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Abstract Since 1981 biological tolerance values for
occupational exposure (BAT values) have been published
in the List of MAK and BAT Values of the Deutsche For-
schungsgemeinschaft (DFG). In 2007 the list includes
threshold limit values for more than 90 substances. The
BAT value was deWned as the maximum permissible quan-
tity of a chemical substance or its metabolites or the maxi-
mum permissible deviation from the norm of biological
parameters induced by these substances. The biological limit
values derived by other commissions (ACGIH, SCOEL) are
to be understood as averages, which may well be exceeded
individually, in contrast to the BAT values that were deWned
as ceiling values and thus did not allow an excess of values
in the individual employee. The DFG Commission for the
Investigation of Health Hazards of Chemical Compounds in
the Work Area has now revised the concept of biological
limit values. The BAT value describes the concentration of a
chemical substance, of its metabolites or of an eVect indica-
tor in appropriate biological material derived by occupa-
tional medical and toxicological criteria, at which the health
of an employee is usually not aVected, even after repeated or
long-term exposure. In this case, derivation of the BAT
value is based on the average internal exposures. With this
redeWnition of the German BAT value, it will be possible to
better harmonize the values with those provided by other
commissions, which are also based on an average concept.
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Biological monitoring · Biological limit values

Introduction

As for the health hazard posed by xenobiotics, exclusively
the quantity of uptake, i.e. the body burden, is of signiW-
cance in the case of toxic substances with systemic eVects.
This is the reason why already in 1970 the Working Group
“Analyses of Hazardous Substances in Biological Materi-
als” was founded by the Deutsche Forschungsgemein-
schaft (DFG) Commission for the Investigation of Health
Hazards of Chemical Compounds in the Work Area, fol-
lowed by the foundation of the Working Group “Setting of
Threshold Limit Values in Biological Materials” in 1979.
Since 1981 biological tolerance values for occupational
exposure (BAT values) have been published in the Ger-
man List of MAK and BAT Values of the DFG. By doing
so, Germany was the Wrst country worldwide to have
established biological threshold limit values for workers
exposed to hazardous substances. In 2007 the German List
of MAK and BAT values includes threshold limit values
for more than 90 substances and thus still represents the
most comprehensive list of threshold limit values in bio-
logical material worldwide. The list is published in Ger-
man and English and shows a widespread international
distribution.

The original concept behind the BAT values is the prin-
ciple of individual protection of employees exposed to haz-
ardous chemical compounds (Lehnert 1980). The
exposure–eVect model, which is based on the stress–strain
concept known from the Welds of physiology and psychol-
ogy, was used to infer which biological or health eVects
resulting from exposure to hazardous substances should be
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considered to be tolerable. Tolerable eVects appear to be
those which also on a long-term basis:

1. do not, after regular exposure, result in a disturbance in
the sequence of functions or in the ability to compen-
sate exposure eVects,

2. are reversible after the end of exposure,
3. do not increase the sensitivity of an organism to other

external inXuences, especially physical, chemical and
biological ones,

4. do not endanger progeny.

The BAT value was deWned as the maximum permissible
quantity of a chemical substance or its metabolites or the
maximum permissible deviation from the norm of biologi-
cal parameters induced by these substances. The BAT value
was established on the basis of currently available scientiWc
data which indicate that these concentrations generally do
not aVect the health of the employee adversely, even when
they are attained regularly under workplace conditions.

At the time this deWnition was elaborated, only relatively
few investigations existed that systematically dealt with the
relationship of internal exposure and the thereby induced
eVects. The Wrst BAT values evaluated were of such an
order of magnitude that, after this value had been exceeded,
adverse eVects could be expected to occur occasionally, and
this means that these values were in the range of the LOEL
(lowest observed eVect level). The Wrst limit values on this
basis (lead, trichloroethene, toluene) were published by
Angerer et al. (1981), Bolt (1981) and Schaller and Valen-
tin (1980) and therefore made available for discussion by
experts. Moreover the critical data evaluations of all BAT
values were published in a serial edition of the Deutsche
Forschungsgemeinschaft (1983–2007). Since 1994 the crit-
ical data evaluations are also available in English (DFG
1994–2005). With an increasing amount of data becoming
available and the ongoing discussion about no longer toler-
able eVects, more precise parameters and their deviations
from the norm were considered to be decisive for the deter-
mination of the limit value, a fact which necessarily led to a
continuous lowering of the BAT values. Lauwerys (1994)
had recorded the problems of deducing biological tolerance
values as early as in 1994. These generally known diYcul-
ties lie in the assessment of epidemiological studies, i.e. in
the selection bias and here especially in the “healthy worker
eVect” or in the “observer bias”. Very often, study collec-
tives are too small and control collectives are lacking. In
studies carried out to answer toxicological questions, an
exact exposure monitoring is only available for the current
exposure in most of the cases; exposures that occurred long
ago have to be estimated. In addition, exposure to a single
substance at the workplace is surely the exception, the rule
being exposure to a mixture of various chemical com-
pounds either simultaneously or in succession. Another

problem that must not be negated is that of uncertainties in
the assessment of the parameters (i.e. analytical and pre-
analytical reliability, biological relevance and relevance of
the Wndings for health, diagnostic sensitivity and speciWc-
ity) (Zielhuis and Verberk 1974).

For these reasons, both the American Conference of
Governmental Industrial Hygienists (ACGIH), the Ameri-
can counterpart of the German Commission, and the Scien-
tiWc Committee on Occupational Exposure Limits
(SCOEL), the corresponding body of the EU, have argued
that biological limit values do not permit a distinction to be
made between a hazardous and a non-hazardous exposure.
The biological values derived by these commissions are
therefore to be understood as averages, which may well be
exceeded individually, in contrast to the BAT values that
were deWned as ceiling values and thus did not allow value
transgression in the individual employee. Reference has
been made a number of times to the resultant discrepancies
in limit values in biological material in various countries
and to the misinterpretations of these discrepancies (Mor-
gan and Schaller 1999; Omae et al. 1999; Wilson 1999).

The DFG Commission for the Investigation of Health
Hazards of Chemical Compounds in the Work Area has
now reviewed the concept of biological limit values (Drex-
ler et al. 2007). The following arguments convinced the
DFG commission of the fact that the concept of the biologi-
cal tolerance value used to date has to be revised:

1. A biological limit value does not permit a sharp dis-
tinction to be made between hazardous and non-haz-
ardous exposure. The reasons for this include the intra-
individual variability both with regard to the resulting
internal exposure, for example from the daily varying
conditions of occupational hygiene, varying physical
activity, varying amounts of additional non-occupa-
tional exposure, or from inXuences on the renal excre-
tion behaviour and also with regard to the resulting
adverse eVects on health.

2. From an analytical point of view each measured value
has a method-related variance attached. The parameter
concentrations to be recorded during biological moni-
toring are, as a rule, in the analytical trace or ultra-trace
range and can thus vary, even if only to a relatively
marked extent.

3. The scientiWc literature on which derivation is based as
a rule refers to the averages of collectives, without tak-
ing adverse eVects on health occurring from extreme
values into special consideration, nor describing them
in a diVerentiated manner.

In addition, there are also intra-individual diVerences due to
the individual susceptibility as conditioned by genetic
enzyme disposition, age, sex, previous illnesses, life style
and a varying physical constitution. Irrespective of these
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diYculties in deriving values for the evaluation of occupa-
tional medical and toxicological measured data, the DFG
Commission for the Investigation of Health Hazards of
Chemical Compounds in the Work Area is of the opinion
that the concept of using biological monitoring as an instru-
ment of individual prevention is nevertheless to be retained.
A concept based on a collective average alone would push
the advantages of biological monitoring into the back-
ground. The decisive fact is not whether a BAT value at the
workplace is observed by a collective of several employees,
but rather to what extent an individual worker has been
exposed.

Against this background, the Commission for the Inves-
tigation of Health Hazards of Chemical Compounds in the
Work Area of the Deutsche Forschungsgemeinschaft has
decided to work out a new deWnition for the BAT values
and BLWs.

DeWnition

The Commission establishes BAT values (‘‘Biologische
ArbeitsstoV-Toleranzwerte’’: biological tolerance values
for occupational exposures) and BLWs (‘‘Biologische
Leitwerte’’) with the aim of being able to assess an individ-
ual health risk resulting from exposure to a particular chem-
ical substance at the workplace.

The BAT value describes the concentration of a chemi-
cal substance, of its metabolites or of an eVect indicator in
appropriate biological material derived by the occupational
medical and toxicological criteria, at which the health of an
employee is usually not aVected, even after repeated or
long-term exposure. BAT values are based on a relationship
between external and internal exposure or between internal
exposure and the eVect of the substance caused by such an
exposure. In this case, derivation of the BAT value is based
on the average internal exposures.

The BAT value is exceeded if the average concentration
of the parameter in one person is above the BAT value after
several investigations; values exceeding the BAT value
must be evaluated on an occupational medical and toxico-
logical basis. If the BAT value is exceeded only once, an
adverse eVect on health cannot necessarily be inferred.

In the case of carcinogenic substances and substances
with insuYcient database, BLWs, which are also deWned as
mean values, are derived wherever possible.

Explanations on deWnition

The introductory section of the deWnition pointed out that it
is the individual health risk that is to be primarily assessed.
In terms similar to those of clinical medicine (e.g. via deter-

mination of the LDL cholesterol, arterial blood pressure,
etc.) it should be possible, using the results of biological
monitoring, to assess the risk of an exposure to chemical
substances. This takes account of the fact that biological
monitoring is a method of individual prevention used by the
physician which, among other factors, is subject to full
medical discretion.

Just as stated in the original deWnition of the BAT value,
the worker should be protected even during life-long expo-
sure. There was also no need of change with regard to toler-
able deviations of workplace-related exposure-speciWc
eVects. What is new, however, is the statement that the der-
ivation of the BAT value is based on average exposures.
Therefore, the average value of reference is for the Wrst
time explicitly mentioned in the new deWnition. In the past,
however, it had already often been necessary to base BAT
derivations on average values, since the literature used as a
basis has often not allowed for other statements to be made.

In order to justify the demand that biological monitoring
has to remain an instrument of individual prevention, it has
been speciWed in the deWnition of the BAT value that this
value is exceeded if, after subjecting a person to several
examinations, the average parameter concentration is above
the BAT value. This constitutes a decisive diVerence to the
deWnition of the BEI (Biological Exposure Indices) of the
American Conference of Governmental Industrial Hygien-
ists (ACGIH) and of the BLV (Biological Limit Value) of
the European ScientiWc Committees for Occupational
Exposure Limits (SCOEL). According to its deWnition, bio-
logical monitoring comprises repeated measurements of a
substance or its metabolites in biological materials
(Zielhuis 1984). The individual remains the aim of protection
even after redeWnition of the BAT value. In the German
concept it is still required that only a physician specialized
in occupational medicine is in a position to interpret the
measured values. Measured values above the BAT value
have to be assessed on the basis of occupational medical
and toxicological criteria. The assessment also has to spec-
ify how the time intervals of control examinations and the
measures for exposure reduction are established and
proved.

The hereby introduced new deWnition again leads to the
fact that a BAT value cannot be established for carcino-
genic substances for which no threshold concentrations can
be derived. However, the Working Group “Setting of
Threshold Limit Values in Biological Materials” tries to
evaluate BLWs (Biologische Leitwerte) for carcinogenic
substances, if this appears to be meaningful, based on the
data available for the non-carcinogenic eVects of chemical
substances. Otherwise, in the case of stochastic damage,
which can be expected with a concentration-dependent
probability, the legislator is requested to determine the risk
acceptable to society.
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With this redeWnition of the German BAT value, it will
be possible to better harmonize the values with those pro-
vided by other commissions, which are also based on an
average concept, without having to give up the concept of
individual prevention. According to the Guidelines for
Occupational Medical Examinations of the German Social
Accident Insurance (DGUV 2007) biological monitoring is
clearly characterized as an occupational medical instrument
that is exclusively within the responsibility of the physi-
cian. Here too, it seems to be helpful to view the results of
biological monitoring more as a measure of risk and less as
rigid limit values. From a legal point of view, it is not the
responsibility of physicians employed in industry to change
exposure conditions. However the knowledge obtained by
the company physician from biological monitoring, among
other things, should be used in advising the employer
according to occupational health measures without violat-
ing professional secrecy.
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