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ABSTRACT The investigation was carried out in the
peripheral lymphocytes of mint factory workers who
were exposed to dusts and fumes of metal aloys like alu-
minium, magnesium, copper and nickel. Samples of pe-
ripheral blood were collected from 130 workers out of
which 67 were smokers and 63 were nonsmokers. 54 non-
smokers and 42 smokers belonging to the same socio-
economic group but not exposed to either radiation or
other toxic chemicals were studied for control data. There
was a significant increase in the chromosomal aberra-
tions in the workers when compared to the controls.

INTRODUCTION

Industrial revolution has led to the entry of
various metalslikelead, mercury, chromium, ar-
senic, nickel, cadmium, copper, manganese, and
zincinto variousdomestic, cosmeticand  con-
sumer products that are used by manin day to
day life.

Aluminiumisaknown neurotoxininanimals
(Golub and Geshium 1992) and human (Bollaet
al. 1992). Carcinogenic effectsof aluminium are
reportedinanimals( Bingham et al. 1979) and in
man (Konstantinov et a. (1972). Kusiak et al.
(1993) reported stomach cancer in workers occu-
pationally exposed to alumimium. Occupational
exposure to copper is reported to result in lung
cancer (Chenet al. (1993) in occupational work-
ers. Maoet a. (1993) reported severeasthmain
copper miners. Nickel isawell known carcino-
gen ( Fairhurst and 11ling 1987). Carcinogenicity
of nickel wasreportedinrats(Waalkeset d. 1987).
Occupational exposure to nickel is reported to
elevate sisterchromatid exchanges (Peltonen
(1979)) and chromosomal aberrations (Nishimura
and Umeda 1979). Though all these reports sug-
gest deleterious effect of metals reports on the
mutagenicity of thesemetalsin occupationally
exposed population are inadequate. Hence an
effort has been made to study the incidence of
chromosomal aberrations in the peripheral
lymophocytes of mint factory workerswho were

occupationally exposed to aluminium, copper,
nickel and magnesuim. Earlier reports suggest
that smoking has adverse effect on chromosomes
(Obe et al. 1978). Hence the workers were
categorised into smokersand nonsmokers. Fur-
ther, the workersin both categorieswere divided
into three groups based on the duration of ex-
posure.

MATERIALSAND METHODS

The blood sampleswere collected from mint
factory workers. India government mint
(I.G.Mint) supplies high quality currency coins
to Reserve Bank of India which are ready for
circulation. Themeta alloysare madefrom com-
bination of a uminium and magnesium (alumag)
and copper and nickel (cupronickel) by heating
them to a temperature of 660°C (alumag) and
1480°C (cupronickel) in openfirefurnaces. The
aloys are then cooled (annealing ) and made
into sheets. The sheets were processed into
currency coins of different denominations and
supplied to Reserve Bank of India for circula-
tion.

Sample Collection: Intravenous blood was
collected aseptically using heparin (anticoagu-
|ant) from 63 nonsmokers (agerange 24 - 56 years)
and 67 smokers (agerange 22 - 54 Years). Their
working schedulewas 8 hours per day and dura-
tion of service was from 3 - 27 years. Simulta-
neously heparinised blood was collected asepti-
cally from 54 nonsmokers (control - 1) and 42
smokers (control - 11) who were not exposed to
toxic chemicals and belonged to same socio-
economic status.

Whole blood was added to RPM | 1640 me-
dium supplemented with 25% human AB serum,
0.5% phytohemaggl utinin, 0.25% dicristicinand
0.25% gentamycin. Control group cultureswere
maintained simultaneously under similar condi-
tions. All the cultureswereincubated at 37°c for
72 h. 0.1 ug/ml of colchicinewasadded 2h before
harvesting the cultures, then the cultures were
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harvested and slideswere prepared according to
standard method of Moorhead et a .(1960).
Slides were coded and sereened for various
types of chromosomal aberrations. For each
sample 150 metaphaseswere screened for chro-
mosomal aberrations such as gaps, breaks, frag-
ments, dicentrics and polyploids. The signifi-
cance of total chromosomal aberrations was
analysed using the chi-sguare (x?) test. Since
gaps are not stable aberrations they were ex-
cluded from thetotal number of aberrations.

Fig. 1. Gaps

Fig. 2. Breads

Fig. 3. Metaphase showing exchanges
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RESULTS

Theincidence of gaps, breaks, fragmentsand
ployploids in nonsmoker exposed group is
shown in table 1 and in exposed smokers in
table2.

In the control group data from nonsmokers
(Control - 1) was compared with smokers (Con-
trol- I1) data. Chromosoma aberrationswere high
inthe smokerswhen compared to nonsmokers.
Thedifferencein the total chromosomal aberra-

Fig. 4. Metaphase showing dicentrics

Fig. 5. Isochromatid gaps

Fig. 6. Polyploid
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tions between smokers and nonsmokers was
found to be statistically significant.

In the nonsmokers exposed to metal aloys
therewasasignificant increaseinthe chromo-
somal aberrationswhen compared to nonsmoker
control group ( Control - 1). There was an in-
creasein the incidence of chromosomal aberra-
tionswith duration of exposure. Theincreasein
the chromosomal aberrationsat all timeintervals
was significant when compared to the control
subjects. Thedifferencefor chromosomal aber-
rations between thetimeintervalswasalso sig-
nificant.

Inthe exposed smokers( Table2) therewasa
significant increase of chromosomal aberrations
when compared to control groups | and 1l. To-
tally a significant increase was observed in the
chromosomal aberrationsat all thetime inter-
vals, when compared to the control subjects. Fur-
ther, increase in the chromosomal aberrations
between time intervals was also significant. In
both the control group and exposed group a
high incidence of chromosomal aberrationswas
recorded inthe smokerswhen compared to non-
smokers.

DISCUSSION

The toxicants that enter into human body
cause disturbanceto normal state and behaviour
of the chromosomes which in turn lead to re-
shuffling of hereditory material causing chro-
mosomal aberrationsand gene mutationsin so-
matic and germ cells.

Severa earlier reportssuggest harmful effects
in subjects occupationally exposed to metals.
Mylius and Gullvag (1984) reported signi-
ficant increase in macrophages in sputum
expectorates from 84 aluminium potroom
wokers. Deleterious effects on peripheral
nervous system were reported by Araki et al.
(1993) in the workers exposed to lead, zinc
and copper. Vanderwaal et a. (1990) reported
high incidence of lung and skin cancers in
welders and cutters exposed to chromium,
nickel, copper etc. Magnesium is a relatively
nontoxic metal. However acute poisoning has
been observed in cows fed on diet containing
high content of magnesium (O’kelly and
Fontenot, 1973).

As all these reports suggest toxic effects of
metals present study was conducted in the
mint factory workerswho were exposed to dusts
and fumes of meta aloys containing alumi-
nium, magnesium, copper and nickel. For com-
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parison studies were carried out on smokers and
nonsmokers who were not exposed to toxic
chemiclas.

In both the control group and exposed group
therewas asingificant increase of chromosomal
aberrations in the smokers when compared to
nonsmokers. Our reportsarein accordencewith
previousreportsof ObeandHerhaetal. (1978),
Fatimaetal. (1995), Rupaet al. (1989) who re-
ported high incidence of chromosomal aberra-
tionsin smokers.

In the present study there was a significant
increase of chromosomal aberrations in the
exposed group when compared to control
group. The results confirm earlier reports of
Deng et al. (1988) who reported increased fre-
guency of sisterchromotid exchangesin electro-
plating workers exposed to nickel. Haugen et al.
(1983) reported increase of sister chromatid ex-
changesin nickel plant workers. Though metals
likeauminium, nickel, copper and magnesumare
used in wide spectraof industriesreportson their
mutagenicity are rather scarce. Itisdifficult to
identify the effect of individual metalswhen they
are used as aloys. Hence our study confirms
cumulative mutagenic effect of these metals.
Further our study warrants that undue exposure
of man to metals and their alloys in industries
might result in genetic damage. Appropriate pre-
cautionary measures should be taken by the
workersto minimiseexposureintheir work envi-
ronment.

CONCLUSON

Our study suggests that workers employed
in industries using metals or their alloys and
exposed to dusts or fumes of metals or metal
aloys are prone to gentic damage. The high
incidence of chromosomal aberrations in the
smokers reveal a cumulative effect of smoking
and exposure to metal aloys.
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