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ABSTRACT

A sensitive, simple and relatively fast methods has been developed to
selectively separate and concentrate trace amounts of heavy metal ions
from aqueous samples for the measurement by flame atomic absorption
spectrometry. The method is based on the adsorption of Pb?, Cu?, Zn#,
Fe*, Ni* and Cd? on 2-amino-5-mercapto-1,3,4-thiadiazole (AMTD)
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loaded on activated carbon. The metals content on the complexes are
eluted using 6 ml 4M HNO,. Thedetection limitsby threesigmafor analyte
ionswerel1.6ugl?, 1.8ugl?, 1.3ugl?, 1.7ugl?, 1.6pgltand 1.7ugl* usng
AMTD for Pb*, Cu*, Zn?*, Fe*, Ni?* and Cd?, respectively. The pre-
sented procedure was applied to the determination of analytes in veg-
etable samples and different water samples with successfully results (re-
coveriesgreater than 97%, R.S.D.’slower than 1.8 % for n=3).
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INTRODUCTION

Important positiveand negetiverolesof traceheavy
metal ionsin human health are known¥.Considering
biological research, therole of sometrace and ultra-
tracedementsinthebody isvery richand varied. Since
theseheavy d ementsaretakenin mostly by humandiet,
the determination of their concentrationinfood and
watersisvery important. Considering biological re-
search, therole of sometraceand ultra-trace el ements
inour body isvery rich and varied. Some of them are
essentid tolifewhileothersaretoxic evenat very low
concentrations.

For the determination of low contentsof traceele-
mentsin geologica and technol ogica samples, pre-con-
centration procedureisrequired. Of al pre-concentra-
tion and separation procedures sorpti on possesses sev-

erd advantages. large pre-concentrationfactorsthat can
be obtained in ashort time, smplicity of phasesepara-
tion and suitability for automation 29, Solid phase ex-
traction combinesthe benefitsof solvent extractionand
solid phase pre-concentration, €iminating someof their
drawbacks. It consistsof therecovery of hydrophobic
metal specieson solid support of hydrophobic func-
tiondity. Desorption of metdsissimply achieved by the
changein solvent polarity. It doesnot requirethe use of
concentrated acids or other aggressive reagents, and
providestheopportunitiesof online combination of pre-
concentration and determination steps.

Varioussolid phaseextraction materia sincluding
DiaonHP-20, cdllulosg®, activated carbon!®, Lewatit
S1001%, SDS coated d umind*¥ polyurethanefoam(*?,
Chelex 10013, microcrystalline naphthal ene™, modi-
fied silicd*™ and diaion HP-2M G4,


mailto:Ahmadi@iaug.ac.ir

144

Activated carbons modified as a tool in heavy metals analysis

ACAIJ, 7(3) January 2008

FPull Paper =

Among which activated carbon has been widely
applied. Thereasonsfor widespread application of the
activated carbon asatrace collector for metd ion pre-
concentration are strong interaction and quantitative
adsorption of moleculeswith it e ectronson activated
carbon. Because activated carbon isatype of hydro-
phobi c adsorbent which adsorbsnon-polar or little polar
substancesin aqueous sol utions, metd ionsto be pre-
concentrate need to betransformed corresponding metd
chelated”*1. Meta chelates could provide higher se-
lectivity and high enrichment factor for such asepara-
tion and pre-concentration techniques.

It wasassumed that the sorptionisquantitativewhen
the chelate contains systems of -electronsinthe mol-
ecule and whenthe centersfor binding on carbonand
thosefor themetal ionsare spatialy separated so that
their orbital do not have asubstantia influence®. The
magor advantageof thesemode sistheir smplicity; how-
ever, themodelsfail to describeaccurately the adsorp-
tion equilibrium under varying conditions, such aspH
and ionic strength. The adsorption equilibrium studies
havereved ed that pH isthe dominant parameter con-
trolling the adsorption®!.

The purpose of this work is pre-concentration-
separation of Pb?*, Cu?*, Zn?", Fe**, Ni*and Cd*on
activated carbon modified 2-amino-5-mercapto-1,3,4-
thiadiazole (AMTD). Theinfluences of the someana-
Iytical parametersincluding pH and samplevolumeon
the quantitativerecoveriesof theanayteswereinvesti-
gated.

EXPERIMENTAL

| nstruments

Themeasurements of metal ionswere performed
with a680A A shimadzu spectrometer equipped witha
hollow cathodelamp and adeuterium background cor-
rector, at respectivewavel engths (resonanceline) usng
an air-acetyleneflame. Theinstrumenta parameters
were those recommended by the manufacturer. A
Metrohm 691pH/lon meter with acombined glass-
caomel eectrodewas used for adjustment of test solu-
tion pH.

Reagents
Acidsand baseswere of the highest purity avail-
Hnalytical CHEMISTRY o

ablefrom Merck and were used asreceived. Doubly
distilled deionized water was used throughout. Nitrate
lead, cadmium, mercury, iron, cobalt, nickel, coppe,
zinc, magnesium, calcium, strontium, barium, silver, so-
dium and potassum(a | from Merck) wereof thehigh-
est purity availableand used without any further purifi-
cation. The pH adjustment was done by addition of
dilutenitric acid or sodium hydroxideto phosphate so-
[ution for preparing the desired pH buffer solution. Ac-
tivated Carbon(A C)(gas chromatographic grade, 40-
60 mesh from Merck), were soaked in hydrochloric
acidfor 1d, it wasthen washed with deionized water
and dried at 110°C for 1d. The ligand 2-amino-5-
mercapto-1,3,4-thiadiazole (AMTD) was purchased
from Merck Company and used asreceived.

Preparation of AMTD coated activated carbon

Ligand loaded activated carbon was prepared by
dissolving aweighed amount of AMTD inwater to the
required amount of activated carbon. After 48 h, the
solutionswerefiltered through thefilter paper and acti-
vated carbonswere washed with distilled water until
thefilter out wasno longer alkaline. Finaly, the mix-
turesweredried at 70°C overnight. The solid phase
columnswereinitialy preconditioned with solution with
desired pH. For thefind optimum experimentsthesolid
phasewasprepared asfollow: 25mgAMTD per 800mg
of AC.

Preconcentration procedure

ThepH of mode solutionscontaining 0.05ug/mL*
of ionsmetal was adjusted to thedesired pH vaue by
adding nitric acid and NaOH solution. Before each
operational cyclethe solid phasewas preconditioned
with the buffer solution. The samples were passed
through the column of modified activated carbon with
theaid of asuction pump at aflow rate 3mL/min?, to
effect thedeposition of analyte. Theadsorbed ionshby
adding 6mL of 4.0M nitricacid a columnfor Sminthen
were passed through the column with aflow rate of
2.0mL/min. Theandyteionsintheeluent were deter-
mined by flame atomic absorption spectrometer.

Analysisof thereal samples

Spinach(mixture of 4 food vegetable) was pur-
chased from Gachsaran Iran. A 40g of spinach was
heated in silicacruciblefor 3h on ahot plate and the
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charred materia wastransferred to furnacefor over-
night heating at 650°C. Theresiduewascool ed, treated
with 10.0mL concentrated nitric acid and 3mL 30%
H.,O, again kept in furnace for 2h. Thefinal residue
wastreated with 3mL concentrated hydrochloric acid
and 2-4 mL 70% perchloric acid and evaporated to
fumes. The solid residue was dissolved in water, fil-
tered and by keeping the pH at 5.5 by adding nitric
acid and NaOH solution. The pre-concentration pro-
cedure given abovewas applied to these solutions.

River and wastewater sampleswerecollected from
river Iran. Beforethe analysis, the sampleswerefil-
tered through acellulose membranefilter(Millipore) of
pore size 0.45mm. The organic content of the water
samples were oxidized in the presence of 1% H,O,
and addition of concentrated nitric acid. The water
sampleswerefiltered through afilter paper. After acidi-
fication to 1% with concentrated nitric acid, they were
stored in polyethylene bottl es.

For the pre-concentration procedure, pH of the
250ml of water sampleswasadjusted to 5.5 using phos-
phate buffer and the sample passed through thecolumn
at flow rate of 3ml/min. Theanalyteionsretained on
columnweree uted with 6mL of 4mol L*HNO,. The
effluent was sent to flame atomi c absorption spectrom-
etry for evaluation of their metal content evaluation@.

RESULTSAND DISCUSSION

The purposeof thiswork istoinvestigatethefeas -
bility of absorption of theseions on activated carbon
modified withAMTD. For obtaining maximum signal
for evaluation of theseion contents, the effective pa-
rametersviz. pH of sample, amount of ligand and solid
phase, typeand concentration of € uting agent and flow
rate must be optimized.

Effect of pH on recovery

Inthesolid phase extraction studiesfor heavy meta
ionsbased on chelation, theinfluence of pH of theague-
oussolution oneof themain factor for quantitativere-
coveriesof theanalytes. Dueto thisimportant point,
theinfluencesof pH wereinvestigated at the pH ranges
2-8for both sorbents with model solutions, keeping
the other parameters constant. Analyte deposition de-
pended on the sample pH, and as showninfigure 1,
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Figure 1: Effect of pH on recovery of metal ions(N=3),
250mL of 0.05ug/mL - of each ionsat variouspH with flow
rate of 3mL/min, 25mg AM TD; eluting solution, 6mL
4.0M HNO, withflow rate2.0mL/min™
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Figure2: Effect of amount of AC on recovery of metal ions
(N=3), 250mL of 0.05ug/mL* of each ionspH=5.5with
flow rateof 3mL/min™, 25mgAMTD , 6mL 4.0M HNO,
with flowrate2.0mL/min-t

high deposition efficiency wasachieved at apH of 2.0-
8.0. Theprogressive decreasein theretention of lead
at alow pH isdueto the competition of the hydrogen
ionwiththeleadfor reactionwithAMTD. Thedecrease
inabsorption at pH>5.5is probably dueto the preci pi-
tation of lead aslead hydroxide and formation of anege-
tive chargeontheactivated carbon, whichresultsinthe
reduction of AC adsorption. To achievehigh efficiency
and good selectivity, apH of ~5.5 was selected for
subsequent work.

Effect of amountsof activated carbon on recovery

TheAMTD-AC canretaindl of themention meta
ionswhiletheuntreated AC cannot quantitatively retain
Pb?, Cu?, Zn?", Fe**, Ni?*and Cd?". Evidently; the
pre-concentration of the metalswith theuntreated AC
isnot suitablefor Pb?, Cu?*, Zn?*, Fe*, Ni2* and Cd?*.
Therefore, AMTD -AC seemsto beabetter sorbentin
simultaneous sorption of the studied e ements. Theef-
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fectsof theamount of activated carbon at fix value of
AMTD onthesorption of metal ionsat pH =5.5 were
examined intherangeof 0.2-1.5g. Theresultsdemon-
drated that, quantitativerecoveries(>95%) of thework-
ing eementswereobservedintherangeof 0.8 g. Above
800mg, therecoverieswere bel ow 95% with 6mL of
the duent. Inthe proposed procedure, 800mg of acti-
vated carbonisrecommended (Figure 2). In preparing
theligand-impregnated adsorbents, somepropertiesare
required for ligand: they should bechemically stable,
their solubility in aqueous sol utionsshould besufficiently
low and they should be strongly adsorbed onto the sub-
strates. In addition, we preferred ligands capable to
form complexeswith asmany metasaspossibleat the
natural pH of thesamplesolution.

Effect of ligand amount on recovery

Theeffectsof theligand amount ontheretention of
theandyteionsonAMTD wereasoexaminedand are
depictedinfigure 3. Therecoveriesof analyteswere
quantitativetill by the addition of 25mg ligand. After
that, therecovery values decreased, probably dueto
theformation of charged complex which could not been
completely retained on solid phase.

Sampleflowrate

Twoimportant factorsfor the quantitative recover-
iesand desorption of meta chelateson the solid-phase
extraction studiesareflow ratesof thesampleand e u-
ent solutions. Theinfluences of theflow ratesof the
sampleand e uent solution for therecoveriesof anaytes
wereinvestigated in theflow raterangesof 1-12mL/
min. Therecovery valuesfor ana yteionswere quanti-
tativeinall theworking range of sampleflow rates. The
guantitative recovery valuesfor eluent solution were
obtained at theflow raterange of 2-4mL/min. All fur-
ther studieswere performed at the sample and eluent
flow ratesof 2.0mL/min.

Typeand volumeof theeluent

Thenatureand concentration of € uent werefound
to haveasignificant effect on thedesorption process of
lead from the column. Different duents, suchasHCI,
HNQO,, H,SO, and H,PO, at various concentrations,
were examined and resultsare shown infigure 4 and
TABLE 1. Fromresult of figure4 and TABLEL, itis
obviousthat 6mL of nitric acid with aconcentration of
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Figure3: Effect of amount of ligand loaded on 0.8gAC on
recovery of metal ions (N=3), 250mL of 0.05pg mL* of
eachionspH=5.5with flow rate of 3mL/min, 25mg6mL
4.0M HNO, withflow rate2.0mL/min™
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Figure4: Effect of volumeof HNO,4M on tracemetal ion

recovery, 250mL of 0.05ug/mL * of each ionspH=5.5with

flow rateof 3mL/min, 25mgAMTD

TABLE 1: Effect of eluent condition onion recover ies effi-
ciency

Acid Pb% Cu% Zn% Fe% Ni% Cd%
H,SO, 3M 43 33 37 45 37 32
H,SO,4 4M 59 56 62 69 68 61

HCl 3M 83 78 79 71 80 82
HCl 4 M 92 90 89 87 91 91
HNO; 3M 84 88 82 83 77 72
HNO; 4M 99 98 96 97 98 96
HsPO, 3M 54 35 43 54 48 42
H;PO, 4M 64 49 68 69 79 69

4.0 M were sufficient for quantitativerecovery of ab-
sorbed lead.

Calibration graphsand precisons

Thecdibration curvewereobtained by usng 250mL
0.02-2.0ugmLtionssolutionsat pH=>5.5 at the opti-
mum condition. Theeluting solution wassent toAAS
for evaluating ion content and results are shown in
TABLE 2. Theresultsindicate that calibration curve
waslinear for Lead, copper, zinc, iron, nikel and cad-
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TABLE 2: Specification of presented method at optimum conditionsfor each element

Parameters Zn Cd Ni Pb Fe Cu
Linear Range (ug mL™) 0.05-1.6 0.03-1.7 0.04-1.6 0.05-1.3 0.02-1.1 0.04-1.2
Detection Limit (ng mL™) 1.3 1.7 1.6 1.6 1.7 1.8
RSD % 1.6% 1.7% 13 1.8% 1.7% 2.2%
Recovery % 98% 99% 98% 97% 99% 98%

TABLE 3: Effectsof thematrix ionson therecoveriesof the
examined metal ions(N=3)

lon . To[erance .
limit ion mg L
Na', K*, CI', SO, AIF, Mn™, 1000
Sn?*, Mg?*, HCO;™ PO,*Ba®", Cat* 750
Zr*, pd®, cr¥, co** 400
Ag', Hg* 100

metd ionsintheoptimum conditions, extraction of these
meta ionsin the presence of some salected metal ions
by and have been carried out which prompted usto
perform anintensive selectivity study to eval uatethe
possibleinterference of somemetal ionsinthe process
of selective solid phase extraction of Pb?", Cu?*, Zn?*,
Fe*, Niz"and Cd?.

TABLE 4: Recovery of traceelementsfromwastewater and river water sampleafter preconcentration on activated carbon

modified withAM TD (N=3)

lon< Waste water River water
Added Founded RSD% Recovery % Added Founded RSD% Recovery %
PH2* 0 65.4 13 0 64.3 13
50 116.4 1.6 102.2 100 165.8 17 101.5
cu?t 0 86.4 15 0 83.9 14
50 137.6 1.7 102.4 100 185.6 17 101.7
7 0 55.9 17 0 46.8 16 -
50 104.2 1.7 97.8 100 145.3 12 98.5
Fe 0 94.6 14 0 164.3 18 -
50 145.8 1.9 102.4 100 267.4 14 103.1
Ni2* 0 63.8 15 0 43.9 16
50 114.3 1.0 101 100 94.2 12 100.6
Cca?t 0 56.9 15 0 37.7 14
50 105.6 1.7 97.4 100 136.5 1.8 98.8

miumionintherangeof 0.05-1.3, 0.04-1.2, 0.05-1.6,
0.02-1.1,0.04-1.6,0.03-1.7ugmLtusngAMTD rela
tive standard deviation of measurement wasfound for
lead, copper, zinc, iron, nikel and cadmium 1.8%, 2.2%
,1.6%, 1.7%,1.3 and 1.7%. Detection limitsfor this
ionisl.6ugl?, 1.8ugl?, 1.3ugl?, 1.7ugl?, 1.6 ugl-
tand 1.7gl* for Pb?", Cu?*, Zn**, Fe*, Ni?"and Cd?".

Examination of reproducibility

Inorder toinvestigate reproducibility of method at
optimum condition six experimentsfor pre-concentra-
tion of theseionson activated carbon modified with or
and resultsarebrought in TABLE 3. Theresults show
that efficiency for lead ion based on modified AC are
98.5,98.8,97.8,98.1, 97.6 and 98.9 % for Pb*,
Cu?, Zn**, Fe*, Ni?" and Cd?*'that indicate repeatable
results.

I nter ferences
In order to examinethe effect of thevarioustested

Interferencesthat may be concomitant withthision
wereinvestigated. Theinterference effect of calcium,
magnesium and other dkali and dkaineearthionswere
presented in TABLE 3 display that theseions up to
1000fold arenegligibleand thishigh sdectivity ablethe
method for accurate and preci se determination Pb?*,
Cu?, Zn?, Fe**, Ni?* and Cd*ion content in real
samples.

Analytical performanceof themethod

Thecorrectnessof resultswas verified by analyz-
ing the concentration after the addition of known
amountsof anaytesinto ariver , wastewater samples
and vegetablesample. Theresultsweresummarizedin
TABLES4,5. Satisfactory recoverieswere obtained
for spiked andyteions. Therecoverieswerehigher than
97%, thus confirming the accuracy of the presented
procedure.

CONCLUSION
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Theligands|oaded on activated carbon are sensi-
tive and accurate method for determination of trace
amountsof copper and lead ionsinlow concentrations.
Theresults presented in this paper have confirmed the
applicability of the separation and preconcentration of
metas. Thismethod issmpleand thereisno necessity
for elaborate cleanup procedure. Each column can be
used for at least 10 successive analyses without con-
siderablechangein metal ionsrecovery. After theuse
by passing ssmple solution of ligand the column could
beusedfor at |east 100 times.
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