International Journal of Interdisciplinary and Multidisaiary Studies (IJIMS), 2014, Vol No.4 , 130-138. 130

Available online at http://www.ijims.com
ISSN:2348- 0343

Phytoremediation of Textile Waste Water Using Potential Wetland Plant: Eco Sustainable
Approach

Mesania Rizwan'a Marjadi Darshahand Desai Nilesh
1Department of Biotechnology, Shree Ramkrishna Inst@ali@mputer Education and Applied Sciences,
Surat, Gujarat, India,
2 Palsana Enviro Protection Ltd Company (PEPL), Umbhamt€j, Surat, Gujarat, India
Corresponding Author: Marjadi Darshan
Abstract
One of the major problems encountered in the textithstry is the production of large volumes of highly coloured
wastewater. The textile industries daily discharge mmillitres of untreated effluents in the form of wastewanto publc
drains that eventually empty into rivers. They caus@use health hazard. Textile wastewater also contaitstantial
pollution loads which increase the Chemical Oxygen Dent@@D), Biological Oxygen Demand (BOD), Total Suspended
solids (TSS), Total Dissolved Solids (TDS) and heavy metads pre-treatment is needed prior to discharge of these
effluents. Among all method investigated presently, Rieywediation by AMATS (Aquatic Macrophytes Treatment
Systems) is a well established environmental protedtehnique. The most common aquatic Macrophytes beiptpyea
in wastewater treatment are water hyacinth, penny, water lettuce, water ferns and duck weeds, becaugartbeheaper
to construct and a little skill is required to operatarth&his review paper discusses comparative study andeeffigiof
plants and proposed mechanism of various plant contribotedrhediation of textile waste water.

Keywords. Agquatic macrophytes treatment system, Chemical Oxygemabd, EichhornizrassipesHeavy metals, Lemna

minor, Pistiastratiotes.

I ntroduction

Water pollution is a major global problem and it is leadiworldwide cause of deaths and diseases. Pollution of the
biosphere with toxic metals has accelerated dramaticitice the beginning of the Industrial Revolutibn®The
concentrations of pollutants in textile wastewatery eacording to the wastewater management practicethaidlilution

after production. Textile dyes are one of the most peetalypes of chemicals in use today. Around 10 000 diffedped

with an annual production of more than 7 Xhfetric tons worldwide are commercially available atde metals are the
most dangerous type of chemical pollutants since theyecseisous health hazard. In India, about 2000-32000 tons of
elemental Metal (Cr) annually escapes into the enviroindleober and Richardsbishow that “heavy metals” are
associated with toxicity of biota, although some metalsh as manganese and uranium are not known to be adifie t
form, include such as water hyacinth and Duck weed, Whésr etc.

Impact of textile waste water on ecosystem

According to Thilakar et. af improper disposal of waste causes direct contaminafigmoond water and surface water
both. This wastewater has serious negative impacomigton land area but also on the aquatic ecologiciesy Due to

usage of dyes and chemicals textile effluents are darklours thus increasing the turbidity of the receiving exdiody.
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This is cause alteration in the habitat. Table-1 surizeé the characteristics of typical textile wasteanaMetal pollution
has harmful effect on biological systems and does nd¢ngo biodegradation. lons of Heavy metals (Cd and Cr), whech a
frequently present in the wastewaters can cause resalndyion as well as chronicle alterations in nerveystem and

gastrointestinal tract

Phytoremediation by wetland plant

Several conventional methods are already being usddan ap the environment from these kinds of contamgawtiich
include chemical precipitation, lime coagulation, ion exulje, reverse osmosis solvent extraction, aeratioamical
oxidation, electrolysis, ultra filtration, and chlortitan. But most of them are costly and far away frdmirt optimum
performancé The chemical technologies generate large volumdtrigs and increase the co8t<Chemical and thermal
methods are both technically difficult and expensive. &lithese methods can also degrade the valuable component
" Therefore among all these methods; PhytoremediajoAMATS (Aquatic Macrophytes Treatment Systems) is d-wel
established environmental protective technique for vémgoheavy metals and other pollutants. FVP (Fresh wWéscular
Plant) when combined with the macroscopic algae are known as ‘Macrophytes’. According to Hutchison® macrophytes have
ability to concentrate element from aquatic environm@&MATS for waste water treatment are the needefeloping
countries, because they are cheaper to operate andreneintal friendly. The most common aquatic macrophigtesved

in AMATS are mention in figure 1 and; table 2 summaritbesuptake of trace elements by aquatic plants reportiea by
Rahman et af?.

M echanism of Phytoremediation of potential wetland plant

There are two main approach available which proposedtthzation of wet land plants for remediation of poHdtwater
5 There are two natural division (Figuredf)aquatic phytoremediation system that involved, Purely ampktnts such as

water hyacinth and submersion of rhizosphere of teiaéplants to remove metal pollutants (rhizofiltraijd®.

A. Water hyacinth (Eichhor nia crassipes)

Many proposals have been put forward to explain the pessibchanism involved in the water hyacinth-basednreat
systems'®*°, The presence of aquatic macrophytes in water bodyahe physio-chemical environment of the water body
* The presence of other aquatic photosynthetic autotropheplete dissolved G@h water during the period of high
photosynthetic activity. This increases dissolved oxyigehe wastewater thus resulting in increased watelpiterms of
bacterial reduction by water hyacinth-based systemtstheories exist which summarized in Figure-3.

Aquatic macrophytes like water hyacinth uptake contam@amd stores in its biomass. These plants are caited b
accumulators as they accumulate the contaminants inttbsues*’. They have high tolerance against contaminants like
heavy metals and are able to absorb large quantitieés.riethod of extracting heavy metal from polluted whtaties is
called phytoextraction. The uptake of contaminants ihise method$

a. Root absor ption- The roots absorb water together with the contamisnwater. The presence of carboxyl groups at the
roots system induces a significant cation exchange throatjimembrane and this might be the mechanism ofingov
heavy metal in the roots system where active alisorpakes place. In sewage systems, the root structbweser hyacinth
(and other aquatic plants) provide a suitable environmeraefimbic bacteria to function. Aerobic bacteriadfea nutrients
and produce inorganic compounds which in turn provide foothfiplants. The plants grow quickly and can be harvested
to provide rich and valuable compost. Water hyacinthdiss been used for the removal or reduction of nusjdmavy

metals, organic compounds and pathogens from water
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b. Foliar absorption- In addition to root absorption, plants could also delowve amounts of some contaminants through
foliar absorption. They are passively absorbed thraigima cells and cracks in cuticle.

c. Adsorption- The fibrous and feathery roots not only\trap suspendidissand bacteria, but provide attachment sites for
bacterial and fungal growth. The contaminants get addddothe root surface by the bacteria present theigalso due to

ionic imbalance across the cell membrane.

B. Water lettuce (Pistia stratiotes)

Pollutant (Heavy metals) removal by Pistia stratidtesn solution involved two stages: First stage invadlygocess like
adsorption, chelation, and ion exchange, in which heaetal uptake is different for each species of Pistiaois# stage
involve heavy metal(Cr) precipitation induced by root atii in which heavy metal uptake is different for eggbcies and
metals of Pisti4®. Pistia do phytoremediation also by a process called ‘Rhizofiltration’. They are natural hyper accumulators

of many heavy and toxic met&ls

C. Duck weed (Lemna minor)

Duck weed has the capability to purify wastewater inataltation with both aerobic and anaerobic bact@tia. duck weed
mat, which fully covers the water surface, resultlireé zones. These are the aerobic zone, the anmxé&and aerobic
zone®. In aerobic zone, organic materials are oxidised by dwddwoots™. Nitrification and denitrification take place in
the anoxic bacteria into ammonium and ortho-phosphétah are intermediate products used as nutrient by the duck

weed?,
Effect of Phytoremediation on plant growth

The plant growth was not affected to any great extensbute yellowish and necrotic spots appeared on thesle@he
anatomy of plants showed some significant (p < 0.05) reduatiafifferent cell sizes in various parts of pldhtvhile
studying the uptake of some heavy metals by water hygcingole® indicated that at lower concentrations (5 mg/l) of
heavy metals, the plant growth was normal and remeffigiency was greater. At higher concentrations, ggrethan 10
mg/l, the plant started wilting and removal efficien@sweduced. The effect of lead (Rt®)pper(Cu), and cadmium (Cd),
on metal uptake and growth of the water hyacinth wasestudithough, lead had no effect on plant growdthey found
that cadmium and copper were toxic to this plant and tirasholds were respectively 0.5 and ugml in the ambient

water. Beyond this they effect were chlorosis, suppredsvelopment of new root and greatly reduced growth'tate

Analysis of various components inside the plants cadobe by using different parameter with different approadtiased

on purpose of the research. Some researcher Analysesgiar like pH, COD, Conductivity, Total solids(TS), B&tal
nitrogen(TN), total phosphorous(TP), ortho phosphate(P&4-Rarious Heavy metals like Cr , Zn by AAS (atomic
absorption spectroscopygand color reductions in terms of optical density ete.determined at different time intervals and
some determine whether adding light and heat to the pfamtonment would improve their heavy metal uptake andtplan
health by looking at both the plants visual health &t tweight®. Before and after heavy metal exposure, Phytochemical
component® in plant was also analyzed. In spite of these othearpeter like the effectiveness of using Plant powder as
coagulant with powder of different dosages and their effieqgiH and conductivity was also analyZ&drhe result obtained

after experiment is summarized in table 3.
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Discussion and Conclusion

The reduction in pH by wetland plant is favoured microbilion to degrade BOD and COD in the wastewater. Aaogrdi
to Reddy** the presence of plants in wastewater can deplete\ndix;lsﬁlo2 during the period of high photosynthetic activity.
This photo-synthetic activity increases the dissolegben of water, thus creating aerobic conditions intewester which
favor the aerobic bacterial activity to reduce theCB@nd COD. Weber concluded that nitrification followed dbgy
nitrification was the principal nitrogen removal meaisan. The water hyacinths store most of the heagtah{arsenic) in
their bladders, followed by their stems and leavedpvi@d by their roots. This shows that the water mths are
transporting the arsenic up through their roots to teenstand then out to the bladders, which are not amebcti
photosynthesizing part of the plant. As per the studyptbmising attributes of Water hyacinth includes thatdlsrance to
dye and dye absorption along with good root developmentiiaimtenance and ready availability in contaminatgibres.
These characteristics prove the suitability of watecinth in dyeing industry effluent treatment ponds. Maawyatic plants
have been used to remove nutrients from eutrophic watgraater lettuce proved superior to most other plantatrient
removal efficiency, owing to its rapid growth and higbrbass yield potential. However, the growth and nutnientoval
potential are affected by many factors such as tempetawater salinity, and physiological limitations bétplant. Low
temperature, high concentration of salts, and low gunagon of nutrients may reduce the performance & gtant in

removing nutrients.

The water hyacinth was found to be efficient in redgdime concentrations of total solids, pH, conductiVitgavy metals
etc., within 96 hours of treatment. Water hyacinth feasd to be effective in reduction of BOD and COD. Asttime of
water, energy and environmental purity crisis, watexchnth can be a very effective tool in polishing tieestewater after
primary and secondary treatments. Water lettuce hasad gotential in removing N and P from eutrophic stomiews and
improving other water quality propertielsemnaminor has a high capacity of adaptation as it plays a submtaalke in

nutrient removal, Eicchornierassipesand Lemnadrisulca L,Oenathejavanica,Lepironiaarticulatehave good potential for

the practical remediation of Cd ,Hg and Pb contaminatgdnwespectively.

In future, Eicchorniacrassipesan be used in both secondary and tertiary treatrgsteinss, for the removal of nutrients and

in integrated secondary and tertiary treatment systerhsre both BOD and nutrient removal is the gbaf’. Recent
discovery have given first insight into molecular basfismetal hyper accumulation and metal hyper toleranceoime
plants. The recent Progress of molecular techniquebkéipsd to improve the performance of phytoremediatiomnigogy
as well as plant adaptation to extreme metallic enwients. Molecular technique help to understand the gene tiegula
system and plant metal homeost&sis
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Tables and Figures

Table 1: Characteristics of typical textile waste water ©

No. Par ameter Range in Textile waste water (mg/l)
1 pH 5.5-10.5

2 COD 350700

3 BOD 150350

4 Total Dissolved Solids 15002200
5 Total Suspended Solids 2001100
6 Sulphides 5-20

7 Chlorides 200500

8 Chromium(Cr) 2-5

9 Zinc(Zn) 3-6

10 Copper (Cu) 2-6

11 Oil and grease 1050

12 Sulphate 500-700
13 Sodium (Na) 400600
14 Potassium (K) 3050

Table2: A number of aquatic plants have been tested for the remediation of trace elements from water.

Common name Scientific name Trace elements References
Duckweed Lemnagibba L. As, U, Zn 11-13
Lesser duckweed. Lemnaminor L As, Zn, Cu, Hg 11,14,15
Star duckweed Lemnatrisulca L zn 16

Water hyacinth

Eichhorniacrassipes

As, Fe, Cu, Zn, Pb, Cd

17,18 ,19,20,21 ,22

Cr, Ni, Hg
Butterfly fern Salviniarotundifolia Pb(l1) 23,24,25,26,27,28,10
Salvinianatans As, Ni, Cu, Hg(ll)
Salviniaminima As, Pb, Cd, Cr
Indian/sacred lotus Nelymbiumspeciosum Cr, Cu, Ba, Ti, Co, Pb 29
Ludwigia perennis L
Water spinach Ipomoeaaquatic As, Cd, Pb, Hg, Cu, Zn | 30,31,32,33
Esthwaite water weed Hydrilla verticillata As, Pb, Zn, Cr 30,22
Mosquito fern Azolla caroliniana As 34
Water fern Azolla filiculoides As, Hg,Cd 10,3436
Azolla pinnata
Water lily Nymphaeaviolacea Cd, Cu, Pb, Zn 37
Waterweed/pondweed ElodeaCanadensis As, Pb, Cr, Zn, Cu, Cd | 11,15, 3841
Water lettuce Pistiastratiotes As, Cr, Pb, Ag, Cd, Cu| 14,19,30,42
Hg, Ni, Zn
Water cress Lepidiumsativum L. As 15
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Table 3: Reduction potential of different plant with respect to different pollutant

Aquatic plant BOD COD Heavy metal reduction References
Reduction Reduction
Eichhornia crassipes 40-70% 40-70% 8.30-94.78%(Cr), 79.34| 6
96.88%(Zn) 78.30-94.44% (Cu)
Pistia stratiotes 16.91% 15.15% 14-31 %(TP) 3,58
100%(Cr)
Lemna minor - 73-84 % 83-87 %(TN) 54
70-85%(TP)
83-95%
(ortho phosphate)
Water
lettuse
Two ways for remediation
Duck Water by wetland plant
weed AMAT hycinth l
SYSTEM |
e os oating ity A o i rwnkfn
Water penny -Flants accumulate the pollutant untill a Uptake of trace element by microbes
ferns wort stcady state of equillibrium is achived

Figure 1: AMAT-Aquatic macrophyte system

~Then plant harvested from pond.

and by plant s themselves.

Theones for phytoremediation
mechanism by hycinth

I

Figure-2 Remediation by wetland plant

First, bacteria are trupped in the
rhizosphere of the macrophytes with
TSS(Total suspended solids)

Second, water hvacinth may secrete
chemical substances having
bacteriostatic effects (Mandi, 1994)

Figure- 3 Phytoremidiation by water hycinth




