March 2010

04)20.4//:640.[ CH

Trade Science Ine.

ISSN : 0974-7419

Volume 9 Issue 1

CMISTRY

A Judian Joaraal

s Pt P aper

ACAIJ,9(1) 2010[165-171]

Deter mination and preconcentration of nickel in some geological,

environmental and biological samples by FAAS

Harun Ciftci*!, Esen Ciftci?

IAhi Evran Univer sity, Faculty of Scienceand Arts, Department of Chemigtry, Kirsehir, (TURKEY)
2Selcuk Univer sity, Faculty of Engineering, Department of Geological, K onya, (TURKEY)

E-mail: harunciftci@yahoo.com

Received: 20" January, 2010 ; Accepted: 30" January, 2010

ABSTRACT

In this study, new, sensitive, simple and validated solid-phase extraction
method is developed for the determination of nickel. Nickel was
preconcentrated as4-(2-Pyridylazo) resorcinol chelates(Ni-PAR) from sample
solutions using a column containing Duolite XAD-761 and determined by
flame atomic absorption spectrometry (FAAS). The optimal experimental
parameters for the nickel assay have been investigated. The optimum pH
value for quantitative sorption of Ni-PAR was found between 3.5 and 4.5.
Elution process was performed by 5 mL of 2 mol Lt HCI. The sorption
capacity of resnwasdetermined to be 1.8 mg g ' for Ni. The preconcentration
factor was 120. In optimized conditions, the detection limit for nickel was
found to be 0.64 pg L*. The method was applied to different waters, food
and guinea pig tissue samples. Calculated recoveries for waters, bean and
guinea pig lung sampleswere as 98.6-102.1, 98.3 and 98.9 % respectively.
The method was extended for determination of nickel in standard reference
materials (NIST 1573 a-tomato leaves) and to investigate the accuracy of
the proposed procedure. Influences of some interfering species were also
investigated. © 2010 Trade Sciencelnc. - INDIA
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Nickd isatoxic trace element of widespread dis-
tribution in the environment. It, usually, enterswaters
from waste disposalsof different industrial processes
such asdectroplating, batteries, pigmentsfor paintsand
ceramics, surgica and dental prostheses, magnetictapes
and computer components, catalystsand dsoitisemit-
ted to the atmosphere from vol canoesand windblown
dusts®3. Itiswell knownthat thismetal isquickly ab-
sorbed by plant rootsand ishighly mobilein plantg22.
Thehighnickel accumulationinorganismscausesvari-

ous cancer kinds (lung, nose, larynx and prostate can-
cer) lung embolism, respiratory failure, birth defects,
asthmaand chronic bronchitis, alergic reactionssuch
as skin rashes and heart disorderg*8. Therefore, the
development of sengitivenew methodsfor determining
nickd intheenvironmenta, biologica andfood samples
isnecessary and important®.

Thedetermination of nickel inenvironmentaly and
biologicaly hasbeen carried out by instrumental tech-
niques such asneutron activation analysis (NAA)29,
inductively coupled plasmaoptic emission spectrom-
etry (ICP-OES)™+*2, inductively coupled plasmamass
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spectrometry (ICP-MS)*2, X -ray fluorescence spec-
troscopy¥ and chromatography!>16, Recently, atomic
absorption spectrometry has been used as the most
common method for tracemetd determinationinvari-
oussamples Thelevesof metd ionsin natural samples
areusudly lower than thedetection limit of most instru-
ments, and metalsusudly existin very complex matrix
environments. Direct analys sof metalswithout usinga
sampl e preparation techniqueisimpossibleduetoin-
terferenced 8. Therefore, preconcentration stepis
usually required for determination of metal ionswith
concentrations|ower than the detection limit of tech-
nique. There are many methods of preconcentration
such as, coprecipitation, solvent extraction, el ectro-
chemica deposition, membrane extraction, and solid
phase extraction™. Solid-phaseextraction (SPE) has
become a preferred method at enrichment of many
metalsionsprior totheir analysisby FAAS and other
techniques. SPE ismore useful method from the point
of flexibility, higher enrichment factors, absenceof emul-
son, low cost, high speed and simplicity of procedures,
safety with respect to hazardous samples and more
importantly environmenta friendly according to other
methods?.

Inthe present work, anew method was devel oped
for thedetermination of traceamount of nicke by using
FAASindifferent samples. Nickel-PAR chelatescan
be adsorbed on XAD-761 polymer resinin columnand
optimum anaytical conditionsonnickel recovery were
investigated. Analytical parameterssuch asprecision
and accuracy of the method have al so been studied.
The deve oped method has been successfully employed
for thedetermination of theanaytesinvarioussamples.

EXPERIMENTAL

Apparatus

A Perkin EImer Aanadyst moded 700 (Shelton, CT,
USA). FlameAtomicAbsorption Spectrometer (FAAS)
withahdlow cathodelamp and adeuterium background
corrector, at respective resonance lineusing an air—
acetyleneflamewasused. Theinstrumenta parameters
for nickel determination werefound asfollows: wave-
length 232.0 nm, lamp current 7.5 mA, bandpass0.2
nm. Schott Lab-Star pH meter was used to measure
thepH of solutions.

Hnalytical CHEMISTRY o

Reagentsand solutions

All reagentsused were of analytical gradeand all
solutionswere prepared by using tripledistilled and
deionized water. Duolite XAD-761isanester acrylic
polymer andit was purchased from Sigma-Aldrich. The
sizeof resin particleswas 20-60 mesh. The PAR mono-
sodium salt hydrate was purchased from Aldrich and
standard PAR solution of 0.024% (w/v) was prepared
by dissolving 0.012 g of PARin 50 mL mixtureof metha:
nol and 0.2 mol L NaOH solution (55:45 % v/v). Metd
solutionswere prepared by atomic absorption standard
solutions (1000 + 2 mg L1). Nitric acid (65% w), hy-
drochloric acid (37% w), methanol, ethanol, acetoni-
trile (ACN) and other chemical reagents were from
Merck (Darmstedt, Germany). All chemicaswereused
without further purification.

Adsorption columnwereprepared accordingtollit-
erature?!l, Theglasscolumnwas 12 cmlengthand 0.8
cminterna diameter. A smal amount of glasswool was
placed at the bottom of the column in order to held
resin. 0.45 g dried resin was placed and another small
glasswool plug wasinserted onto thetap of theresin.
The bed height of theresinin thecolumn was gpproxi-
mately 2.0 cm. It waswashed successively with water,
ethanol, 2 mol L-*HCl and HNO, sol utions, respec-
tivey.

Preconcentration procedure

The standard test solutionswere prepared asfol -
lows: 5mL of 0.5 mg L of Ni (II) standard solution
added to 1 mL of standard PAR solution and 2 mL
buffer solutionsinavolumetric flask The pH of theso-
|ution was adjusted to optimum pH by the addition of
diluted NaOH or HCI solutions. Afterwards, fina vol-
umewasdiluted to 50 mL with distilled water. Thisso-
|ution was permitted to flow through the column under
gravity at flow rate of 4 mL min. Theadsorbed nickel
ionson the columnwereduted with5mL of 2mol L*
HCI solution that hasaflow rateof 4 mL min. Nickel
was anayzed with method of direct calibration curve
by FAAS. Devicesetting iscontrolled every fiveread-
ings. A blank solution wasa so run under the same con-
ditionswithout adding any nickel. Inthisstudy each
measurement wasrepeated threetimesby FAAS.

Analysisof water samples
Thewater samples(from city lineand Kizilirmak
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river in Kirsehir-Turkey) werefiltered Whatman filter
paper (No. 40) and 600 mL of water samplewastrans-
ferred to abeaker. Then 1 mL of standard PAR solu-
tion and 2 mL of sodium acetate-acetic acid buffer so-
lutions were added. The pH of the solution was ad-
justed to 4.5 and passed through the Duolite XAD-
761 column. After e ution process, andysesof samples
were performed according to recommended
preconcentrati on procedure.

Analysisof standard referencematerial

To vdidate thedevel oped method, standard refer-
encematerial (SRM) wasused. 0.2 gof SRM (NIST
1573 atomato |leaves) was digested with 8 mL of
HNO,and 2mL HCIO, inamicrowavedigestion sys-
tem according to our previousstudies?. Digestion con-
ditionsin polytetrafluorethylene (PTFE) vessd swere
applied as650W, 5 min; 800W, 10 min; 650 W, 5min.
Vessalswereleft to cool for an hour and werecarefully
opened. Colorless solution wastransferred into abea
ker and solvent was evaporated to dryness by using
hot plate. Afterwards, 25 mL of distilled water, 2 mL of
sodium acetate-acetic acid buffer solution and 2 mL of
0.1 mol L* sodium citrate solutions (to iminateinter-
ference effect of Fe** ions on nickel recovery) were
added and filtered through afilter paper. Then, 1 mL of
standard PAR sol ution was added and pH of thissolu-
tion was adjusted to 4.5 and diluted to 50 mL with
digtilled water. Afterwards, the preconcentration pro-
cedure given abovewas applied. The experimentsfor
blank solutionswere carried out inthe sameway.

Analysisof food and guineapiglung

0.5 gdried beanand 0.2 g guineapiglung samples
wereweighed into PTFE bombs. For the acid diges-
tion of samples8 mL HNO, (65%w) and 2mL HCIO,
(60% w) were added. Preparations and analysis of
sampleswere performed according to analysisof stan-
dard reference material procedure.

RESULTSAND DISCUSSION

In order to obtain quantitativerecoveriesof nickel
on the XAD-761 polimer resin, the separation/
preconcentration procedure was optimized for various
analytical parameters, such aspH of samplesolution,
amount of resin, volumeand type of e ution solution,
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amount of ligand, flow rate of samplesolutionand vol-
umeof samplesolution. Theinterfering effectsof other
ionswerea so investigated. Therecovery of analyte
ion separated and preconcentrated on the columnwas
cd culated fromtheamountsof metd ioninthestarting
sampleand theamount of metd ionintheeuent.

Effect of pH of theaqueoussolution on thereten-
tion of Ni(I1)

The adsorption of Ni-PAR chelates on Duolite
XAD-761resinat different pH rangewasinvestigated
with the use of different buffers (sodium citrate-HCI,
sodium acetate-acetic acid, sodium mono hydrogen
phosphate-potass um di hydrogen phosphate and am-
monium chloride-ammonia). Effect of thepH on the
recovery vauesweresummarizedinFigure 1. Asshown
inthefigure, the optimum recoverieswerefound be-
tweenthe pH value of 3.5and 4.5. Therefore, pH 4.5
was chosen as an optimum pH in sodium acetate-ace-
ticacid buffer for analytical determination of nickel in
further sudies.

100
80

60

Recovery, %

40 -

20

0 T T T T T T 1
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pH

Figurel: Theeffect of pH on therecovery of nickel (sample
volume: 50 mL, amount of nickel: 2.5 ng, eluent: 5 mL of 2
mol L*HCI solution, flow rateof sample: 4 mL min’, sorbent:
450 mg, N=3).

I nfluence of amount of 4-(2-Pyridylazo) resorcinal

Different amounts4-(2-Pyridylazo) resorcinol were
added to test solutions containing 2.5ug of Ni (I) and
these test solutions passed then through Duolite
XAD761 column. Theresultsweregivenin Figure 2.
Quantitative recovery was obtained for Ni (11) ionsin
the0.1-0.5 mgrange of PAR. At amount of PAR less
than 0.1 mg and higher than 0.5 mg, therecovery was
bel ow 95%, due to competition on the adsorption be-
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tween PAR chelatesand excessPAR inthe solution. In
further works, 0.24 mg of PAR was added to the solu-
tions.
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Figure2: Theeffect of PAR volumeon therecovery of nickel
(samplevolume: 50 mL, amount of nickel: 2.5 png, eluent: 5
mL of 2mal L-*HCl solution, flow rateof sample: 4mL min,
pH: 4.5, sorbent: 450 mg, N=3).

Effect of samplevolume

Oneof theimportant parametersin thiskind of sud-
iesisthesdection of the samplevolume, sotheinflu-
ence of thesamplevolumeon nickel recovery was ex-
amined on XAD-761 column at a4.0 mL min* flow
rate. For this purpose, 50, 200, 400, 600, 800 and
1000 mL of thetest solutionscontaining 2.5 pug of nickel
were passed through the column at the optimum condi-
tions. Theresultsareshownin Figure 3. Therecovery
of nickel was quantitative (>95%) for the samplevol-
umerange between 50 mL and 600 mL. For thesamples
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Figure 3: The effect of sample volume on the recovery of
nickel (amount of nickel: 2.5 ug, eluent: 5 mL of 2 mol L*
HCI solution, flow rate of sample: 4mL min?, pH: 4.5, sor-
bent: 450 mg, N=3).

havethevolumeshigher than 600 mL, the percentage
sorption of nickel ionswasunder 95%. By analyzing 5
mL of thefinal solution after the preconcentration of
600 mL of sample solution, an enrichment factor of 120
wasfound.

Effect of flow rate

After the optimization of samplevolume, the ef-
fectsof flow rate on the adsorption of nickel werein-
vestigated. To obtain maximum recoveriesfor nickd,
different flow ratesweretested on theretention of the
Ni-PAR che aesin optimum conditions. Thenicke was
desorbed fromtheresinby usng5mL of 2mol LTHCI
solutions. Asshownin Figure4, it wasfound that the
auitablevauefor theflow rateof thesolutionwasinthe
range of 1-4 mL min 1. Therefore, an optimum flow
rateof 4 mL min-*wassd ected astheworking solution
flow rate.
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Figure4: Theeffect of solution flow rateon ther ecovery of
nickel (samplevolume: 50 mL, amount of nickel: 2.5 g,
eluent: 5mL of 2mol L*HCI solution, pH: 4.5, sorbent: 450
mg, N=3).

Choiceof eluent agents

In order to obtain maximum quantitativerecoveries
of nickd, variousd uent and volume of reagent wasstud-
ied. For this purpose ethanol, acetonitrile, HCl and
HNO, sol utionswere used. The obtai ned results show
that the maximum recovery of nicke wasobserved by
using 5 mL of 2 mol L*HCI solutions. The effects of
variouse uent on therecoveriesof nicke are summa-
rizedinTABLE 1.

Effect of resin amount
Theinfluence of theamount of XAD-761resinon
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TABLE 1: Theeffect of duent typeson therecovery of nickel
(samplevolume: 50 mL, amount of nickel: 2.5 pug, flow rate of
sample: 4mL min, pH: 4.5, sorbent: 450 mg, N=3)

Eluent Rez:;:/ )ery
2mol LM HCI, 4 mL 92+1
2mol L HCI, 5mL 98+3
2mol L' HNO;, 4 mL 72+2
5mL of ethanol-2 mol L™ HCI mixtures (1:3v/v)  85+2
4 mL ethanol 12+1
4 mL acetonitrile 18+2

recoveriesof nickel studied at different amountsof sor-
bent. Tothisaim, the XAD-761 resin wasadded in the
range between 200-800 mg into the adsorption col-
umn. Thetest solution, whose volumeis50 mL and
includes 2.5 ng of nickel, was passed through the col-
umn at optimum conditions. The results showed that
the optimum amount of sorbent wasfoundintherange
of 450 to 800 mg for maximum extraction of Ni (I1)
(Figure5). Fromtheseresults, optimum amount of resn
was selected as 450 mg of resin hasbeenused inall
further experiments.

100 +
90 -
80 -

70 A

Recovery, %

60 -
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40 T T T T T 1
200 300 400 500 600 700 800

Amount of XAD-761 (mg)
Figure5: Theeffect of XAD-761 amount on ther ecovery of
nickel (samplevolume: 50 mL, amount of nickel: 2.5 pg, elu-
ent: 5mL of 2mol L-*HCl solution, flow rate of sample: 4 mL
min?, pH: 4.5,N=3).

Influenceof interfering species

Theinterference studieswere performed using
various possibleinterfering ions on the retentions of
theinvestigated analyte. Theseionswere examined
inthetest solutions. For this purpose, theinfluences
of some cationic and anionic specieswere investi-
gated. In these experiments, 50 mL of solutions con-
taining 2.5 pug of nickel and various amounts of pos-
sibleinterferingionsweretreated according to the
preconcentration procedure. The degree of interfer-

—— Fyll Peper

ence effectswere shown asratio of therecovery in
the presence of interfering ionsto that in their ab-
sence. Theresults are givenin TABLE 2, and the
percentages showed that, in excess of 1000 mg L*
of K*, Na*, Ca*, Mg*, Cl, Br,, SO, > and 20 mg
L1of Ag',Cu?,6 Co?,Zn%, Mn?, Pb? Al ¥, Fe
3 and Cr * ionshave no significant interferencesin
the extraction and determination of nickel intest so-
lutions. Thetolerancelimit isdefined astheion con-
centration causing arelative error smaller than +5%
(except Fe*" rel ated to the preconcentration and de-
termination of nickd. Interfering effect was observed
when Fe* concentration of morethan 20 mg L. To
eliminatetheinterferenceeffect of Fe* ions, 2 mL of
0.1 mol L-* sodium citrate solutionsis added as mask-
ing agent to 300 mg L-* containing Fe** in synthetic
solution.

TABLE 2: Theeffect of someionson therecovery of nickel

Concentration Recovery

Concentration Recovery lon

N (mgL) (%) (mgL™) (%)
K* 1000 99+3  Co* 20 96+2
Na* 1000 100+2  Zn® 20 98+2
ca® 1000 972  Mn?* 20 101+2
Mg* 1000 101£2  Po* 20 95+2
cl 1000 95+2 AP 20 96+2
Br- 1000 96+2  Fe™ 20 98+3
SO~ 1000 98+2  Fe™ 50 52+
Ag' 20 95+2  Fe*? 300 95+2
cu® 20 103+3  Cr** 20 97+1

Results are mean + standart deviation of three replicate analyses.
aln Sodium citrate added as masking agent

Capacity of theresin

To determinetheadsorption capacity of of Dudite
XAD-761 batch method was used by using Ni-PAR
chelates®. For thisprocess, 450 mg of theresin and
Ni-PAR solution of 50 mL volume, 200mg L Ni ions
content and 103 mol L PAR content were shaken at
200 rpm between 1 to 3 hoursat optimum conditions.
Whilesolutionwas shaken thenicke ionswerestripped
off theresinwith5mL of 2 mol L** HCl solutionsand
determined by FAAS. It wasinvestigated that the ad-
sorption did not change significantly with contact time
after 90 minutes. By using these parameters capacity of
the XAD-761resinhasbeencaculatedas1.8 mgg™.
Different resnswith sorption capacitiesand enrichment
factorsweregiveninTABLE 3.
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TABLE 3: Comparison of adsor ption capacitiesand enrich-
ment factor sfor nickel

Adsorption Enrichmet
Solid phase Chelating agent 1 Capacity References
(nglL™) 1 factor
, (mgg")
Ambersorb 563 1-(2-pyridylazo) 2- - 5 - 125 [24]
naphtol
Cibacron Blue F3-GA
Immobilized poly(HEMA) ~ 2873 2612 63 [25]
(DVB)-ethylene glycol - g R
dimethacrylate quinoline-8-ol 2 200 [26]
Amberlite XAD-2 0o-Amino phenol 75 3.24 65 [27]
. 4,6-dihydroxy-2-
Activated carbon mercaptopyrimidine 35 0.54 260 [19]
Amberlyst 36 - 0.86 143 100 [28]
Dualite XAD-761 PAR 0.64 18 120 Present

work

Analytical performance

For present study, the optimized experimenta pa-
rametersand anayticd performance of methodswere
givenin TABLE 4. Under these experimental condi-
tionsthe anal ytical features of the proposed method
such as, linear range of calibration curveand limit of
detection (LOD) werea so examined. LOD for nickel
was obtained from calibration curve as 0.64 pg L.
Caculation of LOD was based on threetimesthe stan-
dard deviation of theblank Sgna sof ten measurements.
After preconcentration of 50 mL of standard solutions
buffered at pH 4.5 in different concentrations, calibra:
tion graph was obtained For this purpose, standard
solutionscontaining Ni(ll) ionintherangeof 2-1000
ug Lt wereexamined by the proposed procedure and
it wasobserved that calibration curvewerelinear inthis
range. Theregression equation and correl ation coeffi-
cient were A (103) = 7.703C- 0.9172, R? = 0.9983.

TABLE 4: Analytical performanceand optimum condition of
theproposed method for deter mination of nickel

pH (in sodium acetate-acetic acid buffers) 4.5

Amount of PAR 0.024 % (w/v)(mL) 1
Amount of resin (mg) 450
Eluent volume (2 mol L™ HCI) (mL) 5
Temperature Ambient
Elue flow rate (mL min™) 4
Sample flow rate (mL min™) 4
Maximum sample volume (mL) 600
Enrichment factor 120
Linear range (ug L) 2-1000

-3\ —
Regression equation (ug L™) ?%J%C):_O 9172
Correlation coefficient (R?) 0.9983
Detection limit (ug L™) 0.64
Precision (R.S.D, N=7) (%) 2.8

Inthisequation A (10°2) isabsorbance corresponding
to concentration C (ug Lt) of Ni (I1). The precision
from seven repeated measurementsof 5ug L of nicke
isexcellent with RSD valuesof 2.8 %. Thesevaues
show that, the devel oped method issuitablefor deter-
mination of nickel. To study thevaidation of thedevel-
opment method, standard reference materials (NIST
1573 a-tomato | eaves) was used for the determination
of nickel. Each experiment repeated threetimesand
theresultsaregiveninTABLEDS.

TABLE 5: Resultsfor certified reference material (NIST
1573 a-tomatoleaves)

Element Found? Certified Recovery
(ngg?) (ngg?) (%)
Ni 1.62+0.12 1.59+0.07 101.8

aMean and Sandart deviation from three deter minations
Deter mination of nickel in real samples

Thevalidity of the proposed method wasfurther
proven by anayzing spiked nickel samples. For this
am, 2.0-100.0 pg kg nickel solutionswere spiked
to sample prepared by mixing of 600 mL of water,
0.5 gdried food samplesand 0.2 g guineapig lung
samples. After homogenizing the samplesand apply-
ing the procedure, nickel was determined by using
proposed method. TABLE 6 showsthe experimental
results of spiked nickel samples. Therelative stan-
dard deviationswerelessthan 10%. Calculated re-
coveriesfor waters, bean and guineapiglung samples
werefound as 98.6-102.1, 98.3 and 98.9 % respec-
tively. Thelevelsof nickel werefound as2.8+0.4 ng

TABLE 6: Thedetermination of nickel in different samples
(Initial volumefor water samples: 600 mL, bean (0.5 g) and
guinea piglung samples (0.2 g): 50 mL)

Sample Added Found” Rec(;:/ery
. - 2.8+0.4 pg L™t -
City line 4 He 1
20pugLl™ 49+0.5ugL 102.1
. - 8.2+0.6 pg L™ -
River 1 He 1
40pg L™ 124+0.8 pgL 101.6
- 186+14 ug kg™ -
Bean N ng g_l
50 ug kg™ 232t18 pg kg 98.3
; : - 95462 g kg™ -
Guinea Pig lun
979 500 g ket 1142478 g kgt 98.9
- 10.8+0.8 pg L™*
Geothermal water 1 He 1
40pgLl~ 146+1.2pgL 98.6

*Mean =+ ts/vN with 95% confidence level
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L% 8.2+0.6 ng Lt 10.8+0.8 ug LY, 186+14 ng kg
tand 1142+78 pg kg'at 95 % confidence level for
city linewater, river water, geothermal water, bean
and guineapig lung samples, respectively. Theresin
on the column can be used at least 250 times. The
sufficiently good recoveriesand low relative standard
deviationsreflect the high accuracy and precision of
the proposed solid-phase extraction.

CONCLUSION

A novel solid-phase extraction method involving
PAR was proposed to determine nickel content in dif-
ferent samples. The proposed method hasdistinct ad-
vantagessuchassmplicity, low cog, short timeof andy-
s, high precisionand accuracy. Furthermore sophisti-
cated instrumentation is not needed. The method de-
vel oped hasbeen successfully employed for the deter-
mination of theandytesingeologicd, environmentd and
biologicd Samples. Themethod presentedismost prom-
ising for nickel ionsasthe preconcentration factor is
120. This method can be safely used an aternative
method to determine the nickel content of different
samples.
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