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A novel electrochemical hydride generation (ECHG) system working in flow-injection (FI) mode was

developed for determination of cadmium coupled to an electrically heated quartz tube atomizer (QTA)

by atomic absorption spectrometry (AAS). A Plackett–Burman experimental design for screening has

been used to evaluate the influence of several variables on the analytical response. Then, the significant

parameters such as the concentration of NaCl in catholyte, applied electrolytic current and flow rate of

carrier gas have been simultaneously optimized using a central composite design (CCD). Under the

optimized conditions, the detection limit (3sb, n¼9) was found to be 0.51 ng mL�1 Cd and the relative

standard deviation (RSD) for nine replicate analyses of 20 ng mL�1 Cd was 6.5%. The calibration curve

was linear in the range of 2–50 ng mL�1 of Cd. The potential interferences from various ions were also

evaluated. The analysis of a reference material showed good agreement with the certified value. The

proposed method was successfully applied to the determination of Cd in tap water sample.

& 2012 Elsevier B.V. All rights reserved.
1. Introduction

Chemical hydride generation (CHG), coupled with various
atomic spectrometric detection techniques, has been commonly
used for determination of classical hydride forming elements
(HFEs) e.g. As, Bi, and Sb at trace levels [1–3]. Very recent
publications indicate that similar to the well known CHG techni-
que and cold vapor generation method for Hg [2] and Cd [4], the
volatile species of an expanded range of elements including
several transient and noble metals may be produced in the
reduction reaction with sodium (or potassium) tetrahydroborate.
The generation of volatile gaseous compounds of Au, Ag, Co, Cr,
Cu, Fe, Ir, Mn, Ni, Pd, Pt, Rd, Ph, Os, Ti and Zn has been reported
[5–7]. The characteristics and behavior of these species are not
well known except that they are unstable and mostly molecular
in nature [2,5,7].

For more than two decades, generation of cadmium volatile
species by the reaction with NaBH4 has been an attractive
alternative to the conventional sample introduction techniques
owing to its enhanced detection power [4,8–11]. Feng et al. have
reported that both atomic and molecular Cd species are generated
in the reduction reaction, but a major fraction of gaseous products
(�95%) is atomic cadmium (cold vapor) [11].

Gaseous CdH2 molecules generated by the reactions of metal
vapor with molecular hydrogen in the presence of an electrical
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discharge and high-resolution infrared emission spectra of this
molecule confirm its identity and the linear H–M–H structure
[12,13]. The relative stability of this hydride supports the hypoth-
esis that the molecule formed during the reduction of aqueous Cd
ions in the CVG technique is CdH2 [7,12].

Electrochemical HG (ECHG) has been developed as a suitable
alternative to chemical generation techniques [2,14,15]. The most
significant advantage of the ECHG technique is the elimination of
the use of NaBH4 reagent which is expensive, unstable and
susceptible to contamination. Elemental Hg [16–18] and hydrides
of As [16,19–22], Bi [16], Cd [23,24], Ge [16,22], Pb [25], Sb
[16,19,21,22], Se [16,19–22], Sn [21–22], Te [26] and Tl [27] have
been successfully generated by electrolytic method and these
analytes were determined by a variety of atomic spectrometric
techniques. Fundamental aspects and application of ECHG were
discussed in two recent reviews [14,15]. The method probably
involves the reaction of the deposited reduced analyte with the
electrochemically generated hydrogen atoms on the cathode
surface of the electrolytic cell.

Multivariate techniques are cost-effective, powerful and effi-
cient statistical approaches, widely applied for optimization of
analytical procedures. Compared with the traditional univariate
methods, they provide several advantages such as the possibility
of evaluating the effects of parameters and their mutual interac-
tions by a reduced number of experiments [28,29].

In our earlier work [23], an ECHG system using semi-batch
technique (B-ECHG), the cadmium hydride was generated and
determined by AAS. It was found that the system produced
sensitive and reproducible signals for trace amounts of cadmium.
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The generated cadmium hydride species were stable during their
separation from the liquid phase and throughout the transporta-
tion processes to the detector. Nevertheless, the batch method
suffers some disadvantages. The replacement of the cathode and
sample after each determination was required. This was time-
consuming and resulted in long analysis time. The sample
throughput was 10 h�1. The B-ECHG technique was also prone
to interferences.

In this work, a flow-injection (FI) technique in combination
with ECHG of Cd and on-line detection by atomic absorption
spectrometry (AAS) preceded by atomization with electrically
heated quartz tube (QTA) is described. The influences of several
parameters on FI–ECHG of Cd were investigated using multi-
variate methods. Plackett–Burman design (PBD) for screening and
central composite design (CCD) for optimization were carried out
and optimum conditions were determined. The analytical figures
of merit for the technique and its susceptibility to interference
from various ions were evaluated and the developed method was
applied to determine trace amount of cadmium in real samples.
2. Experimental

2.1. Instrumentation

A Shimadzu 680 atomic absorption spectrometer (Shimadzu,
Japan) equipped with an electrically-heated quartz tube atomizer
(QTA, 150 mm length, 4.2 mm i.d.) was used for atomic absorp-
tion measurements. Cadmium and lead hollow cathode lamps
(Hamamatsu Photonics, Japan) operated at 4 and 7 mA and wave-
lengths of 228.8 and 217.0 nm, respectively were used as radiation
sources both with 0.3 nm bandpasses. In-house software permitted
the virtualization and evaluation of the transient signals.

2.2. Electrochemical hydride generation system

The home-made electrolytic flow-through cell was used to
evaluate the electrochemical hydride generation (ECHG) of Cd. A
schematic of the FI–ECHG–AAS system is shown in Fig. 1. The cell
consists of cathodic and anodic compartments (both 40�6�4
mm3, inner volumes of 1.0 mL) separated by a Nafion cation ion-
exchange membrane (DuPont CO., USA). The four cell bodies,
made of Plexiglas were held together tightly by four screws in
order to prevent leakage and easy dismounting of the cell.
Electrodes were mounted into appropriate chambers of the cell
Fig. 1. Schematic diagram of the FI–ECHG–AAS system.
through the electrode holders. This optimized design permitted
easy replacement of the cathode with a new one. An injection
valve (PIV1, Sabz Zist Kimiya Co., Iran) was used to inject the
standards and samples. A Minipuls-3 peristaltic pump (Gilson,
France) and a four-channel head were employed to transport the
electrolytes and samples and withdrawing of the effluent. Some
materials such as Pb and Sn bars, graphite rod, Pt wire and Pb–Sn
wire were used as cathodes with a surface area of about 1.0 cm2.
Pb–Sn (Pb:Sn 37:63, diameter of 0.80 mm, Asahi, Singapore) was
selected as the cathode material on the basis of the best
preliminary results attained and also our early papers [23,24].
A coil of platinum (0.25 mm diameter, 1.0 cm2 surface area, Merck,
Germany) was used as the anode. A programmable DC power source
(Promax, FA-851, Promax Electronica S.A., Spain) was used as a
constant current supply for the electrolytic cell. The carrier solution
and the gaseous products from the cathode as well as the argon
carrier gas stream controlled by a flow meter (Emerson Electronic
co., USA) were transported into a laboratory-made gas–liquid
separator (GLS, 10 mm i.d., 38 mm length). Consequently the
generated volatile compounds were transferred through a 20-cm-
long PVC tube (3.1 mm i.d.) to the atomizer, placed directly on the
optical path of the atomic absorption spectrometer. The QTA was
heated to a suitable temperature for atomization by applying a
constant AC voltage. The connections were made by PVC tubing
(2.05 mm i.d.).

2.3. Statistical treatment of data

Experimental design and statistical treatment of the results
were performed using Minitab 16 software (Minitab Inc., USA).

2.4. Reagents and material

All reagents used in this work were of analytical grade (Merck,
Germany). A standard stock solution of 1000 mg L�1 Cd was
prepared by dissolving appropriate amounts of CdCl2 in ultrapure
water. Working solutions were prepared by dilution of stock
solution with dilute NaCl solution. Doubly-distilled water was
used throughout. All solutions containing the potential interfering
ions were prepared by adding appropriate amounts of stock
solutions made from their corresponding salts (Table 5) in dilute
NaCl (0.02 mol L�1). Argon with 99.999% purity was used as the
carrier gas.

2.5. Operating procedures

Electrochemical hydride generation performed in flow-injec-
tion mode was operated as follows: the blank carrier catholyte
and anolyte solutions were continuously pumped into the cath-
ode and anode chambers of the cell, respectively, at a flow rate of
6.0 mL min�1 by a peristaltic pump. The circulating anolyte
(0.50 mol L�1 Na2CO3) could be used for several days. At the
same time, the cadmium sample was injected into the sampling
loop of the injection valve at the same flow rate. If not stated
otherwise, the standard sample was a solution of 30 ng mL�1 Cd
in 0.020 mol L�1 NaCl and the carrier was pure 0.020 mol L�1

NaCl (blank catholyte). The electrolysis was started at a constant
electrolytic current of 100 mA and carrier gas flow rate was set.
Oxygen produced in the anode chamber was driven out along
with the anolyte and then diffused into surroundings at the outlet
of the transferring tube. The effluent was discharged from the GLS
at a flow rate of 8 mL min�1. After about 3–4 min of electrolysis
time, injection of 1.0 mL sample into the catholyte carrier stream
was performed manually via an injection valve and the sample
was propelled to the cell. The sampling valve can be switched
between the injection and loading positions every 30 s. The Ar gas



Table 2
Plackett–Burman experimental design matrix.

Run FSoln T CCath FAr I A Absorbance

1 þ � þ � � � 0.1289

2 þ þ � þ � � 0.0795

3 � þ þ � þ � 0.1624

4 þ � þ þ � þ 0.0904

5 þ þ � þ þ � 0.1117

6 þ þ þ � þ þ 0.1672

7 � þ þ þ � þ 0.1111

8 � � þ þ þ � 0.1060

9 � � � þ þ þ 0.0855

10 þ � � � þ þ 0.1212

11 � þ � � � þ 0.1018

12 � � � � � � 0.0826
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at a flow of 100 mL min�1 was introduced into the carrier stream
before entering the input port of the electrochemical generator
and has led the electrochemically generated products (Cd vapor
and hydrogen) into the gas–liquid separator where the hydrides
and the liquid were separated. The generated volatile species with
excess hydrogen were directed by the argon carrier gas to the
electrically-heated quartz tube atomizer adjusted at 860710 1C
for the atomic absorption detection. The transient peak-shaped
absorbance signals were recorded and the peak heights were used
as the analytical responses. Improved sensitivity of Cd was
observed when a neutral dilute solution was used as the cath-
olyte. A complete cycle of the procedure lasted approximately
60 s. However because of the alteration of the cathode surface
during electrolysis, the peak heights of the absorbance signals
were slightly decreased, and therefore, the injections were
repeated only for 10–15 min. The cathode was then easily
exchanged and the whole procedure could be repeated. The
analytical throughput of 45 h�1 was achieved.
Fig. 2. Standardized main effect Pareto chart for Plackett–Burman design.
3. Results and discussion

3.1. Optimization of the experimental parameters

3.1.1. Screening of significant factors using Plackett–Burman design

Large number of factors could potentially affect the FI–ECHG
technique and therefore a Plackett–Burman (PB) design was used as a
screening method to select the most statistically significant para-
meters for further optimization. The PB factorial design can identify
main factors affecting the electrolytic hydride generation, separation
and atomization processes by a relatively few experiments.

A Plackett–Burman type (III) resolution design for six factors,
consisted of 12 non-randomized runs, was carried out. Evaluated
factors were concentration of NaCl in catholyte (CCath), applied
electrolytic current (I) and surface area of the cathode (A) which
are related to the electrolytic generation and flow rate of solu-
tions (FSoln), argon carrier gas flow rate (FAr) and atomization
temperature (T) relative to the separation and atomization pro-
cesses. Based on the preliminary experiments, variations in the
parameters considered might affect the analytical signal. The
levels of the factors as low (–) and high (þ), are listed in
Table 1. These values were selected from the results of previous
experiences and literature data [23]. Table 2 shows the PB
experimental design matrix together with the analytical response
(expressed as peak height) for each run.

The statistical evaluation of the results produced the standar-
dized main effect Pareto chart as shown in Fig. 2 and offered a
minimum t-value of 2.571 at a confidence level of 95.0%. In this
chart bar lengths are proportional to the absolute values of the
estimated effects and t-value is included as a vertical reference
line. The variables which exceeded this reference line were
considered as statistically significant factors. Furthermore, the
positive and negative signs (corresponding to a grey and diagonal
bar filling, respectively) showed that whether the response would
be improved from the low to high level or not.
Table 1
Experimental field definition for Plackett–Burman design.

Variable Symbol Low (�) High (þ)

Flow rate of solutions (mL min�1) FSoln 3.0 6.0

Atomization temperature (1C) T 860 930

Concentration of NaCl in catholyte (mol L�1) CCath 0.010 0.020

Argon flow rate (mL min�1) FAr 80 100

Electrolytic current (mA) I 75 100

Cathode surface area (cm2) A 1.0 1.2
It can be seen that the following parameters, the concentration
of NaCl, the applied current and the atomizer temperature are
statistically significant and the effects of these variables are
positive leading to enhanced analytical signals at their higher
values. However, the flow rate of carrier gas is the next significant
variable that is having a negative effect. Thus, the higher values of
the sodium chloride concentration, the electrolytic current and
the atomization temperature and lower carrier gas flow rate were
selected for subsequent experiments. For the studied range of the
parameters, the flow rate of catholyte and anolyte and the
cathode surface area were not significant showing positive effects
and, therefore, they were assigned at high level values for further
experiments.

3.1.2. Influence of atomization temperature

The atomizer temperature is one of the most important
experimental parameters influencing the Cd signal intensity.
The effect of the atomization temperature on the analytical
absorbance signal was evaluated within an interval from room
temperature to 980 1C. The results indicated that no significant
signal was observed below the temperature of 300 1C. The
absorbance of Cd rapidly increased with further increasing of
the atomizer temperature and leveled off at temperatures in the
range of 930–980 1C. Therefore, an atomizer temperature of
930 1C was selected for subsequent experiments to maintain the
lifetime of the atomizer. The other significant parameters were
chosen for further optimization by a central composite
design (CCD).

3.1.3. Optimization using central composite design

Based on the results of the screening design, a new optimiza-
tion procedure was performed. Three variables including the NaCl



Table 3
Experimental factors and their levels used in the central composite design (CCD).

Variable Symbol Axial (�a) Low (�1) Center (0) High (1) Axial (a)

Concentration of NaCl in catholyte (mol L�1) CCath 0.0116 0.0150 0.020 0.0250 0.0284

Electrolytic current (mA) I 58 75 100 125 142

Argon flow rate (mL min�1) FAr 53 60 70 80 87

Table 4
Central composite design matrix and the experimental results.

No. Run Coded values Actual values Absorbance

CCath I FAr CCath

(mol L�1)

I

(mA)

FAr

(mL min�1)

1 16 �1 �1 �1 0.0150 75 60 0.1047

2 11 1 �1 �1 0.0250 75 60 0.1065

3 17 �1 1 �1 0.0150 125 60 0.0823

4 12 1 1 �1 0.0250 125 60 0.0576

5 18 �1 �1 1 0.0150 75 80 0.1363

6 13 1 �1 1 0.0250 75 80 0.1497

7 19 �1 1 1 0.0150 125 80 0.1167

8 14 1 1 1 0.0250 125 80 0.1063

9 20 �a 0 0 0.0116 100 70 0.1084

10 15 a 0 0 0.0284 100 70 0.1199

11 7 0 �a 0 0.0200 58 70 0.1439

12 8 0 a 0 0.0200 142 70 0.0987

13 9 0 0 �a 0.0200 100 53 0.0601

14 10 0 0 a 0.0200 100 87 0.1418

15 1 0 0 0 0.0200 100 70 0.1641

16 2 0 0 0 0.0200 100 70 0.1626

17 3 0 0 0 0.0200 100 70 0.1544

18 4 0 0 0 0.0200 100 70 0.1591

19 5 0 0 0 0.0200 100 70 0.1521

20 6 0 0 0 0.0200 100 70 0.1596
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concentration of catholyte (CCath), the working electrolytic current
(I) and the gas flow rate (FAr) which all significantly influenced the
analytical response were simultaneously optimized using a cen-
tral composite design (CCD) and the effects as well as their
mutual interactions were studied. This five-level fractional factor-
ial design allows estimation of a second order (quadratic) model
with linear, quadratic and interaction terms.

The CCD design with twenty experiments was carried out,
consisting 23 full factorial design, augmented with 2�3 axial (or
star) points (a¼1.682) and 6 replicates of the center point. Table 3
shows the selected factors and their domain i.e. low, central, high
and axial levels. The complete design matrix and the correspond-
ing analytical response of each run are presented in Table 4.

To find the most suitable fitting with the experimental data, a
response surface model was developed using the regression
analysis by considering different combinations of the linear,
squared and interaction terms in polynomial equations. The
adequacy of each model was checked using the analysis of
variance (ANOVA) and a maximum p-value for lack-of-fit (LOF)
of 0.254 (40.05) was obtained for the following equation
suggesting that the quadratic model was significant. By applying
the regression analysis, the following second-order polynomial
equation was established to express a semi-empirical model for
the electrolytic technique:

Ap¼(�1.434)þ26.27�CCathþ4.737�10�3
� Iþ2.996�10�2

� FArþ(�644.5)�CCath
2
þ(�2.174�10�5)� I2

þ(�2.078
�10�4)� FAr

2
þ(�0.05030)�CCath� I

þ0.06475�CCath� FAr

where Ap is the predicted absorbance values and CCath, I and FAr

are the actual values of the significant parameters.
The ANOVA test was performed to verify the statistical sig-
nificance of the terms. The small resulted p-values (o0.05) for the
most of the squared and interaction terms, indicated their sig-
nificance at 95% confidence level and suggested the presence of
curvature in the response surface. However the interactions
between the flow rate of argon carrier gas (FAr) and the other
parameters (CCath� FAr, p¼0.147 and I� FAr, p¼0.626) were found
to be not significant. Neglecting the non-significant interaction
term between the current (I) and the flow rate of carrier gas (FAr)
led to improved fitting and increase the p-value for LOF from 0.208
to 0.254. The determination coefficient (R2) of 98.3% also con-
firmed that the model was well fitted to the experimental data.

The resulting two-dimensional (2D) contour plots for the pairs
of parameters while the others kept constant at their middle
values are illustrated in Fig. 3. They were used for determination
of the optimum conditions and the interactions between the
investigated factors. All shapes clearly show that the response
surfaces are curved with a simple maximum in the domain of the
experimental design. The signal improvement could be achieved
with increasing the catholyte concentration (CCath) up to an
optimum value of 0.021 mol L�1 and then the response
decreased. Similarly, it can be observed for both other parameters
in Fig. 3, that the maximum response was achieved at an
electrolytic current of 85 mA and argon flow rate of 75 mL min�1.

The two-dimensional contour plots were also used for interpret-
ing the mutual interaction between the factors. A response surface
with an elliptical or saddle shape indicates a significant interaction
between the corresponding variables, whereas a circular contour plot
indicates negligible interaction [28–30]. The existence of interaction
means that the factors may affect the response interactively and not
independently. Therefore their combined effects are greater or less
than that of expected for the addition of the particular effects. The
inclined elliptical shape of the contour lines in Fig. 3a, also, confirmed
that the interaction between CCath and I were significant. In contrast,
the contour plots from the interactions between flow rate of argon
carrier gas (FAr) and other parameters (Fig. 3b and c) were approxi-
mately circular and so their interactions were insignificant.

In Fig. 3a, the absorbance signal is very low at high concentra-
tion of NaCl in carrier solution (CCath) as the electrolytic current (I)
increases. In another experiment, the effects of CCath and I on the
continuous generation of Pb hydride from the Pb–Sn cathode were
studied within the experimental ranges. The recorded absorbance
signals of Pb were found to increase with increasing the amounts
of each one, suggesting that the instability of cathode surface may
occur. However the applied electrolytic potential and conse-
quently the overpotential decreased at high CCath values, presum-
ably the conditions for the formation of the lead hydride
molecules as well as the conductivity of the catholyte were
improved by increasing the amount of NaCl. It can be concluded
that the simultaneous increase of CCath and I, which resulted in
cathode surface instability, decreased the electrochemical deposi-
tion of Cd and the hydride generation from the cathode surface.

3.2. Analytical figures of merit

Under the optimized experimental conditions, the analytical
figures of merit for the procedure were determined. The calibration



Fig. 3. Estimated contour (2D) plots from the central composite design for the

analytical response as a function of (a) CCath and I (FAr:70 mL min�1); (b) CCath and

FAr (I:100 mA) and (c) I and FAr (CCath:0.020 mol L�1).

Table 5
Interferences of various ions in determination of 20 ng mL�1 Cd by FI–ECHG–AAS.

Species Compound Concentration

(mg L�1)

Concentration

ratio [M]a/[Cd]

Recovery

(%mean7S.D.,

n¼2)

NO3
� KNO3 20 1000 9774

SO4
2� Na2SO4 20 1000 9375

Mg2þ MgCl2 �6H2O 20 1000 9572

Ca2þ CaCl2 �2H2O 20 1000 8571

Fe3þ FeCl3 �6H2O 2.0 100 53710

Ni2þ NiCl2 2.0 100 8776

Cu2þ CuCl2 �2H2O 2.0 100 11277

Zn2þ ZnCl2 2.0 100 9873

Hg2þ HgCl2 2.0 100 6779

Sn2þ SnCl2 �2H2O 2.0 100 6078

Pb2þ Pb(NO3)2 2.0 100 10573

a Interference ions.
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curve was linear in the range of 2–50 ng mL�1 of cadmium. The
calibration sensitivity and the concentration detection limit (3sb,
n¼12) were 5.1�10�3 (mL ng�1) and 0.51 ng mL�1, respectively.
The repeatability precision (RSD) for nine replicate analyses at
20 ng mL�1 of Cd was measured to be 6.5%.

3.3. Interferences

The interferences caused by a number of anions and cations in
the determination of cadmium using FI–ECHG–AAS method were
examined and expressed as the recovery relating to the signal
obtained in the presence and absence of interferent ions. The
analytical signal for standard solution of 20 ng mL�1 Cd was
measured in the presence of 2.0 or 20 mg L�1 of the respective
interfering ions. The results are shown in Table 5. Variations less
than 10% of recovery may be considered insignificant. It was found
that the presence of 20 mg L�1 Ca2þ and 2.0 mg L�1 of Fe3þ , Ni2þ ,
Hg2þ and Sn2þ in the sample solution suppressed the response of
Cd by 15%, 47%, 13%, 33% and 40%, respectively. Comparing with
previous ECHG technique for Cd [23], it was observed that employ-
ing the FI–ECHG decreased the interference effects of most cations
and anions. The influence of the added metals can be explained by
taking into account their electrodeposition on the cathode and the
alteration of the surface chemistry and its hydrogen overpotential.
Further studies are required to provide better understanding of the
individual interfering effect and overcome the interferences. To
eliminate any possible matrix effects in real samples, the technique
of standard addition was used to obtain accurate results.

3.4. Analysis of a real sample

The proposed technique was applied to determine cadmium in
real samples, a certified reference material (CRM), SRM 1643e
(NIST) fresh water and a tap water sample. The tap water sample
was collected from the city of Mashhad (NE Iran). The standard
addition method was used to compensate the matrix effects on
the ECHG of Cd. An appropriate volume of NaCl solution was
added to the samples and they were diluted at a ratio of 1:2,
yielding a resultant concentration of 0.021 mol L�1 NaCl. To
obtain spiked samples, another portion of the samples were
spiked with the standard cadmium solution, supplemented with
NaCl solution and diluted to the final added Cd concentration of
10.0 ng mL�1. The CRMs were neutralized with appropriate
amounts of 2.0 mol L�1 sodium hydroxide solution before dilu-
tion. The samples were analyzed under the optimum experimen-
tal conditions. The cadmium concentration of 6.370.3 ng mL�1

was obtained in the CRM which is in acceptable agreement with
the certified value of 6.56870.07 ng mL�1 (confidence interval of
95%). Using standard addition approach, the concentration of Cd
in the tap water sample was determined to be 2.370.3 ng mL�1.
4. Conclusion

The FI–ECHG system was directly coupled to an electrically-
heated quartz tube atomizer (QTA) atomic absorption spectrometry
(AAS) and successfully applied to the determination of Cd in water
samples. The molecular cadmium species, presumably CdH2 mole-
cules, were produced from the Pb–Sn cathode surface. Experimental
designs such as PBD and CCD were applied to find a model for
optimizing the technique. Although the achieved detection limit is
slightly poorer than that observed with the previous batch method
[23], the implementation of FI sample introduction provides addi-
tional advantages such as an increased sample throughput, reduced
sample consumption, low cost, easy operation and reduced potential
contamination. Furthermore, the need for the exchange of cathode
after each measurement cycle was eliminated. It was shown that
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interferences from major constituents were decreased using FI
technique. It should be noted that the detection limit for the
proposed method is not superior to the most of those reported in
the literature using the chemical vapor generation of Cd [4,9,10,31]
mostly because of the low efficiency of the FI–ECHG and instability
of the vapor species. However, the developed system provides
relatively easy, low cost and fast determination of Cd at trace levels.
The enhancement of the performance and efficiency of the techni-
que is ongoing. The system may be extended to the problematic
hydride forming elements, e.g., In and Tl, and possibly other
transition metals i.e. Zn and Ag. In fact, it was appeared from a
preliminary examination of the FI–ECHG, that some elements such
as Ag and Zn are amenable to this procedure.
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