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ABSTRACT

A simple, sensitive and low cost, flow injection time-based method was developed for on-line preconcentration
and determination of copper at pg L™ levels in water samplesgAmiberlite XAD=2 functionalized with 8-
Hydroxyquinoline packed in a minicolumn was used as sorbent material. The sample acidity is adjusted over a
pH of 4.0 for effective retention of Cu (Il) onghe resin. The chelating resin can bg reused for -300 cycles of
sorption-desorption without any significantfchange in itsiactivity. The enrichment factors were 17, 36 and 68
for preconcentration time of 60, 120 and 180's ahd the detection limits are 3.6, 1.3, 0.72 pg L " respectively.
This resin offers better precision and the corresponding relative standard deviation (R.S.D.) values for seven
successive determinations were 2.7 and 2.0 % for 50 and*200 pg L™ respectively. The sample throughput was
30 h™ for 5 mL of sample. To téStathe accuracy of the deVeloped on-line FI-FAAS procedure, Standard
Reference Material (SRM 1643e, Trace elements in water) supplied by National Institute of Standard and
Technology (NIST), was analysed.\Spiked recovery studies in water samples were performed using a NIST

certified coppérnitrate solution to canfirm the accufacy of the proposed preconcentration procedure.

Keywords: Amberlite. XAD-2, Flame€ Atomic Absorption Spectrometry, Flow-Injection, 8-

Hydroxyguinoline, Solid-Phase Extraction, Water Samples.

I INTRODUCTION

The effect of heavy metals toxicity on the environment and on human health has received considerable attention
due to their persistent and bioaccumulative characteristics. Moreover, the toxicological and biological properties
of most elements depend to a large extent on their chemical forms. Copper is an essential element not only for
life in mammals but also for plants and lower forms of organisms. It has many biological effects as an essential
element as well as a toxic one. The World Health Organization (WHO) decides the permissible limits for copper
in drinking water which is 1.5 mg L™ [1].Thus, even low copper levels in the human body may cause
gastrointestinal diseases, such as diarrhea, stomach aches, vomiting and dizziness and high levels, associated

with long-term exposure, may cause kidney or liver damages and mental disorders, such as Alzheimer’s disease.
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People that suffer from Wilson’s disease should avoid the ingestion of drinking water and food containing
copper. It is not yet confirmed whether copper is carcinogenic, and therefore, more estimates of high inhalation

and ingestion exposures need to be analyzed to achieve more accurate responses [2].

There are some analytical techniques of detection, such as flame atomic absorption spectrometry (FAAS) [3],
inductively coupled plasma atomic emission spectroscopy [4], inductively coupled plasma mass spectrometry
[5,6], electro thermal atomization (ETAAS) [7], inductively coupled plasma optical emission spectrometry
(ICP-OES) [8] and X-ray fluorescence [9]. These techniques have no sufficient, sensitivity for certain
determinations, so these techniques require the use of a preconcentration step inorder toreach an appropriate
detection. Several enrichment procedures have been developed for the determination of metal traces involving
different separation techniques such as co-precipitation [10,11], liquid=Tiquidyextraction~[12], cloud-point
extraction [13] and solid phase extraction [14,15]. The process based @n SPE has received more acceptances due
to a number of possible advantages including availability and eaSy recovery of the solid phase, attainability of
large preconcentration factors and facility for separation and enrichment. These procedures generdlly avoid the

use of organic solvents, which may be toxic.

In this context, flow injection analysis (FIA)systéms have been successfully coupled with solid-phase
extraction (SPE) for preconcentration and detérminations of copper. Sorme, of thesefare carbon nanotubes [16],
polyurethane foam [17], silica-gel [18], chitesan,[19] and/alumina [20]. Another approach employed in on-line
SPE systems is the application of functionalized polymeric resinsiinsthisg€ase, some functionalized polymeric
solid supports such as polystyrene-divinylbenzene“(PS=DVB) polymer commercially available as Amberlite
XAD resin. These are o-amine, benzoic acid functionalized with Amberlite XAD-4[21], Salicylic acid
functionalized with Amberlite XAD=2 [22},and Xylenol orangefunctionalized with Amberlite XAD-2 [23, 24].

In the present wmiork, 8-Hydroxyquinoline was functionalized onto Amberlite XAD-2 for the first time in on-
line flow injéetion eolumn preconcéntration system for the determination of copper by FAAS. All
analytical parameters such as pH, \eoncentration of elution solution, sample and elution solution flow
ratesf. and also the ‘effeet of matriX)” components were studied. Furthermore, the proposed method is

applicable for the determination €u (11)'in different water samples.

Il EXPERIMENTAL SECTION

2.1 Instrumentation

A PerkinElmer (Shelton, CT, USA) Model AAnalyst™ 400 flame atomic absorption spectrometer, coupled with
the FIAS™ 400 flow injection system [22], was used for the automatic processing of the method and operated in
the preconcentration mode. The whole system was controlled by a personal computer and Winlab32™ (Version
6.5.0.0266) application software. The flow injection system (FIAS 400) was coupled to the nebulizer system of
the spectrometer. It comprises of two peristaltic pumps, two positional valves, and a preconcentration column.
Two Tygon® R3607 tubes (i.d.1.14 mm) were applied for both pumps. The pH measurements were made with a
Model L1614 pH meter (Elico Ltd., India). An IR spectrum was recorded on a PerkinElmer Model Spectrum
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RX-1. CHNS was carried out on a Model Varo EL-III Elementor. Thermal analysis (TGA) was performed with
a PerkinElmer Model Diamond DSC. SEM (Scanning Electron Microscopy) was carried out using the Scanning
Electron Microscope Model FEI Quanta 200F (ICON, THE Netherlands).

2.2 Reagents and Chemicals

A 1000 mg L* stock solution of copper was prepared from analytical reagent grade Cu (I1) nitrate in doubly
distilled water and standardized titrimetically with EDTA before use. The standard solutions were prepared by
dilution of the stock solutions with doubly distilled water. The pH adjustments were made with 0.1M HCI and
0.1 M NaOH. All laboratory glassware’s were kept overnight in a 10% (v/v)ditric acid solution and washed
before use with doubly distilled water. Amberlite XAD-2 resin (Sigma—Aldrich) has;jaysurface area of
approximately 300 m?/g, moisture holding capacity of 54-60%, particle size of 20-60,mesh, pore diameter of 90
A (mean pore size), and a pore volume of 0.65 mL/g. 8-Hydroxyquifioline used was of @nalytical reagent grade.
All analytical reagents were procured form either E. Merck (Darmstadt, Germany) or Thomas Baker (India).
Certified Cu (II) nitrate solution, traceable to NIST, was procured from. EmMetck. The ‘standard reference
material SRM-1643e Trace Elements in Water was obtained  from National “Institute “of Standards and
Technology, Gaithersburg, MD, USA (NIST). The water. samples were collected fiom three different places
Noida (U.P), Nariana and Mayapuri, Delhi, India.

2.3 Synthesis of Amberlite XAD-2 Functionalized with "8=Hydroxyquinoline (AXAD2-HQ)
Chelating Resin

The Amberlite XAD-2 (styrene-divinylbenzene copolymer) wasaodified according to the procedure reported in
the literature [24]. The synthesis\involves Ritration of XAD-2, followed by the reduction to form an aromatic
amine. This aming/facilitates the formation of ‘astablesdiazonium salt. Thereafter, the diazotized polymer was
filtered, washed with cold water and\réacted at 0-3/°C for 24 h with 2g of Hydroxyquinoline, dissolved in 400
mL of water and 200 mk of glacial acetic acid. The dark brown coloured beads were filtered washed with 4 mol

L* H@l and water successively and driedhindir. The structure of AXAD2-HQ resin is shown in Fig.1.

) I
é \E

Fig.1 Structure of AXAD2-HQ resin

2.4 Mini-column preparation

The synthesized AXAD2-HQ resin (150 mg) was packed in a mini glass column (3.0 cm length and 3.0 mm
internal diameter), both the two ends of the column were sealed with cotton. The minicolumn was treated with

2.0 mol L™ HNO; and washed with doubly distilled water until the resin was free from acid. A suitable volume
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of the solution containing copper in the concentration range of 0-120 ug L™ was passed through this column
after adjusting its pH to an optimum value. The column had a constant performance during all experiments and

there was no need for any regeneration or repacking.

2.5 On-line Flow injection — Flame Atomic Absorption Spectrometry (FI-FAAS) determination

of copper

The on-line FI-FAAS system used involved two simple preconcentration and elution steps. Flow Injection

analysis program was controlled by a computer program which includes: pre-filli ing, and loading and

as absorbance using the instrument software. The sampling rate achieved was 30 s

preconcentration time of 60 s and an elution time of 30 s.

11l RESULTS AND DISCUSSION
3.1 Characterization of the Amberlite

HQ) chelating resin

3.1.1 FT-IR spectrum -The chelating resin sho perlite XAD-2 and chelating agent, 8-
Hydroxyquinoline which sha een loaded on resin. AXAD2-HQ resin has bands at
3421 cm™ (O-H stretching), 29 C=N), 1346 cm™ (C-N) ,1109 cm™(C-0) and

Hydroxyquinolingfresin onto Ambe

(a) resin
(b) Hydroxyquinoline
(©AXAD-2

Fig.2 Infrared spectra of Amberlite XAD-2 functionalized with 8-Hydroxyquinoline resin.

3.1.2 Thermogravimetric analysis (TGA) - The thermogravimetric analysis (TGA) curve of freshly prepared

AXAD2-HQ resin showed a very slow but steady weight loss up to 600 °c. The observed weight loss is 6.9% up
50| Page

WWW.ijarse.com




International Journal of Advance Research In Science And Engineering http://www.ijarse.com

IJARSE, Vol. No.3, Issue No.4, April 2014 ISSN-2319-8354(E)

to 120 °c. This is due to physisorbed water on the resin, which supported the presence of only one water
molecule per repeat unit of chelating resin. It should be assume that with each ring one dye molecule is

covalently bonded to an azo group and it occupies a para position to the -CH-CH,- group.

3.1.3 CHN- The CHN elemental analysis provides a mean for the rapid determination of carbon, hydrogen and
nitrogen in organic matrices. The C, H and N % in AXAD2-8HQ resin, resin was found to be C: 70.42%, H:
4.86%, N: 15.02%, while calculated for C;;H14N30.1H,0 was C: 69.38%, H: 4.76%, N: 14.28%. It further

confirmed one water molecule per repeat unit of chelating resin.

3.1.4 SEM- A scanning electron microscope (SEM) is a type of electron micrgs€ope that produces images of a
sample by scanning it with a focused beam of electrons. The micrographs ofithe pure resin had'a smooth and flat
surface, while the modified chelating resin shows dense microstructures and granular, grains. This signifies that
the ligand loads onto the support. The substrate surface wasgichanged after “functionalization Jwith 8-
Hydroxyquinoline. They are agglomerated polymeric materials ith irregular shapes and sizes vary ftem 30 um to
500pm.

3.2 Optimization of experimental parameters for online preconcentration'of copper

In order to improve the performance of the @fline preconeentration methotyfor. Guf(11) determination, all major
chemical and flow variables were examined tn detail using the FI-FAAS manifold with standard solution of 100
ng L™ of copper. The first variable optimized washhé sample pH, With a pH range of 2.0-10.0 and it was
adjusted with buffer solution. The low absorbance“@f €u (1) at high acidity was due to the low complex
formation rather than the low'retention efficiency of the packingsmaterial. Thus, the pH of sample solution for
the online preconcentration was'adjusted at4:0.in further experiments as shown in Fig.3.

The elution of Cug(ll) from the minicolupin was studied by using HNO; solutions at different concentrations
(0.01-2.0 molgl™):, The total elutiongivas reached in concentration over 0.5 mol L™. So, 0.5 mol L™ HNO;
solution was selected as eluent for further studies (Fig.4). The time of elution was also studied, because it
determines the quantity“of acid that passes by minicolumn. It was found that for elution time superior than 30 s
thé"absorbance signal was constant, using 0.5 mol L™ HNOj; as eluent solution. So, an elution time of 30 s was
chosen for further experiments iniorder to pass a minimum quantity of acid by the minicolumn and to increase

the sample threughput.
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Fig.3 Effect of pH Fig.4 Effect of eluent concentration

The flow rate of the eluent in the elution stage was investigated in the range 2.0-7.0 mL min ™. The analytical

signals slowly decreased as flow rate increased. The results obtained showed that the analytical signal is
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maximum at eluent flow rate of 6.0 mL min™as shown in Fig.5. High flow rates are also limited by the
backpressure produced by the column. Otherwise, low flow rates decreases sample throughput resulting in a
long time of analysis. The effect of sample flow rate in the preconcentration of Cu (I1) was studied at flow rates
of 2.0~ 7.0 mL min*. A flow rate of 5.0 mL min™ was selected (Fig.6) for the preconcentration of the Cu (I1)
ions, with the aim of obtaining a greater analytical frequency, and this flow rate was used for all of the later

experiments.
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Fig.5 Effect of eluent flow rate Fig.6 Effect of sample,flow rate

3.3. Analytical figures of merit

The proposed procedure can be applied for preconcentration and separation of Cu (1) within the range 0-120 ug
L from AXAD-2 resin functionalized with 8-Hyidroxyguinoline reagent. The analytical characteristics of the
proposed procedure using the parameters reviously optimized are summarized in Table 1. The limit of
detection (LOD), defined as the absolute massief metal that gives a response equivalent to three times the
standard deviation (s) of the blank was also calculated«The calibration graphs were linear at a preconcentration
time of 60,120 and 180 s. The enhancement factors.obtained were 17, 36 and 68 by using the pH 4.0 and
sample flow rate of 5.0 mL min™". The,experimental enhancement factor was calculated as the ratio of the slopes
of the calibration graphs with andhwithout préeencentration,/The detection limits (DL) were found to be 3.6, 1.3
and 0.7 ug L™ at afpreconcentrationitime of 60,120, and¥80 s respectively. The precision (RSD) of 2.7 and 2.0%
was obtainedfat 50, and 100 ug'l* Cu (11). The sample throughput of 30 h™ was obtained at 60 s
preconcentration time.hA lower sample throughput of 20 and 15 h™ were obtained by using longer
preconcentration time of120)and 180 s.
Table 1 Analytical Features of the on-line Cu (I1) preconcentration system

Regression equation
(6 standards, Cu (I1) /ug L™)

(with preconcentration)

Rarameter Optimum Condition
Preconcentration Time (PT,s) | 60 120 180
Linear range (ug L™) 0-120 0-120 0-90
Limit of detection (ug L™) 3.6 1.3 0.7
Sample Throughput ( h™) 30 20 15
Enhancement factor 17 36 68

Ago = 0.01528+ 0.00263 [Cu (I1)]
Aqz= 0.01144+ 0.00553 [Cu (11)]
Aqgo = 0.04532 + 0.01028 [Cu (I1)]
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Regression equation

(6 standards, Cu (I1) / ug L)
(' without preconcentration)
Correlation coefficient, r

Precision (%)

A= 0.00086 + 0.00015204 [Cu(I1)]

0.993279  0.993926 0.993564
2.7,]Cu(in]=50pg L™
2.0, [Cu (11)] =100 pg L™

3.4. Effect of Foreign ions

In order to evaluate the selectivity of the preconcentration system, t

the sorption efficiency of AXAD2-HQ resin for 100 ug L™
injection column method under the optimum conditions. The

when the signal in the presence of the species resulted i

e 2 Effectsof Matrix lons on the recovery of Cu (I1) ions

Tolerance Limit (mgL™)

Mg**

S0,”
NO;-
cd*
pb2+

Ca*

30,000
25,000
15,000
20,000
10,000
1500
20

25

18
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K* 20
AP 10
Zn* 15

Table 3 Analytical Results Obtained for the Determination of Cu (I1) in Water Samples

Sample Conc. Determined Recovery
(Mg L™ (%)
Noida, Industrial Area, U.P 4044 +2.2 5 %
Nariana,Industrial Area, Delhi 46.59+ 2.5
Mayapuri,Industrial Area, Delhi 15.03+1.6

3.6. Accuracy of the method
dure, it was tested by
643e Trace elements in

methods for ination with FAAS

Support Chelating Agent Eluent PT RSD DL EF Ref.
©) (%)

Amberlite XAD-2 Pyrocatechol HNO, 180 3.8 0.3 36 25

Amberlite XAD-2 3,4-dihydroxybenzoic acid  HCI 120 1.1 0.2 33 26
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Amberlite XAD-2 2-aminothiophenol  (AT- HNO; 180 - 0.5 3B 27
XAD)
Amberlite XAD-4 3,4-dihydroxy benzoic acid HCI 60 2.1 2.3 22 28
Amberlite XAD-4 B-nitroso-a-napthol HNO; 180 2.8 0.4 58 29
Amberlite XAD-4 2,6-dihydroxyphenyl- HNO;
Diazominoazobenzene
Amberlite XAD-4 Schiff Bases HNO;
Chitosan bipolymer 5-Sulphonic acid-8-

hydroxyquinoline

Chloromethylated PPDOT

polystyrene

Micelle HBDAP - 34

Polyurethane foam Me- 14. 35
BTANC 1

styrene-divinylbenzene  (S)-2-[hydroxy-bis-(4- 1 11 42 36

styrene—divinyl 60 2.8 1.0 12 37

Amberlite XAD-2 180 2.0 0.7 68  This

Work

ed with 8-Hydroxyquinoline was successfully applied to the on-line
preconcentration a ination of Cu (II) by FAAS. The on-line preconcentration procedure is simple,
rapid, low-cost and sgnsitive. The Enrichment factors (EF) obtained, for Cu (I1), was better than comparable to
those presented by other methods described in the literature (Table 4). The low detection limits and high
tolerance to interferences from the matrix ions allows the application of the proposed procedure for copper
determination in different water samples. The synthesis resulted in a promising and very stable support that does
not present problems of leaching. These features allow a long lifetime of the minicolumn packed with the resin,

with its use for many cycles being possible.
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