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ABSTRACT

A simpleand efficient method for rapid extraction and determination of the
tracelevelsof lead was devel oped by single drop microextraction combined
with electrothermal atomic absorption spectrometry detection. 1-phenyl-3-
methyl-4-benzoyl-5-pyrazolone (PMBP) was used as both extractant and
chemical modifier and ionic liquid, 1- butyl- 4- methylpyridinium
trifluoromethylsulfonate [BMPy][ TfO] asthe extraction solvent. Lead was
complexed with 1-phenyl-3-methyl-4-benzoyl-5-pyrazolone (PMBP) and
extracted into a4uL ionic liquid drop. The extracted complex was directly
injected into the graphite furnace. Several factors that influence the
microextraction efficiency, such astypeand volume of organic solvent, pH,
concentration of chelating agent, extraction time, stirring rate and effect of
salt were investigated and the optimized microextraction conditions were
established. Under the optimum conditions, the enrichment factor and re-
covery were 465 and 93%, respectively. The calibration graph waslinear in
therange of 0.02- 1 ug L-*with correlation coefficient of 0.9987 under the
optimum conditions of the recommended procedure. The detection limit
based on the 3§, criterion was 0.008 ug L™ and relative standard deviation
for (RSD) for ten replicate measurement of 0.1 ug L-*and 0.3 ug Lt lead was
4.2 and 3.5% respectively. The characteristic concentration was 0.007 pg Lt
equivalent to acharacteristic mass of 28 pg. The resultsfor determination of
lead in reference materialslocal tap water, river and well water demonstrated
the accuracy, recovery and applicability of the presented method.
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INTRODUCTION

Leadisusedin building construction, leed-acid bat-
teries, bulletsand shot, weights, and ispart of solder,
pewter, fusiblealloysand radiation shields. Lead poi-
soning (also known as plumbism, colicapictonium, sa-
urnism, Devon colic, or painter’s colic) is a medical

condition caused by increased |level sof the heavy meta
lead inthebody. Lead interfereswith avariety of body
processes and istoxic to many organsand tissuesin-
cluding the heart, bones, intestines, kidneys, and re-
productiveand nervous systems. It interfereswiththe
devel opment of the nervous system and istherefore
particularly toxicto children, causing potentially per-
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manent learning and behavior disorders. Symptomsin-
cludeabdomind pain, headache, anemia, irritability, and
in severe cases seizures, coma, and death. Routes of
exposureto lead include contaminated air, water, soil,
food, and consumer products. Occupational exposure
isacommon cause of lead poisoning in adults. One of
thelargest threatsto childrenislead paint that existsin
many homes, especidly older ones, thuschildreninolder
housing with chipping paint areat greater risk. Preven-
tion of lead exposure can rangefromindividud efforts
(e.g. removing lead-contai ning itemssuch aspiping or
blindsfromthehome) to nationwidepolicies(e.g. lavs
that ban lead in productsor reducealowablelevelsin
water or soil).

Humanshavebeen mining and usingthisheavy metd
for thousandsof years, poisoning themsdvesinthepro-
cess. Althoughlead poisoningisoneof theoldest known
work and environmental hazards, the modern under-
standing of thesmd | amount of lead necessary to cause
harm did not come about until the latter half of the
20th century. No safe threshold for lead exposure has
been discovered—that is, there is no known amount of
lead that istoo small to causethe body harm.

Thereforeitisimportant to monitor thelevels of
lead in environments. Several analytical techniques
such asinductively coupled plasmamass spectrom-
etry (ICP- M), ICP-atomic spectrometry!23, el ec-
trothermal atomic absorption spectrometry!® and flame
atomic absorption spectrometry (FAAS)® have been
widely used for the determination of trace metal in
different samples.

Although thedevel opment of modernanaytica in-
srumentsalowsgreat enhancement in aspectsof andy-
ss, inmany casestheavailableanalytica instrumenta
tion does not have enough sengitivity for theandysisof
natural samples. Sample preparationisstill abottle-
neck for overall throughput becausethe stepsinvolved
often employ large volumes of hazardous organic sol-
vents, aretime consuming and/or expensive. Besides,
there might also be the problem of contamination and
sample loss. As a consequence, different
preconcentration techniques used for separation and
preconcentration of tracelead such asliquid-liquid ex-
traction’®, cloud point extraction!”®, solid phase ex-
traction®*3 and el ectrochemical deposition™, etc.

The solvent microextrction technique effectively
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overcomesthesedifficultiesby reducing theamount of
organic solvent and by alowing sampleextractionand
preconcentration to bedonein asingle step. Thetech-
niqueisfaster and smpler than conventiona methods.
Itisasoinexpensve, sensitiveand effectivefor there-
mova of interfering matrix. Solvent microextractionisa
form of solvent extractionwith phaseratio vaueshigher
than 1001>19, Thistechnique uses simple equipment
whichisfoundinmost andytica laboratoriesand dso
has been used for sample preparation of organic com-
ponents and has coupled with chromatography meth-
ods. We deve oped thistechniquein our laboratory and
reported for thefirst timeon the coupling of liquid phase
microextraction (LPM E) with spectrometry to deter-
mineinorganic compounds. Using thistechnique, ar-
senicinvariety of sampleswasdetermined*®.

Recently, room temperatureionicliquids(RTILS)
havearousedincreasinginterest for their promisngrole
asaternativemediain synthess, separation and elec-
trochemistry, etd®24 asaresult of their unique chemi-
ca and physica properties. RTILscandissolveawide
spectrumof organic, organometalic, and inorganic com-
pounds. Also, they have no detectable vapor pressure
and arerdatively thermal stable. So, thereisnoloss of
solvent through evaporation withionic RTILS?. This
will avoid environmental and safety problemsdueto
volatilization, asisthe caseintraditional organic sol-
vents. Therefore, they are proposed as novel solvent
systemsto replacetraditional solventsthat are gener-
alytoxic, flammable, and volatile. RTILsareregarded
to havethe potential to bealternative reaction media
for “Green Chemistry’ 2. lonicliquid based liquid phase
microextraction (IL-LPME) hasalso been applied to
extract different organic compounds, and showssome
advantages over conventional extraction techniques,
such asfast, easy to operate and avoiding highly toxic
chlorinated solvent!?+%1, However, therewerefew re-
ports on the application of IL-LPME for the
preconcentration of metal iong? %8,

Inthiswork, atypical ionicliquid of 1- butyl- 4-
methyl pyridinium trifluoromethylsulfonate, [BMPy]
[TfO] was adopted as extraction solvent for single
drop microextraction of Ph. 1-phenyl-3-methyl-4-
benzoyl-5-pyrazolone (PMBP) was employed asthe
extractant to extract metal ionsfrom aqueous solution
into[BMPy][TfO] and a so asthe chemical modifier
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for the subsequent graphite furnace atomic absorp-
tion spectrometry determination. The developed
method was applied to the determination of trace Pb
inenvironmenta samples.

EXPERIMENTAL

I nstrumentation

A Shimadzu model AA-6300G atomic absorption
spectrometer (Kyoto, Japan) with GFA-EX7i graphite
furnaceatomizer and D2 lamp for background correc-
tionwasused. A lead hollow cathodelamp (Hamamatsu
photonics, Kyoto, Japan) was used as the radiation
source adjusted at the operating current at the wave-
length of 283.3 nmwith 0.7 nm spectral bandpass. All
measurementswere performed using peak height and
gasstop mode. Themeasurement conditionsaregiven
in TABLE 1. All pH measurements were made by a
Metronmdigita pH meter (model: 691, Herisua, Swit-
zerland) with acombined glasseectrode.

TABLE 1: Applied conditionsfor deter mination of lead
using SDME-GFAAS

Optimum analytical conditions

Lamp current 10 mA
Wavdength 283.3nm
Spectra bandwidth 0.7nm
Signal processing peak height
Purge gas Ar
Back ground correction D,
GFA heating programme
Furnace . Ar flow
Stage temperature Mode Time rate
°C) S L minY
Drying 120 ramp 15 15
Ashing 400 step 15 15
Atomization 1800 step 3 gas stop
Clean up 2500 step 2 15

A 10 pl Hamilton 7105 syringe (Hamilton, Reno,
NV, USA) was used to suspend the drop of the accep-
tor phaseandtoinject it into thegraphitefurnace atom-
izer. Samplesweregtirred in 5 ml flat-bottom vial con-
taining Teflon-line septausing an € ectronic magnetic
stirrer (VWR Scientific, West Chester, PA, USA).

Reagents
All reagentsused were at | east of analytical grade.

—— Fyll Peper

Water was deionized to aresistivity of 18MUcm in a
Milli-Q system (Millipore, Bedford, MA, USA). A lead
stock solution (1000 mg L Pb) was prepared dissol v-
ing high-purity Po(NO,), (SPEX, Eddison, NJ, USA).
Working solutions were prepared daily in 1% (v/v)
HNO, by proper dilution of the stock solution. The
chelating agent, 1-phenyl-3-methyl-4-benzoyl-5-
pyrazolone (PMBP) was supplied from Merck. 1- bu-
tyl- 4- methylpyridinium trifluoromethylsulfonate
[BMPy][TfO] waspurchased from Merck (Darmstadt,
Germany) and used as obtained.

Thechelating agent, 1x10*mol L solutionsof 1-
phenyl-3-methyl-4-benzoyl-5-pyrazolone (PMBP)
were prepared by dissolving appropriate amount of
PMBP (andytica grade, Merck) in methanol (Merck).

Samplepreparation

Tap, river and well water sampleswere collected
inacid-leached polyethylenebottles. Sabzevar tap wa
ter samplewas collected from our Laboratory (Sabzevar
Tarbiat Moallem University, Sabzevar). Theriver wa
ter samples were collected from Atrak in Khorasan
Province. Thewell water samplewascollected from
Sabzevar Tarbiat Moalem Univergty in Sabzevar. The
only pretreatment was acidification to pH 2 with nitric
acid, which was performed immediately after collec-
tion, in order to prevent adsorption of themetal ionson
theflask walls. They were storedin adark placeat 4
C and analyzed within 24 h of collectionwithout pre-
vioustreatment or filtration. After sampling, they were
filtered through acid cleaned 0.22 pum pore size mem-
branefilters (Millipore Corporation, Bedford, MA,
USA) and stored in polypropylene bottlesat 4 °C. Stan-
dard reference materialsNIST 1640 (Nationa Insti-
tute of Standard and Technology NIST, USA), JB-1,
JB-1laand JB-2 as powder obtained from geological
survey of Japan (GSJ) were used for validation of the
method. The powder wasdissolvedin 15 ml of amix-
ture of 500 ml HF, 165 ml H2SO4 and 40 ml HNO3
at 150°Cin ateflon beaker overnight.

Extraction procedure

Two ml of lead solution was adjusted at pH=5 and
transferredtoa5ml vial withaPTFE septumand a6
mm magnetic bar. Then 100uL 1x10“mol L* PMBP
solution wasadded. Thevia was placed on amagnetic
stirrer with a stirring rate of 600 rpm. A 4 ul of

—— a%a['yttaa[’ CHEMISTRY

Hn Tndéan g%wumé



198

Determination of lead by electrothermal atomic absorption spectrometry

ACAIJ, 11(5) 2012

Full Peaper ==

[BMPY][ TfO] wastaken by the Hamilton syringewhose
needlewasused to piercethevia septum. Thesyringe
was clamped in such away that thetip of the needle
waslocated at afixed position in the sampl e solution.
The syringe plunger was depressed to exposethedrop
and the stirring commenced.

The Pb-PMBP complex was extracted from aque-
oussolutioninto the[BMPy][TfO] singledrop. After
theextraction, themicrodrop wasretracted and directly
injected into the graphitefurnace tubefor subsequent
determinations.

RESULTSAND DISCUSSION

I nfluence of type of modifiers

Severd modifierscontaining Pd, Ru, Rh, Ir,V, Mo,
W, Ni, Mg, Ascorbic acid, separately or intheir com-
binations, weretested. Mg modifier wasused by in-
jecting 0.2% Mg and sample solution with equal vol-
umes. [(W.Pd)(c)+Pd(i)] modifierswereusedfor coating
containing 40 ug of each of W and Pd from 0.1% of
their solutionsat temperatures of 2300°C and 2100°C
respectively and injecting 10ul of 0.1% (w/v) Pd on
top of 10ul sample solution (without extraction).
[Pd(c)+Pd(i)] modifier wasused as coating of 60ug Pd
ontothegraphitetubeat 1800°C and injecting of 10 ul
solution of 0.1% (w/v) Pd on top of 10 pl of sample
solution. [W.Pd.Mg](c) modifier wasused as coating
of 40 ug of each of W, Pd and Mg solution at the ap-
propriate temperatures. Added of 1-phenyl-3-methyl-
4-benzoyl-5-pyrazolone (PMBP) to lead solutionin
direct injection without preconcentration step hasin-
creased thesignal. PMBP showed the best resultsin
contrast to [(W.Pd)(c)+Pd(i)], [Pd(c)+Pd(i)] and
[W.Pd.Mg](c) for direct determination of lead. PMBP
was employed asthe extractant to extract meta ions
from aqueous solution into microdrop and a so asthe
chemical modifier for the subsequent graphitefurnace
atomi ¢ absorption spectrometry determination.

I nfluence of thesamplepH

It isimportant to evaluate the effect of pH onthe
extraction efficiency of lead. Theeffect of pH onthe
complex formation and extraction of lead from water

sampleswas studied within therangeof 2.0-10.0. Fig-
ure 1 showstheinfluence of pH on the extraction of
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Pb- complex with[BM Py][ TfO] asextraction solvent.
Ascan beseeninFigure 1, theextraction system pro-
vided highest efficiency at pH of 4.0. Inorder to obtain
much larger enrichment factor and satisfactory preci-
sion, pH 4.0 was chosen for the subsequent anaysis.
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Figurel: Influenceof pH on theabsor bance of lead obtained

fromSDME.

Influence of 1-phenyl-3-methyl-4-benzoyl-5-
pyrazolone (PMBP)

Theinfluence of the concentration of 1-phenyl-3-
methyl-4-benzoyl-5-pyrazolonein the agueous sol u-
tion on thelead complex formation wasinvestigated
for 0.1 ug L* solution of lead extracted for 8 minutes
and theresultsare shown in Figure 2. The absorbance
signal increased with increasing concentrationsfrom
0.1to4x10“*mol L1, asaresult of thehigh extraction
efficiency of the Pb-complex to [BMPy][TfO]
microdrop. For concentrations above 4x10“*mol L7,
the absorbance remai ned unchanged, as excessdid
not improve extraction efficiency or masstransfer.
Thus, 4x10mol L-*was employed asthe optimum
concentration of PMBP.

Influenceof droplet volume

One of theimportant factorsin SDME, which has
great influence on the extraction efficiency, isthevol-
umeof the microdrop. Theinfluenceof drop szewas
investigated intherangeof 1-4 ul. The signal enhanced
withincreasesthe microdrop volume. Whendrop size
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exceeded 4 pl, it became too unstable to be suspended
at theneedletip. For thisreason, 4 ul drop volume was
used for further studies.
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Figure2: Influenceof concentration of PM BP on theabsor -
banceof lead obtained from SDME.

Influenceof stirringrate

Magnetic stirring was used to facilitate the mass
transfer processand thusimprovethe extraction effi-
ciency. According to film theory, convective-diffusive
masstransfer at high stirring rate diminishesthethick-
ness of static solution layer around drop, leadingto a
better masstransfer between the sample solution and
the extracting microdrop. Thestirring rate was opti-
mized for extraction process. Figure 3illustratesthe
effectsof stirring rateontheenrichment factor increased
withincreasing of thestirring rate up to 600 rpm, be-
cause, inhigh stirringrate, arelatively largevortex is
formed inthelower region of the organic solvent, but
instability of droplet limited the phenomenon, thus 600
rpmwas chosen for further experiment.

I nfluenceof extraction time

Masstransfer isatime-dependent processand the
maximum absorbance signal isattained whenthe sys-
temisat equilibrium. Therefore, theextractiontimeplays
avery essential roleinthewhol e process. The depen-
denceof extraction efficiency upon extractiontimewas
studied within arange of 2-12 minutein the constant
experimenta conditions. All measurementswere car-
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ried out with 0.1 pg L lead. Figure 4 showsthe absor-
banceof lead versusextractiontime. Theresultsshowed
anincrease of thelead absorbance up to 8 minuteand
leveling off at higher extractiontime. Therefore, 8 min-
uteswas used asthe optimum extractiontime.
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Figure3: Influenceof sirringrateon theabsor banceof lead
obtained from SDME.

0.50 —

040 —

030 —

Absorbance

T
000 400 8.00 12 00

Extraction time (min)
Figure4: Influence of extraction timeon the absor bance of
lead obtained from SDME.

Influenceof ionic strength of solution

Addition of sat tothesolution may haveseverd ef-
fectson extraction. More commonly, the presence of
sdtincreasestheionic strength of thesolutionand affects
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thesolubility of analyte. Extractionisusualy enhanced
withincreasing salt concentration and increased polar-
ity of thecompound (sating-out effect). Theinfluence
of ionic strength was evaluated at 0-5% (w/v) NaCl
levelswhileother parameterswere kept constant. Salt
addition hasno significantly effect on extraction recov-
ery. Therefore, al theextraction experimentswere car-
ried out without adding salt.

Influenceof foreignions

Preconcentration proceduresfor trace elementsin
the high salt content samples can be strongly affected
by thematrix congtituents of thesample. Theinfluence

TABLE 2: Effect of interferentson therecovery of 0.1 pg L!
Pb(11) in water sampleusng SDM E-GFAAS

Concentration Interferent/Pb(I1) Recovery

Interferent

(ngLh ratio (%)
Na* 1,000 10,000 99.5
Li* 100 1,000 100.5
K* 100 1,000 101.2
cat 100 1,000 100.3
Mg* 100 1,000 99.8
Ba®* 100 1,000 101.0
Bi® 100 1,000 90.3
Mn?* 100 1,000 98.3
Co** 100 1,000 101.5
A% 100 1,000 98.8
Fe* 100 1,000 99.5
Fe** 100 1,000 90.8
Ni2* 100 1,000 99.6
Sn** 100 1,000 98.9
zn* 100 1,000 100.4
cr 100 1,000 90.1
Ag’ 30 300 99.2
cd* 30 300 08.8
cu* 30 300 98.9
Shal 30 300 99.7
Hg** 10 100 98.8
cl 1,000 10,000 99.5
Br 1,000 10,000 98.4
NO; 100 1,000 100.5
CH,COO 100 1,000 90.8
SCN- 100 1,000 99.7
SO,” 100 1,000 100.2
CO%- 100 1,000 99.3
PO,* 100 1,000 99.7
S,08% 100 1,000 99.7
Se05% 100 1,000 99.4

of thecommon co-exigtingionsin naturd water samples
on the lead recovery wasinvestigated. For this pur-
pose, according to the recommended procedure, 2 ml
of solutionthat contains 0.1 pug L' of lead and various
amountsfrom interfering ions, were preconcentrated
and determined. A given spiceswasconsderedtoin-
terfereif it resulted in a+5% variation of the GFAAS
signa. Theresultsaresummarizedin TABLE 2, prov-
ing that thelead recoverieswereamost quantitativein
the presence of an excessive amount of the possible
interfering cationsand anions.

Analytical figureof merits

Under the optimum conditions described above,
theanalytical performance characteristics of the pro-
posed method arelistedin TABLE 3.

TABLE 3: Analytical characteristicsof SDM E-GFAASfor
deter mination of lead.

Par ameter Analytical
feature
Linear range (ug L™) 0.02-1
Correlation coefficient (r?) 0.9987
Limit of detection (ug L™)(30, n=10) 0.008
Repeatability (RSD %) (n=10, 0.1 pg LY 4.2
Repeatability (RSD %) (n=10, 0.3 pg LY 35
Enrichment factor (EF) ? 465
Sample Volume (ml) 2
Sample introduction Volume (ul) 4
Sample preparation time (min) 8
Recovery (%) 93

a Enrichment factor isthe sloperatio of calibration graph after
and before extraction.

Calibration curvewas cal culated based on 2 ml of
aqueous sol ution of lead treated at the optimized con-
ditions. A linear calibration graph was obtained over
therangeof 0.02to 1 ug L*lead after preconcentration
withacalibration curvedopeof 0.33L pugandcorre-
lation coefficient of 0.9987. Thedetectionlimit wascd-
culated asthreetimesthe standard deviation of the pesk
absorbancefor injection of 4 ul of ten extractions of the
blank, using thesingle drop microextraction procedure.
Thedetection limit was calculated to be 0.008 ug L*
with absolutevalueof 32 fgfor 4ul injection into the
graphitefurnace. Therelative standard deviation for
(RSD) for ten replicate measurement of 0.1 ug L't and
0.3 ug L' lead was 4.2 and 3.5% respectively. The
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characteristic concentration was 0.007 pg L equiva-
lent to acharacteristic mass of 28 pg. The enrichment
factor (EF) was obtained from the doperatio of cali-
bration graph after and before extraction, which was
about 465. The extraction recovery (R%) was 93%
whichwascal culated by equation (1).

R% =(Vdrop/Vsolution) x EF x 100 1)

Application

In order to establish the validity of the proposed
procedure, the method has been applied to the deter-
mination of lead in standard reference materialsSNIST
1640 (Nationa Institute of Standard and Technol ogy
NIST, USA), JB-1, JB-1a and JB-2 as powder ob-
tained fromgeologicd survey of Japan (GSJ). Thepow-
der wasdissolved in 15 ml of amixture of 500 ml HF,
165 ml H2SO4 and 40 ml HNO3 at 150°Cinateflon
beaker overnight. To show the applicability of the
method, local tap water, river and well water were
anaysed for itslead content. Theresultsobtained are
presented in TABLE 4.

TABLE 4: Reaults(mean + standard deviation based on eight

replicateanalysis) of deter mination of lead in r efer ence ma-
terialsand water samples.

Lead added Lead found Recover
sample (ngL™) (ngL™) % ’
0 0.45+0.02 _
River water 0.2 0.64+0.04 98.4
0.4 0.84+0.07 99.1
0 0.31+0.03
Well water 0.2 0.49+0.05 97
0.4 0.72+0.08 101
0 0.11+0.02
Tap water 0.2 0.31+ 0.04 101
0.4 0.52+ 0.06 102
Reference Certified M easur ed Recovery
Material value value %
JB-12 100(pgg?)  9.82+037(ugg? 982
JB-1a° 6.76(uggl)  6.69+032(uggh)  99.0
JB-2 536(ugg?)  523+041(pgg? 975
NIST 1640° 27.89+0.14 (ng L") 28.56+1.4 (ngL?) 1024

30Obtained from geological survey of Japan, GSJ; "From Na-
tional Institute of Sandard and Technology NIST (USA).

CONCLUSIONS

In thiswork, an efficient method for extraction

—— Fyll Peper

and preconcentration of Pb has been devel oped based
on SDME technique using RTIL 1- butyl- 4-
methyl pyridinium trifluoromethyl sulfonateprior to GF-
AASdetermination. Theresultsshow avery promis-
ing techniquefor the determination of lead in variety
of samplesat ng L*levelswithout the needsfor any
sophisticated device. Apart from extremely high sen-
sitivity and rel atively freefrom interferences, the pro-
cedureisvery simple, fast, inexpensive, environment
-friendly and benefitsavery low detection limit. The
results show that lead could be determined with very
high sensitivity and relatively good reproducibility in
agueous sample such astap, river and well water as
well assolid samplese.g. soils.
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