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In recent years, research has been focused on accumulation of heavy metals in crop
plants and naturally growing weeds. As most studies are based on the work done in
laboratory conditions, information is scanty on status of heavy metals in soils and
standing plants receiving industrial effluents ( Beckett and Davis 1977; Jarvis 1978;
Miles and Parker 1979; Singh and Mishra 1987; Ray and Barman 1988; Ray et al.
1988; Ray and Saha 1988; Ray 1990; Szymczak et al. 1993; Barman 1994; Barman
and Lal 1994; Sharma and Sharma 1997; Kaer et al. 1998).

The process of metal uptake and accumulation by different plants depend on the
concentration of available metals in soils, solubility sequences and the plant species
growing on these soils ( Chaney 1973; Andersson 1977c; Pahlsson 1989; Kufka and
Kuras 1997).

Information on the pattern and distribution of heavy metals, their uptake and
translocation in plants from the sites of deposition in natural field receiving industrial
effluents would be helpful for selection of suitable plant species that can be used as
accumulator plant to minimize the concentration of these metals in the highly polluted
soils ( Barman and Bhargava 1997; Barman et al. 1999).

In the present investigation, an attempt has been made to study the distribution
pattern of Fe, Cu, Zn, Ni, Cr, Pb and Cd contents in different parts of IO plant
species grown in agricultural fields that are inundated by mixed industrial effluents.

MATERIALS AND METHODS

A large number of tanneries and other industries are located in the adjacent area of
Unnao, Uttar Pradesh, India. Most of the industries discharge their treated and
untreated waste effluent into a natural drain, which is known as loamy drain. The
loamy drain water is being used for irrigation and cultivation of economically important
crops and vegetables.

Ten different plant species were collected from these fields. For each species five
plants were collected randomly at the maturity stage. The plant samples were
thoroughly washed and dried at 70 ° C for 48 hours, ground and mixed for metal
analysis. Five composite soil samples were collected with an average depth of 20 cm
randomly from the areas on which the test plants were growing. The five soil samples
were mixed thoroughly, dried in air and sieved for analysis.
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Both plant and soil samples (1 gm weight equivalent of each) were digested in
concentrated nitric acid and perchloric acid (5:1) till a clear solution was obtained
(Barman and Lal 1994). The solution was filtered, reconstituted to the desired volume
and analysed by Varian Spectr A A-250 Plus. Fe was estimated at   λ   248.3, slit 0.2 nm,
Optimum working range of detection (OWRD) in µg/ml is 0.06-O. 15; Cu was estimated

at λ 3 2 4 . 7  
slit 0.5 nm, OWRD is 0.03-10 µg/ml; Zn was estimated at λ2 1 3 . 9 , slit 1 nm,

OWRD is 0.1-2.0 µg/ml; Ni was estimated at λ 232, slit 0.2 nm, OWRD is 0.1-20
µg/ml; Cr was estimated at λ 3 5 7 . 9, slit 0.2 nm, OWRD is 0.06- 5 µg/ml; Pb was
estimated at λ2 1 7, slit 1 nm, OWRD is 0.1-30 µg/ml and Cd was estimated at λ2 2 8 . 8, slit
0.5 nm, OWRD is 0.02-3 µg/ml.

RESULTS AND DISCUSSION

Accumulation of metals in root from soil and subsequent translocation to other parts
of plant like stem, leaves and fruits is important for the selection of plant specially
crops and vegetables. Plant accumulating least quantity of metals in the edible parts,
with the concentration within the permissible limit then the variety or species can be
selected for the cultivation on the field having high level of metal contamination
(Barman and Bhargava (1997).

In contrast, plants accumulating high concentration of heavy metals from
contaminated soil, can be used for detoxification/ phytoremediation of metals from soil
or growing medium. Therefore, to identify the hyper accumulator plants we have
estimated the concentration of heavy metals in IO different plant species in fields
irrigated with mixed industrial effluents. The concentration of heavy metals in the
different plant parts is presented in Table 1.

The accumulation of heavy metal from soil to plant parts did not follow any particular
pattern and varied with respect to metals, species and plant parts.

The metal content in the cultivated soil irrigated with contaminated water was found
to be either below or within the usual typical background values as suggested by
Bowen (1966) except for Cd, Pb and Ni [Table 2].

The different heavy metal levels in plant grown on unpolluted soil are Fe = 140, Cu
=4-15,Zn=8-100,Ni=1,Cr=0.2-10,Pb=0.1-10,Cd=0.2-0.8  µg/g dry weight
as suggested by Allaway (1968). Interestingly the concentrations of heavy metals in
almost all the plant species growing on polluted soil are higher than the plants grown
on unpolluted soils (Table 2).

The ratio of metals between soil and plant parts is an important criterion for the
selection of plant species for phytoremediation of soils contaminated with high level
of heavy metals. We observed (Table 3) that out of 32 plant samples analysed, the
percentage of sample showing metal accumulation ratio (soil to other parts of plant)
≥1 is as follows in descending order :

Fe (84.0%)>Cu (81.3%)>Ni (59.3%)>Cr (46.9%)>Zn (31.3%)>Pb ( 17.4%)>Cd(9.4%).

Ratio >1, means higher accumulation/concentration in the plant parts than soil.
Therefore, plant uptake ratio >1 can be considered as an accumulator plant and can
be used for detoxification or phytoremediation of metals from soil or growing medium.
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Furthermore, establishing the pattern of translocation of metals from root to other
parts of a plant species can help in biological monitoring of heavy metal
contamination.

The crucial factors in determining the metal distribution in different plant tissues may
be in the metal translocation process in plant species (Xiong 1998). A number of
mechanisms, including anatomical, biochemical and physiological (Salt et al. 1995)
can be involved in heavy metal accumulation and distribution in the above ground
parts of plants in the case of soil contamination (Xiong 1998).

On comparing the translocation percentage of the heavy metals from root to other
parts of plant (Table 4), it is found that the translocation percentage 100 or more in
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Although the accumulation of metals was high, the growth of plants was not affected
significantly. Comparatively, high accumulation of metals especially Fe and Cr was
found in Alternanthera sessilis and Cynodon dactylon than other species. Both the
plant species can be considered as hyper accumulator species (Table 2).
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The concentration of metals especially Cd, Pb, Cr and Ni are much higher in wheat
and mustard and may exceed the average normal concentration reported by others
and are beyond human consumption level. This may create health problems in the
long run. The average normal concentration of Cd is 0.05 µg/g (Elinder 1988), Pb
is 0.01 to 1.0 µg/g ( Warren and Delavault 1962), Cr and Ni are 60 and 250 µg/day
respectively (WHO 1994).

The pattern of accumulation or uptake of these metals is heterogeneous and as a
result might create a big problem for the selection of suitable species/varieties either
for cultivation or revegetation. Variable concentration of these metals in the parts
of different plant species may be an important criterion for their selection as
accumulator plants as they tolerate high concentration of heavy metals.

In the present investigation, we screened 10 different species and found Alternanthera
sessilis and Cynodon dactylon as hyper accumulator of heavy metals from
contaminated soil. We therefore suggest the usage of these two plants species for
phytoremediation. These plants can be grown on polluted soil and subsequently
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uprooted/disposed and used as a raw material for commercial extraction of heavy
metals. Alternatively these plant species can be used for farmyard manure for use in
alkaline soil.

Acknowledgments. We thank to Dr. P.K. Seth, Director, ITRC, for his constant
encouragement and support. We also sincerely acknowledge Dr. B. N. Paul, Scientist,
ITRC, for his help in preparation the manuscript and service rendered by Mr.
Tajuddin Ahmed and MS Poonam Saxena for metal analysis.

REFERENCES

Allaway WH (1968) Agronomic controls over environmental cycling of trace
elements. Adv Agron 20 : 235-274

Andersson A (1977c) Distribution of heavy metals in soils and soil material as
influenced by the ionic radius. Swed Agric Res 7 : 79 - 83

Barman SC (1994) A comparative study of mature plants grown in polluted and
unpolluted soil using different varieties of pulse and oil seed. In : Ray Malabika
(ed) Recent Researches in Ecology, Environment and Pollution,. Today and
Tomorrow’s Printers and Publishers, New Delhi. 9 : 1- 6

Barman SC, Lal MM (1994) Accumulation of heavy metals(Zn, Cu, Cd and Pb) in
soils and cultivated vegetables and weeds grown in industrially polluted fields.
J Environ Biol 15 : 107 -115

Barman SC, Bhargava SK (1997) Accumulation of heavy metals in soil and
plants in industrially polluted fields. In : Cheremissinoff Paul N (ed)
Ecological issues and environmental impact assessment, Gulf Publishing
Company, Houston, Texas 289 - 314

Barman SC, Kisku GC, Bhargava SK (1999) Accumulation of Heavy metal in
vegetables, pulse and wheat grown on fly ash amended soil. J Environ Biol
20 : 15-18

Beckett PHT, Davis RD (1977) Upper critical levels at toxic elements in plants. New
Phytol 179 : 95 -106

Bowen HJM (1966) Trace Elements in Biochemistry. Academic Press. London
Chaney RL (1973) Crop and food chain effects of toxic of toxic elements in sludges

and effluents, In Recycling municipal sludges and effluents on land.
Environmental Protection Agency, Washington 129 - 141.

Elinder CG, Gerhardson L, Oberdaester G (1988) Biological monitoring of cadmium.
In : Biological monitoring of toxic metals. In : Clarksm T W, Friberg L,
Mordberg GF, Sager PR (Eds), Rochester series on Environmental Toxicity
Pleneum Press 145 - 147

Jarvis SC, Jones LHP, Hopper MJ (1976) Cadmium uptake from solution by plants
and its transport from roots to stems. Plant and Soil 44 : 179 - 191

Kaer C, Pedersen MB, Elmegaard N (1998) Effects of soil copper on Black Binweed
(Fallopia convolvulus) in the laboratory and in the field. Arch Environ Contam
Toxicol 35 :14-10

Kafka Z, Kuras M (1997) Heavy Metals in soils contaminated from different sources.
In : Cheremissinoff Paul N (ed) Ecological issues and environmental
impact assessment, Gulf Publishing Company, Houston, Texas 175 - 180

Miles LJ, Parker GR (1979) Heavy metal interaction for Andropogon scoparius and
Rudbeckia hirta grown on soil from urban and rural sites with heavy metal
additions. J Environ Qual 8: 443 - 449

Phalsson AMB (1989) Toxicity of heavy metals (Zn, Cu, Cd & Pb) to vascular plants.
Lit Rev Water Air Soil Pollut. 47 : 287-319

495



Ray M (1990) Accumulation of heavy metals in plant grown in industrial areas.
Indian Biol. 22 : 33 - 38

Ray M, Barman SC, Khan S (1988) Heavy metal accumulation in rice plants :
Adaptation to environmental stress and consequent public health risks. In :
Ozturk MA (ed) Plants and pollutants in developed and developing countries,
Proc.Inter. Symp. Izmir, Turkey, 421 - 441

Ray M, Barman SC (1988) Physiological responses of crop plants to waste effluents
from I. Steel and tar ii. Cycle and iii. Distillery Industries: Application of the
findings in measuring phytotoxicity. Indian Biol 20: 16 - 18

Ray M, Saha R (1988) Effects of soil and water pollution on Brassica campestries
caused by carbon black factory wastes. Indian Biol. 20 : 23-29

Salt DE, Blaylock M, Kumar PB, Dushenkov AN, Ensly V, Chet I, Raskinl (1995)
Phytoremediation : a novel strategy for the removal of toxic metals from the
environment using plants. Biol./Technol 13: 468 - 474.

Sharma A M, Sharma YM (1997) Metallic pollution of soil-sources, impact, and
management. In : Cheremissinoff Paul N (ed) Ecological issues and
environmental impact assessment Gulf Publishing Company, Houston, Texas,
181-205

Singh KK, Mishra LC (1987) Effects of fertiliser factory effluent on soil and crop
productivity. Water Air Soil Pollut 33 : 309 - 320

Szymczak J, Ilow R, Regulsky IB (1993) Level of cadmium and lead in vegetables,
fruit cereal and soil from areas differing in the degree at Industrial Pollution
and from green house. Rocz, Panstro-Zkl-Hig., Vol. 44m ISS4, 331-346

Warren H Y, Delavault RE (1962) Lead in some food crops and trees. J Sci Food
Agric 13 : 96-98

WHO (1994) IPCS, Biological Monitoring of Metals
Xiong Z-T (1998) Lead Uptake and Effects on seed germination and plant growth

in a Pb hyper accumulator Brassica pekinensis Rupr. Bull Environ Contam
Toxicol 60 : 285 -291

496


