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1. Introduction

The rapid industrialization and intensive agricultural activities over the last few decades have
resulted in accumulation of various pollutants in the environment, which are distributed over
wide areas by means of air and water. This has caused visible detrimental effects to the
ecosystem and consequences to human health. Today, many soils throughout the world have
undesirably high concentrations of heavy metals. These include lead (Pb), cadmium (Cd), zinc
(Zn), mercury (Hg), arsenic (As), silver (Ag), chromium (Cr), copper (Cu), iron (Fe), and the
platinum group elements. At low or background concentrations, heavy metals are not
pollutants. They occur naturally in the environment due to their presence in bedrocks. Some
heavy metals such as Zn and Cu are also essential micronutrients for living organisms.
Therefore, the term heavy metal pollution refers to heavy metal levels that are abnormally high
relative to normal background levels. All heavy metals at high concentration have strong toxic
effects and are regarded as environmental pollutants.

Some heavy metals (like Fe, Zn, Ca and Mg) have been reported to be of bio-importance
to  man  and  their  daily  medicinal  and  dietary  allowances  have  been  recommended.
However, some others (like As, Cd, Pb, and methylated forms of Hg) have been reported
to have no known bio-importance in human biochemistry and physiology and consump‐
tion even at very low concentrations can be toxic [1]. Even for those that have bio-impor‐
tance,  dietary  intakes  have  to  be  maintained  at  regulatory  limits,  as  excesses  result  in
poisoning or toxicity [2]. Although individual metals exhibit specific signs of their toxici‐
ty, the following have been reported as general signs associated with Cd, Pb, As, Hg, Zn,
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Cu  and  Al  poisoning:  gastrointestinal  disorders,  diarrhoea,  stomatitis,  tremor,  ataxia,
paralysis, vomiting and convulsion, depression, and pneumonia when volatile vapours and
fumes are inhaled [3]. The nature of effects could be toxic (acute, chronic or sub-chronic),
neurotoxic, carcinogenic, mutagenic or teratogenic.

Pb, Zn, Cu, Co, Mn, Fe, Cr and Cd have been found in the streams and rivers of the Americas,
Europe, Asia, Africa and Australia [4-9]. In India, presence of heavy metals has been reported
in the Brahmaputra [10]; the Kali and Hindon [11]; and more recently, in the Gomti [12]; the
Cauvery [13]; and the Ganga [14].

The Yamuna (also Jamuna or Jumna) is the largest tributary of the Ganga in northern India,
having the total length of about 1376 km. The source of Yamuna is Yamunotri in the Uttarak‐
hand Himalaya, which is north of Haridwar in the Himalayan mountains. Yamuna river flows
through the states of Uttarakhand, Delhi, Haryana and Uttar Pradesh and finally merges with
river Ganges at a sacred spot known as Triveni Sangam in Allahabad. A number of prominent
cities such as Delhi, Mathura and Agra lie on the bank of river Yamuna. Over 57 million people
depend on the Yamuna waters. Just like the Ganges, the Yamuna too is highly venerated in
Hinduism and worshipped as goddess Yamuna, throughout its course.

Due to high density population growth, rapid industrialization, today Yamuna is one of the
most polluted rivers in the world, especially around New Delhi, where 15 drains discharge
waste water into the river. The city dumps ~58% of its waste into it. When the river enters the
city, it is already contaminated with 7500 coliform content per 100 ml. when it leaves the city,
it carries with a dangerously high coliform content of 24 million per 100 ml. Even the ground
water has been affected by leachates that pass down from the dumping sites. According to the
Central Pollution Control Board (CPCB), 70% of the pollution in river is from untreated sewage
and the remaining 30% is from industrial sources, agricultural run-off, garbage etc. The water
quality of Yamuna River falls under the category "E" which makes it fit only for recreation and
industrial cooling, completely ruling out the possibility for underwater life. Almost every year
mass death of fishes is reported. Biological Oxygen Demand (BOD) load increased by 2.5 times
between 1980 and 2005: from 117 tonnes per day in 1980 to 276 in 2005.

Although the government of India has spent nearly $500 million to clean up the river, the
river  continues  to  be  polluted  with  garbage  while  most  sewage  treatment  facilities  are
underfunded or malfunctioning. The Ministry of Environment and Forests (MoEF) of the
Government of  India (GOI)  took measures to  curb pollution in 12 towns of  Haryana,  8
towns of Uttar Pradesh, and Delhi under an action plan (Yamuna Action Plan-YAP) which
is being implemented since 1993 [15]. However in 2009, the Union government admitted
the failure of the Ganga Action Plan (GAP) and the Yamuna Action Plan (YAP),  saying
that "rivers Ganga and Yamuna are no cleaner now than two decades ago" despite spending
over Rs 1, 700 crore to control pollution [16]. In August 2009, Delhi Jal Board (DJB) initiated
its plan for resuscitating a 22 km stretch of the Yamuna in Delhi by constructing intercep‐
tor sewers, at the cost of about Rs 1, 800 crore [17].

There are three main sources of pollution in the river, namely household and municipal
disposal sites, agricultural run-off, and industrial effluents and run-off. Urban runoff and
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agricultural runoff are mainly non–point sources. The major sources of pollution from
agriculture are fertilizers containing superabundant nutrients such as nitrogen and phospho‐
rus, and heavy metals such as Cd, Cu, Pb and Zn. Water quality may also be altered by other
factors, such as livestock manure, human waste, and atmospheric deposition. Atmospheric
pollutants are often the largest source of waterborne metals. It is estimated that 70% of lead in
water and over 50% of many of the other trace metals in the Great Lakes (USA) are derived
from atmospheric transfer. In general, freshwater ecosystems have low natural background
metal levels and therefore tend to be sensitive to even small additions of most trace metals.
Heavy metal contamination of soils and water from industrial and traffic sources in urban
environments has been studied in North America and Europe [18-22]. Agencies like the World
Health Organization (WHO) and the United states Environment Protection Agency (USEPA)
have set stringent standards for maximum permissible limits of heavy metals, but there is a
paucity of detailed studies on heavy metal pollution and its remediation within industrial
zones in developing countries. Yamuna outnumbers any other river in the number of indus‐
tries on its bank. This is because it passes through many major industrial cities. About 22, 42,
and 17 large and medium industrial units in the states of Haryana, Delhi, and Uttar Pradesh
have been identified as polluting the river in the action plan area. In addition, the water in this
river remains stagnant for almost 9 months in a year aggravating the situation.

According to the Agra District Industrial Centre officials, there were 226 iron foundries and
about 340 metal casting units functioning in Agra in the decade of 1990-2000. Before the revised
pollution control directives put the Agra diesel generator manufacturing industry off its track,
the foundry industry of this town ranked among the country’s largest assemblies of metal
casting industrial units, generating business of over Rs 6, 000 crores. The ban on coking coal
in the blast furnaces utilized by the foundry and metal-casting industry was a serious setback
and the number of industrial units reduced drastically. In August 1999, the Supreme Court
ordered the closure of 53 iron foundries and 107 other factories in Agra. In September 2010, it
again ordered the closure of 212 of the 1, 715 small industries that had failed to disclose their
toxic emission levels to the Uttar Pradesh Pollution Control Board (UPPCB). Another 299 were
required to install pollution controlling devices, failing which they too would face closure.
However, the ground realities are still nowhere near the reduced pollution levels targeted in
Yamuna and its adjacent areas whether Agra or elsewhere, after it leaves the Himalayan
foothills. The status quo, thus, ultimately leaves much to be desired.

Phytoremediation is an emerging technology that employs the use of green plants for the clean
up of contaminated environment. It takes the advantage of the fact that a living plant acts as
a solar-driven pump, which can extract and concentrate certain metals from the environment
[23]. This remediation method maintains the biological properties and physical structure of
the soil. The technique is environmentally friendly, cost-effective, visually unobtrusive, and
offers the possibility of bio-recovery of the metals. In the case of heavy metal contamination
in soil, phytoremediation techniques are narrowed down to Phytoextraction, where plants
remove metals from the soil by concentrating them in their harvestable parts [24], and
Phytostabilization, where plants reduce the mobility and bioavailability of pollutants by
immobilization [25].
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Phytoremediation is becoming possible because of the successful basic and applied research
much of it conducted with the productive interdisciplinary cooperation of plant biologists, soil
chemists, microbiologists and environmental engineers. Extensive progress has been made in
characterizing and modifying the soil chemistry of the contaminated site to accelerate phy‐
toremediation. The greatest progress in phytoremediation has been made with metals [26,
27]. Phytoremediation leaves the topsoil in usable condition and it is aesthetically pleasing. It
requires minimal equipment and less energy inputs as plants do most of the work using solar
energy. Thus, it is an eco-friendly process. The plants used can later be harvested, processed
and disposed off in an environmentally sound manner. This technology has been receiving
attention lately as an innovative, cost-effective alternative to the otherwise tedious and
expensive methods in use which are not only a burden on the exchequer but also require efforts
on recurring basis.

Phytoremediation employing indigenous species can be an ecologically viable option for
sustainable and cost-effective management. Native plants often become adapted to locally
elevated levels of metals in soil at contaminated sites, e.g. mines and industrial zones [28-30]
and metal toxicity issues do not generally arise. Many native, well adapted plants have been
investigated and even used for heavy metal bioindicatoring and phytoremedial purposes
including lemongrass and other wild grasses, vetiver, Sesbania, Avena, Crotalaria, Crinum
asiaticum, Typha latifolia and Calotropis procera etc. [31-35, 28]. Native wild species are also
important to remediate soils in context of the studied area due to a remark (April, 2006) of the
Supreme Court prohibiting the cultivation of plants requiring fertilizers and pesticides along
the Yamuna. In the light of this limitation, native wild species are a viable option since these
do not require agronomic inputs.

Since the river Yamuna is the life line of Mathura and Agra, the existing pollution level has
posed a serious threat not only to the environment but also to the human population. Adjacent
areas are highly polluted and are a sink for a variety of chemicals including heavy metals. The
present study was undertaken: (i) to get a comprehensive profile of eight metals in water and
adjacent soils of the river Yamuna within Mathura, Agra and Bateshwar; (ii) to get a qualitative
and quantitative estimate of the species present at test sites through phyto-sociological
surveys; and (iii) to inventorize species with potential for phytoremediation present on sites
by comparing with those previously reported by the authors as suitable in this context.

2. Case study

Agra (27°10’N, 78°05’E, 169 msl), on the banks of the river Yamuna, is located in Uttar Pradesh
in the north central part of India. It is roughly 200 km south-east of the national capital, New
Delhi. Bounded by the Thar desert of Rajasthan on its south-east, west and north-west
peripheries, it is a semi-arid area. The world renowned Mughal monument, the Taj Mahal is
situated here. It is world renowned for its leather industry and marble handicrafts but it also
boasts a cast iron and engineering goods industry. Mathura (27.28°N 77.41°E) is located
approximately 60 km north of Agra and 145 km south-east of Delhi. According to Hindu
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scriptures Mathura is the birthplace of Lord Krishna. It is a fast expanding city with about half
a million residents. Mathura oil refinery is one of the biggest oil refineries of Asia. Textile
printing, dyeing and silver ornament manufacturing are major industries. Apart from these
there are units manufacturing taps, household items, and cotton materials. Bateshwar (26.93°N
78.54°E) is a village on the banks of Yamuna about 120 km downstream from Agra. It is an
important spiritual and cultural centre for Hindus.

Figure 1. Map of the study area

The study area was divided into three zones (Figure 1); all three along the course of Yamuna
and covering two cities viz. Mathura (zone 1) and Agra (zone 2) and a large village i.e.
Bateshwar (zone 3). The distance between zones 1 and 2 is 80 km and zones 2 and 3 is 120 km
downstream. In all, a total distance of 200 km was covered along the course of river. In each
zone, 5 sites were selected ~1 km apart. Five random soil samples were taken from 0-15 cm
depth at each site. A total of 75 soil samples (25 from each zone) were analyzed in order to
obtain a complete profile. The same number of river water samples was collected from
midstream at a depth of about 0.3 m. Soil from the botanical garden of St. John’s college, Agra,
was utilized as control.

The statistical significance of differences among mean metal content in water and soil was
independently determined by one-way analysis of variance (ANOVA) followed by Fisher’s
LSD test. Pearson’s coefficient for correlation of water and soil data was analyzed at a signif‐
icance level of P < 0.05 and P < 0.01 with SPSS 16.0 statistics software.
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3. Physico-chemical profile

3.1. Water

Physico-chemical properties of the water samples collected from the study zones are men‐
tioned in Table 1. The pH values indicate neutral nature of river water acceptable as per BIS
[36] and WHO [37] guidelines. A reading of 6.5 to 7.5 is considered neutral, suitable for general
plant growth [38]. Conductance which reflects the status of major ions/inorganic pollution and
is a measure of total dissolved solids and ionized species in the water, varies between 434 –
503 µmho/cm. Total dissolved solids were highest in zone 2. The hardness of water body is
regulated largely by the levels of Ca and Mg salts. Other metals if present such as Fe, Al and
Mn may also contribute to hardness. Most parameters were within their respective acceptable
limits [36, 37]. Electrical conductivity was low. High COD, BOD and low DO in zones 1 and 2
are due to the discharge of huge amount of the untreated urban and industrial wastewater/
effluents indiscriminately. All three zones were faecally contaminated. Bacterial contamina‐
tion ranged from19000—93000 coliform/100ml; the values are much higher than recommended
values of 1coliform/100ml. Most of these coliforms were of faecal type due to gravity discharge
of faecal wastes in adjacent areas along the river.

Parameters Zone 1 Zone 2 Zone 3
Acceptable

Limits [36, 37]

pH (1:2.5) 7.31 7.23 7.61 6.5-8.5

Total Dissolved Solids (mg/l) 266 314 245 500

Conductivity (µmho/cm) 462 503 434

N-NO3 (mg/l) 3.54 4.37 4.11 10

N-NH3 (mg/l) 2.34 2.36 1.63 10

Total hardness (mg/l) 227 223 210 250

Total alkalinity (mg/l) 203 188 209

Chemical Oxygen Demand (mg/l) 23.5 24.3 11.3

Chloride (mg/l) 8.5 8 9 250

Fluoride (mg/l) 0.37 0.37 0.32

Dissolved Oxygen (mg/l) 5.63 - 8.67 >5

Biological Oxygen Demand (mg/l) 9.63 10.7 5.34

Sodium (mg/l) 6.81 6.62 7.15

Potassium (mg/l) 0.38 0.4 0.38

Ca hardness (mg/l) 124 131 115

Mg hardness (mg/l) 83 96.4 91.6

Faecal coliforms (MPN/100ml) 86000 93000 19000

Streptococcus (MPN/100ml) 64000 71000 17000

Table 1. Physico-chemical profile of water
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3.2. Soil

The soil of the study area is characterized by alluvium, which is an admixture of gravel, sand,
silt and clay in various proportions deposited during the quaternary period. The area is a part
of Indo-Gangetic alluvium of quaternary age and is made up of recent unconsolidated
fluviatile formations comprising sand, silt, clay and kankar with occasional beds of gravel. The
topsoil is coarse and angular sand with small clay fraction. The sub-soil is sandy throughout.
The stabilized topsoil is reddish brown with sand and clay mixed. The minimum depth of
topsoil layer is 60 cm.

Physico-chemical properties of soil samples are given in Table 2. The topsoil in the study area
is sandy loam (sand 60-80%, silt 10-24%, clay 8-16%). It has high exchangeable sodium
percentage (ESP) values and moderate water retaining capacity. The sub-soil is sandy through‐
out. Soil pH ranged from neutral to alkaline. Zones 3, 2 and 1 were classified as very low, low
and medium in organic matter, respectively.

Zone
pH

(1:2.5)

Electrical

Conductivity

(dS/m) (1:2.5)

Organic

Matter

(%)

Avail.

Phosphate

(kg/ha)

Avail.

Potash

(kg/ha)

Avail.

Nitrogen

(kg/ha)

1 7.06-7.12 0.46-.50 1.44-1.53 108-115 236-298 53.4-60.8

2 6.24-6.81 0.33 0.38 0.8-1.2 131-140 65-94 50.1-55.2

3 7.43-7.6 0.44-0.47 0.5-0.72 50-65 143-178 75.2-87.8

Control 7.21 0.54 1.68 70.5 393 112.9

Table 2. Physico-chemical profile of soils

The electrical conductivity (EC) of soils ranged from 0.33-0.54 dS/m. Zone 1 and 2 soils fall in
very high (>100 kg/ha), soils from zone 3 and control site in the high (50-100 kg/ha) phosphate
availability bracket. Soils from zones 1, 3 and control displayed medium (130-330 kg/ha) potash
levels while zone 2 was low (<130 kg/ha) in available potash. Nitrogen content in the soil
samples ranged from 50.1 – 112.9 kg/ha.

4. Heavy metal profile

4.1. Water

Concentrations of heavy metals in the water samples collected from different location have
been summarized in Table 3. It is clearly evident from the table that heavy metals were
consistently higher in zone 2 compared to zones 1 and 3. Cr content was markedly higher
among the metals in zone 2 followed by zone 1. The concentration of heavy metals in water
samples ranged from 0.018 – 0.095 mg Pb l-1, 0.025 – 0.341 mg Cd l-1, 0.47 – 1.76 mg Zn l-1, 0.27
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– 1.58 mg Cu l-1, 0.001 – 0.005 mg Co l-1, 0.80 – 9.37 mg Cr l-1 and 0.078 – 0.32 mg Ni l-1. As was
not detected in any sample.

Zone Pb Cd Zn Cu Co Cr Ni

1

Range 0.025-0.041 0.05-0.136 0.7-1.02 0.86-0.98 0.002-0.004 2.87-4.23 0.078-0.12

Avg. 0.036a 0.088a 0.868a 0.916a 0.003a 3.55a 0.097a

SD 0.007 0.037 0.128 0.046 0.0005 0.540 0.016

2

Range 0.066-0.095 0.159-0.341 1.37-1.76 1.27-1.58 0.004-0.005 6.42-9.37 0.17-0.32

Avg. 0.082b 0.243b 1.56b 1.40b 0.005b 7.914b 0.256b

SD 0.013 0.072 0.166 0.112 0.001 1.138 0.071

3

Range 0.018-0.028 0.025-0.03 0.47-0.61 0.27-0.33 0.001-0.002 0.8-0.97 0.009-0.015

Avg. 0.023c 0.028c 0.54c 0.3c 0.001c 0.864c 0.01c

SD 0.004 0.004 0.058 0.042 0.0003 0.066 0.003

F value * * * * * * *

Permissible

limits

WHO [37] 0.01 0.003 5 2 - - -

USEPA [39] 0.015 0.005 5 1.3 - - -

World Average 0.004 0.001 0.2 1.4 - - -

# As content below detection limit.

F value :“∗” statistically significant. Different letters in the same column denote significant statistical difference
(P≤0.001) in mean metal contents in water samples from different zones

SD- Standard deviation.

WHO – World Health Organization.

USEPA – United States Environment Protection Agency.

Table 3. Heavy metal content of water samples (mg L-1)

All the metals in water samples were positively (P<0.01) correlated with each other (Table 4).
In other words, metal concentration trends were identical and increased simultaneously for
Pb, Cd, Zn, Cu, Co, Cr, and Ni.

Cd Zn Cu Co Cr Ni

Pb 0.970** 0.985** 0.875** 0.924** 0.960** 0.962**

Cd 0.977** 0.902** 0.944** 0.954** 0.963**

Zn 0.925** 0.953** 0.976** 0.966**

Cu 0.963** 0.940** 0.899**

Co 0.961** 0.930**

Cr 0.947**

** Correlation is significant at the 0.01 level (two-tailed) (two-tailed; n=75)

Table 4. Correlation coefficients: water heavy metal concentrations
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Higher concentrations of metals in zone 2 (Figure 2) may be attributed to the discharge of
industrial effluents from various sources including untreated sewage, municipal waste and
agrochemical runoff from the nearby villages directly into the river. The concentrations of Co
and Ni were found to be negligible at all sites. Due to the neutral to alkaline nature of river
water, most of the heavy metals have precipitated and settled as carbonates, oxides, and
hydroxide bearing sediments and elevated levels indicates higher exposure risks to the benthic
biota of the river. Based on the WHO [37] and USEPA [39] drinking water standards (Table
3) the results in the present investigation show that Pb, Cd and Cr at all sites and Ni at most
sites far exceeded the prescribed limits. Cu values from zone 2 were above the USEPA [39]
threshold. One Way ANOVA and Fisher’s LSD test indicate the difference in mean content of
each metal among zones was highly significant statistically (P ≤ 0.001).

Figure 2. Average heavy metal content in water samples

When compared with the metal profile of the rivers around the world (Table 5) the situation
does not seem that desperate here, at least as far as heavy metal contamination is concerned.
The picture, however, is quite different when we consider the WHO guidelines for drinking
water and World average of trace elements in unpolluted rivers [56, 57], the concentration
ranges of Pb and Cd were well above the international guidelines and acceptable concentra‐
tions for drinking water (Table 3). When compared to the world average of trace elements for
unpolluted rivers, the river was considered polluted by Pb, Cd, Zn and Cu.
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Rivers Pb Cd Zn Cu Co Cr Ni References

Yamuna river (present

study)

0.018-0.09

5
0.05-0.341 0.47-1.76 0.27-1.58

0.001-0.00

5
0.8-9.37 0.009-0.32

Cauvery river, India 13.35 - 47.51 4.57 8.25 1.01 4.53 [13]

Brahmaputra river, India - - 916 108 168 222 179 [10]

Ganga river, India 76.36 11.5 332.5 48.39 - 5.36 4.88 [14]

Gomti river, India 3.058 - 63.022 - - 0.064 0.013 [12]

Challawa river, Nigeria 0.44 - 1.2 0.22 - 0.47 - [40]

Mghogha river, Morocco 48.25 0.36 299.5 56.7 - 86.4 46.83 [41]

Sava river, Croatia 34 0.5 91 24 - - - [42]

Pasig river, Philippines 70 - 530 - 160 - 21.2 [43]

Rhine river, Netherland 188.2 7.1 684.3 62.5 6.4 33.7 [44]

Zhujiang, China 75.2 - 212 51 17.8 70.6 61.8 [45]

Almendares river, Cuba 93 2.5 262 158 - 90 - [46]

Montevideo, Uruguay 44-128 1-1.6 174-491 58-135 - 79-253 - [47]

Ribeira river, Brazil 767102 0.2-5.5 15-5090 60 - - [48]

Amazon river, Brazil 83 - 110 37.5 - 65 26.7 [49]

Danube river, Serbia

and Montenegro
28.65 3.12 253.74 36.29 - 76.26 70.1 [50]

Msimbazi river, Tanzania - 0.9 79 14 - 12 8.7 [51]

Brisbane River, Australia 20.1-81.9 1.9 40.8-144.031.1-30.2 - 14.2-54.3 - [52]

Siahroud river, Iran 9.7 0.05 14.9 - - 1.03 - [53]

Gediz River, Turkey 1.3 - 2.6 - 1.6 - 4 [54]

Avg. shale value/ world

avg.
20 0.3 95 45 90 68 [55]

Table 5. Average heavy metal concentrations of rivers around the world (mg L-1)

4.2. Soil

Concentrations of heavy metals in the soil samples have been summarized in Table 6. Quan‐
titatively the metals were observed in the sequence Pb > Zn > Cr > Ni > Cu > As > Cd > Co
(Figure 3), though their thresholds for concern, mobility in soil and toxicity are different so
this trend does not necessarily reflect the threat of individual metals. Pb and Zn were found
in fairly higher concentrations at all the sampling locations. Generally, an overall linear
increasing trend of metal contamination was noted from site 1, before the Yamuna enters the
city of Mathura, to site 10 where the river leaves Agra. Thus, maximum values for all metals
were observed in the samples pertaining to Agra. In the third zone metal concentrations were
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seen to decrease gradually. One-way ANOVA and Fisher’s LSD test indicate that mean Pb and
Co content was different at all sites (P ≤ 0.001); while mean Cr, Cd, Cu, Ni, and As in zone 2
differed significantly from zone 1 and 3 (P ≤ 0.001). The latter did not differ significantly among
themselves. Mean Zn content in zone 1 differed significantly from zone 2 and 3 (P ≤ 0.05). The
difference between the latter was not significant statistically.

Zone Pb Cd Zn Cu Co Cr Ni As

1

Range 157-230 8.6-20.6 87.3-136 22.4-41.5 1.84-4.8 26.3-53.2 23.1-41.2 14.2-20.4

Avg. 200a 13.4a 116a 30.5a 3.71a 40.7a 33.6a 17.2a

SD 29.6 5.36 21.4 8.14 1.25 9.77 6.78 2.97

2

Range 241-285 17.8-25.2 129-222 50.4-64.2 5.91-15.2 76.3-104 57.8-71.3 22.2-28.6

Avg. 261b 20.3b 173b 57b 9.6b 86.7b 63.5b 25.2b

SD 16.1 3.13 37.6 5.93 3.80 10.5 5.44 3.10

3

Range 111-136 6.02-14.6 115-167 22.4-30.1 2.91-6.4 14.7-45.6 17.8-32.4 7.9-17.6

Avg. 125c 10.2a 144b 25.7a 4.95c 28.1a 23.3a 13.8a

SD 10.4 3.71 21.9 3.43 1.29 11.8 5.57 4.01

Control

Range 13.6-18.4 1.23-1.87 39.6-54.3 12.8-24.3 1.68-2.53 10.2-14.3 7.3-9.7 3.03-5.7

Avg. 15.6 1.6 47.4 18 2.1 12 8.6 4.2

SD 1.88 0.25 5.3 4.53 0.31 1.55 1 0.99

F value * * * * * * * *

Suggested thresholds

in soil [58]
Industrial 600 22 360 91 - 87 50 12

Residential 140 10 200 63 - 64 50 12

Suggested thresholds

in soil [59]
Background - - 140 - - 100 35 29

Intervention - - 720 - - 380 210 55

Threshold values [60]

Class I 35 0.2 100 35 - 90 40 15

Class II 250 0.3 200 50 - 150 60 30

Class III 500 1.0 500 400 - 300 200 40

F value :‘*’ statistically significant. Different letters in the same column denote significant statistical difference (P≤0.05)
in mean metal contents in soil samples from different zones.

SD- Standard deviation.

Table 6. Heavy metal content of soil samples (mg kg-1)
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Figure 3. Average heavy metal content in soil samples

All the metals in soils were positively (P<0.01) correlated with each other (Table 7). Significant
negative correlation was observed between metal concentrations and soil pH (P<0.01). The
same was observed in the case of Zn and Co with Organic matter. Phosphate is able to increase
water-soluble lead forms from contaminated soils by 56.8– 100% [61]. This is clearly shown by
the phosphate values (Table 2) obtained for different samples with maximum in zone 2
followed by zone 1 which probably led to higher Pb values in zones 1 and 2 (Table 6). Fertilizers
contain from trace to several ppm of Pb, Zn, Cu, Mg [62, 63]. High P2O5-blended fertilizers and
the pure phosphates, contain significant concentrations of several elements of potential
environmental or agronomic concern [62, 64].

Cd Zn Cu Co Cr Ni As OM pH

Pb 0.821** 0.479** 0.889** 0.629** 0.909** 0.933** 0.894** 0.426** -0.802**

Cd 0.701** 0.886** 0.724** 0.862** 0.848** 0.906** 0.0876 -0.621**

Zn 0.723** 0.915** 0.689** 0.653** 0.744** -0.493** -0.371**

Cu 0.805** 0.966** 0.972** 0.932** 0.0260 -0.773**

Co 0.809** 0.784** 0.806** -0.304** -0.529**

Cr 0.991** 0.944** 0.0816 -0.834**

Ni 0.936** 0.138 -0.837**

As 0.106 -0.739**

OM -0.242*

* Correlation is significant at the 0.05 level (two-tailed; n=75)

** Correlation is significant at the 0.01 level (two-tailed)

Table 7. Correlation coefficients: soil heavy metal concentrations
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Agra is the fourth most populated city in Uttar Pradesh, India. With a population of 1.7 million
(2011 census) it generates about 700 tonnes of solid wastes every day. It is also a major cause
for adding contamination to soil and groundwater. Solid waste is also discharged from 200
hospitals and nursing homes along with 168 foundries, 52 tanneries, 300 shoe industries, 200
petha (a local sweet) manufacturing units, 50 dairies, 56 electroplating units, 15 silver vibrators
and 15 galvanizing units. Significantly higher amount of metal pollution in the samples from
the city (sites 6-10) is obviously due to untreated domestic/wastewater, sewage and industrial
effluent discharged at these sites throughout the year. The increasing contamination as one
proceeds downstream mirrors the extent of damage caused to the pedosphere.

Mean concentrations of heavy metals in soils at the sites studied were compared with threshold
values of soil suggested by the Canadian Environmental Quality Guidelines [58]. It was
observed that As (sites 1-13) and Ni (sites 6-10) crossed their respective industrial thresholds
while the other metals (Pb, Zn and Cu) are well within it. Mean concentrations of As at sites
4-10 were approximately twice the thresholds suggested. Cd and Cr levels were above their
thresholds only at site 10. However, the situation is drastically different in the perspective of
the residential limits where in addition to these, the thresholds are exceeded even by Pb, Cd
(10 sites each), Cr (5 sites) and also Zn and Cu at one site.

On comparing metal concentrations with the values suggested for soil remediation by VROM,
Netherlands [59], values of Zn (sites 7-13), Ni (sites 4-10) and Cr (site 10) were above the
background values but below the intervention level. It is significant to note that in studies
similar to the present one, the degree of contamination and the resulting ‘hazard indices’ for
soils may vary when different thresholds, existing in only a few countries, are considered [65].
To increase the reliability of risk estimation due to contaminants, global consensus on such
thresholds is urgently needed.

The concentrations of As are usually low, less than 6 ppm, for geological and soil environment
[64]. It is estimated that about 60% As in the environment is from anthropogenic sources
including As-based pesticides, fertilizers, and wastes from mines, smelter and tannery
industries [66]. The relatively high values of As in the samples seem to be directly related to
the discharge of domestic and industrial effluent as well as use of phosphate fertilizers,
pesticides used in the agricultural activities in the region.

Highly significant positive correlation (P<0.01) was observed between soil and water content
of Pb, Cd, Cu, Co, Cr and Ni. The results also indicate that metal concentrations in soil were
higher than those in the water. This distribution pattern of heavy metals between the water
phase and soil is expected as most heavy metal speciation studies have reported a similar
pattern of distribution both in sea water as well as in lakes [67-69].

Several authors have pointed out the need for a better knowledge of urban soils [18, 70]. In the
past few years, studies on urban soils in many cities have been carried out around the world.
Some examples are Spanish [19, 71] and Italian cities [21, 72]. Other examples for European
cities are Aberdeen [73], Athens [74], Oslo [22] and Belgrade [18]. The mean heavy metal
contents for all zones are compared in Table 8 to those of some cities around the world. The
differences concerning population, living habits, industrial activities, etc., cause significant
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differences in the metal contamination profile. Compared to average concentrations in urban
soils in the world, the mean concentrations of Pb and Cu are up to 2—4 times higher in some
cases but still less than London, Naples and Palermo. In the case of Cd, it is many times higher
than Kattedan (India). Zn and Cr contents do not differ much; still they are less than those of
Naples and Madrid. Ni content is more than almost all European cities, but less than Kattedan
and Firozabad in India. Co values are less than those reported from other industrial regions
of India. As content is less than that of Firozabad.

City Pb Cd Zn Cu Co Cr Ni As Reference

London 294 - 183 73 - - - - [75]

Madrid 161 - 210 72 - 75 14 - [76]

Rostock 83 - 100 35 - 48 30 - [77]

Sevilla 161 - 107 64.6 - 42.8 23.5 - [19]

Belgrade 53.2 - 129.1 29 - 33.2 67.4 - [18]

Palermo 253 - 151 77 - 39 19.1 - [72]

Naples 262 - 251 11 - 74 - - [21]

Nanjing 107.3 - 162.6 66.1 - 84.7 - - [78]

Hong Kong 93.4 - 168 24.8 - n.a. - - [79]

Kattedan 195-6241 0.08-0.16 130-3191 72-1450 12-36 77-586 63-494 0.10-0.21 [80]

Firozabad 35.5-781 3.64-107 76.4-1247 22.4-300 10.9-63.7 19.1-158 23-218 9.25-204 [29]

Present

Study

Zone 1 200 13.4 116 30.4 3.70 40.7 33.6 17.2

Zone 2 261 20.3 173 57.0 9.60 86.7 63.5 25.2

Zone 3 125 10.2 144 25.7 4.96 28.1 23.3 13.8

Table 8. Average heavy metal concentrations in urban soils from different cities across the world (mg kg−1)

It is encouraging to note that the mean concentrations of individual metals are below those
reported from other industrial hubs within India i.e. Kattedan (Andhra Pradesh) [except Cd
and As] and Firozabad (Uttar Pradesh). Kattedan Industrial Development Area (KIDA) is a
major industrial area of Andhra Pradesh and houses 400–500 industries, including 150 large
scale industries and 300 small-scale industries. Major sources of metals pollution are battery,
electrode, oil refining, metal plating, textile, pharmaceutical, chemical paints, rubber, petro‐
chemicals, glass, therapeutics, and Pb extraction facilities [81]. This is also one of the contami‐
nated areas identified by the Central Pollution Control Board (CPCB) in New Delhi, and
referred to as an ecological disaster area [81]. Firozabad is the hub of the Indian Glass industry.

5. Assessment of heavy metal contamination in soil

Assessment of soil contamination was performed by the contamination index (Pi) and inte‐
grated contamination index (Pc) as expressed by fuzzy functions [82, 29, 28]. Class I criteria [60]
could be used as no-polluted threshold; Class II as lowly polluted threshold value; and while
Class III as highly polluted threshold value. Pi values ≤ 1 indicate no contamination; 1 ≤ Pi ≤ 2
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indicates low contamination; 2 ≤ Pi ≤ 3 indicates moderate contamination; while Pi > 3 indicates
high contamination.

Individual elements displayed remarkably different patterns of accumulation in soils.
Furthermore, observed differences in the magnitude of accumulation suggest that the relative
contribution of the individual elements to total heavy metal contamination varies. Figure 4
shows the proportions of contamination levels (from Pi values) in the soil samples from all the
sites studied. Except for 76% samples from zone 2, which showed moderate Pb contamination,
the rest exhibited low contamination zone as did all samples from zones 1 and 3. In case of Cd,
all samples were in the high contamination zone. For Zn, 24% samples from zone 2 were
moderately contaminated while 72%, 76%, and 100% samples from zones 1, 2, and 3, respec‐
tively were in the low contamination range. For Cu, 88% samples from zone 2 were moderately
contaminated while 36% and 12% samples, from zones 1 and 2, respectively were in the low
contamination range. All samples from zone 3 indicated no contamination. Except for zone 2
(20% samples) in the low contamination zone, the remaining samples did not indicate Cr
contamination. For Ni, 12% and 72% samples from zones 1 and 2, respectively were moderately
contaminated while 16% and 22% samples from, respectively were in the low contamination
range. All samples from zone 3 indicated no contamination. In the case of As, 64%, 100%, and
60% samples from zones 1, 2, and 3 were in the low contamination range.

Figure 4. Contamination indices (Pi) of heavy metals in soil samples

Thus, zone 1 was found to be lowly contaminated with Pb, Zn, Cu, Ni and As but highly
contaminated with Cd. Zone 2 exhibited low to moderate contamination of Pb, Zn, Cu, Ni; low
Cr and As contamination; and high Cd contamination. Zone 3 was lowly polluted with Pb and
Zn. As contamination ranged from none to low. No Cu, Cr and Ni contamination was observed.
These results agree with the findings regarding metal contamination of soil due to the glass
industry at Firozabad, India [29]. Of the nine elements studied, Zn, Cd, and As showed a
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greater accumulation in all soils, whereas, accumulation of Ni and Cu was high in limited
samples.

Integrated Contamination Indices (Pc) were calculated for all soils to assess the extent of heavy
metal contamination at the sites. Pc is defined as the summation of the difference between the
contamination index for each metal and 1 (one). It is categorized under the following heads:
Pc ≤ 0 no contamination; 0 ≤ Pc ≤ 7 low contamination; 7 ≤ Pc ≤ 21 moderate contamination; Pc

> 21 high contamination. Threshold values for Co could not be obtained hence this metals was
excluded in the calculation. A clear ascending trend is visible in the Pc values for all sites (Figure
5). Pc values generally show a moderate to high contamination at studied sites. The Pc indices
indicate that 45% sampling locations fall in the moderate contamination while 55% of the
samples fall in the high contamination range. All the samples from zone 2 fell under the high
contamination category. While in zone 1, 60% samples come under moderate and 40% under
high contamination level category. In zone 3, 76% and 24% samples were in the moderate and
high contamination range, respectively.

Zone 3

P
c

0

10

20

30

40

50

Zone 1 Zone 2

Figure 5. Integrated contamination indices (Pc) of soil samples. Black and gray lines are the upper threshold values of
moderate and low contamination, respectively

The effect of the glass industry on urban soil metal characterization was assessed at 25 test
sites at Firozabad, India [29]. The area is characterized by little or no monitoring of industrial
processes, usage and disposal of hazardous chemicals. A comprehensive profile of Zn, Mn,
Co, Cd, Pb, Cr, Ni, Cu and As contamination was obtained. Zn, Cd, and As showed a greater
accumulation in all soils, whereas, accumulation of Ni and Cu was high in limited samples.
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Integrated contamination indices (Pc) indicate that 60% of the sites were in the high contami‐
nation range and 28% were in the moderate contamination range with just 12% sites on the
border of the moderate to low contamination range. [83] assessed the impact of both landuse
and soil textures on Cd, Zn, Pb and Cu based on samples collected from the major landuse/
landcover pattern of Dutch forests and aerable soils drawn from six different sites. Metal
content in agricultural and industrial soil is found to be higher than the forest soil.

The fact that no Pc value in the present investigation fell within the low contamination range
was not surprising, given the fact that the study was being carried out in an area which has
already been contaminated with metals, but moderate to high indices in zone 1 and 2 are
alarming because these include heavily populated areas. The local populace is, thus, exposed
to wide range of historically well established toxins and even carcinogens. The situation is
surely compounded by vehicular pollution at urban sites (1-10). Vehicular emissions are a
significant source of many pollutants [21, 84].

6. Phytosociological studies

Plants show differing morpho-physiological responses to soil metal contamination. Most are
sensitive to very low concentrations; others have developed tolerance, and a reduced number
accumulate metals. The latter capacity has practically opened up the way to phytoextraction.
Hyperaccumulation is an unusual occurrence, seen in a narrow range of species which often
grow in metal-rich soils. The following thresholds for metal hyperaccumulation in shoots,
without evident symptoms of toxicity, have been suggested [85]: 100 mg kg-1 for Cd, 1, 000 mg
kg-1 for Ni, Cu, Co and Pb, and 10, 000 mg kg-1 for Zn and Mn. Known hyperaccumulators are
generally minor vegetation components in most European and North American habitats.
Currently, more than 400 hyperaccumulator species are known, belonging to 45 different
botanical families, among which the most frequent are Brassicaceae and Fabaceae [86].

Lack of information on the agricultural management of hyperaccumulators, together with
slow-growing and poor shoot and root growth, increase the difficulties in the practical
application of these species in remediation projects [87]. Hence, the potential for any plant
species to remediate successfully heavy metal contaminated sites depends on all of the
following prerequisite factors: a) the amount of metals that can be accumulated by the
candidate plant, b) the growth rate of the plant in question, and c) the planting density [88].
The growth rate of a plant in a chemically contaminated soil is important from the perspective
of biomass. Parameters like basal area, canopy, abundance, dominance of species can help
obtain a more rounded picture in the case of mixed planting or natural flora at a contaminated
site. The rate of metal removal from the soils can be calculated if information on the above
mentioned parameters is available. In addition, versatility of the candidate plant to tolerate
and at the same time accumulate multiple metal contaminants and/or metal-organic mixtures
would be an asset for any phytoremediation system.

The choice of plant species is thus, an important task in any phytoremediation based technique.
Decontaminating a site in a reasonable number of harvests requires plants that are both high
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yielders of biomass and good metal accumulators by dry weight. It has been demonstrated [89,
90] that, wild native plants may be better phytoremediators for waste lands than the known
metal bioaccumulators like Thlaspi caerulescens and Alyssum bertolonii because the latter are
slow growing with shallow root systems and low biomass. Also, the technology for their large-
scale cultivation is not fully developed; therefore, their use is rather limited [91].

If soil at contaminated sites, e.g. mines, industrial zones is naturally high in a particular metal,
native plants will often become adapted over time to the locally elevated levels [28-30] and
metal toxicity issues do not generally arise. Successful establishment and colonization of
several pioneer plant species tolerant to Pb/Zn mine spoils has also been demonstrated with
tolerant plants including Phragmites australis, Vetiveria zizanioides, and Sesbania rostrata [31, 92].
Many native, well adapted plants have been investigated and even used for heavy metal
bioindicatoring and phytoremedial purposes including lemongrass and other wild grasses,
vetiver, Sesbania, Avena, Crotalaria, Crinum asiaticum, Typha latifolia and Calotropis procera etc.
[31-35]. Phytoremediation employing indigenous species can be an ecologically viable option
for sustainable and cost-effective management.

An important component of any ecosystem is the species it contains. Species also serve as good
indicators of the ecological condition of a system [93]. Ecological surveys are necessary for an
adequate characterization of a plant community and also to know the diversity and dispersion
status of species in the area. Phytosociology aims to characterize and classify plant commun‐
ities in terms of composition and structure.

At all sampling sites within a zone, ecological indices [relative frequency, relative density,
relative dominance and importance value index (IVI)] were estimated, by using a 1m2 quadrat.
Sampling was done randomly at 10 spots at each site within a zone. The data were compiled
and analysed according to some workers [94-96].

Relative density is the proportion of density of a species (plants/unit area) to that of the stand
as a whole. The dispersion of species in relation to that of all the species is termed as relative
frequency of a species. Relative dominance is the proportion of the basal area of a species to
the sum of the basal area of all species present. Basal area refers to area covered by the plant’s
stem and leaves one inch above the ground surface. The overall picture of ecological impor‐
tance of a species in relation to the community structure can be obtained by adding the values
of the above three parameters [97].

A total of 22 weed species were recorded from the sites (Table 9). Most of the weeds recorded
are herbs except Calotropis procera and Datura stramonium which are shrubby in nature. Two
grasses i.e. P. annua and C. dactylon were observed. The phytosociological parameters obtained
from the sites clearly indicate that there are naturally occurring plant species which have the
capacity to tolerate the heavy metal content of the soils. The floral composition of the three
zones varied qualitatively and quantitatively. Most species were seen to grow vigorously.
Relative frequency, relative density, relative dominace and IVI indicate that Calotropis procera,
Parthenium hysterophorus, Chenopodium murale, Croton bonplandianum, Rumex dentatus, Amar‐
anthus spinosus, Datura stramonium and Withania somnifera were the most abundant weeds. All
of these species have been reported as potential phytoremediators in earlier studies. It is
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important to note that floral diversity decreased with increasing contamination profile of the

sites. Maximum species (20) were observed in zone 3, followed by zones 1 and 2.

Zone Plants
Relative

frequency

Relative

density

Relative

dominance
IVI

1

Amaranthus spinosus 8.42 10.55 0.15 19.12

Rumex dentatus 6.32 6.00 0.07 12.38

Calotropis procera 8.42 10.31 0.18 18.92

Croton bonplandianum 6.32 6.00 0.23 12.54

Chenopodium murale 6.32 6.24 0.01 12.56

Datura stramonium 7.37 9.83 0.16 17.37

Stellaria media 5.26 4.32 0.00 9.58

Withania somnifera 8.42 9.59 0.13 18.15

Heliotropium ellipticum 5.26 3.12 0.00 8.38

Achyranthes aspera 6.32 5.76 0.01 12.08

Parthenium hysterophorus 7.37 6.95 0.01 14.33

Amaranthus alba 5.26 4.56 0.01 9.83

Boerhaavia diffusa 3.16 2.64 0.01 5.80

Euphorbia hirta 6.32 6.00 0.00 12.31

Sida longifolia 4.21 4.56 0.00 8.77

Gnaphalium luteo-album 5.26 3.60 0.02 8.88

2

Parthenium hysterophorus 11.59 16.32 0.22 28.13

Abutilon indicum 7.25 4.75 0.06 12.06

Calotropis procera 11.59 15.13 0.20 26.93

Croton bonplandianum 7.25 8.90 0.14 16.28

Amaranthus spinosus 4.35 2.08 0.00 6.43

Rumex dentatus 11.59 13.65 0.15 25.39

Withania somnifera 8.70 8.61 0.10 17.40

Cynodon dactylon 7.25 3.56 0.00 10.81

Chenopodium murale 7.25 9.50 0.11 16.85

Achyranthes aspera 5.80 4.75 0.02 10.57

Sida longifolia 7.25 2.97 0.00 10.21

Gnaphalium luteo-album 5.80 4.15 0.00 9.95

Boerhaavia diffusa 4.35 5.64 0.00 9.99
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Zone Plants
Relative

frequency

Relative

density

Relative

dominance
IVI

3

Parthenium hysterophorus 7.14 9.65 0.17 16.97

Abutilon indicum 4.76 3.46 0.01 8.23

Calotropis procera 7.14 12.57 0.18 19.89

Croton bonplandianum 5.56 5.65 0.17 11.37

Cynodon dactylon 4.76 2.91 0.06 7.74

Chenopodium murale 6.35 12.39 0.14 18.88

Poa annua 4.76 3.28 0.01 8.05

Rumex dentatus 3.97 1.64 0.01 5.62

Barleria diffusa 4.76 4.55 0.00 9.32

Achyranthes aspera 5.56 4.19 0.01 9.76

Sida longifolia 4.76 3.64 0.00 8.41

Withania somnifera 4.76 3.83 0.09 8.68

Boerahvia diffusa 4.76 2.55 0.00 7.31

Sida cordifolia 4.76 3.28 0.00 8.04

Amaranthus spinosus 7.14 8.56 0.10 15.80

Gnaphalium luteo-album 4.76 3.83 0.03 8.62

Euphorbia hirta 3.17 3.46 0.00 6.64

Ageratum conyzoides 3.17 2.37 0.00 5.55

Datura stramonium 4.76 4.19 0.00 8.95

Tridex procumbens 3.17 4.01 0.00 7.18

IVI- Importance Value Index

Table 9. Phytosociological parameters of flora at test sites

C. procera has been demonstrated as a potential phytoremediator species. The shrub showed
good accumulation of metals and is a potential phytoextractor for As and Zn as well as a
promising phytostabiliser for Pb, Cd, Cu and Mn [28, 29, 35]. C. procera was observed to have
a high degree of sociability i.e. relative frequency, relative density, relative dominance and IVI.
P. hysterophorus was also important in this context and was most dominant in zone 2. This
species has been identified for As phytoextraction along with A. spinosus, C. bonplandianum,
and D. stramonium [28]. The latter two have also been indicated for phytoextraction—C.
bonplandianum for Mn and D. stramonium for Mn, Cr, and Cu—together with R. dentatus for
Pb. Another species with high IVI, C. murale has been suggested for Zn, Cd, Pb and Cu
phytoextraction [28, 29]. Among the less dominant species, Tridex procumbens and Euphorbia
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hirrta have also been reported as promising tools for phytoextraction of Mn and As, respec‐
tively [28]. E. hirrta and D. stramonium were not found in zone 2.

Poa annua has been identified as a phytostabilizer for Mn, Cd, and As and phytoextractor
for Cu and Pb. Cu concentrations up to 742.06 mg kg-1 dry weight have been reported in
P. annua shoots [28, 29]. Poa annua was observed only at sites in zone 1.

Other species found at the sites have also been indicated for further studies following initial
field surveys. Gnaphalium luteo-album (Mn and As); Withania somnifera (Cu); and Heliotropium
ellipticum (As) have shown promise as phytostabilisers for these metals and metal combina‐
tions [28, 29].

7. Discussion

The occurrence as well as concentrations of heavy metals like Pb, Zn, Cu, Co, Mn, Fe, Cr and
Cd in streams and rivers all over the world is increasing. In the present case study, heavy metal
contamination was consistently higher in city of Agra, which may be attributed to the heavy
industrialization combined with agricultural and urban runoff. The situation is made worse
by atmospheric deposition, again attributable to industrial and vehicular pollution. In general,
freshwater ecosystems have low natural background metal levels and therefore tend to be
sensitive to even small additions of most trace metals. The river water far exceeded the limits
of metals prescribed by WHO and USEPA for drinking water standards and Pb, Cd, and Cr
content at all sites and Ni at most sites exceeded the prescribed limits. In a heavily populated
country like India where a sizeable portion of the population is illiterate and resides in slums/
poorly planned neighbourhoods without proper sanitation and drainage, day-to-day activities
also contribute to the overall pollution load. Provision of suitable alternatives along with
proper education and awareness is integral to the minimization of this problem at the source.
Apart from taking measures like effluent treatment before it enters the river and subsequent
treatment of river water at the most polluted sites, a steady flow of water is to be ensured
throughout the year, by way of channelizing the river with canals at crucial points. Such
measures can address this problem to a substantial extent. Expenditure of more than US$ 500
million without much success appears to be an unjustified proposition.

Phytoremediation has been receiving attention lately as an innovative, cost-effective alterna‐
tive to the otherwise tedious and expensive methods in use, which are not only a burden on
the exchequer but also, require efforts on a recurring basis. Lack of information on the
agricultural management of hyperaccumulator species, together with their poor biomass and
root proliferation, increases the difficulties in their practical application. It has been amply
demonstrated that wild native plants may be better phytoremediating tools. These species can
be an ecologically viable option for sustainable and cost-effective management especially in
scenarios where expertise, technical expertise and/or funding is a limiting factor. Ecological
surveys are necessary for adequate characterization of a plant community and subsequent
identification of prospective candidates for phytoremedial strategies since metal toxicity issues
generally do not arise in plants already established on contaminated soils. Allowing native
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species to remediate site is an attractive proposition since these species do not require frequent
irrigation, fertilizers, and pesticide treatments, while simultaneously a plant community
comparable to that existing in the vicinity can be established. The outcome is, thus site
remediation, ecological restoration and addition in aesthetic value. This is also in concurrence
with the ruling (2006) of the Hon’ble Supreme Court of India prohibiting cultivation of plants
requiring fertilizers and pesticides along the river Yamuna. Using these perennial phytore‐
medial candidates without any special needs holds much promise in this context. In addition,
versatility of the candidate plant to tolerate and at the same time accumulate multiple metal
contaminants and/or metal-organic mixtures would be an asset for any phytoremediation
strategy.
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