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ABSTRACT

Heavy metal contamination in drinking water hasdyae a more serious environmental problem in thedeseral
decades as a result of its toxicity and insuscditiitio the environment. Adsorption process hasrbeverlooked as
one of the best water treatment technologies arahedworld. Use of waste materials as low-cost daksats is
attractive due to their contribution in the redwsti of costs for waste disposal, therefore contiitmitto
environmental protection. The primary objectivetbis study is to identify the most appropriate agtiural
byproduct among Strychnos potatorum (nirmali) arddirachta indica (neem) seeds for the removaltgb@ium
(VI) and Iron (Ill) from water and to compare thaiemoval efficiency. The parameter investigateduihes the
effect of contact time, metal ion concentratiomperature and pH. Strychnos potatorum shows begetoval
efficiency of 69% of Chromium (VI) and 58% of Ir@i) at acidic pH and 0.1 mg L of initial metal ion
concentration. Optimal conditions were obtainedhwan increase in temperature at an exposure tima4ofiours.
The adsorption of the metal ion species on Strysimutatorum seed is characterized by X-Ray Diffoacanalysis.
This method is studied and proved for its eco-fiigrfeasibility and simple technology for wateratment thus
providing quality of life for underdeveloped comrtigs.
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INTRODUCTION

Pollution of water with toxic substances is of magmncern for human health as well as for the emvirental
quality [1]. According to recent surveys, the mosinmon contaminants reported in groundwater argyheeetals
[2]. Cr, Cd, Pb, Hg, Zn, Ni and Fe are the most mmm heavy metals discharged into water streams fewge
industrial sectors [3, 4]. These heavy metal iams their complexes exhibit a wide range of toxitdythe organism
that ranges from sublethal to lethal dependingtentime of exposure and amount of dose [5]. Chram{Cr)
typically occurs in two oxidation states namelyatent, Cr (1ll) and hexavalent, Cr (VI) in the nedl environment,
water treatment processes and water distributistesys. Recent studies, shows that no deleteridestefrom low
Cr (Ill) in the diet and there is no known biologlianechanistic function for Cr (lll) in cells [6]he Cr (VI)
compounds are known to be toxic and mutagenic fostrfiving organisms. When Chromium enters the rgast
system, epigastric pain, nausea, and vomiting, reedérrhoea, corrosion of skin, respiratory tracid lung
carcinoma were noticed [7]. Iron exists in two fermsoluble ferrous ion (B8 and insoluble ferric particulate ion
(F€™). Iron in water is generally present in the festate. Iron typically enters water bodies in thenf of ferrous
ion (F€"), which can be oxidized to ferric ion gby the oxygen dissolved in water [8]. There asnyproblems
that result from iron toxicity. These include andee oligura, diarrhoea, hypothermia, diphasic shauetabolic
acidosis and even death.

Since thepast few decades, various conventional technoldgiethe removal of heavy metal ions from aqueous

solutions such as chemical precipitation [9], iowhenge [10], membrane separation [11], reverseossmand
electrochemical treatments [12] have been repofi&d 14]. These methods generally are either expensr
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inefficient, especially when the concentrationdievy metal ions are less than 10mg / L [1]. Thestigment of
an efficient and environmental friendly method mud needed to reduce heavy metal content in pdllute
environments.

Adsorption processes for removal of metals havenlfeend cheaper and more effective than the corwealt
technologies [15]. Numerous by products of agradustrial productions and agricultural by- produtéve been
studied for potential use as inexpensive sorbelf$. [A variety of plant biomaterialgiz. Pinus sylvestrig17],

Cajanus cajanhusk [4], Hazelnut shell [18Ficer arientinumhusk [8], Azadirachta indicdeaf [7], Caesalpinia
bonducellaseed powder [19]Psidium guajavdeaf powder [20] etc., have been reported to bduliser heavy
metal removal.

Strychnos potatorurh. (Loganiaceae) is a moderate sized tree four8buthern and central parts of India, Srilanka
and Burma. Seeds are widely used in Ayurvedic aadittonal medicine. Apart from its medicinal propes the
seed powder is being used for clearing muddy watehe rural community. They are reported to bey\edfective

as coagulant aids. This property is attributed bseaof the presence of polyelectrolyte, proteingids,
carbohydrates and alkaloids containing the —COOM fawe —OH surface groups in the seed. ProperfiglsedS.
potatorumseeds there has been a recent interest in the biedithg property [21].

Azadirachta indicgNeem) is a plant originated from India. Cr (VI)shiaeen removed by neem leaves powder [7].
Certain study reports the biosorption kinetics #rbiosorption equilibrium of Zinc by Neem leawe®l stem bark
powder [22]. Neem bark powder (NBP) has also besel s an adsorbent for the removal of hexavalent@um
from aqueous solutions [23]. The potentiality ofelte has been widely explored for solving variousbfams
related to agriculture, public health, populatiemizol and environmental pollution [22].

The effect of metal ions adsorbed on the seed eadébtermined using XRD analysis. X-ray powder difion
(XRD) is a rapid analytical technique primarily dséor phase identification of a crystalline materad can
provide information on unit cell dimensions. As athrod, X-ray diffractometry is attractive becauséspeed and
ease of performance, and because it requires omyl smounts of material, is nondestructive, ana oa used to
perform semi-quantitative analyses of poly-mineratiixtures [24]. The present investigation is ainh@dompare
the removal efficiency of Chromium (VI) and Irghl), from aqueous solutions using the seed#\pédirachta
indica (Neem) andsStrychnos potatoruniNirmali) as natural adsorbents (biosorbents) atilize as alternatives to
high cost adsorbent materials.

EXPERIMENTAL SECTION
Sample collection
Azadirachta indica(Neem) seeds an8trychnos potatorungNirmali) seeds were collected from Kayamkulam,
Kerala. Both the seeds were washed extensivelyrining tap water to remove dirt and other partieulaatter.
Subsequently the seeds were sun dried for 3 dagigjsed for biosorption studies in the originakcpisize.

Preparation of adsorbate solutions

Stock solution of Cr (VI) and Fe (lll) (1 mg/ L) waprepared by dissolving required quantity of Psitam
dicomate and Ferrous ammonium sulphate respectarjytical reagent grade) in double-distilled wate
Experimental Cr (VI) and Fe (lll) solutions of difent concentrations were prepared by dilutingstbek solution
with suitable volume of double-distilled water.

Batch adsor ption experiments

Batch mode adsorption studies for individual metahpounds were carried out to investigate the effedifferent
parameters such as adsorbate concentration, cdirtesttemperature and pH. The synthetic metalsolutions
were prepared by measuring various concentratifris ( mg/L) in 100ml distilled water and was suabgel to
various pH levels (4, 7 & 10). pH was adjusted g$nlN HCl and 2N NaOH. Each samples were treaitdmwe
weighed 1g seeds @éfzadirachta indicaand Strychnos potatoruraubjected to three different temperatures (291 K,
301 K & 311 K) and sampling was carried out ateliéint exposure times (0, 8, 16 & 24 hrs). Thedh#ind final
concentrations of the metal ions in the solutiorrevmeasured using UV- Vis Double beam Spectrophetem
(Infra IR513D) at 540 nm for Cr (VI) [25] and 51@nrfor Fe (lll) [26] and adsorption capacities oé thdsorbents
were calculated.

The extent of biosorption in percentage was caledlasing the following equation: [2]

Ci—Ce

% removal = ( ) * 100
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Where,C; andC; are initial and equilibrium metal ion concentratigng / L) respectively.

Desor ption study

After adsorption, the maximum adsorbate — loadesbidmbnts were separated from the metal ion solufibese
adsorbed seeds were then suspended in 100ml dfedistater at varying pH and temperature. At difet time
interval (0, 8, 16, 24 hrs) the desorbed adsorbratthe water was analyzed. The extent of desorptiam be
calculated using the following equation: [2].

Desorption rate = __ Amount of metal ions desoruetthe distilled water* 100
Amount oétal ions adsorbed on seeds

XRD Analysis
X-ray diffraction spectroscopy (XRD) analyses weegried out with PANalytical X-ray, Philips Analgal. The
dried sample of the produced material was grouimbuen agate mortar and pestle and tested at 46-\A@mA.

RESULTSAND DISCUSSION

Batch adsor ption experiments

Effect of pH

Figure | — IV shows that both Chromium and Iron hasximum removal at acidic pH. At pH 4, the seedsdme
positively charged due to protonation of the amgmoups , while the dichromate ions, exist mostyamions
(Cr,0/%, HCrO;, HCrO, andCrQ?) leading to electrostatic attraction between sort@nd sorbate. In case of
ferric ions, it remains as cations, the concemraif proton existing in the solution will be deased (when
compared to very low pH) and hence will not givehence to compete with Iron ions on the adsormites of
seeds thus facilitating greater Fe (lIl) ions uptak

Figure-l: Effect of pH on Chromium (V1) biosor ption (%) by the seeds of Azadirachta indica
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Figure-11: Effect of pH on Chromium (V1) biosorption (%) by the seeds of Strychnos potatorum

80
70
60
50
40

—0—0.1 mg/L
30

=—1 mg/L

Removal of iron (111) (%)

20

10

Figure-l11: Effect of pH on Iron (I11) biosorption (%) by the seeds of Azadirachtaindica
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Figure-IV: Effect of pH on Iron (111) biosor ption (%) by the seeds of Strychnos potatorum
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Effect of temperature
Figure V and VI shows the effect of temperaturdlmadsorption phenomenon. It can be observedédhaival of
metal ions increases with increase in temperaithis. is mainly due to the availability of more bing sites.

Figure-V: Effect of temperature (K) on Chromium (VI) biosor ption (%) by the seeds of Strychnos potatorum and Azadirachta indica
(concentration of metal ion =0.1 mg/L, pH =4)
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Figure-VI: Effect of temperatureon Iron (111) biosor ption (%) by the seeds of (concentration of metal ion = 0.1 mg/L, pH = 4)
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Effect of contact time

Fig. VIl and VIII illustrate the relationship beter exposure time and the amount of Cr (VI) and IRg ibns
adsorbed onto the seedsAdfadirachta indicaandStrychnos potatorumThe rate of adsorption is very fast initially
and maximum removal occurs at 24 hours. The initisisorption may be due to the uptake of Cr (VI) andIHg
through physicaladsorption since adsorption phenomenon charadtatigt tends to attain instantaneous
equilibrium. The number of active sitesthe system is fixed and each active site camradsnly one ion in a
monolayer therefore metal uptake by the sorberfaserisrapid initially and then decreases as the avaitgolf
active sites decreases thus slowing down the gan$fmetal ion from solutioto adsorbent surface.

Figure-VI11: Effect of contact time (h) on Chromium (V1) biosorption (%) by Strychnos potatorum and Azadirachta indica seeds
(concentration of metal ion =0.1 mg/L, pH =4, Temperature = 311 K)
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Figure-VI111: Effect of contact time (h) on Iron (111) biosor ption (%) by Strychnos potatorum and Azadirachta indica seeds (concentration
of metal ion =0.1 mg/L, pH =4, Temperature= 311 K)
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Desor ption studies
Desorption of Cr (VI) and Fe (lll) from Chromium éron loaded biosorbents (seeds) respectivelyeaszd with

increase in the initial pH. At pH 10, 28.6% of G\ was desorbed fromAzadirachta indicaseeds and followed by
Strychnos potatorurseeds. Iron (l11) was desorbed maximally at aridahfiH of 10.

Tablel: Effect of contact time (h) on Cr (VI) desorption (%) by the seeds of Azadirachta indica and Strychnos potatorum (concentration
of metal ion =0.1 mg/L, pH = 10, Temperature = 311 K)

Time Desorption (%) of Cr (VI) from the seeds of Azadirachta Desor ption (%) of Cr (VI) from the seeds of Strychnos
(hrs) indica potatorum

0 0 0

8 5.5 3

16 11 7

24 28.6 15

Table-l1: Effect of contact time (h) on Fe (111) desorption (%) by the seeds of Azadirachta indica and Strychnos potatorum (concentration
of metal ion =0.1 mg/L, pH =10, Temperature =311 K)

Time Desorption (%) of Fe (111) from the seeds of Azadirachta Desor ption (%) of Fe (111) from the seeds of Strychnos
(hrg) indica potatorum

0 0 0

8 6 4.12

16 10 7

24 20.35 13.56
XRD Analysis

Strychnos potatorurseeds showed the maximum removal of Cr (VI) frohatsans. Therefore the influences of the
metal ions to the seeds were studied by XRD aralys$ie results showed that the amorphous seed sauipjected

to Chromium (VI) adsorption showed the formationpefaks. This shows that there are more vacant &ites
adsorption on the adsorbent surface.
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Figure-1X: XRD spectra of Strychnos potatorum seed powder after adsor ption process
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CONCLUSION

The current investigation shows that the seeddtigichnos potatorurfNirmali) andAzadirachta indicdNeem) are
of low cost, abundantly available and can be useaneeffective biosorbent for removal of Cr (VIdare (lll) ions
in aqueous solution. The adsorption process isietiftn of the metal ion concentrations, pH, time éamperature.
The maximum percentage removal of Cr (VI) and FB {®ns from aqueous solution is found to be 5%6and
35% forAzadirachta indicaand 68.75 % and 46.7% fBtrychnos potatorunespectively. The effective pH for both
metal ion removal is at acidic (pH - 4) and tempee is at 301 K. Equilibrium was achieved pradlcin 24
hours. Desorption studies showed prominent datashfo regeneration of the biosorbents. The adsorpiif the
metal ion species 08trychnos potatorureeed was characterized by X-Ray Diffraction analysie peak showed
the extent of adsorption and presence of moreeasttes.

This study helps in reducing the Cr (VI) and Ré) (bn concentration in aqueous solution by us{Agadirachta
indica andStrychnos potatorujrseeds. It can be concluded that, when compar#teteeeds ohzadirachta indica
Strychnos potatorurshowed better removal efficiency. Thus, this metisostudied and proved for its eco-friendly
feasibility and simple technology for water treatre
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