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ABSTRACT

 This paper reports on the development of adsorptive cathodic stripping voltammetric 
(AdCSV) method with 1,2-dihydroxyanthraquinone or Alizarin (AZ) as a complexing agent  used in 
the simultaneous determination of ultra trace of Cd and Zn because it has a good sensitivity, and 
selectivity. The influence of several parameters was studied: the effects of 1,2-dihydroxyanthraquinone 
or Alizarin (AZ) concentration, pH, accumulation potential, and accumulation time. The relative 
standard deviation (RSD), and recovery is determined to get the accuracy and precision method. 
It also determined the limit of detection (LOD) of the method to get the sensitivity. In this case, the 
optimum conditions were AZ concentration of 0.5 mM, pH 5, step deposition (70 s, -0.5 V). This 
method has been applied in water samples successfully, was obtained (Cd 23, and Zn 124) µg/L, 
LOD (Cd 0.006, and Zn 0.004) µg/L, RSD (Cd 0.4, and Zn 1.4) % (n = 10), recovery (Cd 99.36, and 
Zn 99.28)%. The Atomic absorption spectrometric (AAS) method is used as a comparison AdCSV 
optimum, was obtained (Cd 16, and Zn 115) µg/L. 

Keyword: Adsorptive cathodic stripping voltammetric method, simultaneous,
Ultra trace, Alizarin, sensitivity, and selectivity.

INTRODUCTION

 Heavy metals can be divided into two types. 
The first type is essential heavy metals, in which its 
presence in a certain amount is needed by living 
organisms, but in excessive amounts can cause toxic 
effects. Examples of heavy metals including Zn, Cu, 
Fe, Co, and Mn. The second type is a heavy metal is 

not essential, where its presence in the body is still 
not known benefits, such as Hg, Cd, Pb, and Cr. The 
presence of heavy metals in the environment or in 
the body can cause very serious poisoning despite 
being in very low concentrations1. 

 Cadmium is a toxic metal commonly 
found hearts industrial jobs, cadmium ion is used 
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intensively hearts operate battery manufacturing 
process and electroplating. Zinc  is metals important 
for life and an estimated 20% of the world population 
at risk of zinc deficiency. Symptoms occur due 
zinc levels exceed the threshold limit body hearts 
like abortion, teratology, preterm growth, mental 
retardation, low immune body, dermatitis, abnormal 
neuropsychological functions, and other disorders.

 Atomic absorption spectrometry (AAS)2, 
inductively coupled plasma mass spectrometry 
(ICP-MS)3 or cold vapor atomic fluorescence 
spectrometry (CVAFS)4 is a method frequently used 
for determination of heavy metal. However, this 
method is expensive for the operation, maintenance 
costs are quite expensive and less practical but also 
can not measure very small levels of metal ions5. 
Therefore, we need an alternative method that can 
overcome the limitations of methods6-9. 

 In recent years,  a sensitive and selective 
method for the determination of heavy metals 
such as Cd and Zn is in need. Adsorptive cathodic 
stripping voltammetry (AdCSV)  was selected  as 
such a method, because it has the advantage of a 
linear dynamic range of 4-5 orders of magnitude, the 
limit of detection ng/L to  µg/L, low cost for running 
the instrument6-11, 15-16, allows standard addition (no 
matrix effects), high selectivity for metal ions to form 
a complex and at the time of pre-concentration of 
the complex will accumulate on the surface of the 
electrode17-19. 

 The AdCSV method not only determined 
metal total, but a species of heavy metals is 
also determined20-21. In addition, this method can 
determine the metal ions in seawater7, and heavy 
metals can be determined in a solution of high 
chemical compounds that  (accumulation step) short  
22-23 made AdCSV  the most favorite than the other 
methods24. 

 Simultaneous determination of Cd, 
and Zn metals have been conducted by AdCSV 
using complexing agent :  Xylenol orange (XO)25, 
4-amiono-5-methyl-2,4-dihydro-3H-1,2,4-triazole-
3-tion (MMTT)26, N-Nitroso-N-phenylhydroxylamine 
(Cupferron)27, 5-phenyl-1,2,4-triazole-3-tion (PTT)28. 
Alizarin (AZ) is a natural dye and complexing agent, 

the which has been used successfully in the stripping 
voltammetric determination of some metals including, 
Cu(I), and Cu(II)29, Zn30, Mo31, Al(III)32, In(III)33. The 
occurrence of metal ion complexes with AZ and 
reduction process occurs at the electrode surface is 
shown in Figure 1. 

 The present study describes a sensitive, 
and selective AdCSV with AZ for simultaneous 
determination of ultra trace of Cd and Zn metal 
ions. The parameters studied were: the effects of AZ 
concentration, pH, deposition step. Determination 
of the RSD, and recovery to get precision, It also 
was determined the LOD  get the sensitivity of each 
metal ion. The voltammetric obtained analytical 
results were validated in use for the  simultaneous 
determination of Cd and Zn in  water samples  and 
comparing with an AAS method. 

EXPERIMENTAL

Instrument
 AdCSV were carried out with 797 AV 
computerize (Metrohm, Herisau, Switzer, and) in 
connection with Dell computer, and controlled by 
(VA competence 2.0) control software. Stripping 
voltammograms were obtained via a Hewlett–
Packard laser jet printer. A conventional three-
electrode system was used in the hanging mercury 
drop electrode (HMDE) mode. This three-electrode 
system was completed by means of a platinum 
auxiliary electrode, and an Ag/AgCl (3M KCl) 
reference electrode. Atomic absorption spectrometric 
determination of Cd and Zn metal ions were achieved 
by Varian Flame Atomizer (Model 240). The pH 
was measured with Metrohm 744 pH meter. Oxford 
adjustable micropipette (Ireland) was used to pipette 
microliter volumes standard solutions, and glassware 
commonly used in the laboratory.

MATERIAL

 The materials used for this study were 
acetate buffer,ammonia buffer, AZ, HNO3, Standard 
solutions of Cd 1000 mg/L, Standard solutions of Zn 
1000 mg/L, N2 gas, doubly distilled water, whatman 
filter paper, and water samples taken with the added 
HNO3 with comparison HNO3: sample = 1: 1000.
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Work procedures
 Getting optimum conditions each metal 
ion Cd, and Zn in trace amounts AdCSV method 
with alizarin necessary to determine parameters 
such as the effects of AZ (0.1 - 0.9) mM, pH  
(2 - 9), step deposition (30 -100) s and -0.2 to 
-1.0) V, accumulation potential (-0.2 to -1.0) V, and 
accumulation time (30 - 100) s. The RSD, recovery, 
and limit of detection (LOD) for precision. The 
procedure was used in this study according to a 
previously reported6-9.

RESULTS AND DISCUSSION

 Figure 2 shows AdCSV voltammograms 
of the (Cd, and Zn) – AZ without the addition of 

AZ undetectable. (Cd, and Zn) - AZ produce peak 
current (-0.72, and -0.98) V were measured under 
the conditions of time and accumulation potential 
(70 s, -0.5 V), pH 5 (acetate buffer). This shows AZ 
have an important role to improve the selectivity 
and sensitivity of the AdCSV method for  the 
simultaneous determination of Cd and Zn metal ions 
in very small amounts. 

The Effects of AZ 
 Varying the concentration of AZ as a 
complexing agent also to be determined in the 
investigated stripping voltammetric procedure. Figure 
3 indicates that an increase is of AZ concentration 
from (0.1 - 0.9) mM, and the peak current increases 

Fig. 1: Alizarin - ion metal complex

Fig. 2: Voltammogram AdCSV  (a) AZ without metal, (b) metal without AZ,  (c) Cd, and Zn with a 
concentration of each  0.01 µg/L,  0.2 mL AZ 5 mM, 0.2 mL acetate buffer (pH 5), step deposition ( 

70 s and -0.5 V), and a potential scan (-0.5  to -1.15) V
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Fig. 3: AZ concentration curve to the peak current (Ip). Measurement conditions: 10 mL of a 
mixture of standard solution of Cd, and Zn with a concentration of each of 0.01 µg/L, 0.2 ml 

acetate buffer (pH 5), step deposition ( 60 s and -0.5 V), and  a potential scan ( -0.50 to -1.15) V

Fig. 4: pH curve on peak current (Ip). Measurement conditions: 10 mL of a mixture of Cd, and Zn 
with a concentration of each of 0.01 µg/L, 0.2 mL AZ 5 mM, step deposition ( 60 s and -0.5 V), a 

potential scan (-0.50  to -1.15) V

in the AZ concentration (0.1 - 0.5) mM, however,  
decreased flow AZ (0.6 - 0.9)  mM. 

 The peak current and the resulting from the 
reduction of metal - ligand complexes are adsorbed on 
the surface of the working electrode on the stripping 
step. (Cd, and Zn) - AZ increased peak flows at an AZ 
concentration (0.1-0.5) mM showed accumulation of 

metal - ligand on the surface of the electrode in the 
deposition phase (pre-concentration). AZ (0.6-0.9) 
mM concentration decreased peak current, which is 
caused by competition between the free ligand (Cd, 
and Zn) - AZ to stick to the surface of the electrode 
as well as high concentrations of AZ that will cause 
difficult Cd and Zn is reduced so that the peak current 
to be down. For the concentration of 0.5 mM AZ was 
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Fig. 5: The deposition time curve on the peak current (Ip), Conditions of measurement : 10 mL 
of a mixture of  Cd, and Zn with a concentration of each 0.01 µg/L, 0.5 mM AZ 0.2 mL, 0.2 mL of  

acetate buffer (pH 5), deposition potential -0.5 V,  and a potential scan  (-0.52  to -1.2) V

Fig. 6: The deposition potential curve on the peak current (Ip). Measurement conditions: 10 mL 
of a mixture of Cd, and Zn with a concentration of each of  0.01 µg/L, 0.2 mL AZ 5 mM, 0.2 mL 

acetate buffer (pH 5), deposition time  70 s, and a potential scan from (-0.52 to -1.2)V

selected for further determination of the optimum 
conditions by AdCSV. 

The Effects of pH
 The stability of (Cd, and Zn)-AZ  formed 
influenced by pH, shown in reaction6-9: 

(a) Decomposition step :
 Mn+   +    nL   →   MLn

 MLn   →  MLnads 

(b) Stripping step : 
 MLnads   +     ne  → M0 +  nL  
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Table 1: Maximum tolerance 
of interfering ion

Ions                Tolerance limit (mg/L)
 Cd Zn 

Na+, Al+, Ca+, Li+, K+,  10 10
Ba2+, Cr+3, Co2+, Ni2+, 
Cl-, F-, Br-, SO4

2-, I-

Cu2+ 10 10
Pb2+ 10 10
Cd2+ - 10
Zn2+ 10 -
Fe3+ 1 10

Table 2: Cd, and Zn content in  water samples, and comparison 
with the results obtained by AAS technique

Water Samples AdCSV (µg/L) AAS (µg/L) Paired t-test value

Cd 23±9 16±10 0.9012
Zn 134±12 115±15 2,0066

Fig. 7: Voltammogram  of Cd,  and Zn in  water samples

 The formation of (Cd, and Zn) - AZ maximum 
required pH optimum. The results showed that the 
peak current (Cd, and Zn) - AZ increase from pH 
(2-5), and decrease from pH (6-9). At low pH, there 
is an excess of protons the resulting in competition 
with metal ions to form a bond with the ligand so that 

the the resulting current low, while at a pH greater 
than the pH optimum peak current decline due to 
OH - ions so that metal ions can form hydroxide, and 
will settle on the electrode surface that is difficult to 
remove10. For the pH of 5 is used to determine the 
optimum conditions AdCSV with AZ subsequent. 

 pH plays a role in increasing the number 
of complex compounds or ion association formed 
in the process of adsorption on the electrode 
HMDE that would effect the formation of a complex, 
complex stability, and absorption properties34. Effect 
of pH on peak current (Cd, and Zn) - AZ complex 
studied using acetate buffer, and ammonia buffer, 
with measurement conditions the concentration of 
Cd, and Zn metal ions 0.01 ug/L with AZ 5 mM, 
deposition potential  - 0.7 V, and deposition time   
60 s, respectively.

The Effects of Deposition Time
 Figure 5 shows plots AdCSV with alizarin 
versus deposition time. Deposition step (deposition 
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time and potential) is the stage of pre-concentration 
which can increase sensitivity of stripping voltammetric 
methods34-35. 

 Deposition time for (Cd, and Zn) - AZ for 
conditions of  AZ concentration of  0.5 mM, pH 5 
and deposition potential - 0.5 V. Shows an increase 
of up to 70 s, and this is because not the equilibrium 
of the reaction on the electrode surface and after 70 
s no increase in peak current, it is because there 
has been an adsorptive equilibrium on the electrode 
surface, deposition time 70 s43 used  AdCSV for the 
determination of optimum conditions with AZ next.

The Effects of Deposition Potential
 Figure 6 shows plots AdCSV with AZ versus 
deposition potential for a concentration of each 
0:01 ug / L, with AZ 0.5 mM, and pH 5. when the 
adsorption of formed (Cd, and Zn) - AZ complexes 
were measured as a function of deposition potential  
(- 0.2  to -1.0 V) at 60 s collection time, it was 
observed that  peak current increased slightly when 
applying -0.5 V as the optimal accumulation potential. 
(Cd and Zn) - AZ peak current highest accumulation 
potential obtained at -0.5 V, on a more positive 
potential than - 0.5 V  peak currents low due to the 
complex process of deposition on the surface of the 
working electrode has not reached the maximum, 
while the accumulation potential more negative than 
optimum potential analyte complex reduction process 
occurs during the deposition process takes place 
so that the peak current is obtained decreasing10. 
Deposition potential -0.5 V optimum selected for 
each as a condition for AdCSV with AZ.

Relative standard deviation 
 The precision AdCSV with AZ can be 
determined by calculating the relative standard 
deviation (RSD)6-9, of the results of the determination 
of 0:01 mg/L standard solution of (Cd, and Zn)-AZ 
(n = 10) with optimum conditions AdCSV, obtained 
( 0.4, and 1.4)%. Based on the AOAC method RSD 
<15% 36-37, shows AdCSV with AZ good precision. 

Recovery
 Recovery is a measure that indicates the 
degree of closeness of the analyst with the actual 
analyte concentration. In principle, the accuracy 
is measured by applying a number of quantitative 
components tested in the sample matrix, then testing 

to determine the return of the components tested. 
In this study, the test recovery is done by analyzing  
of Cd and Zn in water samples. The results of the 
recovery of Cd and Zn using  AdCSV method with 
AZ, obtained was (99.36 and 99.28)%, respectively. 
Results of recovery based on the AOAC method  
(70-125) % showed good results, so this method has 
high accuracy36-37.

Interference studies
 The influence of the addition of other metals 
in the analysis of Cd and Zn studied in order to 
determine the selectivity of the method AdCSV with 
AZ. Based  Table 1, all ions tested as interfering ion  
effect at 10 mg/L, this is because the ions form a 
complex and participate bullies come attached to 
the electrode surface, thereby decreasing the peak 
current of Cd and Zn. 

Application
 The AdCSV with AZ can be used for the 
determination of Cd and Zn in water samples. 
The results presented in Figure 7. To eliminate 
matrix effects, were used the standard addition  
method6-10.

 In order to validate the practical reliability of 
the optimized AdCSV method, water samples were 
analyzed Cd, and Zn contents by the recommended 
voltammetric procedure Table 2. Comparing the 
analytical results obtained by AdCSV method 
with Obtained by AAS method for the same 
water samples. As can be seen from Table 2, the 
concentration of Cd and Zn in water samples with 
both methods compared with29 statistical t-test. the 
critical value (2,776) at the 95% confidence level  
(P = 0,05), n = 3, so the absence of significant 
differences between the two methods. In Figure 2 
can be seen the determination of Cd and Zn with 
AdCSV can be done simultaneously, while the AAS 
was calculated separately for each metal ions38-41. 

Limits of Detection (LOD)
 In Table 3 can be seen, a comparison 
LOD of the simultaneous determination of Cd, and 
Zn between AdCSV method using AZ by various 
methods voltammetry already has been done. From 
research conducted the LOD (Cd 0.006 and Zn 
0.003 µg/L). when compared with the method that 
has been done AdCSV method using AZ lower LOD, 
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lower RSD, and recovery is close to 100% so that 
adsorptive cathodic stripping voltammetric method  
more sensitive, and selective than the method has 
been done for the determination of  Cd, and Zn metal 
ions (Table 3). 

CONCLUSION

 It can be concluded that optimized 
experimental conditions include: AZ concentration 
5 mM, pH 5, deposition step (70 s and -0.5 V), 
relative standard deviation (Cd 0.4, and Zn 1.3) %, 
recovery (Cd 96.36, and Zn 99.28) %. The optimum 

conditions then applied to water samples, obtained 
by AdCSV(Cd 23, and Zn 134) µg/L, by AAS 
technique (Cd 16, and Zn 115) µg/L.  Adsorptive 
cathodic stripping voltammetric method shows a 
sensitive, and selective for determination of ultra 
trace of Cd, and Zn metal ions.
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