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ABSTRACT

A new, simple and fast method that utilizes morin-modified nanoclay as a
solid phase extraction has been developed for separation and pre-concen-
tration of trace amount of iron (111) from environmental water samples prior
to the measurement by flame atomic absorption spectrometry (FAAS). Some
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factors influencing the recovery of iron including pH, sample flow rate,
amount of morin, type, flow rate and least amount of the eluent for el ution of
the iron from nanoclay were studied and optimized. Under the optimum
conditions, the detection limit of thismethod was 0.12 ug L, and therela
tive standard deviation (RSD%) was 2.8% (n= 10, c=50 pg L'Y). Thedevel-
oped procedure was applied to the recovery and determination of iron in

water samples. © 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Iron is the fourth most abundant element in the
earth’s crust. Itis widely present in the tap, well, pond,
underground and river water and thiselement isessen-
tid for thebiologicd sampled*2. Ironand itscompounds
havewidespread industria applicationincluding con-
structiona material for drinking water pipes, food col-
ors, coagulantsin water treatment, pigmentsin paints
and plagtics. Therefore, high quantitiesof thiselement
aredischargedinto the environment.

Clay isnaturd, finegrained, earthy materialscom-
posed largely of agroup of crystallineminerals. Clays
have been employed for someyear and still keep their
positionamong thevery important industriad materid 34,
They have been al so used for difference purposesin
chemical studiessuch asadsorption of differenceinor-

ganic and organic materia §3%. Oneof themaost impor-
tant of usage of clay isseparation and preconcentration
of element. Krikorian and Martin have been investi-
gated solid phase extraction conditionsfor copper(ll),
cadmium(ll), silver(l), nickel (I1) and lead(l1) ionson
modified clays®. Adsorption conditionsfor uraniumon
Turgutluand Kuladayshavebeeninvestigated by Akcay
and Kurtulmug™.

Thetraditiona separati on/pre-concentration pro-
ceduresfor element including liquid-liquid extraction,
coprecepitation, ion exchange and etc. these proce-
duresoften need largeamount of organic solvents, which
are harmful to health and cause environmental prob-
lems. Nowadays, solid phase extraction procedureis
oneof themost effective pre-concentration procedures
dueto of itsadvantages such assimple, high enrich-
ment factor and flexibility to select the solid phasefor
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optimum results®. Therefore, the solid phase extrac-
tion waswidely used for the pre-concentration of tar-
get analytes and theremoval of matrix interferences
(clean up) invarioussamples.

The purpose of thiswork wasto developasimple,
fast and sensitivemethod for pre-concentration and de-
termination of iron in water samples using nanoclay
modified with morin. Theadsorption and e ution condi-
tionsfor preconcentration and determinationby FAAS
have been optimized. Findly, the devel oped procedure
wasverified by determination of ironinwater samples.

EXPERIMENTAL

Apparatus

A Konik Won M300 (Barcelona, Spain) flame
atomic absorption spectrometer (FAAS), equipped with
hollow cathodelam and acetylene-air burner wasused
for thedetermination of iron. Thewave engthsand band-
width were set to 248.3 nm and 0.2 nm, respectively.
The pH was determined with amodel 630 Metrohm
pH meter with combined glass-calomel electrode.

Materials

3,5,7,2'4'-pentahydroxyflavone (morin) was ob-
tained from Merck (Darmstadt, Germany). All acids
used wereof the highest purity availablefrom Merck.
A stock solution of Iron (111) (1000 mgL ) was pre-
pared by dissolving the proper anount of FeCl.6H,0
indoubledistilled water. Dilute solutionswere prepared
by an gppropriatedilution of thestock solutionindouble
digtilled water.

Extraction procedure

Theroad dust sampleswere collected from differ-
ent roadsidesin Sistan & Baouchestan province, Iran.
Thesampleswashed with de-ionized water severd times
toremoveany dust and other water-solubleimpurities.
Thewashed clay wasdried at 105 °C for 5 h, ground,
passed through asieve of 200 meshes. Atota of 2.0g
of nanocaly was poured into the SPE column. A poly-
ethylenefrit wasplaced at both endsto prevent loss of
the nanoclay during the sampleloading. The column
wastreated with 5 mL methanol and thenwith 5 mL of
0.5mol L1 nitricacid. Findly, the columnwaswashed
with de-ionized water until freefrom acid. For modi-
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fied of nanoclay, asolution of 50 mgmorinin 2 mL
ethanol was poured into the column allowed to pen-
etrateins dethe sorbent completely. A portion of aque-
ous samplesolution containingiron (111) ionswas pre-
pared, and thenit was adjusted to thedesired pH va ue.
After that, thissolution was passed through the column.
The complexing between iron and morinwas occurred
on the nanoclay and theretention of iron was occurred
on thissorbent. Finally, the Fe(l11) ionsretained with
the nanoclay waseluted using nitric acid aselution sol -
vent. Theed uent wasanayzed for the determination of
iron concentrationwith FAAS.

RESULTSAND DISCUSSION

Effect of pH

In the SPE proceduresfor metal ion pre-concen-
tration based on chelation, the pH of the sample solu-
tionisoneof themain effective parameter for quantita-
tiveextraction of thetarget analytes. Becausethisim-
portant point, the effects of pH were studied at the pH
range 2.1-5.5. Theresultswas showninFigure 1, the
quantitative extraction (>97%) wasobtained inthe pH
5.1. Thisresults showed the complex of Fe(l11)-morin
could be decomposed at high acidity. Therefore, the
subsequent studied was performed with pH 5.1.
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Figurel: Effect of pH ontherecovery of ironions.

Effect of theamount morin

The effect of the ligand amount inthe pre-concen-
tration of ironionswas checked. Theresults showed
that therecovery wasincreased from 0.0to 50.0 mg of
morin. Hence, the next studied was performed with 50.0
mg of morin.
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Effect of samplesolution and eluent flow rates

The samplesolution and €luent flow ratesarevery
important parametersbecausetheretention of ironions
on the nanocl ay adsorbent dependsuponthem. Inthis
study, different flow rates, 1.0to 10.0 mL min for
sample solution and 1.0 to 5.0 mL min' for eluent
wereinvestigated (Figure 2). Theresults showed that
theflow rate has a strong effect on the extraction of
Fe(l11) ions. The extraction of Fe(l1l) ions was de-
creased with anincreasein flow rates. The quantita-
tive extraction (>97%) was obtained with 5.0 mL min
for samplesolution and 3.0 mL min*for eluent flow
rates. Therefore, aflow rateof 5.0 mL min for sample
solutionand 3.0 mL min* for eluent were selected as
optimum flow rates.
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Figure?2: Effect of flow rateon therecovery of iron ions
Effect of concentration and volume of eution so-

lution

Theelution of iron from the sorbent material was
studied by using various concentrations (1-3 mol L)
andvolume(1-5mL) of nitric acid. Theresultsshowed
that the quantitative el ution was obtained at concentra-
tionshigher than 1.5 mol L™ and 3 mL volumeof nitric
acid. Therefore, 3.0 mL of 1.5 mol L*nitricacid was
used aseluent in the next experiments.

Effect of samplevolume

In order to obtain high pre-concentration factor,
theinfluence of the sample volume on the extraction
efficiency of Fe(111) ionson nanoclay wasinvestigated
intherangeof 25-700 mL. Theresultsshowed that the
recovery of Fe(l11) ionswasvery efficient (>97%) in
the samplevolumerange of 25-500 mL. After that the
recovery of thisanalyte was decreased. In thiswork,
the pre-concentration factor was 167 for 500 mL sample
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volumedueto thee ution volumeof 3mL.
Effect of coexistingions

Toinvestigate the sel ective separation and determi-
nation of ironionsfrom itshinary mixtureswith diverse
metal ions, andiquot of agueoussolution (50 mL) con-
taining 0.5 mg L ironand amountsof other cationswas
taken and the recommended method was followed
(TABLE 1). Theresults show that the Fe(l11) recovery
wasamost quantitative (>97%) inthe presence of di-
verseions. Sincethechloride, nitrateand sulphate salts
were employedinthisstudy without any interference,
their respectiveanionsposeno possibility of interference.
TABLE 1: Investigation of tolerancelimit of interfering
ionson proposed procedure

[Interferingion]/

Foreign ion ; .
[ironiong|
Li*, Na', K*, Mg*, c&*, S, Ba™ 500
cu®*, Mn*, Ag", Zn*", Ni%*, Pb** 10

Analytical figuresof merit

To determinethelimit of detection (LOD) of the
proposed procedure, a50 mL of blank solution (n=10)
was passed through the column under the optimal ex-
perimenta conditions. TheLOD wasinvestigated as
the concentration corresponding to threetimes stan-
dard deviation of theblank signals (C_, =3(S) ,...)
andfoundto be0.12 ug L. Therelative standard de-
viaion (RSD%) of theten replicate determination was
<2.8%, that indicated thismethod hasgood precision
for theanalysisof traceironinthesample solution.

Analysisof real samples

The procedure was used to preconcentration and
determinestheconcentration of ironinwater samples.
Additionally, the recovery experiments of different
amountsof iron were performed, and theresultsare
showninTABLE 2.

TABLE 2: Determination of iron in water samples(N = 3)

Iron content (ng L™)

Samples Recovery (%)
Added Found (RSD%)
59.1+ 1.1 -
Tap water
50.0 108.9+ 0.9 99.6
. 427+ 1.4
River water
50.0 92.8+1.5 100.2
- 37.5+0.
Well water 0.8
50.0 87.1+0.7 99.2
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CONCLUSION

A fast, ample, precise and cheap procedureispro-
posed for pre-concentration and determination of iron
in avariety of water samples. The morin modified
nanoclay was successfully applied for the extraction of
Fe(I11) ionswith satisfactory results. Thissorbent can
be used at least 100 timesfor the experiments. A low
detection limit, upto 0.12 pg L* isadvantages of this
analytical method. The procedure could beapplied for
the pre-concentration of analytesionsfrom other ma-
trices. Asshownin TABLE 3, thecharacteristic dataof
the present procedureare compared with thosereported
intheliterature.

TABLE 3: Comparison of the published methodswith the
proposed method in thiswork

Enrichment Detection Enrichment

method  limit (ugl)  factor (oD% Reference
SPE 0.15 75 3.0 ()
SPE 0.34 75 15 (20
SPE 0.88 109 <3.4 (1
Nanoclay 0.12 167 2.8  ThisWork
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