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Abstract

Human biomonitoring (HBM) is a well-established tool in occupational medicine,
particularly for the prevention of health effects after chronic exposure. However,
there are also exceptional short-term exposures or accident-related events which
require a toxicological risk assessment. The German Permanent Commission for the
Investigation of Health Hazards of Chemical Compounds in the Work Area deliberated
and summarised basic information and recommendations on human biomonitoring
after acute exposure. The design and implementation of sampling procedures, e.g. the
choice of the sampling time, biological material and target biomarkers, must be carried
out with special attention to validity and interpretability of the analytical results.
Since no specific assessment values for HBM results after acute short-term exposure
are currently available, the medical-toxicological evaluation and communication could
use the established assessment values for long-term exposure as a rough benchmark.
But this approach requires the additional consideration of specific toxicokinetics of the
hazardous substance and the target biomarker as well as of the exposure situation, i.e.
duration and route of exposure.
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1 Introduction

In general, risk assessment for workers in an occupational setting relies on the assumption of relatively uniform or
at least regularly recurring exposure situations. However, there are also exceptional short-term exposures or acci-
dent-related events which require a toxicological risk assessment. While at least the inhalation exposure of employees
during short-term activities (e.g. repair and maintenance work) can be monitored and assessed with appropriately
planned measurements in the air at the workplace, this is usually difficult in the case of accidental events. For the
exposure and risk assessment of such events, the use of biomonitoring is explicitly recommended (AfAMed 2014, 2016;
HBM-Kommission 2006; Miiller et al. 2014; Scheepers et al. 2014). However, it must be noted that fundamental require-
ments for an occupational medical and toxicological assessment of human biomonitoring results after short-term or
accident-related exposure are often lacking. Since the biological tolerance values (BAT values) and biological guidance
values (BLW) are usually derived for chronic exposures and take into account a 40-hour working week, these values
can be used only as a rough benchmark for the assessment of short-term exposures. Furthermore, the planning and
implementation of sampling in such cases must be carried out in deviation from the usual rules.

2 Sampling time

For human biomonitoring, the sampling time is critical for the validity and interpretation of the analytical results.
Most hazardous substances are excreted via the kidneys or the bile after systemic uptake with half-lives of less than
24 hours; volatile substances are usually also largely exhaled via the respiratory tract within a few hours. Highly vol-
atile and polar substances, such as aliphatic hydrocarbons, BTEX (benzene, toluene, ethylbenzene, xylene) aromatics,
ethers, low-molecular alcohols and ketones, which are exhaled or excreted unchanged, tend to have shorter half-lives,
which in extreme cases can be in the two-digit minute range (e.g. toluene). Substances that are first metabolised or
distributed to deeper compartments usually have longer half-lives. In addition, a steady-state is usually not reached
after accident-related events. Especially after dermal absorption, delayed systemic availability must also be considered
(Griffin et al. 1999; Viau et al. 1995; Woollen et al. 1992).

Substance-specific information on the sampling time after regular or chronic exposure can be found in the List of
MAK and BAT Values (DFG 2020) and relevant information on the biological half-life is provided in the respective
MAK and BAT Value Documentations in the section “Metabolism and Kinetics”. These can be used as a guide for the
interpretation of the biomonitoring results.

Miiller et al. (2014) recommend approximate time windows for sampling and specify, for example, a sampling interval
of one to two days for metabolites of hazardous substances in urine. However, if the elimination of such metabolites in
urine is considered as a model assuming first-order kinetics, it becomes clear that already for target parameters with a
half-life of six hours, only about 6% of the maximum concentration is found in the urine after one day. Even metabolites
with longer half-lives have largely been excreted after 24 hours (Figure 1). As time progresses, the concentration of the
biomarker in the biological material decreases and the result is more strongly influenced by toxicokinetic variability
and analytical uncertainty. This also reduces the reliability of a biomonitoring study with regard to a back-extrapo-
lation to the original exposure and to the risk assessment. Due to the above-mentioned influencing factors, it is rec-
ommended that sampling for human biomonitoring be carried out as soon as possible after the accident-related event.

In addition to considering the half-life of a substance, it must be taken into account that renally excreted substances
only enter the urine through diuresis and that a suitable volume of urine must be released into the urinary bladder
before the biomarker can be detected and quantified. Approximately 60 ml of urine is released into the urinary blad-
der per hour (mean daily volume 1500 ml/24 hours). Furthermore, the dilution of the biomarker concentration by the
urine that was already in the bladder before exposure has to be considered. It also seems sensible for practical reasons
(preparation of a human biomonitoring programme, implementation, communication, coordination of the agencies
involved) to choose a sampling strategy that ensures a timely and thus meaningful examination.
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While sampling can take place immediately following the activity or event in the case of exposure over several hours,
after a short-term exposure for one hour or less, an interval of 30 to 60 minutes should be passed before sampling,
during which the target compounds are eliminated into the urinary bladder. It is reasonable to carry out the sampling
within the first to maximum second half-life of the target parameter. For most biomarkers, sampling should therefore
take place up to a maximum of 16 hours after the end of exposure.
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Fig.1 Effect of elimination half-life on biomarker concentration (@assuming 15! order kinetics)

Other matrices, such as blood and plasma can also be examined depending on the half-life of the substance or metab-
olite of interest in the respective biological matrix. Peak exposures that are associated with an increased risk can often
be better detected in blood. It must be taken into account that the half-lives in the blood compartment, with the excep-
tion of persistent compounds, are usually shorter than in urine and thus pose special challenges for timely sampling.

Rather uncritical with regard to the sampling time are substances for which human biomonitoring can be carried
out by means of haemoglobin adducts. Due to the long circulation time of the erythrocytes of approx. 120 days and
the associated slow decline of the adduct concentration, a follow-up examination can be carried out even after an
exposure that took place some time ago. Table 1 provides an overview of various biomarkers and the corresponding
time periods in which human biomonitoring can usefully be carried out in connection with an accident-related event.
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Tab.1  Limits of sampling

Examination parameters Possible sampling period after exposure

Blood, plasma, urine metabolites Depending on the half-life
- between up to 1 hour and 2 days for non-persistent compounds
- within maximum 2 half-lives

Protein adducts up to a maximum of 50% of the lifetime of the protein
- haemoglobin ~60 days
- serum albumin ~ 15 days

DNA adducts up to 20 days

As already mentioned, due to the limited knowledge about the exposure conditions, the initial maximum concentra-
tion can be back-extrapolated only by accepting large error intervals.

If no information on exposure time or period is available, repeated sampling several hours apart from the initial
sampling (e.g. 4, 8, 16, 24 hours) may help to improve back-calculations and exposure estimation. Furthermore, it is
recommended to record on the sample container or a standardised accompanying questionnaire both the sampling
time and the time or end of exposure as well as other exposure conditions (e. g. possible skin contact, ingestion) in
order to be able to retrospectively estimate the maximum biomarker concentration, if necessary. In the case of an event
with several potentially exposed persons, it is recommended to perform the sampling at the same time, if possible, to
ensure better comparability of the human biomonitoring results.

3 Sampling, storage and transport

In addition to the optimal sampling time, requirements for sample collection, storage and transport to the laboratory
must also be taken into account. Particularly in the case of accident-related events and unclear side conditions, at-
tention must be paid to good sampling practice. Guidance on this can also be found in Occupational Medical Rule 6.2
Biomonitoring (AfAMed 2014). Contamination must be avoided when collecting blood and urine samples (change of
clothing, cleaning of hands, sampling in an uncontaminated environment). Samples must then be sent immediately to
the laboratory or, if possible, preserved at a minimum of —18 °C. Blood samples are more problematic for storage than
urine samples due to haemolysis. Depending on the nature of the hazardous substance, further requirements may be
placed on the sampling vessel (e. g. airtight lancing ampoules for headspace analysis in the case of volatile substances).
It is therefore recommended to contact the biomonitoring laboratory promptly to discuss specific requirements for
the respective biomarker.

4 Toxicological evaluation and communication

In the medical-toxicological assessment and communication of human biomonitoring results, it must be taken into ac-
count that currently no specific assessment values are available for acute short-term exposure or after accident-related
events. Assessment values based on occupational (biological limit value (BGW), BAT value, BLW, exposure equivalents
for carcinogenic substances (EKA)) and environmental medicine (HBM-I, HBM-II values) usually refer to chronic expo-
sures over longer periods of time and thus cannot be used to assess the health hazard without taking into account the
duration of exposure, the time interval between exposure and sampling, and the kinetics of the hazardous substance
or of the parameter that can be used to assess the health hazard after a single exposure (exceptions are hazardous
substances with acute toxic effects such as carbon monoxide or acetylcholinesterase inhibitors). Usually, assessment
values derived from occupational medicine and toxicology for chronic exposures are far below the threshold values
for acute effects (Backer et al. 2018). Nevertheless, these assessment values can be used as a benchmark to relate human
biomonitoring results after a single exposure to a chronic exposure, and thus support risk communication.
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Furthermore, a comparison of the human biomonitoring results with biological reference values (BAR) or reference
values of the Human Biomonitoring Commission of the Federal Environment Agency can be used to distinguish be-
tween exposed and unexposed persons. This approach allows a more targeted medical follow-up of individual acutely
exposed persons. If necessary, additional considerations are required to assess the plausibility of acute effects.
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