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ABSTRACT

A simple, reliable and rapid method for preconcentration and determina-
tion of lead using octadecyl bonded silica membrane disk impregnated
with isonitroso-p-chloroasetafenon and flame atomic absorption spec-
trometry is presented. The effect of potential interfering ions, pH, ligand
amount, stripping solvent, and sample flow rate were also investigated.
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Under the optimal experimental conditions, the break-through volumewas
found to about 1000mL providing a preconcentration factor of 500. The
maximum capacity of the disks was found to be 389+6ug for Pb(I1).The
limit of detection of the proposed method is8ng per 1000mL.The method
was applied to the extraction and recovery of Pb(ll) in different water
samples. Inthis method isrelative standard deviation (R.S.D.) of 2%.
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INTRODUCTION

Lead isoneof themost ubiquitouselementsinthe
environment and recognized asamajor healthrisk to
humansand anima g*3. Flame atomic absorption spec-
trometry (FAAS) isas mpletechnique, commonly used
for determination of lead in water™, soil*% and plant
samples®. However, thedetermination of tracesof lead
by FAASin such complex matricesisdifficult duetoits
low sengitivity(0.01ugenr®)and theinterfering effects of
meatrix components. Hence, separation stepisfrequently
necessary to improvethe detection limit and sensitiv-
ityt whichisnowadayspreferably doneby solid phase
extraction dueto the severa advantagesit offerdd.

Solid phase extraction procedures for lead have
been reported using various solid supportssuch asacti-

vated carbon¥, slicagd™, cellulosg®¥, amberlite XAD
series resingd®?17, chromosorb resin*®, ambersorb
resin® and polyurethanefoam®. Two methodologies
were commonly practiced for solid phase extraction of
lead. Onewas based on chemical reactions either for
synthesisof asdectiveligand® or itscovaent coupling
to support materia (2518 and other for functiondization
of thesolid support itsal fl1%-1317, These methods were
somewhat lengthy and time-consuming.

A relatively smpledternativefor preparation of the
solid phaseisbased upon theimpregnation of reagents
on solid supports. Interesting studies using acidic
organophosphorousextractant such as DEHPA (di-(2-
ethylhexyl)phosphoric acid), Cyanex272(bis(2,4,4-
trimethyl pentyl)phosphinic acid), Cyanex302(bis
(2,4,4-trimethyl pentyl)monothio phosphinic acid),
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Cyanex301(bis(2,4,4-trimethyl pentyl)dithio phosphinic
acid) and PC-88A or IONOQUEST 801 (2-ethylhexyl
hydrogen 2-ethylhexyl phosphonate) impregnated ona
solid support have been reported?-29, Mechanismand
kineticsof the sorption of cadmium(Il) with Cyanex302
(23 and Cyanex301124 was undertaken. The extent of
impregnation of Cyanex3021% and PC-88A? on dif-
ferent amberlite XAD seriesresinswasfound toinflu-
encetheextractability of cadmium(ll) and copper(11)©
and ytterbium(l11), terbium(l1l), samarium(l11) and
lanthanum(111)2%, Selective separation of iron(I11),
cadmium(ll) and nickel(Il) was achieved using
Cyanex272 and Cyanex302 impregnated on amberlite
XAD-2 by controlling agqueous phase pHi?, Whilethe
decontamination of ground water for someheavy met-
alswas possibledueto the high sorption capacity of
Cyanex302 impregnated on amberlite IRA-96%8), Ex-
traction of lead with DEHPA, Cyanex272 and
IONOQUEST 801 impregnated on Amberlite XAD-
7 wasinfluenced by the pH of aqueous phaseand type
of extractant®. No attempts have been madefor se-
| ective separation and concentration of lead tofacilitate
its determination from complex matrices using
isonitroso-p-chloroasetafenon (INCA) impregnated on
C18disk.

Solid phaseextraction methods us ng columnswith
anarrow internd diameter limit theusableflow ratesto
arangeof 1-10cm®min? resultinginlong timefor en-
richment from large samplevolumes. While C18 disks
enable much higher flow rateg50.3%-48,

Inview of thistheextraction of lead withisonitroso-
p-chloroasetafenon(INCA) impregnated on C18 disk
and determination by FAASwas systematically stud-
ied. Thistype of solid phase overcomesthelimitations
of solvent extraction, over useof largequantities of or-
ganic solventswhilehigh specificity and sdlectivity of a
liquid cation exchanger can be achieved by controlling
the sorption and elution parameters (INCA).

EXPERIMENTAL

Apparatus

Determination of Pb?* contentsinworking samples
were carried out by a Varian spectra A.200 model
atomic absorption spectrometer equipped withahigh
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intengty halow cathodelamp(HI-HCl)accordingtothe
recommendations of the manufacturers. Solid phase
extractionswerecarried out by glassy membranedisks,
ENVI-18DISKTM 47mm diameter x0.6mm thickness
containing octadecy! silicabonded phase(30um par-
ticles, 70A pore size) obtained from Supelco in con-
junctionwith astandard Millipore47mmfiltration ap-
paratus equi pped with avacuum pump. The pH mea-
surementswere carried out by anATC pH meter(EDT
instruments, GP 353).

Reagents

All acidswereof thehighest purity availablefrom
Merck and were used as received. Methanol and
chlorofom wereof HPLC gradefrom Merck. Analyti-
cd gradenitratesdtsof litium, sodium, potass um, mag-
nesium, calcium, strontium, barium, zinc, cadmium,
copper(l1) nickel, cobalt(ll), and Pb (1) were of the
highest purity. Ultrapureorganic sol ventsand i sonitroso-
p-chloroasetafenon(INCA) were obtained from
E.Merck, Darmstat, Germany, and High Purity double
distilled deionized water was used throughout the ex-
periments. Thestock standard solution of Pb (1) was
prepared by dissolving 0.1000g of the Pb(11) powder
in10mL concentrated nitric acid and diluted to 2000mL
withwater inacdibrated flask. Working solutionswere
prepared by appropriatedilution of the stock solution.

Sampleextraction

Extraction were performed with glassy membrane
disks, ENVI-18 DISK™ 47mm diameterx0.6mm
thickness containing octadecyl silicabonded phase (30
um particles, 70 phase(30um particles, 70 A pore size
poresize) from Supel co. Thediskswere used in con-
junctionswith astandard Millipore47mmfiltration ap-
paratus connected to water aspirator ¢

Sampletreatment

Thewater sampleswerefiltered through 45umny-
lonfilters. Sampling vessal swere polyethylene bottles
soaked in Imol-L™* HNO, overnight and rinsed twice
with deionized water. Theanayssmust bedonewithin
2 days of sample collection to limit the risk of
interconversion of Pb(I1).Then, 5mL of methanol was
added to a90mL portion of each beforeanalysis. The
surface of the ENV1-18 DISK™ disksisnot modified
with INCA and therefore could not retain Pb(l1) ions

— a%a['yttaa[’ CHEMISTRY

Hn Tndéan g%wumé



84 Preconcentration of lead

ACAIJ, 7(2) January 2008

FPull Paper

properly. Instead, 10 mg of INCA wasdissolvedinan
appropriate volume of an organic solvent(5mL) mis-
ciblewith water. The most suitable solvent under the
experimenta conditionswasacetone. TheINCA solu-
tion was added to aqueous solution of Pb(I1) and the
mixturewasstirred gently.

Disk cleaningand conditioning

A disk wasplaced inthe gpparatusand waswashed
with 10mL of methanol toremoveall contaminantsaris-
ing from the manufacturing processand the environ-
ment. Then, thedisk wasdried by passingair throughit
for severd minutes. Toinsureoptimal extraction of the
analytes of interest, the disk was again washed with
10mL of methanol, immediately followed by 10mL of
water, without |etting the surface of thedisk dry. This
step pre-wetsthedisk surface prior to extraction. Im-
proper performance of thisstep causesslow flow rate
and poor analyterecoveries. It isimportant to avoid
any air contact with the surface of thedisk beforethe
addition of thesample.

Sampleaddition

After complete homogeni zation, accurate volumes
of the sampl e solutions(100mL portions) weretrans-
ferred tothetop reservoir of thedisk gpparatus. At the
sametime, the solution was drawn through the disk by
applying amild vacuum. Application of vacuum was
continued until the disk was completely dry (about 5
minute).

Analyteeution

Inorder to dutetheanayteselectively, exactly SmL
of acidified solvents0.1M HCI inmethanol was passed
throughthedisk and collectedintoa5.0mL volumetric
flask under theextraction funnd. It wasfound that ultra
pure acoholic organic solventswerethe best eluting
agents. Theconcentration of Pb(ll) intheeluateswere
then determined by FAASus ng an externd cdibration

graph.
RESULTSAND DISCUSSION

Evaluation of theroleof theligand

Some preliminary experimentswere performed for
investigation of absence or presence of INCA onthe
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quantitative extraction of Pb(l1).It was concluded that
themembranedisk itself does not show any tendency
for theretention of Pb(11), but introduction of 2700mL
portionsof aqueousPo(l1) samplescontaining 10ug of
Pb(Il)and 10mg of INCA leads to satisfactory its
retention(TABLE 1). Thelatter caseismost probably
attributed to the existence of acongderableinteraction
between Pb(I1)and the INCA. It should be mentioned
that formation of stable compl exes between Pb(I1) and
INCA at pH 5isprobably dueto anion pair formation
mechanism. However, a pH higher than 5theretention
and percentagerecovery of Pb(l1) arenegligible.

Choiceof eluent

In order to select the most appropriate eluent for
the quantitative stripping of theretained Pb(I1)on the
disks, 5mL of variousnon organic solventsweretested.
Theresultsinfigure 3. Ascan beseen, thebest eluting
solventswerefound to be 5mL of HNO,, 1M, result-
inginquantitativee ution of Pb(ll) fromthedisk.

Theeffect of the pH

The pH of the sampl e solutionswere adjusted to
different val uesbetween 2-8 by addition of hydrochlo-
ric acid or asuitable buffer such as sodium acceate-
acetic acid or sodium dihydrogen phosphate-disodium
hydrogen phosphate, and then sol utions passed through
thedisks.

Eventudly, themetd ionswere stripped by 5mL of

TABLE 1: Theeffect of presenceof INCA on extr action per-
cent of Pb(l1)?

INCA pH Extraction percent of Pb(I1)
Absence  2-7 0.99(6.0)°
Presence  2-6.5 97.8(2.2)to 44(2.3)

3 nitial samples contained 10ug of Pb(ll) in 100mL of water;
®Values in parentheses are RSD¢ based on five individual repli-
cate analyses
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Figurel: Influenceof samplepH and dissolving solvent of
INCA onthepercentage recovery of Pb(l1)
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HNQO,, 1M followed by flame atomic absorption de-
termination of thee uted Pb(1).Then, percentagere-
covery a variouspH valueswasdetermined(Figure 1).
According to theresults shown infigure 1 up to pH
4.5-5, completerecoveriesare obtained. However, at
higher pH va ues, percentagerecovery decreases. This
isduetofact that in an acidic solution the protonation
of INCA occursand thereisaweak tendency for re-
tention between Pb(l1)and INCA, whereas at higher
values(pH>5.5), Pb(I1)reactswith hydroxideionsto
produce Po(OH),. Therefore, sodium acceate-acetic
acid buffer with pH=5wasused for the preconcentration
step. Other solventsused for dissolving INCA were
SmL of HNO,, IM. Theinfluencesof thesesolventson
therecoveriesasafunction of pH are compared and
showninfigure 1. Meanwhile, other organic solvents
werenot tested because of their restricted solubility and
formation of two phaseswith agueous solutionsand
incompetibility with flamehigher pH vaues(>7) were
not tested because of the possibility of the hydrolysisof
octadecyl silicainthediskg®" .

Effect amount of counter anion

Inorder to investigatethe effect of counter ion on
therecovery Pb(ll) ionsby themodified disks, differ-
ent counter anionsweretested TABLE 2, itisimmedi-
ately obviousthat thenature of thecounter anion strongly
influencestheretention of Pb(ll) ionsby thedisk. The
results revealed that the INCA behaves as aneutral
ionophore in the pH range 4.5-5.0%4% so that the
Pb(Il) ions areretained asion pair complexesby the
membrane disks. Asseen, acetateion isthemost effi-
cient counter anion for the SPE of Pb(ll)ions. Thein-
fluence of the concentration of sodium acetateion on
Pb(I1) recovery wasinvestigated, and theresultsare
shownin TABLE 2. As seen, the percent recovery of
Pb(II) increasedwith the acetate concentration until a
reagent concentration of about 0.1M isreached, be-
yond which therecovery remained quantitative.

Moreover, acetateion actsasasuitable buffering
agent, whileit effectively contributestotheions- pair
formation; thus, in the SPE experiments, therewasno
need for the addition of any buffer solution.

Theinfluenceof flow-rate
Oneof themost important parametersaffecting solid
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TABLE 2: Percent recovery of lead from themodified mem-
brane disk in the presence of 0.01M of different counter
anionst

Counter anion % Recovery
cr 55.0
Br 25.7
ClOoy 34.6
SCN 23.3
Picrate 76.8
Acetate 97.8

alnitial samples contained 10ug of Pb(ll) in 100mL of water.
TABLE 3: Influenceof theINCA amount on therecovery of
Pb(ll)ions

INCA amount (mg)
2

Recovery(%) of Pb(l1)

33(2.3°
5 22(2.4)
8 86(2.8)
10 98.4(2.3)
15 98.6(2.3)
20 97.9(2.8)
anitial samples contained 10mg of each Pb(Il) in 100mL water;

bValues in parentheses are RSDs based on five individual repli-
cate analysis
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Figure2: Theeffect of theflow-rateon extraction per cent
of Pb(l1)

phase extraction isthe speed of the process. Hence,
theeffect of flow-rates on extraction efficiencieswas
investigated. It was found that in the range of 10-
150mL.min%, the retention of Pb(II)was not consider-
ably affected by the sample solutionsflow-ratesand
leadsto reproducibleand satisfactory results(Figure 2).
Thus, the flow-rate was maintained at 82mL.min*
throughout the experiment.

Quantity of theINCA

Theoptimum amount of INCA for thequantitative
extraction of Pb(ll) was also investigated by adding
variousamountsof it to sol ution(between 2-20 mg).
Theresultsarelistedin TABLE 3. Theexperimental
resultsreveda ed that the extraction of Pb(I1)was quan-
titativeusingasampl e ol ution containingmorethan 10mg
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TABLE 4: Separation of Pb(11) from binary mixtures?

. . Amounts % Recover yof

Diverseion taken(mg) % Found Pb(I1) ion
Na* 90.4 1.15(2.9)° 98.7(1.8)
K* 92,5 1.32(2.7) 98.5(2.2)
Mg? 14.5 0.7(2.8) 98.7(1.8)
ca** 28.3 1.24(2.5) 97.0(1.8)
St 3.44 2.85(2.4) 98.2(2.1)
Ba®* 2.36 3.13(2.4) 98.3(2.5)
Mn?* 2.66 1.72(2.5) 98.6(1.8)
Co** 2.37 1.22(2.3) 99.1(2.9)
Ni2* 2.67 2.4(2.4) 98.5(2.4)
zZn* 2.78 1.95(2.1) 98.5(2.2)
Ccd* 2.56 1.92.0) 99.4(2.8)
Pb** 2.84 2.7(2.9) 98.5(2.7)
Hg® 2.43 2.81(2.1) 97.8(2.8)
Ag" 2.66 3.47(2.9) 99.8(2.8)
cr* 1.76 2.92(2.30 97.0(2.8)
uo?* 2.86 2.8(2.1) 98.3(2.4)

3 nitial samples contained 10mg Pb(I1) and different amounts of
various ions in 100mL water (0.1 M acetate ion); °Values in pa-
rentheses are RSDs based on five individual replicate analysis

INCA. Hence, subsequent extractionswere performed
with 15mgof INCA.

Disk efficiency

Undoubtedly, one of the mgjor parameters affect-
ing inthe SPE determinationsisthe efficiency of the

TABLE5: Recovery of Pb(l1) added to 1000mL of different
water samples(contaning 0.1M acetateat pH=4.5-5.0)

Sample  Pb(I1) added(ug) Pb(l1)eter mined(ng.mL ™)
Tap water 0.0, 10.0 4.86(2.2) 14.77(2.3)
Snowwater 0.0, 10.0 9.57(2.1), 19.64(28)
Rain water 0.0, 10.0 5.45(2.6), 15.95(2.5)
Sea water 0.0, 10.0 19.66(1.4), 29.94(2.3)

aValues in parentheses are RSDs based on five individual repli-
cate analysis

used membrane disks. However, to the best of our
knowledgethiscase has not been discussed e sewhere
ingmilar reports. Under the optimum experimental con-
ditions, it was found out that each ENV-18 DISK™
disk could perform at least 14 replicate anal ysesif or-
ganic eluting solvents are used. On the other hand,
acidic, eluentspractically decreasethe number of time
adisk could be used to 10replicates. These observa
tionsarerepresented infigure4.

Analytical performance

When solutionsof 10ug Po(11) in 10, 50, 100, 500,
1000, 2000, 2500 and 3000mL solutions under opti-
mal experimental conditionswere passed throughthe
disks, thePb(Il) wasquantitatively retained in a | cases.
Thus, thebreakthrough volumefor themethod must be
greater than 2500mL., providing aconcentration factor
of >500. Thelimit of detection(LOD) of the method
for thedetermination of Pb(ll)wasstudied under the
optimal experimental conditions. The LOD based on
3o of theblank is8ng per 1000mL.

The capacity of modified disks(5mg INCA) was
determined by passing 50mL portions of sample solu-
tions containing 8mg of Pb(ll) and 0.1M sodium
acceate-acetic acid buffer with pH 4.5-5.0, followed
by the determination of theretained metal ionsinthe
eluting solution using AAS. The maximal capacity of
the disk obtained from three replicate measurements
was 389+6ug of Pb(Il) onthedisk.

Inorder toinvestigate the sel ective separation and
determination of Pb(I1) ionsfromitsbinary mixtures
withvariousmeta ions, andiquot of aqueoussolutions
(50mL.) containing 10ug Pb(11) and mg amountsof other
cations wastaken and the recommended procedure
wasfollowed. Theresultsare summarizedin TABLE
5. Theresultsshow that the Pb(I1)ionsin binary mix-
turesareretained almost completely by the modified
disk, even in the presence of up to about 100mg of
variousions. Meanwhile, retention of other cations by
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thedisk isvery low and they can separated effectively
fromthePb(Il)ion. Itsisinteresting to notethat, in other
experiments, we found that in the presence of high
enough concentrations NH,OH.HCl asasuitablere-
ducing agent(>0.5M )i,

Analysisof water samples

To assess the applicability of the method to real
samples, it was applied to the extraction and determi-
nation of Pb(I1) from different water samples. Tap
water(Tehran, taken after 10 min operation of thetap),
rain water(Tehran, 22 January, 2007), Snow
water(Saveh, 20 February, 2007)and Seawater(taken
from Caspian sea, near the Mahmoud-Abad shore)
sampleswereandyzed(TABLE 5). Ascanbeseenfrom
TABLE 4 the added Pb(I1) ions can be quantitatively
recovered from thewater samplesused.

CONCLUSION

A smple, precise and accurate method was devel -
oped for selective separation, preconcentration and
determination of lead from various complex matrices.
In comparison to other solid phased?5161819 high flow
rates and large preconcentration factor was achieved
using C18 disk modified with Isonitroso-p-chloro
asetafenon(INCA). While other advantages over re-
ported methodsarethe high tolerancesfor matrix com-
ponents®1218 syperior sorption capacity and good re-
usability(>3-1,
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