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ABSTRACT
Increasing scarcity of freshwater resources is driving many countries in the arid and semi-arid
regions to use marginal quality water for agriculture and related activities. While the nutrients
contained in the wastewater is considered as beneficial to agriculture, the contaminants present in
the wastewater pose health risks directly to agricultural workers and indirectly to consumers of
the wastewater grown produce (fodder crops, greens and vegetables), as the long term application
of the wastewater may result in the accumulation of toxic compounds such as heavy metals in soil
and plants. In this way the heavy metals enter the food chain of animals and human beings, which
could cause health hazards. Heavy metal accumulation in plants depends upon plant species. The
efficiency of different plants in absorbing metals is evaluated by either plant uptake or soil-to-
plant transfer factors of the metals. This emphasizes the need for understanding the heavy metal
uptake by plants in wastewater irrigation. The objective of this paper is to analyze the heavy metal
uptake in wastewater irrigated plants such as Guinea grass (Panicum maximum), Ponnankanni
keerai (Alternanthera sessilis) and Solanum melongena (Solanum melongena) in Avaniapuram
Sewage Farm, Madurai, Southern part of India, where sewage irrigation is practiced since 1924.
The results revealed a higher cadmium accumulation in all the three plants, which may be due to
the presence of heavy metals in the source itself. A marginal accumulation of chromium and lead
was found in the three species. Therefore the study recommends a pre- treatment of wastewater
before land application, to avoid entrance of metals into the food chain.  
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INTRODUCTION
The rapid development of urbanization and
industrialization, together with the shortage of
availability of fresh water for irrigation led to the
rising use of sewage for agricultural land irrigation.
Reuse of domestic and industrial wastewater in
agriculture for irrigating crops appears to be a
lucrative option. Besides being a source of irrigation
water, this wastewater contains appreciable
amounts of plant nutrients. This wastewater may
also carry appreciable amounts of trace toxic
metals and its long term application on agricultural
lands contributes significantly to the buildup of
elevated concentration of toxic metals in
irrigated soil and plants1.
Crop species exercise differentiality in
accumulating metals in their tissue and efficiency

of different crops in absorption of metals is
judged either by plant metal uptake or by transfer
factor of metals from soil to plants. The process
of plant growth depends on the cycle of nutrients
including trace elements from soil to plant.
Heavy metal accumulation in plants depends
upon plant species and the efficiency of different
plants in absorbing metals and is evaluated by
either plant uptake or soil-to-plant transfer factors
of the metals1. 
The metal accumulation in different plant parts
depends on the availability and chemical form of
metals in soil, their translocation potential, and
type of plant species with their stage of maturity.
A number of factors such as climate, atmospheric
deposition, the concentrations of heavy metals in
soil, the nature of soil on which vegetables are
grown also affects bio-concentration of heavy
metals in vegetables2. Vegetables are vital to*Author for correspondence
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human diet as they contain essential components
needed by the human body such as
carbohydrates, proteins, vitamins, minerals and
also trace elements. Excessive accumulation of
metals in vegetables may pose serious threat to
the local residents, who consume crops or
vegetables grown in contaminated areas3.
Consumption of vegetables is one of the pathways
by which heavy metals enter the food chain4.
Excessive accumulation of dietary heavy metals
such as cadmium, lead and chromium can lead to
serious health problems. Heavy metals persist in
the environment, are non-biodegradable and have
the potential to accumulate in different body
organs.

The consumption of heavy metal-contaminated
food can seriously deplete some essential
nutrients in the body that are further responsible
for decreasing immunological defenses,
intrauterine growth retardation, impaired
psycho-social faculties, disabilities associated
with malnutrition and high prevalence of upper
gastrointestinal cancer rates5.
In India, there are more than 200 sewage farms

covering an area about 50,000 hectares. The
present study focuses on the heavy metal uptake
by plants in sewage irrigated peri-urban agricultural
land in Vellaikal region, Madurai. In this region
sewage irrigation has been practiced since 1924.
Various leafy vegetables and fodder crops have
been successfully grown and are being
consumed. 

AIMS AND OBJECTIVES

The objective of the study is to assess the
accumulation of heavy metals in the plants grown
using urban wastewater in that region.

MATERIAL  AND  METHODS

Madurai is one of the oldest continuously inhabited
cities in the Indian peninsula. It is an ancient and
prestigious city in the Indian state of Tamil Nadu,
situated on the banks of the River Vaigai in
Madurai district. Madurai city has an area of 52
km2, within an urban area now extending over as
much as 130 km2 and it is located at 9°56'N
78°07'E/ 9.93°N 78.12°E. It has an average

Fig. 1 : Location map of Madurai (India)

elevation of 101 meters above mean sea level. The
climate is dry and hot, with Northeast              mon-
soon rains during October-December. Temperatures

during summer reach a maximum of 40 and a min-
imum of 26.3 °C, though                 temperatures
over 43 °C are not uncommon. Winter temperatures
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Fig 2 : Aerial photograph of Avaniapuram Sewage Farm

range between 29.6 and 18°C. The average annual
rainfall is about 85 cm.
Avaniapuram village is a major Panchayat under
Thirupparankundram union of South taluk of

Madurai district. The Avaniapuram Sewage Farm
(ASF) is located in the Ayan Pappakudi revenue
village. Wastewater irrigation farm at
Avaniapuram was first started in the year 1924. It

received wastewater from the South Zone of the
River Vaigai. Sewage was pumped from the main
pumping station to the sewage farm, which is
located 8 km away from the city. The sewage
farm was established at Avaniapuram in the year
1926 in about 62.33 ha. The soil of this farm was
red gravel in nature which facilitated the filtration
of sewage water.

Sampling details

Mature (ready for harvesting) plant samples (five
to six) of each species were collected randomly,
washed thoroughly first with tap water and then
with distilled water and refrigerated under
suitable conditions for biochemical tests. The
edible parts of the three species are used for the
analysis. The collected plants were :
Guinea Grass (Panicum maximum)
Ponnankanni  Keerai (Alternanthera sessilis)
Brinjal (Solanum melongena)
Sample preparation and plant analysis

The vegetables were washed with tap water
followed by distilled water to eliminate attached
soil particulates. About 0.5-1 g oven-dried and

ground leaf samples were accurately weighed
into small crucibles and ashed in a muffle furnace
and then moistened with concentrated HNO3.
The ash was then solubilised in acid mixture
(nitric acid and perchloric acid).The samples
were then analyzed using Atomic Absorption
Spectrophotometer as per standard methods. 

RESULTS  AND  DISCUSSION

The concentrations of cadmium, chromium and
lead in the vegetable samples are listed in
Table 1.
Cadmium

It is observed from the Table. 1, Cadmium
concentration in Alternanthera sessilis was 2.65
mg/kg, exceeding the permissible limits.  The
concentration in Solanum melongena and
Panicum maximum were 1.7 mg/kg and 1.8
mg/kg respectively, whereas the WHO/FAO
permissible limit is 0.02 mg/kg only. The
cadmium concentration in all the species
exceeds the relatively relaxed standard (1.5
mg/kg) prescribed by the prevention of food
adulteration act (India).
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Fig.  2 : Concentration of heavy metals in all the three species

Availability of cadmium to plants is regulated by
pH, redox potential and other physico-chemical
parameters. The carrier proteins present in the
membrane of the vascular tissues regulate the
uptake of trace metals. Cadmium is one of the
most dangerous heavy metals due to its high
mobility. The greater translocation of cadmium
is due to active transport or lack of metal absorption
to fixed or soluble chelators in the root or
perhaps due to exchange with the Calcium,
Manganese and Zinc moving through roots. The
reason for highest cadmium accumulation in
greens is that they are cadmium sensitive and
relatively high Cadmium accumulators. Also,
Cadmium is easily taken up by food crops
especially leafy vegetables7.  The differences in
the ability of plants to accumulate heavy metals
have been related to differences in their root

morphology. The plants with numerous thin
roots would accumulate more metals than with
few thick roots. This also may be the reason for
higher cadmium accumulation in Alternanthera
sessilis. 
In this case the higher concentrations of
Cadmium may be contributed from small industries
functioning in various parts of the Madurai city
like electro plating, textile, photo processing,
Jewellery, etc. This cadmium is readily
available to plants from both air and soil
sources. The solid waste dumping in the
Avaniapuram sewage farm which creates Air
pollution may also contribute for the Cadmium
concentration in plants.
Chromium
The concentration of chromium was found to be

S/N Concentration Plant species WHO/FAO PFA CODEX

of Panicum Alternanthera Solanum Guidelines (mg/kg) (mg/kg)

Heavy metals Maximum sessilis Melongena (mg/kg)

(mg/kg)

1. Cadmium 1.8 2.65 1.7 0.02 1.5 0.2

2. Chromium 0.85 1.15 0.45 0.1-0.2 2.0 -

3. Lead 1.0 0.2 0.4 0.1 2.5 0.3

Table. 1 : Concentration of some trace elements (mg/kg) found in some vegetables
under wastewater irrigation
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highest in Alternanthera sessilis (1.15 mg/kg)
which is followed by Panicum maximum (0.85
mg/kg) and Solanum melongena (0.45 mg/kg).
The concentration of chromium in
Alternanthera sessilis and Panicum maximum
are far exceeding the WHO/FAO permissible
value (0.1-0.2 mg/kg). With Solanum melongena,
the concentration of chromium was slightly
exceeding (two times) the permissible value.
chromium is a toxic, nonessential element to
plants and hence, they do not possess specific
mechanisms for its uptake. Therefore, the
uptake of this heavy metal is through carriers
used for the uptake of essential metals for
plant metabolism. The pathway of chromium
(VI) transport is an active mechanism involving
carriers of essential anions such as sulphate.
Chromium enters plants by reduction and/or
complexation with root exudates, such as
organic acids, which increase the solubility and
mobility of chromium through the root xylem8.
The absorption and translocation of chromium
can be modified by soil pH, organic matter
content and chelating agents, among others.
chromium is also used for various processes
in different small scale and Cottage industries
in Madurai City. Industries like tannery units,
plating, battery and automobile may
contribute the presence of chromium in
plants. If we compare the chromium levels
with the Indian standard (PFA) it is well
within the standard but which is abysmally
above the international standards.
Lead
From the results it is clear that the Lead concentration
was slightly exceeding the permissible limits.
The lead concentration in Alternanthera sessilis
(0.2 mg/kg) and Solanum melongena (0.4
mg/kg) Panicum maximum (1.0 mg/kg) were
observed and the WHO/FAO permissible limit is
0.1mg/kg.  In case of Guinea grass, the
concentration was far exceeding the permissible
levels. The great variation of lead contents in
plants is influenced by several environmental
factors, such as the presence of geo-chemical
anomalies, pollution, seasonal variation and
genotype ability to accumulate lead. In this case,
lead enters the food chain of human being not
directly, but through milk from cattle, as guinea
grass is used as a fodder.  Here again if we
consider the PFA (India) recommended levels of
0.25 mg/kg, Solanum melongena alone accumulates
above the limit. 

Lead is considered to have low solubility and
availability for plant uptake because it precipitates
as phosphates and sulfates, chemicals commonly
found in the rhizosphere of plants. Also, lead is
immobilized in soil when it forms complexes
with the organic matter. Moreover lead is not an
essential element and so plants do not have chan-
nels for lead uptake.  Lead retention in the roots
is based upon binding to ion exchangeable sites
on the cell wall and extracellular                     pre-
cipitation, mainly in the form of lead-carbonates
deposited in the cell wall9.
The major source of environmental lead is metal
smelting, but agriculture, industry, and urban
activities are also important sources of lead
pollution. But in this case, lead might be con-
tributed from battery production units operating
in Madurai.
Effect of heavy metals on human health
Prolonged consumption of unsafe concentrations
of heavy metals through foodstuffs may lead to
the chronic accumulation of heavy metals in the
kidney and liver of humans causing disruption of
numerous biochemical processes, leading to
cardiovascular, nervous, kidney and bone
diseases. Lead and Cadmium are considered
potential carcinogens and are associated with
etiology of a number of diseases, especially
cardiovas cular, kidney, nervous system, blood
as well as bone diseases10. 
Cadmium is an element that represents serious
environmental hazards because it can be
absorbed via the alimentary tract, penetrates
through placenta during pregnancy, and damages
membranes and DNA. Whereas Lead can
increase blood pressure and cause fertility
problems, nerve disorders, muscle and joint pain,
irritability, and memory or concentration
problems in adults. With respect to chromium,
liver, kidney or lung damage is prominent.
Therefore regular monitoring of heavy metals in
wastewater, soil and plants in the wastewater
irrigated region becomes necessary.  

CONCLUSION
In general, accumulation of heavy metals is
observed in the plant species irrigated with
wastewater. This is because the plants take up
essential and non-essential elements from soils
in response to concentration gradients induced
by selective uptake of ions by roots, or by
diffusion of elements in the soil. From the
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present study, a higher accumulation of
Cadmium was observed in all the three species
when compared with chromium and Lead. The
reason for highest cadmium accumulation in
greens is that they are cadmium sensitive and
relatively high cadmium accumulators. With
respect to chromium also, Alternanthera
sessilis was found to be the highest accumulator.
This is because leafy vegetables tend to
accumulate higher amount of heavy metals
compared to fruit vegetables. Since, Lead is
strongly retained by most soils, it is least
accumulated when compared with cadmium
and chromium.
The plant samples were taken in the month of
May when the temperature was high and also,
the study area had received minimum rainfall
in the recent years. This may also have
contributed to the higher concentration of
metals in the soil. It may be expected that during
the summer season the relatively high
decomposition rate of organic matter is likely
to release heavy metals in soil solution for
possible uptake by plants. The higher uptake of
heavy metals such as Cd, Zn, Cr, and Mn
during the summer season may also be due to
high transpiration rates as compared to the
winter season due to high ambient temperature
and low humidity. Otherwise leaching would
have released some portion of heavy metals
from the soil leading to lower metal
availability to plants. It is believed that
nutrients present in wastewater results in
higher crop yields and thereby considerably
reduces the need to apply artificial fertilizers.
But to avoid entrance of metals into the food
chain, municipal or industrial waste should
not be drained into rivers and farmlands
without prior treatment. Moreover heavy
metal concentrations in the wastewater would
linearly increase with the rise of the popula-
tion and industrialization and therefore
establishment of sewage treatment plant
becomes necessary. Studies on intake of
heavy metals through vegetables and the
correlation between the heavy metal content
in the wastewater, soil, groundwater and
crops are necessary to further understand the
problem and to plan remedial measures with
public participation. 
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