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ABSTRACT

Phytoremediation is a new emerging discipline to de-contaminate polluted water. Remediation of
pollutants by plants is environmental friendly and cost effective technique. Present study focuses on
ability of Pistia stratiotes, Eichhornia crassipes and algae for removing nickel (Ni) and cobalt (Co) from
aquatic system. Efficiencies of these macrophytes were checked against Ni and Co (2mg/l and 4mg/1
concentration for each metal) on lab scale under natural conditions for a period of fifteen days. Samples
were collected and analyzed at 0, 5, 10 and 15 days. One-way ANOVA was applied to compare significance
level of these plants for removal of these metals. P. stratiotes, E. crassipes and algae removed 90.5%,
90.6% and 87.5% at 2mg/1 Ni concentration, while 94.55%, 98.1% and 80.25% respectively at 4mg/1 Ni
from water. Similarly, P. stratiotes, E. crassipes and algae removed 95.5%, 98% and 80% Co metal at
2mg/1 concentration, but 91.5%, 99% and 79.75% respectively at 4mg/l concentration of Co. Results
indicate that E. crassipes is more efficient for removal of both the metals at p < 0.005. There was no
change in color and biomass of these macrophytes but biomass of algae increased in both treatments (2

and 4mg/1) for both metals during 15 days’ period.
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1. INTRODUCTION compared to other elements and consider as

important contaminant in the environment [1].
Pollution of heavy metals is the global concern

particularly in water and soil. All the countries Heavy metals are the elements that are metallic
become affected by this major problem. Heavy in nature and their density is much higher than
metals contain high molecular weight as the density of water when we compared both
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the atomic number of metallic elements are
more than 20 heavy metals as a contaminant
which are mostly present in our environment
are chromium, copper, nickel, zinc, mercury,
lead, cobalt [2]. Some metals are important for
plant growth in a minute quantity but if their
amount increase in the plants then it’s not

possible for plant to survive [3].

Conventional methods are costly to treat water
such as ion exchange and solvent extraction etc.
and their results are often in effective and
determine high input of energy and then huge
amount of money as an operational cost. This
method of phytoremediation is much effective
and require less energy and less money and
operational cost is also very much low [4]. These
microorganisms such as bacteria, algae and
fungi they also show much high affinity and
uptake capacity to accumulate the heavy metals

and other metalloids [5].

Different macrophytes has different tendency to
absorb heavy metals. Each plant shows the
different efficiencies in bioaccumulation of
heavy metals [6]. Phytoremediation is the
technique in which use the green plants and its
connected microorganisms, modification in soil
and agronomic strategies to remove the
contaminants from the environment. It is an
attractive remedial approach due to its cost
effectiveness as compared to other remedial
techniques [7]. So, choose from appropriate
remediation method for certain type of pollutant
is necessary. In phytoremediation for specific
type of metal specific type of macrophytes
becomes selected [8]. Due to higher

bioaccumulation of heavy metals in the
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environment they become more hazardous. The
heavy metals bio accumulates in the living
organisms and then metabolized and become
the part of its biomass or released into the
environment [9]. Metal accumulation in the soil
and contamination of heavy metals in water
leads to reduction in yield, microbial plant
growth and then enter into food chain then
causes adverse effects on human health and on

the environment [10].

Although the contribution of metals to the
aquatic ecosystem sometimes comes from
natural sources such as geochemical origin some
have, but as some add through the natural
system but the one that is most disastrous and
toxic to the ecosystem where aquatic species
live are from anthropogenic activities most of
the discharges are from there and some also
include discharges from industries, agriculture
and urban land runoff and some of its part come
from mining sources. It is the need of time that
we restore those places or things which are
disturbed by human activities, water should be
treated by using macrophytes and this will be
helpful in getting clean water and to avoid
human from various health risks [11] heavy
metals can easily accumulate into the
macrophytes like Pistia stratiotes, Eichhornia

crassipes and algae.

Eichhornia crassipes is the native of South
America. It is freshwater plant and mainly
present in all the regions in summer season. Due
to its flowering appearance this plant used as
ornamental plant in all over the world. It is
estimated that this plant has ability to absorb

the lead, cadmium, nickel, copper, zinc and
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cobalt [12]. Pistia stratiotes is the free-floating
aquatic plant that contains hair like roots that
extend up to 50 centimeters. This plant contains
fleshy leaves arranged in rosette like structure.
Pistia stratiotes is specie that is used in
accumulating the metal it is a hyper accumulator
that accumulates the different metals, radio
nuclides and other heavy metals also from
water. It clears the polluted aquatic system from
the metals that are hazardous for human health
and fro other species also [13]. Pistia stratiotes
is considered best plant for the bioremediation.
This plant species is also used for the test of
different compounds it has some value for
quinolone but it is not considering best or it

might be less effective for sulphonamide [14].

2. METHOD AND MATERIALS

2.1. Collection of Plants

Eichhornia crassipes, Pistia stratiotes and algae
were gathered from Government University
Botanical Garden, Lahore, and Jallo Park Lahore
Botanical Garden. Plant species were gathered
aseptically in plastic containers and brought
them to the Laboratory of Sustainable
development study center (SDSC), Government
College University, Lahore. The plant specimens
were carefully washed in the laboratory with the
tap water, to remove sludge, dust and other
debris from the floor. These two aquatic plants
and algae become used to regulate the capacity
of two separate concentrations to remove heavy

metals.

2.2. Preparation of heavy metals solutions
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Cobalt (Co) and Nickel (Ni) solutions were
prepared at two distinct volume of 2 mg/1 and 4

mg/l levels using their normal solutions.
2.3. Preparation of micro and macro nutrients

Macro and micro nutrients have become very
essential to plant food necessities because
without them they cannot work properly. For
this purpose, each macro and micro nutrient
was prepared in 500 ml of water and
subsequently infused nutrients using the Clark
technique. About, six micro nutrients were
prepared. These micro nutrients are: 0.5mM
copper sulfate (CuS04.5H20), 7mM Manganese
sulfate  (MnSO4+H20), 2mM Zinc sulfate
(ZnS04.7H20), 4mM iron chloride (FeCls.6H20),
0.0086mM molybedate
(NH4)6M07024.4H20, 19mM boric acid (H3BO3)
[15,16].

ammonium

The macro nutrients were: 1 M potassium
nitrate (KNOs3), 1 M ammonium nitrate
(NHs4NO3), 1 M potassium chloride (KCI), 1 M
magnesium sulphate (MgS047H20) and 1 M
calcium nitrate (Ca(NO3)2.4H:0), 0.023 M
potassium hydrogen phosphate (K2zHPO4) [16].

2.4. Experimental set-up

About, 18 containers with 15 liters was used for
each sample which were filled upto 13 liters of
water. 12 macro and micro nutrients were
added to baskets (1 ml of each in 1 liter of
water). Nutrient quantities are required to
satisfy the dietary significance of the plant [16-
17]. To each basket, 180 g of each aquatic plant
were placed. These plants were kept in
containers for 20 days in order to achieve better

results. For each concentration, one replicate
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had also been put in the experimental basket for
each plant so that which plant is still working or
not running. Two containers were used to
regulate plants and water, and water did not

contain metals [17].
2.5. Water analysis

The collection of water and plant specimens was
done on interval of every 5 days (0, 5, 10, 15) till
fifteen day. About 20ml of water sample was
collected on every fifth days and then the
sample's pH and DO (dissolved oxygen) was
analyzed using pH sensor and DO meter. Nitric
acid was added to lower the water’s pH by less
than 2 and then have water samples for heavy

metal evaluation [17].
2.6. Plant samples analysis

The plant sample was collected at an interval of
every five days from the containers and then
washed under running tap water. The plant
samples were separated them into the leaves
and roots and if the stem of any plant available
and then store at 0 °C for the chemical analysis
also for digestion of plant. Then the plant
samples of Pistia stratiotes, Eichhornia crassipes
and algae from 0, 5, 10 day were stored into
petri dish and then place it into oven for 24

hours at 60 °C.
2.7. Plants digestion

For digestion process of plants, nitric acid and
per chloric acid (3:1) was used and placed on
hot plate for digestion. After digestion of plant
material, it was diluted with 50 ml of distilled
water. The solution was filtered to get a clear

solution into volumetric flask and then 5-7 ml of
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each sample was stored into airtight bottles. The
pH of samples was adjusted (7-8) before testing
into the atomic absorption spectrophotometer.
Removal of both metals Ni and Co in percentage
by using these macrophytes and algae was

determined using the Equation (1).
Percentage removal = Ci - Cf ..eq. 1

Where:

Ci = concentration of metal at initial point in water
media

Cf = concentration of metal at final point which
remains in water media.

2.8. Heavy metals analysis

The collected plant samples were checked on
every fifth day. The amount of heavy metal
absorbed by plant was analyzed and also which
part of plant has the most capability to absorb
metals. The calculation of translocation factor
(TF) of both metals Ni and Co from roots of
macrophyte to the leaves of that macrophyte

was done by using the formula:

TF=Cl_ ..eq.2
Cr

Where:
Cl=metal concentration in leaves of macrophyte
Cr=metal concentration in roots is Cr
The value of Translocation Factor which is less
than 1 depict efficient transfer of metals from
the roots of macrophytes to the leaves and also
in above ground parts of both macrophytes [18].
BAF is the bioaccumulation factor of metal that

is determined by using formula:
BAF = Cp ..eq. 3
Cm
Where:

Cp= Metal concentration in plant
Cr= metal that is present into the medium
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BAF of macrophytes higher than 10 categorized
as hyperaccumulator and Bio Accumulation
Factor greater than 1 called as bio accumulators

[19].
2.9. Parameters to check quality of water

All the samples of water were tested in
laboratory of the Sustainable development study
center. The BOD and pH of the samples were
tested on daily base for checking of temperature
by using standard laboratory thermometer and
for pH used the pH strips and also used pH
meter (pH 300 YSI) for the measurement of pH
of samples and to check the DO value of the
sample DO EUTECH was used [20].

2.10. Statistical analysis

The data was used for statistical analysis that is
one-way ANOVA with multiple comparisons
between both macrophytes and algae by using

SPSS 16.0. In this analysis, 0.05 is taken as a

3. RESULTS AND DISCUSSION

The wet weight and biomass of the macrophytes
and algae were greater than before after a time
of fifteen days and also not a huge change seen
in the color of macrophytes and algae. Initially
weight of Pistia stratiotes, Eichhornia crassipes
and algae were taken 250g before insert into
metal solutions. The wet weight of these plants
and algae become increased from 5th day to
15th day by the significant difference. The
solution with increase concentration of metal
shown more increase in weight of plants and
algae. This shows increase in metal
concentration becomes increase the wet weight
of aquatic plants. Significant increase in wet
weight over fifteen days’ time period shows in

Figure 1.

The translocation factor (TF) and
bioaccumulation  factor (BAF) of both

macrophytes and algae are shown in Table 1 and

significant value. Table 2.
During phytoremediation the metals become
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Figure 1. (Left) Wet weight of Eichhornia crassipes at 2 mg/1 and 4 mg/1 Ni concentration

Figure 2. (Right) Wet weight of Pistia stratiotes at 2 mg/l and 4 mg/1 Ni concentration
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Figure 4. (Right) Wet weight of Eichhornia crassipes at 2 mg/1 and 4 mg/1 Co concentration
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accumulated mostly in roots and less in leaves of
Pistia stratiotes and Eichhornia crassipes. Pistia
stratiotes absorbed 44.52mg of Ni in its leaves
and 48mg in its roots. Eichhornia crassipes
absorbed 19.91mg in its leaves, 43.38mg in its
roots and 31.05mg in its shoots. Pistia stratiotes
accumulated 34.12mg of Co in its leaves and
59.87% in its roots. Eichhornia crassipes
accumulated 23.6mg in its leaves and 48mg in
its roots and 30.6mg in its shoots. So, in both
cases roots absorbed more metals as compared

to other aerial parts of aquatic plants (Figure 2).
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According to Sinha et al. (2002) and Suseela et
al. (2002), the fact behind this reason was slow
mobility of heavy metals from roots to other
parts of plants [21-22]. Rulangaranga (2003)
also used these aquatic plants for removal of
heavy metals and reported high concentration
was absorbed in roots of plants [23]. Miretzky et
al. (2004) reported that high concentration of
metals accumulated in roots of Pistia stratiotes
[24]. Odjegba (2007) also reported the metals
accumulated in roots of aquatic plants as

compared to leaves and shoots [18].
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Table 1. TF of both macrophytes and algae

Pistia stratiotes Eichhornia crassipes
TF Co Ni Co Ni
0.59 0.93 0.54 0.45

Table 2. BAF of both macrophytes and algae

Pistia stratiotes Eichhornia crassipes algae
BAF Co Ni Ni Co Ni
19.1 13.4 30.6 3.99 5.53

The amount of Ni removed from Pistia stratiotes
is almost 92.25%, and from Eichhornia crassipes
it is almost 94.35% whereas from algae it is
83.87%. Likewise, the amount of metal Co
remove from water by Pistia stratiotes is up to
94%, from Eichhornia crassipes is up to 98% and

from algae removal is up to 79.87% (Figure 3).

In Eichhornia crassipes absorbance rate of Ni
and Co is considerably high (p<0.05) in

comparison to Pistia stratiotes and algae.

In macrophytes no change came in their

morphology in fifteen days instead of change

macrophytes and algae flourished and gained
more weight when experiment accomplished.it
is testified that when plant material gained
much weight this is showing that it is absorbing
metal much faster [13]. Eichhornia crassipes
having a large biomass and broad leaves that
spread on water easily and absorb metal in a
good manner that’s why consider as a best
phytoremediation macrophyte [25]. These
macrophytes are classified as bio-accumulator
or hyper-accumulator depend on their tendency
that how much amount of metal a macrophyte
can absorb and also depend on the part of the

plant that which part is absorbing more as root
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Figure 7. Mean concentration of Ni and Co accumulated in leaves, roots and shoots of Pistia stratiotes
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is mostly consider as hyper-accumulator
because it absorbs more metal than the other
parts of the macrophytes [24]. Eichhornia
crassipes is consider as a best macrophyte it can
absorb maximum amount of metal also it has

large biomass as well as broaden leaves.

Bio-accumulation factor of both macrophyte and
algae was greater than 1 which is showing that
they have the capability to accumulate the
metals in them some are simply bio-
accumulators where as some parts are hyper-
accumulators as well translocation factors of
both macrophytes also calculated which shows
that these plants roots have capability to
translocate that metal into the upper part of

macrophyte.

One-way ANOVA was also used for the data
which shows the potential of macrophytes and
algae among them potential of FEichhornia
crassipes (p<0.05) considerably high [26] than
the Pistia stratiotes and algae for metal Co.
Whereas Pistia stratiotes also shows significant
result for the metal Co but its more efficiency

seen for the metal Ni .This shows that these

macrophytes and algae has the capability to
absorb these metal very well although algae can
absorb less amount than macrophytes but it can
also has the capacity to absorb metals. More
than 90% of the heavy metals were absorbed by
these macrophytes [27]. These macrophytes can
be used in more than one cycle depending on
their condition. As these macrophytes are
showing good results we can use them into the
aquatic environment where a large amount of
metals is present and that are harmful for the
species of aquatic habitat [28]. These
macrophytes also used as bio monitors [29] and
rhizofiltration [30] can also be done through

them.
4. CONCLUSION

The aquatic plants and algae indicated high
efficacy for Co and Ni removal from different
metal solutions. Extreme of both of metals Ni
and Co was indicated into the roots of
macrophytes other than leaves and shoots.
Translocation factor for these macrophytes is
also less than 1 which showing their higher

efficiency. BAF of both macrophytes and algae is
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higher than 10 that show they act as hyper-
accumulator. The comparison between both

plants and algae showed that accumulation rate
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