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ABSTRACT

Bioaccumulation of Heavy Metals like mercury, cadmium lead,
by soybean was investigated. The experiments were performed to
evaluate the extend of an accumulation of these metals in the aerial part
of the plant. The plants were treated with different concentrations in the
form of their nitrates. The treatments were given through soil on alternate
days till harvesting. The samples were collected every week till the end.
The accumulations of these metals were analised by Atomic Absorption

Spectrophotometer.
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Heavy Metal pollution considered to

be the most dangerous hazardous effecting
both developing and developing countries.
Increasing global environmental deterioration
is bringing much more attention by heavy
metals. Metals having density greater than 5m/
cc are referred to as heavy metals. Some of
these like copper and Iron are essential trace
elements found in plants and animal bodies
whereas some others are non-essential and
extremely toxic like Lead, cadmiumand Mercury.
The noxious influence of heavy metals on
plants is a well known fact and has been
described by many authors. These metals are
being released into the environment due to
industrial, agriculture and mining activities and
also from exhaust gases of automobiles. The

presence of these heavy metals in organisms
can cause many diseases even if present in very
low concentration®. Studies with macrophytes
have been conducted with a veriety of metals
such as Pb,Cd,Hg,Cr,Cu and several macrophyte
species such as Hydrilla verticillata,
Potomogeton pectinatus and Vallisnaria,
spiralist!, Salvinia modesta, Azolla pinnata
and Marsilea trinuata®, Eloedea nuttallia and

Lemna spp?. There are some variations in terms
of metal tolerance and ability to accumulate
heavy metals among these macrophytes.
Mercury is considered as a non-essential toxic
element for living organism. Even at low
concentrations mercury and its compounds
produce potential hazards due to enrichment in
the food chain. On the basis of mean concentration
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of mercury in cereals, vegetables, pulses, milk
and fish. Most plants behave as excluders for
Hag, storing the metal mainly in the root?, acting
as a barrier to avoid that heavy metals reach the
aerial part of the plant?*. It is an environmental
pollutant which is mainly supplied via
anthropogenic sources to the soil and is harmful
because of its toxicity, mobility, bioaccu-
mulation, methylation process and transport in
the atmosphere?’. Most of the stored Hg in root
is bound to cell wall (80%) in plants®. According

to Bontidean et al.®, low Hg concentration
found in leaves due to reduced translocation,
limit the use of several plant species as bio monitors,
because they are able to uptake and translocate
Hg under field conditions. Hg compounds are
highly toxic to plants and concentration in plant
tissue increase with age’. Soil Hg availability
for plants is usually low, becauseit is absorbed
in the soil or precipitated in the solution then it
reaches the shoots by translocation or foliar
absorption!®. Mercury concentration was

higher in roots than the shots?.

Cadmium occurs as a major environmental
contaminant. In agricultural soil it is mainly
derived from fertilizer, fungicides and added
to soil through the application of some
phosphatic fertilizers as well as deposition from
the atmosphere?. Cadmium has been reported

to been reported to be phototoxic?? and when
take up by animals and human being causes
toxicity®. Cadmium has also been known to
inhibit nitrogen metabolism in higher plants®.
Williums and David®® studied accumulation of
Cd residues from phosphatic fertilizers and
their effects on Cd content in plants. They
report that cadmium can enter the agriculture
food chain through uptake by plants naturally

present in the soil o from anthropogenic inputs
via the atmosphere, disposal of sludge on
agriculture land or from the application of
phosphate fertilizer. Cd is phototoxic in nature
and not only inhibits the growth parameters of
plants but also causes death of plant®3,

Ham and Dowdy? studied growth and
composition of Soybean as influenced by soil
amendments by sewage sludge applications.
Roberts and Johnson?® reported that the potential
harm posed by the uptake of heavy metals such
as Cd and Pb by plants depend on their
abundance, mobility and Bioaccumulation. The
effect of phototoxic elements like Zn,Cd,Cu
elements are widely spread and can reach high
level in the soil. They are readily accumulation
by plant roots®®.

Bell et al.*, reported that the intensive
use of phosphatic fertilizers combined with soil
properties which generally enhance phytoavai-
lability of cadmium thereby affecting the quality
of seeds of Soybean and ground nut and these
accumulation Cd at levels greater than that
the permitted concentrations. Rayment? in his
studies on sources of cadmium in agricultural
products reported high cadmium concentration
due to the inadvertent addition of high ates of Cd
an impurities in phosphatic fertilizer, resulting
in availability of Cd fo increased uptake by
plants!’. The heavy metal accumulation was
highest for Cd followed by Pb on spinach
seedlings Khan et al.,'*. Lead is also found in
soil vegetation, animals food, water and air in
the vicinity of highways although its level
decreases exponentially with the distance from
the road®®. Lead levels in sewage sludge may
vary between 2.000-8.000 ppm and its use as
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a fertilizer may give rise to subsequent conta-
mination of agriculture soil. The accumulation
of Cd and Pb when the exposer time and
concentration increased Thripathi and Panday®.
Accumulation of Pb and Cd would be
accumulation in all plant organs in the order of
leaves stem and roots®3,

The present study was carried out on
Soybean (Glycine max (L.)) for one crop.
Three concentrations i.e 0.01m, 0.001m,
0.0001m and three metal nitrates Hg(NOs3),

Cd(NO3)2, Pb(NO3), were taken. The
application of test solution was started after
first week taken for chemical treatment. Plants
were transferred to shade and 50ml of test
solution was given to each bag on alternate
days.

Bioaccumulations of the heavy metals
were estimated by the method given by Mithis
and Cumming®® and APHA®. The samples
were collected in conical flask and were acidified
with concentrated HNO3 on the spot to bring
the pH of the samples were determined by
Atomic Absorption Spectrophotometer Model
2380 (Perkin Elmer, USA) using flame
atomization and HGA400 graphite furnace.
The pretreatment procedure specified by
APHAZ3. To 5gm of plant sample 25ml of acid
solution (four volumes of concentrated Nitric
acid and 1 volume of concentrated Percloric
acid made from Analar grade acids) was
added. The solution was evaporated until the
volume was diluted to 50ml with distilled
deionized water and metal content was
determined by using Atomic Absorption
Spectrophotometer at 283nm(Pb), 229nm(Cd),
254nm(Hg) wavelengths.

The accumulation of the three heavy
metal i.e. Hg, Cd, Pb was estimated in the
aerial part of control and all the treated plants
at weekly intervals till77 days. Results are
presented in figure 1 it is indicated that the
accumulation of Hg did not increase much till
42 days. After which there was an abrupt
increase in the accumulation of this metal in
plants treated with higher concentrations. After
that it was increased till 63 days after which there
was a sudden increase in the accumulation
which continued till the end. However, the
accumulation in the plants treated with lower
concentration was much lower than the
medium concentration.
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Fig. 1. Bioaccumulation of heavy metals in
Soyabean [Glycine max (L.)]
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Fig. 2. Bioaccumulation of heavy metals in
Soyabean [Glycine max (L.)] after 77 days

Figure 1 indicates that the accumu-
lation of Cd in all the Cd(NO3), treated plants
increased gradually with time till end those
plants treated with higher concentration. But
those plants treated with lower concentration
were not so abrupt.

Figure 1 also indicates the accumu-
lation of Pb in the plants treated with three
concentrations. It is clear from the figure that
the accumulation of Lead was quit high even
in the initial stages which increased substantially
during two to three weeks. After which the
increase was gradual till the end. It may be
mentioned here that the accumulation of the
three metals was not observed in water treated
plants at any stage. Figure 2 represents a

comparison of the amount of three metals
accumulated in the plants treated with the
respective metal nitrates after 77 days of the
start of experiment. The figure shows that the
accumulation of Hg was considerably lesser
than Cd and Pb.

The bioaccumulation of Pb is ten times
more than that of Hg, twenty times more than
that of Cd and three hundred times more than
that of Hg. This results were supported the
work of Johnson and Proctor!2. According to
these workers Pb is strongly absorbed by soils
from insoluble crystalline compounds in soil and
hence seldom reaches high levels in leaves or
stem. In these soils which have adequate amount
of phosphorous the plants do not accumulate
Pb Miller et al.,'®. It has also been reported
earlier that freshly added Pb salts are more
readily available to plants.

In the present investigation Pb(NOs),,
treatments was given on every alternate days
and such a frequent addition might have increased
the bioaccumulation of Pb accumulation in
Soybean. The bioaccumulation of Hg is much
lesser than that of the other two metals this
was more toxic even at low concentration.

References:

1. Abdul Ghani (2010). Iranian Journal of
Toxicology V (3).3. 325-334.

2. Anderson, A. and K. O. Nilsson (1972).
J. Environ. Qual. 4: 267-273.

3. APHA (1985). Standard methods for the
examination of water and waste water.
17" Edition, American  Public Health
Association, Washington. D.C.



10.

11.

12.

13.

14.

15.

16.

(169)

Bell, M.J., Mc Lauglin, M.J. Wright and
G.C. Cruickshank (1997). Australian
Journal of Agricultural Research 48(8):
1151-1160.

Bontidean, I., Mortari, A., Leth,S.,Brown,
N. L., Karison, U., Larsen (2004). Soil.
Environ.Pollut. 255-262.

Buckzek, M. (1980). Int. Arch.Gewerbe
Panminerva, 20: 537-540.

. Cooper,C.M. and W. B. Gillespe (2001).

Environ. Pollut. 111: 67-74.

Fribege, L., M. Pisacator, G.F. Noberg, T.
Kjellsrom and P. Boston (1976). Cadmium
in Environment second Ed. CRSpress,
Cliveland, Ohio, 248pp.

Gupta, M. and S. Devi (1995). J. Environ.
Biol., 16(2): 131-136.

Ham, G.E. and R.H. Dowdy (1977).
Agronomy Journal 70: 326-330.

Jana, S. and M.A. Choudary (1982). New
Phytol., 90: 477-484.

Johnson, W.R. and J. Procto (1977). Plant
Soil, 251-257.

Khairia M. Al- Qahtani (2012). Science
Journal 9(2): 384-392.

Khan Sardar, Alia Naz., Muhammad
Asdim., (2013). Pak. J. Bt., 45(SlI): 501-
508.

Lepp, NW. (ed) (1981). Effect of Heavy
Metal pollution on plants.\Vol. 2 Applied
Science Publishers, London.

Lucena, J.J., L.E. Hemadez, S. Olmos and
R.O. Carpena-Ruiz (1993). Micronutrient
content In Leguminous plants contaminated
with mercury. In: Fregoso, Van Beusichem
(Eds), Optimization of nutrition. Kluwer
Acad. Publishers, Dordrecht, The

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Netherlands., pp. 531-537.

Mc Laughlin, M.J., K. G. Tiller, R. Naidu
and D.P. Steven (1996). Australian Journal
of Soil Research, 34: 1-54.

Miller, J.E., J.J. Hasset, D.E. Koeppe
(1977). Interactions of Lead and cadmium
on metal uptake and rowth of corn plants.
J. Enveron. Qua. 6: 18-20.

Muithis, L. and J.C. Cumming (1973). Hand
Book of Anaytical Chemistry,1% Edn.New
York, Mc Graw Hills.

Mohan, B. S. and B. B. Hosetti (1997).
Environ. Pollut., 2: 133-238.
Moreno-Jimenez. E. et al., (2006).
Chemosphere 63: 1969-1973.

Page, A.L., F.T. Binghamand A.C. Chang
(1981). Cadmium pp 73-103.1n: N.W. Lepp
(ed). Effect of heavy metal pollution on
lants.VI.1. Applied Sci. publ. London.
Patra, M. and A. Sharma (2000). Bot Rev.
66: 379-422.

Poschenrieder, C. and J. Barcelo (2003).
Esters por metals Pesados.In: Reiosa.
Ecophysiologi Vegetal. Paranifo, Madrid,
p418.

Rayment, GE. (1997). Sources of cadmium
in Agricultural products. Invited paper
to National Cadmium Workshop. May
(1995). Dept of Primary Industries and
Energy/Australian and New Zealand Food
Authority, Canberra.

Roberts, R.D. and M.S Johnson (1978).
Dispersal of heavy metals from abandoned
mine working and their transference
through terrestrial food chains. Environ.
Pollute. 16: 293-309.

Rodredguez, L., F. Lopez Bellido, A.



28.

29.

30.

(170)

Carnicer and V. Aicalde (2003). Fresen.
Environ. Bull. 12: 967-971.

Sarkar, B. (1976). An Introduction of Bio-
inorganic Chemistry. Ed D.R. Williams,
Charles C. Thoms (USA).

Sharma, D.C., P.C. Srivastava, B.N. Johri
and P. Chandra (1995). J. Indutrial
Pollution Control, 12(2): 137-142.
Stefenov K.K., N. Yanishlieva, E. Marinova
and S. Popov (1995). Accumulation of
Lead, Zinc and cadmium in Plant seeds
growing in metalliferous habitates in Bulgaria.

31

32.

33.

34.

35.

Food chemistry 54: 311-313.

Trine, L.W. (1979). Biochem. Biophys.
Acta, 48: 33-39.

Tripthi. A. Kand Preethi Panday (2010).
The Bioscan 5 (2): 263-266.

Toppi, S.1. and R. Gabrielli. (1999). Exp.
Bot., 64: 264-270.

Wang, Y. and M. Greger (2004). J. Environ.
Quality. 33: 1779-1785.

Williams, C. H. and D. J. David (1976).
Soil Sci., 121: 86-93.



