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A highly sensitive and accurate method for preconcentration and determi-
nation of ultratrace amounts of cobalt and nickel ionsinwater ssmplesis
proposed. The preconcentration is achieved using C -silica extraction
disksmodified with Cyanex272(bis(2,4,4-trimethyl pentyl) phosphinic acid).
The retained ions on the prepared solid phase was eluted with 10ml of
0.01M nitric acid and measured by inductively coupled plasma-optical
emission spectrometry (ICP-OES). The influence of the type and amount
of eluent used, pH, sample and eluent flow rates, amount of Cyanex272and
the effect of other ions on extraction efficiency were investigated. The
limits of detection of the method were 0.3 and 0.1ug I for cobalt and
nickel, respectively, and provide an enrichment factor of 100. Theresults
obtained on 10 successive extractions and elution cyclesreveal ed relative
standard deviations of 1.8 and 1.7% for cobalt and nickel, respectively.
The proposed method has been applied to the determination of ultratrace

amounts of cobalt and nickel ionsin natural and synthetic water samples
with satisfactory results.  © 2008 Trade Sciencelnc. - INDIA 7
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INTRODUCTION

Cobdtisanessentia micronutrient for life. Deter-
mination of low levelsof cobalt by flame atomic ab-
sorption spectrometry(FAAS) often demands separa-
tion and precon-centrati on steps because of insufficient
sengitivity or matrix interference. Severd procedures
of enrichment have been devel oped for cobalt determi-
nationinvolving different ana yticd techniques, suchas
coprecipitation®, or liquid-liquid?, cloud point!® or
solid-phasd extraction. Processesinvolving solid-
phase extraction™ show several advantages, likeavail-
ability and easy recovery of sorbent, attainability of high

preconcentration factors, andfacility of handling. There-
fore, these proceduresavoid or minimizetheuseof or-
ganic solventsthat are generdly toxic.

Online preconcentration syslemsusing solid-phase
extraction are opportunefor metal determination, due
tother flexibility, s mplicity, high samplethroughput and
versatility. Thesecharacteristicspermit theuseof online
systems coupled with different detectors. Many online
procedures using solid-phase extraction can befound
intheliterature. The materiad sgenerally used areion-
exchangerd®”, silical®d, activated alumina*¥, car-
bon*Z, fullerend™?, polyurethanefoam*43 and chel a-
ingresinge,
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Thereiscontinuedinterest in devel opment of chela-
ing sorbentsfor usein meta preconcentration systems.
To produce these matrices, chelating ligands can be
loaded on solid supports*™2l, or can be covalently
bonded to apolymeric matrix through an azof?22 or
methylenegroup®. Coupling by covaent bond reduces
problemsof leaching of theligand from the column.

When multielemental determinationsarerequired,
such assystemsthat useinductively coupled plasma-
atomic emission spectrometry (ICP-AES) asthede-
tection technique, the use of unsdlectiveligandsiscon-
venient. However, in somedeterminationsinwhich the
goal isreduction of interference problems, the use of
selectivereagentsismoresuitable.

Nickel can befoundin many environmentsand has
been shown to be essential for the human body. Itis
generdly accepted that nickel concentrationsbe ow the
0.1ugml* leve innatura watersareharmlessto agquetic
organismsand irrigated plantg®¥. However, it hasbeen
classified asoneof the 13 priority meta pollutantsby
USEPA for itswidespread usé?®!. It isthemetal com-
ponent of the enzyme ureaseand assuch isconsdered
to beessential to plants and some domestic animals.
Theessentiality of nickel to man hasnot been demon-
strated. M ore attention has been focused on thetoxic-
ity of nickel inlow concentrations, such asthefact that
nickd cancausedlergicreactionsandthat certain nickel
compounds may be carcinogenic?. Cobaltisknown
to beessentid at tracelevel sto man, animasand plants
for metabolic processes?. Itisclear that the determi-
nation of thetraceamountsof cobalt inbiological and
environmental samplesisimportant inthefieldsof en-
vironmenta anaysis, processcontrol and medicine. The
determination of traceamountsof cobaltin natural wa-
tersisof great interest because cobalt isimportant for
living speciesascomplexed Vitamin B . Thedeficiency
of cobalt in ruminantsusualy resultsin different types
of anemia. Toxicological effectsof |argeamounts of
cobalt include vasodilation, flushing and cardiomyopa-
thy inhumans and animals. Investigationshave been
extended to the biochemistry of cobdtinanimals, mi-
croorganisms and enzymes?. The maximum recom-
mended concentration of toxicionssuch asnicke and
cobalt indrinking water for livestock is: Co-1.0mg
and Ni-2.5mg |42, For drinking water for human con-
sumption the upper limitsareevenless. It istherefore
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clear that areliable analytical method must be estab-
lished to test waters and soilson aregular basis. Previ-
oudly, traceelementsin natural watersweretypically
analyzed usi ng flame atomi c absorption techniques,
which dthough amost interferencefree, werelabor in-
tensiveowingtotheir oneeement at atimeanalytical
mode. At the present time, even the furnace atomic
absorption technique, for yearsthe standard bearer of
low-level trace metal analysisisgivingway toinduc-
tively coupled plasma-opti cal emission spectrometry
(ICPOEY) techniques.

Thedhility of thel CP-OES systemto performmullti-
element tracemetd analysisof environmenta samples
provided commercid laboratorieswith theneededin-
centiveto enter into the business of trace metal analy-
ss. Despitethe sdl ectivity and senditivity provided by
thistechnique, thereisacrucid needfor the preconcen
tration of ultratraceelementsbeforetheir andysisdue
to their frequent low concentrations in numerous
samples. Additionaly, sncelCPemissonisnormally
subjected to highleve sof interferencesthat usually ac-
company analytes; acleanup step is often required.
Many methods have been developed for the
preconcentration of trace heavy metalsfrom various
samples. Theseinclude coprecipitation, el ectrodepos -
tion, liquid-liquid extraction and solid phase extraction.
Solid phase extraction (SPE) hasreceived much atten-
tioninrecent yearsfor the analysisof trace concentra-
tionsin samples. Thistechniquereducestheuseof sol-
vents, which reducesdisposal costsand extractiontimes
(3031, Many solid phases, such as activated carbon,
polymericfibers, amberlite XAD, silicagel and modi-
fied akyl-bonded silicagedl have been used to precon
centratetracemeta ionsfromvariousmedia Silicawith
chemicaly bounded akyl chainsmodified by the use of
suitableligands has been an excellent and widely used
extractor of metal iong®>3¢, Someworksdedingwith
the adsorption of tracemetal chelateson C -silicaad-
sorbent materia spacked into columnsor cartridgesand
their determination by ICP-OES can befoundinlitera-
ture’®"38, The useof extraction diskswithahigh cross-
sectiona areamay largely prevent dl the problemsen-
countered with columns, cartridges and tubesand usu-
aly offer higher breakthrough volumes™.

8-aminoquinoline derivativesareknown aschro-
mogenic reagentsfor spectrophotometric determina-
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tion of micro-amountsof gold“? and palladium®, and
for thefluorimetric determination of iron“? and gold.
Cyanex272, hasbeen used asasd ective che ating agent
for thes multaneous spectrophotometric determination
of cobalt and nickel iong*449, |n thiswork, Cyanex
272issynthesized and used to modify the C -silica
extraction disks. Using thesedisks, ahighly efficient
and s mplemethod for the preconcentration of ultratrace
amounts of cobat and nickel in natura water samples
isdevel oped and the simultaneous determination of
theseelementsisachieved using ICP-OES.

EXPERIMENTAL

Apparatus

Aninductively coupled plasma-optical emission
spectrometer (ICP-OES, Varian Vista-Pro, Australia)
coupled to aV-groovenebulizer and equipped with a
charge-coupled device (CCD) detector wasused. The
operating parametersarelisted in TABLE 1. Solid phase
extractionswerecarried out by glassy membranedisks,
ENVI-18DISK™ 47mm diameter x0.6mm thickness
containing octadecyl silicabonded phase(30um par-
ticles, 70A pore size) obtained from Supelco in con-
junctionwithastandard Millipore47mmfiltration ap-
paratus equipped with avacuum pump. The pH mea-
surementswere carried out by anATC pH meter (EDT
instruments, GP 353).

Reagents

All metd sdlts, acidsand solventsand Cyanex272
used were purchased from Merck(Darmstadt, Ger-
many) and wereof andytical reagent grade. Deionized
doubledistilled water was used throughout. Multi-€l-
emental standard solution containing Co and Ni at
100ug mi-* was prepared by dissolving Coand Ni in
appropriate amounts of nitrate salts. Single standard
solutionsof Co and Ni at 1000ug ml-* werea so used
(Merck). Phosphate buffer was prepared by dissolving
1.1799 of potassium dihydrogen phosphate and 4.30g
of disodium hydrogen phosphate in deionized double
distilled water to give 1000ml of solution.

Prepar ation of modified extraction disks

Extractionswere carried out by glassy membrane
disks, ENVI-18DISK™ 47mm diameter x0.6mm
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thickness containing octadecyl silica bonded phase
(30um particles, 70A pore size) obtained from Supelco
inconjunction with astandard Millipore47mmfiltra-
tion gpparatus equipped with avacuum pump. Inorder
toremovepotentia interferencesand to ensure optimal
extraction of theanaytes, disk cleaning and condition-
ing should be performed beforeuse. Thus, after placing
thedisk inthefiltration apparatus, 10ml methanol was
poured onto the disk and immediately drawn through it
by applyingadight vacuumtoremoveall contaminants
arising from the manufacturing process and the envi-
ronment. Thisprocedureisespecialy important for the
disks, whichareused for thefirst time. After al of the
solvent passed through thedisk, air wasdrawn through
itfor Smintodryit. After dryingthedisk, a5ml solution
of chloroform containing 6mg of Cyanex272wasin-
troduced onto the disk and alowed to penetrateinsde
thedisk completely. Then, the solvent was evaporated
at 60°C and the modified disk was washed and pre-
conditioned by passing a 20ml portion of the buffer
solution to pre-wet the surface of thedisk prior to the
extraction of ionsfrom agueous samples. In order to
ensurecompletewetting of the disk withthe buffer so-
lutionitispreferableto |leave extrabuffer abovethe
disk rather thanto dlow any air to comein contact with
the surface of thedisk.

Procedur e of extraction, elution and deter mina-
tion

TABLE 1: Instrumental parameters

Plasma Argon
Frequency of RF 40MHz
generator
RF power 1.5kw
Plasma gas flow rate 15 Omin™*
Nebulizer flow rate 0.83I min™
Sample uptaketime 20s
Integration time 05s
Sample integration 3
number
Sample solution flow rate 3ml min™
Integration time 1ls

High waveleng 1ls
Low wavelength 3
Sample integration
number
Analysis wavelength
Co 228.629nm
Ni 231.598nm
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The general procedure for the extraction and de-
termination of cobat and nickd ionswasasfollows. A
250.0 ml volume of solution containing 0.5ug of each
metal was adjusted to the pH=6.0 by the addition of
5ml phosphate buffer and then passed through themodi-
fied disk at 20ml min* flow rate. Thedisk wasdried
completely by passngair throughit for 5min. After the
extraction, a25x200mm test tubewas then placed un-
der the extraction funnel. The extracted ions were
stripped from the modified disk using 10ml solution of
0.01M of nitricacid at 7ml min™ flow rate. Theandyte
ion concentrations were then determined at recom-
mended conditionsby ICP-OES.

Analytical procedurefor cobalt and nicke in wa-
ter samples

Water sampleswere acidified with HNO, 10 0.5%
v/v prior to storagein order to avoid metal adsorption
onto theinner bottleswalls. 1000ml aliquot of water
sampleswasfirst passed through 2.5m pore sizefilter
paper(Whatman) to remove suspended particulate
matter and was stored at 6°C in the dark. Then com-
plete the determination asdiscussed in section 2.4.

RESULTSAND DISCUSSION

Effect of pH on theadsor ption of metal ions

The pH of the sample solutionisone of theinflu-
encing factorsin solid phase extraction process. The
analyte solutionswere adjusted by the addition of ap-
propriate amountsof 0.1M either nitric acid or ammo-
niasolutionsto afixed pH and passed through modi-
fied octadecyl silicadisksat aflow rateof 20ml mint.
ThepH range studied was between 2.0 and 8.0. Higher
pH values (>8) were not tested because of the possi-
bility of thehydrolysisof octadecyl silicainthedisks.
Then the metal ions were eluted from the disks and
their determination by ICP-OES gave the percentage
recoveriesof theeluted metal ionsat variouspHs. Fig-
ure 1 showstheeffect of pH on theretention of metal
ionsonthe modified octadecyl silicaextraction disks.
Both cobalt and nickel ions have been quantitatively
retained inthe pH>6.0. Thusfor subsequent experi-
ments, pH=6.0 was chosen asworking pH. Addition
of 5.0 ml phosphate buffer was sufficient for achieving
thispH.

TABLE 2: Percent recovery of cobalt and nickel from modi-
fied octadecyl silicaextraction disksusing varying amounts
of different 0.01M of acid solutions®

Recovery (%)

Hydrobromic  Hydrochloric Nitric Acetic V(():rzjlr)ne
acid acid acid acid
26.9 54.7 457 26.6 Co 25
32.7 475 456 325 Ni
435 85.8 60.5 356 Co 6.0
53.3 72.6 65.6 44.5 Ni
61.5 934 815 523 Co010.0
76.7 98.0 738 62.8 Ni
80.0 98.7 954 706 Co15.0
97.6 97.5 84.4 835 Ni

aSample solution: 250ml of multi-elemental solution contain-
ing 0.51Lg of cobalt and nickel ions (pH = 6.0) at 25ml min? flow
rate. Eluent flow rate: 7mIimint. Amount of ligand: 10mg.
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Figurel: Effect of pH ontherecovery of cobalt and nickel.
(Samplesolution: 250ml of solution containing 0.5ug of
each metal at 25ml min-*flowrate. Eluent: 10ml of 0.01M
of nitric acid solution at 7ml min-* flow rate. Amount of
ligand: 10mg)

Choiceof eluent

In order to choose aproper euent for theretained
ionsafter their extraction, theandyteionswerestripped
with varying amountsof 0.01M concentrationsof dif-
ferent acidsand theresultsaresummarized in TABLE
2. Itisseenthat their e ution from the modified mem-
brane disk was quantitative with 10.0ml of 0.01M ni-
tric acid, whilethis could not be doneeven if greater
than 10.0ml volumesof the other acidstested. In other
experimentsit wasfound that thelower the concentra-
tion of nitricacid, thelarger thevolume of theacid so-
|ution needed for the quantitative stripping of the cat-
ions. Thus, 10ml portionsof 0.01M nitric acid were
used for further studies. It isnoteworthy that when ni-
tricacid of concentrationshigher than 0.01M wasused,
therewas someleaching of Cyanex272 fromthedisk.
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Effect of theamount of ligand

In order to investigate the optimum amount of
Cyanex272on the quantitative extraction of metal ions
by themodified extraction disks, extractionfrom 250ml
solutions containing 0.5ug of cobalt and nickel ions
under theoptima conditionswas conducted by varying
theamountsof ligand from 5to 20mg. Inall cases, the
extraction of metd ionsfound to bequantitative. Hence,
subsequent experimentswere carried out with 10mg of
theligand.

Effect of flow rates

Thedependency of uptake of themetd ionsonthe
flow rate was studied. The flow rate of the solution
through themodified disk wasbeing varied from 10 to
30ml min'. Adsorption of cationswas quantitetiveand
reproducibleinthisrangeand not consderably affected
by thesamplesolution flow rate. Similar resultsfor the
extraction of organid* and inorgani ¢3¢ materid sby
octadecyl silicaextraction diskshavebeenreportedin
theliterature. Thus, theflow rate of the samplesolution
was maintained at 20ml min* throughout the experi-
ment. Quantitativestripping of metd ionsfrom themodi-
fied disk wasachieved in aflow raterange of 2-10ml
min, using 10ml of 0.01 M HNO, asastripping solu-
tion. At higher flow rates, alarge volumeof eluent was
necessary for thequantitative stripping of ions. Hence,
subsequent experimentswere carried out with aflow
rateof 7ml min'.

Disk efficiency

Undoubtedly, one of the mgjor parameters affect-
inginthe SPE determinationsistheefficiency of the
used membrane disks. However, to the best of our
knowledgethiscase has not been discussed el sewhere
indmilar reports. Under the optimum experimenta con-
ditions, it was found out that each ENV-18 DISK™
disk could perform at least 15 replicate analysesif or-
ganic eluting solvents are used. On the other hand,
acidic, duentspractically decreasethe number of time
adisk could be used to 10replicates. These observa-
tionsarerepresented infigure2.

Analytical figuresof merit

The measurement of breakthrough volumeisim-
portant in solid phase extraction because breakthrough
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Figure?2: Influenceof euent typeon disk efficiency

volume represents the sample volume that can be
preconcentrated without thelossof anadyteduringeu-
tion of the sample. The breakthrough volume of the
sampl e sol ution wastested by dissolving 0.5ug of co-
balt and nickel ionsin 500, 750 and 1000ml of buff-
ered solution and the recommended procedure was
followed. Inall cases, the extraction by modified disk
wasfound to be quantitative. Thusthe breakthrough
volumefor themethod should bearound 1000ml. Con-
sequently, by consdering thefind eutionvolumeof 10ml
and the sampl e solution volume of 1000ml, an enrich-
ment factor of 100 waseasily available. Themaximum
capacity of themodified disk for eachion wasdeter-
mined by passing 250ml portionsof buffered aqueous
solutionsthrough thedisk inwhich each of thesolutions
contains 500ug of oneof theions. The conditionswere
asrecommended procedure. The maximum capacities
of thedisksobtained from threereplicate measurements
were 0.035+7 and 0.048+5ug per grams of |oaded
ligand for cobalt and nickel, respectively. Thelimitsof
detection(LOD) of the proposed method were studied
under theoptima experimenta conditions.

This parameter was calculated by LOD=ks /m,
wherek isequal to 3 according to the desired confi-
dencelevel (95%), s, isthe standard deviation of the
blank signal and misthedopeof theanalytica curve.
TheLODswere0.3and 0.1ugl* for cobat and nickel,
respectively. Thereproducibility of the proposed method
for theextraction and determination of 0.5ug of andyte
ionsfrom 250 ml buffered solution at pH=6.0 wasalso
studied. Theresults obtained on 10 successive extrac-
tionsand elution cyclesreveaed rel ative standard de-
viationsof 1.8 and 1.7% for cobalt and nickel, respec-
tivey.
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TABLE 3: Effect of foreignionson therecovery of cobalt and
nickel ions®

Recovery (%) Concentration lons
Ni Co (ppm)
97.5 98.9 0.7 Zn*?
98.8 97.7 0.09 Cu*
97.7 - 0.5 Co™?
- 97.0 0.5 Ni*?
95.9 97.8 0.7 Fe™
96.6 98.8 0.5 Al
98.9 95.8 0.4 Mn*2
97.8 97.6 300 Mg*
98.3 96.4 1200 Na'
97.7 98.4 1200 K*
96.5 98.7 450 Ca™?
97.6 98.4 0.7 Hg'*?
96.6 96.8 0.8 cd*
98.4 97.3 0.6 cr?
96.8 98.4 8 Ag
94.7 97.6 0.6 Pb*?
96.7 97.8 49 Ba"
97.4 97.8 48 As™

aSample solution: 250ml of multi-elemental solution contain-
ing 0.51Lg of cobalt and nickel (pH = 6.0) at 25ml min* flow rate.
Eluent: 10ml of 0.01M of nitric acid solutions at 7ml min? flow
rate. Amount of ligand: 10mg, 2Concentration values are confi-
dence intervals based on three replicate analyses at 95%; n.d.:
not determined.

TABLE 4: Deter mination of cobalt and nickel ionsin 2000ml
of different water samplesand recovery test?®

Concentration

Recovery  (ugl™), X tstyn  Added
(%)  Proposed Reference (pg) Element  Sample
method  method
- 12.26+0.3512.32+0.67 — Co Sea water
87.8 - 16.64+0.54 5
94.9 - 21.75+0.67 10
- 14.90+0.6317.26 +0.67 — Ni
96.8 - 20.09+0.56 5
94.7 - 24.65+0.58 10
- 1.30+0.37 1.23+0.58 — Co Tap water
109.3 - 6.73+048 5
102.5 - 11.55+0.55 10
- 2.28+0.74 2.18+0.57 - Ni
93.3 - 8.86+0.65 5
95.4 - 13.78+0.57 10
- n.d. n.d. - Co  Synthetic water
(K*Na',Li*,
Mg®",Ba" Na,
95.5 - 450+0.77 5 Ag',Ca®t Fe*,
Mn?", 0.0mg
of eachcation)
97.6 - 9.64+0.68 10
- n.d. n.d. - Ni
94.6 - 459+0.68 5
96.4 — 9.56+0.64 10

Effect of foreignions
Theeffect of other cations on the determination of

anayteionswas studied. Known quantities of thefor-
eign ions were added to 250ml aliquot of aqueous
solution(pH=6.0) contai ning 0.5ug of cobalt and nicke
ions, and the recommended procedurewasfollowed.
Asshownin TABLE 3 most of the cations examined
did not interfere considerably with the extraction of
analyteionsand their recoverieswerequantitativein
the presenceof other cations.

Analysisof water samples

To test the applicability of the developed proce-
dure, it was applied to theextraction and determination
of cobat and nickel contentsfrom somewater samples.
Tapwater(Saveh, 20 February, 2007), seawater (taken
fromthe Caspian sea, Anzdi port, 11 November, 2006)
and asynthetic sasmplewereanalyzed. Ascan be seen
inTABLE 4, the added analyteions can be quantita-
tively recovered from thewater sasmplesby the afore-
mentioned procedure. The accuracy of theresultsgiven
in TABLE 4was demonstrated by the use of acloud
point extraction procedure“®. According to the 95%
confidencelevel, therewas no significant difference
between the results obtai ned from thetwo methods.

CONCLUSION

Theresultspresented inthiswork well demonstrate
thetremendous possibilities offered by the solid phase
extraction of ultratraceamountsof cobat and nicke in
water samplesusing C -silicaextraction disks modi-
fied by Cyanex272 and itsdetermination by inductively
coupled plasma-optical emission spectrometry (ICP-
OES). Thismethodisarapid, smple, preciseand ac-
curate alternativeto conventional proceduresfor de-
termining theseionsin natural water samples. Low de-
tection limits, upto 0.2 and 0.09ug | for cobalt and
nickel, respectively, and an enrichment factor of 100
arethemain advantages of thisanalytical procedure
used in environmenta ultratraceanaysis. In conclu-
sion, the devel oped method can be applied in order to
simultaneoudy determine ultratrace amountsof these
elementsin various natural water samples.
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