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A cloud point extraction-flow injection procedurg proposed. for on-line determination of trace anwwi copper(ll) by
flame atomic absorption spectrometry. Copper(ll)svextracted using the non-ionic surfactant, Trid114 after complex
formation with N-phenyl benzohydroxamic acid at pHh the presence of sodium sulfate as a saltingagant at 25 °C. After
the cloud point having been obtained in the reactioil at room temperature, the surfactant-richsgheontaining the complex
was collected in a mini-column packed with cott®hen, the complex was eluted into the nebulizeftashe atomic absorption
spectrometer by passing ethanol containing 1% (riir)c acid. The chemical and flow variables irdihg pH, reagent and
surfactant concentrations, sample and eluent flatesr affecting the extraction and determinationeweptimized and the
enhancement factor was estimated to be 45. Thelsaimpughput (15 ) was greater than batch technique. The calibration
graph was linear in the range of 5-2apI. A‘good precision for 5Qg I copper(ll) (1.9% RSD, n = 8) and detection lin3i(
m?) 1.00ug I'* were obtained. The accuracy was assessed by #hgsisnof a standard reference material (NBS-364) the
obtained results were in good agreement with éedtidmounts of copper. The proposed method wasegiol the determination
of copper(ll) in water and hair samples.
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INTRODUCTION applications for determination of metal ions in wimns,
because of its speed and availability in most rauti
Although trace amount of copper is vital for manylaboratories [3]. The technique is less subjedhterferences
biological systems, its higher concentration issidered as a than are ETAAS and ICP-MS. However, it has the majo
widespread anthropogenic pollutant [1,2]. Thus, itsdrawback of low sensitivity for direct determinatiof metals
determination at trace level is important due ® iticreasing in many matrices. Therefore, for ultra trace deteation of

concern for environmental pollution. metals, a preconcentration and matrix eliminatiteps are
Analytical techniques such as electrothermal atomirequired.
absorption spectrometry (ETAAS) and inductively gled Liquid-liquid extraction (LLE) [4] and solid phase

plasma mass spectrometry (ICP-MS) are the techsiquextraction (SPE) using different modified sorbef8s8] are
available for direct determination of trace metaldth  widely used for this purpose. Cloud point extract{@PE) is a
sufficient sensitivity. Flame atomic absorption spemetry  green method because, unlike organic solvents imsédE,
(FAAS) is a more readily accessible technique &ad wide surfactants are non-toxic, non-volatile and nonfizable.
Another advantage of CPE is the high preconcentrdtictor
*Corresponding author. E-mail: Nasser_zn@yahoo.com that can be obtained starting from the small ahitrolumes of
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the sample and by collecting the metal in a smalume
(=0.5 ml) of the surfactant phase [9-12]. A consib&ra
interest in the micellar extractions of trace meiahs is
expressed in the literature [13-17]. However, thbolious
sample preparation and calibration procedures fanual
batch operations are not attractive.

Flow-injection analysis (FIA) is a powerful toolorf
automatic rapid sample pretreatment and non-chragmaphic
separation before analyte is determined by a wargt
methods [18]. Moreover, in on-line FI-CPE, the céagation
procedure is avoided, making the extraction simpled the
analysis time shorter [19,26]. According to mostline CPE
reports in the literature, spectrophotometric

flame atomic absorption spectrometer equipped wath
deuterium lamp background corrector was used far th
analysis of copper(ll). A copper hollow cathode pam
operating at 324.7 nm was used as the radiatiorceotihe
operating conditions were those
manufacturer, unless specified otherwise.

A peristaltic pump (Alitea C-6 XV, Sweden) furnegh
with silicon tubes were used to propel the soludiofhe
reaction coil was of PTFE tubing (i.d. 0.5 mm). Anim
column (collection column, CC), consisting of aiwgrical
glass tube.(3 cm x4 mm) packed with cotton, waslas FIA
sample loop. A six-channel rotary valve was useddading/

andpjection steps. AJulabo MP5 thermostatic bath eperated

recommended by the

chemiluminescence detection techniques have beet fas
this purpose [19-21]. Flow injection atomic abs@pt
spectrometric (FIAAS) systems offer an improvemenmt

to reach the cloud point temperature when the room
temperature was below 25 °C. The pH measurements we
accomplished with a Metrohm model 692 pH/ion meter

nebulization efficiency and the ability to easildjast the
signal magnitude [22]. The most common sample pagtnent

furnished with a combined glass electrode.

method used in FIAAS systems is on-line solid phas@Reagents

extraction [23-25], where the analysis is relatvealst, but the
sorbent modification and conditioning are time /‘aomsg.
Recently, we reported the use of dithizone as aptexing
agent for CPE-FIAAS of silver ions, where the clopoint
and phase separation were obtained at 40 °C [26]:

In order to achieve a considerable distributidioraf the
metal ion and consequently an efficient extractehipophilic
regent is required. Hydroxamic acids are imporgnoup of
reagents in analytical chemistry, which form lipdjgh
complexes with metal ions and have been used iaragpn
and determination of several metal ions [27,28]. dfi@mpt
has been made forthe use of hydroxamic acids ceslyeN-
phenylbenzohydroxamic acid (PBHA) as complexingnage
CPE-FIAAS of metal ions. The present work aimed
investigating the ability of PBHA as a chelatingeagfor on-
line CPE-FIAAS extractive determination of copperveell as
the effect of the salting-out agent on the extoacefficiency
at room temperature rather than elevated temperaithe
time of analysis and sample throughput for FI-CPEren
compared with that of conventional manual CPE.

EXPERIMENTAL

Apparatus
A Varian Model SpectrAA220 (Mulgrave, Vic., Aualia)
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All chemicals and reagents were of analytical esagAR)
grade, and all aqueous solutions were preparedoirblg
distilled de-ionized water. Triton X-114 was ob&infrom
Fluka and used as received. The stock standardicolof
copper(ll) (1000 mg 1) and the salts N8O, NaCl and
NaNQO; were obtained from Merck (Darmstadt, Germany). The
solutions of other metal ions were prepared fromeirth
respective salts. Working standard solutions weepared by
appropriate dilution of the stock standard soludioRBHA
was synthesized by the reaction of N-phenyl hydaxyne
and benzoyl chloride [29], and its solution (1 x?1d) was
prepared by dissolving 0.106 g of the reagent in mb
absolute ethanol diluted to 50 ml with distilledtesa Acetate

afpuffer solution (pH 5) was prepared by mixing amprate

volumes of sodium acetate (0.1 M) and hydrochladid (0.1
M) solutions. A low-alloy steel samplee. NBS-364 was
obtained from National Bureau of Standards, USA.

Procedure

The FIA system was operated in the time-based nasde
follows: In the extraction stage (Fig. 1a), the p@mor
standard solution containing the analyte (5-pgd™), 0.06%
(v/v) Triton X-114 and PBHA (1 x IOM), whose pH was
adjusted to 5 by using acetate buffer, was loaded FI
manifold for 2.0 min at the rate of 5ml MinThe sample
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Fig. 1. Schematic diagram of the CPE- FIAAS manifold fog preconcentration and determination of coppeill)
peristaltic pump; R: reactor; V: valvédA&S: flame atomic absorption spectrometer; CClemlon column;
W: waste. Valve in the (a) loadingitios and (b) elution position.

solution was merged with the sodium sulfate solut{d ml filtered through a 0.45m pore size nylon filter to remove any
min) to decrease the cloud point temperature of TrKekl4 suspended particulate matter. 10 ml of each samale
below the room temperature, and to facilitate ptsgmration  analyzed by the proposed method.
inside the reaction coil (R) at:25 °C (optimum tergiure to Dark hair sample was collected from the vertexthu
obtain the cloud point). The mixture then passedugh the scalp of a 30-year-old man. The sample was wastearding
CC, where the su_rfactant-rich phase containingctbmplex to the procedure proposed by the International AtdEmergy
was collected, while the aqueous phase was diseidly).  aAgency (IAEA)[30]. 1.0 g of dried sample was digested as
After com.pl_eno.n of sa_njple "?ad'”g’ the valve wastshed  ghorted elsewhere [14]. 10 ml aliquots of the Ifintear
on to the injection position (Fig. 1b) for 5 s, ahe complex g tion obtained were analyzed by the prescriredguiure.
in the CC was eluted with ethanol containing 1%)(witric Standard alloy sample (0.05 g) was dissolved inm0
acid (5 ml min') in the reverse direction (to minimize the nitric acid (65%) and 10 ml concentrated perchl@eid in a
dlsper5|.on), .and carried into the nebulizer of EAAEhe Pyrex beaker on a hot plate (220 °C). The solutias heated
absorption signals were processed at the peak teigtie by to near dryness and, after cooling to room tempegatthe
u5|_ng the mstrur_nent software. The average valdepeak contents were transferred into a 250 ml calibréiesk using
height were obtained for three replicate measurésnen small portions of 0.1% HNO The volume was made up to the
Sample Preparation mark with 0.1% HNQ in the presence of 0.2% sodium
Water samples (tap, river, spring and sederg) were fluoride to mask iron.
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RESULTSAND DISCUSSION

Optimization of Chemical Variables

PBHA is an acidic reagent (gk8.15) and its dissociation
equilibrium depends on the pK value as well as fHhe
solution. Hence, its complex formation and extiatti
behavior is also pH dependent. The effect of plthefsample
solution on the peak absorption was studied irptheange of
1 toll by using HCI (0.1 M) and NaOH (0.1 M). Axndae
seen from Fig. 2, pH 3-7 is the optimum range fopper(Il)
extraction. At pH values lower than 3 the ligangistonated,
hence the extraction yield and consequently therabsice
decrease, while at pH values higher than 8 theedser in
absorbance can be attributed to both dissociafi®BblA and
hydrolysis of copper ion. However, pH 5 was chogen
enhance the selective extraction of copper(ll) fram co-
existing metal ions such as Fe(lll), Zn(Il), Co(INi(ll) and
Pb(l1).

The amount of chelating reagent is one of theofac
affecting the kinetics of chelate formation and ragtion
efficiency of metal ion, hence the influence of PBH
concentration on the extraction efficiency of cagpe was
investigated in the range of 2 x 36.x 10* M. It was
observed that the extraction yield and absorbaigeak of
copper increased with increasing the:concentratbrthe
reagent. At concentrations higher than 0.6 x* M the
absorbance signal showed insignificant changescehdn x
10*M was used in subsequent experiments to assumeeifi
extractions.

The effect of surfactant concentration was ingedéd on
both FI-CPE and manual. CPE. In the former caseyais
found that the maximum<‘absorbance was obtaine®.fa8%
(v/iv) Triton X-114 and larger concentrations led tioe
decrease in absorbance signals.
increased the volume of surfactant-rich phase withé mini-
column, resulting in dilution of the extracted saenp
therefore, 0.06% (v/v) Triton X-114 was chosentHa latter
case using 15 ml sample solution with the samemHRBHA
concentration as that in FI-CPE, the highest atzsaré signal
was obtained with 0.2% (v/v) Triton X-114 after 5inm
equilibration at 40 °C. Since the volume of suréattrich
phase is proportional to the surfactant concemmnatn the
original solution, higher preconcentration facterexpected
from FI-CPE [19]. The cloud point temper&uCPT) of
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Fig. 2. Effect of pH on the extraction/preconcentmat of
copper(ll), Ni(ll), Pb(ll), Co(ll), Fé() (80 ug I'* each)
and'Zn(ll) (4Qg I'Y). Conditions: PBHA (1 x 1THM);

Triton X-114 (0.07 %v/v); the flow parametease
same as Figs. 3 and 4.

Triton X-114 is 23-25 °C.

It is also known that the presence of organic pstévents
such as ethanol or acetone increase the CPT, thHbegh be
expected to be compensated for by this organicestlgffect
in the presence of an electrolyte. Therefore, thiéing-out
effect [31] was studied in both the absence andgmee of
different concentrations of NaNON&SO, and NaCl (0.05-1
M each) at 25 °C. It was found that J$&, resulted in the
highest absorption signal, and the signals incrbaséh
increasing the salt concentration. This effect maestdue to
the enhanced hydrophobic interactions among thiacant
aggregates and the analyte as well as the dedrettse cloud
point temperature of Triton X-114 in the present&laS0;.
At higher concentrations than 0.4 M, the signalsreiased

Larger concemsatioconsiderably, hence 0.3 M was chosen as the optimum

concentration. On the other hand, the absencdtafezreased
the signal by 65%. It is interesting to note thaghh
concentration of salt can increase the density atewdrops
accompanied by the surfactant rich phase, and heisterb
the phase separation. Reduction of signals in bserce of
salt is due to an increase in cloud point tempeedeading to
incomplete phase separation at 25 °C.

Optimization of FI Variables
In our previous investigation into @ifént filtering
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materials, it was found that cotton resulted in thest
reproducibility [26]. Aliquots of standard soluti®ontaining
80 png I'* of copper(ll), 1 x 18 M PBHA, Triton X-114
(0.06% v/v) and Ng&O, (0.3 M), buffered at pH 5 were
passed through the column packed with cotton afloherate

of 4 ml min* for 120 s. The retained complex was then eluted

with ethanol containing 1% (v/v) nitric acid at tiiew rate of
4 ml miri*for 5 s.

The copper elution from the CC was studied using

different solvents such as pure ethanol, methandl their
nitric acid solutions (0.1% to 3% v/v), at the rafet ml miri.
The complete elution and highest absorption sigmate
obtained with ethanol containing nitric acid. Sintee
concentration variation of nitric acid from 1% t&c3did not
cause any significant change in the absorptionagjgithanol
containing 1% (v/v) nitric acid was chosen for sdpsent
experiments (Fig. 3).

In FI-CPE, the extraction efficiency depends ore th
column length and the amount of cotton packedéncthiumn.
On the basis of our previously reported findings][2 3.0 cm
column length was used in this work. The amourtatfon in
the mini-column is important in collecting the sagfant-rich
phase; hence, it was optimized for the selectedneollength
by testing different amounts of dry cotton (50-18@). The
best results were obtained whem80 mg cotton leading to a
column density of<0.21 mg mri, was used. The larger
amounts of cotton led to reduction of the signa¢ da the
blockage of tubes and insufficient elution of thetained
complex, while smaller amounts resulted in low abance
due to inefficient collection.

The sample flow rate was studied in the range tof & ml
min™. It was observed that the analytical signals veerestant
up to the rate of 5 ml mihand decreased slightly by
increasing the sample flow rate to above 6 ml hiwhich
must be due to the incomplete reaction in the asilvell as
insufficient detainment of the micellar phase om thini-
column. So, the sample flow rate of 5 ml fhiwas selected
for further studies to compromise for higher enmmt and
shorter analytical time.

The performance of the flow system was investidjdiy
varying the sample loading time from 30 to 240 &eT
analytical signals increased with an increase atilog time
up to 120 s, above which there was no significatmange in

0.3

0.25 |

0.2

0.15

Absorbance

0.1

0.05 |

[HNO:], % (viv)

Fig. 3. Effect of HNG, concentration on the elution of copper.
Conditions: initial concentrationf a@opper(ll), 80
ug I'; pH, 5; column, 3 cm x 4 mm packed with 75
mg cotton; sample flow rate,m# min?; sample

loading time, 120 s; eluent flow ratenl min™.

the signals (Fig. 4), which can be attributed te &dsorption
saturation of the column. Hence, the loading tim#&2® s was
chosen.

The influence of elution rate was also investidate the
range of 2-8 ml miil. Figure 5 shows that the absorption peak
increased with an increase in the flow rate andhed a
maximum at flow rates in the range of 5-8 ml rhirt flow
rates below 5 ml mify the signal decreased considerably
resulting in broader peaks. This must be due to the
incompatibility between elution and nebulizatioowl rates,
which can cause a significant dispersion when therg flow
rate is smaller than the nebulizer flow rate. Oray meclare
that the signals as well as the theoretical preeoimation
factor (VoriginalV preconcentrargs CoOuld be enhanced at lower flow
rates by using 10 cm straight tubing for connectimg valve
to the nebulizer [22]. However, the lower elutidaw rates
increased the total analysis time. Hence, a flowe of 5 ml
min™ was selected for elution.

Analytical Characteristics of the Method

The calibration graph was linear over the rang@.605-
0.220 ng mi* for 2 min of preconcentration time. The
calibration graph equation obtained unddre optimal
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Fig. 4. Effect of sample loading time on the absorbante
copper. Conditions: initial concentration of
copper(ll), 8ag I'*; pH, 5; column, 3 cm x 4 mm
packed with 75 mg cotton; samfitev rate, 4 ml
mift; eluent, 1% (v/v) HN@in ethanol (4 ml mit).
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Fig. 5. Effect of eluent flow rate on the absorbance qfjpey
Conditions: initial concentration afopper(ll), 80
ug I pH, 5; column, 3 cm x 4 mm packed with 80
mg cotton; sample flow rate, 5 nihth sample
loading timel 20s; eluent]1% (v/v) HNO; in ethanol.

chemical and flow conditions was: A = 2.7905 + 8.00°C +

measurements at 0.0y mi* was 1.9% relative standard
deviation. The limit of detection (LOD), defined @sop= 3S
m?, (where $is the standard deviation of the blank (n = 8),
and m is the slope of the calibration curve), wasnfl to be
1.00 pg I, The calibration graph was also obtained with
standard solutions of copper(ll) (in the concemtratange of
0.3-10.0pg mi) without preconcentration, as A = 0.0607 *
1.0 x 10° C + 0.0053 + 4.2 x 1%) (R? = 0.9993). The RSD%
and LOD were 1.0% (n = 6 atiyy mI* copper) and 23qg I"*

(n = 6), respectively. The enhancement factor ¢aled as the
ratio of the slopes of calibration curves obtaineith and
without preconcentration, and preconcentration diastere
found'to be 45 and 24, respectively for 10 ml sangallution.
The sample throughput was 15,H{mean time of analysis 4
min).

Selectivity of the M ethod for Copper

In“view of the high selectivity provided by FAA$he
interferences studied were those related to theetitdn step,
i.e. the co-existing metal ions and the cations thay meact
with PBHA, as well as the anions that may reacthwit
copper(ll) and reduce the extraction efficiencycéaingly,
the method was applied to 10 ml of sample solutions
containing 80pg I* copper(ll), 1 x 1d M PBHA and
interferent ions in different interferent-to-anayatios in the
presence of 0.06% (v/v) Triton X-114 at pH 5. Tablelepicts
the tolerance limits of the diverse iorise. interferent-to-
analyte ratios in which relative error was lessntk&%. As
can be seen, Eeinterferes at low ratios. This interference can
be eliminated in the presence of sodium fluoridenasking
agent.

Determination of Copper in Real Samples and the
Method Validation

In order to assess the applicability of the preglosiethod,
it was applied to the samples of river water, saew spring
water, tap water and human hair. The results aosvishin
Table 2. The validation of the method was perforrhgdhe
recovery experiments for spiked samples (Tables2yell as
by the analysis of a standard reference mater§-4864 with
a copper content of 2.4 mg grhe content of copper found by
the present method was 2.30 + 0.12 rifg(tgtest at P = 0.05,

0.0038 + 1.0 x 18, where C is the concentration of copper(ll) n = 3). The results obtained were in good agreemthtthe
in ug mi*, (R = 0.9996). The precision for 8 replicat added and certified amounts of copper, whicticates the
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Table 1. Tolerance Limits of Diverse lons in Determinatini80 ug I of Copper

Tested ions Mole ratio, Interferent/analyte
Na', K*, c&*, Mg?*, SCN 1000

CH,COO, CI, PQ*

PK*, Cd*, Ni¥*, zr** 400

Ce(IV), Cd*, V(V) 60

U(VI), Mo(VI) 20

Fe* 3

Highest ratio which gives an error less than 5%.

Table 2. Determination and Recovery of Copper(ll) in Reaftples

Copper(ll), g 1)

0

Sample Added Found Recovery (%)
Tap watet - 30.5 (+0.7% -

5 35.9 (+0.7) 101.1

10 39.8 (+0.6) 98.3
River watef 4 6.5 (+0.9) -

5 11.2 (x0.7) 97.4

10 16.7 (£0.6) 101.2
Spring watet - n.d -

5 5.3 (+0.6) 106.0

10 10.3 (x0.7) 103.0
Sea water - n.d -

5 4.9 (+0.6) 98.0

10 10.2 (+0.7) 102.0

Copper(ll), f1g g-1)

Human hair - 9.0 (+0.9)

4.0 13.1 (£ 0.8) 100.7
Samples from Zanjan city and proviné¥alues in the parentheses are standard
deviations for tripliesanalysisSample collected from Cheshme gholamali, Ghazvin
provinc8Not detected®Caspian sea water samp8-year-old man hair.

reliability and capability of the method for thetelemination interferences caused by the co-existing metal ior&e it

of copper in real samples. feasible for CPE and selective towards coppei\ith the aid
of salting-out effect, heating of the system wasided and
CONCLUSIONS the cloud point was obtained at room temperaturéchwh

consequently made the procedure more convenient as
The lipophilicity of PBHA and its tolemce for the compared to our earlier reports [26,32]. The dgwetbFIAAS
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Table3. Comparison of the Present Method with PrevioiRdported Ones

LR LOD S.V RSD

Method System 9 PF/EF 1 0 Ref.

(ng 1) (ng 1) (ml) (%)
On-line
SPE/FAAS C18/NN - 19 2.00 3.25 1.7 [25]
SPE/Spect. Neocuproine 3-100 - 1.13 500 - [5]
CPE/FAAS DDTP 5-200 - 0.94 10 3< [14]
CPE/FAAS MPKO 10-250 30 1.60 15 1.2 [15]
CPE/FIAAS PBHA 5-220 45 1.00 10 1.9  This method

L.R: linear range; PF/EF: preconcentration/enkearent factor; S.V: sample volume; NN: 1-nitrozo@phthol;
Spect: spectrophotometry; MPKO: methyl-2-pytkétone oxime; DDTP: OQ-diethyldithiophosphate.

system vyielded good results in terms of selectivéigcuracy
and precision for the rapid determination of cofipem real
samples, which were compared with the previousbored
methods. The results are presented in Table 3 ,[512b]. As
can be seen, our results are comparable with, arsbine
cases better than, the reported ones. The Fl systetiis
work afforded a mean time of analysis of 4 min angample

(5]

(6]
[7]
(8]

throughput of 15 #, which is much better than the manual [9]
CPE performed here (mean time of analysis, 30 sample
throughput, 2 H). The limit of detection of the method can be

lowered by using ETAAS or ICP-MS techniques.
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