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a  b  s  t  r  a  c  t

It  is of  burgeoning  importance  that the  human  body  burden  of  aluminium  is  understood  and  is  measured.
There  are surprisingly  few  data  to  describe  human  excretion  of  systemic  aluminium  and  almost  no  reliable
data which  relate  to  aluminium  in  sweat.  We  have  measured  the  aluminium  content  of  sweat  in  20  healthy
volunteers  following  mild  exercise.  The  concentration  of  aluminium  ranged  from  329  to  5329  !g/L. These
data  equate  to  a daily  excretion  of  between  234  and  7192  !g  aluminium  and  they  strongly  suggest  that
perspiration  is  the  major  route  of excretion  of  systemic  aluminium  in humans.

© 2013 Elsevier GmbH. All rights reserved.

Introduction

Humans are experiencing a burgeoning exposure to aluminium
with concomitant effects upon the body burden [1]. The latter is
the sum of all aluminium associated with the internal and external
body at any one time and is significantly influenced by excretion.
Currently it is assumed that urine is the major route for excretion
of systemic aluminium with up to 100 !g being excreted daily [1].
Recent data have suggested that perspiration might be a significant
route of excretion of systemic aluminium [2,3]. Data on the alu-
minium content of sweat are, nevertheless, rare and range from as
little as 15 !g/L [4] to in excess of 5000 !g/L [2]. Since humans pro-
duce anything from between 0.5 and 4.0 L of sweat per day [5,6],
often depending upon the level of physical activity, then perspi-
ration could represent a significant and largely ignored route of
excretion of aluminium from the body. Herein we have collected
samples of sweat from 20 healthy volunteers and measured their
content of aluminium. The data point towards perspiration as a
significant route of excretion of systemic aluminium in humans.

Materials and methods

Twenty participants, 10 male and 10 female (age range 20–23)
were recruited from the student population at Keele University and
ethical approval was obtained from the University’s Life Sciences
Ethical Review Body. All participants were self-assessed as healthy
and agreed to partake in moderate exercise as part of the procedure
for collecting sweat samples. Sweat was collected using a bespoke
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device made from a 5 cm × 5 cm square of filter paper (Whatman’s
541 hardened ashless) covered with a polythene patch and secured
on the skin with transparent medical tape. Before use the squares
of filter paper were rinsed in 5% high purity HCl (Aristar) for 1 h,
soaked in ultrapure water (conductivity < 0.067 !S/cm) for 24 h and
dried in an incubator. To collect sweat an area between the shoul-
der blades was cleaned with 50% ethanol and the patch secured in
place. Participants completed 30 min  of exercise on a training bicy-
cle which consisted of 5 min  of fast cycling on either side of a 20 min
period of moderate cycling. Participants then observed a cool down
period of 10 min  before the patch was  removed and placed immedi-
ately in an acid-washed centrifuge tube. Sweat was extracted from
the filter paper by centrifugation at 5000 rpm for 10 min  and poured
into an acid-washed centrifuge tube and stored frozen at −18 ◦C.
The volumes of sweat collected using this method ranged from ca
0.3 to 1.0 mL.  Method blanks which consisted of the same squares of
filter paper to which 1 mL  of ultrapure water had been added were
similarly centrifuged and the extracted solution stored frozen in
acid-washed centrifuge tubes. These method blanks [7] were esti-
mates of contamination by extraneous aluminium of the procedure
used for collecting and processing the sweat.

Samples of sweat (and method blanks) were thawed and 0.25 mL
volumes were subjected to microwave-assisted digestion using a
combination of 0.25 mL  15.8 M HNO3 and 0.25 mL 30% w/v H2O2.
Digests were clear and made up to 1.25 mL (20% HNO3) with
ultrapure water. The aluminium content of all sweat samples and
method blanks was  measured by transversely heated graphite
furnace atomic absorption spectrometry (TH GFAAS) using an
established method [7]. The mean aluminium content of 7 method
blanks was 25 ± 19 ng which equated to a contamination level of
57 ng/digest (mean ± 1.654 SD) and this value was subtracted from
each sweat sample before the aluminium content of sweat samples
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