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ABSTRACT

Phytoremediation is a technology that involves plants and trees to clean up the contaminated soils and ground
water. The technology is based on the natural abilities of certain plants to bioaccumulate, degrade or convert the
toxic contaminant into less harmful chemicals. Plants absorb water and nutrient through roots, and act as a
transformation system to metabolize organic compounds or absorb and bioaccumulate toxic heavy metals such as
copper, lead and zinc up to a (10™) concentration. Ability to tolerate the kind and quantity of contamination is
another important factor in thisregard. We investigated the physiological capacity of Golden Doranda, Balsam and
Erwa plants in tolerating heavy metals in order to use them as an alternative approach for rehabilitating
contaminated soils. The efficiency of metal removal by those plants were determined by pot culturing, and the
analysis of heavwy metals in the whole plant was done using inductively coupled plasma optical emission
spectroscopy. These plants were also examined for their efficiency in removing chromium from the industrial
effluents. In addition, the effect of heavy metals on seed germination especially in Balsam was studied.

Key words: Phytoremediation, Bioremediation, Heavy metals,p&, Lead, Zinc, Hyperaccumulators,
Potculturing.

INTRODUCTION

Phytoremediation, an emerging cleanup technologycémtaminated soils, groundwater, and wastewaelnpth
low-tech and low-cost and is the engineered usgreén plants, including grasses, forbs, and wogegiss, to
remove, contain, or render harmless such envirotah@ontaminants as heavy metals, trace elemenganic
compounds and radioactive compounds in soil or wdtetakes advantage of the unique and selectptake
capabilities of plant root systems together withe thranslocation, bioaccumulation, and contaminant
storage/degradation abilities of the entire plaatyb Plant-based soil remediation systems can bwed as
biological, solar-driven, pump and treat systemth\ain extensive, self extending uptake network (tioe system)
that enhances the below-ground ecosystem for subsegroductive use [1]. The phytoremediation o$ite
contaminated with heavy metals and/or radionuclideslves "farming" the soil with selected plantsikiomine the
inorganic contaminants, which are concentratetiénplant biomass [2, 3].

Heavy metals are important environmental pollutamd many of them are toxic even at very low cotredions.
Pollution of the biosphere with toxic metals haseherated dramatically since the beginning of theustrial
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revolution [4,5]. The primary sources of this ptithm are the burning of fossil fuels, the miningdasmelting of
metalliferous ores, municipal wastes, fertilizepgsticides, and sewage [6,7]. The value of metalaalating
terrestrial plants for environmental remediatios baen fully studied with an emerging technology four subsets
of this technology such as Phyto extraction, Rhitavation, Phyto stabilization, plant assistedrbioediation are
being developed [8,9,10,11,12,13]. Plants are depafbdeveloping three strategies such as metdléecs, metal
indicators, hyperaccumulators for growing on conteted and metalliferous soils [14].

Any toxic metal may be called heavy metal, irresipecof their atomic mass or density [15,16]. Heawtals are a
member of an ill-defined subset of elements thatilek metallic properties. These include the trdosi metals,
some metalloids, lanthanides, and actinides. Onecsodefines heavy metal as one of the common iti@ms
metals, such as copper, lead, and zinc. These sratala cause of environmental pollution from sesirsuch as
leaded petrol, industrial effluents, and leachifgnetal ions from the soil into lakes and riversaayd rain [3].

With these aspects the present study was aimedtesndine the amount of Copper, Lead and Zinc actation
and the percentage of seed germination based oeftbet of copper, zinc and lead amo@Gglden Doranda,
Balsam and Erwa plants and as well as to determine the accumulaifoohromium by those plants from the
effluent.

EXPERIMENTAL SECTION

Collection of plant samples

Samples fromGolden Doranda (Plumeri species), Balsam (Impatiens species) and Erwa (Alternanthera species)
were collected from the greenhouse, SRM Univerditgia. The plants were selected based on thelityalbd
accumulate heavy metals at all concentrations @p€n Lead and Zinc. The effluent sample (Rechngmiater)
was collected from a tannery at Pallavaram, Cherindiia.

Pot culturing

The explants were grown by sowing the seeds oweb#d and then transferred into pots. Further thete were
grown in pots for 30 days. The heavy metals of eatrations (1) of Zn, Cu and Pb were fed into the pots in
triplicates for about 14 days. The plant samplesevtben collected on the 7 and 14 day for the aimlyf heavy
metals. The effluent sample containing chromium wakliced into the pots containing tl@&olden Doranda,
Balsam andErwa plant for about 14 days. The samples were takérirom the pots at the intervals of and the
14" day, and the concentration of chromium preseinhénsample was analyzed using inductively coupladrpa
optical emission spectrometry (ICP-OES).

Sample preparation for heavy metal analysis

Microwave digestion

The plant samples were dried at 105°C for 6 tos8amd 0.5g of dry material was decomposed in tibst tising 1ml
HCI and 4ml HNQ The mixture was heated 80°C for 1 hr to dissoheeresidue. The digested samples were made
upto 25ml using deionised water. The samples weea tanalysed for heavy metal accumulation in dsffer
concentrations using ICP-OES.

Effluent analysis (Chromium) in Balsam, Golden Doranda and Erwa plants

The effluent sample (Rechroming water) was coldtem a tannery at Pallavaram, Chennai, India. 3&mple
was poured to about 100 mi/day into the pots comgiGolden Doranda, Balsam andErwa plants in duplicates is
shown in Fig 2a-c. The plant samples were takerfront the pots at the interval of'and 14 day. The samples
were then prepared for the analysis of chromiumgeCP-OES.

Seed germination

The balsam seeds were placed over the paper towel beneatbothten in petriplates. The heavy metals of varied
concentration of Zn, Cu and Pb respectively, weredontinuously for about a week to keep the sgedwisture
for germination. Proper cares were taken to keepséeds under moisture at room temperature.
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RESULTSAND DISCUSSION

Earlier, several cultivars of Indian mustaRrtgssica uncea, Brassica juncea andBrassica nigra) were reported for
their ability to remove lead, cadmium, copper, chitom, nickel, and zinc andere reported to have the highest
metal-accumulating ability among the species te$d8dd The soil sample was collected and analyzedthe
presence of heavy metals Cu, Pb and Zn (Figure 1).
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Figure 1. Analysis of heavy metalsin soil sample

The Golden Doranda plants of 30-45 days grown (Figure 2a) upto aaterheight were treated with heavy metals
concentrations of Cu at 6.35 ppm, Pb at 20.72 ppthZn at 6.53 ppm of 10M were used of about 100 ml/day to
each plant in triplicates for 14 days. Then the glamwere collected at the interval df @and 14' day and the
amount of heavy metals present in the sample walyzed using ICP-OES.

Table la shows the concentration of Cu, Pb and éturaulation by theDoranda plant. From the results, we
observed accumulation of metals in the plant acceases as the days of treatment increases. Thealation of
Zn is higher inDoranda (14.49 ppm) relative to Cu (7.4 ppm) and Pb (1@Bh). We assumed that the uptake of
heavy metals ioranda is in the order as Zn<Pb<Cu.
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(a)

Figure 2. Pot culturing of (a) Golden Doranda Plant (plumeri sp), (b) Balsam Plant (Balsam impatiens) (c) Erwa Plant (Alternanthra sp)

In Figure 2b shown thBalsam plants were grown in pots for about 30-45 dayshigsvy metals of Cu at 6.35 ppm,
Pb at 20.72 ppm and Zn at 6.53 ppm of* M were used for about 100ml/day respectively, toheplant in
triplicates for 14 days. The samples were colleeteimitervals of # and the 14 day and then the amount of heavy
metals present in the sample was analyzed usingOE®. Finally, the concentration of Cu, Pb and Zn
accumulation by th8alsam plant was determined and represented in Tabl&Hése results indicate accumulation
of metals in the plant increases as the days afrirent increases. The accumulation of Pb (7.45 pgrigher in
Balsam rather than Cu (4.45 ppm) and Zn (3.16 ppm) (Tdllle We assume that the uptake of heavy metals in
Balsam is in the order as Pb<Cu<Zn. TEewa plants were grown for about 30-45 days (Fig. 2t} the heavy
metals of concentrations Cu at 6.35 ppm, Pb at2ppm and Zn at 6.53 ppm of 4™ were used for about 100
ml/day to each plant in triplicates for about 14slarhe samples were collected at the intervalg"aind 14' day
and then the amount of heavy metals present isah®le was analyzed using ICP-OES. Finally, theeotmation

of Cu, Pb and Zn accumulation by tBewa plant was showed in Table 1c. From the resultpl®erved that, the
accumulation of metals in the plant increases eslttys of treatment increases. The accumulati®tbq#5 ppm) is
higher inErwa rather than Cu (5.54 ppm) and Zn (6.20 ppm). Tthesuptake of heavy metals lnwa was in the
order as Pb<Cu<zZn.
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(@)

SNo Heavy metals Concentration of | Control value Concentration of
’ treatment (days) heavy metals for sample samplein (ppm or mg/l)
Cu-10°M 5.54+0.34
1 7 Pb-10° M 0.84+0.04 8.71+0.41
Zn-10* M 10.30.29
Cu-10°M 7.41+0.27
2 14 Pb-10° M 0.84+0.04 10.84+0.52
Zn-10* M 14.49+1.1
(b)
SNo Heavy metal Analyte name Control value Concentration of
) treatment (days) | and concentration for sample samplein (ppm or mg/l)
Cu-10*M 1.99+0.04
1 7 Pb-10° M 1.00 0.46+0.002
Zn-10* M 0.53+0.003
Cu-10*M 4.45+0.12
2 14 Pb-10* M 1.00 7.45+0.32
Zn-10*M 3.16+0.09
(©
SNo Heavy metal Analyte name Control value Concentration of
' treatment (days) | and concentration for sample samplein (ppm or mg/l)
Cu-10*M 2.41+0.03
1 7 Pb-10° M 0.90+0.002 39.00+2.11
Zn-10*M 5.24+0.2
Cu-10*M 5.54+0.025
2 14 Pb-10° M 0.90+0.002 45.00+1.1
Zn-10* M 6.20+0.34

Table 1. Accumulation of Copper, Lead and Zinc in (a) Golden Doranda (b) Balsam (c) Erwa

Figure 3a shows the accumulation percentage oPBwnd Zn in GoldeDoranda, Balsam andErwa plants were
calculated. It was noted that, the overall perggmtaf accumulation of Cu, Pb and Zn in each plemteduced on
14" day compared to"7day. This is due to the toxicity of heavy metdlattsuppress the process of remediation in
plants. Thus the pot experiment showed that plaotsh asGolden Doranda, Balsam and Erwa plants the
accumulation of heavy metals increases day by dainduction. On comparison, it was noted that Btoeanda
plant has the ability to accumulate Cu, Pb anddZa targer range than the other two plants. SiDoeanda is very
dense and it has the capability to absorb the mdtam the soil, whereas tHgalsam and Erwa do not have
resistance to the metals, it is very sensitive. Arapercentage of accumulation of Cu, Pb and Zhadse plants is
reduced in the 1% day compared to"7day, due to increase in metal toxicity. CompareCw and Zn the
accumulation of Pb is higher in bdBalsam andErwa plant (Table.2b,c), as consistent with the previceport by
Sharma and Dubey, [17] stated that Pb is easilgralksl and accumulated in different plant partsnil@rly, Deram
and Petit [18] also found lead hyper accumulatiothie gras#\rrhenatherum elatius growing on calamine soils at
France. Thus, in this results, these two speciesaited for phytoremediation should have widerithistion, high
above-ground biomass, high bioaccumulation, ars sitad high above-ground biomass and high propagattes.
It is generally preferable to use a perennial sptegoremediation will never take just a singleryaad the use of a
perennial will prevent the need to annual planting.
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Figure 3.

(a). Overall accumulation of heavy metals by the selected
plants
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Figure 3. (a) Overall accumulation of heavy metals by the selected plants (b) Accumulation of chromium in
Doranda, Balsam and Erwa plants
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The concentration of chromium, present in the efilusample was found to be about 593 ppm. We facasehe
accumulation of chromium by the plants from thehreming water (effluent) of dying industry. We fal) the
Balsam plant has the capacity of accumulate chromium targe amount rather than the other two plants. The
concentration of chromium accumulated by Batsam plant after 14 days was about 20.46 ppm (Fig.Blg.also
found, the chromium uptake is also reduced in tlhetp on 1% day due to metal toxicity. The accumulation of
chromium in the plants was in the rangeBaksam>Doranda>Erwa. It was prominent that, tHgalsam plant has the
capacity of accumulating chromium to a large amaatiher than théoranta and Erwa. This reveals that the
mechanism of Chromium tolerance involved in Batsam plantis possibly different from that of theoranta and
Erwa plants The distribution of elemental concentrations arel ttetal uptake in different organs of plant varies
widely due to complex process of metabolism. Ealdntpspecies has its own requirements and toleramce
elemental uptake and retention. Published repomfDunnet al., [19], revealed that the composition of an
individual plant varies substantially among itsigas tissues types.e. roots, wood, bark, twigs, needles-leaves and
flowers. Generally the plants take up metals toyimgr degree from the substrates in which they amted and
developed [20], and the level of tolerance devealogen often be related to the amount of metal énsthil [21].

Generally, metal concentration in plants is depamdaot only the total soil concentrations, howelgpends on the
chemical speciation of metals in soil and soil 8ohs [22] and the involvement of metal in biologlidunctions
[23]. The plant uptake mechanism normally restribies nonessential element concentration to a contasel in
spite of the higher metal abundance of such metalse soil [24]. In our study, the Chromium uptakas high in
Balsam than that ofGolden Doranta and Erwa. The evaluation of plant metal concentrations loamused to obtain
information about specific plant behavior in thal smvironment and reveals the metal distributiord gheir
mobility.

@)

Metal | Concentration of copper | No. of seeds sowed | No. of seedsgerminated | Seed germination (%)

Control 15 15 100

Cu-10°M 15 11 73.33

Cu-10°M 15 13 86.66

Cu Cu-10*M 15 13 86.66

Cu-10°Mm 15 14 93.33
Cu-10'M 15 15 100
Cu-10°M 15 15 100

(b)

Metal | Concentration of Lead | No. of seedssowed | No. of seedsgerminated | Seed germination (%)
Control 15 15 100
Pb-10°M 15 13 86.66
Pb-10°M 15 12 80
Pb Pb-10'M 15 13 86.66
Pb-10°M 15 15 100
Pb-10'M 15 15 100
PE-10°M 15 15 100

(©

Metal | Concentration of Zinc | No. of seedssowed | No. of seedsgerminated | Seed germination (%)
Control 15 15 100
Zn-10°M 15 10 66.66
Zn-10°M 15 13 86.66
zZn Zn-10*M 15 12 80
Zn-10°M 15 14 93.33
Zn-10'M 15 15 100
Zn-10°M 15 15 100

Table 2. Effect of (a) Copper (b) Lead (c) Zinc on seed germination (Balsam)
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Among the three plants, tfgalsam only grows from its seeds, whereas Bwanda andErwa grown from their cut
ends. Thus, thBalsam seeds were selected to determine the percentagmdfgermination with the effect of heavy
metals and shown in Supplementary 2. The heavylsn@a, Pb and Zn) of different concentration,100°, 10%,

10°, 10’, 10°were prepared. They were fed into the seeds gadged in petriplates, for about a week. The number
of seeds germinated on each day was also noteddRasthis, the percentage of seed germinationcaigsilated

for each metal with their varying concentrationsgagen in (Table 2a,b,c). Control plants showed%06f seed
germination. From the result, we observed thathasconcentration of heavy metals increases theeptage of
seed germination decreases onlfiwa andoranda, but the germination increasesHalsam (supplementary 2).

If the concentration of heavy metals decreasepéhneentage of seed germination increases. It wasmged that,
the percentage of germination was low in the Zn14% whereas the Cu at 91.42% and the Pb at 93sB@ted
greater germination percentage. Zinc act as suphbsiper accumulator oBalsam than toDoranda and Erwa.
Earlier studies [24] have shown that, the seed igetion and plant growth was significantly affecteg heavy
metals at higher concentrations (P<1%). As a resfultduction of Cu, Pb and Zn at different concatibns onto
seeds, it was noted that, the germination percertageases as the concentration of heavy metaleases. The
doses used in the study were about Cu at 6.35 pPpnat 20.72 ppm, Zn at 6.53 ppm. With respect ¢octintrol,
the overall germination percentage of Cu, Pb an@tZi.42%, 93.33%, and 77.14% were observed riggplgc It
was confirmed that the effect of Cu and Pb on sgemhination is greater whereas the effect of Znsead
germination is poor (Fig.4).

Figure 4.
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Figure 4. Overall percentage of seed germination on copper, Lead and Zinc
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Supplementary 1.

s "" ! LA A P B A SO
Supplementary 1. Effluent treatment (chromium) in Balsam, Golden Doranda and Erwa Plants
Supplementary 2. Effect of heavy metals on (Balsam) seed germination from different concentration 10?2, 103,

10“,10°, 107, 10°® respectively

In Figure 4 shows the Zn, decreased the seed gatioinof Balsam, the highest germination percentage was
estimated in the Pb and cu induced plant metalseRtage of seed germination Bdlsam was significantly (p <
0.05) decreased by Pb treatment at higher level1@8 mg/L) as compare to control (Fig. 4). Basedhe report,
from evaluated the hindering effect of Pb Brassica penkinensis Rupr [25]. The reduction in germination
percentage oBalsam was due to the effect of heavy metal Pb [26]. Gogpeatment at 100 mg/L concentration
affected (p < 0.05) germination percentageBafsam when compared to control (Fig.4). It was consistaith
report from kumar [27] dissected effect of zinc aogper orvigna mungi (L). We concluded that the heavy metal
pollution on seeds is very detrimental to seed gation. It was observed that the huge amount &ermint
varieties of chemical substances using in agricelfield leads to soil pollution and turn into adse effects on crop
plants. Thus, there was consequents reduction ensted germination dBalsam plant. The reason for low
percentage in germination B&lsam might be due to physiological mechanism. Furtherkws necessary to reduce
the enhancement of heavy metal pollution in allrses.
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Supplementary 2.
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CONCLUSION

We conclude that, among the three selected plamsaccumulation of Zn is higher Bolden Doranda, and the
accumulation of Pb is higher Balsam andErwa plants, since accumulation of Cu is very low. feecentage of
accumulation of heavy metals in the plants is redugs treatment days prolong, and this may bedalthetincrease
in toxicity of metals. Anyhow, the three selectddnts have the ability to accumulate Cu, Pd andiZwas noted
that, the accumulation of chromium from the effluenhigher inBalsam but lower inDoranda andErwa. It was
also noted that, the selected plants have theyatiliaccumulate heavy metals but of very low coti@ion. Thus,
these plants are not best suited to be used fdopgigediation to clean up the contaminated sdilsey can be used
for phytoremediation but the accumulation percemtags not that much satisfied. But still becaustheir ability
to accumulate heavy metals, they are planted tataiai the environmental pollutions. Our resultdid¢ate there
were a total of 2 species of Pb hyper accumulatmneng this, Balsam contains highest Pb contents&he
accumulators were confirmed only under the laboyatmndition but not at the field. Hence, field dyuof the
above mentioned plants could be useful in practitattoremediation approaches and reduction of igle from
metals to human health.
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