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ABSTRACT

In this paper, mesoporous nanocryatalline y-Al,O, with high surface area
was synthesized with a facile synthesis method and employed as column
sorbent for extracting trace amount of cadmium. The synthesized y-Al,O,
showed high surface area (491 m? g1) with a particle size of around 3 nm.
The effect of various parameters such as pH, sample flow rate, type and
amount of solvent, and the effect of foreignionswere investigated. For this
purpose, asamplevolume containing asmall amount of cadmiumwith pH =
7-7.5 was passed through a microcolumn packed with nanocrystalline y-
Al O, and the retained cadmium was washed with 2.0 mL of nitric acid (0.5
mol L) and determined with flame atomic absorption spectrometry. The
dynamic linear range of method was between 1.0-15.0 and the detection
limit of method was 0.16 pg L. Thismethod hasbeen successfully used for
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evaluating and measuring of cadmium in the real samples.
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INTRODUCTION

Cadmiumisfrom oneof theelementsthat not only
don’t play being in the human body, but also, is now
knowntobeextremely toxic. Thiselement and solution
of itscombinations are poisonous and they are stored
inorgansof the body and environment. Inhaling cad-
mium causes some problemsin kidneysand can also
causesdeath. Environmental exposureto cadmium has
been particularly problematic in Japan where many
peopl e have consumed rice grown in cadmium con-
taminated irrigation water. Thisphenomenonisknown

under thenameitai-itai diseasg”. Nickd-cadmium bat-
teriesare one of themost popular and most common
cadmium-based products. Theseindustrial activities
cause the cadmium rel easeinto the aquatic environ-
ment. Environmenta pollution of natural wetersby toxic
inorganic cadmium arisesmainly fromindustria efflu-
entsand wastewater disposal from different sources,
such asnicke—cadmium batteries, pigments, chemical
stabilizers, dloysandfertilizers. Its presencein abnor-
mally high levelscan cause aseries of adversereac-
tiong?4. All thesefacts, which causedarminthepublic
health, demand accurate analytical proceduresfor the
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quantification of thiselement at, tracelevels. Based on
American Environmenta ProtectionAgency (U.S.EPA)
standards amaximum contaminant level of cadmium
equal to 10 mg Lt in drinking water isallowed. The
officid regulations have shown aworldwidetendency
to lower themaximum permissiblelevelsof cadmium.
Sincethecontent of cadmiumionsin natura water
and drinking water iscommonly a avery low level, the
detection limit for cadmium cannot meet therequire-
ment by modem atomi ¢ spectroscopic methods such
asflame atomic absorption spectrometry (AAS) and
inductively coupled plasmaatomic emission spectrom-
elry (ICP-AES). Theandysisof low concentrationlevel
requirestheintroduction of apreconcentration step pre-
vioustoinstrumental detection. Nowadays, various
technol ogiesand methods have been devel opedfor the
andysisof cadmiumionsat tracelevds, including solid-
phase extraction and flameatomic absorption gpectrom-
etry®>7, cloud point extraction and flame atomic ab-
sorption spectrometric determination®%, volta-
mmetry*, supported liquid membrane extraction
atomi c absorption spectrophotometer determination*?,
and liquid-liquid microextraction combined with elec-
trothermal atomi ¢ absorption spectrometry!*34,
Solid-phaseextraction of tracesof heavy metd ions
iswiddy usedin preconcentraction methodol ogy. Batch
and column proceduresare thetwo important parts of
the solid-phase extraction. Recently nanomaterialshave
been used as sorbent in solid phase extraction dueto
their improvedintringc propertiessuch aschemica ac-
tivity andfinegrainsizein compared with theclassica
substances. Nanometer solid materialsasanew mate-
rial category have become more and moreimportant
due to their special properties in recent years.
Nanomateria s possessaseriesof unique physica and
chemicd propertiesand can adsorb metd ionswith high
capacities on surface of themselves*>'¢. One of
nanoparticles’ properties is that most of the atoms are
onthesurface. Investigations of the surface chemistry
of highly dispersed oxidesindicatethat these materids
have avery high adsorptive capacity and give promis-
ing resultswhen used for trace-metal andysesof differ-
ent typesof water and solutions. Nanometer-sized alu-
minaisresistant to pH changesand hasastrong resis-
tance to swelling when placed in organic solvents.
Moreover, thepreparation of thismaterid isvery smple
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and beneficid when compared with other commercidly
available solid phase materials. Nanometer-sized du-
minahas high surface area, high adsorption capacity
and high chemicd activity and thusit could be success-
fully gppliedfor the separation and determination of trace
metd ionsinenvironmenta samples.

Inthiswork, we studied the adsorption behavior of
cadmiumionson mesoporousnanocrystalliney-AlO,
with high surface areaasthe preconcentration step for
determination of cadmiumin aqueous samples. The
adsorption behaviour of nanocrystalliney-Al,O, and
theoptimum conditionsfor the preconcentration were
investigated and the devel oped method wasapplied to
thedetermination of cadmiumionsinthedrinkingand
river water sample successtully.

EXPERIMENTAL

Reagents

Aluminium i-propoxide and sucrose, nitric acid,
hydrochloric acid, and sulfuric acid were purchased
from Merck (Darmstadt, Germany) and used without
further purification. Cadmium standard sol ution (1000
mg L) and ICP multi element standard were obtained
from Merck (Darmstadt, Germany). The working
Cd?* standard sol utionswere prepared by dilution of
cadmium standard solution in water. Ultrapure water
wasprepared by aDirect-Q 3UV system (Millipore,
Molshein, France).

Apparatus

The cadmium determination was carried out on a
20 plusVarian atomic absorption spectrometer witha
hollow cathodelamp at awavel ength of 228.8 nmand
adlit of 0.5 nmusing an air/acetyleneflame. Oil-less
vacuum pump (Rocker 600, Todays, Taiwan) was used
for passing the solution. The pH value was measured
withaMetrohm pH meter (model 827) equipped with
acombined glass-calome e ectrode. Porosity and sur-
face areastudieswere performed on aMicrometrics
Tristar 3000 automated gas adsorption system. All the
sampleswere out gassed at 350°C under vacuum prior
to N, adsorption at -196C. Surface areaswere cal cu-
lated according to the BET equation, whileporesize
distributionswere derived from the desorptionisotherm
using the BJH model. Transmission el ectron micros-
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copy (TEM) studies were performed using a JEOL
4000EX microscope operated at 300 kV.

Preparation of alumina

Themesoporousnanocrystaliney-AlL O, with high
surface areawas prepared using thefollowing proce-
dure: 4.2 gof duminiumi-propoxideand 7.2 g of su-
croseweredissolvedin 36 mL of distilled water; the
resultant solution was stirred at room temperaturefor
30 min. Afterwards adiluted aqueousnnitric acid solu-
tion (10 %wt) was added drop-wiseto adjust the pH
value. After 5hours, the mixturewasheated at 100°C
inar amosphereto removewater anddl other volatiles
Theresulted solid wasthen cal cinated at 600 °C for 6 h
to removethetemplate.

Column preparation for solid phaseextraction

A glasscolumn (50 mmlength and 8mmi.d.) witha
fritfilter wasused ascolumn. A total of 100 mg of syn-
thesized nanocrystaliney-Al,O, wasmadeslurry in
water and then placed into the column. A frit filter was
placed ontop to avoid disturbance the adsorbent dur-

ing sample passage.
RESULTSAND DISCUSSION

Characterization of nanometer sized y-AlO,

The purity of the prepared y-Al O, nanoparticles
was examined using X-ray diffraction. The XRD pat-
tern of thefinal powdersisshow in Figure 1, which
clearly indicatethat the sampleisinthegammaphasein
nature. Figure 2 showsthe pore sizedistributionsand
N, adsorption/desorptionisothermsfor thesamplespre-
pared under different pH vaues. Itisseenthat dl samples
aremesoporous and showsamost the sameporesize
distribution. All the samples show anarrow poresize
distribution. It seemsthat the sample prepared under
pH value of 5 showsanarrower poresizedistribution
than thoseobtained for other samples. Thenitrogen ad-
sorption/desorptionisotherms (Upper inset) canbeclas-
sfied asatypelV isotherm, typica of mesoporousma-
terials. Accordingto [UPAC classification, the hyster-
essloopisatypeH, indicating acomplex mesoporous
structure. The appearance of type H, hysteresisloops
intheisothermsindicated the presence of “ink-bottle”
type poresin the prepared sampl es. The specific sur-
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face areaof mesoporous aluminaprepared using this
method can be up to 491 m?g?. The obtained results
a so showed that the specific surfaceareaand the pore
size can betuned by changing the pH va ue of the start-
ingsolution (TABLE 1).
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Figurel: XRD patternsof synthesized mesopor ousnano-

crystalliney-Al,O, prepared at pH of 5.
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Figure2: Poresizedistributionsand N, adsor ption/desor p-
tion isotherms (upper inset) obtained for synthesized
mesopor ousnanocrystalliney-AlLO...

TABLE 1 : Structural properties of the synthesized
mesopor ousnanocrystalliney-Al,O,.

BET area Porevolume Porediameter Particlesize

H _ N
PP (m2gY)  (em®g? (nm) (nm)
5.0 441 0.60 41 3.7
55 491 0.62 4.2 3.3
6.0 464 0.63 4.4 35

Thetheoretical particlesizeswerealso calculated
from surface area, assuming spherical particles, from
thefollowing equation:
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WhereD_, theequivaent particlediameter in nanom-
glersis, pisthedensity of thematerid ingem= and Sis
the specific surfaceareain m? g*. Theobtained results
showed a particle size ranged between 3.3-3.7 nm.
Transmission eectron microscopy (TEM) image (Fig-
ure 3) of mesoporous alumina prepared by sucrose
templating (pH: 5.5) showed a nanostructurewith a
wormhole-like gppearanceand no significant order of
porearrangement.

e T g . *, ﬁ‘:, 4._;._ N Hae
Figure3: TEM image of synthesized mesopor ousnanocry-
gtalliney-ALO, prepared under pH valueof 5.5 after calcina-
tion at 600°C.

Solid phaseextraction procedure

The columnwas preconditioned by passingablank
solution having same pH with the sample solution prior
to use. After each use, the nanomaterid inthe column
waswashed with5 mL dilute HNO, (1.0 mol L) and
water, respectively and stored inwater for the next ex-
periment. Andiquot of solution containing 6.0 ug L of
cadmium adjusted at gppropriate pH with ammonium
acetate/aceti c acid buffer was passed through the col -
umnat aflow rateof 10 mL min usingavacuum pump.
After passingthe solution theretained metal ionswere
€luted from the column by acidic solution and the con-
centrations of metal ionswere determined by FAAS.

In order to get the best performancefor the solid
phase extraction, the effect of variousvariablesonthe

preconcentration and determination of cadmium were
studied and optimized using the one-at-a-time optimi-
zation method.

Eluent sdection

It wasan important step to quantitatively recover
the retained analytes from the sorbent in the SPE
procedure. A suitable eluent composed of 0.5 N
HNO,, HCI and H,SO, were used. Because of this
purpose about 100 mL solution of 6.0 ug L*of Cd**
containing 0.1 mol L-*of ammonium acetate/acetic
acid with (pH~7) was passed through aluminacar-
tridge and eluted with 5.0 mL of 0.5mol L*HNO,,
HCIl and 0.25 mol L* H,SO, separately and the so-
lution was used for Cd?* measurement. The obtained
results showed that the average of the desorption of
Cd? for al acidsisabout 100 percent (Figure 4),
but due to the fact that nitrate was a more accept-
able matrix for both flame atomic absorption spec-
trometry experimentsthan other anions, thenitricacid
was sel ected as el ution solvent.
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Figure4: Effect of acid typeon recovery on cadmiumions
from nano-alumina. Volume of sample: 100 mL ; volume of
eluent: 5mL, concentration of eluent: 0.5mol L%; flow rateof
samplesolution 10mL min'?; flow rateof eluent: 5mL min?;
pH =7.0; cadmium concentration 6.0ugL ™.

Concentration and volume of € uent

Toinvestigate the effect of concentrationand vol-
umeof euent, 100 mL of the6.0 ug L* solution of Cc?*
organized with ammonium acetate/acetic acid (0.1 mol
L) was passed through the alumina cartridge and
washed with 5.0 mL of HNO, with different concen-
trationsranged between 0.1-2 mol L-*and the solution
used for measuring of Cd?*. Results showed that from
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concentration of 0.3 mol L, Cd?* ionswill bewashed
from the surface of thealuminaquantitatively (Figure
5). Thus, 0.5 mol L*HNO, was selected for subse-
guent experiments. The quantitative stripping of the
retanined Cd?* ions by the cartridge wasthen studied
by using variousvolumes (1.0-8.0mL) of 0.5mol L*
HNO, and it wasfound and thet at least 2.0 mL of 0.5
mol L*HNQ, isrequired for this purpose (Datawas
not shown).
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Figure5: Effect of HNO, concentr ation on desor ption of cad-
mium ionsfrom nano-alumina, volume of sample: 100mL ;,
volumeof eluent: 5 mL; flow rate of samplesolution 10 mL
min? flow rate of eluent: 5 mL min'; pH = 7.0; cadmium
concentration 6.0pug L.

Effect of pH
Toinvestigatethe effect of pH, different solutions
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Figure6: Effect of pH of sample solution on adsor ption of
cadmium ionsby nano-alumina. Volume of sample: 100mL ;
volume of eluent; concentration of eluent: 0.5mol L%, 2.0
mL ; flow rate of sample solution 10 mL min'%; flow rate of
eluent: 5mL min; cadmium concentration 6.0pgL 2.
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(100 mL) withaCd* concentration of 6.0 ug L*with
different adjusted pH ranged between 1.4-9 were pre-
pared and passed through the packed column, sepa-
rately. The pH was adjusted using ammonium acetate/
aceticacid, NaOH and HNO, (0.1 mol L ™). Theresult
obtained showed that in pH 7.0-7.5 of Cd* ionswere
retained completely by sorbent (Figure6).

Effect of solution and dluent flow rate

To determinetheeffect of flow rateon retention of
cadmiumionson thesurface of duminacartridge, dif-
ferent sampleflow ratesranged between 5-25mL min
lwere examined. Theresultsshowed that the sample
flow rateinthe studied rangedidn’t have any effect on
retention of cadmium ionson the surface of the car-
tridge. Subsequent experiments showed that theflow
rate of eluent have any influenceson extraction (Data
was not shown).

Effect of breakthrough volume

In order to determine the effect of samplevol-
ume on the Cd?* extraction, 0.5 mL of solution con-
taining 1.0 mg Lt of Cd?* was poured separately into
50, 100, 250, 500 and 1000 mL volumetric flasks
and diluted with ultrapure water to prepare solutions
with concentrations of 10.0, 5.0, 2.0, 1.0 ug L, re-
spectively. These solutionswere passed through the
aluminacartridge according to general procedure de-
scribed in sampl e preparation section. The obtained
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Figure7: Effect of volumeof sample on adsor ption of cad-
mium ionsby nano-alumina. volumeof eluent, 2.0 mL ; con-
centration of eluent: 0.5mol L%; 2.0mL ; flow rateof sample
solution 10 mL min’%; flow rateof eluent: 5mL min?; pH =
7.3; cadmium concentration 6.0 ugL .
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results showed that in the range of 50-500 mL of
samplevolumetheextraction efficiency isnearly quan-
titative and for sample volume of 1000 mL there-
covery is80% (Figure 7). Thismeansthat for real
exampleswe can pass sample volumes up to 500 mL
through the cartridge and after e ution with 2.0 mL of
eluent (HNQ,), one can obtain preconcentration fac-
tor of 250.

Theeffect of foreign ions

Toinvestigate the effect of other ionson Cd?* ex-
traction, 250 mL of solution containing 6.0 ug L of
Cd?* at pH =7.1 passed through the cartridge in the
presenceof other ions. After washing the cartridgewith
2.0mL of 0.5mol L*HNQO,, the obtained solutionwas
analysed. Resultsshowed that bothering ionshaveany
influenceson extraction and desorption of the Cd?* from
thesurface of the cartridge (TABLE 2).

TABLE 2: Effect of foreignion on recovery of cadmiumion.

Ratio Ratio
Foreign of foreign Recovery Foreign of foreign Recovery
jon  iontoCd® % jon  iontoCd® %
ion (w/w) ion (w/w)

Ag* 100 99 In®* 100 100
Al¥ 100 98 K* 100 102
B3 100 100 Li* 100 103
Ba®* 100 98 Mg** 100 100
Bi® 100 100 Mn?* 100 98
cat 100 101 Na* 100 99
Co** 100 97 Ni%* 100 97
cré 100 98 Pb?* 100 98
cu? 100 100 S 100 101
Fe** 100 95 TI* 100 102
Ga* 100 100 zn?* 100 101

Analytical performances

Calibration curvewas obtained after extraction of
500 mL of sample solution containing cadmiumions
ranged between 1.0-15.0 ug L* and elution with 2.0
mL of HNO, 0.5mol L*islinear infina solutionwith
correlation factor of 0.999. Thedetectionlimit of 0.16
ng L't was obtained based on 3 S, (the standard de-
viation of the blank measurements). In order to eva u-
ate the precision and accuracy of the proposed
method, thismethod was used for theanalysis of real
water samples. Theresultsareshownin TABLE 3.
Theefficiency of pre-concentration system wasvery

good for al tap water sasmplesanalyzed, with recov-
eriescloseto 100%, indicating that the matrix effect
was not significant. Theinterference study indicates
that other types of samples could be analyzed using
the proposed procedure. The accuracy and precision
of the proposed method was obtained above 97%
and R.S.D. ranging from 1- 8%.

TABLE 3: Deter mination of cadmiumion intap water samples
(250 mL) with theproposed method.

Amount of Cd* pg L™

Sample Amount Amount % Recovery

added found (£ %RSD)

Tap Water - <0.2 -

(Tehran) 1.0 0.92 92 (+ 8)

Tap Water - <0.2

(Tehran) 6.0 5.8 97 (+ 4)

Tap Water - <0.2

(Tehran) 12.0 12.0 100 (+ 1)

CONCLUSION

A simple, sensitive and fast method for
preconcentration and determination of trace cadmium
inred water sampleswasestablished using synthesi zed
mesoporous nanocrystaliney-Al,O, with high surface
area as a sorbent for solid phase extraction. 1so,
mesoporous nanocrystaliney-Al,O, with high surface
areaisagood aternativefor preconcentration of cad-
mium ionsin water samples duetoitslow cost and
active surface Sitesrespect to other avail able sorbents.
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