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ABSTRACT

A simultaneous preconcentration method was developed for determina-
tion of trace amounts of Cu, Fe and Pb by atomi ¢ absorption spectrometry.
The method is based on the retention of their 2,5-dihydroxy-3-undecyl-
1,4-benzoquinone complexes by naphthalene methyltrioctyl ammonium
chloride adsorbent in acolumn. The adsorbed metal complexeswereeluted
from the column with nitric acid and Cu, Fe and Pb were determined by
flame atomic absorption spectrometry. Several parameters such as pH of
the sample solution, ligand concentration, volume of the sample and the
amount of methyltrioctyl ammonium chloride loaded on naphthalene were
evaluated. The effect of diverse ions on the preconcentration was also
investigated. A preconcentration factor of up to 100 or more can easily be
achieved depending on the volume of the sample taken. The calibration
graphswere obtained in the range of 5-40, 10-100 and 10-200ng mi-*for Cu,
Fe and Pb in the initial solution, respectively, when using 500 ml of the
solution. The detection limit based on three standard deviations of the
blank was 0.59, 3.1, and 4.9ng ml-1 for Cu, Fe and Pb, respectively. The
relative standard deviations (R.S.D.) of 1.2-2.5% for Cu, 2.1-3.3% for Fe
and 1.3-2.1% for Pb were obtained. The method was applied to the deter-
mination of Cu, Feand Pb in river and wastewater samples.
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Thedetermination of metd ionsin natural samples
suchaswaters, soilsand biologica fluidsisvery impor-
tant part of environmental and public health studies.
However, thedirect determination of metd ionsat trace
level islimited duetotheir low level of concentration
and matrix interferences. Flame atomic absorption
spectrometry(FAAS) which hasbeen continuoudy used
for the determination of trace metal ionssuffersfrom
insufficient sengtivity for direct determination of meta

ionsin environmenta samples. Thereforeapreconcen
tration or separation step isfrequently necessary toim-
provethedetection limit and sensitivity. For thispur-
pose several separation and preconcentration proce-
dures have been devel oped for trace metal ion deter-
minationinvolving different andyticd strategies. These
methodsincludeion exchange™ liquid extraction?, an-
odic stripping voltammetry®, cloud point,
coprecipitation® and solid-phase extractiong®10.24-301,
Among thevariousmethods, solid-phaseextraction has
recelved more acceptancesduetoitssamplicity, rapid-
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ity and attainability of large preconcentration factor.

A variety of solid materials such asmodifiedion
exchangeresing'*3, functionaized resinswith chelat-
ing reagents™, activated carbon*®, zeolites*®, cellu-
losd and immohilized microorganismson sepiolite!™
have been used for preconcentration of tracemetals.
Microcrystdline naphtha end*-2! and benzophenoneg?
have a so been used as solid-phasefor adsorptive ex-
traction of metal ion complexes.

Inthiswork asimultaneous solid-phase preconcen
tration method for the determination of copper, ironand
lead by atomic absorptionisdescribed. Themethodis
based on the adsorption of their 2,5-dihydroxy-3-
undecyl-1,4-benzoquinone complexes on methyl-
trioctyl ammonium chloride supported on naphthaene
used as an adsorbent in a column. The complexes
adsorbed on the naphthal ene adsorbent arethen el uted
with nitric acid solution and Cu, Feand Pb are deter-
mined by FAAS.

EXPERIMENTAL

Apparatus

A PhilipsPU9100X flameatomic absorption spec-
trometer wasused for the determination of copper, iron
and lead. It was equipped with appropriate hallow cath-
odelamp and air-acetylene burner. Theinstrumental
parameterswere asfollows: wavelength 324.8, 248.2
and 217.0nmfor Cu, Feand Pb, respectively. Thelamp
currentsof 3, 13and 7.5mA were used for Cu, Feand
Pb, respectively. Band passwas 0.5nm for three ele-
ments. All pH measurements were made using a
Metrohm digital pH meter with acombined glasselec-
trode. AShimadzu rotary oil vacuum pump type
SAl18wasused.

Reagents

Doubly distilled de-ionized water and analytical
grade reagentswere used for the preparation of al the
solutions. Thestock solution of 1000ugml copper was
prepared by dissolving 0.6706g of CuCl,-5H,0
(Merck) inwater and diluted to 250ml inavolumetric
flask. This solution was standardized iodometric
procedure?. The required concentration of copper so-
lutionwas prepared by appropriatedilution of the stock
solution. The stock solution of 2000ugml-ironwas
prepared by dissolving 0.8634g of NH,Fe
(80,),-12H,0 (Merck) in 100ml of distilled water con-
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taining 10ml of concentrated hydrochloric acid. This
solution was standardized using dichromate proce-
dure?®. More dilute solutions were prepared by ap-
propriatedilution of thestock solution. The stock solu-
tion of 1000ugml- lead was prepared by dissolving
0.1599g of Po(NO,), (Merck) inwater and diluted to
100ml inavolumetric flask. Therequired concentra-
tion of lead solution was prepared by appropriatedilu-
tion of the stock solution. A 3.0mol I nitric acid
solutionwas prepared by diluting 20ml of HNO,
(Merck) to 100 ml inavolumetricflask.

A 2.15x10“mol I of 2,5-dihydroxy-3-undecyl-
1,4-benzoquinone sol ution was prepared by dissolving
0.0910g of 2,5-dihydroxy-3-undecyl-1,4-benzo-
quinone® inwater and diluting to 500 ml inavolumet-
ric flask. A formate buffer of pH 4 was prepared by
addition of 0.1M NaOH to 0.1M formic acid and us-
ing apH meter to adjust the pH at 4. The naphthalene
adsorbent sol utionwas prepared by dissolving 10g of
naphthalene and 1g of methyltrioctyl ammonium chlo-
ridein 45ml of acetone on ahot-platestirrer at 40°C.
Thissolutionwastransferred to1000ml of water while
stirring the solution at room temperature. It was tirred
for 1-2h and dlowed to stand for 30min. The superna-
tant solution of naphthalene coprecipitated with
methyltrioctyl ammonium chloridewasdrained off by
decantation and washed twicewith water in the same
way. Thisadsorbent slurry was stored in abottlefor
further use.

General procedure

A funné-tipped glasstube (80mm Iength and 8mm
i.d.) with avery fine bore was used as a preconcen
tration column. It wasfilled with the adsorbent durry to
aheight of 7cm after dightly pressingthe adsorbent in
thecolumnwith aflat glassrod. Solution (500ml) con-
taining 5-50, 10-50 and 10-150ng ml-* of Cu, Feand
Pb, respectively, 1.93x10-5mol | 2,5-dihydroxy-3-
undecyl-1,4-benzoquinone and formate buffer solution
(pH 4) was passed through the column at afl ow rate of
10ml min. Thecolumn packing wasthen washed with
asmall volumeof water and the naphthalene materia
was pushed downwith aflat glassrod to iminatethe
excesswater attached to naphthalene. Themetal ion
complexesweree uted with 5Sml of HNO, solution (3.0
mol 1) and Cu, Feand Pb weredetermined by FAAS.
A blank solutionwasd so run under thesameandytica
conditionswithout adding any Cu, Feand Pb.
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RESULTSAND DISCUSSION

The preliminary experiments showed that Cu, Fe
and Pb complexeswith 1,2-bis(salicyli dene amino)
ethane, could be s multaneoudly retained onthe methyl
trioctyl ammonium chloride-naphthal ene adsorbent.
Therefore, theretention of these complexeson acol-
umn containing methyltrioctyl ammonium chloride-ngph-
thalene adsorbent was chosen for simultaneous
preconcentration of Cu, Fe and Pb with subsequent
determination by FAAS.

Effect of pH

Theéeffect of pH of thetest solutionontheretention
of Cu, Feand Pb was studied. The pH valuesof solu-
tions containing Cu, Fe and Pb complexeswith 2,5-
dihydroxy-3- undecyl-1,4-benzoquinonewas adjusted
intherange of 2-6 using appropriate buffer solutions
and thegenera procedurewasfollowed. Theresultsof
this study showed that maximum retention of the Cu,
Fe and Pb was obtained at pH 4 (Figure 1). Thus a
formatebuffer with pH 5. was sdected for further work.

Effect of SALET concentration

Theeffect of SALET concentration onthereten-
tion of the Cu, Feand Pb complexeswasalso investi-
gated. The concentration of SALET wasvariedina
number of 100ml volumetric flasks containing 50, 50
and 150ng ml* of Cu, Feand Pb, respectively, and the
genera procedurewasfollowed. Theresultsshownin
figure 2 indicatethat the concentration of SALET did
not affect theretention of theall copper andironions
very much. However, theretention of leed wasincreased
withincreasing SALET concentration upto 1.93x10°
mol I and remained constant at higher concentrations.
Thisbehavior could probably be dueto the difference
intheformation constants of themetal ion complexes
and thenumber of molesof theligand required for each
meta iontoformacomplex. Therefore, SALET con-
centration of 1.93x10°mol I* was sl ected asoptimum.

Effect of nitricacid astheduent

Studieswerecarried out toinvestigatetheinfluence
of different acidsas e uentsfor theretained compl exes.
Nitric acid waschosen asan € uent owingto itseffec-
tive eution of the adsorbed complexes. The effect of
€luent concentration on the absorbance of € uted solu-
tion containing Cu, Fe and Pb wasexamined. The ab-
sorbanceof all threeionswasincreased, asthe HNO,
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Figurel: Theeffect of pH on the absorbance of the (a)
50ng mi of Cu, (b) 50ng ml* of Feand (c) 150ng ml-* of
Pb. Conditions: volume of the sample 100ml, 2,5-
dihydroxy-3-undecyl-1,4-benzo quinone concentr ation
1.93x10° mol I,
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Figure2: Theinfluenceof 2,5-dihydr oxy-3-undecyl-1,4-

benzo quinoneconcentration on theabsor banceof (a) 50ng

mi* of Cu, (b) 50ng ml-of Fe and (c) 150ng ml* of Pb.

Conditions: volumeof the sample 100ml, pH 4

concentration increased upto 3.0mol It andit remained
constant abovethisconcentration. Thereforeanitric
acid concentration of 3.0mol |t was selected for sub-
sequent studies. In order to choose proper volume of
the eluent, theretained complexeswerestripped with
different volumes(3-10ml) of 3.0mol I nitricacid. 10ml
would not be suitable because it gave a smaller
preconcentration factor and 3ml was not sufficient for
the elution. Hence, 5ml of 3.0mol I nitric acid was
chosen for subsequent elution of the metal ion com-
plexesfor more convenient.

Theeffect of amount of methyltrioctyl ammonium
chloride

Theamount of methyltrioctyl ammonium chloride
loaded on naphthal ene was optimized and theresults
areshowninfigure3. A loading of 1g of methyltrioctyl
ammonium chloride on 10g of naphthaenegave high-
est absorbancefor thethreeions.

Effect of ssmpleand elution flow rate
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Figure 3: Theeffect of theamount of methyltrioctyl am-

monium bromideloaded on the column: (a) 50ng ml- of
Cu, (b) 50ng ml* of Feand (c) 150ng ml* of Pbh. Condi-
tions: Volume of the sample 100ml, pH 4, 1,2-bis
(salicylidene amino) ethane(SALET) concentration
1.93x10°moal I*

Theretention of Cu, Fe and Pb complexeswith
SALET on naphtha ene adsorbent was not affected by
sampleflow ratesin therange of 2-8ml min™. Thusthe
experimentswere performed at asampleflow rate of
8mlmin? whichwasthemaximum flow rateattainable
by the pumpweused. Itisthesamefor thee utionflow
rate and flow ratesin therange of 2-8 ml min* can be
applied without any lossin recovery.

Effect of samplevolume

Thevolumeof theagueous-phasewasvaried from
25t0500ml al containing sameamountsof Cu, Feand
Pb so that the final solutions after performing the
preconcentration procedure would havethe same con-
centrations. It wasfound that the absorbance was con-
gantinal solutionsafter followingthe preconcentration
procedure. However, & higher volumestheandysstime
isincreased. Thereforeapreconcentration factor of 100
can beeasily achieved when using 500ml nitric acid
concentration of 3.0mol | was sel ected for subsequent
studies. In order to choose proper volume of the elu-
ent, theretained complexeswere stripped with differ-
ent volumes(3-10ml) of 3.0mol I nitricacid. 10 ml
would not be suitable because it gave a smaller
preconcentration factor and 3ml was not sufficient for
the elution. Hence, 5ml of 3.0mol | nitric acid was
chosen for subsequent el ution of the metal ion com-
plexesfor more convenient.

Theeffect of amount of methyltrioctyl ammonium
chloride

Theamount of methyltrioctyl ammonium chloride
loaded on naphthal ene was optimized and theresults
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areshowninfigure 3. Aloading of 1g of methyltrioctyl
ammonium chloride on 10g of naphthaenegave high-
est absorbancefor thethreeions.

Effect of ssmpleand elution flow rate

Theretention of Cu, Fe and Pb complexeswith
SALET on naphthal ene adsorbent was not affected by
sampleflow ratesintherange of 2-8ml min. Thusthe
experimentswere performed at asampleflow rate of
8mlmin? whichwasthe maximum flow rateatainable
by the pumpweused. It isthesamefor thed ution flow
rate and flow ratesin therange of 2-8ml min can be
applied without any lossin recovery.

Effect of samplevolume

Thevolumeof theagueous-phasewasvaried from
25t0500ml dl containing sameamountsof Cu, Feand
Pb so that the final solutions after performing the
preconcentration procedure would have the same con-
centrations. It wasfound that the absorbance was con-
dantinal solutionsafter following the preconcentration
procedure. However, & higher volumestheandysstime
isincreased. Thereforeapreconcentration factor of 100
can be easily achieved when using 500ml of thesample
and euting the columnwith 5ml of nitricacid.

Thesor ption capacity

The sorption capacity of the adsorbent was deter-
mined by batch process. The adsorbent dlurry wasfil-
tered on afilter paper and air-dried. Adsorbent (19)
wasequilibrated with 100ml of asolution containing 1,
1 and 5ugmi-* of copper, iron and lead, respectively,
for 24h at optimum conditions. Theloading capacity
for each metal ion was calculated from the difference
between the metal ion concentration beforeand after
adsorption. Thevalueswere 100, 100 and 300ug g*
of adsorbent for copper, iron and lead, respectively.

Kineticsof themetal sorption

Therate of loading of Cu, Feand Pbionsonthe
adsorbent was determined by batch experiment. Ad-
sorbent (1g) was stirred with 100ml solutions contain-
ing 50, 50 and 250ng mi-* of copper, iron and lead,
respectively, for different timeintervals. After aprede-
termined time, the amount of metal ionsloaded was
determined using thegenerd procedure. Thevariation
of sorption asafunction of timefor themetal ionsis
showninfigure4. Theloading haf timet, , defined as
thetimeto reach 50% of total |oading capacity asesti-
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Figure4 : Kinetics of metal ions sor ption on the adsor -

bent: (a) 50ng mi of Fe, (b) 50ng mi of Cu and (c) 250ng

ml-* of Pb

TABLE 1: Theeffect of interferingionson therecovery of
50, 50 and 150ng ml of Cu, Feand Pb

Recover y* Concentration

(%) of interfering Interferingion
Pb Cu Fe (mg 1™
99+1 100+2 99+1 1000 cd*

NH,", K* Mg¥ Li*,Cl
98+1 99+2 100+1 100 ,
NO?, SCN’, SO~
Hg?*,zn*",Ccr¥,
100+1 99+2  100+1 10 ca SKIV). F, Al

3xtts/ Vn at 95% confidence (n=3).” M asked by NaBH.,.

TABLE 2: Deter mination of Cu, Feand Pbin water samples

L ead concentration (ng ml™)

Iron concentration (ng mi™)

Copper concentration(ng ml™)

Recovery found® Added Recovery found® Added Recovery found® Added Sample

— 255+3 0 - 68+3 0 — 36+2 0 River
100 768+9 500 98 167+4 100 99 135+2 100 water(Varami n)b’(
100 1262+8 1000 100 270+6 200 101 244+4 200

— 258+3 0 - 61+1 0 — 2942 0

99 74919 500 99 164+4 100 99 126+1 100 Seawater®
101 1269+9 1000 98 252+3 200 98 224+3 200

— 13+1 0 - ND 0 — 731 0 Tap water
100 65+2 50 100 10+1 10 98 81+1 10 Saven)®
101 116+ 2 100 95 19+1 20 99 92+1 20 (

ND (not detected). 3 + ts/\/n at 95% confidence (n=5); PA preconcentration factor of 10 was applied; ‘From a polluted area; ‘Rolling
and Pipe Mills Company; A preconcentration factor of 100 was applied

mated from figure4 isabout 7minfor copper andiron
and 15minfor lead. It isalso observed that an equilib-
rium timeof 15minwasrequiredfor 95-99% sorption
of copper and iron and 30min for 90% sorption of lead.

Analytical performance

Thecdibration graphswere obtained usngtherec-
ommended procedureunder theoptimum conditionswith
asamplevolumeof 500ml. Linear graphswereobtained
intherange of 5-40, 10-100 and 10-200ng mi- for Cu,
Feand Pbintheinitia solution, respectivey. (Thecon-
centrationrangein thefina sol ution after preconcentration
isintherangeof 0.5-5.0, 1.0-5.0 and 1.0-15.0ugml*
for Cu, Feand Pb, receptively.) Theequationsfor the
lineswere A=7.2x103C-3.6x10*, with r=0.9995 for
copper, A=2.9x10°3C+ 3.0x10* with r=0.9998 for
ironand A=1.1x103C+1.7x10*withr=0.9991. The
detection limit based on three standard deviations of
the blank was 0.54, 3.1 and 4.5ng ml for Cu, Feand
Pb, respectively, when using samplevolumeof 500ml.

Therelative standard deviations (R.S.D.) for 10
replicate measurementsof 10 and 30ng mi of Cuwas
2.5and 1.2%, for 10 and 30ng ml-*of Fewas 3.3and
2.1% andfor 50 and 150ng ml* Pbwas 2.1 and 1.3%.

Effect of foreignions

Theinterferenceof co-existingionsonthedetermi-
nation of Cu, Feand Pb wasstudied. Solution (100ml)
containing 50, 50 and 150ng ml of Cu, Feand Pb,
respectively, and variousamountsof foreignionswere
prepared and the procedure described in the experi-
mental sectionwas applied. Any deviation of +4% or
morefrom the absorbance val ue of the standard solu-
tion was taken asinterference. TABLE 1 showsthe
results. As can be seen a very good selectivity is
achieved.

APPLICATION

The proposed method was applied to the preconcen
tration and determination of Cu, Fe and Pb content of
tap water(Saveh, 20 February ,2007), seawater (taken
from the Caspian sea, Anzali port, 11 November
2006)weter samples. Thewater sampleswerecollected
in polyethylenebottlesand kept in arefrigerator before
use. The seawater sampl e solution (50ml) and 500ml
for tap water were treated under the recommended
procedure. Accuracy of theresultswasverified by ana-
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lyzing the spiked water samples. Therecoveriesfor
thesedementswerevery satisfactory (TABLE 2) indi-
cating that themethod can be used rdligbly for theandy-
sisof water samples.

CONCLUSION

Upto our knowledgethisisthefirst timenaphtha-
lene adsorbent is used for simultaneous preconcen
tration of threeionsand their determinationinthe same
sample batch. The adsorbent iseconomical and can
easily beprepared. The proposed method for simulta-
neous preconcentration and separation of Cu, Feand
Pb isselective and allowsthe determination of trace
amounts of theseelementsto be carried out by FAAS
whichisanavailableingrument inamost every labora:
tory. Thedetection limitsachieved arebetter than some
of theprevioudy reported methodsusingFAAS asde-
tection method*2138, Thelinear range of the method
issufficient for thedetermination of Cu, Feand Pbin
someenvironmental samplesand was successfully ap-
plied to the determination of copper, ironand leadin
tap water and seawater water sampleswith good re-
coveries.
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