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Preconcentration and determination of cadmium in some samples using solid phase
extraction with slotted quartz tube flame atomic absorption spectrometry
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In this study, a two-step preconcentration method is proposed for the determination of trace amounts of Cd(ll). In the
first preconcentration step, Amberlite CG-120 resin was used. After the separation and preconcentration of Cd(ll), a
slotted quartz tube was used for its FAAS determination. In this part, the slotted quartz tube was used as the second
preconcentration step. Some experimental parameters influencing the separation and preconcentration of Cd(ll) were
separately optimized. The total enrichment factor was found to be 920 after the two steps of preconcentration and the
detection limit was found to be 0.1 pg/L. Accuracy of the method was checked by analysing a standard reference material
(Environmental Matrix Reference Material, Lake Water, TMDA-70.2). The proposed two-step preconcentration method

was applied to the analysis of drinking water.
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INTRODUCTION

Elevated heavy metal concentrations in the
atmosphere are caused by serious pollution from the
industrialization activities [1]. The Environmental
Protection Agency (EPA) proposed that cadmium is
among thirteen toxic metal species in the priority
pollutant list [2]. Cd is one of the most toxic
elements for living organisms and it shows severe
unwanted effects, especially on kidneys [3]. The
half-life of Cd in the kidney is about 30 years.
Therefore, the determination of Cd in different
samples is very significant for food and
environmental control [4].

Flame atomic absorption spectrometry (FAAS)
[5], inductively coupled plasma optical emission
spectrometry (ICP-OES) [6], inductively coupled
plasma mass spectrometry (ICP-MS) [7], cold vapor
generation atomic absorption spectrometry (CVG
AAS) [8], graphite furnace atomic absorption
spectrometry (GF-AAS) [9] and electrothermal
atomic absorption spectrometry (ETAAS) [10] are
the most proper techniques for the determination of
Cd(1l) with different sensitivity. Among the above
techniques, FAAS has been the commonly preferred
technique for the determination of some heavy
metals at trace levels. However, the sensitivity of
FAAS is inadequate for direct trace analysis.
Preconcentration and/or separation methods are
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often required before the FAAS analysis at trace
levels [11].

There are several methods used for
preconcentration and separation of Cd(ll), such as
solid-phase extraction (SPE) [12], non-dispersive
ionic liquid based microextraction (NDILME) [13],
multi-step cloud point extraction procedure (CPE)
[14] and dispersive solid-phase extraction (DSPE)
[10]. Among them, the SPE has been frequently used
for the preconcentration and separation of elements
from some matrices because of its simplicity, speed,
low cost, and low consumption of reagents [15].

In recent years, ionic imprinted polymers (11Ps)
[16], multiwalled carbon nanotubes (MWCNTS)
[17], modified polyurethane foam [18] and modified
silica gel [19] bhave been wused for the
preconcentration and separation of Cd(Il) in some
matrices prior to the its determination.

Additionally, there have been various
applications to improve FAAS sensitivity in the
detection step. One of the preferred devices called
slotted quartz tube (SQT) was developed by Watling
in 1977. Using the SQT device the sensitivity of
FAAS has been increased from 2 to 5 fold depending
on the element [20]. In the literature, there are some
studies on the determination of metals at trace levels
using the SQT-FAAS [21-23].

In this work, Cd(1l) was enriched by a two-step
preconcentration method. Amberlite CG-120 was
employed as the adsorbent for the separation and
preconcentration of Cd(Il) (first preconcentration
step). The functional groups of this resin are Na*
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form and sulfonic acid groups. The optimum pH
values of this resin are in the range of ~0.4-10 [24].
In the first preconcentration step, some experimental
parameters, such as pH, amount of adsorbent,
sample volume and flow rate, eluent volume and
flow rate for quantitative recovery of Cd(Il) were
optimized to obtain the best separation and/or
preconcentration conditions. Furthermore, the SQT
device was used together with the FAAS to further
enhance the sensitivity of the system (second
preconcentration step). The developed two-step
preconcentration method (SPE and SQT device) was
applied for the determination of Cd(ll) in drinking
water.

EXPERIMENTAL
Apparatus

In this study, the ATI UNICAM 939 model
FAAS was used equipped with a deuterium lamp as
background corrector, a Cd hollow-cathode lamp as
light source (current, 8.0 mA; wavelength, 228.8 nm;
bandwidth of the slit, 0.5 nm), acetylene flow rate,
1.1 L/min, slotted quartz tube with two slots (length
of slotted quartz tube, 12 cm; length of top slot, 4
cm; length of lower slot, 5 cm). The pH values were
controlled with a Thermo Orion 3 Stars Model pH
meter.

Reagents

All chemicals were of analytical reagent grade
and 18 MQ.cm deionized water from a PURIS
purification system (Model: Expe-UP Series) was
used for the preparation of solutions. All glass
vessels were cleaned before usage by soaking in 5%
HNO; and then rinsed thoroughly with deionized
water. 65% (w/w) HNOs; and 60% (w/w) HCIO,
were obtained from Merck. 37% (w/w) HCI, was
obtained from Riedel-de Haen.

Preparation of Cd(ll) solution

Cd(NOz3)2:4H,0 was supplied from Aldrich
and a 1000 mg/L stock solution of Cd(Il) was
prepared by dissolving 0.280 g of
Cd(NOs)2-4H20 in 100 mL of deionized water.
Working solutions of Cd(I1) were prepared from
the stock solution by dilution.

Column preparation

The glass column used in this study has 15 cm in
length and 0.8 cm in internal diameter. In the
preparation step of the column, a small glass wool
wad was placed at the bottom of the column and 300
mg of Amberlite CG-120 resin was added on it.
Afterwards, another small glass wool wad was

inserted onto the top of the resin. Before use, the
Amberlite CG-120 resin in the column was washed
consecutively with ethanol, 1 mol/L HCI, 1 mol/L
HNOs, and water. After each usage, the column was
filled with deionized water and stored until the next
experiment.

General procedure for the sorption of Cd(I1) on the
column

The column was firstly preconditioned at pH 1
using both 1 and 10% (w/w) HCI. 25 mL of a model
solution containing 5 pg of Cd(Il) was adjusted to
pH 1 using both 1 and 10% (w/w) HCI. Then, the
model solution was passed through the column at a
flow rate of 5 mL/min. The adsorbed Cd(ll) ions on
the column were eluted with 5 mL of 3 mol/L HNO3
at a flow rate of 1 mL/min. The eluent solution was
analyzed by FAAS. The column filled with
Amberlite CG-120 resin was used repeatedly after
washing it with 10 mL of 3 mol/L HNO; solution
and amply with deionized water.

Collection and preparation of samples

The developed two-step preconcentration method
was applied to determine Cd(ll) in drinking water.
Commercial natural drinking waters were purchased
from the local market in Burdur city, Turkey.

RESULTS AND DISCUSSION

In this study, Cd(Il) was enriched by a two-step
preconcentration method. Some experimental
parameters of the first step, such as pH, amount of
sorbent, concentration and type of eluent, sample
and eluent flow rate, and sample volume were
optimized. Then, some parameters of the second step
using a SQT device, such as observation height
(distance between the top of burner head and SQT
device) and acetylene flow rate were optimized.

Effect of pH

pH is an important analytical parameter in the
solid phase extraction of metal ions. In this study, the
recovery values on the Amberlite CG-120 resin were
determined at different pH values in the range of 1-
5. As seen in Fig. 1, quantitative recovery of Cd(lIl)
was obtained for all pH values in the range. pH 1 was
chosen as the optimum pH value.

Effect of the amount of Amberlite CG-120 resin

The effect of the amount of Amberlite CG-120
resin is another significant parameter for an efficient
extraction procedure. Different amounts of
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Fig. 1. Effect of pH on the recovery of Cd(ll) on a
column of Amberlite CG-120.

Amberlite CG-120 resin in the range from 0 to 500
mg were used and quantitative recoveries were
obtained with 100 to 500 mg of Amberlite CG-120
resin. For quantitative recovery in the case of real
samples, 300 mg of Amberlite CG-120 resin were
used in further experiments.

Effect of type and volume of eluent

A series of eluent solutions, viz. 2 mol/L HNOs3,
2 mol/L HCI, 2 mol/L HCIO, and ethanol, were
employed in order to find out the suitable eluent type
and volume. Quantitative recovery of Cd(ll) was
achieved with 10 mL of 2 mol/L HCI. After that, the
optimum concentration and volume of HCI were
optimized. To this purpose, various concentrations
of HCI between 0.1 and 4.0 mol/L and volumes of 5
and 10 mL of HCI were taken. It was found that
quantitative elution is achieved by using 5 mL of 3
mol/L HCI. Therefore, 5 mL of 3 mol/L HCI
solution was employed in all studies.

Effect of flow rate of sample and eluent solution

The sample flow rate through the column is a
substantial factor which influences both the recovery
of analyte and the time of analysis. Thus, the flow
rates of sample and eluent solution were
investigated. The model solution was passed through
the column at a flow rate changing from 0.25 to 5
mL/min. Quantitative recovery was obtained for all
sample flow rates shown in Fig. 2 and 5 mL/min was
chosen in order to shorten the analysis time. The
eluent solution was passed through the Amberlite
CG-120 resin at flow rates ranging from 0.25 to 2
mL/min. With all eluent
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Fig. 2. The effect of sample flow rate on the recovery
of Cd(Il) on a column of Amberlite CG-120.

flow rates, quantitative recovery was achieved and 2
mL/min was selected to shorten the analysis time.

Effect of sample volume

For determining the enrichment factor of Cd(ll),
volumes of 25, 50, 100, 250, 500, 750 and 1000 mL
of sample solution containing 5 pg Cd(ll) were
passed through the Amberlite CG-120 resin. The
recovery of Cd(Il) was quantitative for all sample
volumes, as shown in Fig. 3.
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Fig. 3. Effect of sample volume on the recovery of
Cd(I1) on a column of Amberlite CG-120.
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1000 mL was chosen as the optimum sample
volume; and the eluent volume was chosen as 5 mL.
In this way a preconcentration factor of 200 was
achieved in the first preconcentration step of this
proposed study.

Slotted Quartz Tube (SQT) optimizations

FAAS equipped with a SQT device was used for
further improving sensitivity (second
preconcentration step). The important parameters
here - acetylene flow rate and observation height
were optimized. The proper acetylene flow rate was
identified as varying from 0.8 L/min to 1.4 L/min.
At 1.1 mL/min acetylene flow rate, the maximum
peak area for Cd(ll) was obtained. The effect of the
observation height on the Cd(Il) signal in the range
from 0.6 to 0.8 cm was studied. The optimum
observation height was found to be 0.7 cm.

Matrix effects

Matrix effects should be investigated since
accompanying ions present in the real samples may
affect the analyte signal positively and/or negatively.
For this, different cations prepared from salts with
CI, NOg, SO4* ions were added individually to the
model solution of Cd(Il) and then the proposed
preconcentration method was applied. The results
are given in Table 1. As can be seen, the proposed
method is independent of matrix effects at the
working concentrations of the selected elements.

Analytical figures of merit

In the proposed study, the equations of the
calibration plots for FAAS and SQT-FAAS were
found as y=0.0682x+0.0004 and y=0.3156x+0.0076,
respectively. The comparison of the slopes of the
calibration plots without and with SQT device
yielded a 4.6-fold enrichment. In addition, using the
Amberlite CG-120 resin, a 200-fold enrichment was

Table 1. Effect of some ions on the recovery of Cd(ll).

obtained. The total enrichment factor for Cd(ll)
determination using the two-step preconcentration
method was found to be 920.

The limit of detection (LOD) was calculated
using both Amberlite CG-120 resin and SQT device.
For this reason, 25 mL of model solution containing
0.5 pg Cd(I1) was passed through the Amberlite CG-
120 resin. The retained Cd(l1) on the Amberlite CG-
120 resin was eluted by 25 mL of 3 mol/L HNO:s.
Then, the eluent was used for the determination of
LOD (3s). LOD was found to be 0.1 pg/L by the two-
step preconcentration method (N=11).

Accuracy and analytical application

The accuracy of the method was evaluated by the
determination of Cd(ll) in the standard reference
material, Environmental Matrix Reference Material,
Lake Water, TMDA-70.2. The column was firstly
preconditioned at pH 1.0. Then, 25 mL of standard
reference material was adjusted to pH 1.0 and passed
through the column. The elution of Cd(ll) from the
resin was performed using 3 mol/L HNOs. Then the
eluent solution was analyzed using the SQT-FAAS
method. Cd(Il) concentration in the standard
reference material was found to be 142+8 pg/L with
a relative error of 1.4% based on four replicate
measurements at the 95% confidence level, which is
a good agreement with the certified value of 140+9
ug/L. Therefore, it seems that the proposed two-step
preconcentration method is useful for the
preconcentration of trace levels of Cd(ll) in the
presence of other metal ions which shows the
applicability of the method.

The proposed two-step preconcentration method
was also applied for the determination of Cd(ll) in
drinking water and the accuracy of the method was
checked by the determination of the recovery of
spiked Cd(Il) in the drinking water, as shown in
Table 2.

lon Concentration (mg/L) R" (%) lon Concentration (mg/L) R" (%)
1 9845 1 97+4

Na* 5 95+4 Cu? 5 96+3
50 95+3 50 93+1

1 98+2 1 96+2

K* 5 95+2 Mn?2* 5 98+4
50 96+3 50 100+3

1 100+4 1 93+3

Mg?* 5 9746 AlF* 5 93+2
50 10146 50 96+1

1 10041 1 9442

Fe3* 5 9745 Co? 5 95+1
50 92+1 50 9445

* % + s, (N=3)
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Table 2. Determination of Cd(I1) in drinking water (N=3).

Added Cd(ll), pg/L Found, X + ;—SN po/L Relative error, %
- N.D.2 -
10 9.6+1.7 -4
20 20.2+1.5 +1

2N.D.: Not detected
Table 3. Determination of Cd(I1) in drinking water (N=3).

. Sample Measuring  LOD,
a
Study pH  EF Resin type volume, mL instrument  pg/L Ref.
1 48 160 Duolite XAD-761 resin 800 FAAS 0.38  [25]
2 8 250 Mini-column packed with sulfur 500 FAAS 0.2 [26]
Multiwalled carbon nanotubes/poly(2-
3 6 282 - - - 2200 FAAS 0.3 [27]
amino thiophenol) nanocomposites
Column packed with sulfur powder 3
4 8.5 80 modified with 2-mercaptobenzothiazole 200 CVG-AAS 4610 [8]
s-[:(;i/ 1 920 Amberlite CG-120 1000 SQT-FAAS 0.1 -

CONCLUSIONS

In  conclusion, the suggested two-step
procentration method (solid-phase extraction with
Amberlite CG-120 resin and SQT) is a rapid, simple,
economic, accurate and precise method for the
preconcentration and determination of Cd(Il) in
different environmental samples. This method
possesses several advantages. For example, there is
no necessity of using buffer and chelating agents for
the separation and preconcentration of Cd(Il). The
method has a high enhancement factor, high
tolerance limit for matrix ions, low detection limit
and works in a strongly acidic medium. The
analytical performance of the proposed method is
compared with that of other preconcentration
methods in the literature, as shown in Table 3.

REFERENCES

1. A. S. Amin, A. A. Gouda, Food Chem., 132, 518
(2012).

2. F. Omidi, M. Behbahani, M. K. Bojdi, S. J. Shahtaheri,
J. Magn. Magn. Mater., 395, 213 (2015).

3. B.Yang, Q. Gong, L. Zhao, H. Sun, N. Ren, J. Qin, J.
Xu, H. Yang, Desalination, 278, 65 (2011).

4. A. M. H. Shabani, S. Dadfarnia, Z. Dehghani, Talanta,
79, 1066 (2009).

5. H. Xu, Y. Wu, J. Wang, X. Shang, X. lJiang, J.
Environ. Sci., 25, 45 (2013).

6. M. S. El-Shahawi, A. S. Bashammakh, M. I. Orief, A.

A. Alsibaai, E. A. Al-Harbi, J. Ind. Eng. Chem., 20,

308 (2014).

N. Zhang, B. Hu, Anal. Chim. Acta, 723, 54 (2012).

8. N. Pouurreza, K. Ghanemi, J. Hazard. Mater., 178,
566 (2010).

~

888

9. Md. i. ul Hoque, D. A. Chowdhury, R. Holze, A.
Chowdhury, Md. S. Azam, J. Environ. Chem. Eng., 3,
831 (2015).

10.J. A. Méndez, J. B. Garcia, S. G. Martin, R. M. P.
Crecente, C. H. Latorre, Spectrochim. Acta B, 106, 13
(2015).

11.E. V. Oral, 1. Dolak, H. Temel, B. Ziyadanogullari, J.
Hazard. Mater., 186, 724 (2011).

12.S. A. Rezvania, A. Soleymanpour, J. Chromatogr. A,
1436, 34 (2016).

13.Naeemullah, T. G. Kazi, M. Tuzen, F. Shah, H. I.
Afridi, D. Citak, Anal. Chim. Acta, 812, 59 (2014).

14.Naeemullah, T. G. Kazi, M. Tuzen, J. Ind. Eng.
Chem., 35, 93 (2016).

15.H. LG, H. An, Z. Xie, Int. J. Biol. Macromol., 56, 89
(2013).

16. M. C. Barciela-Alonso, V. Plata-Garcia, A. Rouco-
Lopez, A. Moreda-Pifieiro, P. Bermejo-Barrera,
Microchem. J., 114, 106 (2014).

17. M. Krawczyk, M. Jeszka-Skowron, Microchem. J.,
126, 296 (2016).

18. N. Burham, Desalination, 249, 1199 (2009).

19.H. Lu, H. An, X. Wang, Z. Xie, Int. J. Biol.
Macromol., 61, 359 (2013).

20.1. Demirtas, S. Bakirdere, O. Y. Ataman, Talanta, 138,
218 (2015).

21.M. Yaman, I. Akdeniz, Anal. Sci., 20, 1363 (2004).

22.G. Kaya, M. Yaman, Talanta, 75, 1127 (2008).

23.S. X. Li,F. Y. Zheng, Y. C. Li, T. S. Cai, J. Z. Zheng,
J. Agr. Food. Chem., 60, 11691 (2012).

24.T. Pasinli, A. E. Eroglu, T. Shahwan, Anal. Chim.
Acta, 547, 42 (2005).

25. H. Ciftci, Desalination, 263, 18 (2010).

26.H. Parham, N. Pourreza, N. Rahbar, J. Hazard.
Mater., 163, 588 (2009).

27.M. R. Nabid, R. Sedghi, A. Bagheri, M. Behbahani,
M. Taghizadeh, H. A. Oskooie, M. M. Heravi, J.
Hazard. Mater, 203, 93 (2012).



Y. Arslan et al.: Preconcentration and determination of cadmium in some samples using solid phase extraction with slotted quartz ...

[IPE-KOHLIEHTPUPAHE 1 OIPEJIEJISTHE HA KAJIMUIM B HAKOM ITPOBU YPE3
TBBPAO-®A3HA EKCTPAKLIMA U INTAMBKOBA ATOMHO-ABCOPBILIMOHHA
CIIEKTPO®OTOMETPUA (FAAS)
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nanomexuonozuu, 15030 Bypoyp, Typyus
21Vuusepcumem ,, Mexmem Axugp Epcou”, @axynmem 3a uskycmea u nayka, [Jenapmamernm no xumus, 15030 Bypoyp,

Typyus

[ocrpnuna va 11 anpui, 2016 r.; kopurupasa Ha 23 1oHH, 2017 1.
(Pesrome)

B Ttas3u paboTa ce mpeaara ABy-CTEIIEHHO Mpe-KOHICHTpHpaHe 3 onpenensinero Ha cineq ot Cd(ll). 3a mepBoTo
npe-KOHIEHTpUpPaHe ce u3Mo3Ba fionooomMenHa cmona Amberlite CG-120. Crnen pa3aensiHeTo U Npe-KOHLEHTPHPAHETO
KaaMusiT ce ompenenst upe3 FAAS B TscHa kBapuoBa KioBera. KroBerara ce M3MoJi3Ba 3a BTO Ipe-KOHIEHTPUPAHE.
OTaeHO ca ONTUMH3UPAHU HAKOW eKCIIEPUMEHAHH [TapaMeTpH BIUSCIIH Ha [IPe-KOHICHTPUPAHETO M Pa3IeIsHeTo Ha
Cd(ll). dakTopbT Ha oborarsiBaHe ¢ ompenaencH Ha 920 ciem OBE CTENEHW HA TPe-KOHIIEHTPAIWS, a TPaHWIMTE Ha
orkpuBare ca 0.1 pg/L. Tounocrra Ha MeTOJa € MPOBEPEHA Ype3 aHAIM3a Ha CTaHIAPTHU Pe()epCHTHH MaTepuaiy
(Environmental Matrix Reference Material, Lake Water, TMDA-70.2). TIpennoskeHnara aBy-CTelIEHHA TPOIEAypa €
NPUIOKCHA 32 aHAJM3a Ha MUTEiHa BOa.
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