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Abstract

Demands on an early detection method for lead (Pb), found as a pollutant in soil, are urgently needed to improve awareness on
the continuing usage of waste water and industrial effluent for the agricultural practices especially in East Java, Indonesia.
Marsilea crenata plant grown in a glasshouse under various concentration of Pb to indicate its tolerance to Pb stress is measured
by its weekly biolectrical responses. The result shows that increasing Pb concentration tends to inhibit the plant’s growth. It is
concluded that the method is viable as an early detection remediation process to protect agricultural economy and human
security.
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1. Introduction

Lead (Pb) polluted soil has been indicated to be one of the main environmental threats in developing countries'.
Awareness should be improved in Indonesia due to continuing agricultural practice of using waste water and
industrial effluent to irrigate plants, especially in East Java. It is evidenced by the detrimental effect of lead in crops
grown in polluted soil*** which may damage human health through the food chain’. Removing lead from the
environment is urgently needed and would greatly benefit for agricultural economy and human safety.

Other Pb removal methods have been offered; e.g biosorption and phytoremediation™ ®, but complete control and
prevention over lead exposure are yet to be achieved'. The research is aimed at the usage of Marsilea crenataas an
early detectionfor remediation process by means of detecting its tolerance to Pb stress and observing its growth in a
given time.The detection method uses biolectrical responses from the plant’. It willalso help to cut costs and fill the
gap in environmental remediation process, which in turn saves agricultural economy and protects human security.

2. The Experiment Methods

Seedlings from Marsilea crenata®were collected from fields during the rice growing season and were then grown
in pots containing soil nutrients and water tomaintain the plant’s health. The healthy and uniform seedlings were
then transplanted into plastic pots containing sterilized sand and a modified Hoagland solution.The each plant was
separately exposed to a Oppm, 3ppm, 10ppm, 20ppm and 5S0ppm of Pb (as PbO) and grown hydroponically in
glasshouses under randomized design, and each was replicated five times for statistical purposes. Sample leaves
were taken after 5 weeks of Pb application, then measured by a length x width x factor correction.

The electrical potential differences (PD) on the leave’s surface was measured weekly with an electrometer in a
Faraday cage. LED lighting was used as artificial sunlight to maintain photosynthesis. Borosilicate glass capillaries,
GC 150-10, Harvard apparatus Ltd, UK diameter 1.5 mm (outer) and 0.86 mm (inner) were used to make 10um
diameter tips for the Wick electrodes. The electrodes were filled each with a silver wire containing 1% agar of
IMKCI. Reference electrodes were made using a 5 cm long 2mm diameter plastic tube filled with a silver wire as
in’. The obtained data was then processed using ANOVA, the significance was accepted at p<0.05.

3. Result and Discussion
3.1. Lead Stress of Marsilea Crenata

Inhibited growth from lead toxicity on three most important cerelia crops had been observed in rice” *, maize'’,
and wheat’. Growth reduction had also been observed in other crops such as mungbean''and cowpea'”. It appeared

that lead toxication caused stress on most plants shown by reduced growth such as shoot in ferns®, reduced leaf
blade and changes to stoma and trichomes distribution in cucumber seedling’s after 16 days of incubation'’.
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Fig.1. (a) Marsilea crenata (Semanggi air) grown at Hoagland solution; (b) Pb stress symptoms of Marsilea crenataat 7 weeks after initial
exposure.

After observing through eight consecutive weeks, theMarsilea crenata had shown increasing Pb concentration
through reduced growth oftheplants in all treatments by reducing leaf area after the 6™ week of application of Pb
(Table 1). No visual changes have been observable in the leaves of the plant during the 4 weeks of experiment. The
symptoms of lead stress in Marsilea crenata was noticed after the 7"week oflead exposure; such as chlorosis on
the leaves; dark colouring of stalks, leaves or stem; staining from green (Fig.la)to a brownish color (Fig.1b); stalk
or stem damage, weakened and drooped plant. Brown stalk or stem colour may be caused by increasing
concentrations of lead within the stalk or stem due to the increased Pb application concentrations. Early signs of
chlorosis were observed on week 6 under 10ppm and 20ppm, but similar trend did not show at 50ppm (Table 2), and
after the 8"chlorosis was present on all levels of Pb.

Leafchlorosis, browning of stalks and stem; stunted leaf growth were common symptoms for many plant
nutrition deficiencies'* such as Mg or Fe. Mg deficiency observed on cowpea due to absorption of lead
concentrations at Pb > 0.64 uM'? caused chlorosis in young leaves and growth reduction, while signal grass leaves
has shown an interveinal chlorosis in solutions containing 1.5uM of Pb. The severity of chlorosis increased with the
amount of concentrations'”. The chlorosison Marsilea crenata might exist due Mg substitution in leaves by Pb.
Toxicity symptoms of Pbwere shown by discoloration, pigmentation, yellowing and stunting in leaves which were
assessed by eye observation through-out the experiment on six weeks after application of >20ppm of Pb and seven
weeks after application of > 10ppm of Pb (Table 2).

Table 1.Effect various concentration of lead [Pb] on average of total leaves area of Marsilea crenata, and standart error (s.e)for n =5

Week Leaf area £ S. e. [cm?]

[0 ppm]Pb [3 ppm ]Pb [10 ppm] Pb [20 ppm]Pb] 50 ppm]Pb
week-5 8.49 £0.85 8.75+£0.85 8.33 £0.56 6.92 +0.82 8.04 +£0.89
week-6 10.46 £ 0.97 8.23+£0.74 8.81 £0.62 8.57+0.68 8.53 £ 0.67
week-7 12.83 £0.61 8.36 £ 0.86 7.84 +0.64 8.80 +£0.87 8.27+0.84
week-8 11.69 £0.70 10.37 £0.48 9.46 +0.76 8.93 £0.50 7.76 +0.80

The result shown that exposure to Pb in long durations (eight weeks) may directly or undirectly affect the
physiological process of Marsilea crenata plant (Table2), even at low Pb concentrations levels (3 ppm). The
measurement of leaves area supported the visual result that in general increasing Pb concentration, decreases the
growth of Marsilea crenata by reducing the leaves area of the plant. But the results also shown that the effect of
reduction in the leaves area had not shown a concentration dependency during the early weeks, except for week-8
(Table 1, Fig 2).
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Table 2.Visual change on leaves of Marsilea crenata on grown in the variation of concentration Pb during week five to eight

Week7 _ Wgek8 .,_

Pb3

Pb10

Pb20

Pb50

The result had shown little difference between control and treatment of 3ppm and 10ppm of Pb on Marsilea
crenata on week-5, while on the 20ppm treatment, average leaf area seemed lower than other concentrations. In
general our results had shown that increasing Pb reduces growth of semi aquatic fern Marsilea crenata. Our results
supported the results in Hordeum vulgare L and Brassica napus L'®, and in aquatic fern (Azolla)®.

3.2. Early Detection of Lead Stress on Marsilea crenata using Biolectricity Measurement

Our resultsimplied that chlorosis on Marsilea crenata related to exposure of lead greater than 20ppm, was present
in a relative period of time. Measuring Marsilea crenata growth using biolectricity technique has shown electrical
PD of leaves surface (Table 3, Fig.3).It wasaffected afterbeing exposed to various concentrations of Pb. The average
leaves surface PD had increased for plants grown without Pb from week 5 to week8, while plants under various
concentration of Pb (3, 10, 20 and 50)ppm tended to reduce weekly PD.

The tendency of reduced electrical PD on every treatment (Fig.3) indicated a disturbance in ion transporting
process due to Pb application. Destruction of ion transportation might have been caused by the existence of Pb in the
growth media ofMarsilea crenata, and had been caused by the needed mineral nutrition imbalance of the plant.
Declining quality of media due to Pb presence might have reduced the root system’s function to uptake minerals and
nutrients, and in turn had disturbed photosynthesis in Marsilea crenata.
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Fig.3.Effect various Pb on leaf potential difference of Marsilea crenata. A tendention of reducing PD in earlier week due to stress Pb

Table 3.Leaves surface electrical potential difference (PD) and standard error (s.e) in various concentrations Pb on Marsilea crenata for n =5

Week [0 ppm]Pb [3 ppm ]Pb [10 ppm] Pb [20 ppm]Pb] 50 ppm]Pb
PD £S. e [mV] PD £S. e [mV] PD £S. e [mV] PD+S.e[mV] PD £S. e [mV]
week-5 -116.0+0.7 -106.0+ 1.4 -94.0+0.7 -88.0+£1.1 -88.0+ 1.1
week-6 -118.0+0.6 -852+0.5 -83.0+0.4 -74.0+0.7 -68.0+0.3
week-7 -124.0+0.7 -88.0+1.2 -68.0+0.6 -59.0+0.5 -58.0+0.6
week-8 -126.0+0.1 -97.0+0.2 -81.0+0.1 -68.0+0.1 -51.0+0.1

Based on ANOVA, there had been significant differences between PD control and PD Marsilea crenata under
each treatments during the 5™ week to the 8" week. This result had shown that additional lead concentration in
media growth caused different effects on leaf surface electrical PD of Marsilea crenata. The higher concentration of
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lead the lower leaf surface electrical PD (Fig 3). The normal range PD were 116mV-126mV, while the lowest were
51mV-58mV on 50ppm. The results were in the range of -120mV- 160mV for pea in normal conditions and in
between -40mV- 60mV for broad beans in stress condition for Mg’. Reduced electrical PD might have been signs of
contamination in Marsilea crenata leaves.

High lead contamination resulted in damage to various physiological and biochemical processes'’. Toxic effects
of Pb decreased wheat growth, yield, photosynthetic pigments and ion contents®. Reduced electrical PD of Marsilea
crenatahad shown that lead contamination had an impact on plant growth; on the other hand, plants also had a
mechanism to detoxify lead'’. Reduced leave surface’s electrical PD due to increased Pb concentration was shown
to be the ability of Marsilea crenata in absorbing lead, which might have been accumulated in its root, shoot and
leaves and might have caused disturbance in ion transportation activity.

Lead accumulation in plant root might have reduced the plant’s ability in absorbing nutrients from the media and
resulted in reduced ions in the plant. Reduced ion transportation affected reduced electrical PD'® '°. Those effects
were caused by the removal of Pb from the media by the Marsilea crenataplant roots that might have increased Pb
content on the plant leaves. Plant Pb content were increased with increasing concentration of Pb grown at 10 and 20
days old. Pb inhibits chlorophyll synthesis by causing impaired uptake of essential elements such as Mg and Fe by
plants. Mg and Fewere important in the photosynthetic activity. The photosynthetic activity of plant was also
influenced by many factors such as stomatal cell size, number of stomata, stomatal conductance and leaf area®.
Lead might have impacted the photosynthetic process due to stomata and chlorophyll contents destruction in leaves.
Reduced chlorophyll content would inhibit electrical energy to respond to light*'.

The negative effect of Pb on plant growth was accompanied by an increase in declining PD in plant leaves.
Increment declining PDin plant leaves is a criterion for stress response, which is indicative by plant. Stress symptom
on Marsilea crenata were observed through the following visual changes such as dark colouring of stalks,staining of
leaves or stem; leaf browning; leaf red-brownish discolouration,and leaf chlorosis. Differences in the degree of
expressed stress due to various Pb-concentrations applied to the root medium, the duration of treatment and to the
Pb-concentrations had led to transition of leaf chlorosis into yellowing and necrosis of leave tips (Table 2). From our
results, it was shown that detection of lead stress using biolectricity measurement was shown to have earlier results
than using leaves measurement and visual observation. This led to the conclussion that biolectricity measurement
could be used as an early detection on Pb stress on Marsilea crenata.

3.3. The Prospect of Marsilea crenata as a phytoremediation for an early detection of Pb Stress

The result had shown that stress on Marsilea crenata due to Pb contamination in growth media could be detected
by measuring biolectricity response on leaves during photosynthetic process. Increased Pb in the growth mediaand
exposure duration also has affectedroot growth. Accumulated Pb concentration on the root medium might have
enhanced the degradation of chlorophyll’; reducing photosynthetic pigments and ion content’. High levels of
Pbinhibited enzymes activities, alterations in membrane permeability, and disturbed mineral nutrition’. The longer
exposure of Pb would cause more Pb ions entering the root of Marcilea crenata, and absorbed by the plant. The
more Pb ions entering the plant’s root meristem cells during exposure might induce DNA damage in root nuclei®.
The effect on root growth depended on the concentration and duration of exposure and species.

The concentration of Pb in rice grain had significantly increased with increasing Pb in soils and the Pbavailability
in soil. Root growth and shoot growth were reduced when rice seedlings were raised in sand culture forl0 and 20
days in nutrient medium containing Pb*. Whereas Pb content in rice washigher in the roots than shoot’. High
concentrations of Pb decrease germination in rice seeds and reduced the growth of seedlings’. Wild Marsilea
crenatanaturally grew in rice fields culture. Pb stress symptoms in Marsilea crenatawere able to give an early
warning to the farmer that the rice grown might contain toxic heavy metal Pb. In this case the Marsilea
crenatashould be used as phytoremediation to reduce therisk of Pb poisoning in soil and through the rice grown,
entering the food chain. So the question remains, can Marsilea crenata possibly do the job to fill the gap in the
phytoremediation process?.
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Fig.5. Lead content of Marsilea crenata during one week exposure of Pb a) in root, b in shoot

Using another sample from other locations in around Jember University and grown hydrophonically in two
weeks, then after treatment in one week, the Pb contents were measured using AAS. The results had shown that the
sample (control) containedan average of around 0.32% of their dryweight of Pb in their leaves in young leaves, and
0.23 % in old leaves during one week exposure. Interestingly the Pb content in 3 ppm were around 1.14% of their
dryweight, which were highest among other treatment such as 10ppm, 20ppm, 50ppm and 500ppm. Declining Pb
content in young leaves showed the concentration dependency, while in old leaves the content showed differently
(Fig.4).

The capability of Marsilea crenata to absorb Pb were greater in its leaves than in its shoot and root. The
comparison of Pb content in leaves is > shoot > root (Fig.4 and Fig 5). Except on 500 ppm, the increasing
concentration in media seemed to increase Pb content in root and shoot of Marsilea crenata. The result had shown
that young leaves accumulated more than old leaves. Leaves differed in their abilities to accumulate Pb depending
on age3, and leafy vegetables accumulated much higher contents of heavy metals® compared to other vegetables
because leafy vegetables were most exposed to environmental pollution due to large leaf surface area. Previous
reseachers reported that Marsilea crenatahad the ability to absorb Pb around 0.404 mg/g at 12.5ppm concentrations,
this exceeded the permissible limit according Indonesian regulation®’and FAO/WHO-codex alimentarious
commision, 2011%for lead total might not exceed the the 0.3 mg/kg for leavy vegetable.
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Futher research is needed to measure on greater lengths such as in 3 consecutive weeks. Most planted rice
seedling were 21 days old and during those times most rice field were prepared, so Marsilea crenata ccould be
grown as phytoremediation.

Fig. 6.(a) Regrowth of Marsilea crenata after the death plant; (b) the root of Marsilea crenata.

The capability of Marsilea crenata to accumulate lead in roots and remove them to the leaves and shoot (Fig.4,
Fig 5); a less damaged root of Marsilea crenata(Fig 6) apparently would support the regrowth of the plant. This
would enable the plant to translocate some of the toxic lead ions out of the roots and concentrate them in the shoots
and leaves which then died and were later replaced by regrowths from healthy portions of the root. Continuing
process of death and regrowth would then take the excess lead to be removed from the soil for growth of healthy
plants.

Low cost and easy maintenance maked the Marsilea crenata attractive to use as a viable treatment for municipal
waste water phytoremediation, such as in Lemna®, Salvinia®’and Azolla**to clean up Pb contaminated environment
and improving the environment quality. Together with biolectricity methods’, it could be used to monitor the effect
of lead stress and prosperously utilized in the line of phytoremediation® and biosorption®® work and would also
benefit in overcoming limited financial resources in developing countries and the lack of technical knowledge for
farmer in remediation, and weak implementation of environmental policies.

Removing lead from the environment might reduce heavy metal toxic hazard. There was no safety threshold of
lead poisoning to be found. It affected the haematological system even at low concentration, it might cause cognitive
dysfunction, neoro-behavioural disorders, neurological damage, hypertension and renal impairment; causing in
brain, heart, kidney, reproductive organdamage, increasing risk for childhood aplastic anaemia; induce effect on cell
membranes, DNA and antioxidant defence systems of cells'*'****** With the current cost of childhood lead
poisoning to be US$43 billion per year. The cost benefit analysis for every US$ 1 spent to reduce lead hazards, there
is a benefit of US$17-220. Lead poisoning accounts for about 0.6% of the global burden of disease®. Refering the
detrimental effect and the cost, it seems that many farmers in Indonesia will continue facing the big risk, due to the
huge cost where many people are still alive on USS$1 pay per day. Using Marsilea crenata and biolectricity
measurement for early detection of Pb stress as a part of phytoremediation system indication for Pb, contaminated
semi aquatic environment will have a reduced remedial process cost and save the agricultural production especially
in rice cultivation. Marsilea crenata posseses some properties of an ideal plant used in phytoremediation, such as
being easily available in large amounts in nature, quick growth, and obtained free because it naturally grows in rice
fields. Using Marsilea crenata as a part of phytoremediation also benefits in monitoring rice growth.
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4. Conclusion and Recomendations

The result had shown that increased Pb concentration tended to inhibit plant growth. It was concluded that the
method was viable as an early detection for the remediation process to protect agricultural economy and human
security.Reduced lead from the environment reduced the risks caused by the highly toxic heavy metal. Continued
monitoring of soil, plant, and water quality together with preventing metals from entering vegetables was a
prerequisite in order to prevent potential health hazards to humans. Periodical monitoring of the rate of
contamination and consumption were thus necessary to assess the overall exposure levels in the community.
Reduced crop contamination and improved food safety could be achieved throughreducing pollution at it’s source.

It is suggested that the usage of Marsilea crenata for daily intake should be avoided due to its tolerance to
moderate amounts of Pb. Leaves may still be green but biolectricity has shown that the plant correlated with the
accumulation of Pb for long periods. It also warns farmers that the rice may have been contaminated by Pb since
Marsilea crenataalsogrows on the same field. Vegetables containing Pb if consumed for long periods may cause
health related disorders. It is suggested to regularly monitor leafy plants and rice by observing any symptoms of Pb
contamination. If Marsilea crenata has shown symptoms of chlorosis, consumption of the plant together with the
rice should be avoided.

Further research is needed. The research has shown that Marsilea crenata may show a high accumulation of Pb if
grown in a nutrient solution but may not show in a naturally Pb-contaminated soil. Better understandings of
Marsilea crenata stress due to Pb contaminated soil may also reduce the risk of rice being contaminated by Pb since
Marsilea crenata grows abundantly during the rice growing season. By knowing the existence of Pbsymptoms in
Marcilea crenata, it will give an early warning to the farmer that the rice may have been contaminated by Pb.
Caution and awareness will prevent larger damage on future rice production and in turn reduce the risk of people
eating contaminated rice. Without remediation, high soil lead levels will never return to normal.

Acknowledgements

The author would like to thank to Mintadi of Chemical Department, Faculty of Mathematics and Natural
Sciences The University of Jember in assistance of analizing Pb content.

References

—_

. Flora G, Gupta D, Tiwari A: Toxicity of lead: A review with recent updates. Interdiscip. Toxicol 2012; 5(2):47-58.

2. BhattiKH, Anwar S, Nawaz K, Hussain K. Effect of heavy metal lead (Pb) stress of different concentration on wheat (Triticum aestivum L.).
Middle-East Journal of Scientific Research 2013; 14(2):148-154

3. Sharma P, Dubey RS. Lead toxicity in plants. Brazilian Journal Plant Physiol.2005; 17(1): 35-52.

4. Kibria MG, OsmanKT, AhmedMJ. Cadmium and lead uptake by rice (Oryza sativa L.)grown in three different textured soils. Soil&Environ.
2006; 25(2):70-77

5. Volesky B. Detoxification of metal-bearing effluent: biosorption for the next century. Hydrometallurgy2001; 59: 203-216.

6. Banach AM, Banach K, Stepniewska. Phytoremediation as apromising technology for water and soil purification: Azolla carolinianawild as a
case study. Acta Agrophysica2012; 19(2):241-25.

7. Hariadi Y, Shabala S. Screening broad beans (Vicia faba) for magnesium deficiency: IIPhotosynthetic performance and leaf biolectrical
responses. Functional Plant Biology 2004; 31: 539- 549

8. WuT-W, Kao W-Y. Ecophysiologal traits of leaves of three Marsilea species distributed in different geographical regions.
Taiwani2011;56(4):279-286.

9. Verma AD, Dubey RS. Lead toxicity induces lipid peroxidation and alters the activities of antioxidant enzymes in growing rice plants. Plant
Sciences 2003; 164: 447-543.

10.Hussain A, Abbas N, Arshad F, Akram M, Khan ZI. Ahmad K, Mansha M, Mirzaei F.Effects of diverse doses of lead (Pb) on different growth
attributes of Zea-Mays L. Agricultural Sciences2013; 4(5):262-265

11.AshrafR,AliTA. Effect of heavy metals on soil microbial community and Mung Beans seed germination. Pak.J. Bor2007; 39(2): 629-636

12.KopittkePM, AsherC.J., KopittkeR, MenziesNW. Toxic effects of on growth of Cowpea (Vigna unguiculata). Australia: School of Land and
Food Sciences and CRC for Contamination and Remediation of the Environment, The University of Queensland, St. Lucian, Qld.
Environmental Pollution 2007a; 150: 280-287

13.Chwil M. The influence of lead on structure of Cucumis sativus L.Leaves.Folia Holticulturae Ann2005; 17(2):11-22.

14.McCauley A, Jones C, Jacobsen J. Plant nutrient functions and deficiency and toxicity symptoms.Montana State University; 2009.

65



66

Arry Y. Nurhayati et al. / Procedia Environmental Sciences 28 (2015) 57 — 66

15 Kopittke PM, Asher C.J, Blamey FPC, Menzies NM. Toxic effects of Pb>* on the growth and mineral nutrition of signal grass (Brachiaria
decumbens) and Rhodes grass (Chloris gayana). Plant Soil 2007b;300:127-136.

16.Karimi Y, Solhi S, SolhiM, SafeA. Effect of Cd, Pb, and Ni on growth and macronutrients in Hordeum vulgare L and Brassica napus L.
International Journal of agronomy and Plant production2013; 4(1):76-81.

17.Cheng S. Heavy metal pollution in China:Origin, pattern and control. ESPR-Environ Sci&Pollut Res. 2003; 10(3): 192-198.

18.Prins HBA, HarperJR, HiginbothamN. Membrane potential of Vallisnera leaf cell and their relation to photosynthesis.Journal of Plant Physol
1980; 65: 1-5.

19.SpaldingEP, Slayman CL, GoldsmithMHM, GradmannD, BertiA. Ion channels in Arabidopsisplasma membrane. Journal of Plant Physol
1992;99: 96-102.

20. Kosobrukhov, Knyazeva I, Mudrik, V. Plantago major plants responses to increase content of lead in soil:growth and photosynthesis. Plant
Grow Regul. 2004; 42:145-151.

21.Shabala S, Newmanl. Light Induced changes in Hydrogen, Calcium, Potassium and Chloride ion fluxes and concentration from the mesophyll
and epidermal tissue of bean leaves. Understanding the ionic basis of light. induced bioelectrogenesis. Journal ofPlant Physiology1999; 119:
1115-1124.

22.Jiang Z, Qin R, Zhang H, Zou JH, Shi Q, Wang J, Jiang W, Liu D. Determination of Pb genotoxic effects in Allium cepa root cells by
fluorescent probe, microtubular immunofluorescence and comet assay. Plant Soil. 2014;2183-9..

23.Abbas M, Parveen Z, Igbal M, Riazuddin., Igbal S, Ahmed M, Bhutto R. Monitoring of toxic metals(Cadmium. Lead, Arsenic and
Mercury) in vegetables of Sindh, Pakistan. Kathmandu University Journal of Science, Engineering and Technology2010;6(11): 60-65.

24. WiadnyalW.Kemampuan semanggi air (Marsilea crenata) menyerap lon Pb (II) dan Cu (II) pada media air. Surabaya: Universitas
Airlangga; 2004.

25.FAO/WHO Codex Alimentarius Commision. Joint FAO/WHO standards programme Codex Commitee on contaminants in Food. The Hague,
The Netherlands, 21-25 March 2011. Working Document for information and use in disscussions related to contaminants and Toxuns in the
GSCTFF. Plant Soil2013; 362:319-334.

26. Singh D, Tiwari A, Gupta R. Phytoremediation of lead from wastewater using aquatic plants. Journal of Agricultural Technology. 2012;
8(1):1-11.

27.Dhir B. Salvinia: an aquatic fern with potential use in phytoremediation. Environ. We Int.J.Sci.Tech.2009; 4: 23-27.

28. Sood A, Uniyal P, Prasanna R, Ahluwalia AS. Phytoremediation potential of aquatic macrophyte, Azolla..Ambio2012; 41:122-137.

29.Tangahu BV, Abdullah SRSA, Basri H, Idris M, Anuar N, Mukhlisin M. A revies on heavy metals (As, Pb, and Hg) uptake by plants through
phytoremediation. International Journal of Chemical Engineering2011; 1-31.

30. VieiraRHSF, Volesky B. Biosorption: a solution to pollution. Internati. Microbiol2000; 3:17-24

31.Ahamed M, Akhtar MJ, Verma S, Kumar A, Siddiqui, MKJ. Environmental lead exposure as a risk for childhood aplastic anemia.

BioScience Trends2011; 5(1):38-43.

32.PatrickLND. Lead Toxicity Part II: The role of free radical damage and the use of antioxidants in the pathology and treatment of lead toxicity.
Alternative Medicine Review 2006;11(2):114-127.

33.Ishiaq O, Adeagbo AG, Nta H. Effect of a natural antioxidant fruit-tomatoes (Lycoperscion esculentium) as a potent nephro-protective agent in
lead induced nephrotoxity in Rat. Journal of Pharacognosy and Phytotherapy2011; 3(5):6-16

34.Sharma R, PanwarK, Mogra S. Effect of prenatal and neonatal exposure to lead on white blood cells in Swiss Mice.Journal of Cell and
Molecular Biology, 2012; 10(1):33-40.

35.WHO. Childhood lead poisoning. WHO. 2010. http://www.who.int/ceh/publications/leadguidance.pdf . Accessed on 21 July 2014. P.72.



