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Abstract

A selective separation and preconcentration method for the determination of gold ions in water and ore samples has been
developed using dispersive liquid-liquid microextraction, followed by flame atomic absorption spectrometry. 4-Ethyl-1(2-(4-
(4-nitrophenyl)piperazin-1-yl)acetyl)thiosemicarbazide) (NPPTSC) has been used for the first time as new chelating reagent.
A mixture of ethanol (dispersive solvent) and carbon tetrachloride (extraction solvent) was used. Some parameters affecting
the extraction procedure including the type and volume of the extracting and dispersive solvents, HNO; concentration, the
chelating agent amount, volume of sample, and foreign ions have optimized. Also, the complex formation between gold
ions and the ligand has been investigated in a methanol-water solution (1:1) using UV-visible spectrometry. The spectro-
photometric titration data showed that of Au—NPPTSC complex composition was found to be 3:2. After optimizing the
instrumental and experimental parameters, we achieved a detection limit of 1.5 pug L™!, a preconcentration factor of 50,
and a linear dynamic range of 10.0-400.0 pg L~'. The relative standard deviation obtained 2.1% at 50 pug L™ for gold ions
(n = 10). The proposed method was successfully performed for the determination of gold in certified reference material,
environmental water, and ore samples.
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Introduction

Gold is a very valuable metal found in very low levels on
earth. Due to unique physical and chemical properties, the
use of gold has considerably increased in various fields
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such as catalytic converters, jewelry, electronics, metal-
lurgy, energy, health, and environmental applications [1-3].
This element can be released to our environment because
of many industrial activities. Therefore, determination
of trace amounts of gold in environmental samples is of
great importance. There are many analytical techniques
presented to determine gold in real samples. Graphite fur-
nace atomic absorption spectrometry (GF-AAS) [4], flame
atomic absorption spectrometry (FAAS), [5], and induc-
tively coupled plasma mass spectroscopy (ICP-MS) [6] have
been widely used to determine gold in a variety of natural
samples. FAAS is very common technique for detection of
metals present in samples because of the low costs, easy
operation, and requirement of inexpensive equipment [7].
However, due to unsatisfying sensitivity and matrix effects,
it is difficult to directly determine metal ions at trace levels
with these advanced techniques. For this reason, a separa-
tion/preconcentration step is required before their analysis.
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Several sample preparation procedures have been used to
separate gold ions from various matrices before its determi-
nation, such as cloud point extraction (CPE) [8], coprecipita-
tion [9], solid phase extraction (SPE) [10], and liquid-lig-
uid extraction (LLE) [11]. Traditional LLE is the oldest and
effective technique in analytical chemistry for the extraction
of a series of organic and inorganic components. Unfortu-
nately, it is time consuming and needs large quantities of
toxic organic solvents [12]. Recently, the developments in
the extraction methods have gained increasing attention from
the analytes for its miniaturization, effectiveness, cheapness,
simplicity, and minimized reagent consumption. Assadi and
his co-workers have developed and established dispersive
liquid-liquid microextraction (DLLME). It is highly effi-
cient and highly powered at preconcentrating and determin-
ing traces of inorganic and organic species in water samples
[13]. Simplicity, low sample volume, ease of operation, low
organic solvent cost, high recovery, and high enrichment
factors are some of the outstanding advantages of DLLME.
This microextraction method has also been applied to deter-
mine trace gold ions in various types of environmental sam-
ples [14].

The DLLME is a simple microextraction technique that
requires an appropriate mixture of an extraction and a dis-
persive solvent are injected into an aqueous sample and a
cloudy solution is then formed because of the formation of
fine micro droplets of the extraction solvent fully dispersed
in aqueous phase. At this point, extraction solvent distributed
homogeneously in the whole aqueous solution in a short
time by the help of the dispersive solvent, resulting in a large
contact area between extraction solvent and aqueous sample.
Subsequently, equilibrium state is obtained quickly, resulting
in a very short extraction time, which is the major advantage
of the method compared with those of other preconcentra-
tion procedures. After the cloudy solution is centrifuged, the
fine remaining organic phase is recovered, in the bottom of
the conical test tube [15—17]. The certain volume of recov-
ered solvent can be analyzed using a variety of analytical
devices.

In this work, we present a DLLME as a simple, fast,
and selective method for the determination of gold ion at
trace levels in ore and water samples using FAAS. Gold
preconcentration was mediated by chelation with the new
reagent 4-ethyl-1(2-(4-(4 nitrophenyl)piperazin-1-yl)acetyl)
thiosemicarbazide) (NPPTSC), and carbontetrachloride was

Fig. 1 Structure of the NPPTSC

selected as the extraction solvent to extract a hydrophobic
complex. Also, the complex composition of gold ion with
the new chelation agent was observed using of spectrophoto-
metric titration. After optimization of various experimental
parameters and analytical features, the received results dem-
onstrated that DLLME is an effective technique for analyz-
ing gold in real samples with both a well preconcentration
factor and a low detection limit.

Experimental
Reagents and materials

All reagents used were of analytical grade. A 1000 mg L™!
standard solution of H(AuCl,), HC1, HNOj;, and other acids
was purchased from Merck (Darmstadt, Germany). HNO;
was used to adjust the acidity of the solutions. The working
standard solutions were achieved by appropriately diluting
the stock standard solution. The ligand, 4-ethyl-1(2-(4-
(4-nitrophenyl)piperazin-1-yl)acetyl)thiosemicarbazide)
(Fig. 1), was synthesized and purified according to the
literature [18]. The complexation agent solution [0.025%
(w/v)] was prepared by dissolving the appropriate amount
of the mixture of dimethylsulfoxide/methanol (1/24). The
remaining chemicals used, including carbon disulfide (for
spectroscopy Uvasol®), dimethylsulfoxide (for analysis
Emsure®), dichloromethane (for analysis Emsure®), car-
bon tetrachloride (for analysis Emsure®), chloroform (for
analysis Emsure®), methanol (for analysis Emsure®), ethanol
(for analysis Emparta®), acetonitrile (for liquid chromatog-
raphy LiChrosolv®), acetone (for liquid chromatography
LiChrosolv®), and tetrahydrofuran (for liquid chromatogra-
phy LiChrosolv®), were obtained from Merck (Darmstadt,
Germany). For the accuracy tests, the sandy soil certified
reference material (CRM-SA-C) used during analysis was
supplied by High-Purity Standard Inc. (Charleston, USA).

Instrumentations

A Perkin Elmer model A Analyst 400 flame atomic absorp-
tion spectrometer (Norwalk, CT, USA) was equipped with a
deuterium lamp for background correction. An air/acetylene
burner and 10 cm of burner head were used for the deter-
mination of gold absorbance. A gold hollow-cathode lamp

@ Springer



Journal of the Iranian Chemical Society (2018) 15:1347-1354

1349

operated at 12 mA was used as a radiation source. Absorb-
ance measurements were recorded at the peak height mode
of 242.80 nm using a spectral bandwidth of 0.2 nm. Spec-
trophotometric measurements of the ligand were performed
on a Specord 210 Plus model spectrophotometer (Jena, Ger-
many) using 1.00-cm quartz microcells. The CEM Mars 6
One Technology (Matthews, USA) microwave system, an
equipped with a closed-vessel, was utilized for digesting the
solid samples. The program parameters were optimized at a
maximum pressure of 880 psi and temperature of 200 °C at
400 W. The pH values of the aqueous solution were meas-
ured with a pH meter the Hanna pH 211, (HANNA instru-
ments, Cluj, Romania) model digital glass electrode. A cen-
trifuge Model Sigma 3-16P (Sigma laborzentrifugen GmbH,
Germany) was employed to assist phase separation. Pure
laboratory water, generated by the Direct-Q 8UV system
(Merck Millipore, Germany), was used during the experi-
mental studies.

UV-visible study of the metal-ligand complex

The presence of 10 equivalents of Au®* ions produces mod-
est changes in the absorption of the ligand (Fig. 2). The
absorbance spectra of NNPTSC exhibit distinct changes
between 300 and 450 nm in response to treatment with
gold ion in methanol. The spectral behavior of NNPTSC
changed with the addition of Au(IIl) ions into a solution
of NNPTSC (2.0 x 1073 mol L_l), and the absorbance of
peak at 292 nm was gradually increased. The stoichiometry
of the complex was assigned using Job’s method [19]. The
solutions were prepared by mixing an equimolar concentra-
tion (2.0 X 107 mol L") of both receptor NPPTSC and
H(AuCl,) in a binary solvent, i.e., methanol-ultra pure water
with ratios varying from 1:9 to 9:1 and a dilution of up to
4.0 mL. Finally, the absorbance was measured at 292 nm.
As we can see from Fig. 3, the breakpoint is 4.0 in the molar
ratio plot for this complex, indicating the formation of the
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Fig.3 Job’s plot of NPPTSC-Au(IIl) complex at 292 nm. The con-
centration of both NPPTSC and Au(IIT) was 2.0 X 107> mol L™!, The
results were shown at mean + standard deviation, experimental repli-
cate (n) =3

3:2 (metal-ligand) complex in the solution between Au’*
and the ligand.

Dispersive liquid-liquid microextraction procedure

As a model solution, 0.2 mol L™! nitric acid spiked to 25 mL
solution including 50 pg L™! of Au(III). For the DLLME, the
model solution was put into a 50-mL plastic centrifuge tube.
A mixture of 600 pL of ethanol and 80 pL of carbon tetra-
chloride and 100 pL 0.025 [% (w/v)] NPPTCS was swiftly
injected into the extraction solution using a plastic syringe
equipped with a stainless steel needle. A cloudy solution
(including ethanol, water, carbon tetrachloride) was occured
in the bottom the plastic test tube. In this step, the hydro-
phobic complex of Au with NPPTSC was extracted into the
CCl, droplets. The solution was centrifuged for 3 min at
2000 rpm. After the decantation of the aqueous phase, the
organic phase was completed to 500 pL with 0.1 mol L~}
nitric acid (containing ethanol) and then injected into the
FAAS. The gold signal was recorded in the peak area mode
utilizing the instrument software. The calibration was car-
ried out on various aqueous standards and subjected to the
same DLLME procedure. The blank determinations were
submitted as parallel to the measurements designed both for
calibration and the sample solutions.

Preparation of samples

We selected two water samples, including stream (Macka
stream, Trabzon, Turkey) and sea water (Karadeniz Techni-
cal University, Trabzon, Turkey). The water samples were
acidified using 0.2 mol L™ of HNO, and filtered through
0.2 mm of cellulose nitrate. The presented method was
applied for the determination of gold content.

All solid samples were digested using a microwave
digestion system. 0.10 g of ore-1 (Akoluk, Ordu, Turkey),
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0.10 g of ore-2 (Tiiprak, Usak, Turkey), 0.10 g of ore-3
(Giimiishane, Trabzon, Turkey), and 0.10 g of the certified
reference material (CRM sandy soil C) were weighed and
dissolved into a mixture of HNO; and HCl (4:4 volume
ratio) in a polytetrafluoroethylene vessel, and digested under
pressure at a temperature of 200 °C for 1 h. After the diges-
tion process, all of the aqueous solutions were boiled down
to near dryness. The residuals were filtered through blue-
band filter paper (Whatman® Grade). Because of the matrix
ions, the solutions were diluted twofold for ore-1, tenfold
for ore-2, twofold for ore-3, and twofold for the standard
reference material before their determination. The diluted
samples were analyzed according to the given procedure. A
final measurement (500 pL) was performed using FAAS in
order to determine the Au ions.

Results and discussion

Microextraction efficiency highly depends on thorough opti-
mization of various parameters affecting the complexation
reaction and the system. In this work, 4-ethyl-1-(2-(4-(4
nitrophenyl)piperazin-1-yl)acetyl)thiosemicarbazide was
used first time as a chelating agent, and the effect of various
analytical parameters on the extraction was studied, and the
method was applied to determine the amount of gold in real
ore and water samples.

Effect of nitric acid concentration

Acid concentration plays a distinctive role in metal—chelate
formation and its subsequent extraction throughout most of
the analytical processes. The extraction of metal ions occurs
after the formation of a complex with enough hydrophobic-
ity. In order to obtain the best analytical signal for gold,
the effect of HNO; was investigated. As shown in Fig. 4,
recovery is nearly constant within the range of 0.1-1.0 mol
L~ of HNO;. The recovery percentage of Au(III) decreased
with an increase in the concentration of nitric acid at the 3.0
and 5.0 mol L™}, and this may be due to decomposition of
metal-ligand bond. Finally, the extraction was carried out
using a sample solution adjusted to 0.2 mol L™! of HNO;.

Effect of amount of the NPPTSC

The amount of the NNPTSC is the most important variable
influencing the formation of AuCl,~NPPTSC complex and
its extraction efficiency. The effect of the ligand on the com-
plex formation of 50 ug L~! gold in the model solution was
studied in a range of 0.0-150.0 uL [0.025% (w/v)] in Fig. 5.
The extraction efficiency was stable when the NPPTSC con-
centration was higher than 100 pL. Therefore, a 100 uL vol-
ume of NNPTSC was chosen for the extraction of Au ions.
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Fig.4 Effect of the concentration of HNO; from the sample solution
on the recovery of gold ions. Conditions: sample volume, 25 mL;
Au concentration, 50 pg L™!; volume and type of extraction solvent,
80 uL of CCl,; volume and type of dispersive solvent, 600 uL of etha-
nol; centrifugation time and rate, 3 min and 2000 rpm (n) = 3
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Fig.5 Influence of the amount of NPPCTS on the preconcentration
of Au. DLLME conditions: 25 mL of sample volume; 50 pug L™' of
Au; 80 uL of CCly; 600 uL of ethanol; centrifugation time and rate:
3 min at 2000 rpm (n = 3)

Selection of type and volume of extraction solvent

The selection of an appropriate solvent as a key parameter
is very important to obtain high recovery for the analyte
ion in the DLLME process. The extraction phase should
have a density than water, water insolubility and show-
ing appropriate extraction efficiency of the target analyte.
Thus, the solvents such as chloroform (CHCl;) carbon
tetrachloride (CCl,), carbondisulfide (CS,), and dichlo-
romethane (CH,Cl,) were tested for the extraction of
2old—-NPPTSC complex in aqueous media. When CH,Cl,
was used as an extraction solvent, an unstable cloudy solu-
tion was obtained which made it difficult to separate the
sedimented phase from the solution. In the case of CHCl,
and CS,, the recoveries were about 38% and 51%, respec-
tively. In the case of CCl,, the extraction efficiency was
about 98%. Thus, in this work, CCl, selected as the extrac-
tion solvent.
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Fig.6 Effect of volume of carbon tetrachloride on DLLME of
Au(IIl). Solution phase, 25 mL of 0.2 mol L! HNO; containing
50 ug L™! of Au(IIl); mixture solution, 600 uL of ethanol containing
100 pL of NPPTSC (n = 3)

In order to obtain the highest extraction efficiency, 600
uL of ethanol and different volumes of CCl,, such as 20, 40,
60, 80, 100, and 120 pL, were used for the all experiments.
By increasing the volume of CCl, from 20 to 80 uL, the
analytical signal increased steadily to 120 pL. In subsequent
studies, 80 uL. CCl, was selected as the optimal volume of
the extraction solvent (Fig. 6).

Selection of type and amount of dispersive solvent

The main restraint for selection of the dispersive solvent is
miscible with both water solution and the extraction sol-
vent, thus enabling the extraction solvent to be dispersed
as fine particles in aqueous phase to form a cloudy solu-
tion [20, 21]. In this study, the dispersive solvents; meth-
anol (97.6% + 2.2), ethanol (98.6% =+ 2.4), acetonitrile
(55.4% + 6.2), acetone (74.9% + 5.9), and tetrahydrofuran
(63.2% + 7.4) were tested in this extraction procedure. The
results indicate that there was no significant statistical dif-
ference using ethanol or methanol as a dispersive solvent.
Ethanol was chosen as a dispersive solvent due to its lower
toxicity and ease of handling.

The volume of dispersive solvent directly affects the for-
mation of the cloudy solution. Using low volume of disper-
sive solvent could not disperse the extraction solvent com-
pletely, and thus cloudy solution cannot be formed properly.
Conversely, at high volumes, the solubility of analytes in
water increases by increasing the volume of dispersive sol-
vent and therefore the extraction efficiency is decreased.
After selecting C,HsOH as the dispersive solvent, its volume
was optimized in the range of 200-3000 pL. Six hundred
microliters of C,HsOH was used as an extracting solvent
for the extraction of Au(IIl) ions in the present procedure.
At alow volume, C,HsOH could not disperse CCl, properly,
and thus the cloudy solution was not completely formed.
Conversely, the solubility of the ion pair (Au**-NPPTSC)

in water increased when the volume of ethanol increased. In
fact, results showed that the extraction recovery increased
when the volume of C,H;OH increased to 600 and 800 pL
and that it decreased when the volume of C,H;OH exceeded
1000 pL. Hence, 600 uL. C,HsOH was chosen as the opti-
mum volume of dispersive solvent (Fig. 7).

Effect of the extraction time

The results obtained from many investigations show that
extraction is accomplished in a very short period of time
after the formation of that cloudy solution, because the finely
dispersed drops of the extraction solvent provide a large sur-
face area between the extraction solvent and the aqueous
sample [22, 23]. The effect of extraction time was examined
within 5-20 min under constant experimental conditions.
In our research, we defined the extraction time as the time
between injecting the extraction and centrifugation mixture,
which is approximately 3 min.

Effect of sample volume

To obtain a high preconcentration factor, the sample vol-
ume is an important key. The effect of sample volume on
the recovery of Au(IIl) ions was investigated in the sample
volume range of 15-50 mL containing 1.0 pg Au(Ill). The
recovery values of the analyte ions decreased when the vol-
ume of the sample solution increased. The experimental con-
ditions were fixed and included the use of different volumes
of sample: 15 mL (96 + 2.4%), 20 mL (97 = 2.7%), 25 mL
(96 +2.7%), 30 mL (85 + 2.8%), 40 mL (81 + 2.3%), 50 mL
(71 £ 4.0%) containing 100 pL [0.025 (w/v)] of NPPTSC.
The recovery values were not quantitative above 30 mL of
the sample volume. Thus, the optimum sample volume was
determined as 25 mL for the quantitative determination of
Au(III) at 0.2 mol L' HN O;. The enrichment factor of the
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Fig.7 Effect of the volume of ethanol on the recovery of Au(Ill) in
DLLME. Experimental conditions: sample volume, 25 mL; concen-
tration of Au(IIl), 50 pg L, (n=3)
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analyzed ions obtained was 50, because of the final volume
of 0.5 mL.

Influences of foreign ions

In order to indicate the selectivity of the DLLME method for
the separation of gold, the effect of common coexistences in
the water and ore samples was investigated under optimal
conditions. The tolerable limit was defined as the highest
amount of foreign ions that produced an error not exceeding
5% in the absorbance of the sample. Additionally, Pt** and
Pd** ions were selected as competitive species with gold
ions. The results showed that the presence of large amounts
of cations and anions commonly present in aqueous sam-
ples have no obvious effect on the DLLME when used to
determine gold. Furthermore, the vast majority of transition
metals even platinum and palladium do not have any inter-
ference, and the selectivity of this method was satisfactory
toward gold extraction at 0.2 mol L™! HNO; (Table 1).

Figures of merit

Linearity was obtained with gold concentration in the range
of 10.0-400.0 pg L™'. For 25 mL of solution, the linear
regression equation was A = 0.0003 C + 0.005 (where A
is absorbance and C is the concentration (ug L™") of gold
in the final solution with a correlation coefficient of 0.998
(R?). The linear calibration equation without preconcentra-
tion was A = 0.014 C + 0.005 for Au (R*> = 0.99). The limit
of detection and quantification based on 3S,/m and 10S,/m,
(where S, is standard deviation of the blank signals and m is
the slope of calibration curve after extraction) was 1.5 and

Table 1 Effect of some ions on the extraction efficiency of Au(III),
(n:3)

Ton Added as Concentration Recovery (%)
(mg L™
Na* NaNO; 25,000 103+3
K* KCl 20,000 104 +2
PO~ KH,PO, 500 97 +1
NeXa Na,SO, 500 97 +2
Fe*t Fe(NO5);-9H,0 400 99 +2
Ca®* Ca(NO,),-4H,0 1000 102 + 3
Mg>* Mg(NO,),-6H,0 1000 103 +3
Cu** Cu(NO,),’3H,0 100 96 + 1
NiZ+ Ni(NO,),-6H,0 100 95+ 1
Zn** Zn(NO,),-6H,0 100 94 +2
Pb** Pb(NO;), 100 95+2
Mn** Mn(NO;),-4H,0 100 94 +2
pd* Pd(NO,), 1 94 +2
P>t H,PtCl, 1 95 +2

@ Springer

4.2 ug L™! for Au, respectively. Blank determinations were
obtained as parallel to the measurements made for the cali-
bration standards and sample solutions. The blank signals
were 0.0019 + 0.0002 absorbance for gold with FAAS. The
method precision was studied by processing the ten replicate
standard solutions of gold. The relative standard deviation
(RSD) for 50 pg L™! of gold was 2.1%. The preconcentration
factor (EF) [24, 25] is defined as the ratio of the analyte con-
centration in the organic phase to the initial concentration in
the aqueous phase as shown in equation:

C
EF = —4
C, ()

where C 4 and C are the analyte concentration in organic
phase, obtained from a suitable calibration graph and the
initial concentration in aqueous phase, respectively. The
extraction recovery (R%) can be calculated as follows:

1%
R% = =4 x EF x 100, )
V,
aq

where V4 and V,, are the volumes of sedimented phase
and sample solution, respectively. The enhancement factor
defined based on the slope ratio of two calibration curves
for gold ions with and without preconcentration was 46.6.

Comparison with other extraction procedures

A comparison of the presented method with others reported
in preconcentration and extraction method for gold deter-
mination is given in Table 2. The DLLME-FAAS method
has numerous advantages including simplicity, rapidness,
short extraction time (not more than 5 min), high sensitively,
low cost, high enrichment factor (50), low limit of detection
(1.5 ug L™"), and consumption of small volumes of organic
solvent (80 uL) in a green approach. In this work, the extrac-
tion capabilities of the suggested method was checked using
appropriate concentration of manganese, nickel, cadmium,
cobalt, copper, lead, zinc, iron, platinum, and palladium.
Among all these metal ions, the method acted signally selec-
tivity toward gold ions at high acid levels. As a result, the
developed DLLME procedure using FAAS can be used as
an alternative method for several environmental liquid and
solid samples.

Applications of the method

The developed method was applied to sea and stream water
samples as well as ore samples. The precision tests of the rec-
ommended procedure were performed with standard additions.
The different amounts of gold ions were added to 25 mL of sea
and stream water as well as solid samples. DLLME was then
applied to the solutions. The results are provided in Table 3.



Journal of the Iranian Chemical Society (2018) 15:1347-1354 1353
Table 2 Published analytical procedures for Au in environmental samples

Extraction procedure Detection limit ~ Linear range (ug L™1) Sample type PF" Refs.

(gL

SPE—Spectrophotometric® 6.1 80-1240 Water, jewel, ore samples 100 [26]
SPE-FAAS® 13 - Tap, sea, waste water and jewelry 200 [27]
CPE-FAAS® 3.8 4-500 Mine samples 16 [28]
FI spectrophotometry® 30 100-12.000 Jewel samples - [29]
HFLPME-FAAS® 0.9 3-170 Ore samples 50 [30]
SPE-FAAS 1.61 - Water, soil and sediment samples 31 [31]
SSLLME-FAAS' 1.5 - Tap, well water, soil samples 60 [32]
IP-DLLME/FAAS® 1.8 8-100 Tap, waste water, copper electrolysis solu- 40 [33]

tion and copper wire coated nickel

2Solid-phase extraction-UV-Vis spectrometry

®Solid-phase extraction-flame atomic absorption spectrometry
“Cloud point extraction

4Flow injection—UV—Vis spectrometry

“Hollow fiber liquid phase microextraction

fSupramolecular solvent-based liquid—liquid microextraction
Jon-pair dispersive liquid-liquid microextraction
"Preconcentration factor

Table 3 Determination of Au(Ill) in water and solid samples (n:3)

Sample type Au

Added (ug) Found (ug) Recovery (%)

Stream water 0.00 < LOD -
0.50 0.52+0.02 103+3
1.00 1.02+0.01 102 +1
Sea water 0.00 <LOD -
0.50 0.53+0.02 105+3
1.00 1.04 £0.02 104 +2
Ore-1* (Akoluk, Ordu) 0.00 0.74 £ 0.02 -
0.50 1.22+0.04 96+3
1.00 1.69 +£0.04 94 +2
Ore-2° (Tiiprak, Nigde) 0.00 0.51 +0.02 -
0.50 0.99+0.04 95+2
1.00 145+0.04 94 +1
Ore-3° (Mastra, 0.00 0.59 +0.02 -
Giimiighane)
0.50 1.07+0.04 96+3
1.00 1.54+0.05 95+2

2“Dilution twofold
4Dilution tenfold
LOD limit of detection

There is good agreement between added and found levels of
analytes for all samples. The accuracy of presented method
was determined by analyzing the CRM-SA-C sandy soil C
reference material. The analytical results for the tested ion are
given in Table 4. Thus, the amount of gold found in the CRM

Table 4 Determination of Au(IIl) ion in certified reference material
(n:3)

Certified value (ug g7 Found (ug g7 Recovery (%)

25% 235+09 94 +2

“Non-certified values, provided for information only

Table 5 Determination of Au (ug L") in water and (ug g~') ore sam-
ples, (n: 3)

Sample type Concentration
of Au (ug L™,
nge™)

Stream water < LOD

Sea water <LOD

Ore-1 (Akoluk, Ordu) 148 +04

Ore-2 (Tiiprak, Nigde) 514+12

Ore-3 (Mastra, Giimiishane) 23.6 +£ 0.6

using the present method was consistent with the certified val-
ues (25 pg g~ 1). The analytical results demonstrated that the
suggested method can be reliably used for the determination
of gold in the liquid and solid samples (Table 5).
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