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ABSTRACT

In order to detect the lead in water sample with high sensitivity and
selectivity, an automatic method based on a combined preconcentration

setup and flow injection system wasdevel oped. A novel packed fiber solid extraction (PFSPE);
phase extraction (PFSPE) cartridge packed with polystyrene nanofibers Lead (I1);
functionalized with dithizone (PS-DZ) was first designed to adsorb lead Anodic stripping voltammetry;
from water media in an online manner. Because the rapid adsorbtion/ Online.

desorption equilibrium of lead ions on the nanofibers, the lead could be
adsorbed on and liberated from the sorbent more fast and thoroughly
compared with the conventional sorbent. The eluted lead in 0.1 mol L
HNO, was dispersed toward the electrolytic cell which was used for the
quantification of the target ion. The anodic stripping voltammetry with
glassy carbon electrode pre-coated by mercury film as working electrode
was used in the detection part. Basing on the selective extraction of PS-DZ
nanofibers, theinterferential ions can be removed from the sample and the
lead ion can be concentrated. The system was proved simpleand convenient
for quantification of lead in water samples with satisfactory resultsin an
onlineand in site manner. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Heavy metals, likelead, cadmium and copper are
the cause of oneof themost serious pollution problems
of our time. They can threaten environment and human
hedlth evenin small amounts, becausethey arenot bio-
degradableand thereforeretaineindefinitely inthe eco-
logica systemsand accumulateinfood chaini®- There-

foremonitoring of lead in theenvironment samplehas
become essentid?. Thedirect determination of heavy
metal ionsin complex matricesislimited duetothelow
concentrationsand matrix interferences®. Thus, toim-
provethesensitivity and selectivity of thedetermination
of heavy metd ions, apreconcentration and separation
procedure, such as liquid-liquid extraction,
coprecipitation, and cloud point extraction*” isessen-
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tial and necessary.

Thereisanew technique called packed fiber solid
phase extraction (PFSPE) 8 whichisbased ontheuse
of e ectrospun nanofiber asthe sorbent for the concen-
tration of lead. Compared to the conventiona SPE tech-
nique, the nanofiber sorbent possessesalarge surface
areawhichfadlitatestheattachment of target molecules,
so that less amounts of sorbent, and |ess volume of
sample and e uent arerequired®. Some successful ap-
plications of PFSPE have been reported inthe extrac-
tion of target compounds, such asthe cortisol inthe
saliva® vitaminsin the plasma*® and in the bever-
ages, drugsin the plasma*?, and pollutantsin the
environmental water*¥, However, online automated
PFSPE israrely found to bereported.

Inthiswork, an online-PFSPE method was devel -
oped. The concentrated lead €luated from the solid
phasewasimpelled toward the el ectrolytic cell by the
pump, and anayzed by anodi ¢ stripping voltammetry.
Vaiousexperimentd parameterswereinvestigated, i.e,
the condition of pre-coated mercury film, the enrich-
ment time and voltage of lead etc.

EXPERIMENTAL

Reagentsand solutions

All chemicalsused in thiswork were of analytical
reagent grade and were used without further purifica-
tion. Doubly distilled deionized water wasused through-
out. Thepolystyrene(PS), Dithizone(DZ) wereobtained
from Shanghai Chemical Agentsinditute. Thestandard
labware and glassware used were cleaned with HNO3
and rinsed with doubledistilled water, according to
Tuzeneta ™

Standard stock solutions (1mg.mL™?) of lead were
prepared by dissolving spectral pure grade chemical
Pb(NO,), indoubledistilled water. Buffer solutions
(NH,/NH,CI) were prepared by mixing appropriate
volumesof 1mol L* ammonium chlorideand anmonia
for pH 8-9. The elution reagent was 0.1 mol L™ nitric
acid. Mercury plating solution were prepared by dis-
solving 0.82 g of sodium acetatein 200 mg L mercu-
ric sulfatesolution then diluted to 500 mL.

I nstrumentsand appar atus
High-voltage power supply (DW-P403-1AC) was
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bought from Tianjin Dongwen High Voltage Power sup-
ply Co.,Ltd, syringe pump (WZ-50C6) was purchased
from SmithsMedicd Instrument (Zhgjiang) Co., Ltd.,
electrochemical workstation (DL7021010001) and
self-priming micropump (120SP1250-4EE) was sup-
plied by Delin Enviromenta Protection Technology Co.,
Ltd. Glassy carbon e ectrode, AQ/AQCI e ectrode, plati-
num electrodewereal bought from Jiangsu Jiangfen
Electroanaytical Instrument Co.,Ltd.

Fabri cation of €l ectrospun nanofiber and prepara
tion of cartridge: Electrospun solution preparation: 1g
of PS was dissolved in 10 mL mixture of
dimethylformamideand tetrahydrofuran (4/6, v/iv). 0.1
g of dithizonewasadded into the polymer solution after
PSwasdissolved completely. The solution continued
to bestirred at room temperature for morethan 10 h
beforedectrospinning.

PS-DZ Nanofiber eectrospinning

electrospun solutionwasloaded into aglasssyringe
withagainlesssted tip. Thee ectraspinning equipment
wasshowninHgure 1. Thedectrospunvoltagewas+17
kV, the feed ratewas 1 mL h for precursor solution.
Thenanofiber was collected on the collector whichwas
covered by apieceof gauzepretreated by diluted HNO3
(1/9, viv) andrinsed with distilled weter.

collector

nanofibers

syringe

high voltage power supply

Figurel: Thesystem of electrospinning

PFSPE cartridge preparation: A compact cartridge,
as shown in Figure 2B, was designed for automatic
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online-PFSPE. 2 mg of PS-DZ nanofiber was packed
inthecartridge. The cartridgewastheninserted inthe
turntabledesigned specidly, asshowninFigure2C, in
which 24 cartridges can be placed. After one sample
wasandyzed, theturntablewould switch to other car-
tridgesautomaticaly.

A(PS-DZ nanofiber) B(PFSPE cartridge) C (Turntable)
Figure2: PFSEP devices
Flow injection system: Thehyphenated flow injec-
tion-electrochemica sysemusedisshowninFig.3. The
system consisted of two parts. Preconcentration setup
wasdesignfor lead adsorption from water sample, and
detection part wasdesign for quantification of leadin
the eluate obtained from preconcentration. Solenoid
valvesand nine-way valvesensured flowinginto cor-
rect path for the solution. Syringe pump and peristaltic
pump alowed theinjection of acertain volumeof re-
agent or sample. Electrolytic cell provided placesfor
anodic stripping voltammetry. Theturntablewasused
to switch the online PFSPE cartridges.

RESULTSAND DISCUSSION

Preconcentration setup

The preconcentration part is composed of optical
control section, syringe pump, solenoid valves, turn-
table and connecting pipes, asshow inFig.3. At begin-
ning, 0.4 mL of buffer solutions (NH,/NH,Cl) follow-
ingwith2mL of water sampleissampledinthesyringe
pump. Thelead isabsorbed by the PS-DZ nanofiber
when the mixtureis pushed through the PFSPE car-
tridge. Theadsorption principlehasbeen expounded in
our previousresearchi®. Thee utionreagent is pumped
into the syringe and dispensed through the PS-DZ
nanofiber to elute the lead absorbed. The eluate is

pushed into the quantitative loop which is connected to
theelectrolytic cell. The preconcentration procedure
ensuresthesatisfied purification and enrichment of lead
inwater sample. Oncethedetermination of onesample
isfinished, the optical control section could make sure
theturntableturn, and then the next PFSEP cartridgeis
loaded for thenext sampleanalysis.

The pump parameterswere optimized to obtainthe
high extraction recovery. Antimeinterval was added
between the two pump times. A pump timeand anin-
terval makeacycle operation. Thecycletime period
must belong enough when the pumping speed isdeter-
mined. Severa adjustable pump parametersare show
iInTABLEL. Experimental datashow that the 3rd pa-
rameterscould ensurethetime conservation and smooth
flow.

TABLE 1: Summary of thepump parameter sinvestigated

Pumping Pumping

Number _ Interval(s) Cycle
speed time(s)
1 300 20 15
2 300 15 10
3 100 30 20 12
4 100 20 10 18
Detection setup

Thedetection part iscomposed of optical control
section, peristaltic pump, solenoid valves, nine-way
valve, quantitative loop, electrolytic cell and connect-
ing pipes, asshow in Figure 3. Theoptical control sec-
tion requests peristaltic pump pushed the d uateto the
electrolytic cell whenthequantitative loop is filled with
eluatefrom the preconcentration part. Thenthecarrier
fluidisdispensed inand the eluate isanalyzed by an-
odic grippingvoltammetry. Thecleaning fluidispumped
into cleanthethree éectrodesafter analysis, and then
mercury pre-coated solution isintroduced into pre-
coated mercury film onthe surface of the electrodefor
thenext detection. Thedfferentia pulsevoltammogram
of leadisshownin Figure4.

Theconditions pre-coating mercuty film were opti-
mized to make surethe pulse performwell. Thethree
electrode system was immersed into mercury pre-
coated solution mixed by 200 mg L HgSO4 and 0.01
mol L of NaAc. Theelectric potential wasset at -0.7
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V,-0.8V,-0.9V,-1.0V and-1.1V respectively. The
result waspresented in Fig.5A, which showed that the
peak areaislargest at-1.0 V.
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Detection part
V1-V6(Solenaid valve); SP(Syringe Pump); P(Peristaltic pump);
W (Waste); EC(Electrolytic cell); N(Nine-way valve);
T(Turntable); QL (Quantitativeloop); S1(sample or Standard
solution); S2(Elution reagent); S3(Mercury pre-coated solu-
tion); SA(Carrier fluid); S5(Cleaning fluid)

Figure3: Flow injection analysissystem
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Figure4: Thedfferential PulseVoltammogram of lead

Theenrichment el ectric potentia and enrichment
timewerea soinvestigated. The enrichment electric
potential was set at -0.9V, -1.0V, -1.1V, -1.2V
and -1.3V separately. The enrichment timewas set at
130 s, 140 s, 150 s, 160 s and 170s. The results
illustrated in Figure 5B and 5C revealed that asharp
pulseisachieved when enrichment conditionis-1.1V
and 150s.

Validation of assay

Thestandard calibration curveswithwater sample
waslinear intherange 5-100 pg L' and theliner re-
gression equations were y=-0.0035+0.00178x
(R=0.998). TheLOD was0.38 ug L. Thewithin-run
and between-day precisions (RSD) were 4.7% and
5.4%, basically lessthan 10%.

Determination of real samples: Therea samples,
including lake water in atourism areaand tap water
were used to examine how thismethod performed in
thereal samples. 100 ug L' of lead wereaddedin the
water samplesto examinerecovery of lead. Asshown
iInTABLE 2, online-PFSPE electrochemical method
performed well inthewater sampleswith satisfactory
recoveries.

CONCLUSIONS

A new online-PFSPE-€d ectrochemica method was
devel oped to determinelead inwater sample. Thepro-
cedure consisted of two parts. The preconcentration
part which could reduce detection limit and improve
sensitivity based on the PFSPE. The detection part
designed for the quantification of lead depended on
anodic stripping voltammetry. Experimentd resultsin-
dicated that this method was applicableto real water
samples.
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