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ABSTRACT

A simple, highly sensitive, accurate and selective method for simulta-
neous determination of trace amounts of Pb(I1) and Cd(I1) inwater samples
is presented. The method is based on selective chelation of Pb(l1) and
Cd(I1) on surfactant coated alumina, modified with a Schiff’s base N,N’-
bis 2-hydroxy-5-bromo-benzyl 1,2 diaminopropane (H, L). The retained
ionswerethen eluted with 4 ml of 4 M nitric acid and determined by electro
thermal atomic absorption spectrometry(ETAAS) at 283.3 and 228.8 nm
for Pb and Cd respectively. The influence of flow rates of sample and
eluent solutions, pH, breakthrough volume, effect of foreignions on che-
lation and recovery were investigated. 1.59 of surfactant coated alumina
adsorbs 40mg of the Schiff ’s base which in turn can retain 16.0+1.0mg of
each of thetwo ions. Thelimit of detection(3c) for Pb(I1) and Cd(I1) were
found to be5.89 and 1.78ng |-respectively. The enrichment factor for both
ionsare 100. The mentioned method was successfully applied on determi-
nation of lead and Cd(Il) in different water samples. The ions were also
speciated by means of three columns system.
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INTRODUCTION

Cadmium and lead, naturaly occurring heavy met-
als, aretwo of the most hazardous elementsto human
hedlth. Both metalscauses adverse hedlth effectsin hu-
mans and their widespread presencein the human en-
vironment comesfrom anthropogenic activities. Cad-
miumisamong themost dangerousof al themeta con-
taminantsof food. Biological interestinlead hascentred
principaly onitspropertiesasahighly toxic cumulaive
poisonin humansand animals. Contentsof Cd and Pb
insomematrices, such asfoods, sediment or water can

show pollution situation of anarea”.

In the determination of cadmium and lead in nu-
merous real samplesby atomic absorption spectrom-
etry, thereisacrucia need for apreconcentration step
beforetheir analysisdueto their frequent low concen-
trations. Additionaly, sncehighlevelsof concomitant
components usualy accompany anadytes, aseparation
stepisoftenrequired?. Several enrichment procedures
have been reported in theliterature for cadmium and
lead determinationinvolving different anaytical tech-
niques, such asprecipitation®, liquid-liquid, cloud-
point®®8 or solid-phaseextraction (SPE)"3. Liquid-lig-
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uid extractionsaregenerally time-consuming, labor-in-
tensveand they requirestrict control of extraction con-
ditions, such astemperature, pH and ionic strength.
Solid-phase extraction isan attractive alternativein
preconcentration procedures because it overcomes
many drawbacks of liquid-liquid extraction. Other ad-
vantagesinuse of SPE aredisposd costs, achievement
of high recoveries, broader range of gpplicationsthan
liquid-liquid extraction dueto thelarge choice of solid
sorbents and easy recovery of the solid phase®.

Traceamountsof metd sarepresentin natura bio-
sphere. Presence of some of thesemetalsin very low
concentrationsand certain oxidation states are neces-
sary. Higher concentrationsand other oxidation states
might betoxic and dangerous. Unfortunately the defer-
ence betweenthesetwoleve sarevery smdl*%1, Lead
occuresinnaturemostly asPbS. Itisusedin batteries,
tetragthyl lead, guns, soldersand X-ray instrumentg 23,
Some of thesemethods suffer from poor limit of detec-
tion and harmful solventsare being used in someoth-
ers. On the other hand, effect of foreign ionson the
andyteisnot negligiblein many ingtances. In such cases,
preconcentration of the analyte makesthe determina-
tion eas er and the composition of thesamplelesscom-
plicated. In recent years, solid phase extraction(SPE)
has offered attractive possibilitiesintraceanalysis. It
has reduced the solvent and time consumption drasti-
caly™3-3_|n order to increasethe preconcentration
or extraction power of SPE an organic or inorganic
ligandisused in conjunction with thesorbont. Some of
theligandsused for determination of lead and Cd(l1)
are: Amberlit XAD-2with 3 4-dihidroxybenzoicacid™,
silicagd modifiedwith 3-aminopropy! triethoxysilang™d,
Levatit withdi(2,4,4-trimethylpentyl)phosphinic acid*,
silicagel functionalized withmethyl thiosalicylate*®,
silicagel modified with zirconium phosphate? and C
diskesmodifiedwithasulfur containing Schiff °s base/®.

Comparing these examples with the presented
method, they haveeither alower enrichment factor or a
higher limit of detection. On the other hand, the C
diskscan beused only afew times, whilethe proposed
sorbent could be used more than 50 timeswithout loss
of efficiency.

Surfactant coated a uminamodified with chelating
agents has been used for extraction and preconcen
tration of environmenta matrixesand metals?-22, Here,
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Figurel: Sructureof , N,N’-bis2-hydroxy-5-bromo-ben-
zyl 1,2diaminopropane(H, L).

the surfactant molecul es have been associated on the
aduminasurfaceforminganadmicdl or hemimicell. Or-
ganic molecul es attach themsel ves on the hydrophobe
part and low concentration of metalicelementsadsoon
the hydrophobe part, which includes the chelating
agent®, The Schiff’s bases which are obtained from
sdisyldddydeareknownasmultidentateligands. These
agentscanform very stable complexeswith transition
metal iongz24,

Themaingoal of the present work isdevel opment
of afast, sensitive and efficient way for simultaneous
enrichment and extraction of trace amountsof Pb(I1)
and Cd(11) from agueous mediaby means of asurfac-
tant coated aluminamodified with ligand N,N"-bis 2-
hydroxy-5-bromo-benzyl 1,2 diaminopropane (H, L,
showninfigurel).

Such asimultaneous determination has not been
reportedintheliterature. Thestructureof H,L isshown
infigure 1. The chelated ionswere desorbed and de-
termined by ETAAS. The modified solid phase could
be used at |east 50 timeswith acceptabl e reproduci bil -
ity without any changein the composition of the sor-
bent, ligand or SDS. On the other hand, in terms of
economy it ismuch cheaper than thosein the market,
likeC disks.

EXPERIMENTAL

Reagentsand appar atus

All solutionswere prepared with doubly distilled
deionized water. Aluminapowder y-type for chroma-
tography with diameter of about 50pum obtained from
KatayamaChemicals. It was conditioned beforeuse
by suspending in4M nitric acid for 20min, and then
washed two times with water. Sodium dodecyl
sulfate(SDS) obtai ned from Merck and used without
any further purification. H,L was prepared by refluxing
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2 eg. of 5-bromo-2-hydroxybenz al dehyde(40mmol)
with 1 eg. (20mmol) of 1,2 diaminopropanein 100 ml
of ethanal for 4 h. Thesolution turned bright yellow and
on coolingtheyellow Schiff basesolid appeared. The
EtOH wasremoved by rotary evaporation and thesolid
recrystallized from hot EtOH. A pproximately 10mmol
of the Schiff base was dissolved in 100ml of ethanol
and 2g(52mmol) of sodium borohydride added intwo
portions. Themixturewasstirred for 2h, and approxi-
mately 40ml of double-distilled water was added to
this. Theproduct precipitated, wasfiltered out, and re-
crystdlized from hot ethanol. Thestructure of thecom-
pound was confirmed by FT-IR and NMR spectrom-
etry. Stock solutions of Cd?* was prepared from
Cd(NO,),-2H,0 and standardized titrimetricaly with
EDTA®,

Lead nitrate, Cd(l1) sulfate pentahydrated, ammo-
nium di hydrogen phosphatewere of anal ytical reagent
grade and RP-C ; silica(40-63um) obtained from
Merck. Theanion exchanger resin Dowex 1X-8 mesh
100-200 obtained from Fluka. The chelating resin,
chelex-100, mesh 100-200 obtained from Bio Rad.

Standard stock solution of 12000ug ml -of Pb(1l)
and Cd(I1) were prepared by dissolving appropriate
quantity of their saltsinwater. A solution of 0.35M of
ammonium dihidrogen phosphatein water wasprepared
asthematrix modifier for determination of lead. A solu-
tionof SDS-H_L was prepared asfollow: toasolution
of 0.2gof H L in10ml of ethanal, 5 dropsof 1M NaOH
and 0.5g of SDSwere added, dissolved anditsvolume
adjusted to 50ml with water.

Preparation of admicell column: to 40ml of water
containing 1.5g of aumina, 10ml of theaboveH,L so-
lution was added. The pH of the suspension was ad-
justed to 2.0 by addition of 4M HNO, and stirred by
mechanical tirrer for 20 min. Then thetop liquid was
decanted (and discarded) and theremained duminawas
washed threetimeswith water, thenwith5ml of 4 M
HNO_and again threetimeswith water. The prepared
sorbent was transfered to a polypropylene tube (i.d
5mm, length 10mm).

The measurements were performed by a Perkin
Elmer modd 300Aand yst atomic abosorption spectrom-
eter, equipped with agraphitefurnace of thetype HGA-
850, furnace auto sampler of thetypeAS-800, and a
deuterium lamp for background correction. Instrumen-
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TABLE 1: Instrumental parameter sfor deter mination of Pb

Wave ength(nm) 283.3
Slit width(nm) 0.7
Lamp current(mA) 10
Furnace conditions Time(S)
Argon gas
Step Tempoecrature Ramp Hold flow
(°C) (mimin™)

Drying 130 20 15 250
Pyrolysis| 350 5 5 250
Pyrolysis|I 450 15 5 250
Atomization 2250 0 5 0
Cleaning 2600 1 3 250

Matrix modifier0.241mg NH4H2PO4

Absor bance measur ements wer e based on peak heights.
TABLE 2:Instrumental parameter sfor determination of Cd

228.8 Wavelength(nm)
0.7 Slit width(nm)
15 Lamp current(mA)
Argongas Time(S)ramp Furnace conditions step
flow(ml min™) hold temper atur e(°C)
200 20 5 100 Drying
200 15 15 140 Pyrolysis|
200 20 10 1000 Pyrolysis|I
0 5 0 2300 Atomization
250 3 1 2600 Cleaning

Absor bance measur ements wer e based on peak heights.

ta conditionsand furnace parametersfor the atomizer
arelisted in TABLES 1 and 2. A metrohm 691 pH
meter equipped with acombined glass calomel elec-
trodewas used for pH measurements.

Procedure

ThepH of asolution containing 100ng of each Po(11)
and Cd(Il) wasadjusted to 2.0. Thissol ution waspassed
through the admicell column with aflow rate of 5ml
min’. The columnwaswashed with 10ml of water and
theretained ionsweredesorbed with 1ml of 4M HNO,
with aflow rate of 2ml min. The desorption proce-
durewasrepeated 3 moretimes. All theacid solutions
(4ml dl together) were collectedina10ml volumetric
flask and diluted to the mark with water. The concen-
trations of lead and Cd(I1) in the solution were deter-
mined by ETAASat 283.3 and 324.8 nm respectively.

Determination of lead and Cd(l1) in water samples

Polyethylene bottles, soaked in 1M HNO, over-
night, and washed two timeswith water were used for
sampling. The water sample was filtered through a
0.45um poresfilter. The pH of a1000ml portion of
each sample was adjusted to 2.0(4M HNO,) and
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passed through the column under aflow rate of 5 ml
min. The columnwaswashed with water and theions
were desorbed and determined asthe above mentioned
procedure.

Speciation of lead and Cd(l 1) in water samples

Thisprocedureisreported in severa articles. The
method has been eva uated and optimized for specia-
tionand itsapplication on complex mixtures?29,

The chdating cation exchanger(Chelex-100) and
anion exchanger, Dowex 1X-8 resnswerewashed with
1M HCI, water, 1 M NaOH and water respectively.
1.2g of each resin wastransfered to separate polyeth-
ylenecolumns. Each columnwaswashed with 10ml of
2M HNO, and then 30ml of water. The C , bounded
silicaadsorber in aseparate column was conditioned
with’5ml of methanol, then5ml of 2M HNO,and at the
end with 20ml of water. 5 ml of methanol was added
on top of the adsorber, and passed throughit until the
level of methanol reached just the surface of the
adsorber. Then water was added on it and connected
to the other two columns. A certain volume of water
samplewasfiltered through a0.45um filter and then
passed through the three columns system, Dowex 1X -
8, RP-C , silicaadsorber and Chelex-100 respectively.
The columnswerethen separated. Theanion and cat-
ion exchanger columnswerewashed with 10ml of 2M
HNQO, and the C-18 column with 10ml of 1 M HCI.
Theflow rate of eluentswas 1ml min?. Thelead and
Cd(I1) content of each € uted solutionweredetermined
by ETAAS.

RESULTSAND DISCUSSION

H.L isaSchiff’s base. Itis a four dentate ligand. It
isinsolubleinwaeter, but solubleindightly akaineetha-
nol. Primary investigations reveal ed that surfactant
coated aluminacould not retain Pb(l1) and Cd(1l) cat-
ions, but whenmodifiedwith H,L, retainsthesecations
selectively. It wasthen decided to investigate the capa-
bility of H,L asaligand for smultaneospreconcentration
and determination of lead and Cd(I1) onadmicell.

Theduminasurfacein acidic media(1<pH<6) at-
tracts protons and becomes positively charged. The
hydrophyl part of SDS(-SO,), isattached strongly to
these protons. On the other hand, theligand molecules
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Figure2: Extraction per centageof Pb(I1) and Cd(I) against
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are attached to hydrophobe part of SDS and retain
small quantitiesof metallic cationg?.

Effect of pH

The effect of pH of the agueous solution on the
extraction of 100ng of each of the cations Pb(I1) and
Cd(1l) wasstudied in the pH rang of 1-10. ThepH of
the solution was adjusted by means of either 0.01M
HNO,or 0.01M NaOH. Theresultsindicatethat com-
plete chelation and recovery of Pb(Il) occursin pH
range of 2-4 and that of Cd(I1) in2-8 and areshownin
figure 2. It is probable that at higher pH values, the
cationsmight be hydrolysed and complete desorbeption
doesnot occur. Hence, in order to prevent hydrolysis
of the cationsand al so kegping SDSonthealumina,
pH=2.5 was chosenfor further studies.

Effect of flow ratesof solutions

Effect of flow rate of thesolutionsof thecationson
chelation of them on the substratewas a so studied. It
wasindicated that flow rates of 1-5ml minwould not
affect theretention efficiency of the substrate. Higher
flow rates causeincompl ete chelation of the cationson
thesorbent. Thesimilar range of flow ratefor chelation
of cationson modified duminawith SDSand aligand
hasbeenreportedin literature?-?A, Flow rateof 1-2ml
min*for desorption of of the cationswith 4 ml of 4 M
H NO,has been found suitable. Higher flow rates need
larger volume of acid. Hence, flow rates of 5ml mint?
and 2ml min*were used for sample solutionand e uting
solvent throughout respectively.

Effect of H L quantity
To study optimum quantity of H_L on quantitative
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extraction of lead and Cd(I1), 50ml portions of solu-
tions containing 100ng of each cation were passed
through different columnsthe sorbent of whichwere
modified with various amounts, between 10-50mg of
theligand. The best result was obtained on the sorbent
whichwasmodified with 40mg of theligand.

Figuresof merit

Thebreakthrough volumeisof primeimportance
for solid phase extractions. Hence, theeffect of sample
volume on the recovery of the cations was studied.
100ng of each cation was dissolved in 50, 100, 500
and 1000ml of water. It was indicated that in al the
cases, chelation and desorption of the cations were
quantitetive. It wasthen concluded that the breakthrough
volume could be even more than 1000ml. Becausethe
samplevolumewas 1000ml andthecationswered uted
into 10ml solution, the enrichment factor for both cat-
ionsare100, whichiseasly achievable. Themaximum
capacity of 1.5g of the substrate was determined as
follow; 500ml of asolution containing 50mg of each
cation was passed through the column. The chelated
ionswered uted and determined by ETAAS. Themaxi-
mum capacity of the sorbent for three individual
replecateswasfound to be 16.0+1.0ug of each cation.
Thelimit of detection (3o) for the catoing™ werefound
tobe5.89and 1.78 ng | -*for lead and Cd(l1) ionsre-
spectively. Reproducibility of themethod for extraction
and determination of 100ng of each cationina50 ml
solution wasexamined. Astheresultsof sevenindi-
vidual replicate measurementsindicated, they were
2.89% and 2.68% for Pb(1l) and Cd(l1) respectively.

Effect of foreignions

Effect of foreignionswered soinvestigated onthe
measurements of lead and Cd(ll). Here a certain
amount of foreignion was added to 50ml of sample
solution containing 100ng of each Pb(l11) and Cd(I1)
with apH of 2.5. Theamounts of theforeignionsand
the percentages of therecovery of lead and Cd(l1) are
listedinTABLE 3. Asitisseen, itispossibleto deter-
mine lead and Cd(I1) without being affected by the
mentionedions.

Analysisof thewater samples

The prepared sorbent was used for anaysisof real
samples. To do this, the amounts of lead and Cd(1l)
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TABLE 3: Effect of foreignionson therecovery of 100ng of
Pbor Cd

Amounts %
Diverse taken (mg) % Recovery
ion added to ¢ Found REcoVery of Pb* ion
of Cd“"ion
50mL
Na’ 925 1.15(2.9)* 98.7(1.8) 97.3(2.8)
K* 925  1.32(21) 985(22) 98.2(2.2)
Mg? 144  0.7(1.8) 98.7(1.7) 98.5(3.0)
ca® 283  1.25(25) 99.0(1.8) 99.0(2.3)
S 345 2.85(22) 98.8(29) 98.5(2.6)
Ba®* 266  3.16(2.4) 98.3(25) 98.8(2.5)
Mn?* 266  1.75(2.3) 98.3(18) 98.6(3.3)
Co** 217  24(23) 97.329) 99.9(2.9)
Ni2* 244  20(24) 985(24) 99.5(2.4)
Zn* 278  297(21) 97532 985(2.2)
Cd* 258  1.93(20) 98.2(28) 99.2(2.7)
Bi®* 223  27(19) 985(27) 985(2.4)
Al%* 243  2.81(21) 98.3(24) 98.7(2.3)
Fe** 260  3.43(24) 96.6(28) 96.6(2.2)
cr¥* 1.74  2.92(25) 97.5(2.6) 97.7(2.8)
uo* 286  1.3(29) 97.4(29) 98.6(2.7)
NO5 5.0 3.3(23) 96.3(28) 99.6(3.4)
CH3COO 5.0 2.2(2.6) 98.4(20) 97.3(2.6)
ok 5.0 29(31) 98.7(21) 99.4(35)
COs* 5.0 1.8(2.4) 93.3(24) 99.3(3.0)
PO, 2.0 2.1(2.2) 98.4(2.4) 100.3(3.2)

aValues in parenthesis are CVs based on three individual repli-
cate measurements.
weredeterminedin different water samplesnamely: dis-
tilled water, tap water of Tehran (Tehran, taken after
10min operation of thetap), rainwater(Tehran, 26 Janu-
ary, 2006), snow water(Saveh , 6 February ,2006),
and two syntheti c samples containing different cations.
Theresultsaretabulatedin TABLE 4. Asitisseen, the
amounts of lead or Cd(I1) added to thewater samples
areextracted and determined quantitatively whichindi-
cates accuracy and precision of the present method.
Separation and speciation of of cations by three
columnssystem. It is possibleto precon-centrate and
at thesametime separate the neutral metal complexes
of organicligands, anionic complexesandfreeionsfrom
each other by this method®”. Water samples were
passed through thethree connected columns: anoin ex-
changer, C -silicaadsorber and chel ating cation ex-
changer. Each speciesof lead or Cd(l1) isretainedin
oneof thecolumns; anionic complexesinthefirst col-
umn, neutral complexes of organic ligandsin the sec-
ond, andthefreeionsinthethird. Theresultsof passing
certainvolumesof different water samplesthroughthe
columnsarelistedin TABLE 5. Accordingto there-
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TABLE 4: Recovery of Pb and Cd contentsof water samples

aﬁgnegl(J;T;) Found(ng) % Recovery
Sample distilled Ph ) i i
water (100mL)
0.050  0.048(3.55) 96
0.100  0.098(2.55) 98
Cd - - -
0.050  0.049(2.45) 98
0.100  0.103(2.47) 98
Tap
water(100mL) Pb - 0.013(4.51) -
0.050 0.063(3.42) 97
Cd - 0.054(3.71) -
0.050  0.103(2.31) 99
Snow
water(50mL) Pb - 0.048(3.25) -
0.100  0.153(2.65) 98.5
Cd - 0.060(3.65) -
0.050 0.121(2.55) 99
Rain
water(100mL) Pb - 0.042(3.23) -
0.100  0.148(2.43) 97.5
Cd - 0.044(3.53) -
0.100  0.143(2.43) 98
Synthetic,
sample 1
ca’*, Fe**,"Na
co?*cr®, Hg*,
1mg| " of each
cation
Po - - -
0.100  0.101(3.43) 98.0
Cd - - -
0.100  0.101(3.31) 98.0
Synthetic
sample 2
K+, Ba2+' Mn2+,
Cd2+Ni2+, Zn2+,
1 mg ™ of each
cation
Pb - - -
0.100  0.101(2.71) 98.6
Cd - - -
0.100 0.101(3.11) 98.6

a/alues in parenthesis are CVs based on three individual repli-
cate measur ements.

aults, itisindicated that lead and Cd(11) present only as
cations. On the other hand the t-test comparing the
obtai ned mean val ues of the present work with those
published indicate no significant difference between
them.

TABLE 5: Resultsof speciation of Pb and Cd in different
sampleshy three columnssystem

River water water sample Tap water

(50ml) (1000ml)? (1000ml)
Column Pb(ng)Cd(ng)Pb(ng) Cd(ng) Pb(ng) Cd(ng)
Dowex 1X8 - - - - - -
SlicaC-18 - - - - - -
0.014 0.021 0.102 0.014 0.101 0.037
Chelex-100 y 7p (38) (31) (31) (31) (35)

a: This was a solution containing 0.1pg of each cation in 1000 ml
of distilled water; b: Values in parenthesis are CVs based on
three replicate analysis. The samples are the same as those

mentioned in Table 4

CONCLUSIONS

We have proposed amethod for s multaneous de-
termination and preconcentration of Pb and Cdinwa-
ter samplesusing surfactant coated d uminaimpregnated
withaSciff’s base. The proposed method offers simple,
highly sensitive, accurate and selective method for si-
multaneous determination of trace amounts of Pb(11)
and Cd(I1) in water samples.
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