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ABSTRACT

In this work, a styrene-divinylbenzene based rbsis been functionalized with 2-Hydroxy-3-methoxyhktehyde
with the objective of employing it for the precamication of Zn(ll), Cu(ll), Ni(ll), Cd(ll), and Ph[) contained in
trace amount in various matrices. The optimum phigefor the maximum sorption of Zn(ll), Cu(ll), Wi(Cd(ll),
and Pb(Il) was observed at pH 5.5-9.0, with theft@ading time, 1, ranging from 5 to 13.7 min. The sorption of
these metal ions in presence of potentially intérematrices (including naturally occurring chelag agents) was
investigated. The synthesized resin was able toopientrate metal ions at concentration as lows55-8.33 g
L'lv therebyresulting in the preconcentration factor in range240-360. The results favour the applicabilitytiok
method for the simultaneous preconcentration antdrd@nation of all the metal ions constituting cdexpmatrices.
The method has been successfully applied to treerdietation of the heavy metals in natural watersvaedl as food
samples.

Keywords: Amberlite XAD-16, Chelating resin, Trace metal ipKénetic parameter, Preconcentration

INTRODUCTION

With the growing industrialization and urbanizatifsam the last few decades, a large amount of heastal has
been exposed to the environment. The toxicity eséhheavy metals is widely recognized due to théirerse
effects upon human health. Hence monitoring ofrthencentration is an important task in order tetain and
preserve our ecosystem [1, 2].

Various methods have been employed for the tratmdaation of metal ions in different samples irdthg flame
atomic absorption spectrometry (FAAS) [3,4], eletiermal atomic absorption spectrometry (ETAAS), [5]
inductively coupled plasma optical emission spengtry (ICP-OES) [6]inductive couple plasma atomic emission
spectroscopy (ICP-AES) [7]inductively coupled plasma mass spectroscopy (ICRH-M8] and stripping
voltammetry [9]. However, the direct determinatimihmetal ions by these instruments still faces lelhges posed
by the low concentration and the associated comphatrices. Usually, a preconcentration step, ad ael
separation step, is required prior to metal anglggi these instruments [10]. For this purpose, mooseseparation
and preconcentration procedures have been developgdce metal ion determination in various nmesi.

12
www.scholarsresearchlibrary.com



A. Khatoon et al Der Pharma Chemica, 2013, 5 (1):12-23

Multidentate chelating resins with hydrophilic cheter are receiving widespread acclaim for tkalient features
like selectivityto bind metal ions over a wide pH randegh preconcentration factor and recovery, rggidse
separation, low cosgasy regeneration for multiple quantitative somptiesorption cycles and good reproducibility
in the sorption characteristiesxd the ability of combination with different detien techniques with on-line or off-
line mode [11, 12]The selective removal of toxic metal ions and recgwof precious metal ions in terms of
environmental protection and economic consideragi@nof great significance. Various type of solighgort, such
as Amberlite XAD resins [13, 14], activated carlj@b], polyurethane foam [16], Ambersorb [17], anlita gel
[18], have been used to preconcentrate trace negtaifrom various media. However, the basic disathge of the
solid sorbents is the lack of metal selectivity,ighhleads to high interference of other existinga@es with the
analyte metal ion [19]. To overcome this problenshamical and physical modification of the sorbsmtface with
some organic moieties or complexing or chelatingnég before the sorption procedure, is usually u€balating
resin in which a chelating agent is bonded chetyidal so stable that it can be used repeatedly. é¥aw its
sorption capacity to metal ions is not high becanfsthe steric effect of the chelating agent [Z®phancement of
the sorption capacity of chelating resin can beeadd by increasing the number of chelating siteshe resin as
well as their accessibility. This can be obtaingduling a resin which has a relatively high surfacea and by
selecting a chelating agent of small molecular $28. Among all of the solid support materialsethse of
Amberlite XAD-16 resins, with its superior physigabperties such as high surface area, porositigram pore size
distribution and chemical stability over other Amiiie XAD series resins [22, 23], has gained poftyaas the
polymeric support for the immobilization of chetagi ligand of small molecular siz&ecently, 2-Hydroxy-3-
methoxybenzaldehyde (HMBAJere usedas multidentate ligand which has three oxygen datoms, which
exhibit suitable relative positions to coordinatetahions [24].

Therefore, it was thought worthwhile to functiozaliAmberlite XAD-16 via azo spacer with HMBA (2-Hyoky-3-
methoxybenzaldehydesp as to develop a method for the preconcentratimhseparation of trace metal ions from
matrix constitutes of real samples such as enviesat water, industrial effluents, multivitamin tets, Infant milk
substitute, and SRM samples.

MATERIALS AND METHODS

2.1. Instruments

A GBC 932+ (Dandenong, Australia), flame atomic aaption spectrometer (FAAS) was used for deternginin
metal concentration. The wavelengths (slit widtrsgd for Zn(ll), Cu(ll), Ni(ll), Cd(ll) and Pb(Ihvere 213.9 (0.5),
324.8 (0.5), 232.0 (0.2), 228.8 (0.5) and 283.8)(Am (nm) respectively, while maintaining the laoysrent at 5.0,
3.0, 4.0, 3.0 and 5.0 mA, respectively. An ELICOyddrabad, India) digital pH meter (LI-120) was usedpH
measurements. A thermostated mechanical shakesni8ici, New Delhi, India) at 200 strokes mifrwas used for
carrying out equilibrium studies. Infrared (IR) spa were recorded on a FT-IR Spetrometer- Inters3#20,
(Spectro Lab.,UK) using KBr disc method. Shimadzertal analyzer was used for the thermogravimetralysis
(TGA) and differential thermal analysis (DTA). CHhhalysis was carried out on Carlo Efba1108 elemental
analyzer in Sophisticated Analytical Instrument iligcof Central Drug Research Institute (Lucknoimdia). A
column (1x 10 cm), for dynamic studies, was obtdiftem J-SIL Scientific industries, Agra, India.

2.2. Reagents and solutions

All solutions were prepared in doubly distilled emtStock solutions of nitrate salts of Zn(Il), @u(Ni(ll), Cd(Il)

and Pb(ll) (supplied by Central Drug House (P) Liew Delhi) at the concentration of 1000 pgin 1% HNG,
were standardized by complexometric titration [BBfore use. The working solutions of the metalsewsepared
by appropriately diluting the stock solutions. Barffsolutions were used for pH adjustment. For thidutions
containing suitable amounts of KCI-HCI for pH 2efic acid-ammonium acetate for pH 3.75-5.57, anchama-
ammonium chloride for pH 8-10 were prepared inilthst water. Fulvic acid powder and soluble humates
containing 75% humic acid and 10% potassium weoeived as a gift from Nutri-Tech Solutions, Ausaal
Amberlite XAD-16 resin (Sigma-Aldrich chemie GmbRiedstr. 2 Steinheim, China) was purchased as 20dxh
particle size with 800 frg™* of surface area. 2-Hydroxy-3-methoxybenzaldehyds procured from Sigma-Aldrich
chemie GmbH (Riedstr. 2 Steinheim, China.) Standaférence materials (SRMs) such as Vehicle exhaust
particulates NIESB, Chlorella NIES 3, Human hair NIES Bea leaves NIES were obtained from the National
institute of Environmental Studies, Rompin hemai®S (800-3) were provided by the Japan Steel §caiel Zinc
base die-casting alloy C NB®7 provided by the National bureau of Standardsawdtivitamin capsule (bearing
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the commercial name Maxirich) was procured froml&ipimited (Mumbai, India) and Infant Milk substitu
(commercially available as Lactogen 1) was obtaineth Nestle India Limited (New Delhi, India).

2.3. Pretreatment of samples

2.3.1. Natural and Sewage water samples

The water samples nameiyer water (collected from the Ganga, Banarasyagge water (collected from area in the
vicinity of local nickel electroplating industry, ligarh) and tap water (collected from Universitynmgaus) were
immediately filtered through Millipore cellulose mérane filter (0.45um pore size), and then acidified to pH 2
with HNO; before storing in precleaned polyethylene bottles.

2.3.2. Digestion of environmental, biological andllmy standard reference materials (SRMs)

To dissolve the environmental SRMs, a 0.5 g ofglplewas dissolved by adding 10 mL of concentratedaitri
acid (15.5 mol [}), 10 mL of concentrated perchloric acid (12.2 md) and 2 mL of concentrated hydrofluoric
acid (22.4 mol %) in a 100 mL in a Teflon beaker. The solution veasporated to near dryness, redissolved in
minimum volume of 2% HCI, filtered and made up @rBL volume in a calibrated flask.

The sample solutions of biological SRMs were pregdas proposed by the international atomic eneggney R6].
A 50 mg (600 mg for Chlorella) of each of the samsplvas agitated with 25 mL of acetone, and thermedgthree
times with distilled water and with 25 mL of acetoiThe contact time of the cleaning medium withgample was
10 min. The samples were finally dried for 16 H@0 °C. Then each of the samples was dissolve@-4R01mL of
concentrated nitric acid. After adding 0.5 mL o£861,0,, the solution was boiled to dryness. The residuainéd
was dissolved in minimum amount of 2% HCI and mapl¢éo a50 mL volume in a calibrated flask

The solution of standard alloy was prepared byngRb mg of the sample into a beaker and dissolvelddiB0 mi
of aqua—regia. The solution was boiled to nearesgnFinally the residue was dissolved in minimwiume of 2%
HCI and filtered through a Whatman filter paper Néhe residue was washed with two 5 ml portionsiatf 2%
HCI. The aqueous layer was evaporated to dryndesrdsidue was redissolved in 5 mL of 2% HCI andenap to
50 mL with distilled water.

2.3.3. Digestion of multi-vitamin formulation andinfant milk substitute (IMS)

Five multivitamin capsules (5.64 g)ere taken in a beaker containing 25 mL of cormeg¢ad HNQ and digested by
slowly increasing the temperature of the mixturd 20 °C. The mixture was further heated till acdoésidue was
obtained. It was allowed to cool and then dissolie®0 mL of concentrated HNOThe solution was gently
evaporated on a steam bath until a residue wasgdeiin. It was subsequently mixed with 50 mL otiliéesl water
and concentrated HNQvas then added drop wise until a clear solutioa @ztained on gentle heating.

PowderedMS sample (200 mg) as heated in a beaker containing mixture of comatsd HSO, (20 mL) and
HNO; (10 mL) till a clear solution was obtained. It wabowed to cool and most of the acid was neutealiwith
NaOH. The total volume was made up to 50 mL and &spstock.

2.4. Functionalization of Amberlite XAD-16 resin wth HMBA

An amount of 10 g of air-dried AmberliteXAD-16sia was pretreated with an ethanol-hydrochloricl-acater (
2:1:1) solution for overnight and subsequenthgsed with triply distilled water until pH of the pernatant water
became neutral so that it becomes free from apyiities. The resin beads were then subjected wifioation by
initially nitrating and then subsequently reducitoythe amino compound. The amino compound was wiashe
thoroughly with 2 mol [! NaOH and then with 4 mol'LHCI in order to remove the excess SnChe product was
diazotized according to the recommended procedite After amination, the subsequent steps wergechout at
a temperature of 0-5 °C in order to prevent theakdgfion of the intermediates. The diazotized pcodias rapidly
filtered off, washed with cold distilled water urftiee from acid and then subjected to couplingtiea by treating
it with a solution of HMBA (5 g) in 100 mL aceterat a temperature as low as 0-5 °C over a pefi@d &. The
dark brown resin bead was filtered off and thordygiashed with 2 mol &£ HCI and distilled water until free from
alkali and acid. Finally, the resin was dried atG@nd kept over fused Calh a desiccator for further use.

2.5. Characterization of the functionalized resin
The resin was characterized by its elemental aisafysd IR spectral data. The thermal and chemtedilgies and
water regain capacity of the resin were also detet
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2.5.1. Elemental analysis

The extent of the coupling reaction may be intdgatdrom the composition of the final resin. Thé&atmitrogen
content can give a good approximation of the qtyuati HMBA incorporated. Hence, the synthesizedrregas
subjected to elemental (CHN) analysis.

2.5.2. Thermal and chemical stability

The thermal stability of the resin was studied l&yATand DTA analysis. To check the applicabilitytbé resin, it
was also kept at a constant temperature of@@6r 24 h and then the metal sorption capacity determined by
the recommended batch method. Resistance to chlechi@ages was tested by soaking the resin in 25frdcid

(1- 10 mol L* of HCI or HNQ,) and alkaline solution (1- 5 mol'Lof NaOH) for 48 h and subsequently washed.
The sorption capacity was later determined by ¢dtemmended batch method.

2.5.3. Water regain value and hydrogen ion capacity

The rate of metal ion phase transfer is governedhbyextent of hydrophilicity of the polymeric miatrWater
regain is defined as the amount of water absorlgeldbg of polymer. The dried resin was stirredi@ubly distilled
water for 48 h, and then filtered off by suctionied in air, weighed, dried again at 100°C overhigd reweighed.
The water regain value was calculated as: W z-{my)/ myq, where my, is the weight of the air-dried polymer after
filtration by suction and gmis the weight of the resin after drying at 100°@&might. For overall hydrogen ion
capacity, an accurately weighed (0.5 g) resin virss treated with 4.0 mol £ HC1 and then filtered off, washed
with distilled water to make it free from acid added at 100 °C for 5-6 h. The acidic form of tlesin was
equilibrated with 20.0 mL of 0.1 mol’'LNaOH solution for 6 h at room temperature atistirrcondition and then
the excess alkali was estimated with 0.1 mblhydrochloric acid solution. In order to evaluate tontribution of
the hydroxyl hydrogen ion to the overall hydrogen tapacity, another sample of the resin in thd &mim was
equilibrated with NaHC®solution in place of NaOH.

RESULTS AND DISCUSSION

3.1. Characterization of AXAD-16- HMBA

The data obtained from IR spectra of AXAD-16- HMBArbent indicated the existence of several additibands
in the modified resins compared to the untreatesl dime sorbent showed four additional bands cooratipg to
stretching vibration of: O-H (3400 ¢tjy C=0 (1676 cn), C - N (1510 cri) and-N=N - (1592 cn?). IR studies
of the metal ions chelated resin showed a red ghithe range 10-25 cfor —C=0- and —OH stretching
frequencies indicating their role as active siteshelation. The absence of broadening of the hydifeand in the
spectra of the metal loaded resin proves the absafitydrogen bonding with the participation of —Qidup in the
coordination process. It can be inferred that i blasic solution —OH group of HMBA on AXAD-16 resivere
ionized to —Oso that the negative electron pair of wWas coordinated with the metal ions.

On elemental analysis of the modified resin, 63.5%3%, 9.21% and 15.53% of carbon, hydrogenogén and
oxygen respectively was found as compared to theuleded values (68.09%) C, (4.96%) H, (9.93%) N an
(17.02%) O. This data suggests the presence tdaat one water molecules according to the repetitinit,
C16H14N>05- H,0. The chemical structure of the repetitive unitiie new resin is shown in ((Fig. 1).

In thermo gravimetric analysis of AXAD16- HMBA, anitial weight loss of 4.84% up to 170 °C, corresgding to
the endothermic peak in the DTA curve, may belattad to the loss of sorbed water molecule. Ther@lsesult
implies that each monomeric unit of the functionedi resin consists of at least ongdHmolecule. The following
exothermic peak at 27€ corresponds to the further weight loss of 13.72Z%e synthesized resin was found to
retain 90% of the metal ion capacity up to 260

Since each of the HMBA group contains one replaeehjpdrogen ion as hydroxyl group, therefore, tkRpeeted
hydrogen ion capacity would be 3.33 mmd! of resin. Experimentally, the hydrogen ion capaditie to this
hydroxyl group was found to be 3.13 mmdi gvhich further supports the amount of HMBA incorgited.

The water regain capacity was found to be 10.50 hynoThis value reflects the high hydrophilicity ofethesin
which is satisfactory for column operation.
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3.2. Stability of the resin

The chelating polymeric resin (1 g) was shaken WiiB ml of acid (1-6 mol £ HCI) or alkaline (0.1- 2.0 mol't
NaOH) solution for 4 h, filtered thereafter and tvad with doubly distilled water. On investigati@aiter air drying,
no change in its elemental composition was obsemwhdreby suggesting a robust and stable natutteeafhelating
polymer. The variation in the exchange capacitthefresin was investigated by subjecting it to ssveading and
elution (batch) operations. After 30 cycles, thepton capacity of the resin varied by less than, 2%kereby
suggesting the feasibility of the resin for repdaitse.

4. OPTIMIZATION OF CERTAIN PHYSIO-CHEMICAL PARAMETE RS

The method was optimized for various analyticabpaeters such as pH, sample volume, amounts of aesirtype
of eluent, in order to obtain quantitative recovefymetal ions on AXAD-16- HMBA column. The percage of
metals adsorbed on the column was calculated ffmmamounts of metal in the starting sample andettebsted
from the column.

4.1. Batch ‘static’ method followed for sorption aml desorption

A weighed amount of the synthesized resin was ibgaibd with suitable volume of metal solution gjpeopriate
concentration maintained at constant pH for 2 te fidsin was filtered and the sorbed metal ions wesarbed by
shaking with 2 mol ! HCI and subsequently analyzed by FAAS.

4.1.1. Effect of pH on enrichment of metal ions
The influence of pH on the retentions of metal ionsthe XAD-16- HMBA resin was investigated in thid range

of 2-10. For this purpose, column experiments were pmdd by using 100 mL of test solutions containif@ jug

mL™ of each metal ions. The pH of the solutions wasistdjl by using the appropriate buffer solutionggiin the
experimental section. The results are depictedign Z Optimum pH for maximum sorption of Zn(Il),uQl),
Ni(ll), Cd(I1), and Pb(ll) is 5.57, 9.0, 9.0, 5.8nd 5.57 respectively.

4.1.2. Kinetic study of metal sorption

To determine the rate of loading of metal ions loa tesin, batch experiments were carried out aaleétbelow.
The chelating resin beads (0.2 g) were stirred W@ ml of solution containing one of the metalsgh00 ug mr)
at room temperature for 2, 5, 10, 15, 20, 30, 45,9, and 100 min. The concentration of metal ionshe
supernatant solution was calculated by mass bal@meeg g* resin). The loading half time needed to reach 5%
the total loading capacity was estimated from theve (Fig.3). The;f, values were found to be 9.0, 5.0, 7.2, 13.7
and 12.2 min for Zn(ll), Cu(ll), Ni(ll), Cd(Il), ash Pb(ll) respectively. The profile of the uptaketioése metal ions
on AXAD-16- HMBA reflects the good accessibility tfe chelating sites in the resin to metal ionse Shrption
rate constant k can be calculated using the folgwgquation: [28], -In (1-F) = kt, where F 5/Q and Qis the
sorption amount at sorption time t and Q the sorpamount at equilibrium. Putting the value qfaQt,, in the
above equation we may get the corresponding vdlidar every metal ion (Table 1).

The dynamics of the adsorption process in termtbhebrder and the rate constant can be evaluated te kinetic
adsorption data. The process of the mention meted removal from an aqueous phase by any adsochenbe
explained by using kinetic models and examiningrette-controlling mechanism of the adsorption psscguch as
chemical reaction, diffusion control and mass tfrangrhe kinetic parameters are useful in predgctime adsorption
rate which can be used as important informatiotieisigning and modeling of the adsorption operafidm kinetics
of removal of such ions is explicitly explainedtire literature using pseudo first-order, secondokihetic models
(23).

. kit
Pseudo-first-order modelog(q, —q,) =logq, — 2
2.30¢
eE— 1 t
Pseudo-second-order modet- = >t — 3)
qt kzq e qe

Where Kk and k is the rate constant of pseudo first-order and g¢sesecond- order rate constant, respectively. q
and q are adsorption capacity at equilibrium (mmd) gnd at anytime, respectively. The parametersimdafrom
the kinetics models are listed in Table 2. Itvwdent from Table 2 that a more precise fit of kicge data was
shown by the pseudo-second order model. The cédclig values are closer to the experimental data than th
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calculated values of pseudo-first order model dredvialues of regression coefficientsS’Rre higher (0.99) than
pseudo-first order kinetic model.

4.1.3. Adsorption isotherm

For an adsorption column, the column resin is caedoof microbeads. Each binding particle immobilize the
micro bead can be assumed to bind in a 1:1 ratib thie solute sample passed through the columnthét
concentration range (1.7 x 103.6 x 10 pg) studied for zn(ll), Cu(ll), Ni(ll), Cd(ll), ah Pb(ll) the data were
successfully applied for Langmuir isotherm. The ggawir model assumes that sorption occurs on defsited of
the sorbent with no interaction between the sodpEties and that each site can accommodate onlynotexule
(monolayer adsorption) with the same enthalpy samptindependent of surface coverage. The linedrfpem of
Langmuir isotherm may be represented by the follgvaquation (23).

qe q_mb qm (4)

Here, G is the equilibrium concentration (mg'), o is the amount adsorbed at equilibrium (my gnd g, and b is
Langmuir constants related to adsorption efficieaog energy of adsorption, respectively. The linsatherm
occurs when the solute concentration is very smedditive to the binding molecule of the solid phaFlee linear
plots of G/ge versus G suggest the applicability of the Langmuir isotherffig. 4). The values of,gand b were
determined from slope and intercepts of the plotd are presented in Table 3. From the values ofraten
efficiency, ¢, we can conclude that the maximum adsorption cpomds to a saturated monolayer of adsorbate
molecules on adsorbent surface with constant ereamgdyno transmission of adsorbate in the planbefiisorbent
surface. To confirm the favorability of the adsaptprocess, the separation factor)(R calculated as presented in
Table 3. The values were found to be between QLamldich confirm the favorability of the adsorptiprocess (23).

4.1.4. Influence of the Resin Amount
The effect of amount of resin on the retentionhaf &nalyte ions on the AXAD-16- HMBA column waséstigated

in the range of 56600 mg. As shown in the figure, quantitative recmsof all the metals were obtained after 200

mg of the resin. When the resin amount was belo®vrag of resin, the recoveries did not exceed 80#sfukther
studies were carried out with 200 mg of resin.

4.2. Column ‘dynamic’ method

A sample of modified resin was soaked in water2ibh and then poured into a glass column (1 x 10 Tire resin
bed in the column was further buffered with 5 mLtloé appropriate buffer system. A solution of meétals of
optimum concentration was passed through the colatran optimum flow rates after adjusting to aahl# pH
with suitable buffers. After the sorption operatiaecovery experiments were performed; for thisppse the
column was washed with water and then 5 ml of 2 lbHCI was made to percolate through the bed of Idade
resin whereby the sorbed metal ions get eluted.€lirnts were collected in 5 mL for the subseqdetgrmination
by FAAS.

4.2.1. Study of eluents for stripping of metal ions

The volume of eluent, that can completely stripriiined analytes from the AXAD-16-HMBA, plays igal role

in determining the maximum preconcentration factdence, different volumes of varying concentratiafs
different acids (HCI, HN@QH,SO, HCOOH, CHCOOH, and HCIQ) were investigated for the complete stripping
of the retained metal ions. Among these acids, B2 mol L* HCI could accomplish the quantitative elution of
metal ions from the AXAD-16- HMBA, while the othacids are ineffective for the complete elutionfufge ions.
The higher tendency of penetration of HCI into #AD-16- HMBA may facilitate the diffusion of theetained
metal ions into the eluent solution.

4.2.2. Influence of flow rates on the extraction ahstripping of metal lons

The influence of flow rates, in the column, of temple for sorption and stripping solutions for teeovery of
metal ions from the AXAD-16- HMBA was investigatell. was found that, the percentage recovery was not
affected up to a flow rate of 5 mL mipafter which the retention of metal ions startsrdasing. On the other hand,

guantitative stripping of metal ions from the AXADB- HMBA was achieved in a flow-rate range of-B® mL
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min™, using 5 mL of 2 mol X HCI as a stripping solution. At higher flow ratéarger volume of 2 mol £ HCI was
necessary for quantitative stripping of the medabi

4.2.3. Study of potentially interfering matrices

Since the presence of numerous cations and anicessbciation with the target metal ions is indld@aTherefore,
these associated matrices poses a potential tiorda¢ quantitative determination of the targetahigins by virtue

of precipitate formation, redox reactions, or cotimge complexation reaction.he analytical applicability of the
resin in the presence of common potential intamfespecies (including humic and fulvic acids) wasled (29-

31). Binary mixtures, containing the target metai {100 pg) and varying concentration of differaikali and

alkaline metal ions as well as chelating agentgeveibjected to the recommended procedure for singethe

efficiency of separation. The tolerance limit ifided as the ion concentration causing a relativeresmaller than
+ 5 % related to the preconcentration and detertioimaof the analytes. As illustrated in Table 4e tkesin could
resist the interference of various associated oetrin the quantitative sorption of the trace mietad.

4.2.4. Preconcentration Studies

Since the prime object is to preconcentrate theetraetal ions in order to make FAAS determinatibmetal ions
more feasible, it is worthwhile to investigate thenimum concentration ((preconcentration limit) tg which
guantitative sorption and recovery can be donegusatommended column procedure. It was determined b
increasing the volume of metal ion solution andplkeg the total amount of loaded metal ion const&ntOpg
during the recommended column procedure. The poerdration factor was calculated as the ratio okimam
volume of solution used for preconcentration to Yo&ime used to strip the sorbed metal ions froenablumn.
High preconcentration factor (volume) g@h(ll), Cu(ll), Ni(ll), Cd(ll) and Pb(ll) were 36a@800), 340(1700),
300(1500), 260(1300), and 240(120Gxh correspondingpreconcentration limit of 5.55, 5.88, 6.66, 7.6@1 8.33

ng mL?, respectively.

5. APPLICATIONS

5.1. Determination of metal ions in natural water amples

Applicability of the present method for preconcatibn and determination of metal ions was accorhptisby
analyzing river, sewage and tap water. A 500 mleath of the sample volume was adjusted to optimtinby
adding appropriate buffer system and loaded ohéocblumn of AXAD-16- HMBA. The concentrations oktal
ions were determined by following recommended methsing FAAS (direct method). Recoveries of metbasi
were ascertained by measuring the recovery of atdnadditions from various real water (500 mL) skmpvhich
were spiked with metal ions of concentrations gdity middle value of preconcentration limit and mnaxm
concentration of working range of calibration cuofd=AAS in order to ensure complete sorption avmicdilution
of the final eluate during determination. It wasirid that the mean percentage recoveries of alhtatal ions
studied were 98.6 -104.0% at 95% confidence |éhadble 5 depicts the results.

5.2. Analysis of metal ions in standard reference aterials, multivitamin capsules, infant powdered fod, and
hydrogenated oil

The SRMs namely NIES 3, NIES 5, NIES 7, NIES 8, J8®-3) and NB$27, Multivitamin capsules, IMS, and
hydrogenated oil were subjected to preconcentraimoording to the recommended column procedure Hfesr
pretreatment. Proper pH adjustment of the solutiwas made prior to the experiment. The results |ET&b show
that recovery could be made with a good precisfdR®D < 5.

6. ANALYTICAL FIGURES OF MERIT

The accuracy of the present method was evaluated fhe results of the analysis of various SRMsudicig
environmental, biological and alloy samples. Theameoncentration values of the metals studied dgnéth the
certified values. The consistency between found eedified values of metal content demonstrated the
described method could be applied successfullyti@@nalysis of real matrices constituting diffenexatrix.

Using optimum conditions, the precision of the noethivas evaluated. Six successive sorption andelatjcles of

10 pg each of the metal ions taken in 100 mL (elite5 mL of 2 mol ! HCI) were performed following the
recommended procedure. Standard deviation (SD) RBD values were calculated to be below 2 and 5 %
respectively. The results of water analysis (WiBCR< 5 %) support the applicability of the method.

During the determination of metals by FAAS, theusiohs for calibration curves were prepared usifigriL of 1
mol L HCI spiked with each metal. As no significant blargtues were obtained for any of the metals, ttmit lof
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detection (LOD) for each metal was evaluated aanfbk 3), whereo is the standard deviation for the procedural
blank and were found to be 0.58, 1.08, 1.21, 0r&861a72 pg [ respectively with their corresponding LOQ (limit
of quantification) as 1.83, 3.66, 3.96, 2.87 argb5.g L. The sensitivity of the resin is further affirmégt the
lower limit of preconcentration for large volumes.

The validity of the results was tested by standaldition method, by spiking a known amount (5 pfgihdividual
metal ions to the water samples. The results pémgito the analysis of trace amount of metal idrinterest
confirms the satisfactory recovery of the analyfé® close agreement of the results found by disétét that found
by S.A. method (Table 5) indicates the reliabilitiythe present method for metal analyses in waterpdes of
various matrices without significant interference.

Table 1. Kinetics and batch capacity of sorption ofmetal ions on AXAD-16-HMBA.
(experimental conditions:100 mL solution , 100 pg in*,0.2 g of resin)

Metal ion Loading halftime Rate constant Batch capacity

ty (Min) k (min?) x10? (mmol g*)
Zn(ll) 9.0 7.6 0.425
cu(ll) 5. 13. 0.36:
Ni(lT) 7.2 95 0.310
cd(lly 13.7 5.1 0.237
Ph(lI) 12. 5.6 0.15¢

Table 2.Kinetics parameter for sorption of differert metal ions (experimental conditions:100 mL, solubn; 0.2 g, resin)

Order of reactions Parameters Zn(ll) Cu(ll) Ni(ll)  Cd(ll) Pb(Il)
Ki(min?) 0.269 0.185 0.153 0.142 0.137
Pseudo-first-order model ge (mmol ¢%) 0.29( 0.22¢ 0.17( 0.12:¢ 0.117
R? 0.974: 0.959¢ 0.971¢ 0.946" 0.968¢
K2 (9/mmol.min) 32.25 27.47 15.15 13.13 10.97
Pseudo-second-order model ge (mmol g% 0.492 0.334 0.320 0.216 0.122
R? 0.9998 0.9995 0.9995 0.9994 0.9996

Table 3. Langmuir isotherm constants for sorption émetal (experimental conditions:100 mL,
solution; 0.2 g, resin)

Metal R B Om R? Standard
ions - (L mg?) (mg g% deviation (N=5)
Zn(l) 0.7946 0.5171 29.62 0.9997 0.3572
Cu(ll) 0.6175 1.0431 25.79 0.9994 0.4150
Ni(ll) 0.645¢ 0.945: 19.7¢ 0.999¢ 0.193¢
Cd(ln 0.4995 1.7903 30.72 0.9993 0.3404
Pb(I1) 0.3489 0.8221 38.69 0.9982 0.2648

Table 4. Tolerance limit of foreign species (in biary mixtures) on sorption of metal ions
(experimental conditions:100 mL solution, 100 pg ofach metal ion, 0.2 g of resin)

Foreign species Tolerance limit of metal ions
(ug mLY Cu(ll)  Zn(ll) Cd(l)  Ni(l)  Pb(ll)
20000

NacCl 35000 32000 35000 2500020000
NaSQ 25000 20000 20000 28000 18000
NaNGCs 3800C 3500( 2800C 3500 2500(
NaPQ, 1000 800 300 800 250
NH.CI 35000 30000 30000 35000 20000
Sodium citrate 400 350 250 350 250
Sodium oxalate 150 100 100 150 80
Sodium potassium tartrate 200 125 100 125 80
Humic acid 64 65 88 89 97
Fulvic acid 54 56 79 91 92
CH;COONa 10000 7000 5000 8000 5000
CaCh 25000 22000 16000 25000 10000
MgCl, 30000 28000 25000 32000 20000
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Table 5. Preconcentration and determination of metidons in natural waters collected from various loations (Column
parameter: 500 mL, solution; 5.0 mL min', sorption flow rate; 2.0 mL min™, elution flow rate; 0.5g, resin).

Metal ion found by proposed method, i&ttonfidence limit(% Recoveny)

Samples Zn(Il) Cu(ln Ni(lr) cd(n Pb(I1)
Added Found Added Found Added Found Added Found Added Found
pg L pg L* pg L pg L pg L pg L pg L* pg L* pg L pg L
Tap 0 5.50+0.3¢ 0 6.08+0.4! 0 4.58+0.5: 0 NA 0 3.40+0.3:
water 5 10.70+0.46 5 11.12+0.59 5 9.51+0.43 5 5.08+0.28 5 8.36+0.43
(104.0) (100.8) (98.6) (101.6) (99.2)
Sewage 0 8.33+0.6° 0 10.28+0.5! 0 14.55+0.3 0 4.22+0.57 0 5.92+0.41(
water 5 13.47+0.77 5 15.29+0.74 5 19.50+0.39 5 9.25+0.52 5 10.97+0.53
(102.8) (100.2) (99.0) (100.6) (101.0)
River 0 13.36+0.65 0 16.40+0.56 0 9.84+0.47 0 6.20+0.54 0 7.79+0.47
water 5 18.30+0.69 5 21.51+0.78 5 14.86+0.45 5 11.28+0.63 5 12.73+0.39
(98.8) (102.2) (100.4) (101.6) (98.8)
a Confidence limitC L. =X + '[_S , N=3 at 95% confidence level; b % Recovery.
7N
Table 6.Analysis ofSRMs, multivitamin tablets and food samples for metal ion contents
(Column parameters: 5.0 mL mir*, sorption flow rate; 2.0 mL min™, elution flow rate; 0.5 g, resin).
Samples Certified/Reported value Mean found by proposed method Calculated Student's
P (ug @) ug g' (RSD tvalue®
Vehicle exhaust particulates Cd: 1.1, Cu: 67.0, Ni: 18.5, Zn: Cd: 1.06 (3.8), Cu:63.6(4.5), Ni:17.5 (4.6) , 2.22,2.65,2.77,
NIES8¢ 1040.0, Pb: 219 Zn:1018.2(2.8), Ph:209.8(3.9) 117,251
CN:réoSr%IIa Zn: 20.5, Cu: 3.5, Ph: 0.6 Zn:19.6(3.8), Cu:3.4(3Pb:0.58(3.1) 2.70,2.19,2.48
::JEn;a; hair Zn: 169.0, Cu: 16.3, Ni: 1.8, Pb: 6?}22673(43(:)3) Cu:15.5(4.4), Ni:1.7(4.8), gig 2.62,2.74,
Tea leaves . . . . Zn:31.5(4.1), Cu:6.8(3.9), Ni:6.2(4.2), 2.59,1.68, 2.57,
NIEST® Zn:33.0, Cu: 7.0, Ni:6.5,Cd:300 Cd-288.8(3.8) 228
Rompin
hematite, Cu: 640, Zn: 1030.0, Pb: 210 Cu:625.4(2.5), Zn:18(34), Pb:201.9(3.5) 2.08,1.53,2.56
JSS (800-39
Zinc base die-casting alloy Cu: 1320.0, Ni: 29.0, Pb: 82, Cu:1301.0(2.9), Ni:27.6 (4.1), Pb:77.7(4.6), Cdd48.1.12, 2.76, 2.69,
C NBS627° Cd:51 (4.2) 2.40
Maxirich (Cipla) Cu: 398.2; Zn: 442.5 Cu: 388.41R.Zn: 430.2 (2.9) 2.12,2.20
Lactogen 1(Nestl Cu: 2.9; Zn: 37. Cu: 2.80 (3.1), Zn: 35.2 (4. 242,27
Vanaspati ghee Ni: 0.45 Ni: 0.44 (3.6) 141

a RSD, = Relative standard deviation (%), N=5 ;tl9& % confidence level; c National Institute ofivifEonmental studies (NIES); d Iron and
Steel institute of Japan (JSS) ; e National burebStandards (NB.
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Figure 1 monomeric unit of AXAD-16-HMBA

20
www.scholarsresearchlibrary.com



A. Khatoon et al

Der Pharma Chemica, 2013, 5 (1):12-23

Sorption Capacity (mmol.g")

% Saturation

0.5
04 - —— Zn(ll)
’ —4— Cu(ll)
—0— Ni(ll)
—— Cd(ll)
—&— Pb(ll)
0.3 1
0.2 4
0.1 +
00 T T T T T
0 2 4 6 8 10 12
pH
Figure 2 Effect of pH on the sorption capacity of XAD-16-HMBA
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Figure 3 Kinetics of sorption of metal ions on AXAD16-HMBA

www.scholarsresearchlibrary.com

21



A. Khatoon et al Der Pharma Chemica, 2013, 5 (1):12-23

40
35
30
H/-\
L
o 251
=
p
o i
S 20
o} —o— zn(ll)
o 151 —&— Cu(ll)
BD —0— Ni(ll)
10 4 —w— Cd(ll)
—O— Ph(Il)
5 .
0 T T T T T T T T
0 20 40 60 80 100 120 140 160

Cx 10 (mg L

Figure 4 Langmuir sorption isotherms depicting thesorption behaviors of metal ions onto AXAD-16-HMBA
CONCLUSION

This 2-Hydroxy-3-methoxybenzaldehyde modified ctietaresin coupled with FAAS offers an excellentthosl
that facilitates the determination of trace anaydad the efficient separation of heavy metals franious matrices
found in natural samples (including water resourgath high salinity). Moreover, the use of a column
preconcentration technique facilitates the deteation of metal ions, of trace concentrations, eygiess sensitive
instrumental method such as FAAS. This material A48X16- HMBA) does not require any prior digestiohtbe
river water samples for the purpose of preconceatraThe use of organic solvents in the proposedthod is
eliminated. To our literature knowledge, no studyaivailable on the use of Amberlite XAD-16 fixedttwi2-
Hydroxy-3-methoxybenzaldehyde as sorbent for tleegmcentration of trace metal ions from variousimed
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