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Phytoremediator: Removal of Heavy Metals from Synthetic Aqueous

Solution by Water Hyacinth (Eichhornia Crassipes)
Myat Lay Nwe®, Tin Kyaw Oo?, Ni Ni Linn®
Abstract

Toxic heavy metals pollution of water is a major environmental problem in recent
world. Floating aquatic plant, water hyacinth is capable of assimilating large
quantities of trace elements and heavy metals. Water hyacinth has the ability to
absorb heavy metals. Batch experiments were conducted and the uptakes of
cadmium, chromium and lead from the synthetic solution for six different
concentrations ranging from 5 mg/l to 30 mg/l were studied. The daily uptake of
heavy metals for all concentrations was recorded. Samples were analyzed by using
AAS (atomic adsorption spectroscopy). Results indicated that at lower
concentrations 5 mg/L of heavy metals, the plant growth was normal and the
higher removal efficiency was found. At higher concentrations, >15 mg/I, the plant
started wilting and removal efficiency was reduced. The AAS results point out the
maximum uptake of weight of water hyacinth was 12.70 mg/100g, 12.93 mg/100g
and 13.79 mg/100g of in agueous solutions containing 5 mg/l of cadmium,
chromium and lead respectively. Finally, it was concluded that by using water
hyacinth, heavy metals could be effectively removed from wastewater when their
concentrations were less than 15 mg/I.
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Introduction

In recent world, the most important concern of environmentalists is the
alteration in biogeochemical cycles due to the variety of organic and inorganic
pollutants, especially heavy metals released by manmade activities (P. Vara, 2003).
With the development of the urbanization and industrialization, different heavy metals
in varying concentrations have gradually increased in environment thus resulting in
degradation of the environment (F. X. Han, 2002). Heavy metals are highly dangerous
for all biotic components of the environment (L. Santona, 2006).

There are many conventional technologies which are being used for
degradation of heavy metals from the environment. With the chemical method, not
only heavy metals are eliminated but also valuable components of soil get degraded
(R. R. Hinchman, 1996). A new innovative eco-friendly technology is known as
phytoremediation which utilizes plants for treatment of pollutants (R. L. Chaney,
1996). Some researchers defined phytoremediation as remediation of pollutants from
the environment by converting those into less toxic form with the use of green plants
(I. Raskin, 1997). According to Environment Protection Guide of USA, the term
phytoremediation has been used since 1991 to publish different case studies where
plants were utilized to remediate various types of contaminants (A. Rew, 2007).

Numerous aquatic plant species have been identified and tested for their ways
in the uptake and accumulation of different heavy metals and organic pollutants in
wastewater (M.N.V. Prasad 2006). The water hyacinth, Eichhornia crassipes, which
is a perennial free floating aquatic plant belonging to the family Pontederiaceae. This
plant has high nitrogen content and in combination with cow dung. It can be used for
biogas production (Bhattacharya and Pawan, 2010). This technique is a cost-effective
plant-based approach for removal of heavy metals from wastewater. The success of
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phytoremediation mainly depends on the photo-synthetic activity and the growth rate
of plants.

The aim of the present study was to evaluate the phytoremediation potential of
water hyacinth (Eichhornia crassipes) to remove lead, chromium and cadmium from
synthesized aqueous heavy metal solution.

Materials and Method

Plant materials

The study was conducted by using water hyacinth weeds (Eichhornia
crassipes) which served as tool of phytoremediation. Water hyacinths (WH) were
collected from local area of Taungthaman Lake, Amarapura Township, Mandalay
Region. The collected samples were rinsed with tap water to remove any epiphytes
and insect larvae grown on plants. The sample plants were acclimated for one week to
stabilize. The plants were placed in tub with tap water without addition of any nutrient
media under natural sunlight for 1 week to let them adapt to the new environment, and

then the plants of the same size were selected for the following experiments.
[y’

Figure 1. Phytoremediation experiment (adaptation period)

Preparation of metal solutions
Cadmium, chromium and lead solutions were prepared in distilled water with

CdS0O4.H,0, K;Cr,07 and PbSO4.H,0. Standard solutions were prepared in distilled
water using cadmium sulfate (100 mg L™), K,Cr,07 (100 mg L™) and lead sulfate
(100 mg L™). The removal of Cd (I1), Cr (VI) and Pb (l1) ion by phytoremediator
(water hyacinth) were carried out at room temperature to determine their respective
removal capacity.
Metal uptake experiments

Heavy metal uptake of phytoremediators was determined by pot cultivation
method and percent uptake that were calculated based on the before and after uptake.
The heavy metal contents in aqueous solution were determined by AAS. The removal
percentage can be calculated by using equation (1):

Removal % = ‘-’Ci x 100 (1) (Kavakli, C., 2005)

Once the equilibrium reached, the initial (Co) and equilibrium (C¢) concentrations
were measured by atomic absorption spectrometry (AAS). It is allowed to access to
the concentration of uptake metal cation which is the initial metal concentration minus
the equilibrium metal concentration (C,—C¢). From these values, it was possible to
obtain the equilibrium adsorption capacity g of each adsorbent which was calculated
by using Equation (2):

e = W (2) (Kavakli, C., 2005)

Where g. (mg/g) is the equilibrium adsorption capacity, C, and C, are the initial
and equilibrium metal concentrations (ppm), respectively. V is the volume of the
metal solution and W is the amount of the adsorbent (g).
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Determination the Effect of Metal Concentrations

3 L of various concentrations such as 30, 25, 20, 15, 10 and 5 ppm metal
aqueous solutions are taken in each plastic container and added 100 g of
phytoremediators. These containers were placed in good ventilation place at room
temperature for ten days. The remaining metal ion content in the aqueous sample
solutions were determined by AAS method for all days and calculated their metal
uptake percent.

Figure (2) Phytoremediation experiment in 3L of metal solutions

Determination of the Effect of Dosage

3 L of 100 ppm aqueous solutions were taken in each plastic container and
added various dosages of phytoremediators (25 g, 50 g, 75 g and 100 g). These
containers were placed in good ventilation place at room temperature for ten days.
The remaining metal ion contents in the aqueous sample solutions were determined by
AAS method for all days.

Results and Discussion

Heavy metal uptake of phytoremediator were determined by pot cultivation
method and percent uptake were calculated based on the before and after uptake. The
heavy metal contents in aqueous solution were determined by AAS. In this research
work, three heavy metals such as cadmium, chromium (VI) and lead were used for
tested metal solution.
Concentration Effect

In the present work, studies on the removal of selected metals were carried out
by phytoremediation technique using water floating macrophytes E. crassipes. The
technique used in this process is called more appropriately rhizofiltration technique,
which is a part of phytoremediation. The phytoremediation studies were performed as
a function of metal concentration and weight of phytoremediator. The metal content
of aqueous water was determined before and after the treatment by using AAS
technique. Six metal concentrations (5, 10, 15, 20, 25 and 30 ppm) were prepared and
used as wastewater resources. Pot cultivated wetland was firstly construct with 3 L of
each prepared metal aqueous solutions and 100 g of phytoremediator.
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Table 1. Cd metal uptake ability on water hyacinth with various concentrations
Initial Cadmium ion Uptake percent of Phytoremediators
Concentratio D D D D
n Dayl Day2 Day3 Day4 Days -~ P& P& D&Y pavio
6 7 8 9
(ppm)
5 111 263 380 461 598 66,6 716 746 80.6 83.2
10 180 250 372 413 534 628 699 744 789 803
15 73 113 286 365 453 471 531 562 617 665
20 4.0 8.5 215 236 329 321 321 216 249 22.5
25 3.6 8.4 196 221 281 286 279 243 230 20.3
30 2.0 8.3 153 210 278 274 273 233 211 19.9

volume - 3L, dosage — 100 g

Adsorption of Cd primarily occurs through roots of the plant. In roots, the
tissue in the root tip adsorbed cations from the source. In the presence of root
hairs, the efficiency of adsorption processes gets enhanced as the area of contact
gets increased which accelerate the pace of Cd ion adsorption via root tissues (1. V.
Seregin, 1997).

Water hyacinth (WH) can uptake more cadmium ion when the low metal
concentration (5 ppm) and it WH can adsorb 83.2% of Cd during phytoremediation
experiment period 10 days. The metal concentration was increased to 10, 15, 20, 25
and 10 ppm. The metal uptake ability of WH was decreased to 80.3 %, 66.5 %, 22.5
%, 20.3 % and 19.9 % respectively. Beyond the metal concentration 15 ppm, the
metal uptake ability of WH is appreciable and decreased. Moreover, WH desorbed Cd
ion to the metal solution and the plant started wilting. These mean that HW does not
uptake the metal at high concentration.

Table 2. Cr metal uptake ability on water hyacinth with various concentrations
Initial Chromium ion Uptake percent of Phytoremediator

Conz:sgr::;\tion Dayl Day2 Day3 Day4 D5ay Dgy D?y Dgy Dgy Day10
5 132 201 296 412 48.7 507 534 69.8 80.2 864
10 206 215 316 392 486 539 612 687 743 813
15 11.1 186 237 307 354 421 506 535 542 56.7
20 8.2 116 147 173 217 272 327 379 421 431
25 8.0 9.87 123 156 192 224 251 273 289 29.0
30 7.5 8.6 94 11.2 132 129 137 142 148 150

volume - 3L, dosage — 100 g

Some researchers point out that cadmium accumulation was more in roots
than shoots during all stages of plant growth. Maximum accumulation of total Cr
was observed in roots. However, Cr accumulates mainly in roots and shoots; roots
accumulate is the major part, with only a small part translocated to the shoots
(Sundara-moorthy2010; Paiva2009).

Water hyacinth (WH) can uptake more chromium ion when the low metal
concentration (5 ppm) and it WH can adsorb 86.4% of Cr during experiment period
10 days. The metal concentration was increased to 10, 15, 20, 25 and 10 ppm, the
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metal uptake ability of WH was decreased to 81.3 %, 56.7 %, 43.1 %, 29.0 % and

15.0 % respectively.
Table 3. Pb metal uptake ability on water hyacinth with various concentrations
Initial - Lead ion Uptake percent of Phytoremediator

Confsgrt]:?“on Dayl Day?2 D,j,‘y Djy Day5 Dgy D;‘y Dgy Dgy Day10
5 152 204 305 457 687 723 804 852 903 914
10 172 205 316 443 696 742 786 821 893 901
15 17.0 183 192 213 248 258 270 29.2 303 312
20 143 156 174 192 199 173 162 146 123 120
25 108 113 113 113 126 130 132 132 134 135
30 9.7 8.6 94 93 8.7 8.6 86 85 83 7.6

volume - 3L, dosage — 100 g

In the experiment, first stock solution of chromium was prepared at different
concentrations to determine the permeable limit of water hyacinth to uptake lead ion.
The results indicated that water hyacinth effectively removed lead from 5 to 30 ppm
stock solution, respectively. From standard experiment data, it was observed that, at
lower concentration (5 and 10 ppm), water hyacinth is very efficient in reducing
91.4% and 90.1 % of Pb (Il) from water. When the metal concentration increased to
15 ppm, the metal uptake ability of WH obviously decreased.
Dosage Effect

Another important factor effect of heavy metal uptake ability is dosage of
phytoremediator. The effect of different dosages on Cd, Cr and Pb removal were
carried out by varying the dosage from 25 to 100 g/L. 3 L of 5 ppm aqueous metal
solution were used for determination. Before and after treatment, the metal
concentration was measured by AAS and calculated the percent metal uptake ability
based on the results from AAS.
Table 4. Cd metal uptake ability on water hyacinth with different dosage

Cadmium ion Uptake percent of Phytoremediator

Dosage

(9/3L) Dayl Day2 Day3 Day4 Day5 Dg y D? y Dg y Dga y Day10
25 5.2 74 121 13 201 231 240 246 253 271
50 81 136 201 232 316 462 514 576 631 674
75 101 167 231 326 441 523 683 703 752 794
100 111 263 380 461 598 666 716 746 806 832

volume - 3L, metal concentration — 5 ppm
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Table 5. Cr metal uptake ability on water hyacinth with different dosage
Dosage Chromium ion Uptake perclggt of Phytoremediator
(#3L)  Dayl Day2 Day3 Day4 Day5 ) Day7 Day8 Day9 Dayl0
25 5.3 6.4 106 163 216 241 297 325 364 37.1
50 8.6 123 167 214 325 387 416 496 543 583
75 100 164 232 36,7 426 486 516 556 681 725
100 132 201 296 412 487 507 534 698 802 864
volume - 3L, metal concentration — 5 ppm
Table 6. Pb metal uptake ability on water hyacinth with different dosage
Dosage Lead ion Uptake percent of Phytoremediator
(g/3L) Dayl Day2 Day3 Day4 Day5 Dgy Day7 Day8 Day9 Dayl0
25 6.4 8.2 116 154 199 231 271 279 286 29.0
50 100 126 167 217 246 291 329 416 54.2 58.6
75 136 164 231 299 36.7 487 624 763 80.2 83.2
100 152 204 305 457 687 723 804 852 903 914

volume — 3L, metal concentration — 5 ppm

The dose response result of the WH showed that the dosage of materials
strongly influenced the amount of Cd (Il), Cr (VI) and Pb (Il) removed from the
solution. Increasing WH from 25 to 100 g/L improved the Cd (II) removal from 27.1
to 83.2 %, Cr (VI) removal from 37.1 to 86.4 % and Pb (Il) removal from 29.0 to
91.4%, respectively. It might be speculated that the increased dosage of metal would
supply more available active sites.
Sorption Capacity

The most important factor is that adsorption site remains unsaturated during
the adsorption reaction. This decrease in adsorption capacity with increase in
adsorbent mass is mainly attributed by nonsaturation of the adsorption sites during the
adsorption process. Thus, the amount of metal adsorbed onto unit weight of adsorbent
gets reduced causing a decrease in equilibrium adsorption capacity, (mg/g), with
increasing adsorbent mass. In order to study the sorption capacity on the adsorption of
Cd (1), Cr (V1) and Pb (1), a series of adsorption experiments were carried out with
different phytoremediator dosages varying from 25 to 100 g at initial concentration of

5 ppm.
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Figure 2. The effect of carbon dose for the uptake of Cd(I1), Cr(\V1) and Pb (1)
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The effect of dose for the uptake of metal by water hyacinth was found to
decrease by increasing the adsorbent dose. This may be allocated the amount in grams
of adsorbent that is increased the total surface area available for the adsorption of
metals reduces as a result of overlapping or aggregation of adsorption sites.
Furthermore, maximum quantity adsorbed, g. = 0.124 mg/g for Cd, g = 0.129 mg/g
for Cr and g, = 0.137 mg/g for Pb, was reached by 100 g WH.

Conclusion

The water hyacinth was found to be efficient in reducing the concentrations of
Cd (I1), Cr(VI) and Pb (1) ions of synthetic water within 10 days of treatment. The
experimental results showed that WH has performed extremely well in removing
86.24 % Cr(VI), 83.21 % Cd (II) and 91.36% (Pb) from aqueous metal solutions
during 10 days of experimental period. The WH can uptake the following series Pb
(1) > Cr (VI) > Cd (Il). Phytoremediators can not only improve water quality
parameters but also reduce heavy metal in water treatment process. It was found that
the removal efficiency increased with the increased in dosage of phytoremediators.
Because the larger the surface area with the increased in mass of phytoremediators.
The water hyacinth, biosorbent showed a significant ability in removing heavy metals:
cadmium, chromium, and Lead from effluent meal solution and it suggest that the
availability of water hyacinth in the surrounding communities should be utilized in
solving this environmental pollution.
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