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ABSTRACT 
 

Heavy metal contaminated soil can be long term environmental concern. Hence, 
the assessment of heavy metal in contaminated soil has received much attention in 
present scenario. Electrochemical analysis is a reliable and cost effective method to 
evaluate toxicity of heavy metal in soil. In the present work the analysis was based 
on well planed sampling strategy appropriate selection and implementation of 
Electrochemical Sensor. For the determination of heavy metal the cadmium 
electrochemical sensor and lead electrochemical sensor were used.                 

The present study was carried out to observe the concentration and toxic effect 
of cadmium and lead in contaminated soil. Cadmium ion concentration was 1.2- 
1.3µg/g and lead ion concentration was 21- 25 µg/g in the analyzed sample of 
contaminated soil by electrochemical sensors method. 

Key Words : Ion selective electrode, Sensors, Heavy metals, Contaminated soil. 
 

INTRODUCTION 
It is a known fact that soil is getting 

contaminated with different type of 
pollutants. There are various types of 
pollutants with which the soil is getting 
contaminated. The main contaminates comes 
from pesticides and heavy metal discharge 
from Industries1-4 particularly metal and 
leather Industry. Heavy metal contaminated 
soils can be a long term environmental 
concern and a potential financial liability and 
concern. The term heavy metal refers to any 
metallic chemical element that has a 
relatively high density and is toxic or 
poisonous at low concentration. Examples of 
heavy metal include mercury (Hg), cadmium 
(Cd) and chromium (Cr) and lead (Pb)5-7. 

Heavy metals are natural component of 
the earth's crust. They cannot be degraded or 
destroyed. To a small extent they enter our 
bodies via, food, drinking water and air. 
Heavy metal poisoning could result, for 
instance, from drinking water contamination 
(e.g. lead pipes), high ambient air 
concentration near emission sources, or in 
take via the food chain. Heavy metals are 
dangerous because they lend to 
bioaccumulation. Bioaccumulation means an 
increase in the concentration of chemical in a 
biological organism over time, compared to 
the chemical's concentration in the 
environment. Compound accumulate in 
living things any time they are taken up an 
stored faster then they are broken down 
(metabolized or excreted) Heavy metal enter 
a water supply by industrial and consumer 
waste, or even from acidic rain breaking 
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down soil and releasing heavy metals into 
streams, lakes, rivers and ground water. 

For, environmental and health point of 
view, the three most pollutants heavy metal 
are lead, cadmium and Mercury. Effect of 
cadmium on the environment, It is 
biopersistent and, once absorbed by on 
organism, remain resident for many years 
although it is eventually excreted. In humans, 
long time exposure is associated with renal 
disfunction. High exposure can lead to 
abstractive lung disease and has been linked 
to lung cancer. Cadmium may also produce 
bone defects in human and animals. The 
metal can be liked to increase blood pressure 
and effects on the rayo cardium in animals. 
The average daily intake for human is 
estimated as 0.15µg from air and 1µg from 
water. Cadmium is produced as an inevitable 
by product of zinc (or occasionally lead) 
refining, since these metals occur naturally 
with in raw ore however, once collected the 
cadmium is relatively easy to recycle. 
Cadmium found in fertilizer and sewage 
sludge (contaminating agricultural soil) 
cadmium is used for plating and corrosion 
treatment of iron and steel utilized in 
production of batteries, and in spray painting, 
and cutting cadmium and its area. 

Lead exposures in environment through 
gasoline additives (organolead is contained 
in gasoline as an octane booster), lead based 
paint lead soldered cans and ceramic gluzes. 
Occupational primary manufacture of lead, 
lead production from auto batteries and scrap 
metal. Production of batteries welding and 
cutting of lead alloys. For this purpose 
monitoring of these metals by different 
method deals by different workers8,9. 

Effect of lead in health and environment. 
Inorganic lead-encephalopathy, seizures, 
decreased intellectual performance of 
children anemia and lead palsy in adults. 
Acute effects nephrotoxicity, Gastrointestinal 

upset anorexia, dysphasia, constipation renal 
dysfunction and lead seams in gingival. 
Organic lead sleepiness dizziness, fatigue 
insomnia and psychosis, High level of 
exposure may result in toxic biochemical 
effects in humans which cause problem in 
synthesis of hemoglobin, effects on the 
kidney joints and reproductive System, and 
acute or chrone damage to the nervous 
system. 

Average daily lead intake for adults in 
U.K. is estimated at 1.6µg from air, 20µg 
from drinking water and 28µg from food. 
Most people receive the bulk of their lead 
from food water, in areas with lead pining 
and plumbo solvent water air near point of 
source emissions, soil, dust, point flakes in 
old houses or contaminated lead. Lead in the 
air contributes to lead levels in food through 
deposition of dust and rain containing the 
metal, on crop and the soil. Lead in 
environment arises from both natural and 
anthropogenic source. 

From a above mentioned toxic effect of 
heavy metal in environment and human 
healthy the main concern of this work to 
develop the technique which is cost effective 
and real time analysis. For this concern 
electrochemical sensor have found very wide 
application in organic chemistry, 
environmental, geochemical, biochemistry 
biology, medicine, and equilibrium and 
stability constant studies. Several papers 
dealing with the application of ion selective 
electrode i.e. electrochemical sensor in study 
and analysis’s of soil industrial, organic and 
environmental sample10-13. 

This paper presents a brief overview of 
preparation and function of electrochemical 
sensor for analysis of Cd and Pb. 
Electrochemical sensor find wide application 
in analysis of environment sample. 



Journal of Environmental Research And Development Vol. 3 No. 3, January-March 2009 

832 
 

MATERIAL AND METHODS 
Several different electrochemical sensors 

have already been developed to analyze Cd 
and Pb. In the present work membrane based 
Cd and Pb electrochemical sensor ion 
selective electrode were prepared. They 
consist of a membrane in which electro 
active materials are impregnated. For the 
preparation of Cd II and Pb II 
electrochemical sensor, specially prepared 
Cd II thioburbutarate and Pb II 
salicyaldoximate were used as electro active 
material. These membrane based ion 
selective electrode were employed 
successfully for preparation of heavy metal 
ion-selective electrode. These electrode 
shows nernstion response against the 
cadmium and lead in concentration 
change14,15,16. 

Cadmium and lead ISE pressed diameter 
of 8mm and 2 mm showed in nernstion 
response from 10-5 to 10-1M of cadmium ion 
and lead ion concentration. Further more 
aiming to its application for analysis of 
contaminated soil.  Electrochemical sensor is 
remarkable product of this approach. 
Electrochemical sensor responds selectively 
to the activity of ion species and often 
referred as ion selective electrodes. The 
membrane which forms an essential part of 
the construction of ion selective electrodes 
contains the electro active material. In barrel 
type ion-selective electrodes a suitable 
reference electrodes is inserted in the tube 
containing reference inner solution which is 
in contact with the membrane if an ion 
selective electrode is in contact with a 
sample solution containing the ion for which 
electrode is selective and a reference 
electrode is placed in the same sample 
solution, an electrochemical cell is formed. 
The EMF value measured will be equal to; 

E = E0 + 2.303 RT/ZF log [(aj + kij 
(aj)z/y] 

As long as the composition of the inner 
solution is kept unaltered and the potential 
difference at the reference electrode-sample 
solution, boundary remains virtually 
constant, E0 is constant and the EMF of the 
cell will depend only on the composition of 
the sample solution. Two different 
membrane type cadmium II (thiobarbutarate) 
and lead II (salicylatoximate) were 
impregnated in an inert matrix. The electro 
active component is the most important 
constituent of an an ion-selective electrode 
system, salts of inorganic cat-ions furnish 
useful electro active material for the 
preparation of membrane which may be 
successfully employed in the fabrication of 
electrodes. 

Preparation of ion selective electrode 
In the present work the electro active 

material used where precipitates of Cadmium 
and lead obtained from Cd-Thiobarbutarete 
and lead salicyladoximate membrane 
precipitating reagents. The electro active 
materials which were used Thioburbutarte 
and Salicyladoximate.It may be emphasized 
that the choice of suitable material is not 
easy and large number of trial experiments 
have to be performed electrochemical sensor 
technique as an analytical tool for the 
analysis of heavy metal in sample. The 
characteristic of these two electrodes were 
studied in terms of (i) Electrode response  
(ii) response time (iii) effect of pH  
(iv) selectivity coefficient (v) application. 

Electrode assembly 
The structure of cadmium and lead ion-

selective electrode fabricated is shown in 
Fig. 1. with different electro active 
membrane. The Cd thiobarbutarate 
membrane Is stuck in an epoxyresin (cipa 
Giegy) 

This is electrode II electrode and has 
inner solution    (10-3M) cadmium chloride 
and Ag/AgCl inner electrode.The Pb 
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salicylaldoximate membrane is struck in an 
epoxy resin as interbinder. This electrode II 
and has inner solution (10-3M lead Acetate) 
and Ag/AgCl [inner electrode]. The 
performance of the electrode was examined 
by measuring the E.M.F. against model 
(Philips pH/mV meter Model PR 9405) and 
both electrodes; ISE as well as Ag-AgCl 
were dipped in the solution to record the 
potential of each solution). Characteristics of 
the Electrode were also studied. 

Electrode Response and calibration curve 

The Cd ion-selective electrode fabricated 
and reference electrode were placed in 200ml 
beaker. Sample of 100ml in a beaker was 
stirred during the measurement. The 
performance of the Cd2+ ion selective 
electrode was examined by measuring the 
e.m.f of the following electrochemical cell. 

Ag│Cd Thiobarutrate │Sample║1M 
KNO3║3M KCl │Ag │AgCl/Ag.  Each 
electrode was immersed in 10-9 – 10-1 M/-1 
Cd2+ solution of which the total ionic strength 
was adjusted with 0.1 M KNO3 and 
calibration curves of each electrode were 
made. The electrode potential were recorded 
after their values had stabilized with in ± 
0.1mv min-1. The potential concentration 
curve were plotted as shown in Fig. 2a. 

The Pb2+ ion-selective electrode 
fabrication and reference electrode were 
placed in 200ml beaker. Sample of 100ml in 
a beaker was stirred by magnet on a 
magnetic during the measurement. The 
performance of the Cd2+ion-selective 
electrode was examined by measuring the 
E.M.F. of the following electrochemical cell. 

Ag│Pb salicyladloximate │Sample║1M 
KNO3║3M KCl │Ag │AgCl/Ag.  Each 
electrode was immersed in 10-6-10-1 M 1-1 
Pb2+ standard solution of which the total 
ionic strength was adjusted with 0.1 M KNO3 

and calibration curve of each electrode after 
their values had stabilized with  ±0.1mV  
min-1. The potential concentration curve were 
plotted as shown in Fig. 2b.   

The electrode response of different 
solution of Cd II and PbII ions in 
concentration range of 1.0 X 10-1 mol dm-3 
to 5 x 10-7 mol dm-3 was recorded with the 
help of Cd membrane ion selective electrode 
indicator electrodes and saturated Ag/AgCl 
electrode as reference. The response was 
plotted on semi-log graph paper. Similar with 
Pb ion selective electrode in concentration 
range of 1.0 X 10-1 mol dm-3 5.0 X 10-4 was 
recorded with help of Pb ion selective 
electrode with help of ph ion selective 
electrode as indicator and saturated Ag/AgCl 
electrode as reference. A slope of Cd-Ion 
selective electrode was found to be  30 and 
slop of Pb salicylaldoximate ISE was found 
to be 29. 

 
Fig. 1 
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Table for the above curve is given below: 
Table 1 : Electrode Response of Cd (II) and Pb (II)  Ion-Selective electrode      

Concentration of Cd and Pb 
solution mol dm-3 

Measured electrode potential(mV) 
Cd II ion selective 

electrode 
Pb II ion selective 

electrode 
1.0 x 10-1 300                        300 
5.0 x 10-2 290                        291 
1.0 x 10-2 270                        271 
5.0 x 10-3 257                        260 
1.0 x 10-3 241                        239 
5.0 x 10-4 230                        230 
1.0 x 10-4 211                        210 
5.0 x 10-5 202                        200 
1.0 x 10-5 180                        177 
5.0 x 10-6 180                        177 
1.0 x 10-6 180                        177 

 
Preparation of Buffer solution 

100 g of sodium acetate trihydrate, 100g 
of disodium hydrogenphosphate 12 water, 
100g of potassium nitrate are dissolved in 
adequate quantity of water. The solution 
dissolved 10g of salicylaldoxime in 50 ml of 
ethyl   alcohol   is   added   to   the   previous  

solution and adjusted in 6.15pH by adding 
acetic acid using a pH meter and the whole 
quantity is adjusted by water 11 when 1 vol 
% of this buffer was added to contaminated 
soil sample the pH of soil could be adjusted 
in about 6 pH.  

 
  (a) Cd2+ concentration (M)   (b) pH2+ concentration (M) 

Fig. 2 : Calibration curve for Cd2+ and Pb2+ ion selective electrode. 
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Influence of pH 
Each electrode was calibrated using 

standard solution that changed pH from 2 to 
8. The pH was adjusted by adding small 
volume of HNO3 or NaOH to the standard 

solution. The electrode potentials were 
recorded after their value stabilized and were 
plotted as a function of pH values and Cd2+ 
and lead ion concentration  as shown in  
Fig 3a and Fig. 3b respectively. 

For determining the working pH range of 
cadmium and lead ion selective electrode a 
set of solution of cadmium and lead were 
prepared in which Cd and Pb ion 
concentration was kept constant at 1.0 x 10-2 
mol/dm-3, and the pH of these solutions were 
varied, the electrode response was noted and 
based on these data above graphs plotted 
between electrode potential and pH. 

Selectivity 
Selectivity coefficient were determined 

by the mixed solution method. For this the 
concentration of Cd ion was varied while the 
concentration of interfering ion was kept 
constant 1.0 X 10-3 mol dm-3. The potential 
for each solution were reported and plotted 
against Cd ion concentration. Similarly for 
Pb ion was varied while the concentration of 
of interfering ion was kept constant at 1.0 X 
10-3 mol dm-3. The potential for each were 
noted and plotted against Cd ion and lead ion 
concentration. The selectivity coefficient 

KPot
A,B were calculated according to the 

relation KPot
A,B = CA/CB where CA and CB are 

the total concentration of Cd2+ and that of an 
interfering ion obtained graphically in the 
sample solution, respectively ZA and ZB are 
the charges of Cd2+  and Pb+ the interfering 
ions, respectively. 

Preparation of Sample Solution 
In present work we adopted an acid 

digestion procedure (Environment protection 
Agency Method 3050) for total sorbed 
metals. In this method gives a reliable 
measure of the amount of metal added to soil 
as nonsilicate from industrial source. 
Reagents used Nitric acid HNO3 (Conc. 
BDH Anagrade and 1:1 dilution in 
demonized water 30% Hydrogen peroxide, 
Hydrochloric acid (BDH analgrad.) 

RESULTS AND DISCUSSION 
Detection Limit of calibration curve  

with Cd ISE and Pb ISE are shown in  

 
           (a)         (b) 

Fig. 3 : pH range of cadmium and lead ion selective electrode.  
The potential difference on y-axis is 20mV. 
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Fig. 2(a) and Fig. 2(b). The slope of Cd II 
and lead II ISE potential variation is 
30mVand 29 mV. Detection limits, which 
are the lowest point of Cd2+ concentration 
and Pb2+ concentration that their calibration 
curves showed mention response are 10-6 , 
10-5, and 10-4 M1-1 for Cd2+ and 10-5 ,10-6 and 
M1-1 for Pb2+ respectively. The ion selective 
electrode potential becomes unstable when 
potential variation goes up to over 87mV, 
which Cd ion and Pb ion concentration 
becomes 10-3of the initial concentration. 

Effect of pH 
From Fig. 3  it was found that electrode 

potential and pH of Cd2+ ion selective 
electrode and PbI+ ISE electrode potential is 
mostly independent of pH from 2 to 8  it is 
slightly interfered for pH value down to 4 for 
extremely low Cd and Pb concentration 
(Under 10-6 M1-1). The detection limit comes 

to 10-6 M-1 for pH3 and 5 X 10-7 M1-1 for pH 
2. Calibration of ISE and sample 
measurement should be done at the same pH 
values. 

Response Time 
In order to find out the response time of 

the electrodes the electrode was first dipped 
in 1.0 X 10-1 mol dm-3 solution of Cd2+ and 

PbI ion and then the electrode was suddenly 
removed from this solution and dipped in 
Cd2+ and PbI Ion solution having 
concentration 1.0X10-2 mol dm-3. The 
response of each solution was recorded at 
every 5 second interval. The potential are 
then plotted against time Fig. 4(a) and Fig. 
4(b) and it was found that the response time 
for Cd2+ ISE 30 second and Pb2+ ISE 45 
second. 

Effect of interfering compounds and its 
masking  

Mercury Hg2+ Silver Ag+, Cu2+ ion Fe3+ 
interfere with Cd2+ ISE and Pb2+ ISE  
potential. Although under co-existence of 
interfering ions the Cd2+ and Pb2+  ion-
selective electrode potential is not stable and 
the selectivity coefficients could not be 
correctly measured, the interference of ions 

mentioned were show in Table 2. The 
approximate errors (S.D.) of the selectivity 
value were 50-200% in repeated 
measurement. 

In the application for contaminate soil 
analysis; practical selectivity could be 
improve by using masking reagents of 
interfering ions. By the use of 10% of the 
buffer solution, practical selectivity 

 
(a) Cd II ISE            (b) Pb II ISE 

Fig. 4 : Electrode response Vs time graph. 
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coefficients were obtained as shown in  Table 2. 

Table 2 : Practical selectivity coefficients using buffer solution 

Cd2+ ion selective electrode  Pb2+ ion selective electrode 

Ions in aqueous 
solution 

in 1% 
buffer 

solution 
 Ions In aqueous 

solution 

In 1% 
buffer 

solution 
Hg2+ 103 0.2  Hg2+ 103 0.2 
Ag+ 102 10–3  Ag+ 102 10–3 
Pb2+ 10 10–3  Cu2+ 1 10–3 
Fe3+ 1 10–3  Fe3+ 1 10–3 

Direct determination of Cadmium and lead in contaminated soil 
In the present work we applied the Cd2+ 

Thiobarutrate ISE and Pb2+salicyladoximate 
ISE for determination of Cd2+ and Pb2+ ion in 
the contaminated soil. 

The concentration of Cd and Pb ion was 
determined by direct potentiometery using 
Cd and Pb ISE.  Since the electrode in 
cadmium and lead solution is found to be 
very stable in absence of cadmium and lead 
ion. The concentration of Cd and Pb ion 
determined by with this Cd and Pb ISE as per 
electrode selectively responds to change in 
cadmium and lead ion concentration. For this 
analysis the concentration of Cd and Pb , 
Standard solution of Cadmium chloride and 
lead acetate (1.0 x 101 moldm-3) was 
prepared. Several set of Cd and Pb solutions 
in the concentration range 1.0 x 10-1  to 1.0 x 
10-6 moldm-3 were prepared with standard 
solution, potential of each solution was 
measured using Cd II ISE and Pb II ISE. 
Calibration curve was constructed by plotting 
electrode potential against different 
concentration of known Cd and Pb solution 
shown in Fig. 2(a) and Fig. 2(b). In 
contaminated soil sample which digested by 
EPA method 3050 was taken and  1% of 
buffer solution was added to form above soil 
sample solution for masking Hg2+, Ag2+ Pb2+, 

and  Fe2+ ion concentrate in contaminated 
soil. 50ml of above prepared soil sample 
solution was taken in a beaker. The Cd ISE 
and Pb ISE was dipped in conjunction with 
external reference electrode in the above 
sample solution, the potential was measured. 
After that calibration curve was constructed 
by plotting measured each electrode potential 
against 

The concentration of Cd and Pb ion in 
contaminated soil were found to be 1.2-1.3 
µg/g and 21-25µg/g by Cd2+ ISE and Pb2+ 
ISE  and the result was compared with the 
fresh soil sample which was anslyzed by 
AAS method. By AAS method we were 
found that the concentration of Cd2+ are1.03-
1.05µ g/g and Pb2+ are 16.15-16.14 µg/g in 
fresh soil sample. The concentration obtained 
by Electrochemical sensor or ISE method 
analysis shows that in contaminated  soil Cd 
and Pb concentration are very much high in 
comparison of fresh soil. 

In the analysis of soil under coexistence 
of 20-100 fold of Cu2+ ,Pb2+ and Fe2+ ions 
against Cd2+ and Pb2+ ion low concentration 
range 1.2-1.3µg-l-1 Cd2+ ion and 21-25 µgl-1 
Pb2+  could be successfully measured. From 
these data, it is clear that present Cd(II)-
Thio-barbutarate, PbII, salicyladoximate ISE 
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are useful for the simple and speedy control 
analysis of heavy metals like Cd2+ and Pb2+ 
ion in the contaminated soil with sufficient 
sensitivity compared with AAS. 

CONCLUSION 
In the present work the new cadmium 

electrochemical sensors and lead 
electrochemical sensors were used for the 
analysis of heavy metals in soil. Different 
highly sensitive Cd2+ and Pb2+ ion-selective 
electrode was developed by different 
precipitate method using Ag-AgCl as 
indicator electrode17-20. These Cd2+ 
Thiobarutrate  and Pb2+salicyladoximate 
electrochemical sensors(ISE) shows good 
nernstion response and can be used in direct 
potentiometery in the field of chemical 
analysis of ions.Electrochemical sensors are 
simple in design and construction, have 
reasonable selectivity, Fast response time, 
real time analysis and applicability to colored 
and turbid solutions. Further ion-selective 
electrodes possess wide dynamic range and 
relatively law in cost. There characteristics 
have, therefore, led to the development of 
sensor for a member of ionic species for the 
analysis of various organic, inorganic and 
biologically important substance. 

REFERENCES 
1. Schnakel U. and Tietye, explorative data 

analysis of heavy metal using 
multimensional spatial regression : J. 
environmental Geology, 44(8), 893-904, 
(2003). 

2. Coby S.C.W. and Xiangdong Li, 
Analysis of heavy metal contaminated 
soil: Pract.             Periodical of haz. 
Toxic and radioactive waste Mgmt. 7(1), 
12- 18, (2003). 

3. Asagba Eu, Okeimen F.E. and Osokpar 
J., Screening and speciation of heavy 
metal            contaminated soil from auto 
mobile spare parts market: J. chemical 

speciation and            bioavailability 
19(1), 15, (2007). 

4. Wang S.W., Zhi Zang Li and Sheng 
R.T., Remediation of heavy metals 
contaminated sediment: J. of 
environmental magt. 90(2), 721-729, 
(2009). 

5. Raquel G., Gemma A., Clàudia F., 
Enriqueta A. and Arben M., Sensitive 
and stable monitoring of lead and 
cadmium in seawater using screen-
printed electrode and electrochemical 
stripping analysis, Analytica chimica 
acta, 627(2), 219- 224, (2008). 

6. Zhiwei Z., Am J., Eric M., Pei-M. W., 
Jaephil D, Paul L.B. and Chong H.A.,  
Environmentally friendly disposable 
sensors with micro fabricated on-chip 
planar bismuth electrode for in situ 
heavy metal ions measurement: Sensors 
and Actuators B: Chemical 134(1), 18-
24, (2008). 

7. Haria P., Serena L. and Marco M., 
Miniaturized stripping-based carbon 
modified sensor for in field analysis of 
heavy metals: Analytica Chimica Acta, 
530(1), 61-67, (2005). 

8. Alcock S.J., Monitoring in polluted 
environments for integrated water soil 
management: Biosensors and Bio- 
electronics 21(1), 225-234, (2005). 

9. Vivian H.C.L, Ming-Te C., Yuen-Yi T., 
Kun-Lin O., Assessment of heavy metal 
bioavailability in contaminated 
sediments and soils using green 
fluorescent protein-based bacterial 
biosensors: Environmental Pollution 
142(1), 17-23, (2006). 

10. Arben M., Ulku A.K., Salvador A., 
Determination of lead and cadmium in 
tap water and soils by stripping analysis 
using mercury-free       graphite–epoxy 
composite electrodes : Comprehensive 



Journal of Environmental Research And Development Vol. 3 No. 3, January-March 2009 

839 
 

Analytical Chemistry 49, e47-e52, 
(2007). 

11. Raqued G., Gemma A., Clandia F., 
Enriqueta A. and Arben M., Sensitive 
and suitable monitoring of lead and 
cadmium in sea water using screen 
printed electrode and electrochemical 
stripping analysis: J. Analytica chimica 
acta 627(2), 219-224, (2008). 

12. Gil- Ho H., Won K.H., Joon S.P. and 
Sung G.K., An electrochemical sensors 
based on reduction of screen printed 
bismuth oxide for the determination of 
trace lead and cadmium sensors: J. 
sensors  Actuators B: Chemical 135(1), 
309- 316, (2008). 

13. Patrizia R., Mussini and Torquato M., 
Sulphate sensing electrodes: The lead 
amalgam/ lead sulphate electrode: Pare. 
applied chemistry 74(4), 593-600, 
(2002). 

14. Wassana Y., Yuehe L., Kitiya H., Glen 
E., Fryxell, Raymend A. and Charles T., 
Electrochemical sensors for the detection 
of lead and other toxic metals: The next 
generation of personal exposure bio 
monitors: Environmental health 
perspectives 115(12), (2007). 

15. Hiroshi H. and Kenji H., Analytical 
study of cadmium ion selective 
membrane electrode: J. of Analytical 
chemistry 257(2), 104- 107, (1971). 

16. Jan P., Martin A., Jaromi H., Vojtech A., 
Libuse T. and Rene K., New 
Hydrodynamic   electrochemical 
arrangement for cadmium ion detection 
using thick film chemical  sensors 
electrode: Sensors 6, 1498- 1512, (2006). 

17. Wassana Y., Yuehe L., Glen E.F. Brad 
J.B., Simultaneous detection of 
cadmium, copper, and lead using a 
carbon paste electrode modified with 
carbamoylphosphonic acid self-
assembled monolayer on mesoporous 
silica (SAMMS): Analytica chimica acta 
502(2), 207-212, (2004). 

18. Ahmad R., Mohammad R.G. and 
Mojtaba S., Lead ion selective PVC 
membrane electrode based on 5,5′-
dithiobis-(2-nitrobenzoic acid): Talanta 
46(6), 1341-1346, (1998). 

19. Luste, Janesa, Lustk, Pulluerits R., 
Adsorption of organic compound and 
hydrophilic of bismuth cadmium 
antimony electrode: J. Electro analytical 
chemistry 431(2), 183- 201, (1997). 

20. Abbas M. N. and Zahrum E., Novel solid 
state cadmium ion selective electrode 
based on its tetraiodo and tetrabromo ion 
pairs with cetylpridinium: electro 
analytical chemistry 578(2), 205-213, 
(2005). 







The Earth is Yours, Please Save it 


