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ABSTRACT

The levels of minor metals: Sn, Mn, Zn, Cu, Cr, Cd, Pb, Fe, As, Ti, Al and major metals: Na,
K, Ca and Mg were determined in the paint effluent, metal dump site and the associated leaves of
Nicotiana tabacum plant from a Crown caps industry. Levels of Al, Mg, Na, K, As, Cr, Cd, Ti and Ca
were all correspondingly higher in the N. tabacum leaves than the soil, this could be due to the metal
bioaccumulation of the metals in the leaves. With the exception of As (with 231.5 ppm) all the values
in the plant and the dump site were higher than the values in the paint effluent. The correlation
coefficient between the metal dump and tobacco leaves was significantly, high (rxy = 0.68) with a low
index of forecasting efficiency (26.7%). Since all the samples were high in the metals determined
(particularly the trace metals) the industrial envi-. ronment was polluted and would need constant

monitoring.
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INTRODUCTION

Industrialization is vital to nation's socio-
economic development as well as its political
stature in the international committee of nations. It
provides ready employment opportunities for a
good percentage of the population in medium to
highly developed economics. Although
industrialization is inevitable, various devastating
ecological and human disasters which have
continuously occurred over the last three decades
or so implicate industries as major contributors to
environmental degradation and pollution problems
of various magnitudes. Rapid industrial develo-
pment in developed and developing countries has
increased hazardous wastes generation several
fold.

By way of explanation, environmental
pollution is the contamination of air, water, land and
food in a way that will result to real or potential
harm or threat to human health and damage to
non-human nature without any justification. It is,
therefore, very imperative for us to know the
sources of these pollutants/contaminants to our
environments.

Industrial effluents, wastes and emissions,
contain toxic and hazardous substances most of
which can be detrimental to human health®. These
include heavy metals such as Pb, Cd, Hg, Co, etc.
and toxic organic chemicals. For instance, there
was the case of Minamata disease in Japan in the
1960's caused by mercury poisoning of consumers
of fish from Minamata Bay, Japanz, which had
received untreated efflu-
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ents from a plastic factory. Then there was a case
of Itai - Itai poisoning from ingestion of rice
irrigated with effluent containing the toxic metal
cadmium®. Many people from Abakaliki mining
district of Anambra State, Nigeria suffer from lead
poisoning resulting from the contamination of their
water source by lead®. Adeyeye and Ayejuyo5 had
advised the inhabitants of Ado-EKkiti, Nigeria and
consumers of cassava tubers around a textile
farmland on the danger of consuming excessive
mineral elements from such location.

Since pollution through trace heavy metals
has become increasingly more in recent years, not
only because people are more sensitive on this
subject but also because the amount of pollution
has increased markedly. Therefore, there is need
for continuing assessment, surveillance, research
and public information less these unknown
dangers create irreparable environmental damage
which in turn results in widespread human suffer-
ing in the future. This work reports the metal
concentrations (both minor and major) from the
paint effluent, metal dump site and associated
Nicotiana tabacum (L.) leaves from a Crown caps
industry based in Akure, Ondo State, Nigeria.

MATERIALS AND METHODS

Collection and treatment of samples :-
All samples were collected in the vicinity of
Omotosho Crown Caps Industry, Akure, Ondo
State, Nigeria. The soil in the scrap metal dump
site was collected to the depth of 10 cm manually.
The tobacco leaf samples were plucked from the
tobacco plant which was less than one meter from
the dump site. The paint effluent was collected
from its dump site. The paint effluent contained
organol-acquer, white enamel and varnish.

The soil sample was air dried, turned into
powder and sieved using 850mm mesh. The
tobacco leaves were also air dried, turned into
powder and preserved. A representative mixture
of the paint waste was

also obtained. The metal scraps were normally
mixed with chemicals and burnt at the dump site
while paint effluents were normally discharged
into a gutter or burnt with the metal scraps.

Digestion of samples :- Wet ashing procedure
was employed to prepare all the samples for
mineral analysese. The weight of samples taken
for digestion ranged from 0.5g (leaf), 0.51 g (soil)
and 0.96g (paint) and addition of 5ml of HNO3z, Sml
HCI04 and 5ml of HF to each sample respectively
in 50 ml berzelius beaker each and heated. After
cooling the contents were filtered into a 100 ml
standard flask and made up to the mark with
distilled de-ionized water for each sample.

Mineral analysis:- The minerals were analyzed
from solutions obtained by means of atomic
absorption spectrophotometer (PYE Unicam Sp 9,
Cambridge, UK)’.

RESULTS AND DISCUSSION

Crown caps are metallic, protective cover
used to seal the top of a bottle containing liquid
drinks or syrups as its content. There were
fourteen Crown Caps Industries in Nigeria as at
1979. The number got reduced to nine in 1983.
This number had got reduced to only five in 2002;
this five includes the industry we are reporting
upon. The raw materials normally used in the
industry included: tin plates (Gold coated plate),
tin free steel (Silver coated), polyvinyl chloride
(PVC), lacquer, blanket, ink, vanish, white
enamel, paper cartons. With this array of raw
materials there is bound to be some waste that
could be deleterious to man, hence the need to
assess the waste products.

Table 1 depicts the metals analyzed for in
N. tabacum and metal dump site soil. The minor
metals analyzed for were Fe, Zn, Mn, Cu, Sn, Al,
Pb, As, Cr, Cd and Ti while
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the major metals were Mg, Na, K and Ca. These
same metals were also analysed for in the paint
effluents as shown in Table 2. The metals which
were highly concentrated in both the soil and
tobacco leaves were Fe, Zn, Mn, Cu, Pb, Cr, Na,
As, Mg and K while Sn, Al, Ti and Ca were
comparatively low in values. The following metals
were high in the paint effluents: Mg, Na, K, Pb, As
and Cr. In Table 1, these metals were higher in the
tobacco leaves than the soil: Al, Mg, Na, K, As, Cr,
Cd, Ti and Ca; this could be due to
bioaccumulation of such metals in the tobacco
leaves®. The coefficient of variation percent (CV%)
values in Table 1 showed that Fe was the most
varied between the dump site soil and the tobacco
leaves while Na was the least varied. The correla-
tion coefficient was high (rx, = 0.68) and significant
while regression coefficient (Rc) showed that for
every overall unit increase in the tobacco leaf
metal value, there was an increase of 0.77 in the
dump site soil value; this meant that the tobacco
leaves had overall higher concentration of the
metals. The coefficient of alienation (CA) was high
(0.733 or 73.3%) while the index of forecasting
efficiency (IFE) was low (26.7%); that is, the
reduction in the error of prediction between the
metal values in the dump site soil and tobacco
leaves was just 26.7%.

Cadmium is one of the primary respiratory
poisons and has higher lethal potential than most
other heavy metals®. Cadmium poison has
extremely long life in the human body, about
16-33 yearslo. One ingested, cadmium is
transported to all parts of the body via the blood
stream, with high concentration in the liver and
kidney but low concentration in the pancreas and
spleen®’. Cadmium poison causes the damage of
the kidney and particularly the renal tubules,
softens bones and results in cough, diahorrea and
neausea''. Both the tobacco leaves and the metal
dump site soil contained high levels of cadmium.

The pathological effects of lead are varied,
but in general reflect the tendency of lead to
interact with proteins, especially those containing
sulfhydryl groups and hence to damage tissue
and interfere with the proper functioning of
enzymes'®. Lead ingestion could cause damage
to the Central Nervous System, induce
miscarriage in pregnant women and anemia by
causing a shortening of the life of red blood cells

due to disruption of the red blood cell
membrane™. All our samples contained high
levels of lead.

Zinc is an essential metal and plays
important roles in enzyme activity. It protects the
body against lead and cadmium poisoning®.
However too much of zinc oxide in the body
usually blocks the ducts of sebaceous glands.
Symptoms of zinc toxicity in humans include
abdominal pain, dizziness, vomiting, dehydration,
lethargy and lack of muscular co-ordination™*. The
zinc levels were high in the tobacco leaves and
dump site soil, such levels are not known to consti-
tute hazards to man.

Manganese has been associated with
enzymes system particularly oxidation processes,
activating enzymes involved in the transfer of
phosphate and hydroxyl groups as well as some
dehydrogenation reaction™®. Chronic manganese
poisoning has both psychiatric and neurological
manifestation, the most crippling of which has
been related to extrapyramidal system of the
brain™®.

Chromium is essential to life. Trivalent
chromium (Cr**) is essential for glucose and lipids
metabolism. Its deficiency results in diabetic
mellitus and increases the toxicity of lead™. It is
very poorly absorbed from the digestive system
and it combines with protein in skin to form a
superficially stable insoluble complex®. All our
samples contained high levels of chromium with
some with some evidence of bioaccumulation in
the tobacco leaves.

Our results contain low level of iron in the
paint, slightly high level in the tobacco
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leaves but very high in the metal dump site soil.
The result in the tobacco leaves showed low level
bioaccumulation. Approximately 1 mg of iron is
usually absorbed daily while the total loss of iron
from an adult is about 1 mg daily and is distributed
in hair, sweat, urine and faeces. This means there
is need for iron balance in the human body™®. It is
also needed by all plants being an essential
component of the catalyst involved in the
formation of chlorophyll*’. Our sample iron results
were below the deleterious levels.

Copper is a necessary element in animal
metabolism. The adult human body contains
100-150mg of copper. Copper is also required for
the growth and reproduction of lower plant form
such as algae and fungi, although larger amount
are toxic'®. Copper toxicity tends to accumulate in
the liver. Hypotheses concerning the effect of zine
-to - copper ratios in the diet as a determining
factor of plasma cholesterol levels have been
made™®. Our copper level in the tobacco leaves
was less than half of the soil value, it was also low
in paint effluent.

Arsenic was higher in both the paint
effluent and the tobacco leaves than the metal
dump site soil. No role in natural bio-Jogical
phenomena has been found for arsenic. Although
the element may be present in sea water to the
extent of 0.006-0.03ppm™, it may be ten times as
high in estuaries. Shellfish tend to accumulate
arsenic from the large amount of sea water with
which they come in contact. Oysters may contain
3-10ppm. Its lack of function in the human body is
suggested by the fact that it tends to accumulate
in the hair and nail which are essentially
non-living.

Titanium is used extensively in the
Chemical industries for handling some.of the most
corrosive process liquors. The food and drug
processing industries find that titanium is
unaffected by their products and by the strongest
cleaning agent they employ. A large variety of
products are processed without apparent
contamination. Titanium level

was low in all the samples analysed but showed
some level of bioaccumulation in the tobacco
leaves.

Aluminium is used in many phases of life
such as healing of severe burns™®. Because of its
corrosion resistance and relatively low cost, it is
used widely for food processing equipment, food
containers, food packaging foils and numerous
vessels for the processing of chemicals. No ill
effects on life processes have been established
for aluminium. Because of the presence of alu-
minium in soils and rocks, there are natural traces
of the element in nearly all foods. While
processing of foods in copper vessels will cause
destruction of vitamins, aluminium does not
accelerate the degradation of vitamins. Aluminium
compounds have been greatly used in medical
applications : its hydroxide is administered by
mouth as a gel in the treatment of indigestion,
gastric and duodenal ulcers and reflux
oesophagitis'®. Values of aluminium were
relatively low in all the samples, bioaccumulation
existed in the tobacco leaves.

The tin levels were low in the samples
analysed: 3.9 ppm (N. tabacum), 7.8 ppm (metal
dump site soil) and 12.5ppm in the paint effluent.
There are no published records of any human
fatalities from ingesting metallic tin; in fact, tests
have shown that considerable quantities of tin can
be consumed without effect on the human
systemlg. Small amounts are present in most
liquid canned products; the agreed limit of tin
content in foods is 300 mg/kg in the U.S.A. and
286ppm in the U.K., which far exceeds the
amount found in canned products of good
qualityzo. Although there have been statements
that tin compounds are excreted as rapidly as
absorbed at low levels, Kehoe et al.”’ have
demonstrated that tin is stored in nearly all organs
of the human body. The levels range from
undetermined amounts in the brain to 80mg/100g
in the long bones.

Potassium is the third macrometal
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Table 1. Minor and major metal concentrations (ppm) in metal dump site soil and
Nicotiana tabacum leaves (dry weight) from the Crown caps industry
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Element N.tabacum Metal dump soi Mean SD? CV%° ry" Rc® CA’ IFE%«
Fe 208.8 1962.8 1085.8 1240.2 114.2
Zn 509.5 862.8 686.2 249.8 36.4.
Mn 170.4 221.4 195.9 36.0 18.4
Cu 205.5 445.9 325.7 170.0 52.2
Sn 3.9 7.8 5.9 2.8 48.2
Al 69.2 39.3 54.2 21.2 39.0
Mg 1630.8 1152.0 1391.4 338.6 24.3
Na 1542.9 1530.1 1536.5 9.1 0.6 0.68 0.77 0.733*26.7
K 1517.3 1487.5 1502.4 21.0 1.4
Pb 563.0 630.0 596.5 47.4. 8.0
As 222.3 108.9 165.6 80.2 48.4
Cr 237.3 132.9 185.1 73.8 39.9
Cd 293.9 287.6 290.8 4.4 1.5
Ti 16.7 13.1 14.9 2.6 17.1
Ca 187.2 169.3 178.2 12.7 7.1

®Standard deviation.

PCoffecient of variation percent.

‘Correlation coefficient.
ddegression coefficient.

€Cofficient of alienation.

"Index of forecasting efficiency.
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Table 2. Minor and major metal
concentrations (ppm) in the paint effluent
in the Crown caps industry

Element Paint effluent
Fe 67.0
Zn 16.1
Mn 17.8
Cu 314
Sn 12.5
Al 24.7
Mg 479.3
Na 790.9
K 845.9
Pb 427.7
As 231.5
Cr 88.3
Cd 2.0
Ti 1.7
Ca 29.8

required for plant growth. In man, potassium is highly
useful being universally present in all foods.
Potassium level was high in all the samples, although
it is not known to cause pollution.

Sodium is required by plants for growth and in
man it controls body water balance and has a role in
muscle contraction. Our sodium values were high in all
the samples but slightly more concentrated in the
tobacco leaves than the soil (as it was the case in
potassium). When absorbed by clay colloids at high
concentration it can cause displacement of potassium
and calcium, leading to deterioration of soil texture.

Most economic crops yield best in soils
where the exchange complex is dominated by
Ca®". High Ca* indicates a near - neutral pH,
which is desirable for most plants. Representative
levels of calcium in the soil solution of
temperature region soils are 30 to 300 ppm; our
metal dump site soil fell within this range. In soils
of higher rainfall areas, soil solution calcium
concentration will range from 8 to 45ppm, and
usually averages about®®* ppm?®®. The calcium
level in the tobacco leaves showed some level of
bioaccumulation.

Magnesium was high in all the samples but
higher in the tobacco leaves than the metal dump
site  soil showing reasonable level of
bioaccumulation. Magnesium is the key element
in the chlorophyll molecule and it is involved in
protein, DNA and RNA syntheses in man. Bray**
stated that most soils containing less than 4536
kg of exchangeable magnesium will probably
produce magnesium deficiency symptoms in
-plant. As early as 1858, Thomas Green Clemson
wrote of magnesium "lts presence in the soil is a
requisite to fertility, and its addition, of manifest
necessity wherever it may be wanting".

Tobacco, derived from N. tabacum L. and N.
rustica L, is one of the American gifts to the
people of the Old World. In pre-Columbian times,
American Indians used tobacco in much the same
way as it is used mtoday and believed that it
possessed medicinal virtues. Tobacco was used
in their religious ceremonies such as the smoking

of 'the pipe of peace™.

The results of this work showed that the
Crown Caps environment needs constant
monitoring. Also it is recommended that an
underground dump site, with concrete base and
line should be provided for the disposal of the
waste metals and paints. Dolomite should also be
added to avoid plant mineral uptake.



10.

11.

E .I. Adeyeye et al.. Material Sci. Res. India 02(2) 79-86 (2004) 85

REFERENCES

Federal Environmental Protection Agency
(FEPA), Guidelines and Standards for
Environmental Pollution Control in Nigeria,
Lagos, pp. 13-194 (1991).

Smith, W. E., Smith, A. M., Minamata, Holt
Rinehart and Winston, New York, 192 pp.
(1975).

Yamagata, N. and Shigematsu, ., Bull. Int.
Publ. Health, 19, (1970).

Egbooka, B. C. E., Nwankwor, G. I.,
Orajaka, I. P. and Ejiefor, A. O., Environ-
mental Health Perspectives, 83, 39 (1989).

Adeyeye, E. |., Ayejuyo, 0. 0., Park J. Sci. Ind.
Res., 45(1), 10 (2002).

Udo; E. J. and Ogunwale, A. J., Laboratory
Manual For The Analysis of Soil, Plant and
Water Samples, Department of Agronomy,
University of Ibadan, Ibadan, pp. 70-76
(1978).

AOAC, Official Methods of Analysis, 15"
edn., Association of Official Ana-
lytical'Chemists, Washington DC (1990).

Pendias, A. K. and Pendias H., Trace
Elements In Soils and Plants, 2" edn., CRC
Press Inc., Florida, 365pp (1992).

Mc Graw - Hill, Encyclopedia of Science and
Technology, 15(6), 6(1985).

Joint Group of Cxperts of the Scientific
Aspects of Marine Pollution (GESAMP),
Supplements To The Sixth Session, Review
of Harmful Substances, UNESCO, Paris, 26
pp. (1974).

Organsation for Economic Cooperation

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

and Development (OECD), Cadmium And
The Environment Toxicity, Economic
Control, OECD, Paris, pp. 1-88 (1975).

Waldron, H. A. and Stofen, D., Sub -Clinical
Lead Poisoning, Academic Press, New
York, 224 pp. (1974).

Van Nostrand Reinhold, Encyclopedia of
Chemistry 4 (1), 986 (1984).

WHO, Guidelines For Drinking Water
Quiality, vol. 2, Health Criteria And Other
Supporting Information, WHO, Geneva, 130
pp. (1984).

Crosby, 225
(1977).

N.T., Analyst, 102(213),

Mc Graw-Hill, Encyclopedia Of Environ-
mental Science, 13(2), 7 (1973).

Evans, I., Solberg, E., Agriculture, Food And
Rural Development, Edmonton, Alberta, pp.
1-6 (1998).

Martin, E. A. (Editor), Oxford Concise
Medical Dictionary Oxford University Press,
Oxford, p. 21 (1998).

Kirk-Othmer, Encyckoedia Of Chemical
Technology, Vol. 20, Interscience Publisher,
John Wiley and Sons, Inc., London, pp. 273 -
286 (1969).

Monier-Williams, G.W., TaceElements in
Food, John Wi ey and Sons, Inc., New York,
pp- 138-161 (1950).

Kehoe, R. A,, Cholak J. and Story, R. V., J.
Nutr. 19, 582 (20), 85 (1940). In Kirk -
Othmer, Encyclopedia Of Chemical
Technology, Vol. 20, John Wiley and Sons,
Inc., London, pp. 273 - 286 (1969)



86

22

22.

23.

E .I. Adeyeye et al.. Material Sci. Res. India 02(2) 79-86 (2004)

Sutclieffe, J. F. and Baker, D. A., Plant And
Mineral Salts. Studies In Biology, No. 48,
Edward Arnold (Pub.), Ltd., London, 66
pp. (1974).

Tisdale, S.L., Soil Fertility And Fertilizers,
Elsevier Scientific Publishing Company,
Amsterdam, pp. 59-393 (1978).

Lawal, i. A., Determination Of Macro-metals
In Some Plants And Soil Samples

25.

From Fadama Farms, Department of
Chemistry, University of Ado-EKiti, Nigeria,
Unpublished Project Report (2002). 25.
Kochhar, S.L., Tropical Crops-A Textbook of
Economic Botany, Macmillan Publishers Ltd.,
London, pp. 293 - 301 (1986).



