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A powerful microextraction technique was used for determination of cadmium in water samples using
liquid phase microextraction (LPME) followed by graphite furnace atomic absorption spectrometry (GF-
AAS). In a preconcentration step, cadmium was extracted from a 2 ml of its aqueous sample in the pH 7 as
5,7-dibromoquinoline-8-ol (DBQ) complex into a 4 .l drop of benzyl alcohol. After extraction, the micro
drop was retracted and directly transferred into a graphite tube modified by [W.Rh.Pd](c). Some effec-
tive parameters on extraction and complex formation, such as type and volume of organic solvent, pH,
concentration of chelating agent, extraction time and stirring rate were optimized. Under the optimum
conditions, the enrichment factor and recovery were 450% and 90%, respectively. The calibration graph
was linear in the range of 0.008-1 wgL-! with correlation coefficient of 0.9961 under the optimum con-
ditions of the recommended procedure. The detection limit based on the 3Sb criterion was 0.0035 pugL-!
and relative standard deviation (RSD) for eight replicate measurement of 0.1 wgL-! and 0.4 pgL-! cad-
mium was 5.2% and 4.5%, respectively. The characteristic concentration was 0.0032 wgL-! equivalent to
a characteristic mass of 12.8 fg. In order to evaluate the accuracy and recovery of the presented method
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the procedure was applied to the analysis of reference materials and seawater.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

In spite of the high toxicity [ 1] of cadmium this element is widely
used in industry, specially in electroplating, pigments for paints,
enamel, glass, plastics, printing inks, rubber and lacquers, alloys,
in the production of Ni-Cd batteries, as stabilizer in thermoplas-
tics, for photoconductors and photoelectric solar cells, automobile
tires and control rods in nuclear reactors. Food and cigarette smoke
are the main sources of cadmium exposure for the general pop-
ulation. There are indications that the occurrence of this metal
in foodstuffs has increased as a result of contamination of the
environment [2]. Occupational exposure to cadmium occurs by
inhalation and ingestion of fumes and dust of CdO and other
Cd compounds and represents a significant hazard in industry.
Workers are exposed to concentrations of cadmium that lead to
a significant accumulation in the lungs, liver and kidneys [3].
Various organs might be affected after a long-term exposure to cad-
mium, e.g., kidney, lung and bone. It has also been suggested that
cadmium is carcinogenic for humans and plays a role in the devel-
opment of cardiovascular diseases, in particular, hypertension [2].
Exposure evaluation is monitored by using blood and urine as bio-
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logical markers for recent exposure and body burden, respectively
[4].

Avariety of techniques such as inductively coupled plasma mass
spectrometry (ICP-MS) [5], ICP-atomic spectrometry [6,7], neutron
activation analysis (NAA) [8], electrothermal atomic absorption
spectrometry [9] and flame atomic absorption spectrometry (FAAS)
[10] has been widely used for the determination of trace metal in
different samples.

Although the development of modern analytical instruments
allows great enhancement in aspects of analysis, in many cases
the available analytical instrumentation does not have enough sen-
sitivity for the analysis of natural samples. Sample preparation is
still a bottleneck for overall throughput because the steps involved
often employ large volumes of hazardous organic solvents, are time
consuming and/or expensive. Besides, there might also be the prob-
lem of contamination and sample loss. As a consequence, different
preconcentration techniques such as coprecipitation [11], solvent
extraction [12] and solid phase extraction [13,14] have been used
for analyte sample enrichment. Various solid materials such as
ion exchange [15], chelating ion exchange resins [16], activated
carbon [17], chitin [18], cellulose [19], naphthalene [20] and immo-
bilized microorganisms on silica or sepiolite [21] have been used
for preconcentration of trace metals. The solvent microextrction
technique effectively overcomes these difficulties by reducing the
amount of organic solvent and by allowing sample extraction and
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preconcentration to be done in a single step. The technique is faster
and simpler than conventional methods. It is also inexpensive, sen-
sitive and effective for the removal of interfering matrices. Solvent
microextraction is a form of solvent extraction with phase ratio val-
ues higher than 100 [22,23]. This technique uses simple equipment
which is found in most analytical laboratories and also has been
used for sample preparation of organic components and has cou-
pled with chromatography methods. We developed this technique
in our laboratory and reported for the first time on the coupling of
liquid phase microextraction (LPME) with spectrometry to deter-
mine inorganic compounds. Using this technique, arsenic in variety
of samples was determined [22].

In this paper we describe a new and extremely high sensitive
method for extraction and determination of cadmium in aque-
ous samples by liquid phase microextraction combined with a
graphite furnace atomic absorption spectrometry (LPME-GF-AAS).
The results indicate that the LPME is an efficient extraction tech-
nique for analyzing cadmium in real samples, with very high
pre-concentration factor, greatly increased sensitivity and low
detection limit. The method is very simple and quick so that the
overall time of extraction and determination for each sample is
10 min.

2. Expremental
2.1. Instrumentation

A Shimadzu model AA-6300G atomic absorption spectrome-
ter (Kyoto, Japan) with GFA-EX7i graphite furnace atomizer and
D2 lamp for background correction was used. A cadmium hollow
cathode lamp (Hamamatsu photonics, Kyoto, Japan) was used as
the radiation source adjusted at the operating current at the wave-
length of 228.8 nm, lamp current 4 mA, spectral bandpass 0.5 nm
and deuterium background correction. All measurements were per-
formed using peak height and gas stop mode. The temperature
program used to determine Cd by GFAAS is shown in Table 1.

All pH measurements were made by a Metrohm digital pH meter
(model: 691, Herisua, Switzerland) with a combined glass elec-
trode.

A 10 pl Hamilton 7105 syringe (Hamilton, Reno, NV, USA) was
used to suspend the drop of the acceptor phase and to inject it
into the graphite furnace atomizer. Samples were stirred in 15 ml
flat-bottom vials containing Teflon-line septa using an electronic
magnetic stirrer (VWR Scientific, West Chester, PA, USA).

2.2. Reagents

All chemicals used were of analytical grade doubled dis-
tilled, dionized water was used throughout. A stock solution of
1000 wgml~! cadmium was prepared by dissolving 0.2744g of
Cd(NO3),-4H,0 (Merck, Darmstadt, Germany) in 0.5 mol L~1 nitric
acid and diluting to 100ml in a volumetric flask. More dilut-
ing solutions were prepared daily from the stock solution. The
extraction organic phase was benzyl alcohol (Merck, Darmstadet,
Germany). 1.0% (w/v) 5,7-dibromoquinoline-8-ol (DBQ) (Aldrich,

Table 1

Temperature program for the determination of Cd using LPME-GFAAS.

Stage Furnace Mode Time (s) Ar flow rate
temperature (°C) (Lmin~1)

Drying 150 Ramp 15 1.5

Ashing 300 Step 15 1.5

Atomization 1800 Step 3 Gas stop

Clean up 2500 Step 2 15

Plunger

Holder with clamp—|

., S

Syringe
I

Aqueous sample

Organic solvent drop

—

Stirrer bar Magnetic stirrer
—— [ o « [

Fig. 1. The schematic setup for liquid phase microextraction.

USA) in ethanol was used as a complexing agent. Modifiers of 0.1%
(w/v)Pd and Rhin HCI1 2% (v/v), 0.1% (w/v) W, 10% (w/v) Ni in water
were used.

2.3. Extraction procedure

Two ml of cadmium solution was adjusted at pH 7 and
treated with 0.5ml of 0.3% (w/v) 5,7-dibromoquinoline-8-ol was
transferred to a 15ml vial. Cadmium formed complex with 5,7-
dibromoquinoline-8-ol. The solution was stirred by magnetic
stirrer with a 6 mm stir bar at optimized speed 600 rpm. A 4 pl
of benzyl alcohol was taken by the Hamilton syringe and its needle
was used to pierce the vial septum. The syringe was clamped in
such a way that the tip of the needle was located at a fixed position
in the sample solution as shown in Fig. 1. The syringe plunger was
depressed to expose the drop and the stirring commenced. The Cd-
5, 7-dibromoquinoline-8-ol complex was extracted from aqueous
solution into the benzyl alcohol as extraction organic phase

After the extraction, the microdrop was retracted and directly
injected into the graphite furnace tube modified with [Pd(c) + Pd(i)]
for subsequent determinations. The different parameters affecting
the technique such as solvent, pH, stirring rate, concentration of
5,7-dibromoquinoline-8-ol and time of extraction were optimized.

2.4. Tube modification

Ni modifier was used by injecting 0.2% (w/v) Niand sample solu-
tion with equal volumes. [(W.Rh)(c)+Rh(i)] modifiers were used
for coating containing 60 g of each of W and Rh from 0.1% (w/v)
of their solutions at temperatures of 2200°C and 2000°C, respec-
tively and injecting 10 wl of 0.1% (w/v) Rh on top of 10 pl sample
solution (without extraction). [Pd(c)+Pd(i)] modifier was used as
coating of 60 g Pd onto the graphite tube at 1800 °C and injecting
of 10 ul solution of 0.1% (w/v) Pd on top of 10 .l of sample solu-
tion. [W.Rh.Pd](c) modifier was used as coating of 60 g of each of
W, Rh and Pd solution at the appropriate temperatures. Added of
5,7-dibromoquinoline-8-ol to cadmium solution in direct injection
without preconcentration step has not any effect on the signal.

3. Result and discussion

In order to obtain a high enrichment factor, the effect of different
parameters affecting the complex formation and extraction condi-
tions such as type and volume of organic solvent, pH, concentration
of chelating agent, extraction time and stirring rate were optimized.
One variable at a time optimization was used to obtain optimum
conditions for liquid phase microextraction procedure.

Enrichment factor is defined as the ratio of concentration of cad-
mium in the microdrop phase to concentration of cadmium in the
aqueous sample. Concentration of cadmium in the microdrop phase
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Table 2

Analytical figures of merit for cadmium determination using different chemical modifiers.

Chemical modifier Detection? limit (pugL~") Sensitivity® (ugL1) Linear range (ngL™') RSD %¢
Ni(i) 0.20 0.051 0.33-42 5.7
[(W.Rh)(c)+h(i)] 0.15 0.045 0.26-27 9.0
[Pd(c)+Pd(i)] 0.09 0.026 0.24-31 45
[W.Rh.Pd](c) 0.08 0.024 0.2-25 40

2 Based on 3Sb.
b Calculated by dividing 0.0044 to the slope of calibration curve.
¢ For 10 replicated analysis of 100 ng/ml cadmium.

was calculated from the calibration graph obtained by direct injec-
tion of cadmium into the modified graphite furnace tube without
any preconcentration (by compare absorbance of direct injection
and after preconcentration). Addition of complexing agent to the
cadmium solutionindirectinjection without preconcentration step
has not any effect on the signal.

3.1. Effect of type of modifiers

Several modifiers containing Pd, Ru, Rh, Ir, V, Mo, W, Ni,
Mg, Ascorbic acid separately or in their combinations were
tested. The results of best performing modifiers are shown in
Table 2. [W.Rh.Pd](c) modifier showed the best results in con-
trast to [Pd(c)+Pd(i)] for direct determination of cadmium. Also
[Pd(c)+Pd(i)] modifier showed the best results in determination of
organic compounds of cadmium than [W.Rh.Pd](c) modifier.

3.2. Effect of type and volume of the extraction solvent

Effect of five different solvents, carbon tetrachloride,
dichloromethane, 1,2 dichloroethane, nitrobenzene and ben-
zyl alcohol was evaluated for the of 2 ml cadmium solution with
concentration of 0.1 wgL~1. The results are given in Fig. 2. Benzyl
alcohol was found to provide higher extraction efficiency. This
may be attributed to greater polarity of benzyl alcohol than the
others, which leads to the higher solubility of the polar Cd-5,7-
dibromoquinoline-8-ol complex and hence higher extraction
efficiency.

The influence of drop size was investigated in the range of
1-4 pl. It was found that the absorbance increases with drop vol-
ume in the range of 1-4 wl. When drop size exceeded 4 1, itbecame
too unstable to be suspended at the needle tip. For this reason 4 .l
drop volume was used for further studies.

0.45 1
0.4

0.354

0.3
0.25
0.21
0.15 1
014
0.05 |
- o

PhCH,OH

Absorbance

Fig. 2. Effect of type of extraction solvent on the absorbance obtained from LPME.

3.3. Effect of extraction time

Extraction time is one of the most important factors in the most
of extraction procedures. The dependence of extraction efficiency
upon extraction time was studied within a range of 0-30 min in
the constant experimental conditions. Because the mass transfer
is a time dependent process, the reaction time for the transfer
Cd-5,7-dibromoquinoline-8-ol complex from solution into ben-
zyl alcohol investigated. All measurements were carried out with
0.1 pgL~! cadmium. Fig. 3 shows the absorbance of cadmium
versus extraction time. The results showed an increase of the
cadmium absorbance up to 10 min and leveling off at higher extrac-
tion time. Therefore 10 min was used as the optimum extraction
time.

3.4. Effect of pH

The effect of pH on the complex formation and extraction of cad-
mium from water samples was studied within the range of 3.0-9.0.
The results illustrated in Fig. 4 show that the absorbance is nearly
constant in the range of 6.0-7.5. In order to obtain high extrac-

tion efficiency and minimize diverse ions interferences, pH 7 was
chosen.

3.5. Effect of 5,7-dibromoquinoline-8-ol (DBQ) concentration

The influence of the concentration of 5,7-dibromoquinoline-
8-ol in the aqueous solution on the cadmium cationic complex

0.50 —

0.40 —

0.30 —

Absorbance

0.20 —

0.10 T I T T T ‘
0.00 10.00 20.00 30.00
Extraction time (min)

Fig. 3. Effect of extraction time on the absorbance of cadmium obtained from LPME.
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Fig. 4. Effect of pH on the absorbance of cadmium obtained from LPME.

formation was investigated for 0.1 ugL~! solution of cadmium
extracted for 10 min. Different concentrations (0.0-0.5%, w/v) of
5,7-dibromoquinoline-8-ol were used in the aqueous solution and
its effects on the extraction process are shown in Fig. 5. As can be
seen, the efficiency of cadmium transport increases with increas-
ing 5,7-dibromoquinoline-8-o0l concentration until 0.3% (w/v) is
reached. However, a further increase in the concentration of
5, 7-dibromoquinoline-8-ol (up to 0.4%) caused a pronounced
decrease in the formation of cadmium complex. This is most prob-
ably due to the competition of 5,7-dibromoquinoline-8-ol itself
with Cadmium-5,7-dibromoquinoline-8-ol complex for transfer
through the LPME. Hence, 0.3% (w/v) was employed as the optimum
concentration of 5,7-dibromoquinoline-8-ol.
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Fig. 5. Effect of concentration of 5,7-dibromoquinoline-8-ol on the absorbance of
cadmium obtained from LPME.
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Fig. 6. Effect of stirring rate on the absorbance of cadmium obtained from LPME.

Table 3
Effect of foreign ions on determination of cadmium.

Foreign ions Maximum tolerance ratio

Na*, Co? *, Li*, Ag*, Pb?*, Bi3*, Ca?*, Zn?*, Fe2* 3, 1000
Fe3*3, NH,*, Ba?*, K* Hg?*, Mg?*,W0,4%~, Br-,
CH3C007, 520827, MOO427,P0437, C]f, C0327,
NOzf, S€0327, 50427,520327' SCN-

Cu?*, Cr3*, Sn?*, APP* 500

2 Masked with F~.

3.6. Effect of stirring rate

Magnetic stirring was used to facilitate the mass transfer pro-
cess and thus improving the extraction efficiency. The stirring rate
was optimized for extraction process. Fig. 6 illustrates the effects
of stirring rate on the enrichment factor increased with increasing
of the stirring rate up to 600 rpm, because in high stirring rate a
relatively large vortex is formed in the lower region of the organic
solvent, but instability of droplet limited the phenomenon, thus
600 rpm was chosen for further experiment.

3.7. Effect of interferences

The effect of various ions on the determination of 0.1 pgL~!
cadmium was investigated. A given species was considered to inter-
fere if it resulted in a4 5% variation of the AAS signal. The results

Table 4
Analytical characteristics of LPME-GF AAS for determination of cadmium.

Parameter Analytical feature
Linear range (ngL') 0.008-1
Correlation coefficient 0.9961

Limit of detection (ugL~') 0.0035

Repeatability (RSD%) (n=8) 5.2%, 4.5%"

Enrichment factor (EF)° 450
Recovery% 90
Sample volume (ml) 2

3 cadmium concentration was 0.1 pg L~ for which RSD was obtained.

b cadmium concentration was 0.4 gL~ for which RSD was obtained.

¢ Enrichment factor is the slope ratio of calibration graph after and before extrac-
tion.
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Table 5

Results (mean + standard deviation based on eight replicate analysis) of determination of cadmium in reference materials, water samples.

Sample Cadmium added (pgL™!) Cadmium found (pugL") Recovery (%)
Sea water 0 3.740.1 -

0.2 3.89+0.2 97

0.3 4.00+0.2 99

0.4 411+0.2 103

Tap water 0 0.00

0.2 0.198 +0.01 99

0.4 0.408 +0.02 102

Reference material Certified value Measured value Recovery %
JB-12 0.11 (pgg) 0.108 +0.005 (pgg') 98.2
JB-1a2 0.1 (ngg) 0.099 +0.004 (ngg') 99.0

JB-22 0.14 (pgg1) 0.136+0.006 (pgg!) 97.1

NIST 2670P 0.088+0.003 (mgL1) 0.0894 +0.004 (ugL1) 101.6

" Collected from Caspian Sea.
2 Obtained from geological survey of Japan, GS]J.
b From National Institute of Standard and Technology NIST (USA).

obtained are presented in Table 3. As can be seen the effect of
various ions are negligible and cadmium can be determined quan-
titatively in real samples without interference from matrix of the
samples. Maximum tolerance ratio is the maximum ratio of for-
eign ion to Cd to that ratio foreign ions have not any interference in
determination of Cd. For Cu?*, Cr3*, Sn2* and Al3* maximum toler-
ance ratio is less than another ions (5 0 0) because these ions could
probably formed complex with 5,7-dibromoquinoline-8-ol in the
aqueous solution.

3.8. Analytical figure of merits

Analytical characteristics of the optimized method, including
linear range, limit of detection, reproducibility and enhancement
factor are listed in Table 4. The calibration the optimum condi-
tions of the recommended procedure. The regression equation is
A=0.0026(£0.00051)+0.56C(+0.0099), where A is the absorbance
and C the concentration of cadmium in g L~ in the initial solution.
The calibration graph was linear in the range of 0.008-1 pg L~ with
correlation coefficient of 0.9961 under the optimum conditions
of the recommended procedure. The detection limit was calcu-
lated as three times the standard deviation of the peak absorbance
for injection of 4 ul of eight extractions of the blank, using the
liquid phase microextraction procedure. The detection limit was
calculated to be 0.0035 g L~1 with absolute value of 14 fg for 4 .l
injection into the graphite furnace. The characteristic concentration
was 0.0032 p.g L1 equivalent to a characteristic mass of 12.8 fg. The
relative standard deviation (RSD) for eight replicate measurement
of 0.1 pgL-! and 0.4 ugL-! cadmium was 5.2% and 4.5%, respec-
tively. The enrichment factor (EF) was obtained from the slope ratio
of calibration graph after and before extraction, which was about
450. The extraction recovery (R%) was 90% which was calculated by
Eq. (1).

v,
R% = (dmp) x EF x 100 (1)

Vsolution
3.9. Application

In order to evaluate the accuracy and recovery of the proposed
method, standard reference materials SRM 2670 (freeze-dried
urine) from NIST (USA), JB-1, JB-1a and JB-2 as powder obtained
from geological survey of Japan (GS]) were analysed for their
cadmium contents. The powder was dissolved in 15 ml of a mix-
ture of 500 ml HF, 165 ml H2SO4 and 40 ml HNO3 at 150°C in a
teflon beaker overnight. To show the applicability of the method,

seawater from Caspian Sea and local tap water was analysed
for its cadmium content. The results obtained are presented in
Table 5.

4. Conclusions

The results of the presented investigation show that liquid
phase microextraction combined with [W.Rh.Pd](c) modified tube
graphite furnace atomic absorption spectrometry is a powerful
technique for the preconcentration and determination of low levels
of cadmium for analysis in variety of samples. Good preconcentra-
tion was obtained easily through this method and low detection
limit was achieved with only 2 ml of sample. The method is also
simple, inexpensive and reproducible and applied for sea and tap
water samples. The method also can be applied for analysis of real
samples such as biological and botanical samples.
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