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bstract

A method for solid phase extraction (SPE) of gold(III) using Dowex M 4195 chelating resin has been developed. The optimum experimental
onditions for the quantitative sorption of gold(III), pH, effect of flow rates, eluent types, sorption capacity and the effect of diverse ions on
he sorption of gold(III) have been investigated. The chelating resin can be reused for more than 100 cycles of sorption–desorption without any
ignificant change in sorption of gold(III) ions. The recovery values for gold(III) and detection limit (LOD) of gold were greater than 95% and

.61 �g L−1, respectively. The preconcentration factor was 31. The relative standard deviation of the method was <5%. The adsorption capacity of
he resin was 8.1 mg g−1. The proposed method has been applied for the determination of gold(III) in some real samples including water, soil and
ediment samples.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Gold is an important element in our life due to its usage in jew-
lry and industry, etc. [1–3]. Trace level determination of gold by
ame atomic absorption spectrometry is difficult like other metal

ons due to lower levels of gold than the limit of detection of
ame atomic absorption spectrometry and effects of the matrix
omponents of the working media [4–7]. To overcome these lim-
tations on the determination of gold by flame atomic absorption
pectrometry, separation-enrichment techniques including solid
hase extraction (SPE), cloud point extraction, liquid–liquid
xtraction, coprecipitation, etc. [8–15] have been used by the
esearchers around the world.

Solid phase extraction is an extraction method that uses a solid
hase and a liquid phase to isolate one, or one type, of analyte
rom a solution [16]. SPE method had the advantages of being

ore sensitive, simple, environment friendly, faster and sam-

ler saving. SPE methods employing on different solid matrices
ave been successfully used for the preconcentration, separa-
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tion spectrometry

ion and sensitive determination of trace metal ions including
old [17–20]. Amberlite XAD resins [2,6,21], activated carbon
10], crosslinked chitosan [11], carbon nanofibers [17], YPA(4)
helating resin [19], etc. have been used as solid phase extractor
or gold in real samples.

Dowex M 4195 chelating resin is based upon a special chelat-
ng amine ligand which is partially quaternized by sulfuric acid
s received [22]. When in this conjugate sulfuric acid salt form,
he resin is fully swollen and hydrated, and ready for scaveng-
ng metals from acidic media [22]. It was used in various studies
or heavy metal separation and preconcentration from various
edia [23–26].
In the presented work, a SPE of gold(III) on Dowex M 4195

helating resin has been presented. Optimal analytical condi-
ions for the quantitative recoveries of gold(III) was investigated.

. Experimental

.1. Instruments
A PerkinElmer AAnalyst 700 atomic absorption spec-
rometer with deuterium background corrector was used. All

easurements were carried out in an air–acetylene flame. A

mailto:mtuzen@gop.edu.tr
dx.doi.org/10.1016/j.jhazmat.2007.12.062
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3.3. Flow rates

The effects of the sample and eluent flow rates on the reten-
tions and recoveries of gold(III) on the resin were studied in the
92 M. Tuzen et al. / Journal of Haza

0 cm long slot-burner head, a lamp and an air–acetylene flame
ere used. Wavelength was set at 242.8 nm and the spectral band
idth at 0.5 nm for gold.
A pH meter, Sartorius pp-15 Model glass-electrode was

mployed for measuring pH values in the aqueous phase. Mile-
tone Ethos D closed vessel microwave system (maximum
ressure 1450 psi, maximum temperature 300 ◦C) was used.

.2. Reagents and solutions

All chemicals used in this work, were of analytical reagent
rade and were used without further purification. Deionized
ater (Milli-Q Millipore 18.2 M� cm−1 conductivity) was used

or all dilutions. All the plastic and glassware were cleaned by
oaking in dilute HNO3 (1 + 9) and were rinsed with distilled
ater prior to use. One thousand and ten milligrams per liter of

he stock solution of gold was purchased from Sigma. Work-
ng solutions were prepared by appropriate dilution of the stock
olution with water.

Phosphate buffer solutions (H2PO4
−/H3PO4) were prepared

y mixing of appropriate volumes of 1 mol L−1 sodium dihy-
rogene phosphate and phosphoric acid solutions for pH 2–3.
cetate buffer solutions (CH3COO−/CH3COOH) were pre-
ared by mixing of appropriate volumes of 0.1 mol L−1 acetic
cid and 0.1 mol L−1 sodium acetate solutions for pH 4 and
. For pH 7, a 250 mL of borate buffer was prepared by
se of 2.5 mL of 1 mol L−1 HCl and 0.445 g NaBO2. Ammo-
ium buffer solution (NH4

+/NH3) was prepared by mixing of
ppropriate amounts of 0.1 mol L−1 ammonia and 0.1 mol L−1

mmonium chloride solutions for pH 8.
Dowex M 4195 is purchased from Sigma, St. Louis, USA.

t was washed successively with methanol, water, 1 mol L−1

NO3 in acetone, water, 1 mol L−1 NaOH, and water, sequen-
ially.

Six hundred milligrams of Dowex M 4195 chelating resin
as loaded after washing acetone, 1 mol L−1 HNO3 solution

nd water, respectively, into a 10 mm × 100 mm glass column
ith a glass frit resin support. The resin bed was approximately
cm. The column was preconditioned by the blank solution
rior to each use. After the elution, the resin in the column was
ashed with a 10–15 ml of the eluting solution and of water,

ubsequently.

.3. Test procedure for solid phase extraction of gold(III)

Forty milliliters of solution containing 10 �g of gold(III) ion
as added to 10 mL of buffer solution (the desired pH between
and 8). The column was preconditioned by passing buffer

olution. The solution was permitted to flow through the column
nder gravity at the flow rate of 5 mL min−1. After passing of
his solution ending, the column was rinsed twice with 2 mL

f water. The adsorbed metals on the column were eluted with
mL portion of 2 M H2SO4 + 4 M NH3. The eluent was analyzed

or the determinations of gold concentrations by flame atomic
bsorption spectrometer.

F
n
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.4. Applications

Soil (1000 mg), sediment (1000 mg) and mine (1000 mg),
ere digested with 6 mL of HCl (37%) and 2 mL of HNO3

65%) in microwave digestion system. Digestion conditions for
he samples were applied as 2 min for 250 W, 2 min for 0 W,
min for 250 W, 5 min for 400 W, 8 min for 550 W, vent: 8 min

27–29]. The residue diluted to 50.0 mL with deionized water.
blank digest was carried out in the same way. Then the pre-

oncentration procedure given above was applied to the final
olutions. Gold was determined by flame AAS.

. Results and discussion

.1. pH effect on the recoveries

pH of the working media is most critical parameter on the
PE studies [30–33]. The effect of pH of the sample solution on

he retention of gold(III) on Dowex M 4195 chelating resin were
nvestigated in the pH range 2.0–8.0. The pHs of the solutions
ere adjusted by using buffer solutions given in Section 2.2. The

esults are depicted in Fig. 1. Gold was quantitatively recovered
n the pH range of 3.0–6.0. All further works were carried out
t pH 4.0. The mechanism of retention of gold(III) on Dowex

4195 is chelation. The surface functional group of Dowex M
195 is amine [22].

.2. Eluent

Various eluent solutions were used for desorption of gold(III)
rom Dowex M 4195 chelating resin. The results are given in
able 1. Quantitative recoveries for gold(III) ions were obtained
y using the mixture of 8 mL of 2 M H2SO4 + 4 M NH3. There-
ore, the volume of 8 mL of 2 M H2SO4 + 4 M NH3 was used in
he following experiments.
ig. 1. Effect of pH on the recoveries of Au(III) (eluent: 2 M H2SO4 + 4 M NH3,
= 4).
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Table 1
Effects of eluent on the desorption of gold from Dowex M 4195 (n = 4)

Eluent Recovery (%)

1 M HCl 40.0 ± 2.0
2 M HCl 50.0 ± 2.0
2 M NH3 70.0 ± 3.0
4 M NH3 90.0 ± 3.0
2 M H2SO4 67.0 ± 3.0
2 M H2SO4 + 4 M NH3 99.0 ± 3.0

* Mean ± standard deviations.

Table 2
Recovery values as a function of sample volume (n = 4)

Sample volume (mL) Recovery (%)

25.0 97.0 ± 2.0
50.0 99.0 ± 3.0

100.0 96.0 ± 2.0
250.0 95.0 ± 3.0
5
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Table 3
Effects of foreign ions on the recoveries of gold (n = 4)

Ion Added as Concentration (mg L−1) Recovery (%)

Na+ NaCl 20,000 97.0 ± 3.0
K+ KCl 3,000 95.0 ± 2.0
Ca2+ CaCl2 5,000 96.0 ± 3.0
Mg2+ MgCl2 5,000 95.0 ± 2.0
Cl− NaCl 25,000 95.0 ± 3.0
F− NaF 500 99.0 ± 2.0
NO3

− KNO3 2,000 95.0 ± 2.0
SO4

2− Na2SO4 2,000 96.0 ± 2.0
PO4

3− Na3PO4 2,500 96.0 ± 3.1
Mn2+ MnSO4 50 97.0 ± 2.0
Fe3+ FeCl3 50 95.1 ± 2.0
Cu2+ CuSO4 50 95.2 ± 3.1
Pb2+ Pb(NO3)2 50 96.0 ± 2.0
Zn2+ ZnSO4 50 96.0 ± 3.0
C
A

3

s
w
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00.0 70.0 ± 2.0

Mean ± standard deviations.

ow rate range of 0.5–7.0 mL min−1. Gold(III) ions were quan-
itatively retained and recovered in the sample and eluent flow
ange of 1.0–5.0 mL min−1. After 5.0 mL min−1, the recoveries
ere not quantitative due to insufficient contact between ana-

ytes and adsorbent. Five milliliters per minute was selected as
ample and eluent flow rate.

.4. Effects of amounts of Dowex M 4195 chelating resin

The effects of the amounts of Dowex M 4195 chelating resin
n the adsorption of gold(III) were investigated at 5.0 mL min−1

ow rates of sample and eluent solutions. The results are given in
ig. 2. The recovery values were found quantitative in the resin
mounts of 500–600 mg. The recovery of gold decreased with
ncreasing resin beyond 600 mg due to insufficient eluent vol-

me. If the eluent volume was higher than 8.0 mL, the recoveries
ere quantitative. In all further studies, the short glass column
as filled with 600 mg of Dowex M 4195 resin. The results are

greed with the literature values [33–36].

ig. 2. Influences of amounts of resin on the recoveries of gold(III) (eluent: 2 M

2SO4 + 4 M NH3, n = 4).
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d2+ Cd(NO3)2 50 96.8 ± 1.0
g+ AgNO3 50 98.0 ± 2.1

.5. Effect of the sample volume

In order to obtain high preconcentration factor, the effect of
ample volume on the sorption behavior of analytes on resin
as investigated by passing 25–500 mL of solutions. Gold(III)

ons were quantitatively recovered at the range of 25–250 mL.
t the higher volumes then 250 mL, the recoveries for analytes
ere not quantitative. The preconcentration factor is calcu-

ated by the ratio of the highest sample volume (250 mL) and
he lowest eluent volume (8 mL). The preconcentration factor
as 31 Table 2.

.6. Effect of matrix ions

In order to identify the effects of some matrix ions on the
ecoveries of gold(III) on Dowex M 4195 resin, model solutions
ontaining matrix ions given in Table 3 with various concentra-
ions were prepared then the preconcentration procedure given
n Section 2 was applied. The results are given in Table 3. The
fficiency of the recovery was not affected whether these ions
xist or not. Hence, the presented method can be applied to real
amples including sea water and samples containing transition
etals at mg L−1 since it was not affected by high concentrations

f alkaline and earth alkaline ions.

.7. Adsorption capacity and limit of detection

In order to study the adsorption capacity of Dowex M 4195
helating resin, 0.1 g resin was added to 50 mL of solution con-
aining 1.0 mg of metal ion at pH 4.0. After shaking for 30 min,
he mixture was filtered. Ten milliliters of the supernatant solu-
ion was diluted to 100 mL and determined by flame atomic
bsorption spectrometry. The capacity of resin for gold(III) was
.1 mg g−1.
The detection limit (LOD) of the presented SPE study was
alculated under optimal experimental conditions after applica-
ion of the preconcentration procedure to blank solutions. The
etection limits, defined as the concentration equivalent to three
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Table 4
The results for tests of addition/recovery for gold determination in some real samples (sample volume: 250 mL, eluent volume: 8 mL (n = 4))

Added (�g) Spring water Tap water Sea water

Found (�g) Recovery (%) Found (�g) Recovery (%) Found (�g) Recovery (%)

– BDL – BDL – BDL –
10 9.9 ± 0.4a 99 9.8 ± 0.5 98 9.9 ± 0.3 99
20 19.5 ± 0.6 98 19.8 ± 0.6 99 19.6 ± 0.5 98
40 39.2 ± 1.2 98 39.6 ± 0.8 99 39.1 ± 0.9 98

a Standard deviation, BDL: Below detection limit.

Table 5
The concentration of gold in microwave digested environmental samples (n = 4)

Added (�g) Soil from Tokat City Sediment from Tokat City Mine from Tokat City

Found (�g) Recovery (%) Found (�g) Recovery (%) Found (�g) Recovery (%)

– BDL – BDL – BDL –
10 9.9 ± 0.5a 99 9.7 ± 0.4 97 9.8 ± 0.5 98
20 19.2 ± 0.8 96 19.5 ± 0.9 98 19.9 ± 0.9 100
40 38.5 ± 1.5 96 39.1 ± 1.2 98 39.7 ± 1.4 99

a Standard deviation, BDL: Below detection limit.

Table 6
Comparative data from some recent studies on solid phase extraction of gold

System Eluent PF DL (�g L−1) R.S.D. (%) Reference

Activated carbon/dithiophosphoric acid O,O-diethyl ester 2 mol L−1 NH3 in acetone 20 – 10 [10]
Amberlite XAD-2000/DDTC 1 mol L−1 HNO3 in acetone 200 16.6 <6 [21]
Duolite GT–73/HCl 0.8 mol L−1 thiourea + 3.0 mol L−1 HCl – – – [37]
Amidinothioureido–silica gel chelating resin 5% thiourea – 13 1.2 [38]
Octadecyl silica membrane disks modified with

pentathia-15-crown-5
0.5 mol L−1 S2O3

2− 200 1 2.1 [39]

Polyoxyethylene-type nonionic surfactant-impregnated
amberlite XAD-4

0.5 mol L−1 thiourea and 0.02 mol L−1 HCl – – – [40]
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owex M-4195 chelating resin 4 mol L−1 NH3 +

F: preconcentration factor, DL: detection limit.

imes the standard deviation (n = 13) of the reagent blank were
.61 �g L−1.

.8. Applications of the presented procedure

Various amounts of gold(III) were spiked to water samples.
hen the procedure presented was applied to the determination
f gold(III) in natural water samples. The results are given in
able 4. A good agreement was obtained between the added and
easured analyte amounts. These results confirm the validity of

he proposed method. Also the application of the proposed SPE
rocedure for the determination of gold(III) was performed to
he microwave digested environmental samples. The results are
iven in Table 5.

. Conclusion

The conditions for quantitative and reproducible preconcen-

ration, elution and FAAS determinations for gold(III) on Dowex

4195 chelating resin were studied. The method is simple,
ccurate and can be applied for the determination of analyte.
he comparison of the results found in the presented study and
l L−1 H2SO4 31 1.61 5 This study

ome works in literature is given in Table 6. The system showed
eproducibility and reliability in analytical data, with an R.S.D.
alue of lower than 5% on triplicate experiment. Six hundred
illigrams of Dowex M 4195 chelating resin can be used as

igh as greater than 100 experiments without any loss in its
orption behavior.
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