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Testing for mutagens in filter samples from the work
atmosphere of an aluminum plant
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KR0KJE A, TILTNES A. MYLIUS E, GULLvAG B. Testing for mutagens in filter samples from-th e
work atmosphere of an aluminum plant. Scand J Work Environ Health 11 (1985) 311-316. Filter
extracts of airborne particles from a Soderberg potroom and an anode paste plant were tested for
mutagenicity by the Salmonella reversion assay. The extracts were mutagenic to strains TAl 00 and TA98.
mainly after metabolicactivation, but positive results were obtained also without S9 mix in strain TA98.
These findings indicate that the particulate phase of air from the potroom and the anode paste plant of
aluminum plants contain mostly indirect mutagens of both the base-pair substitution and frameshift
type, and - to a less degree- direct frameshift mutagens. The relationship betweenconcentration and
mutagenicity was more positive for the potroom extract than for the anode paste plant extract.
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No entirely error-free method exist s by which to test
the mutagen load on the human body from inhaled
pollution. Chemical and phy sical analysis of the
atmosphere of the workplace can form an initial step
in thi s direction. The i.ext step can be to test the
mutagenicity of filter samples of the air. The Salmo­
nella mutagenicity test has been used for investigating
the mutagenic potential of extracts, and fractions of
extracts, of the particulate matter from air pollution
in internal and external environments (4). Particulates
can act as carriers for those types of mutagens which
ma y be eluated by body flu ids or cellular membranes.
Some investigators (5, 12, 14) have tried to evaluate
the biological availability of the mutagens by using
serum or saline solutions as solvents instead of organic
ones. We have approached this que stion by using the
Salmonella typhimurium test on filter samples and
on samples of expectorate (10) and ur ine (9) from ex­
posed workers.

Th e incidence of lung can cer is higher among
workers in Soderberg-type aluminum plants than
among the general population (6). Chemical exposure
in an aluminum plant of this kind is complex (unpub­
lished report of J Rob) and comprises relatively high
concentrations of polycyclic aromatic hydrocarbons
(PAH). Chemical measurements have shown that the
PAH concentrations var y between 4 and 4 150 Itg/m'
in the potroom and between 5 and 1 200 Itg/m' in the
anode paste plant (3).

In the present study, we report results of muta­
genicit y studies on air samples from a Soderberg pot -

I Department of Botany, Section for Cell Biology, The Uni­
versity of Trondheim, Norway.

2 The Labour Inspection, Drarnmen , Norway.
) Department of Pathology, University Hospital of Trond-

heim, Norway.

Reprint requests to: Ms A Krekje, Department of Botany,
Section for Cell Biology, The University of Trondheim,
N-7055 Dragvoll , Norway.

room and an anode pa ste plant. These two kinds of
workplaces were specifically cho sen because their
PAH compositions and concentrations differ.

Materials and methods

Aluminum is produced by the electrolysis of alumina
dissolved in a melt consisting mainly of a mixture of
aluminum fluoride (AIF3) and cryolite (Na 3AIF6) .

The electrolysis takes place in the potroom where
carbon-lined pots Serve as cathodes and are main­
tained at approximately 970°C by electrical resistance
to the current passing bet ween the cathode and a car­
bon anode suspended in the bath. Anode paste is
supplied from the pa ste plant. Airborne particles
from the potroom (P) and the anode paste plant (A)
were collected on Acropore filters (AN-SOO, diameter
37 mm) connected to a Casella pump. The pump was
situated beside the crane-bridge in the potroom and
over the mixing machine in the anode paste plant.
Unlike a worker in an aluminum plant , the sampling
device was stationary. The sampling rate was about
2 lImin; 30 filters were exposed in each workplace
(94-155 lIfilter). Unexposed filters (F) were used as
controls.

The follo wing chemicals were used during the
preparation work: cyclohexane, analytical purity
(Merck); dimethylsulfoxide (DMSO), spectrometric
grade (Merck); 2-aminoanthracene, practical grade
(Sigma) ; benzo(a)pyrene, practical grade (Sigma);
nutrient broth no 2 (Oxoid Ltd); Bacto-Agar (Difco);
L-histidin . hydrogen chloride (Sigma) ; d-biotin (Sig­
ma); Vogel Bonner Minimal "E" Agar-plates (Gibco
Bio-cult); S9 (Litton Bionetics, United States); glu­
cose-c-phosphate (Sigma); nicotinamide adenine di­
nucleotide phosphate (NADP) (Sigma) .

The particle samples were obtained by ultrasonic
treatment of the Acropore filters, by a modifica-
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tion of Tegersen's method (15). The filters were ex­
tracted ultrasonically for 30 min in a solution of
96 % ethanol. Two and two filters were treated to­
gether with 5 ml of ethanol. The extraction with
ethanol (5 ml) was repeated for 15 min. The two
ethanol extracts were pooled, and 5 ml of cyclohexane
and 10 ml of water were added and then extracted
ultrasonically for a further 30 min. The cyclohexane
was removed and the aqueous phase was extracted
with cyclohexane (5 ml) once more for 15 min. The
combined cyclohexane extracts were stored in dark
bottle s in a refrigerator .

In each experiment the cyclohexane extract was
evaporated to dryness at 50°C in an atmosphere of
pure nitrogen. When drying was complete, DMSO
was added to dissolve the cyclohexane residue. The
resulting solution was used for the test. The loaded
filters were shaded from the light during handling.
The control filters were treated in exactly the same
way as the exposed filters.

For the unexposed filters 100 JLI of stock solution
corre sponds to 1.25 ml of cyclohexane extract. The
stock solution was diluted with DMSO to obtain con­
centrations of 0.05, 0.25, 0.5, and 1.0 ml of cyclo­
hexane extract per 100 JLI of test solution.

For the filter samples from the anode paste plant
100 JLI of stock solution corresponds to 1.35 ml of
cyclohexane extract and 61.1 I of air. This stock solu­
tion was diluted with DMSO to obtain test concentra­
tions corresponding to 2.0,5.0, 10.2,20.4,40.0, and
61.1 I of air per 100 JLI of test solution .

For the filter samples from the potroom 100 JLI of
stock solution corresponds to 1.17 ml of cyclohexane
extract and 56.6 I of air. This .stock solution was
diluted with DMSO to obtain test concentrations cor­
responding to 1.9, 5.0, 9.4, 18.8, 37.7, 40.4, and
56.5 I per 100 JLl of test solution.

The S typhimurium strains TA98 and TA100 were
kindly supplied by Dr BN Ames, Berkeley, United
States. The mutagenesis assay was carried out as
described by Ames et al (2). Tests were carried out in
the presence and absence of S9 mix (50 JLI S9/plate,
S9 from Aroclor-induced male Sprague-Dawley rats
with cofactors). The relationship between the con­
centration and the effect of the extracts from the
unexposed filters was tested at four different con­
centrations (duplicate plates). In a preliminary ex­
periment , the extracts from the exposed filters (both
P and A) were tested at six different concentrations
(triplicate plates) to establish the relationship be­
tween concentration and effect. Where this relation­
ship was found to be approximately linear, two of
these concentrations were chosen for use in a further
experiment. The two concentrations chosen were
5 and 40 I of air. They were then investigated with
the use of TA98+ / -S9 and TAIoo+ / -S9 in five
parallel petri plates. Each test was duplicated, in in­
dependent experiments, to ensure reproducibility.
The statistical significance of all the result s was tested
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by the Student's t-test (7, 18), the results of the in­
dependent tests being presented separately. In each
experiment five parallel petri plates, with bacteria
only in the top agar, were used as a check on the
spontaneous frequency of mutations and of the phys­
iological state of the bacteria. Another five to eight
parallel petri plates, with DMSO or DMSO + S9 mix
combined with bacteria in the top agar, were used as
controls. Checks on the activating capacity of the
S9 mix were made in each experiment, with 2.5 JLg of
2-aminoanthracene or I JLg of benzo(a)pyrene. Two
parallel petri plates were used with each strain. On
the assumption that the number of bacteria able to
produce revertants is the same for the test-solution
plates as for the control plates, the net yield response
(RN) can be estimated from the difference between
the number of revertants on the test plates (RT)

and the control value of the solvent (RK) as

RN = RT - RK •

The results were regarded as positive when the fol­
lowing criteria were fulfilled: reproducibility, posi­
tive relationship between the concentration of the test
solution and its effect, statistical significance, and a
twofold increase in the number of revertants com­
pared to the spontaneous number (13).

We chose to evaluate RT against the respect ive RK

values for the concentrations of the test solutions
which fell within the linear range of the concentra­
tion-effect relationship and which were based on the
results from five parallel agar plates.

Results

The activity of the S9 mix was confirmed with the po­
sitive controls. The net response (RN) with 2.5 JLg of
2-aminoanthracene was 1 500-2 100 (TA98 + S9)
and I 200-1 800 (TAloo + S9), and with I JLg of ben­
zo(a)pyrene 218.4 (TA98+S9) and 407.6 (TAIOO+
S9).

Unexposed filters

The results from the unexposed filters showed no
indication of a concentration-effect relationship (fig­
ure I), nor did cyclohexane , or any other of the
chemical substances, have any effect on the bacteria.

Anode paste plant

The air from the anode paste plant had a mutagenic
effect on both bacterial strains (figure 1). Without S9
mix, a weak correlation was obtained between con­
centration and effect for the TA98 strain. The results
for the 40-1 sample of air also indicated a mutagenic
effect , suggesting that some direct frameshift type of
mutagens really were present (figure 2). With S9 ac­
tivation , a positive relationship existed between con­
centration and RN for both bacterial strain s. A weak
response was shown for the 5-1 sample, and a very
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Figure 1. Mutagenic eff ects of the ext racts of airborne part iculat es fro m the atmosphere in the anode paste plant (A) and the
potroom (P) and of those from unexposed Acropore filters (F). The conce ntrat ions for A and P are expressed as li ters of air
per plate , whereas for F they are expressed as mill ili ters ~f cyclohexane per plate. The net responses (RN) of the bacteria after
48 h of incubat ion are shown. For some of the concentrat ions each data symbo l represents the mean of the RN values for two
or more inde pendent experiments.

clear effect was seen for the 40-1 sample with both
strains of the bacteria (figure 2).

Potroom
The particulate extract from the potroom had a muta­
genic effect on both strains (figure 1). Without ac­
tivation the correlatio n between concentration and
response in TA98 was weakly positive. The 40-1
sample of air had a mutagenic effect on TA98 (fig­
ure 2). A strong increase in mutagenicity was found
in the presence of metabolic activation. The rela­
tionship between concentratio n and effect was clearly
positive, and the correlation for the TA98 strain was

linear (linear correlation coefficient (r) = 0.97). Even
the 5-1sample of air yielded a mutagenic effect with
both strains of bacteria (figure 2).

The extracts of airb orne particulate matter from
the potroom and the anode paste plan t had about the
same effect on strain TAlOO, with or without S9
activation (figure I). When strain TA98 was used , the
partic ulate matte r in the potroom atmosphere had a
greater degree of mutagenic activity than that from
the anode paste plant. With activation, the difference
was significant (p < 0.001) for both the 5-1 and the
40-1 samples of air. The relationship between con­
centration and effect was more positive for the pot­
room extract than for the anode plant extract.
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Figure 2. Mutagenic effects of the extracts of airborne particulate matter in 5-1 and 40·1 samples of air from the anode paste
plant (A) and the pot room (P) in two independent experiments. The net response (RN) is the value obtained after 48 h of In­
cubation. Where a tendency for a positive response was found, the corresponding control value of the solvent RK is shown
on the lett-hand side of the RN value . The standard error (SE) values are lndlcated above each column.

Discussion

It is assumed that the mutagenicity of the airborne
dust is due to adsorbed compounds extracted by
organic solvents. These mutagens are mostly indirect
and of the type that causes frameshift mutations.
This assumption is consistent with the fact that PAH
require metabolic activation before they have a muta-
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genic effect (1) and that they are especially potent
for bacterial strains sensitive to frameshift muta­
tions (17).

It should be noted that in the present experiments
the extracts were not purified to include only PAH,
ie, other mutagens may have been present. The direct
mutagenic effect on the TA98 strain may also in-



dicate that substances other than PAH were present
in the extracts.

The air pollution produced by the anode paste
plant mainly consisted of volatile PAH (3), which
do not show any mutagenic effects with the Ames
test (11). These nonmutagenic hydrocarbons ma y
react synergistically however with such mutagens as
benzo(a)pyrene (8), which is known to be present at
low concentrations in the paste plant atmosphere.
The observed effect could thus be a result of syner­
gism between small amounts of mutagenic and larg er
amounts of nonmutagenic hydrocarbons. The pot­
room atmosphere also contains some known indirect
mutagens . These mutagens, together with nonmuta­
genic PAH which have a comutagenic effect, may
be responsible for the sharp increase in revertants
recorded after metabolic activation. The studies per­
formed on samples of expectorate (10) and urine (9)

. from the workers should to a certain extent help to
make the entire study more complete.

There were several difficulties involved in this
study of the effects of the work atmosphere in an
aluminum plant. The samples were collected on
Acropore filters . They therefore contained volatile
PAH, or other effective gases, only to a small degree.
Only those which are adsorbed on solid particles or
are present as liquid drops will thus have been filtered
ofi. Ideally onl y particles equal to or greater than the
pore size are filter ed off, and the nonparticulate
PAH condensates smaller than the pore diameter
(0 .8 /Lm) and dust particles < 0.8 /Lm in size pa ss
through th e filter. The extraction method used will
not have eluated all the PAH from the surface of the
particles. Only about 20-30 070 will hav e been ex­
tracted, and the extraction itself will have been selec­
tive (Telnzes, per sonal communication) .

In our tests on air particulate matter, when 5-1
samples of air were analyzed, indirect mutagens were
present, and, in 40-1 samples, direct mutagens were
also present - essentially those kinds which produce
frameshift mutations. The respiratory volume of a
resting person is 5 I of air /min (16), but this value
increases considerably with physical activity. The
most important mutagens in the air samples were in­
direct, but the presence of direct mutagens - espe­
ciall y of the frameshift type - could also be demon­
strated.
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