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ABSTRACT

A simple and reproducible method for the rapid extraction and determina-
tion of trace amounts of copper(Il) ions using octadecyl-bonded silica
membrane disks modified by bis(2-hydroxyphenylamino)glyoxime(BHPG)
and atomic absorption spectrometry is presented. The method is based
on complex formation on the surface of the ENVI-18 DISKTM disksfol-
lowed by stripping of the retained species by minimum amounts of appro-
priate organic solvents. The elution is efficient and quantitative. The ef-
fect of potentia interfering ions, pH, ligand amount, stripping solvent,
and sampl e flow rate were also investigated. Under the optimal experimen-
tal conditions, the break-through volume was found to about 1000mL
providing a preconcentration factor of 500. The maximum capacity of the
disks was found to be 389+4pg for Cu2.The limit of detection of the
proposed method is 5ng per 1000mL. The method was applied to the
extraction and recovery of copper in different water samples.
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INTRODUCTION

Copyper at trace concentrations acts as both ami-
cronutrient and atoxicant in marine and fresh water
sysems*® Thisdement isneeded by plantsat only very
low levelsandistoxic at higher levels. At theselevels,
copper can bind to the cell membraneand hinder the
transport processthrough thecell wall. Copper a nearly
40ng mLtisrequired for norma metabolism of many
living organismg®%, Ontheother hand, copperisan
important e ement in many industries. Thus, the devel -
opment of new methodsfor selective separation, con-
centration and determination of itinsub-microlevelsin
differentindustrid, medicina and environmental samples
isof continuing interest. The determination of copper is

usualy carried out by flameand graphitefurnaceatomic
absorption spectrometry (AAS)*12 aswell as spec-
trometric methods*3*4. However, dueto the presence
of copper in medicinal and environmental samplesat
low levels, its separation from other el ements presents
and a so the use of apreconcentration step prior toits
determinationisusualy necessary.

Different methods, especidly liquid-liquid extrac-
tion of copper inthe presenceof various classical*>19
and macrocylic®2Y co-extractant ligands has attracted
considerabl e attention. However, the use of classical
extraction methodsfor thispurposeisusualy time-con-
suming, labor-intensive and requireslarge amounts of
high purity solventsfor extraction. Nevertheless, sev-
eral other techniquesfor the preconcentration and sepa-
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ration of copper have been proposed including liquid
chromatography? supercritica fluid extraction®, flo-
tation!, aggregate film formation®, liquid mem-
brane’?, column adsorption of pyrocatechol violet-
copper complexes on activated carbonl?”, ion pair-
ing??, preconcentrationwith yeast’®, and solid phase
extraction using C18 cartridges and disks
[31-33,56] .

Solid phase extraction (SPE) or liquid-solid extrac-
tionispoplar and growing techniquesthat are used to
samplepreparationfor andysis. Itisan atractiveater-
nativefor classica liquid-liquid extraction methodsthat
reduce sol vent usage and exposure, disposal costsand
extraction timefor sample separation and concentra-
tion purposed®+38, In recent years, the octadecyl-
bonded silica SPE disks have been utilized for the ex-
traction and separation of different organic compounds
from environmenta matrices® 9. Moreover, the SPE
disksmodified by suitableligandsare successfully used
for selectiveextraction and concentration of metal ions
[41,42]

In arecent seriesof papers,***% we have described
the gpplication of metal-DNA conjugatestonudecacid
sequence determination with catalytic sgnd amplifica
tion; the assay reliesonthe esterase activity of aDNA-
linked Cu complex. For optimization of thesystemand
exploration of structure- activity relationships, asensi-
tive probewould be useful, which allows straightfor-
ward detection of esterase activity of ligated Cu*?in
low concentration. Theaim of thiswork wasthedevel -
opment of arapid, efficient and highly sensitivemethod
for selectiveextraction and concentration of ultratrace
amounts of Cu*? ions from agueous media using
octadecyl silicamembrane disks modified by bis(2-
hydroxyphenylamino) glyoximeand AAS determina:
tion.

EXPERIMENTAL

Reagents

All acidswereof the highest purity availablefrom
Merck and were used as recelved. Methanol and
chlorofom wereof HPL C gradefrom Merck. Analyti-
cd gradenitratesdtsof lithium, sodium, potassum, meg-
nesium, ca cum, strontium, barium, zinc, cadmium, leed,
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TABLE 1: Theoperational conditionsof flamefor deter mina-
tion of copper

Slit width 0.7nm
Operation current of HI-HCI 15mA
Resonance fine 324.8nm

Type of background correction Deuterium lamp
Type of flame Air/acetylene
Air flow 7.0 mL.min-1
Acetylene flow 1.7 mL.min-1

nickel, cobalt(ll), and copper(ll) were of the highest
purity. Ultrapure organic solventswere obtained from
E.Merck, Darmstat, Germany, and high purity double
distilled deionized water was used throughout the ex-
periments. biS(2-hydroxyphenylamino) glyoximewas
obtained from E.Merck, Darmstat, Germany.

The stock standard sol ution of Cu*?was prepared
by dissolving 0.1000g of the copper powder in 10mL
concentrated nitric acid and diluted to 2000mL with
water inacalibrated flask. Working solutionswere pre-
pared by appropriate dilution of the stock solution.

Apparatus

Determination of Cu* contentsinworking samples
were carried out by a Varian spectra A.200 model
atomic absorption spectrometer equipped withahigh
intengity hallow cathodelamp(HI-HCI) accordingtothe
recommendationsof themanufacturers. These charac-
teristicsaretabulatedin TABLE 1.

Solid phaseextractionswere carried out by glassy
membrane disks, ENVI-18DISKTM 47mm
diameterx0.6mm thicknesscontaining octadecyl silica
bonded phase (30um particles, 70A pore size) obtained
from Supel coin conjunction with astandard Millipore
47mm filtration apparatus equipped with avacuum
pump. The pH measurementswere carried out by an
ATC pH meter (EDT instruments, GP353).

Sampleextraction

Extraction were performed with glassy membrane
disks, ENVI-18 DISKTM 47mm diameter x0.6mm
thickness containing octadecy! silica bonded phase
(30um particles, 70A pore size) from Supelco. The
disks were used in conjunctions with a standard
Millipore47mmfiltration apparatus connected to wa
ter aspiratorl*el,

1. Sampletreatment
Thewater sampleswerefiltered through 45umny-
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lonfilters. Sampling vessal swere polyethylenebottles
soaked in Imol.L* HNO, overnight and rinsed twice
with deionized water. Theanaysismust bedonewithin
2 daysof samplecollectiontolimit therisk of intercon
verson of copper(11). Then, 5SmL of methanol wasadded
toa90mL portion of each beforeanaysis. Thesurface
of theENVI1-18 DISKTM disksisnot modified with
BHPG and therefore could not retain Cu*?ions prop-
erly. Instead, 10 mg of BHPG wasdissolvedinan ap-
propriate volumeof an organic solvent (5mL) miscible
withwater. Themost suitabl e sol vent under the experi-
mental conditionswasacetone. The BHPG solutionwas
added to aqueous sol ution of Cu*? and the mixturewas
dtirred gently.

2. Disk cleaning and conditioning

A disk wasplaced inthe gpparatusand waswashed
with 10mL of methanol toremoveall contaminantsaris-
ing from the manufacturing process and the environ-
ment. Then, thedisk wasdried by passingair throughit
for severd minutes. Toinsureoptimal extraction of the
analytes of interest, the disk was again washed with
10mL of methanol, immediately followed by 10mL of
water, without |etting the surface of thedisk dry. This
step pre-wetsthedisk surface prior to extraction. Im-
proper performance of this step causes slow flow ?
rateand poor andyterecoveries. Itisimportant toavoid
any air contact with the surface of thedisk beforethe
addition of thesample.

3. Sampleaddition

After complete homogeni zation, accurate volumes
of thesamplesol utions(100mL portions) weretransferred
tothetop reservoir of the disk apparatus. At the same
time, the solutionwasdrawn through thedisk by apply-
ingamildvacuum. Application of vacuumwas continued
until thedisk wascompletdy dry(about 5 minute).

4. Analyteelution

Inorder to utetheand yte sl ectively, exactly 5mL
of acidified solvents0.1M HCI inmethanol was passed
through thedisk and collected intoa5.0mL volumetric
flask under theextraction funnd. It wasfound that ultra
pure acoholic organic solventswerethe best eluting
agents. The concentration of copper(ll) inthe eluates
werethen determined by FAASusingan externa cali-
bration graph.

= Fuyl] Paper

TABLE 2: Theeffect of presence of BHPG on extraction
per cent of copper (11)2

BHPG pH Extraction percent of copper(I1)
Absence 2-6 0.03(7.0)°
Presence 2-6 98.9(2.1) to 67(2.9)

® nitial samples contained 10ug of copper(ll) in 100mL of water:
®Values in parentheses are RSDS based on five individual replicate
analyses.

RESULTSAND DISCUSSION

Evaluation of theroleof theligand

Someprdiminary experimentswere performed for
Investigation of absence or presence of BHPG onthe
quantitative extraction of copper(Il). It was concluded
that the membranedisk itself doesnot show any ten-
dency for theretention of copper(ll), but introduction
of 100mL portionsof agqueouscopper(ll) samplescon-
taining 10ug of copper(l) and 10mg of BHPG leads
to satisfactory itsretention(TABLE 2). Thelatter case
iIsmost probably attributed to the existence of acon-
Sderableinteraction between copper(ll) and the BHPG
It should be mentioned that formation of stable com-
plexes between copper(I1) and BHPG a pH=2isprob-
ably dueto anion pair formation mechanism. How-
ever, at pH higher than 2 theretention and percentage
recovery of copper(ll) arenegligible.

Choiceof eluent

In order to select the most appropriate eluent for
the quantitative stripping of theretained copper(ll) on
thedisks, 5mL of variousnon organic (each containing
10% V.V-1 methanol) and different organic solvents
weretested. Theresultstabulated in TABLE 2. Ascan
be seen, the best d uting solventswerefound to be 5mL
of methanol or ethanol, resultinginquantitativedution
of copper(Il) from thedisk. It should be emphasized
that presence of methanol in any kind of employed sol -
vents helpsto better the contact of el uent with hydro-
phobic surface of thedisk.

The effect of the pH

The pH of the sampl e solutionswere adjusted to
different val uesbetween 2-9 by addition of hydrochlo-
ric acid or asuitable buffer such as sodium acceate-
acetic acid or sodium dihydrogen phosphate-disodium
hydrogen phosphate, and then sol utions passed through
thedisks.

Eventually, the metal ionswere stripped by pure
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Figurel: Influenceof samplepH and dissolving solvent of
BHPG on theper centagerecovery of Cu(ll)

TABLE 3: Effect of different eluting solventson per centage
recovery of copper (11) adsorbed on thedisk®

% Recovery

Stripping solution 2ml 5ml 10ml
Methanol 86(2.6)> 98.4(2.9) 99.0(1.9)
Acidified methanol® 57(2.3) 88.2(2.2) 83.9(1.7)
Ammoniacal methanol® 54 (25) 87.5(2.6) 86.9(2.2)
Ethanol 89.1(1.7) 100(1.5) 99.8(1.3)
Acetonitril 33(4.8) 45(55) 64(2.6)
Formic acid(1M)10%

V V"1 methanol 55(1.2) 67(20) 71(2.5)
Hydrochloric acid (1M)

10% V V- 'methanol 59(1.9) 96.0(2.0) 90(2.9)
Hydrochloric acid

(IM)10% V.V methanol 52(2.5) 83(1.6) 95(1.7)
Nitric acid(2M)10% V.V™*

methanol 53(1.9) 85(2.2) 86(2.0)
Nitric acid(1M)10% V.V™*

methanol 64(2.5) 82(2.3) 89(1L.7)
Ethanol 83(2.8) 93.5(2.0) 95.7(2.9)

dnitial samples contained 10 pug of each copper in 100mL water;
BValues in parentheses are RSDs based on five individual replicate
analysis; °Acidified solvents obtained by addition of 0.IM HCI;
9Ammoniacal solvents obtained by addition of 0.1IM NH3

TABLE 4: Percent recovery of copper fromthemodified mem-

branedisk inthepresenceof 0.01M of different counter anionsa

Counter anion % Recovery
cr 27.0
Br 24.7
clo* 32,6
SCN- 46.8
Picrate 76.6
Acetate 97.9

# nitial samples contained 10pg of copper (I1) in 100mL of water.

methanol or ethanol solutionsfollowed by flameatomic
absorption determination of the el uted copper(11). Then,
percentage recovery at various pH values was
determined(figurel). Accordingtotheresultsshownin
figure 1 up to pH 4.0-4.5, complete recoveries are
obtained. However, at higher pH values, percentage
recovery decreases. Thisisduetofact that inanacidic
solution the protonation of BHPG occursandthereisa

weak tendency for retention between Cu(ll) and BHPG,
whereas at higher values (pH>5), Cu(ll) reactswith
hydroxide ionsto produce Cu(OH),. Therefore, so-
dium acceate-acetic acid buffer with pH=4.5wasused
for the preconcentration step. Other solventsused for
dissolving BHPG weremethanol and ethanol. Thein-
fluences of these solvents ontherecoveriesasafunc-
tion of pH arecompared and showninfigure 1. Mean
while, other organic solventswere not tested because
of their restricted sol ubility and formation of two phases
with agueous solutionsand incompatibility withflame
higher pH values (>7) were not tested because of the
possibility of the hydrolysis of octadecyl silicainthe
diskg“n,

Effect amount of counter anion

Inorder toinvestigate the effect of counter ionon
the recovery Cu?ionsby the modified disks, different
counter anionsweretested TABLE 4, itisimmediatdy
obviousthat the nature of the counter anion strongly
influencestheretention of copper ionsby thedisk. The
resultsreveal ed that the BHPG behaves as a neutral
ionophorein the pH range 4.0-4.54°% sp that the cop-
per ionsareretained asion pair complexesby themem-
brane disks. Asseen, acetateionisthe most efficient
counter anion for the SPE of Cu(ll) ions. Theinfluence
of the concentration of sodium acetateion on copper
recovery wasinvestigated, and theresultsareshownin
TABLE 4. As seen, the percent recovery of Cu*?in-
creased with the acetate concentration until areagent
concentration of about 0.1M isreached, beyond which
therecovery remained quantitative.

Moreover, acetateion acts asasuitable buffering
agent, whileit effectively contributesto theions-pair
formation; thus, inthe SPE experiments, therewasno
need for the addition of any buffer solution.

Theinfluenceof flow-rate

Oneof themaost important parametersaffecting solid
phase extraction is the speed of the process. Hence,
theeffect of flow-rates on extraction efficiencieswas
investigated. It wasfound that in therange of 10-100
mL.min, theretention of Cu(ll) wasnot considerably
affected by the sample solutionsflow-ratesand leads
to reproduci bleand satisfactory results (figure2). Thus,
theflow-ratewasmaintained at 89mL.min-1 through-
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TABLE5: Influenceof theBHPG amount on therecovery of
Cu(Il)ions®
BHPG amount (mg)

Recovery(%) of Cu(ll)

2 35(2.2)°
5 44(2.9)
8 86(2.9)
10 98.42.8)
15 97.9(2.3)
20 98.2(2.1)

® nitial samples contained 10pg of each copper in 100mL water;
®Values in parentheses are RSDs based on five individual replicate
analysis.

out theexperiment.
Quantity of theBHPG

Theoptimum amount of BHPG for the quantitetive
extraction of Cu(ll) wasa so investigated by adding
various amountsof it to sol ution(between 2-20 mg).
Theresultsarelisted in TABLE 5. The experimental
resultsreved ed that the extraction of Cu(ll) wasquan-
titative us ngasamplesolution containing morethan 10
mg BHPG. Hence, subsequent extractionswere per-
formed with 15mg of BHPG

Disk efficiency

Undoubtedly, one of the mgjor parameters affect-
ing inthe SPE determinationsisthe efficiency of the
used membrane disks. However, to the best of our
knowledgethiscase has not been discussed el sewhere

—= Fyll Peper

indmilar reports. Under the optimum experimenta con-
ditions, it wasfound out that each ENV-18 DISKTM
disk could perform at least 14 replicate anal ysesif or-
ganic eluting solvents are used. On the other hand,
acidic, duentspracticaly decrease the number of time
adisk could be used to 10replicates. These observa
tionsarerepresentedinfigure 3.

Analytical performance

When solutions of 10g copper in 10, 50, 100, 500,
1000, 2000, 2500 and 3000mL solutions under opti-
mal experimental conditionswere passed through the
disks, the Cu(ll) wasquantitatively retainedin al cases.
Thus, thebreakthrough volumefor themethod must be
greater than 2500mL, providing aconcentration factor
of>500. Thelimit of detection(LOD) of the method for
the determination of Cu(ll) was studied under the opti-
mal experimenta conditions. TheLOD based on 3 of
the blank is5ng per 1000mL.

The capacity of modified disks(5mg BHPG) was
determined by passing 50mL portionsof samplesolu-
tions containing 8mg of copper and 0.1M sodium
acceate-acetic acid buffer with pH 4.0-4.5, followed
by the determination of theretained meta ionsinthe
eluting solutionusing AAS. The maximal capacity of
thedisk obtained from threereplicate measurements
was 389+4ug of Cu? onthedisk.

Inorder toinvestigate the sel ective separation and
determination of Cu*2ionsfromitshinary mixtureswith
various metal ions, an aliquot of aqueous solutions
(50mL.) containing 10ug Cu*? and mg amountsof other
cations was taken and the recommended procedure
wasfollowed. Theresultsaresummarizedin TABLE
6. Theresultsshow that the copper(Il) ionsin binary
mixtures areretained amost compl etely by the modi-
fied disk, eveninthe presenceof upto about 100mg of
variousions. Meanwhile, retention of other cationsby
thedisk isvery low and they can separated effectively
fromtheCu*?ion. Itsisinteresting to notetha, in other
experiments, we found that in the presence of high
enough concentrationsNH,OH.HCl asasuitablere-
ducing agent(>0.5M)“él. No retention of theresulting
singlecharge Cu’ ion can occur by themodified mem-
branedisk.

Analysisof water samples
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TABLE 6: Separ ation of copper from binary mixtures?

Diverse Amounts % Found % Recovery

ion taken(mg) of Cu?"ion
Na’ 92.4 1.15(2.9)° 98.7(1.8)
K* 92,5 1.32(2.1) 98.5(2.2)
Mg* 14.5 0.7(1.8) 98.7(1.7)
ca** 26.3 1.25(2.0) 99.0(1.8)
Sr#* 3.45 2.85(2.2) 98.2(2.0)
Ba®* 2.66 3.16(2.4) 98.3(2.5)
Mn?* 2.66 1.75(2.3) 98.3(1.8)
Co** 2.17 1.4(2.3) 99.1(2.9)
Ni2* 0.11 2.0(2.4) 98.5(2.4)
zZn* 2.78 1.95(2.1) 98.6(2.2)
Cd* 2.58 1.92.0) 98.2(2.8)
Pb** 2.54 2.7(1.9) 98.5(2.7)
Hg** 2.43 2.81(2.1) 98.7(2.8)
Ag’ 2.67 3.45(2.9) 96.6(2.9)
Cr3* 1.76 2.92(2.30 97.3(2.4)
uo2* 2.86 2.8(2.1) 98.3(2.7)

3 nitial samples contained 10pg Cu2+ and different amounts of
various ions in 100mL water (0.1M acetate ion); ®Values in pa-

rentheses are RSDs based on five individual replicate analysis
TABLE 7: Recovery of copper added to 1000mL of different
water samples( contaning 0.1M acetateat pH=4.0-4.5)

Sample  Cu*added(ug) Cu*‘deter mined(ng.mL-1)
Tap water 0.0, 10.0 1.84(2.3)211.87(2.1)
Snowwater 0.0, 10.0 4.86(2.3)14.94(2.0)
Ranwater 0.0, 10.0 2.66(2.1)12.66(2.8)
Sea Water 0.0, 10.0 12.64(2.9)22.98(2.1)

aValues in parentheses are RSDs based on five individual replicate
analysis

To assess the applicability of the method to real
sampl s, it wasapplied to the extraction and determi-
nation of copper from different water samples. Tap
water (Tehran, takenafter 10 min operation of thetap),
rain water (Tehran, 26 January, 2006), Snow water
(Saveh, 6 February ,2006) and Seawater (taken from
Caspian sea, near the Mahmoud-Abad shore) samples
wereandyzed (TABLE 7). AscanbeseenfromTABLE
4 the added copper ions can be quantitatively recov-
ered from thewater samplesused.

CONCLUSION

Resultspresentedin thiswork demonstratewel | the
tremendous possibilitiesoffered by the solid phase ex-
traction of trace amounts of Cu(ll) inwater samples
using octadecyl silicamembrane disks modified by
bis(2-hydroxyphenylamino) glyoxime (BHPG) and its
determination by FAAS. The method devel oped was
smple, reliable, and precisefor determining copper in

water. Also, the proposed method wasfree of interfer-
ence compared to conventional proceduresto deter-
mine copper®:%571, The methode can be successfully
applied to the separation and determination of copper
inbinary mixtures.
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