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ABSTRACT
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In this study a new method based on formation of complex of aluminium
with 1,2,5,8-tetrahydroxy anthraquinone, which is not water soluble. The
insoluble precipitate was separated by filtering, then dissolved in acid and
determined by atomic absorption spectrometry. The important variables
such as pH, type, concentration and volume of acid, volume of ligand,
foreign ions and volume of flocculent were optimized. In this method to
obtain enrichment factor of 60, we can preconcentrate 200 mL of sample
solutionto 3mL. Thelimit of detection for aluminiumwas0.020mgL*and
standard deviation was below 7%. The proposed method was applied to
the determination of trace aluminium in real environmental tap and well
water samples with satisfactory results. In comparison with inductively
coupled plasma optical emission spectrometry (ICP-OES), the result ob-

FAAS;
Floated precipitation;
Preconcentration;
Flocculent.

tained shows that the method is accurate and gives good recoveries.
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INTRODUCTION

Aluminiumisaubiquitouse ement, widely distrib-
uted and congtitutes gpproximately 8.8% of the earth’s
crust. Exposureisunavoidabl e because of thewide use
of thisdement inindustry and duetoitstoxic effectson
plants, animalsand humansit has been attended™. Alu-
minum is present in many manufactured foodsandis
a so added to drinking water for purification purposes.
Aluminiumisametal with considerablebiologicd, en-
vironmental andindustria significanceand, hence, sen-
sitive, selectiveand precise methodsarerequired for
itsdeterminationinvarious matrices?.

Highduminiumamountslimit theinput and thetrans-
port of the nutriments and i nfluence negatively thecell
division and cell-wallsof the plants. Thechronical ef-
fect of aluminum compoundsis often connected with
mortality of someanimalsand Alzheimer’s disease,
Parkinson’s disease, Parkinson—Guam’s disease, amyo-
trophiclateral sclerosis, diabetes and cancer™. Dueto
itslow solubility in asolution under neutra conditions,
Al wasregarded for along time asanontoxic element
and itsenvironmental and biological effectswere not
investigated. Whenyoufill aglasswith weater fromyour
tap, you expect to drink water that issafe and pure but
most water sources may be contaminated with pesti-
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cides, and heavy metals.

Aluminiumisin category of Secondary Drinking
Water Standards, and its contamination level in drink-
ing water isintherange of 0.05-0.20 mg L (Second-
ary Standardsare guiddinesfor water treatment plant
operatorsand state governments attempting to provide
communitieswith the best quality water possible)“.
While determination of high Al concentrationscan be
realized with no serious problem, reliable determina-
tion of itstrace and ultratrace concentrationsrequires
the devel opment of advanced techniquesfor improving
both, selectivity and dso sensitivity for thisanalyte.

Andytica methodsused for thedeterminationof trace
levelsof d uminumincludespectrophotometric determi-
nation’>®, voltammetry, fluorimetry®® atomic absorp-
tion spectrometry (AAS)®19, high performanceliquid
chromatographi d* inductively coupled plasmaopti-
cal emission spectrometry (ICP-OES)!*3. Despitethe
using advanceinstrumenta techniques, tracequantities
of metd sandys smost often requiressomeform of sepa-
ration and preconcentration methodsto removeinterfer-
ing matricesand to make ensurethelevel of anayteis
detectable. However, these methods havethe disadvan-
tagesof high cost of insrumentsand matrix interference.

Theaim of the present work wasthe devel opment
of anew method based on preci pitation/coagul ation for
thea uminium preconcntration and determination with
atomi ¢ absorption spectrosccopy in water samples.

EXPERIMENTAL

Apparatus

Inthisstudy, amodel 55B flame atomic absorption
spectrometer (Varian, Australia) isused for the mea-
surementsof Al equipped with ahallow cathodelamp
at awavelength of 307.6 nmusing an N,O-acetylene
flame. Determination of Al** ionswasperformed using
asequentid inductively coupled plasmaoptica emis-
sion spectrometry (ICP-OES) mode VisaPRO from
Varian Company (Varian, Australia) coupled to V-
groove nebulizer and equipped with acharge coupled
device (CCD) detector. The pH wasdetermined with
amodd MP230 TOLEDOMETTLER, pH meter with
acombined glass—calomel electrode. Filter paper No.
40 (pore size 8.0 micrometer) was prepared from
Whatman (England).

—= Fyll Paper
Reagents

All experiments are performed with high-purity
grade chemicals and solvents. HCI, HNO3,
CH3COOH, H2S04 and reagent grade 1,2,5,8-
tetrahydroxy anthraguinone (quinalizarine) prepared
from Merck (Darmstadt, Germany) and was used as
recelved. An appropriateof quindizarinewasdissolved
in acetoneto obtain asolution of 1000 mg L. A stan-
dard solution of AI** (1000 ppm) and nitrate or chlo-
ride saltsof other cationswere prepared from Merck.
Flocculent AN2 was prepared from NASCO (USA,
Washington DC)

General procedure

To 50 mL of solution containing 2.0 mg L* alu-
miniumion, 0.7 mL of quinalizarine(except otherwise
stated) at pH = 6.0 (except otherwise stated) was
added. Theresultant solution heat on awater-bath at
60°C for one hour. At this time, aluminium precipitates
and floatson surface of vessel. Then 0.5 mL of floccu-
lent was added and sol ution was cool ed in room tem-
peratureand filtered with filter paper No. 40. After fil-
tration, precipitatewasdissolved in 5 mL of acid and
determined with FAAS.

RESULTSAND DISCUSSION

Quinalizarine hasextractive propertiesand hasfre-
quently been used asareagent for liquid-liquid extrac-
tion and spectrophotometric determination of cations.
Quindizarinisahydroxyl anthraguinonereagent which
has been used asacol orimetric reagent for determina
tion of Be, Al, Mg, Cu and B. Some primary experi-
ment showsthat AlI** preci pitatewith quinaizarineand
candissolvein acidic medium after separation. Weused
flocculent for coagulation of precipitate (Flocculationis
used to describetheremoval of asediment fromafluid
and flocculantsare used in water treatment processes
toimprovethe sedimentation or filterability of small
particles). Some parametersthat affect precipitation/
coagulation processwereinvestigated.

Theeffect of type, concentration and volumeof acid

According to chemical structure of aluminium-
quinalizarin, for dissolvation of Al* precipitate HCI,
HNO,, CH,COOH and H,SO, wereinvestigated. The
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results show that 5 mL of 1.0 M HNO, can release
Al¥, quantitatively and other acidscan not releaseAl**
quantitatively. Thus 1.0 M HNO, used for further ex-
periments (Figure 1). Dueto thevolumeof HNO, has
influence on preconcentration factor, the volumeof the
eluent must beaslow aspossibleto achievethe highest
enrichment factor. For thispurpose, preci pitate obtained
from 50 mL of solution containing 2.0 mg L* of A3
element at pH = 6.0 dissolved with 1-5 mL 1.0 M
HNO,, separately. Theresultsareseeninthe Figure 2.
Asyou cansee, at least 3mL of 1.0M HNO, isneed
to dissolved precipitate, completely.
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Figure1: Effect of concentration of HNO, on recovery of AI**
ions. Conditions: 50mL of samplesolution containing 2.0 mg
L of AI** ions precipitate with 0.7 mL of 1000 mg L
quinalizarineat pH = 6.0 and redissolved in 5mL of HNO,,
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Figure2: Effect of volumeof 1.0mol L*HNO, onrecovery of
Al**ions. Conditions: 50 mL of sample solution containing
2.0mgL*of Al**ionsprecipitate with 0.7 mL of 1000 mg L*
quinalizarineat pH =6.0and redissolved in 1.0mol L*HNO..

Effect of pH
Theeffect of pH on separation process (precipita-

tion/coagul ation) wasinvestigated intherange of 1-9.
Asyou can seen from Figure 3, the preci pitate formed
only intherange of 4-6.5, and maximum recovery for
aluminium obtained at pH = 6-6.5 and a uminium-—
quinalizarine precipitate was not formed at lower pH
(< 6) and higher pH (>6.5). Quinalizarin exhibitsan
acid-baseindicator behavior—orange in acidic form
(neutral), bluein mild base (deprotonation of one hy-
droxyl group occurs) and purple in strong base
(deprotonation of two hydroxyl groupsoccur). Inacidic
solution, aluminium can not formed preci pitate dueto
proton competition andin akalinesol ution deprotonation
of hydroxyl groups causeto dissolve Quindizarinand
precipitate was not formed.
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Figure3: Effect of pH on recovery of Al* ions. Conditions: 50

mL of sample solution containing 2.0 mg L* of Al** ions

precipitate with 0.7 mL of 1000 mg L* quinalizarine in

appropriatepH and redissolved in5.0mL of 1.0mol L*HNO,,.

Effect of amount of ligand

Accordingto Loshatle-law it is necessary to use ex-
cessreagent in equilibrium reaction. For this purpose
amount of quindizarinevaried from0.2-2mL of solution
containing 1000 mg L for precipitation of 50 mL of
solution containing 2.0 mg L of Al**. Theresultsshown
auminiumion precipitationiscompleteinstudied range
of quinalizarine (Figure4). For precipitation of anau-
miniumthemultiplicationof duminiumand quindizarine
must be higher than precipitation constant. Thisresults
show the concentration of quindizarinemust beabove
the concentration need to preci pitation constant.

Effect of amount of flocculent

AccordingtothelUPAC definition, flocculationis
“a process of contact and adhesion whereby the par-
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ticlesof dispersonformlarger-sizeclusters.” Floccula-
tionis synonymouswith agglomeration and coagul a-
tion. In colloid chemistry, flocculation refersto the pro-
cessby whichfineparticulatesare caused to clump to-
gether intofloc. Thefloc may thenfloat tothetop of the
liquid, settleto thebottom of theliquid, or canbereedily
filteredfromtheliquid. Theprecipitateformed fromAI®*
and quindizarineiscolloidal and must beaggregeate. By
using asflocculent these colloidsform large size pre-
cipitate and float on surface of solution. For study of
thiseffect weadd different volume of flocculent to so-
Iution following precipitateformation. Theresultsshow
flocculent has no effect on recovery of Al*" and only
facilecoagulation (Figure5b).
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Figure4: Effect of ligand volumeon recovery of Al* ions. 50
mL of sample solution containing 2.0 mg L* of Al®** ions
pr ecipitate with quinalizarine at pH = 6.0 and redissolved in
5.0mL of 1.0mol L*HNO.,.
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Figure5: Effect of amount of flocculent on recovery of Al%
ions. 50 mL of samplesolution containing 2.0 mg L of Al%
ionsprecipitate with 0.7 mL of 1000 mg L.* quinalizarineat
pH =6.0and redissolved in 5.0mL of 1.0mol L*HNO,,
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Interfer enceeffect and analytical performance

To confirmthat mg or matrix componentsof natu-
ral water an interference study was carried out by
quantifying theeffect of the presence of severa meta
ions on percentagerecovery of Al**. To performthis
study, 50 mL solution containing 2.0 mg L-* of AI3*
and interferingionsat 50 mg L* level were subjected
to the complete procedure. The results obtained
showed that presence of other ions cannot affect pre-
cipitation of Al**, significantly (TABLE 1) and wecan
usethismethod for preconcentration of AlI**in aque-
ous samples. The calibration graph using the
preconcentration system for Al** waslinear with a
correlation coefficient of 1.0000 at 0.06-5 mg L.
Thelimit of detection (LOD) and thelimit of quantifi-
cation (LOQ) was 0.020 and 0.060 mg L, respec-
tively, with at |east a preconcentration factor of 60
(200 mL sample used and preconcentrated to 3 mL
with proposed method) and arelative standard de-
viation (R.S.D.) lower than 7%. Thelimit of detection
for aluminium was 0.020 mg L * and standard devia-
tion was below 7%. The proposed method was ap-
plied to the determination of tracealuminiumin real
environmental tap and well water sampleswith satis-
factory results. In order to evaluatethevalidity of ana-
lytical data, known amounts of Al were added to
known volume of samples (add-found method). The
resultsgivenin TABLE 2 areingood agreement with
those obtained by ICP-OES and add-found method.

TABLE 1: Effect of interferenceionson deter mination of
Al**ionswith proposed method. (50 mL of samplesolution
containing 2.0 mg L of Al®* ionsand 50 mg L * of other
ionswastaken).

Foreign Ratio of foreign ion to AI®* %
ion ion (w/w) Recovery

Cu (1) 25 95
Zn (I1) 25 98
Co () 25 97
Mn (1) 25 93
Ni (11) 25 97
Pb (I1) 25 95
Ca(ll) 25 98
Cr (I 25 97
Fe(ll) 25 91
Na(l) 25 93

K (1) 25 96
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TABLE 2: Deter mination of Al** ion in water samples(100
mL ) with the proposed method.

Amount of AI** (ng L)

Sample
Added Found Detected by ICP-OES
Tap Water - 244 255
(Tehran) 500 735 750
Well Water - 321 330
(Tehran) 404 710 725
Well Water - 336 341
(Gillan) 420 750 742
Well Water - 270 264
(Gazvin) 300 550 555
CONCLUSION

Inthisstudy, the method wasfound asmple, inex-
pensve, easy to operatefor separation/preconcentration
and determination of traceamount of aluminiumwith
satisfactory results. Themethod use Quindizarinasa
sel ective precipitating agent for Al®* preconcentration
and flameatomi c absorption for detection.
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