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Aluminium in the blood and urine of industrially
exposed workers
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ABsTRAcr Blood and urine aluminium concentrations were studied in industrially exposed work-
ers using electrothermal atomic absorption spectrometry. Welders and workers making
aluminium powder and aluminium sulphate had higher concentrations in blood and urine than
non-exposed referents. Workers in the electrolytic production of aluminium had higher urine but
not blood concentrations than the referents. Thus aluminium was found to be absorbed by all
industrially exposed workers. Blood concentrations were lower than those presumably associated
with aluminium induced encephalopathy in patients receiving dialysis.

Aluminium compounds are ubiquitous in nature.
The earth's crust contains about 8% aluminium and
food contains varying amounts. Concentrations are
higher in meat, grain, and vegetables than in fish and
milk.'
Aluminium is accumulated by dialysis patients

because of their renal failure and a relationship has
been established between the concentration of
aluminium in the water used for dialysis and the
development of dialysis encephalopathy.2 Increased
concentrations of aluminium in the brain have also
been found in patients suffering from Alzheimer's
disease.3 One case of dementia and pulmonary
fibrosis in an aluminium powder production worker
was described in 19624 and, in addition, some
aluminium salts are known to be neurotoxic in ani-
mals.3
The purpose of the present study was to investi-

gate the concentrations of aluminium in the blood
and urine of industrially exposed workers and non-
exposed referents to determine whether aluminium
is absorbed from the air exposure in certain working
environments. One earlier study has shown that
workers exposed to an aluminium containing min-
eral (corundum) have raised aluminium concentra-
tions in the urine.5 Also aluminium containing
antacids given by mouth are absorbed from the gas-
trointestinal tract to some extent.6
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Material

Workers exposed to aluminium in four different
industrial processes took part in the study: electroly-
tic production of aluminium (A), production of
aluminium powder (B), production of aluminium
sulphate (C), and aluminium welding (D). The fac-
tories were located in different parts of Sweden and
unexposed referents were selected from the differ-
ent areas. For comparison, a group of patients
receiving dialysis with renal failure also participated
(E). The study was performed in 1980.
The exposed group consisted of 81 men and 12

women (mean age 40) (SD 13 years). The number
of smokers and non-smokers was equal. The refer-
ent group consisted of 49 men and 29 women,
(mean age 42) (SD 12 years); 40% were smokers.
A-Several aluminium compounds are used in the

elctrolytic production of aluminium: aluminium
oxide (A1203), cryolite (Na3AlF6), and aluminium
fluoride (A1F3). The exposure of the group varies
but total mean particle values during the past years
have been 1 1-4.9 mg/m3 air. The mean exposure
time for the group was 3-8 years (range 0.2-27).
B-When manufacturing aluminium powder and

flakes, melted aluminium is "atomised" by means of
compressed air to form more or less spherical parti-
cles, 150 ,um in diameter. The powder is ball-milled
with white spirit. After drying, the powder consists
of flakes 10-50 ,um long and 0-6 ,um thick, which are
used for the production of explosives and light con-
crete. Mean exposure time of these workers was
10-2 years (range 0.5-30).
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C-Aluminium sulphate (Al, (SO4)3) is made by
treating aluminium oxide with sulphuric acid. The
airborne concentration has varied from 0-1 to 9.3
mg/m3, and might have been higher during short
periods. Mean exposure time of the group was 7x4
years (range 0.2-21).
D-Aluminium is welded by different gas-

shielded techniques. The generated particles are

generally less than 1,um and thus respirable. Total
particle exposure has varied between 0.5 and 37-2
mg/m3 during 1975 and 1976. In later years the local
exhaust ventilation has been improved and exposure
was probably lower at the time of this study. The
mean exposure time of the group was 10-7 years
(range 0.3-32).
E-The group of dialysis patients consisted of

eight men and 11 women (mean age 51) (range
27-66). They exhibited no clinical signs of
encephalopathy. Mean time for dialysis was 2.8
years (range 0.4-8).

Patients with renal insufficiency often have high
concentrations of serum phosphate. When ingested,
soluble aluminium compounds will form non-
soluble complexes with phosphates in the gastroin-
testinal tract and decrease the serum phosphate con-
centrations. All patients receiving dialysis ingested
such aluminium containing drugs. The water used
for dialysis is purified by reverse osmosis, which
decreases the aluminium concentrations from 31
,ug/l to under 3 ,ug/l.

Determinations of total particle exposure were
performed by the local occupational safety engineer
(plants A and C) and by representatives from the
research department at the National Board of
Occupational Safety and Health (plant D).

Methods

SAMPLING
Blood was taken into polystyrene test tubes and
urine into 500 ml polyethylene bottles. Test tubes,
bottles, lids, and pipette-tips were carefully cleaned.
They were first soaked in 5% RBS-25 solution for at
least five hours and then in 1% EDTA-solution
overnight. The next morning they were carefully
rinsed in ion-free water. Any type of drying was
excluded. The test tubes were prepared with 30 ,ul
heparin, 10 000 IU/ml (KABI AB).
Blood and urine samples were taken at the end of

a working day after some days of exposure. All the
exposed subjects had a shower and changed into
their ordinary clothes before sampling. Blood was
collected from a vein through a Wasserman needle,
some blood being washed through the needle before
sampling. Urine was voided after careful personal
instructions to avoid dust contamination.

Sjogren, Lundberg, and Lidums

Blood samples were stored at -20°C. The urine
samples were divided into two portions, a small
amount being preserved for creatinine estimation.
To the remainder, 9 M sulphuric acid (Mercks, Sup-
rapur 1 + 1) was added in a volume equal to 1-5%
of the urine sample. The samples were stored at
-20°C until analysis.

DETERMINATION OF ALUMINIUM
A Perkin-Elmer Model 403 atomic absorption spec-
trophotometer, equipped with a Deuterium back-
ground corrector, HGA-74 graphite furnace, model
056 recorder and Intensitron aluminium hollow
cathode lamp was used. Measurements were made
at 309 3 nm, the slit-width was 0 7 nm, scale expan-
sion was set at 0 25 Abs or 0*50 Abs, and the purge
gas was argon.

Several matrix modifiers are recommended for
the analysis,719 but when tried they were found to
contain considerable amounts of aluminium. On this
account only ammonium hydroxide, purified by'
isothermal distillation,10 was used. It was added to
modify the chloride influence and to prevent build
up of residues in the graphite tube.
Blood was diluted 1 + 4 and urine 1 + 1 with

water and ammonium hydroxide to give about 3 M
concentration of ammonia in the resulting solutions.
Sample aliquots of 25 IlI were introduced with a
Finnpipette, the tips being rinsed with water and
finally three times with the sample.
The heating programme was: drying by gradual

increase from 80°C to 400°C in 2-5 minutes, ashing,
ramp 8 to 1250'C for blood and ramp 8 to 1480°C
for urine; atomising, 2700°C for 10 seconds, gas
stop. The method of standard additions was used for
calibration.
The detection limit for aluminium in blood was 5

,g/l and for urine 3 ,ug/l. At a concentration of 50
1g/l, the coefficient of variation for nine blood anal-

yses was 7*9% and the mean recovery of added
amounts of aluminium was 99%. The coefficient of
variation for nine urine analyses at 40 ug/Il was
6.2%. The mean recovery of added amounts was
102%.

DETERMINATION OF CREATININE
Creatinine was determined by a colorimetric
method on a reaction rate analyzer LKB 8600."

STATISTICAL METHODS
Group differences of aluminium concentrations
were analysed with Wilcoxon's ranking test. Linear
relationships were tested with Student's t test. In all
calculations two-tailed tests were used. Differences
were considered statistically significant when p was
less than 0x05.
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Results

* Patients receiving dialysis had the highest blood
concentration of aluminium (fig 1). All the industri-

. ally exposed groups, except the workers in the elec-
trolytic production of aluminium, had significantly
higher blood concentrations than their respective
referents. All exposed groups had significantly

: higher urine concentrations of aluminium than their
respective referents (fig 2). Patients receiving
dialysis, welders, and workers producing aluminium

. powder had the highest concentrations in urine.
: In the exposed group as a whole a linear relation-

ship was found between blood and urine concentra-
.*+ tions of aluminium: y = 24-3 - 226 (r = 0-94, n =

.,*. ip 58), where x is the blood concentration and y is the
IIIII !u." - urine aluminium concentration. All concentration

*
RP values are given in ug/1. The standard error of esti-

A AR B BR C CR D DR E mate (SEE) was substantial, 206 ,ug/1. A linear rela-
3lood aluminium concentrations. A Exposed in tionship was also found when urinary concentrations
tic producton ofaluminium. B Exposed in
on ofaluminium powder. C Exposed in production were adjusted to creatinine: y = 16-Ox - 133 (r =
nium sulphate. D Aluminium welders. E Patients 0-97, n = 49, SEE = 104), where x is the blood
, dialysis. R Referents from same area as respective concentration and y is the urine aluminium concent-
group. Each point represents concentration for one ration expressed as ,ug/g creatinine.

The two people having the highest urinary con-
centrations of aluminium also had the highest blood

-4230 -2013
concentrations. If they are excluded from regres-

t*4230 .2013 sion, the equation has the form: y = 5-23x - 316
(r = 0-50, n = 56, SEE = 81-0). The corresponding

* relationship when urine concentrations were cor-
rected to creatinine was: y = 6 28x - 21*6 (r =
0-52, n = 47, SEE = 74.7).
Whole blood and plasma aluminium concentra-

tions were both determined in four patients receiv-
* ing dialysis who had blood concentrations above 100

,ug/1. The mean plasma concentration was 8% lower
than the concentration in whole blood.
The duration of the exposure time of the welders

showed a linear relationship with urinary aluminium
. . concentrations when these were adjusted to

creatinine: y = 24-3x - 56-4 (r = 0-64, n = 14),
where x is exposure time in years and y is aluminium
concentration expressed as,g/g creatinine. Expos-
ure time and urine concentration did not show a

. s . . significant linear relationship in the other exposed
:* * s groups. Urine aluminium concentrations were not

*g *. :. * associated with gender, age, or smoking habits in
A AR B BR C CR D DR E any of the groups studied.The median urine concentration of the referents

Yrine aluminium concentrations. A Exposed in was 4 ,ug/1. Four referents, who took some kind of
,tic production ofaluminium. B Exposed in aluminium containing drug, all had concentrations
on ofaluminium powder. C Exposed in production above 4 ug/1 (5-15 tg/l). Eight industriallynium sulphate. D Aluminium welders. E Patients
? dialysis. R Referents from same area as respective exposed workers ingested aluminium containing
group. Each point represents concentration for one drugs but none had concentrations that deviated in

any remarkable way from their respective group.
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Concentrations of aluminium in the drinking
water from the four industrial areas varied between
three and 10 Ag/1.

Discussion

The concentrations of aluminium in the blood of the
industrially unexposed subjects were close to the
lowest plasma or serum concentrations reported ear-

lier.712 Some other investigations have found much
higher concentrations of aluminium in non-exposed
subjects. Pretreatment of samples and the use of
additives were avoided so far as possible owing to
the risks of contamination at such steps in the
analysis. The required sensitivity was established by
a minimum of dilution and a well adjusted drying
and ashing programme for the graphic furnace.
Dogs given aluminium chloride intravenously

excreted one third of the dose within two hours,
indicating an initially fast phase of renal excretion.'3
We found high urinary concentrations in dialysis
patients with renal insufficiency and in some indus-
trially exposed groups. Nevertheless, blood concent-
rations were much higher in the patients receiving
dialysis. These data suggest that the kidney plays an

important part in the excretion of aluminium.
The study showed a linear relationship between

years of exposure and urinary aluminium concentra-
tion in welders. An earlier study observed an

increasing concentration of aluminium in the lungs
with increasing age among industrially non-exposed
subjects."4 These facts indicate that a fraction of
aluminium may accumulate in the body.
There was a linear relationship between blood

and urine aluminium concentrations, but this was
largely due to the subjects with extreme values.

Earlier studies have suggested that dialysis
encephalopathy may occur when the serum
aluminium concentration exceeds 250-300 Agl
1.'5-17 Patients receiving dialysis with high serum
aluminium concentrations (mean 75 ,g/1) did not
differ from patients with low serum concentrations
(mean 17 ,ug/1) in psychometric tests.'8 Exposure to
aluminium powder during its production has been
tentatively associated with one case of brain dam-
age,4 but psychometric tests have never been per-
formed on industrally exposed groups and it seems
unlikely that toxic encephalopathy would be associ-
ated with the blood aluminium concentrations found
in this study. Future studies will, however, be
needed to exclude aluminium as a cause of
psychological disturbances in workers exposed for
many years.
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