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Abstract
The German Commission for the Investigation of Health Hazards of Chemical Com-
pounds in the Work Area has evaluated a biological reference value (BAR) for alu-
minium [7429-90‑5] in 2018. Available publications are summarised.

Considering the available studies analysing aluminium in urine, a BAR of 15 µg alu-
minium/g creatinine was established. Sampling time is for long-term exposures at
the end of the shift after several shifts. For aluminium in blood, the data base it not
sufficient for the evaluation of a BAR.
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Assessment Values in Biological Material – Aluminium

BAR (2018) 15 µg aluminium/g creatinine
Sampling time: for long-term exposures: at the end of the
shift after several shifts

BAT (2017) 50 µg aluminium/g creatinine
Sampling time: for long-term exposures: at the end of the
shift after several shifts

MAK value 1.5 mg/m3 R (1997)
4 mg/m3 I (2006)

Absorption through the skin –

Carcinogenicity –

Re-evaluation
In 2017, a BAT value for aluminium of 50 µg/g creatinine was established, which is based on effects described in the
addendum of 2018 (translated 2019, Klotz et al. 2019). As critical end point neurotoxicity was taken into account. In
this addendum, it is examined if the derivation of a biological reference value (BAR) is possible. Due to the wide-
ranging debate about the risks of exposure to aluminium of the general population as well as after occupational
exposure it appears useful to the Commission, in addition to the BAT value, to evaluate a biological reference value
which is oriented towards the background exposure of the general population.

Background exposure
An overview of the available studies in which the aluminium concentrations were analysed in the urine or in the
plasma of persons without occupational exposure to aluminium is shown in Table 1.
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In the assessment of the available data, it has to be taken into account that the analysis of aluminium has to be
carried out with particular care. There is a high risk of contamination due to its ubiquitous occurrence. There can
be interferences both in the pre-analytical phase (due to the extremely high background exposure) and in the
analytical phase (for example spectral interferences in atomic absorption spectroscopy and inductively coupled
plasma mass spectrometry).

Contamination in the pre-analytical phase can largely be prevented by the use of suitable urine beakers which are
not opened until directly prior to sampling and by dispatching the urine sample in this beaker without refilling.

Evaluation of the biological reference value (BAR)
For the derivation of a biological reference value (BAR) the background exposure of persons of working age occupa-
tionally not exposed to aluminium is presented; this value is oriented towards the 95th percentile. At present, there
are no data available on the background exposure in Germany. Table 2 shows an overview of the studies listing the
95th percentiles of the aluminium concentration in urine, blood, plasma and serum.

Tab. 2 Studies relevant for the evaluation with indication of the 95th percentile (P95) for the derivation of the BAR

Urine Blood Plasma Serum

P95 Al P95 Al P95 Al P95 Al

References n

[µg/g crea] [µg/l] [µg/l] [µg/l]

Hoet et al. 2013b) 1022  7.5

Morton et al. 2014  132 21.4a)

Goullé et al. 2005  100  9.3a)  6.4 17.3

Nisse et al. 2017 1910 13.3 11.2

Alimonti et al. 2005  110 33.3  5.3

Forrer et al. 2001  110 18.7

Valkonen and Aitio 1997   44 14.2a)  2.4

Kim et al. 2017c)  258 18.6

a) value calculated from µg/l: 1.2 µg Al/l = 1 µg Al/g creatinine
b) age of investigated persons: 18–80 years
c) age of investigated persons: 12–78 years

For the determination of aluminium in urine a few studies with a high number of examined persons (up to n = 1910)
are available (Table 1). Five of these studies give 95th percentiles for the urinary elimination of aluminium in the
range between 7.5 and 21.4 µg/g creatinine. Based on these data a

BAR of 15 µg aluminium/g creatinine

is derived.

For the determination of aluminium concentrations in blood, plasma and serum only a comparatively small number
of studies is available and the results for the 95th percentiles scatter in a wide range. Further studies are therefore
necessary to evaluate a BAR for aluminium in blood, plasma or serum.
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