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ABSTRACT

Lead isgenerally considerd as ubiquitous health hazard for humans, efforts
have been exerted to study the distribution levels of lead among people and
to reduce exposure in several ways, there are several methods for blood
lead analysis, in this study a proposed method was found to be applicable
for blood lead measurement, the propused method has enhanced signal
seperated away from copper signal, the recovery of the proposed method
raneged from 98% to 102% and the precision of the method was 1.5% (n=10)
at 10ug/! of lead. Most of the metal ions found in the samples under inves-
tigation were found not to interfere with the determination. The calibration
graph was linear for long range of lead levels. The method is simple, effi-
cient and accurate, has short time of purging, and has been used for astudy
of blood lead levels among school children in Jenin district.
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INTRODUCTION

Leadisgenerdly consdered asan ubiquitoushedlth
hazard for humans. Althoughinrecent yearseffortshave
been exerted to reduce exposurein severa ways, con-
cern about lead asasignificant public health problem
hasa so increased asepidemiol ogica and experimenta
evidence hasmounted regarding adverse hedlth effects
at successively lower levelsof lead exposurd®. Leadis
not distributed homogeneously throughout the body,
thereisarapid uptake of lead into blood and soft tis-
sueswhichresultsinadow redistributionin bones. Due
to ease of sampling and thehomogeneity of thesample,
blood has been the most widely used specimento as-
sessthe human body burden of lead?. The common
|ead poisoning symptoms on human body are repre-
sented on®8. The Centersof Disease Control and Pre-
vention (CDC) outlined different levelsof intervention

of blood lead level sin 1991514,

Lead could bemeasured by graphitefurnaceaomic
absorption spectrometric (GFAAS) using different pro-
ceduresfor (AAS). Thelead content is determined us-
ing GFA A Swith deuterium background correction, this
method hasbeen optimized for sengtivity at lower blood
lead level (10 pg/L). A comparison between GFAAS
and inductively coupled mass spectrometry showed good
agreement at very low concentrations of leadi2. All
procedures are nearly identical . A specific amount of
theblood fromthe samplethat must beanayzed ismixed
with aspecific amount of matrix modifier reagentscon-
tain TritonX-100, NH,H,PO, and HNO,. After mix-
ing, the sampleisinjected in the graphitetube. This
method hasmany advantages. Theinstrument isaccu-
rate, hasagood detection limit and short timefor analy-
gs Theinstrument hasadisc containsabout 50 vessels
filled with the samplesand analyzed spontaneoudy. The


mailto:ahedzyoud@yahoo.com

ACAIJ, 10(2) 2011

Ahed H.Zyoud and Mohammed M.Al-Subu

117

GFAASInstrument isvery expensive, not easy to op-
erate, occupiesalarge space, and dsoit’sgraphitetube
relatively expensive and can be used for only about 40
samples.

Also it could be analyzed by Anodic Stripping
Voltammetry ASV, whichitisan el ectroanalytical tech-
niguethat can be used to measuretrace quantitiesof a
number of metasin solution, andisespecialy useful for
lead determinationinenvironmental andindustria hy-
gienesamplesand aso for blood™. The concentration
of analytical metal speciese.g. lead dissolved in solu-
tion isdetermined by reducing the dissolved metal ion
Ph(11) at an applied potentia (voltage) E, toimmobi-
lized discharged metal species(Pb°) at aworking elec-
trode surface (ordinarily mercury).

Pb?* (solution) + 2e° —— Ph° (Hg electrode)
(at potential E)

Thisisaccomplished by applying an el ectrode po-
tential which sufficiently negative (with respect tothe
reference electrode) to cause reduction (gain of elec-
trons) of solubleleadions. Themeta isdepositedinthe
form of anamalgam (with mercury) at an applied po-
tential that isnegative of the stlandard redox potentid of
the metal /ionredox couple. (E, must be negative of
the standard potentia E° for the Pb/Pb?* redox couple
in order to cause the above reduction). After deposi-
tion for agiven time period t, the pre concentrated
lead speciesisthen stripped from the working el ec-
trode surface by applying apositive potential sweep.
This causesanodic oxidation (lossof € ectrons) of the
amal gamated discharged (Pb°). Thisoccursat an ap-
plied potentid E Whichissufficiently postiveto ef-
fect re-oxidation of thelead originaly deposited at E

> Pb2* (solution) + 2e
(at potential Ezpp.)

(Eap .- must be positive of the standard potentia E°
for thestandard potentid E° for the P/P?* redox couple
inorder to causetheaboveoxidation.) During thestrip-
ping step, the current associated with thisreoxidationis
measured. Thepeak current ip arisngfromthere-oxi-
dation of discharged amalgamated lead species is
proportional to theorigina concentration of dissolved
lead ion over awiderange of concentrations.*ASV is
extremely sensitive, and field-portable ASV can mea
surelead concentrationsin the solution intherange of

PbP (Hg electrode)

—= Fyll Paper

part per billion (ppb). Thecdl ismadeup of threeelec-
trodes (reference electrode, counter electrode and
working €l ectrode) immersed in asol ution containing
theanalyteand a so an excess of non-reactive e ectro-
lyte called asupporting e ectrolyte¥, Therearediffer-
ent type of working e ectrode usedincluding; Hanging
drop mercury eectrode(HDME). Mercury film elec-
trode (MFE) prepared by plating of Hg on glassy car-
bon, gold, Graphite pencil™, Iridium*€, and Carbon
fiber™ have al so been used. Solid electrodes, which
are suitablefor the determination of Cu, Hg, Pb, and
elementswhich haveoxidation potentid smore positive
thanHg (e.g.Ag,Au, Seand Te)*®. Ultra- Trace elec-
trode made from epoxy-impregnated graphite.

Supporting e ectrolytesarecommonly used in po-
larography to decreasetheres stance of thesolution and
to ensurethat the e ectroactive speciesmovesby diffu-
sonand not by dectricd migrationinthevoltagefidda
crossthecdl. Thesupporting e ectrolyteisoften chosen
al so to provide optimum conditionsfor the particul ar
analysis. Supporting e ectrolytelike strong acids (e.g.
HCI, H,SO,, HNO,), strong base (e.g. NaOH, LiOH),
or neutral salts(e.g. chloride, perchlorides, sulfatesof
dkai metdsor tetrad kylammoniumions) arefrequently
used, asare buffer solutionsor sol utionsof complexing
agents (e.g. tertrates, citrates, cyanides, fluorides or
amines, includingammoniaand EDTA). Thetota con-
centration of eectrolyteisusually between0.1and 1.0
M, ionic strength between 0.1to 2.5. The current flows
asaresult of migration of the positiveand negetiveions
of thesupporting eectrolyte, with negligiblemigration of
thed ectroactive pecies, whichthen movesasaresult of
thedifferenceinthe concentration only (diffusion)i4.
Thellkovic Equation, i, = (607 nD*2m 23t ) C
Thetermsaredefined asfollows:

i ,istheaveragediffusion currentin uA. Thenum-
ber 607 isthe value at 25°C of a collection of terms
including the faraday and the density of mercury, nis
the number of electrons in the process [Ox + ne
Red], D isthediffusion coefficient of
the el ectroactive speciesin cn/s, misthemassof mer-
cury flowing through the capillary per unittimeinmg/s,
tisthedrop timein s, Cisthe concentration of the
electroactive speciesinmmol/liter or mM. Theterm
(607 n D¥2m 23t ¥%) jsa constant k then the llkovic
Equation become:i,=kC
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Thendiffusioncurrenti  isproportional tothecon-
centration of the analyzed species.

Themethods applied for determination of lead in
blood are either complicated like (GFAAYS) or like
L eadcareanayzer which need avery expensivekits.*
The purpose of thisstudy wasto devel op anew sensi-
tive, fast and low cost method for lead blood analysis,
and to apply the method for the determination of lead
blood levelsinhuman bloodinjenindistrict and to test
if theselevel swere associated with oneor more of sev-
erd variablesincludinglocation, socioeconomic condi-
tions, eating habitsand parents education.

EXPERIMENTAL

Blood samplescollection and processing

Two mL venous blood from each person under
study, was aspirated using a disposable syringe and
placedinaspecia tube (EDTA tube) whichwasstored
inarefrigerator (2-4°C) for further treatment.

Deter mination of blood lead levels

The sampleswereandyzed following the proposed
developed Anodic Stripping Voltammetric (ASV/
HDME) method

Apparatus

I nstrument: Anodic stri pping voltammetric measure-
mentswere carried out using PolarographicAnalyzer/
stripping voltammeter POL150 whichiscapableof dif-
ferentid pul sestripping anaysesand other different po-
larographicanayss.

Electrodes: Static Mercury Drop Electrode MDE150
wasemployed. Theanadysiscell composed of working
electrode (dropped mercury e ectrode); referenceelec-
trode (Ag/AgCI/KCl); and counter el ectrode (Pt wire).

Treatment of glassware

In order to reduce adsorption on glassware, the
eectrolysscel, cdibrated flasksand pipetteswerethor-
oughly washedwith 0.2M nitric acid followed by deion-
ized water then soaked with 2M HNO, for 24 hours.
Theflasksand dectrolysiscell werethen soaked witha
2% solution of dimethyldichlorosilanein carbontetra-
chloridefor 24 hours. Theglassware, e ectrodesand
andysiscdlswererinsed with methanol and findly with
deionized water several timeg®.

Hnalytical CHEMISTRY o

Reagents

All chemicad semployed wereof analytica-reagent
grade purity. Solutionsof thesechemicalsand al dilu-
tions were done using doubly distilled water over
KMnO, inanall-glassdidtillation gpparatus, and stored
in polyethyl ene bottles so asto minimize contamination.
The standard |ead sol ution containing 10° mg/L was
obtained from Perkin-Elmer.

Sandard samples

Blood samples of known lead concentration were
prepared asfollows: A blood samplewas aspirated and
analyzed usingaLEADCARE analyzer and foundto
contain 40 pg/L of lead. The samplewasthen divided
into several portions. Known volumes of aworking
stock lead solution were added to these portions to
obtain lead concentrations of (100, 200, 300, 400, 500
ug/L). From those samples, acalibration curve was
prepared using the proposed method of analysis.

Prepar ation of thedigestion reagent

A digestion reagent containing different acidswas
therefore prepared. Thisreagent al so contains sup-
porting el ectrol yte mixed with the digestion reagent.
All of thefollowing amount of materia weredisolved
inoneleter of duble distiled water (14.3g Calcium
acetate, 28 mgMercuricion, 30 ml of 15.4 M Nitric
acid, 20 ml of 11.5 M perchloric acid, 5 ml of 37%
sulforicacid, 10 ml of 10 M hydrochloric acid and 15
g potasium chloride).

Blood samplespreparation

Knowing that lead ions present in the blood are
bounded to erythrocytes sides membrane, the ions
should befreed from the erythrocytes so asthey can be
reduced at the drop of mercury at the working elec-
trode (DME). 0.5 mL wholeblood portion wastrans-
ferredintoal0-mL polyvinyl tubecontaining 7.0 mL of
thedigesting reagent, especialy prepared for thispur-
pose. The contentswerethoroughly mixed by arotary
mixer for 60 secondsand | eft for about 2 hoursat room
temperaturetoalow completedigestion of blood cdlls.
Shaking and resting was repeated before the sample
centrifuged at 4000 rpm, for 2 minutes.

5mL of thesupernatant liquid wasaspirated by a
micropipet, andtransferred into thecell for analysis.
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RESULTSAND DISCUSSION

Developed method of analysis

Though Anodic Stripping Voltammetry (ASV) us-
ing HDME e ectrode hasbeen used extensively for the
determination of trace elements, analysisof blood lead
usingthiselectrodeisreported for thefirst time. This
method isdesignated (ASV/HDME) inthiswork. At
theemployed pH(<1), the peak obtainedis symmetri-
cal and could be measured precisely (Figure 1) com-
pared with peaks produced using other digesting re-
agents (Figure 2) such as METAEXCHANGE RE-

rl
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Figurel: Representiveanodic stripping voltammogram for
lead. Potential ver susAg/AgCI referenceelectrode.
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Figure2: Tracing of ablood sample containing 500 pg/12%.
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AGENT which hasbeen recommended by the Centers
for Disease Control (CDC) for standard methods of
blood lead analysis by ASV?9, Working at the em-
ployed pH (<1) hasthe advantage of minimal adsorp-
tion of lead on either the polyvinyl tubes (that contain
thedigested blood sample) or ontheanalysis cel 1?4

Effect of deposition time

Theeffect of deposition time on the peak current
was studied for two standard concentrations of Pb*;
500 pg/L and 10° ug/L. For both concentrations, an
enhancement of lead (1) concentration at the surface
of the electrodeisassumed asaresult theincreased
peak current noticed with increasing accumulation
time. However, at thelower concentration (500 pg/
L), the peak current increased linearly with timeup to
(1000 sec.) without attaining alimiting value (Figure
3). For the other concentration (10°ug/L), the peak
current increased sharply, at first (200 sec.), then
gradually up to about (700 sec.) wherealimitingvalue
isreached (Figure4). Thisis, presumably, dueto at-
tainment of steady-state.equilibrium of adsorption/com-
plex formation and similar results have been reported
for other stripping methods based on adsorptive ac-
cumulation?23, Thus, to obtain alinear relationship
between Po(11) concentration and peak current, arda
tively short preconcentration (adsorption) timewas
employed for high lead concentrationsto avoid satu-
ration effect.
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Figure3: Differential pulseanodic stripping voltammograms
for lead concentration (500 ng/l), deposition increased as:
20, 50, 100, 500, 800 and 1000 seconds, purgetime 30s.
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Figure4: Differential pulseanodic stripping voltammograms
for lead concentration (10° pug/1), deposition increased as: 20,
50, 100, 300, 500, 600, 700 and 1000 seconds, pur getime30s.

Calibration plots

The differential pules anodic stripping
voltammogramsat different concentrationsof Pb (11)
areshownin (Figure5). The peak current increased
linearly (r=0.996) with Pb?* concentrationintherange
0-500 ng/L.
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Figure5: Differential pulseanodic gtripping voltammograms,
calibration curvefor lead concentration: 100, 200, 300, 400
and 500 pg/l, purge time 30 s.

Effect of purgingtime

Itisknown that dissolved oxygenisreadily reduced
at thedropping mercury €l ectrode; an agueous solution
saturated with air exhibitstwo distinct waves attribut-
ableto oxygen, thefirst wavefor

0, +2H" +2¢¢ ——— = Hy0O,

for

02 + 4H+ + 4 —> 2H20

Appearsat about (-1.0 V). Thusthedissolved oxygen
r2
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Figure6: Differential pulseanodicstripping voltammograms,

calibration curvefor lead concentration: 100, 200, 300, 400

and 500 ug/l, purge time 120 s.
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Figure7: Differential pulseanodic stripping voltammograms,
calibration curvefor lead concentration: 100, 200, 300, 400
and 500 ug/l, purge time 240 s.
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Figure8: Differential pulseanodic stripping voltammograms,
calibration curvefor lead concentration: 100, 200, 300, 400

appearsat about (0to-0.1V), and thesecond wave  and 500 pg/l, purge time 480 s
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affectsany speciesreduced inthevicinity of these po-
tentials. However, the reduction potential for Po (11) (-
0.45V)isnaotinthisvicinity. Theeffect of purgingtime
wasstudied for 0to 8 minutesand found that thereisno
effect of purgingtimeon the peak or onthecalibration
plot for thewhol e purging timerange (Figures5-8).

Effect of other ions

Chemically modified e ectrodeshavesgnificant ana
Iytical potentia to enhance sengitivity and selectivity of
determination because of modifier-anayteinteraction.
lons such asthose of Fe**, Ca?*, Mg?, Zn?* and Cu?
present inthe blood at aconcentration comparableto
that of Lead. Theeffect of the presenceof several ions
(20 mg/L) on the peak-pul se-high of Pb(I1) (300 ug/L)
resulted inavery small effects, if any (TABLE 1).
TABLE 1: Changein differential pulse anodic stripping

voltammetric peak high of 300 pg/L of lead (11) inthepres
enceof 10 mg/L of other ions(60 sec. deposition time).

lons Curent before Curent after

added addition (nA) addition (nA)
Fe?" 1000 1003
Ni 2* 1000 1005
Co? 1005 1000
Cr® 1003 1005
Mg 1005 995
Ba? 1003 1007
Cu? 1000 1000
K 997 1002
Al 990 1000
Zn? 993 1002

Optimal conditionsfor blood lead analysis

Theexperimentdly determined optimum conditions
that givethebest resultsareshownin TABLE 2.

TABLE 2: Optimal conditionsfor blood lead analysis

Working €lectrode H.D.M.E
Reference electrode Ag/AgCI eectrode
Auxiliary electrode Pt wire
Initial potential -0.70V

Final potential -037V
Integration set point -043V
Purge time 30 second
Deposition time 60 second
Scan rate 10mV/s
Pulse amplitude 25mvV

—— Fyll Peper
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