’;izc/ He -ciro— N JC(CII‘)Z
see section ITb 7

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Sens: Sh

Bisphenol A diglycidyl methacrylate
[1565-94-2] [ }
(CH3),C —QOR
R=CH2CH(OH)CHZO%‘C(EH3)=CH3
0

see section IV
Sens: Sh

Bisphenol A ethoxylate dimethacrylate

24448-20-2 G
: I k—GC'&COz'(CHz)z'O{ \%JC(CHm

see section IV
Sens: Sh
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Bisphenol A glycerolate
(4687-94-9]

ﬁ"; lI)II
EK‘-(‘(),»CH«-L‘H-(‘Il‘»-() m(‘((‘lh):
see section IV

Sens: Sh

Bisphenol F diglycidyl ether

cm{@—o—cm— ﬂ

2
see section IV

Sens: Sh

— 0,0'-Bisphenol F diglycidylether
[54208-63-8]

— o,p’-Bisphenol F diglycidylether
[57469-07-5]

— p,p’-Bisphenol F diglycidyl ether
[2095-03-6]

1,4-Bis(phenylamino)benzene
— N,N-Diphenyl-p-phenylenediamine

Bis(1-piperidylthiocarboxyl) disulfide
- Dipentamethylenethiuram disulfide

Bithionol
[97-18-7] OH OH

see section IIb and Xc

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Sens: SP

Bitumen (high-temperature processing,

vapours and aerosols)

[8052-42-4; 64741-56-6/64742-93-4]
(straight-run bitumen, air-rectified bitumen)
can occur simultaneously as vapour and aerosol
VP[hPa]: <1

MAK[ml/m3]: —

MAK[mg/m3]: 1.5

Sum of vapour and inhalable fraction based on bitumen
condensate standard

Peak lim: 11(2)

Preg gr: D
Perc abs: H
Carc cat: 3
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Bitumen (high-temperature processing, Bromelain
vapours and aerosols) [9001-00-7]
[64742-93-4] see section IV

(bitumen, oxidized)

; Sens: Sa
can occur simultaneously as vapour and aerosol
MAK[ml/m3]: — Bromine
MAK[mg/m?]: - [7726-95-6] Bry
Peak lim: -
Preg gr: _ see section ITb
Perc abs: H MAK[ml/m3]: —
Carc cat: 2 MAK[mg/m3]: —
Muta cat: 3B Peak lim: -
Preg gr: -

Black coal dust — Coal mine dust
2-Bromo-2-(bromomethyl)glutaronitrile

Bombay blackwood (Dalbergia latifolia) ~ 1,2-Dibromo-2,4-dicyanobutane

- Woods
o 2-Bromo-2-(bromomethyl)pentanedinitrile
Borax - Boric acid - 1,2-Dibromo-2,4-dicyanobutane

Boric acid

Bromochloromethane

[10043-35-3]
and tetraborates [74-97-5] CHzBrCl
— Boric acid VP[hPa]: 147

[10043-35-3] B(OH); MAK[ml/m3]: —

see section Xc MAK[mg/ me]: —

Peak lim: -

MAK[mg/m?]: 10 I Preg gr: -

when boric acid and tetraborates are present together, Perc abs: H

the MAK value is 0.75 mg boron/m3 Carc cat: 3

Peak lim: 1(1) ’

Preg gr: B 2-Bromo-2-chloro-1,1,1-trifluoroethane
— Sodium tetraborate pentahydrate N

112179-04.3] Halothane

MAK[mg/m3]: 51 Bromodichloromethane

Peak lim: 1(1) [75-27-4] CHBrCl,

Preg gr: C
— Tetraborates Perc abs: H

Carc cat: 2

as Boron [7440-42-8] Muta cat: 3B

MAK[mg/m?]: 0.751

Peak lim: I(1) Bromoethane
Preg gr: C [74-96-4] H3C-CH,Br
Boron oxide VP[hPal: 507
[1303-86-2] B,0; MAK[ml/m3]: —
3] —
see section ITb MAK[mg/rn L
Peak lim: -
MAK[ml/m3]: — Preg gr: -
MAK[mg/m?]: — Perc abs: H
Peak lim: - Carc cat: 2

Preg gr: -

. . Bromoform - Tribromomethane
Boron trifluoride

[7637-07-2] BF3 Bromomethane — Methyl bromide
see section IIb

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

Bowdichia nitida -~ Woods

Brazilian rosewood (Dalbergia nigra) — Woods
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2-Bromo-2-nitro-1,3-propanediol 1,4-Butanedicarboxylic acid — Adipic acid
[52-51-7] HOCH,-CBr(NO,)-CH,0H

1,4-Butane diglycidyl ether — 1,4-Butanediol
use forbidden as component of metal-working fluids and dislvcidyl eth
corrosion inhibitors: see “GefStoffV 2010, Anhang II (zu iglycidyl ether
§16 Absatz 2), Nr. 4”

see section ITb and Xc Butanedioic acid — Succinic acid

ﬁﬁﬁﬁg}ﬂ - 1,4-Butanediol diacrylate
Do g/ [1070-70-8] HAC=CH-CO-(CH), OC-HC-CH,
- o) 0
g;’_f f};s ) i see section IV
Sens: . Sh Sens: Sh
1-Bromopropane 1,4-Butanediol diglycidyl ether
[106-94-5] BrCH,-CHy-CH; [2425-79-8] ° >
£A\-CHyO-(CH,);-0-CHy-/—
see section XII see section [V
MAK[ml/m3]: — Sens: Sh
MAK[mg/m3]: —
Peak lim: - 1,4-Butanediol dimethacrylate
Preg gr: - [2082-81-7] CH,-CH,-O-OC-C(CH3)=CH,
Perc abs: H CH,-CH,-0-0C-C(CHz)=CH
Carc cat: 2 i e (Clhreth
: see section IV
Bromotrifluoromethane Sens: Sh
63~ BrCF . :
[75-63-8] . 2,3-Butanedione — Diacetyl
MAK[ml/m3]: 1000
MAK[mg/m?]: 6200 1,4-Butane sultone
Peak lim: 11(8) [1633-83-6] o P

Preg gr: C Q =0

Brown coal tars — Pyrolysis products of

. . MAK[ml/m3]: —
organic materials MAK[mg/m3]: —
(soft coal tars) Peak lim: _
Preg gr: -
Brucite (fibrous dust) — Nemalite Carc cat: 3
Brya ebenus — Woods 2,4-Butane sultone
[1121-03-5] ol
1,3-Butadiene </SC ©
[106-99-0] H,C=CH-CH=CH, CH,
VP[hPa]: 2477 MAK[ml/m3]: —
see section XII MAK[mg/m3]: —
MAK[ml/m3]: — Peak lim: -
MAK[mg/m3]: — Preg gr: -
Peak lim: _ Carc cat: 2
Preg gr: -
Car% %at 1 Butane sultone — 1,4-Butane sultone
Muta cat: 2 .
1-Butanethiol
1,3-Butadiene diepoxide — Diepoxybutane [109-79-5] H;C-(CH,),-CH,SH

. VP[hPa]: 40
Butane (both isomers) I[VI Aa}]([ Vel 1
ml/m3]:
MAK[ml/m3]: 1000 MAK[mg/m3]: 3.7
MAK[mg/m?]: 2400 Peak lim: 11(2)
Peak lim: 11(4) Preg gr: C
Preg gr: D Perc abs: H
— n-Butane Sens: Sh
[106-97-8] HCen,
— Isobutane
[75-28-5] GHs

Hs3C CHj3
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% 2-Butanethiol 2-Butoxyethanol

[513-53-1] SH

CH;
HsC

VP[hPa]: 108 at 25°C

MAK[ml/m3]: 2

Even if the MAK value is observed, “odour-associated”
symptoms cannot be ruled out in individual cases, see
Section I e.

MAK[mg/m3]: 7.5

Peak lim: 11(2)

Preg gr: D

Perc abs: H

Butanol (all isomers) — n-Butyl alcohol
Butanol-2-amine — 2-Aminobutanol

2-Butanone

(Methyl ethyl

ketone)

[78-93-3]

VP[hPa]: 105

see section XII
MAK[ml/m3]: 200
MAK[mg/m3]: 600
Peak lim: 1(1)
Preg gr: C
Perc abs: H

H;C-CH,-CO-CH

Butanone oxime
[96-29-7] W'OH
CHj3-C-CH,-CHj
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Sens: Sh
Carc cat: 2

2-Butanone peroxide — Methyl ethyl ketone
peroxide

6-Butan sultone — 1,4-Butane sultone
2-Butenal (trans-) — Crotonaldehyde
1,2-Butene oxide — 1,2-Butylene oxide

Butoxydiglycol — Diethylene glycol
monobutyl ether

1-n-Butoxy-2,3-epoxypropane — n-Butyl
glycidyl ether (BGE)

1-tert-Butoxy-2,3-epoxypropane - tert-Butyl
glycidyl ether

[111-76-2]

VP[hPa]: 0.8
see section XII

MAK[ml/m3]: 10

MAK value applies for the sum of the concentrations of
2-butoxyethanol and 2-butoxyethyl acetate in the air.
MAK[mg/m3]: 49

Peak lim: 1(2)

Preg gr: C

Perc abs: H

OH
H;C/\/\O/\/

2-(2-Butoxyethoxy)-ethanol — Diethylene
glycol monobutyl ether

2-Butoxyethyl acetate
[112-07-2] j\
HC O/\/O\/\/CH3

The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.4
see section XII

MAK[ml/m3]: 10

MAK value applies for the sum of the concentrations of

2-butoxyethanol and 2-butoxyethyl acetate in the air.
MAK[mg/m3]: 66

Peak lim: 1(2)
Preg gr: C
Perc abs: H

n-Butyl acetate

[123-86-4]

VP[hPa]: 13.3
MAK[ml/m3]: 100
MAK[mg/m3]: 480
Peak lim: 1(2)
Preg gr: C

H3C-COOCH,~(CH,),-CHj

sec-Butyl acetate
[105-46-4] 0 CH;

CH;
H:¢”™ 0

see section ITb
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

tert-Butyl acetate
[540-88-5]

MAK[ml/m3]: 20
MAK[mg/m3]: 96
Peak lim: 11(2)
Preg gr: C

H3C-COOC(CH3)3



n-Butyl acrylate
[141-32-2]

VP[hPa]: 5 at 22.2°C

MAK[ml/m3]: 2
MAK[mg/m?3]: 11

Peak lim: 1(2)
Preg gr: C
Perc abs: H
Sens: Sh

tert-Butyl acrylate
[1663-39-4]

see section IV

Sens: Sh
n-Butyl alcohol
[71-36-3]

VP[hPa]: 6.3

see section XII
MAK[ml/m3]: 100
MAK[mg/m?3]: 310
Peak lim: 1(1)
Preg gr: C

sec-Butyl alcohol

[78-92-2]

see section IIb
MAK[ml/m3]: —
MAK[mg/m3]:
Peak lim: -
Preg gr: -

tert-Butyl alcohol

[75-65-0]

VP[hPa]: 40.8
MAK[ml/m3]: 20
MAK[mg/m?3]: 62
Peak lim: 11(4)
Preg gr: C

(0]
HZC\*O /\/\Cl—h

I
(CH3);C-0-C-CH=CH,

H3C-(CH,),-CH,OH

H3C-CH,-CHOH-CH3

(H3C);COH

2-Butylamine - sec-Butylamine

n-Butylamine
[109-73-9]

H3C~(CH,),-CH,NH,

VP[hPa]: 122-128 at 25°C

MAK[ml/m3]: 2
MAK[mg/m3]: 6.1
Peak lim: 1(2)

A momentary value of 5 ml/m3 (15 mg/m3) should not be

exceeded.
Preg gr: C

sec-Butylamine
[13952-84-6]

MAK[ml/m3]: 2
MAK[mg/m3]: 6.1
Peak lim: 1(2)

A momentary value of 5 ml/m3 (15 mg/m3) should not be

exceeded.
Preg gr: D

NH,

HsC
CH;
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tert-Butylamine
[75-64-9]

MAK[ml/m3]: 2
MAK[mg/m3]: 6.1

(H3C);CNH,

Peak lim: 1(2)

A momentary value of 5 ml/m? (15 mg/m?) should not be
exceeded.

Preg gr: D

n-Butylbenzene

[104-51-8] TN s
\Q (CHy):-CH;

MAK[ml/m3]: 10

MAK[mg/m3]: 56

Peak lim: 11(2)

Preg gr: D

Perc abs: H

2-Butyl-1,2-benzisothiazolin-3-one
(4299-07-4] O

VP[hPa]: 0.00015 at 25°C

see section IIb and Xc
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Sens: Sh

p-tert-Butylbenzoic acid

[98-73-7] ‘@’
(CH3),C COOH

see section Xc
MAK[mg/m3]: 2 1

Peak lim: 11(2)
Preg gr: D
Perc abs: H

Butylcarbamic acid 3-iodo-2-propynyl ester

— 3-Iodo-2-propynyl butylcarbamate

1-(Butylcarbamoyl)-2-benzimidazolecarbamic

acid methyl ester — Benomy!l

HO—<—\>7C(CH3)3

HO

p-tert-Butylcatechol

[98-29-3;
27213-78-1]

see section IV
Sens: Sh

n-Butyl chloroformate — Chloroformic acid

butyl ester
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2-tert-Butyl-p-cresol tert-Butyl-4-hydroxyanisole (BHA)
-55-. -16- C(CH;
[2409-55-4] HO CH, [25013-16-5] (‘ 3)
Hc0—  H—om
(CH3);,C ) —

The substance can occur simultaneously as vapour and The substance can occur simultaneously as vapour and
aerosol. aerosol.
VP[hPa]: 0.02 VP[hPa]: 3.3x1073 at 25°C
see section ITb see section Xc

MAK[ml/m3]: — MAK[mg/m3]: 20 I

MAK[mg/m?]: — Peak lim: 1(1)

Peak lim: - Preg gr: C

Preg gr: - Carc cat: 3

Butyldiglycol - Diethylene glycol monobutyl Butyl mercaptan - 1-Butanethiol

ether n-Butyl methacrylate

1,4-Butylene glycol diacrylate [97-88-1] CH;3+(CHy);-0-OC-C(CH3)=CH,
- 1,4-Butanediol diacrylate see section IV
X Sens: Sh
1,2-Butylene oxide
[106-88-7] /X/ tert-Butyl methyl ether
0 CHs [1634-04-4] (CH3);C-0-CH;
VP[hPa]: 188
5 VP[hPa]: ~ 300
Mﬁﬁ[ml/ m 3: - see section XII
Peak 1[;‘15/ mel: - MAK[ml/m3]: 50
Pre L MAK[mg/m3]: 180
g 8r: . Peak lim:  L(L5
Perc abs: H Pea 1r.n. 1.5
Carc cat: 2 reg gr: c
Carc cat: 3
g;lziél(t)gle]glyadyl ether (BGE) tert-Butyl peracetate
e H3C\/\/O\/AO [107-71-1] H3C-CO-00-C(CH3)3
MAK[ml/m3]: — see section Xa
MAK[mg/m3]: —
Peak lim: - p-tert-Butylphenol
Preg gr: - [98-54-4] HG
Perc abs: H H3C§—©70H
Sens: Sh HyC
Carc cat: 3 The substance can occur simultaneously as vapour and
Muta cat: 2 aerosol.
. VP[hPa]: 0.051 at 25°C
tert-Butyl glycidyl ether see section XII
[7665-72-7] H&CHS MAK[mUm?]: 0.080
O O CH MAK[mg/m3]: 0.5
7 ’ Peak lim:  11(2)
MAK[ml/m?3]: — Preg gr: D
MAK[mg/m3]: — Perc abs: H
Peak lim: - Sens: Sh
Preg gr: -
Perc abs: H p-tert-Butylphenol — Formaldehyde
Sens: Sh condensation products with p-tert-butylphenol
Carc cat: 3

Butyl glycolate — Hydroxyacetic acid butyl p-tert-Butylphenyl glycidyl ether

3101-60-8 o)
ester : ! e H-ocHp<
5 . The substance can occur simultaneously as vapour and
tert-Butyl hydroperoxide - aerosol.
[75-91-2] (HLCHC-O0H VP[hPa]: 2.5%10~4
see section Xa see section IV

Sens: Sh

p-tert-Butylphenyl-1-(2,3-epoxy)propyl ether
- p-tert-Butylphenyl glycidyl ether



2-tert-Butyl-6-(3-tert-butyl-2-hydroxy-5-me-
thylphenyl)sulfanyl-4-methylphenol
- 2,2'-Thiobis(4-methyl-6-tert-butylphenol)

n-Butyltin compounds
(as Sn [7440-31-5])

The substance can occur simultaneously as vapour and
aerosol.

MAK[ml/m3]: 0.004

MAK[mg/m3]: 0.02

Peak lim: 1(1)

Sens: -

For butyltin compounds whose organic ligands were
already designated with “Sa” or “Sh”, these designations
also apply.

Carc cat: 4

— Mono-n-butyltin compounds

Preg gr: C

— Di-n-butyltin compounds
Preg gr: B

— Tri-n-butyltin compounds
Preg gr: B

— Tetra-n-butyltin
[1461-25-2]
Preg gr: C

p-tert-Butyl toluene

[98-51-1] HiG
11;c§—®cu;
HyC

The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.87
see section ITb
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

Butynediol

[110-65-6] HO-CH,-C=C-CH,-OH

The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 1.7x1073
MAK[ml/m3]: 0.1
MAK[mg/m3]: 0.36
Peak lim: 1(1)

Preg gr: C
Perc abs: H
Sens: Sh

y-Butyrolactone
[96-48-0]

ol )

see section IIb
MAK[ml/m3]: —
MAK[mg/m?3]: —
Peak lim: -
Preg gr: -
Perc abs: H
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Cadmium
[7440-43-9] cd
and its inorganic compounds
(inhalable fraction)
see section XII
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 1
Muta cat: 3A

Calcium bis(dinonylnaphthalenesulphonate)

[57855-77-3] 505
H3C-(CHy)g —(CH,)g-CHj|
=

see section IIb and Xc )
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

Calcium hydroxide

[1305-62-0]

see section Xc
MAK[mg/m3]: 11
Peak lim: 1(2)
Preg gr: C

Ca(OH),

Calcium arsenate — Arsenic
Calcium carbimide — Calcium cyanamide

Calcium chromate — Chromium(VI)
compounds

Calcium cyanamide

[156-62-7] CaCN,
MAK[mg/m3]: 11
Peak lim: 11(2)
Preg gr: C

Classification in Pregnancy Risk Group C was
re-evaluated in 2011 and confirmed.
Perc abs: H

Calcium molybdate — Molybdenum

Calcium oxide
[1305-78-8] Ca0

MAK[mg/m3]: 11

Peak lim: 1(2)

Preg gr: C
Calcium petroleum sulfonates — Petroleum
sulfonates, calcium salts (technical mixture in
mineral oil)
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Calcium sodium metaphosphate
[23209-59-8] x CaO - x NaO - P,0Os
(fibrous dust)

see section III

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 3

Calcium sulfate

(inhalable CaSOy4
fraction)

Anhydrite [7778-18-9]

Hemihydrate [10034-76-1]

Dihydrate [10101-41-4]

Gypsum [13397-24-5]

see section Vfand g

MAK[mg/m3]: 4 1

Preg gr: C
Calcium sulfate
(respirable CaSOy4
fraction)

Anhydrite [7778-18-9]

Hemihydrate [10034-76-1]

Dihydrate [10101-41-4]

Gypsum [13397-24-5]

see section Vfand g
MAK[mg/m3]: 1.5 R
Preg gr: C

Calocedrus decurrens — Woods

CAM - Chloroacetamide-N-methylol (CAM)

Camphor
[76-22-2] CHz

0}
HsCy
HsC

The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.027
see section IIb
MAK[ml/m3]: —
MAK[mg/m3]:
Peak lim: -
Preg gr: -

e-Caprolactam
[105-60-2] H o

(vapour and dust) Cj

The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 1.4x1073

MAK[mg/m3]: 51

Peak lim: 1(2)

Preg gr: C

Classification in Pregnancy Risk Group C was
re-evaluated in 2011 and confirmed.

Carbamic acid ethyl ester
[51-79-6] H,N-CO-O-CH,-CHj3
The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 13 at 78°C

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Perc abs: H

Carc cat: 2

Muta cat: 3A

Carbaryl
[63-25-2]

(0]
O)kN/CH}

<5

MAK[mg/m3]: 51
Peak lim: 11(4)
Perc abs: H

Carbendazim
[10605-21-7]

H
o

|| )—NH-COOCH;
XN

MAK[mg/m3]: 10 I
Peak lim: 11(4)
Preg gr: B
Muta cat: 5

Carbodicyclohexylimide
- Dicyclohexylcarbodiimide

Carbon black

(inhalable fraction)
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 3

Carbon dioxide
[124-38-9] €O,

MAK[ml/m?3]: 5000
MAK[mg/m?]: 9100

Peak lim: 11(2)
Carbon disulfide
[75-15-0] cs;

VP[hPa]: 400

see section XII
MAK[ml/m3]: 5
MAK[mg/m3]: 16

Peak lim: 11(2)
Preg gr: B
Perc abs: H



Carbon monoxide
[630-08-0] co
see section XII

MAK[ml/m3]: 30

MAK[mg/m?3]: 35

Peak lim: 11(2)

Preg gr: B
Carbon silicide — Silicon carbide
Carbon tetrachloride — Tetrachloromethane
Carbonyl chloride — Phosgene
Carborundum - Silicon carbide

N-Carboxyanthranilic anhydride
[118-48-9] y}\} o
0
N 0
0

5(or 6)-Carboxy-4-hexylcyclohex-2-ene-1-
octanoic acid
[53980-88-4]

see section IV
Sens: Sh

R, R,

H3C(CHy)s @(CHE)TCOzH

R,=H, R,=CO,H; R;=CO,H, R,=H
see section IIb and Xc

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

Cedar (Thuja spp., Calocedrus spp.) — Woods

Cellulases
see section IV

Sens: Sa
Cement — Portland cement dust
Ceramic fibres — Aluminium silicate fibres

Cereal flour dusts
Rye, Wheat
see section IV

Sens: Sa

Ceylon ebony (Diospyros ebenum) — Woods

Cherry mahogany (Tieghemella heckelii)
- Woods

1-(3-Chlorallyl)-3,5,7-triaza-1-azoniaada-
mantane chloride — Methenamine 3-chloroal-
lylchloride

Chloramine — N-Methyl-bis(2-chloroethyl)
amine (nitrogen mustard)
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Chlordane
[57-74-9] Cl, C1
Cl
Cl
Cl

Cl Cl al
MAK[mg/m3]: 0.51
Peak lim: 11(8)
Perc abs: H
Carc cat: 3

Chlordecone
[143-50-0] cLO
Cl
Cl
cl
el Cl

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2

2-Chloro-2-(difluoromethoxy)-1,1,1-tri-
fluoroethane - Isoflurane

Chlorinated biphenyl oxides

Clss -y
several CAS @ O% \>

Nos, e.g.
[55720-99-5]
Chlorinated biphenyl oxides form a group of compounds
with different degrees and positions of chlorine substitution.
Chlorinated biphenyl oxides with low chlorine content can
occur as a particle-vapour mixture, whereas chlorinated
biphenyl oxides with a large quantity of chlorine occur only
as particles.
see section ITb

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Perc abs: H

Chlorinated biphenyls

-21- > ~Cly
[53469-21-9] /X

DA

\

x=1-10

Chlorinated biphenyls form a group of compounds with
different degrees and positions of chlorine substitution;
often, more than one of these substances occur
simultaneously at the workplace. Chlorinated biphenyls with
low chlorine content (up to 5 chlorine atoms) can occur as a
particle-vapour mixture, whereas chlorinated biphenyls with
a large quantity of chlorine occur only as particles.

see section XII

MAK[mg/m?]: 0.003 I

(PCB 28 + PCB 52 + PCB 101 + PCB 138 + PCB 153 +
PCB 180) x 5

Peak lim: 11(8)

Preg gr: B

Note regarding prerequisites for Pregnancy Risk Group C
see BAT addendum; see also Section XII
Perc abs: H

Carc cat: 4

Muta cat: 5
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Chlorinated camphene
[8001-35-2] ~CH,
Cl CH; x=4-12
CH; 0:8
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2

Chlorinated naphthalenes

cl
AN x=1-8

Chlorinated naphthalenes form a group of compounds with
different degrees and positions of chlorine substitution.
Chlorinated naphthalenes with low chlorine content can
occur as a particle-vapour mixture, whereas chlorinated
naphthalenes with a large quantity of chlorine occur only as
particles.
see section IIb

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Perc abs: H

Chlorinated paraffins

unbranched CioH224Cly = CyoHpouCly
chains, several n=1.28
CAS Nos, e.g. 20-70% Cl

[63449-39-8]

Chlorinated paraffins form a group of compounds with
different degrees and positions of chlorine substitution.
Chlorinated paraffins with low chlorine content and short

chain length can occur as a particle-vapour mixture, whereas

chlorinated paraffins with a large quantity of chlorine or
with long alkyl chains occur only as particles.
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 3

a-Chlorinated toluenes:
mixture of Benzoyl chloride [98-88-4],
Benzyl chloride [100-44-7],
Benzyl dichloride [98-87-3],
Benzyl! trichloride [98-07-7]

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Perc abs: H

Carc cat: 1

Chlorine
[7782-50-5] Cl,
MAK[ml/m3]: 0.5
MAK[mg/m3]: 1.5
Peak lim: 1(1)
Preg gr: C

Chlorine dioxide
[10049-04-4] Clo,
MAK[ml/m3]: 0.1
MAK[mg/m3]: 0.28
Peak lim: 1(1)
Preg gr: D

Chlorine trifluoride
[7790-91-2] CIF3
see section ITb

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Chlorite — Talc

Chloroacetaldehyde

[107-20-0]

VP[hPa]: 133
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -

Preg gr: -
Perc abs: H
Carc cat: 3

CICH,-CHO

2-Chloroacetamide

[79-07-2]

see section IIb and Xc
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Sens: Sh

Chloroacetamide-N-methylol (CAM)
[2832-19-1] HyCCI-CO-NH-CH,OH

CI-CH,-CO-NH,

releases formaldehyde
see section Xc

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Sens: Sh
Carc cat: 3

Chlororacetic acid — Monochloroacetic acid

Chloroacetic acid methyl ester
[96-34-4] CI-CH,-CO-OCH;

VP[hPa]: ~7

MAK[ml/m3]: 1

MAK[mg/m3]: 4.5

Peak lim: 1(1)

Preg gr: C

Classification in Pregnancy Risk Group C was
re-evaluated in 2011 and confirmed.

Perc abs: H

Sens: Sh



Chloroacetyl chloride

[79-04-9]

see section ITb
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -

Preg gr: -
Perc abs: H

CICH,-COCI

2-Chloroacrylonitrile
[920-37-6]

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 3

H,C=CCICN

y-Chloroallyl chloride — 1,3-Dichloropropene

4-Chloroaniline — p-Chloroaniline

Oy

Cl
The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.13
see section IIb

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H

0-Chloroaniline
[95-51-2]

m-Chloroaniline
[108-42-9]

HZN\O/C[

The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.031
see section IIb
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Sens: Sh

p-Chloroaniline
[106-47-8]

a—{ >—NH2
The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 0.036 at 26°C

MAK[ml/m3]: —
MAK[mg/m3]:
Peak lim:
Preg gr: -
Perc abs: H
Sens: Sh
Carc cat: 2
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Chlorobenzene
[108-90-7] @Cl
VP[hPal: 12 -

see section XII
MAK[ml/m3]: 5
MAK[mg/m3]: 23
Peak lim: 11(2)
Preg gr: C

Chlorobenzoic acid (all isomers)

Cl

The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 0.0031 at 25°C (calculated value)

see section IIb

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
— 0-Chlorobenzoic acid
[118-91-2]

— m-Chlorobenzoic acid
[535-80-8]

— p-Chlorobenzoic acid
[74-11-3]

p-Chlorobenzotrichloride

[5216-25-1] a @ cel,

The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.2

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Perc abs: H

Carc cat: 2

Chlorobromomethane — Bromochloromethane
2-Chloro-1,3-butadiene — Chloroprene

p-Chloro-m-cresol

[59-50-7] Clj@\
HiC OH

The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 0.067

see section IIb and Xc

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Sens: Sh
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1-Chloro-1,1-difluoroethane (FC-142b)

[75-68-3] CIF,C-CHj3

MAK[ml/m3]: 1000

MAK[mg/m3]: 4200

Peak lim: 11(8)

Preg gr: D
Chlorodifluoromethane (FC-22)
[75-45-6] CHCIF,

applies only to the pure substance; for samples contaminated
with chlorofluoromethane [593-70-4] see
Toxikologisch-arbeitsmedizinische Begriindung von
MAK-Werten, 12th issue, 1986 and in English translation in
Occupational Toxicants, Vol. 3, available from the publisher:
Wiley-VCH, D-69451 Weinheim

MAK[ml/m3]: 500

MAK|[mg/m?]: 1800

Peak lim: 11(8)

Preg gr: C

2-Chloro-1-(difluoromethoxy)-1,1,2-tri-
fluoroethane — Enflurane

(R)-N-[(5-Chloro-3,4-dihydro-8-hydroxy-3-me-
thyl-1-oxo0-1H-2-benzopyran-7-yl)
carbonyl]-L-phenylalanine — Ochratoxin A

2-Chloro-10-(3-dimethylaminopropyl)
phenothiazine — Chlorpromazine
(2-Chloro-10-(3-dimethylaminopropyl)
phenothiazine)

Chlorodimethyl ether -~ Monochlorodimethyl
ether

1-Chloro-2,4-dinitrobenzene
[97-00-7] o 0

[
_Q/NI\CENI\Q
Cl

see section IV
Sens: Sh

1-Chloro-2,3-epoxypropane
(Epichlorohy- O,
drin) %Cl
[106-89-8]
see section XII

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Perc abs: H

Sens: Sh

Carc cat: 2

Muta cat: 3B

Chloroethane
[75-00-3]

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 3

H3C-CH,CI

Chloroethanoic acid — Monochloroacetic acid

2-Chloroethanol

[107-07-3]

VP[hPa]: 7
MAK[ml/m3]: 2
MAK[mg/m3]: 6.7
Peak lim: 11(1)
Preg gr: C
Perc abs: H

Chlorofluoromethane (FC-31)
[593-70-4] CH,CIF

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 2

CICH,-CH,OH

Chloroform
[67-66-3]
VP[hPa]: 211

MAK[ml/m3]: 0.5
MAK[mg/m3]: 2.5
Peak lim: 11(2)

CHCly

Preg gr: C
Perc abs: H
Carc cat: 4

Chloroformic acid butyl ester
[543-27-1; (l)
592-34-7] CI-C-O-CH,-CH(CHj3),
(0]
CI-C-0-(CHY),-CH,

VP[hPa]: 7

MAK[ml/m3]: 0.2

MAK[mg/m3]: 1.1

Peak lim: 1(2)

Preg gr: C

Chloroformic acid ethyl ester
[541-41-3] C1-COO-CH,-CH;
VP[hPa]: 54

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -
Carc cat: 3



Chloroformic acid methyl ester
[79-22-1] O
CI-C-O-CH,
VP[hPa]: 137

MAK[ml/m3]: 0.2

MAK[mg/m?]: 0.78

Peak lim: 1(2)

Preg gr: C

N-Chloroformylmorpholine

[15159-40-7] s
d N*QO

The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 0.4
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 2

2-Chloro-N-hydroxymethylacetamide
— Chloroacetamide-N-methylol (CAM)

N-(((3R)-5-Chloro-8-hydroxy-3-methyl-1-oxo-
7-isochromanyl)carbonyl)-3-phenyl-L-alanine
— Ochratoxin A

Chloromethane — Methyl chloride
4-Chloromethyl-biphenyl

[1667-11-4] /7\ {:> CH,CI

The substance can occur simultaneously as vapour and
aerosol.

see section IIb
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

5-Chloro-2-methyl-2,3-dihydroeisothiazol-3-
one and 2-Methyl-2,3-dihydroisothiazol-3-

one

[26172-55-4; S\N/CH3 S\N/CHZ
2682-20-4] c14§/§ &/&
mixture in 0 0
ratio 3:1

see section Xc

MAK[mg/m?]: 0.2 1

Peak lim: 1(2)

Preg gr: C

Classification in Pregnancy Risk Group C was
re-evaluated in 2011 and confirmed.

Sens: Sh
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3-Chloro-2-methylpropene
(563-47-3] CH;

Cl
HyC

VP[hPa]: 140
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 3

1-Chloro-2-nitrobenzene
— 0-Chloronitrobenzene

1-Chloro-4-nitrobenzene
- p-Chloronitrobenzene

o-Chloronitrobenzene
[88-73-3] QCI
NO,

The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.43

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Perc abs: H

Carc cat: 3

m-Chloronitrobenzene
[121-73-3]

o

Cl
The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.129 at 25°C
see section IIb

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H

p-Chloronitrobenzene
[100-00-5]

O,N cl
The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 0.085

MAK[ml/m3]: —
MAK[mg/m3]:
Peak lim: -
Preg gr:

Perc abs:
Carc cat:

wr
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1-Chloro-1-nitropropane
[600-25-9] H3C-CH,-CHCINO,
see section IIb

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

4-Chlorophenyl isocyanate

[104-12-1] Cl
\©\ .
N

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 3

Chlorophora excelsa — Woods

Chloropicrin

[76-06-2]

VP[hPa]: 25
MAK[ml/m3]: 0.1
MAK[mg/m3]: 0.68
Peak lim: 1(1)

ClLCNO,

Chloroprene

[126-99-8]

VP[hPa]: 267

see section XII
MAK[ml/m3]: —
MAK[mg/m3]:
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2

H,C=CCI-CH=CH,

3-Chloro-1,2-propanediol (a-Chlorohydrin)
[96-24-2] HOCH,-CHOH-CH,CI
The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.27

MAK[ml/m?3]: 0.005

MAK[mg/m?]: 0.023

Peak lim: 11(8)

Preg gr: D
Perc abs: H
Carc cat: 3

3-Chloro-1-propene — Allyl chloride

2-Chloro-2-propene nitrile
— 2-Chloroacrylonitrile

Chlorothalonil
[1897-45-6] CN
Cl :©:C1
c CN
a

VP[hPa]: <0.013 at 40°C

see section IIb and Xc
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Sens: Sh

4-Chloro-o-toluidine
[95-69-2]
Cl—< \>—NH2
CHj;

The substance can occur simultaneously as vapour and

aerosol.

VP[hPa]: 0.055 at 25°C (calculated value)
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H

Carc cat: 1

Muta cat: 3A

5-Chloro-o-toluidine
[95-79-4] c

NH,

CH;

The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 0.45

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 3

1-Chloro-4-(trichloromethyl)benzene
- p-Chlorobenzotrichloride

1-Chloro-2,2,2-trifluoroethyl difluoromethyl
ether — Isoflurane

2-Chloro-1,1,2-trifluoroethyl difluoromethyl
ether — Enflurane

Chlorotrifluoromethane (FC-13)
[75-72-9] CCIF;
MAK[ml/m3]: 1000
MAK[mg/m3]: 4300
Peak lim: 11(8)
Preg gr: D



Chlorpromazine (2-Chloro-10-(3-dimethyl-
aminopropyl)phenothiazine)
[50-53-3] CHy-(CH2)>-N(CHy)

sees

Chrome yellow — Lead chromate

see section IV
Sens: SP

Chromium carbonyl
[13007-92-6] Cr(CO)s
see section IIb

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Chromium(III) compounds
see section IIb and XII
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Sens: Sh

does not apply for chromium(III) oxide and similar poorly

soluble chromium(IIT) compounds

Chromium(VI) compounds
(inhalable fraction)
see section XII
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H

the chromates of barium, lead, strontium and zinc are not

designated with “H”

Sens: Sh

barium chromate and lead chromate are not designated
with “Sh”

Carc cat: 1

Muta cat: 2

Chrysene
[218-01-9] X

see Section III, “pyrolysis products of organic materials”
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2

Chrysotile (fibrous dust) — Asbestos

Chymotrypsin — Trypsin and Chymotrypsin

II List of Substances

Cinnamaldehyde
[104-55-2] J A\ cHo

The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 0.029

see section IV

Sens: Sh
Cinnamic alcohol — Cinnamyl alcohol
Cinnamic aldehyde — Cinnamaldehyde

Cinnamyl alcohol
[104-54-1]

The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 0.012 at 25°C

see section IV

Sens: Sh
C.L. Pigment Red 104 — Lead chromate
C.L. Pigment Yellow 34 — Lead chromate
Citrates — Citric acid

Citric acid
[77-92-9] CH,-COOH
HO-C-COOH

CH,-COOH
see section Xc

MAK[mg/m3]: 2 1

Peak lim: 1(2)

Preg gr: C

Citric acid alkali metal salts
see section IIb and Xc

MAK[ml/m3]: —

MAK[mg/m3]: —

The MAK value for citric acid (2 mg/m3) protects from
irritation, a higher value for alkali metal salts is not
justifiable.

Peak lim: -

Preg gr: -

Coal mine dust

(respirable fraction)
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 3

Coal tars, coal tar pitches, coal tar oils
- Pyrolysis products of organic materials

49
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Cobalt
[7440-48-4]
and cobalt compounds (inhalable fraction)
see section XII

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Perc abs: H

Sens: Sah

Carc cat: 2

Muta cat: 3A
— Metallic cobalt

[7440-48-4] Co

— Cobalt(II) carbonate
[513-79-1] CoCOs

— Cobalt(II) oxide
[1307-96-6] CoO

— Cobalt(ILIII) oxide
[1308-06-1] Co304

— Cobalt(II) sulfate-7 H20
[10026-24-1]
and similar soluble salts
— Cobalt(II) sulfide
[1317-42-6] CoS

CoSO4 - 7 H0

Cobalt alloys
Sens: -
For cobalt alloys containing bio-available cobalt see
Cobalt and cobalt compounds.
Cobalt alloys — Hard metal containing
tungsten carbide and cobalt

Cocobolo (Dalbergia retusa) — Woods
Coconut oil
[8001-31-8]

see section Xc

MAK[mg/m3]: 5 R
Peak lim: 11(4)
Preg gr: C

Cocus wood (Brya ebenus) — Woods

Coke oven emissions — Pyrolysis products of
organic materials
Colophony - Rosin (colophony)
Copper
[7440-50-8] Cu
and its inorganic compounds
MAK[mg/m3]: 0.01 R
Peak lim: 11(2)
Preg gr: C
Copra o0il — Coconut oil
Coromandel (Diospyros celebica) - Woods

Corundum - o-Aluminium oxide

Cotton dust

applies only to raw cotton

see section V
MAK[mg/m3]: 1.51
Peak lim: I(1)
Preg gr: C

p-Cresidine — 5-Methyl-o-anisidine

{ e

Cresol (all isomers)
[1319-77-3]

see section XII
MAK[ml/m3]: 1
MAK[mg/m3]: 4.5
Peak lim: 1(1)
Preg gr: C
Perc abs: H

— 0-Cresol
[95-48-7]

— m-Cresol
[108-39-4]

— p-Cresol
[106-44-5]

Cresyl glycidyl ethers
mixture of

isomers

[26447-14-3]
o-isomer [2210-79-9]

~ ovAo
[

H,C
The substance can occur simultaneously as vapour and
aerosol.

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Sens: Sh

Carc cat: 3

Cristobalite — Silica, crystalline
Crocidolite (fibrous dust) — Asbestos

Crotonaldehyde
[123-73-9;
4170-30-3]
VP[hPa]: 25
MAK[ml/m3]: —
MAK[mg/m?]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 3
Muta cat: 3

Cu-HDO
— N-Cyclohexylhydroxy-diazen-1-oxide,
copper salt

OA/\CHg

Cumene - Isopropylbenzene (cumene)

Cumene hydroperoxide — o,a-Dimethylbenzyl
hydroperoxide



Cyanamide

[420-04-2] HoN-CN

The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.005

MAK[ml/m3]: 0.2

MAK[mg/m3]: 0.35

Peak lim: 11(1)

Preg gr: C
Perc abs: H
Sens: Sh
Cyanides
(as CN)
MAK[mg/m3]: 2 1
Peak lim: 1I(1)
Preg gr: C
Perc abs: H

2-Cyanoacrylic acid methyl ester — Methyl
2-cyanoacrylate

2-Cyano-2,2-dibromoacetamide
- 2,2-Dibromo-2-cyanacetamide

Cyano(4-fluoro-3-phenoxyphenyl)
methyl-3-(2,2-dichloroethenyl)-2,2-dimethylcy-
clopropane carboxylate — Cyfluthrin

Cyanogen
[460-19-5]

MAK[ml/m3]: 5
MAK[mg/m?3]: 11
Peak lim: 11(2)
Preg gr: D
Perc abs: H

NC-CN

Cyanogen chloride
[506-77-4] CNCI
see section IIb

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Cyanoguanidine — Dicyanodiamide

Cyanuric chloride
[108-77-0] cl
)
CI)\N/)\CI

The substance can occur simultaneously as vapour and
aerosol.

MAK[ml/m3]: 0.001

MAK[mg/m?]: 0.0076

Peak lim: 1(2)

Preg gr: C

Sens: Sh
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)

Cyclohexane
[110-82-7]

VP[hPa]: 104

see section XII
MAK[ml/m3]: 200
MAK[mg/m3]: 700

Peak lim: 11(4)

Preg gr: D
Cyclohexanol
[108-93-0]

o

see section ITb
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H

Cyclohexanone
[108-94-1]

VP[hPa]: 5

see section XII
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 3

Cyclohexanone peroxide
— 1-Hydroxy-1'-hydroperoxydicyclohexyl
peroxide

Cyclohexene
[110-83-8]

O

see section IIb
MAK[ml/m3]: —
MAK[mg/m3]:
Peak lim: -
Preg gr: -

Cyclohexylamine
[108-91-8] Q

NH,
MAK[ml/m3]: 2
MAK[mg/m3]: 8.2
Peak lim: 1(2)
A momentary value of 5 ml/m3 (21 mg/m3) should not be
exceeded.
Preg gr: C

N-Cyclohexyl-2-benzothiazolesulfenamide

95-33-0 N~
ST

see section IV
Sens: Sh
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Cyclohexylhydroxydiazene-1-oxide,
potassium salt
[66603-10-9] N-O
{ ) N\(\@ Ke
o

see section Xc
MAK[mg/m3]: 10 I

Peak lim: 11(2)
Preg gr: D
Perc abs: H

N-Cyclohexylhydroxy-diazen-1-oxide,

copper salt
r N-O
o

[15627-09-5]
2

see section Xc

MAK[mg/m3]: 0.05 R
corresponding to 0.01 mg Cu/m?
Peak lim: 1I1(2)

Preg gr: C

Perc abs: H

N-Cyclohexyl-N'-phenyl-1,4-benzenediamine
— N-Cyclohexyl-N'-phenyl-p-phenylendiamine

N-Cyclohexyl-N'-phenyl-p-phenylendiamine

see section IV
Sens: Sh

Cyclopentadiene

[542-92-7] Q

VP[hPa]: 451

see section ITb
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

Cyclopenta[cd]pyrene
[27208-37-3]

see Section III, “pyrolysis products of organic materials”
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2
Muta cat: 3B

Cyfluthrin
[68359-37-5]

AT

CcLe” (o)
O

/\J = | oN

NN

MAK[mg/m?]: 0.01 1

Peak lim: 1(1)
Preg gr: C

B-Cyfluthrin — Cyfluthrin

2,4-D - 2,4-Dichlorophenoxyacetic acid
Dalapon - 2,2-Dichloropropionic acid
Dalbergia spp. - Woods

Dawsonite

[12011-76-6]

(fibrous dust)

see section I1I
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 2

DDT (Dichlorodiphenyltrichloroethane)

[50-29-3] H
Cl C Cl
C 3

NaAl(CO3)(OH),

MAK[mg/m3]: 11
Peak lim: 11(8)
Perc abs: H

DDVP - Dichlorvos

Decaborane
[17702-41-9]

MAK[ml/m3]: 0.05
MAK[mg/m3]: 0.25
Peak lim: 11(2)
Perc abs: H

BioHis

Decachlorotetracyclodecanone — Chlordecone

e

The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 3.07
MAK[ml/m3]: 5
MAK[mg/m3]: 29
Peak lim: 11(2)
Preg gr: D

Decahydronaphthalene
[91-17-8]

Decalin — Decahydronaphthalene
1,10-Decanedioic acid — Sebacic acid

Decyl alcohol

[112-30-1] H3C-(CH,)-OH

The substance can occur simultaneously as vapour and
aerosol.

see section Xc
MAK[ml/m3]: 10
MAK[mg/m3]: 66
Peak lim: 1(1)
Preg gr: C

Decyl 9-octadecenoat — n-Decyl oleate



n-Decyl oleate
[3687-46-5] CHy-(CH,)6-COO-(CHy)o-CH3
HC=CH~(CH,),-CH;

see section Xc

MAK[ml/m3]: —
MAK[mg/m3]: 5 R
Peak lim: 11(4)
Preg gr: D
Demeton
[8065-48-3] SP(OCH,-CH;),

O~(CHy);-S;CHyCH;
OP(OCH,-CH;),
S-(CH,),-S-CH,-CH;
see Section XII, List of BAT Values, Acetylcholinesterase
inhibitors
see section IIb
MAK[ml/m3]:
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H

Demeton-methyl

[8022-00-2] SP(OCHj),
0~(CH,),S-CH,-CH

OP(OCH,),
S+(CHy),S-CH,-CH,

MAK[ml/m3]: 0.5

MAK[mg/m?3]: 4.8

Peak lim: 11(2)
Perc abs: H
Desflurane

[57041-67-5]

see section IIb
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

CF3-CHF-O-CHF,

Diacetone alcohol

[123-42-2] CH3 O

HO.
HsC CHs
MAK[ml/m3]: 20
MAK[mg/m3]: 96

Peak lim: 12)
Preg gr: D
Perc abs: H
Diacetyl
[431-03-8] H3C-CO-OC-CH3

MAK[ml/m3]: 0.02
MAK[mg/m?]: 0.071

Peak lim: 1I(1)
Preg gr: C
Perc abs: H
Sens: Sh
Carc cat: 3
Diacetyl peroxide
[110-22-5] H3C-CO-00-CO-CHj

see section Xa
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Diallyl phthalate
[131-17-9]

?
C[C-O-CHZ-CH=CH2
f‘f-O-CHz-CH=CH2
0]
see section ITb
MAK[ml/m3]: —
MAK[mg/m3]: —

Peak lim: -
Preg gr: -

2,4-Diaminoanisole
[615-05-4]
CH,
NH,

The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 0.063 (calculated value)

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Perc abs: H

Carc cat: 2

1,2-Diaminobenzene — o-Phenylenediamine
1,3-Diaminobenzene — m-Phenylenediamine
1,4-Diaminobenzene — p-Phenylenediamine

3,3'-Diaminobenzidine and its tetrahydro-

chloride

[91-95-2;
7411-49-6]
H,N NH,

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 3

4,4'-Diamino-3,3'-dichlorodiphenylmethane

53

— 4,4'-Methylenebis(2-chloroaniline) (MOCA)

2,2'-Diaminodiethylamine
- Diethylenetriamine

4,4’-Diaminodiphenyl — Benzidine

4,4’-Diaminodiphenylmethane

[101-77-9]
HoN NH;

see section XII
MAK[ml/m3]:
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Sens: Sh
Carc cat: 2
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4,4'-Diaminodiphenyl sulfide
— 4,4'-Thiodianiline

1,2-Diaminoethane — Ethylenediamine

3,8-Diamino-5-ethyl-6-phenylphenanthridinium

bromide — Ethidium bromide

1,5-Diaminonaphthalene
[2243-62-1] NH,

NH,
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Sens: Sh
Carc cat: 2

o-Dianisidine — 3,3'-Dimethoxybenzidine

Diatomaceous earth — Silica, amorphous a)
synthetic colloidal amorphous silica
[7631-86-9]

Diazenedicarboxamide — Azodicarbonamide

Diazinon
[333-41-5] CH;

MAK[mg/m?]: 0.1 1
Peak lim: 11(2)
Preg gr: C
Perc abs: H

Diazomethane
[334-88-3] ®_9

MAK[ml/m3]: —
MAK[mg/m3]:
Peak lim:

Preg gr: -
Carc cat: 2

Dibenzo[a,h]anthracene
[53-70-3] AN

’
999
2 e N

S
see Section III, “pyrolysis products of organic materials”
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2
Muta cat: 3A

Dibenzo[a,e]pyrene
[192-65-4]

see Section III, “pyrolysis products of organic materials”
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2
Muta cat: 3B

Dibenzo[a,h]pyrene
[189-64-0]

see Section III, “pyrolysis products of organic materials”
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2
Muta cat: 3B

Dibenzola,i]pyrene
[189-55-9]

/\)i;
//l
/‘

X

see Section III, “pyrolysis products of organic materials”
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2
Muta cat: 3B

Dibenzo[a,l]pyrene
[191-30-0]

NN

|
NF NP ]/
DX
see Section III, “pyrolysis products of organic materials”

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr:

Perc abs:

H
Carc cat: 2
Muta cat: 3B

Dibenzo-1,4-thiazine — Phenothiazine
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2,2'-Dibenzothiazyl disulfide Dibromodifluoromethane
[120-78-5] 58 S— [75-61-6] CBn,F,
| )< .
XN N~ ~F see section ITb
see section IV MAK[mlI/m3]: —
Sens: Sh MAK[mg/m3]: —
Peak lim: -
Dibenzoyl peroxide Preg gr: -
94-36-0 Z .
e ] o o | 1,2-Dibromoethane
G)ko’ ~ [106-93-4] BrH,CH-CH;Br
Z 0 VP[hPal: 15
see section Xa MAK[ml/m?]: —
MAK[mg/m3]: 51 MAK[mg/m3]: —
Peak lim: 1(1) Peak lim: _
. . . Preg gr: -
Dibenzyl disulfide Perc abs: H
[150-60-7] Q @ Carc cat: 2
CH,-S-S-CH,
see section b and Xc Dibromohydroxymercurifluorescein disodium
MAK[ml/m3]: — salt — Merbromin
MAK[mg/m3]: — . . X
Peak lim: - Dibutyl phosphite — Di-n-butyl phosphonate
Preg gr: - . A
2,6-Di-tert-butyl-p-cresol (3,5-Di-tert-butyl-
Diborane 4-hydroxytoluene) (BHT)
[19287-45-7] H3B-BHj3; [128-37-0] (H30):C
see section IIb
Ho CH;,
MAK[ml/m3]: —
MAK[mg/m3]: — (H30);C
Peak lim: - .
P . The substance can occur simultaneously as vapour and
reg gr: - aerosol.

VP[hPa]: 3.9x1073 at 25°C

1,2-Dibromo-3-chloropropane soe secfion Xc

[96-12-8] H,CCI-CHBr-CH,Br MAK[mg/md: 10 T

MAK[ml/m3]: — Peak lim: 11(4)

MAK[mg/m3]: — Preg gr: C

Peak lim: - Carc cat: 4

Preg gr: - .

Perc abs: H 3-(3,5-Di-tert-butyl-4-hydroxyphenyl)-N'-[3-

Carc cat: 2 (3,5-di-tert-butyl-4-hydroxyphenyl)

Muta cat: 2 .

propanoyllpropanehydrazide
2,2-Dibromo-2-cyanacetamide [32687-78-8] O oH
tBu tBu tBu tBu

[10222-01-2] H,N-CO-CBrp-C=N \L/ | | =
see section IIb and Xc N 7

MAK[ml/m3]: —

MAK[mg/m3]: — O™ NH-NH 7O

Peak lim: - see section IIb and Xc

Preg gr: - .

. MAK[ml/m3]: —
Sens: Sh MAK[mg/m3]: —
: : Peak lim: -

1,2-Dibromo-2,4-dicyanobutane Preg gr: B

[35691-65-7] ?N
BrCH,-CBr-CH,-CH,-CN

see section IIb and Xc

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Sens: Sh
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3,5-Di-tert-butyl-4-hydroxyphenyl propionic

acid octadecyl ester

[2082-79-3] C(CH3); o

|
HO (CHy),-C-0-CygH37

C(CHs)s
VP[hPa]: 2.5x107°
see section Xc
MAK[mg/m3]: 20 I
Peak lim: 11(2)
Preg gr: C

3,5-Di-tert-butyl-4-hydroxytoluene
- 2,6-Di-tert-butyl-p-cresol (3,5-Di-tert-
butyl-4-hydroxytoluene) (BHT)

N,N-Di-n-butylnitrosoamine
- N-Nitrosodi-n-butylamine

Di-tert-butyl peroxide
[110-05-4] (H;C);C-00-C(CHy )3

see section Xa

2,6-Di-tert-butylphenol
[128-39-2] OH

(H]C)3C\©/C(CH3)3

see section IIb and Xc
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -

Di-n-butyl phosphate
[107-66-4] C
and its g .
technical HO-P(O-(CH,);-CH;),
mixtures
VP[hPa]: 7.4x1075
see section Xc
MAK[ml/m3]: —
MAK[mg/m?]: —
Peak lim: _
Preg gr: —
Carc cat: 3

Di-n-butyl phosphonate

[1809-19-4] 0

see also CH;3(CH,);-0-P-O-(CH,);CH;
Di-n-octyl 1_‘1
phosphonate

The substance can occur simultaneously as vapour and

aerosol.
VP[hPa]: 3.2x1077 at 25°C (calculated value)
see section IIb and Xc

MAK[ml/m3]: —

MAK[mg/m3]: —

Peak lim: -

Preg gr: -

Di-n-butyl phthalate
[84-74-2] _~_-COO-(CHy);CHs
|
TS C00-(Cl)s-Cl

The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 1.6x10~4
see section Xc

MAK[ml/m3]: 0.05

MAK[mg/m3]: 0.58

Peak lim: 1(2)

Preg gr: C

Carc cat: 3

6,6'-Di-tert-butyl-2,2'-thiodi-p-cresol
— 2,2'-Thiobis(4-methyl-6-tert-butylphenol)

Dicarbamoyldiimide — Azodicarbonamide

Dicarboxylic acid anhydrides
see section I'Ve

Dicarboxylic acid (C4-C6) dimethylester,

mixture
[95481-62-2]

MAK[ml/m3]: 0.75
MAK[mg/m3]: 5
Peak lim: 1(1)
Preg gr: C

Dichloroacetic acid

[79-43-6] HOOC-CHCl,

and its salts

The substance can occur simultaneously as vapour and
aerosol.

VP[hPa]: 0.19

MAK[ml/m3]: 0.2

MAK[mg/m3]: 1.1

salts: 1.1 mg/m3 as acid

Peak lim: 1(1)

Preg gr: D

Perc abs: H

Designation with an H does not apply for the acid
Carc cat: 4

Dichloroacetylene
[7572-29-4] cic=ccl

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Carc cat: 2



3,4-Dichloroaniline
[95-76-1] Cl

The substance can occur simultaneously as vapour and
aerosol.
VP[hPa]: 1.84x1073
see section ITb
MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Sens: Sh

3,4-Dichlorobenzenamine
- 3,4-Dichloroaniline

1,2-Dichlorobenzene

[95-50-1] QCI

Cl

VP[hPa]: 1.33
see section XII

MAK[ml/m3]: 10

MAK[mg/m3]: 61

Peak lim: 11(2)

Preg gr: C

Classification in Pregnancy Risk Group C was

re-evaluated in 2011 and confirmed.

Perc abs: H

1,3-Dichlorobenzene

[541-73-1] Q o

Cl
MAK[ml/m3]: 2
MAK[mg/m?3]: 12
Peak lim: 11(2)
Preg gr: C
Classification in Pregnancy Risk Group C was
re-evaluated in 2011 and confirmed.

1,4-Dichlorobenzene

[106-46-7] < >
Cl Cl

VP[hPa]: 2.3 at 25°C

see section XII
MAK[ml/m3]: 2
MAK[mg/m?3]: 12

Peak lim: 11(2)

Preg gr: C

Perc abs: H

Carc cat: 4
3,3'-Dichlorobenzidine
[91-94-1] Cl Cl

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr:

Perc abs:
Carc cat:

N
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1,4-Dichloro-2-butene
[764-41-0] CICH,-CH=CH-CH,Cl

MAK[ml/m3]: —
MAK[mg/m3]: —
Peak lim: -
Preg gr: -
Perc abs: H
Carc cat: 2
Muta cat: 3

2,2'