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In this article, separation and adsorption properties of
poly styrene-graft-ethyl methacrylate copolymer for
zinc, copper, and cobalt ions in water samples were
investigated. For this aim, some experimental and ana-
lytical parameters such as solution pH, sample flow
rate, type of eluting agent, and sample solution volume
were optimized. The adsorbed metal ions on polymeric
resin were eluted with 5 ml of 2 mol l21 HNO3 and they
were determined by flame atomic absorption spec-
trometry. In optimized conditions, the adsorption
capacities for Zn, Cu, and Co were obtained as 6.8,
5.2, and 7.5 mg g21, respectively. The detection limits
were calculated as 0.82 lg l21 for Zn, 1.24 lg l21 for
Cu, and 0.68 lg l21 for Co from standard deviation of
the blank (50 ml, pH 5.8) measurements 10 replicates.
The relative standard deviation of recoveries for seven
replicate analyses of Zn, Cu, and Co ions (50 ml of 0.10
mg l21) were found as 2.4, 2.8, and 1.5%, respectively.
The accuracy of method was checked with certified
reference material (NIST SRM 1643e, trace elements in
water) and the developed method was successfully
applied to tap water, commercial drinking water, and
mineral water samples. POLYM. ENG. SCI., 54:1555–1559,
2014. VC 2013 Society of Plastics Engineers

INTRODUCTION

Copper, cobalt, and zinc are essential micronutrients

that need to be consumed in adequate amounts for normal

physiological functions of organisms [1]. Those trace ele-

ments transfer to living organisms through drinking water,

food, drug, and inhalation [2] and can have toxic effects

when taken in excessive amounts [3]. Therefore, it is vital

to determine the level of trace elements in environmental

and food samples.

Neutron activation analysis [4], inductively coupled

plasma (ICP) mass spectrometry [5, 6], ICP atomic emis-

sion spectrometry [7], electrothermal atomic absorption

spectrometry [8], and flame atomic absorption spectrome-

try (FAAS) [9, 10] are the main instrumental techniques

determining trace elements in various samples. FAAS has

been widely used for the determination of trace amounts

of metal ions. However, due to insufficient sensitivity and

matrix effects, direct determination of metal ions at

low levels in environmental samples by FAAS is limited

[11–13]. Therefore, separation and preconcentration tech-

niques such as precipitation and coprecipitation, cloud

point extraction, ion-exchange, dispersive liquid–liquid

micro-extraction, and solid-phase extraction (SPE) are

needed to determine metal ions [14].

SPE has been widely used for separation and sensitive

determination of metal ions, mainly in water samples.

SPE has some advantages of being rapid, simple, sensi-

tive, and economic, requiring low solvent usage and hav-

ing lower extraction time [15–17].

In SPE process of trace elements needs sorbent materi-

als some of which are Amberlite and Duolite XAD resins,

activated carbon, cellulose, modified silica gel, polymeric

resin, and biomass [18–21]. The mechanism of retention

of those materials is performed by means of simple

adsorption, chelating, and ion-exchange [22].

In this study, separation and adsorption properties of

poly styrene-graft-ethyl methacrylate copolymer for zinc,

copper, and cobalt ions in water samples were investi-

gated by using column chromatography. The optimum

experimental parameters such as sample solution pH, elu-

ent type and volume, flow rate of sample solution for the

quantitative recovery of the analytes were examined and

optimized.

EXPERIMENTAL SECTION

Apparatus

Metal determinations were carried out using a Perkin

Elmer AAnalyst model 400 (Shelton, CT, USA) Flame

Atomic Absorption Spectrometer with a hollow cathode

lamp for working elements and a deuterium background

corrector in air–acetylene flame. Working parameters of

the equipment were established according to the manufac-

turer’s guideline for each element.
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Reagents and Solutions

All reagents and solvents were analytical grade and used

without further purification. Deionized water was used for

all reagents preparation. Standard solutions of copper, zinc,

and cobalt were prepared by appropriate dilution of the stock

standard solution (Merck, 1000 mg l21). Other chemical

reagents were obtained from Merck (Darmstadt, Germany).

Poly styrene-graft-ethyl methacrylate copolymer was pre-

pared from poly (styrene-co-p-chloromethyl styrene)s,

1,2-dipiperidinoethane, and ethyl methacrylate (EMA) at

130�C in N,N-dimethyl formamide according to literature [23].

Preparation of Separation Column

1.0–2.0 g of resin was treated with nitric acid (50 ml

of 2 mol l21) for the removal of impurities in a beaker. It

was filtrated and washed with deionized water until pH of

the supernatant was neutral. Then, it was dried in an oven

at 80�C for 8 h and 0.5 g of dried resin was packed into

a glass column (100 3 8 mm2 i.d.) plugged with small

portion of glass wool at both ends. Before each use, the

column was preconditioned by passing the blank solutions

in working pH. The sample solution was permitted to

flow through the column under gravity [24].

Separation/Preconcentration Procedure

The column method was used to obtain optimum condi-

tions for separation/preconcentration of the metal ions.

Preconcentration of copper, zinc, and cobalt ions was per-

formed by using 50-ml test solution containing 0.1 mg l21

of each metal ion. Test solutions were passed through the

column after adjusting to the optimum experimental condi-

tions. The adsorbed ions on the resin in the column were

eluted with 5 ml of 2 mol l21 HNO3 solution that had a flow

rate of 4 ml min21 and were determined by FAAS.

Analysis of Water Samples

Tap water was collected from our research laboratory at

Ahi Evran University. Commercial drinking water and min-

eral water were collected from local market in Turkey. For

analysis, a 250 ml sample was placed in beaker and it was

filtered through 0.45 lm cellulose nitrate membrane filters

(Millipore) to remove suspended organic and other particles.

Afterward, known amounts of copper, zinc, and cobalt solu-

tions were spiked into samples and then pH was adjusted to

pH 5.8 with sodium acetate-acetic acid buffer solutions.

Finally, the preconcentration procedure was applied.

RESULTS AND DISCUSSION

Effect of Test Solution pH on Recovery of Metal Ions

pH of medium is of prime importance for efficient

retention and recovery of the metal ions on the resin. Its

influence strongly depends on the nature of the sorbent

used. Hence, the effect of pH on the recovery of analyte

ions was studied in the range of 3.0–8.0. Prepared solu-

tions which have working pH were passed through the

column at an optimized flow rate. Effect of the pH on the

recovery values was summarized in Fig. 1. As shown in

this figure, optimum recoveries were found between the

pH value of 5.0–7.5 for zinc, 5.0–6.5 for copper, and 5.5–

8.0 for cobalt. If pH values are lower than 5.0, retention

of metal ions on copolymer due to the competition

between protons and the metal ions for the adsorption

sites of the sorbent are decreased. The decrease in recov-

ery of metal ions when pH >7.5 is probably due to the

precipitation of metal ions and hydroxide ions. The pH

values for simultaneous preconcentration of Zn, Cu, and

Co ions must be between the pH values of 5.5–6.5.

Therefore, a pH of 5.8 in sodium acetate-acetic acid

buffer was selected in further experiments.

Choice of Eluents Agents

The type and concentration of eluent is also important

for the analytical parameters of a column solid-phase pre-

concentration system. Inorganic acids such as HCl and

HNO3 are recommended in desorption of metal ions from

polymeric materials because they rapidly decrease the pH

of the medium and assist the protons exchange to replace

the bounded metal ions in the solid phase. For this purpose,

HCl and HNO3 solutions in different concentration and vol-

ume were used. The effects of various eluent on the recov-

eries of metal ions are given in Table 1. The obtained

results show that the maximum recoveries of studied metal

ions were found by using 5 ml of 2 mol l21 HNO3 or 5 ml

of 3 mol l21 HNO3, solutions. If concentrated acid (3 mol

l21 HNO3) is used as eluent agent, polymer surfaces would

be infected. Therefore, 5 ml of 2 mol l21 HNO3 solutions

was used for maximum elution of Zn, Cu, and Co.

Effect of Sample Flow Rate

The sample flow-rate should be optimized to ensure

quantitative recovery along with decreasing the time

FIG. 1. The effect of pH on the recoveries of Zn, Cu, and Co from

aqueous solutions.
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required for sample processing. The flow rate of sample

solution on the retention of metal ions was examined in

the range of 1.0–6.0 ml min21 at optimum conditions.

Results are shown in Fig. 2. The recoveries of metal ions

are in the range between 95 and 100% at flow rates vary-

ing from 1.0 to 4.0 ml min21 for Zn and Co, and 1.0 to

3.0 ml min21 for Cu. If sample flow rates are higher than

these values, it is obtained that recoveries are decreased

because of the insufficient interaction time between the

metal ions and resin. Accordingly, the optimum flow rate

was recommended as 3 ml min21 for simultaneous sepa-

rations of all worked metal ions.

Effect of Sample Volume

To calculate preconcentration factor for each metal

ion, optimization of sample volume is required as a main

factor. To determine the maximum applicable sample vol-

ume, solutions containing 2.5 lg of each metal ion were

varied in the range of 50–1000 ml under the optimum

conditions and were passed through a column. The results

are shown in Fig. 3.

It was obtained that if the sample volume ranged

between 50 and 800 ml for copper, 50 to 1000 ml for Zn

and Co, recoveries were higher than 95%. By analyzing 5

ml of the final solution after the preconcentration of sam-

ple solution, preconcentration factors were found as 200,

160, and 200 for zinc, copper, and cobalt, respectively.

Adsorption Capacity of Resin

The adsorption capacity is an important factor in the

evaluation of the property of a sorbent, because it deter-

mines how much sorbent is required to quantitatively con-

centrate the analytes ions from a given solution [25–27].

To determine adsorption capacity, 0.2 g of resin was added

into a beaker which has 50 ml of aqueous solution includ-

ing 25 mg of each metal ion in optimum pH and stirred

for 60 min with a magnetic stirrer. Then, metal ions in

solution were determined by using FAAS after needed

dilution process. The calculated adsorption capacities for

Zn, Cu, and Co were 6.8, 5.2, and 7.5 mg g21, respec-

tively. Adsorption capacity for metal ions depends on sev-

eral parameter such as pH of solution, temperature, ionic

strength, the sorbent surface areas, the effects of other spe-

cies in the matrix, the particle size, the forces of interac-

tion between the adsorbed species with the sorbent,

particle diameter, particle charge, complexation capacities,

conditional binding constant, particle ratios, and sorption

coefficient of each species. Therefore, adsorption capacities

of the sorbent material for different metal ions in the same

matrixes may be different. The capacities of the adsorbent

did not significantly change up to 50 cycles.

Influence of Interfering Species

Effect of various ions present in water on the recoveries

of analyte ions was investigated under optimized experi-

mental conditions. Synthetic 50 ml of solutions containing

5 lg of zinc, copper, and cobalt ions and various amounts

of possible interfering ions were used for this aim. The

recovery values for different amounts of foreign ions were

given in Table 2. As can be seen, added ions have no sig-

nificant effect on the recovery of analyte ions.

Analytical Features and Applications of Method

The limit of detections (LOD)s are calculated accord-

ing to 3Sd/(m.PF) criteria, where Sd is the standard devi-

ation of the blank (50 ml, pH 5.8) measurements 10

TABLE 1. Effect of type and concentration of eluting agent on zinc,

copper, and cobalt ion recoveries from aqueous solutions.

Recovery/% (wt)a

Eluent Zn Cu Co

1 mol l21 HCl, 5 ml 88 6 2 78 6 2 85 6 2

2 mol l21 HCl, 5 ml 95 6 2 84 6 1 92 6 2

3 mol l21 HCl, 5 ml 96 6 2 88 6 1 94 6 1

2 mol l21 HNO3, 5 ml 98 6 2 96 6 2 100 6 2

3 mol l21 HNO3, 5 ml 98 6 1 97 6 1 98 6 1

aMean value and standard deviation of three replicate analyses.

FIG. 2. The effect of sample flow rate on the recoveries of Zn, Cu,

and Co from aqueous solutions.

FIG. 3. The effect of sample volume on the recoveries of Zn, Cu, and

Co from aqueous solutions.
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replicates, m is the slope of calibration curve, and PF is

preconcentration factor for proposed procedure. The

LODs for Zn, Cu, and Co were calculated as 0.82, 1.24,

and 0.68 lg l21, respectively. To determine the precision

of the proposed method, the test solutions (50 ml) con-

taining 0.1 mg l21 of each metal ions were used. The rel-

ative standard deviation (RSD) for seven replicate

analyses of Zn, Cu, and Co ions was found as 2.4, 2.8,

and 1.5%, respectively.

The developed method was applied to standard refer-

ence material (50 ml NIST SRM 1643e, trace elements in

water) for the determination of cobalt, zinc, and copper.

The results, based on the average of three replicates, are

given in Table 3, which shows that the results are in good

agreement with the certified values. The improved method

was applied to water samples. The validity of the proposed

method was further proven by analyzing spiked analyte

ions samples. Experimental results are given Table 4.

TABLE 2. Effects of the matrix ions on the recoveries of zinc, copper,

and cobalt ions from aqueous solutions.

Interfering

ions

Mass

concentration/mg l21

Recovery/% (wt)a

Zn Cu Co

K1 1000 100 6 1 98 6 2 97 6 2

Na1 1000 101 6 2 96 6 2 98 6 1

Ca21 500 98 6 2 95 6 3 96 6 2

Mg21 200 96 6 2 97 6 2 99 6 3

Zn21 5 – 101 6 2 97 6 3

Cu21 5 99 6 2 – 96 6 1

Co21 5 98 6 2 102 6 2 –

Ni21 5 100 6 3 98 6 2 98 6 2

Cd21 5 98 6 2 95 6 2 96 6 1

Pb21 5 99 6 1 96 6 2 95 6 2

Cr31 5 96 6 1 95 6 2 101 6 2

Al31 5 95 6 2 100 6 2 98 6 2

Fe31 5 97 6 2 96 6 2 98 6 1

NO3
2 1000 97 6 2 96 6 2 95 6 3

Cl2 1000 95 6 1 95 6 2 96 6 2

aMean value and standard deviation of three replicate analyses.

TABLE 3. Analysis of cobalt, copper, and zinc in the certified refer-

ence material NIST SRM 1643e (trace elements in water).

Element

Mass concentration/lg l21

Recovery/%

(wt)Founda Certified

Co 28.12 6 0.86 27.06 6 0.32 103.9

Cu 23.26 6 1.12 22.76 6 0.31 102.1

Zn 77.6 6 4.4 78.5 6 2.2 98.8

aMean and standard deviation from three determinations.

TABLE 4. Mass concentrations of cobalt, copper, and zinc in drinking, tap and mineral waters and their recoveries from spiked water samples.

Zn Cu Co

Sample

Added/

lg l21

Founda/

lg l21

Recovery/%

(wt)

Added/

lg l21

Founda/

lg l21

Recovery/%

(wt)

Added/

lg l21

Founda/

lg l21

Recovery/%

(wt)

Drinking water A 0 14.4 6 0.8 0 4.5 6 0.4 0 NDb

5.0 18.8 6 1.2 96.9 5.0 9.4 6 0.5 98.9 5.0 5.2 6 0.4 104

Drinking water B 0 NDb 0 NDb 0 NDb

5.0 5.0 6 0.6 100 5.0 4.9 6 0.5 98 5.0 5.1 6 0.4 102

Tap water 0 24.6 6 1.4 0 6.4 6 0.7 0 2.4 6 0.2

10.0 35.3 6 2.6 102.8 5.0 11.2 6 0.8 98.2 5.0 7.3 6 0.5 98.6

Mineral water 0 84.4 6 5.8 0 25.5 6 1.8 0 8.5 6 0.6

50.0 138 6 6.4 102.6 10.0 37.2 6 2.2 104.7 5.0 13.2 6 1.1 97.7

aMean 6 t�s/�N at 95% confidence level: t 5 1.96; s is the standard deviation of three determinations and N the number of samples (3).
bNot detected.

TABLE 5. Comparison of the proposed method for preconcentration of Zn, Cu, and Co ions in water samples with other methods described in the

literature.

Enrichment factor LOD/lg l21 RSD/%
Ref.

Adsorbent Zn Cu Co Zn Cu Zn Zn Cu Co

Nano hybrid material (ZrO2/B2O3) – 10 10 – 3.3 3.8 – 3 3 [28]

Chloromethyl polystyrene polymer modified with

2-carboxy-2-hydroxy-5-sulfo-formazyl benzene

300 250 – 5.0 4.0 – 2.25 1.25 – [29]

Silica gel modified with p-dimethylamino-benzaldehyde 125 125 – 6.50 0.69 – <5.0 <5.0 – [30]

4,6-Dihydroxy-2-mercaptopyrimidine loaded

on activated carbon

– 260 260 – 2.9 3.4 – 1.2 1.3 [31]

Penicillium digitatum immobilized on pumice stone 50 50 – 1.3 1.8 – 2.0 3.0 – [32]

Tween 80 coated alumina – 8.8 8.3 – 0.4 1.2 – 1.9 2.6 [33]

Poly S-g-EMA 200 160 200 0.82 1.24 0.68 2.4 2.8 1.5 This work
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Comparison to Other Procedure

A comparison of the proposed procedure with other

reported preconcentration procedures is summarized in

Table 5. Analytical characteristics obtained for this study

are comparable to many procedures in the table. The

LODs of present procedure are better than some of the

other reported preconcentration methods [28, 29, 31, 32].

Preconcentration factor is relatively higher than similar

procedure reported in literature [28, 30, 32, 33] and the

RSD (%) of this work is comparable to given procedure

in Table 5.

CONCLUSIONS

It has been demonstrated that the poly styrene-graft-
ethyl methacrylate copolymer provides high enrichment

factors (200, 160, and 200 for Zn, Co, and Co, respec-

tively), high tolerance limit of interfering ions, and low

detection limits (0.82 lg l21 for Zn, 1.24 lg l21 for Cu,

and 0.68 lg l21 for Co) for separation/preconcentration

and determination of copper, cobalt, and zinc ions at trace

levels using FAAS technique in water samples. Adsorp-

tion capacities for Zn, Cu, and Co ions were obtained as

6.8, 5.2, and 7.5 mg g21, respectively. This material was

stable with a period greater than 50 cycles and can be

safely used an alternative sorbet to separate trace metals

in different samples
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