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Use of Nano-Sensors of the Interferences between 
Pb((II) with Each of Mg(II), Zn(II), Mn(II), Ca(II), Co(II) 
and PO4

-3 in Blood Medium:  An Electrochemical Study

Abstract
                         

Lead is considered a key element in causing autism disease in children due to the pollution of this 
dangerous element to human. The aim of this research is to obtain a chemical compound with the 
effect of inhibiting the oxidation of lead ions on the brain that causes the autism disease. Cyclic 
voltammetric technique was used to study the effect of interferences between lead ions with selected 
elements such as Mn(II), Mg(II), Zn(II), Ca(II), PO4

-3 and Co(II) in blood medium.  Multi wall carbon 
nano tube (MWCNT) which was modified with glassy carbon electrode (GCE) was used as a working 
electrode sensor in cyclic voltammetric method. The results showed that the oxidation and reduction 
current peaks of Pb(II) ions in the blood medium appeared at -0.2 and -0.8 V respectively. It was 
found that Co(II) ions had a significant effect on the Pb(II) ions in blood medium as anti-oxidative 
reagent by reducing the anodic current peak of Pb(II) with five folds and enhancing the cathodic 
current peak. But other ions such as Mn(II), Mg(II), Zn(II), Ca(II) and PO4

-3 reduced both redox 
current peaks of Pb(II) in blood medium. It means that Co(II) ions acted as a good anti-oxidative 
reagent in blood medium which reduced the effect of lead ions on brain cells by the blood stream. 
Hence, cobalt compounds could be used as drugs for treatment of the autism disease in children.
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Introduction 

Scientists have been interested in the studies 
of the effect of pollutants on human blood as they 
cause serious diseases, such as autism disease which 
is caused by the contamination of lead in children. 
Electrochemical studies by cyclic voltammetric method 
with modified working electrodes were realized for 

the redox current peaks of the pollutants in the blood 
medium [1-7]. Children polluted with higher levels of 
metals, such as lead and antimony in their urine suffered 
from more severe autism, suggesting that metal levels 
in their bodies may contribute to its seriousness [8-
10]. Electrochemical analysis is a powerful analytical 
technique used in pharmaceutical industry, metal 
industry and environmental applications [11]. 
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Novel nanostructure materials using carbon 
nanotubes as a sensor to detect Pb(II) in urine, 
blood and saliva was coupled with plasma-mass 
spectrometry. This improvement in the analytical 
sensor platforms will facilitate our ability to conduct 
biological monitoring programs to understand the 
relationship between chemical exposure assessment 
and disease outcomes [12].  

Glassy carbon electrode (GCE) was modified with 
carbon nanotubes CNT and C60 by attachment and 
solution evaporation techniques, respectively. The 
sensing characteristics of the modified film electrodes 
were demonstrated in this study for interference of 
Mn2+ in different heavy metals ion such as Hg2+, Cd2+ 
and Cu2+. The interfering effect was investigated which 
showed that positive interference was exerted on the 
redox peaks of Mn2+ [13].

Heavy metal pollution is one of the most serious 
environmental problems. Electrochemical sensors 
were used for the detection of heavy metals such as 
lead, cadmium, mercury, arsenic, etc. The stripping 
voltammetry techniques was used with  unmodified 
electrodes of mercury, bismuth or noble metals in the 
bulk form, or electrodes modified at their surface by 
nanoparticles, nanostructures (CNT, graphene) or other 
innovative materials such as boron-doped diamond [14].

A new electrochemical  method using gold 
nanoparticle-graphene-selenocysteine modified 
bismuth film GCE was applied, so as to improve the  
simultaneous determination of cadmium and lead trace 
in square wave anodic stripping voltammetry. The 
detection limit was 0.08 and 0.05 ppb for metal ions, 
and there was a high correlation coefficient of 0.9811 
and 0.99 respectively [15].

The electrochemical characterization of graphite 
electrodes modified with hexadecylpyridinium-
bis(chloranilato)-antimonyl(V) and their behavior as 
electrocatalysts toward the oxidation of sulfide were 
described in voltammetric technique [16].

The suggested mercury sensor was successfully 
applied for the determination of the trace of Hg2+ in 
different real samples. Satisfactory results were given 
by a simple, novel and very sensitive carbon paste 
sensor composed of nanomaterials [17].

In this study, a novel electrochemical sensor, GCE 
modified with carbon nanotubes was used to detect the 
effect of different chemical elements on the present of 
lead ions in blood medium as oxidative reagent which 

causes autism disease.

Experimental 
Reagents and chemicals

PbSO4 lead sulfate was from Central Drug House 
(CDH). MnCl2, MgCl2, CoCl2, ZnCl2, CaCl2, and 
KH2PO4 in high purity were from SCRC, China. 
Healthy human blood samples were received from Iraqi 
Blood Bank in Baghdad City of Medicine. Carbon 
nanotubes (CNT) with the diameter of 10 nm and the 
purity of 99% were supplied from Fluka, Germany. 
The other chemicals and solvents were of annular 
grade and used as received from the manufacturer. 
Deionize water was used for the preparation of aqueous 
solutions. All solutions were deaerated with oxygen 
free nitrogen gas for 10-15 min prior to making the 
measurement. 

Apparatus and procedures 

Instruments: EZstat series (potentiostat/glvanostat) 
NuVant Systems Inc. pioneering electrochemical 
technologies USA. Electrochemical workstations 
of Bioanalytical system with potetiostate driven by 
electroanalytical measuring softwares was connected 
to personal computer to perform Cyclic Voltammetry 
(CV), an Ag/AgCl (3M NaCl) and Platinum wire (1 
mm diameter) was used as a reference and counter 
electrode respectively. The glassy carbon working 
electrode (GCE) modified with MWCNT was used in 
this study after cleaning with alumina grand.

Preparing the MWCNT modified GCE (MWCNT/
GCE)

A mechanical attachment technique was employed 
[18, 19]. This technique included abrasive application 
of MWCNT nanoparticles at the clean surface of 
GCE, forming an array of MWCNT nanoparticles as 
MWCNT/GCE which immerse in 10 mL of electrolyte 
or blood sample in the cyclic voltammetric cell. 

Results and Discussion

The effect of different chemical elements on the 
pollutant that causes different diseases in humans 
especially in blood components was studied. One of 
the diseases that afflict children is autism which is 
due to the exposure to pollution of lead element in the 
blood and its effect on the brain [20, 21]. One of the 
main subjects in this field was the presence of lead ions 
in blood medium and its impact on the brain which 
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causes autism by electrochemical study with cyclic 
voltammetric technique [22-25]. 
Effect of Co(II) on Pb(II) in blood medium 
using CNT/GCE

In the latest studies of autism among children, the 
analysis of blood was made by electrochemical method. 
Lead ions effected on blood mainly as an oxidative 
stress that caused the disease (autism). Fig. 1 illustrates 
the redox current peaks of Pb(II) in blood medium and 
the impact of Co(II) ions on both redox current peaks 
of Pb(II) by decreasing the oxidative stress of Pb(II) 
and enhancing the reduction current peak of Pb(II) as a 
result of anti-oxidative effect. Therefore, Co(II) had an 
anti-oxidative effect in presence with Pb(II) in blood 
medium. A new method was found for the inhibition of 
lead ions in blood medium by using cobalt compounds 
as a treatment of the autism disease. Fig. 2 & 3 show 
that different concentrations of cobalt ions with lead 
ions in blood medium were affected by decreasing the 
anodic current peak of the lead ions and by enhancing 
the cathodic current peak of lead ions with a good 
sensitivity respectively.    

Effect of redox current peaks of Zn(II) on Pb 
(II) in blood medium

In the case of using zinc ions as interference with 
lead ions in blood medium. as is evident in Fig. 4 
which shows that the effect of redox current peaks 
of zinc ions on the lead ions in blood medium. It 
was noted that both redox current peaks of lead 
decreased when using zinc ions. Fig. 5 & 6 show that 
the relationship between the oxidation and reduction 
current peaks of Pb(II) decreased in the presence of 
Zn(II) at different concentrations with high sensitivity. 

Effect of redox current peaks of Mn(II) on 
Pb(II) in blood medium

In the other stud on the effect of Mn(II) on Pb(II) ions 
in blood medium, a different property was shown (Fig. 
7): both the oxidation-reduction current peaks of Pb(II) 
were enhanced with the interference of Mn(II). Also, the 
calibration curves for both anodic and cathodic current 
peaks against the different concentrations of Mn(II) 
showed a good sensitivity (Fig. 8 & 9). It was found 
that Mn(II) in blood medium effected on the blood 

Fig. 2 Plot Ipa (anodic current) versus different concentration of Co(II) (0.01-0.07 mmol) in 1 mmol Pb(II) at scan rate 100 mV/s 
using MWCNT/GCE versus Ag/AgCl.

Fig. 1 Cyclic voltammogram of 0.1 mmol Co(II) with 1 mmol Pb(II) in blood medium using MWCNT/GCE vs Ag/AgCl as reference 
electrode at SR 100 mV/s.
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Fig. 3 Plot Ipc (cathodic current) versus different concentration of Co(II) (0.001-0.009 mmol) in 1 mmol Pb(II) at scan rate 100 mV/s 
using MWCNT/GCE versus Ag/AgCl.

Fig. 4 Cyclic voltammogram of 0.1 mmol Zn(II) with 1 mmol Pb(II) in blood medium using MWCNT/GCE vs Ag/AgCl at SR 100 
mV/s.

Fig. 5 Plot Ipa (anodic current) versus different concentration of Zn(II) (0.01-0.1 mmol) in 1 mmol Pb(II) at scan rate 100 mV/s using 
MWCNT/GCE versus Ag/AgCl.

Fig. 6 Plot Ipc (cathodic current) versus different concentration of Zn(II) (0.01-0.1 mmol) in 1 mmol Pb(II) at scan rate 100 mV/s 
using MWCNT/GCE versus Ag/AgCl.
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component as an oxidative agent [3].

Effect of redox current peaks of Mg(II) on 
Pb(II) in blood medium

It was found when using Mg(II) to effecti on Pb((II) 
in blood medium, both the oxidation and the reduction 
current peaks of Pb(II) decreased as shown in Fig. 10. 
A good sensitivity of the calibration curves was shown 
for both anodic and cathodic current peaks of Pb(II) 

Fig. 7 Cyclic voltammogram of 0.1 mmol Mn(II) with 1 mmol Pb(II) in blood medium using MWCNT/GCE at SR 100 mV/s.

Fig. 8 Plot Ipa (anodic current) versus different concentrations of Mn(II) (0.01-0.1 mmol) in 1 mmol Pb(II) at scan rate of 100 mV/s 
using MWCNT/GCE versus Ag/AgCl.
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Fig. 9 Plot Ipc (cathodic current) versus different concentrations 
of Mn(II) (0.04-0.1 mmol) in 1 mmol Pb(II) at scan rate of 100 
mV/s using MWCNT/GCE versus Ag/AgCl.
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Fig. 10 Cyclic voltammogram of 0.1 mmol Mg(II) with 1 mmol Pb(II) in blood medium using MWCNT/GCE vs Ag/AgCl at SR 100 
mV/s.
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(Fig. 11 & 12).   

Effect of redox current peaks of Ca(II) on Pb(II) 
in blood medium

Fig. 13 shows the good effect of calcium ions on 
the lead ions in blood medium which decreased the 
oxidative effect of Pb(II) in blood components and 
enhanced the cathodic current peak of Pb(II); hence, 
Ca(II) ions acted as an inhibitor of the oxidative stress 
of Pb(II) in blood medium. Fig. 14 & 15 show the good 
sensitivity of the relationships between both redox 
current peaks and different concentrations of Ca(II) in 
blood medium in presence with Pb(II) ions.  
Effect of redox current peaks of PO4(III) on 
Pb(II) in blood medium 

Fig. 16 shows that phosphate ions acted as a good 
inhibitorof oxidative stress of Pb(II) in blood medium, 

Fig. 11 Plot Ipa (anodic current) versus different concentrations of Mg(II) (0.01-0.1 mmol) in 1 mmol Pb(II) at the scan rate of 100 
mV/s using MWCNT/GCE versus Ag/AgCl.
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Fig.  12 Plot  Ipc (cathodic  current)  versus  different 
concentrations of Mg(II) (0.04-0.1 mmol) in 1 mmol Pb(II) 
at the scan rate of 100 mV/s using MWCNT/GCE versus Ag/
AgCl.
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Fig. 13 Cyclic voltammogram of 0.1 mmol Ca(II) with 1 mmol Pb(II) in blood medium using MWCNT/GCE vs Ag/AgCl at SR 100 mV/s.

Fig. 14 Plot Ipa (anodic current) versus different concentrations of Ca(II) (0.001-0.01 mmol) in 1 mmol Pb(II) at the scan rate of 100 
mV/s using MWCNT/GCE versus Ag/AgCl.
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Fig. 15 Plot Ipc (cathodic current) versus different concentration of Mg(II) (0.001-0.01 mmol) in 1 mmol Pb(II) at scan rate 100 mV/s 
using MWCNT/GCE versus Ag/AgCl.

Fig. 16 Cyclic voltammogram of 0.1 mmol KH2PO4(II) with 1 mmol Pb(II) in blood medium using MWCNT/GCE vs Ag/AgCl at 
scan rateof 100 mV/s.

Fig. 17 Plot Ipa (anodic current) versus different concentration of KH2PO4 (0.001-0.01 mmol) in 1 mmol Pb(II) at scan rate of 100 
mV/s using MWCNT/GCE versus Ag/AgCl.
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but there was no significant effect of cathodic current 
peak of Pb(II) in blood medium. It was shown the 
effect of PO4(II) on Pb(II) by the relationship between 
the redox current peaks and different concentrations of 
phosphate ions in blood medium as shown in Fig. 17 & 
18 by good sensitivity in calibration equations. 

Conclusions 

Cyclic voltammetric technique was used for the first 

time in determining the impact of pollutants on blood 
disease that causes autism and how to discourage the 
use of other elements. Using nanoscale sensors enabled 
us to study the lead element in blood medium and 
its interference with other elements such as calcium, 
zinc, cobalt, manganese and magnesium phosphate as 
supporting materials for the retardant work of lead in 
blood.  

By using electrochemistry analysis, we found that 
the cobalt components could effect as an inhibitor 
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of lead components in blood medium and could in 
a way increase the oxidative stress of lead ions and 
enhance the reduction current peak as an anti-oxidative 
reagent; therefore, cobalt and its compounds could be 
considered as a treatment for autism disease.

In the second order for inhibition of impact of lead 
ions in blood medium was found in this study each 
of calcium and phosphate ions with present of the 
lead ions in blood medium. So, it can be said that the 
mixing of cobalt, calcium and phosphate compounds 
could reduce the effect of pollution of lead ions in 
blood especially in the people suffering from autism 
disease.

Conflict of Interests

The authors declare that no competing interest 
exists. 

References 

[1] L.R. Junior, G. Neto, and R. Fernandes, Determination 
of salicylate in blood serum using an amperometric 
biosensor based on salicylate hydroxylase immobilized in 
a polypyrrole-glutaraldehyde matrix. Talanta, 2000, 51: 
547-557.

[2] M.M. Radhi, H.N. Abdullah, S.A. Al-Asadi, et al., 
Electrochemical oxidation effect of ascorbic acid on 
mercury ions in blood sample using cyclic voltammetry. 
Int J Ind Chem., 2015, 6(4): 311-316. 

[3] M.M. Radhi, W.T. Tan, Voltammetric detection of Mn(II) 
in blood sample at C60 and MWCNT modified glassy 
carbon electrodes. Ame J Appli. Sci., 2010, 7 (3): 439-
445.

[4] M.M. Radhi, D.S. Dawood, and N.K. Al-Damlooji, 
Development of electrochemical sensors for the 
detectionof mercury by CNT/Li+, C60/Li+ and activated 

carbon modified glassy carbon electrode in blood 
medium. Sensors & Transdu, 2012, 146, 11:191-202.

[5] M.M. Radhi, N.K. Al-Damlooji, B.K. Abed, et al., 
Electrochemical sensors for detecting Mn (II) in blood 
medium. Sensors & Transdu, 2013, 149(2): 89-93.

[6] M.M. Radhi, M.S. Khalaf, Z.O. Ali, et al., Voltammetric 
analysis of Zn (II) in present of each ascorbic acid (AA) 
and folic acid (FA) in human blood samples. AASCIT 

Commus, 2016, 3: 113-119.
[7] T.W. Tee, R.M. Mizher, and A.B. Kassim, Application 

studies to voltammetric detection of trace Hg(II) by 
different modified solid glassy carbon electrode. Aust J 

Basic Appl Sci., 2011, 5: 2475-2481.
[8] A.A. Abdullah, E.A.J. Al-Mulla, I.H.T. Al-Karkhi, et al., 

Electrochemical studies of copper fatty amides complex 
in organic medium. Res. Chem. Intermed., 2013, 39 (6): 
2463-2471.

[9] J.B. Adams, M. Baral, E Geis, et al., Toxic metals may 
influence autism severity. J Toxicology, 2009, 9: 1-7.

[10] E.A.J. Al-Mulla, K.W.S. Al-Janabi, Extraction of cobalt 
(II) from aqueous solution by N, N′-carbonyl difatty 
amides. Chin. Chem. Lett., 2011, 22 (4): 469-472. 

[11] O.A. Farghaly, R.S.A. Hameed, and H. Abu-Nawwas, 
Analytical application using modern electrochemical 
techniques, Int J Electrochem. Sci., 2014, 9: 3287-3318.

[12] W.Yantasee, Y. Lin, and K. Hongsirikarn, Electrochemical 
sensors for the detection of lead and other toxic heavy 
metals: The next generation of personal exposure 
biomonitors. Environ Health Perspect., 2007, 115(12): 
1683-1690.

[13] M.M. Radhi, M.R. Jobayr, E.M.T. Salman, et al., 
Electrochemical interferences of Mn2+ with Hg2+, Cd2+ and 
Cu2+ at different modified GCE. Austral J Bas Appli Sci., 
2012, 6(9): 357-363.

[14] G. March, T.D. Nguyen, and B. Piro. Modified electrodes 
used for electrochemical detection of metal ions in 
environmental analysis. Biosensors, 2015, 5: 241-275.

[15] A.F. Al-Hossainya, A.A.I. Abd-Elmageedb, and A.A. 
Ibrahim, Synthesis, structural and optical properties of 
gold nanoparticle-graphene-selenocysteine composite 
bismuth ultrathin film electrode and its application to 
Pb(II) and Cd(II) determination. Arab J Chem., 2015, 6: 
20-29.

[16] M.I. Prodromidis, P.G. Veltsistas, and M.I. Karayannis, 
Electrochemical study of chemically modified and screen-
printed graphite electrodes with [SbVO(CHL)2]Hex. 
Application for the selective determination of sulfide. 

Fig. 18 Plot Ipc (cathodic current) versus different concentration of KH2PO4 (0.003-0.01 mmol) in 1 mmol Pb(II) at scan rate of 100 
mV/s using MWCNT/GCE versus Ag/AgCl.

y = 860687x2  14289x  368.96
R2  0.9877

340

335

330

325

320

315

310

305

C
ur

re
nt

 Ip
c 

(
A

)

0 0.002 0.004 0.006 0.008 0.010 0.012
Concentration KH2PO4 (mmol)



207Nano Biomed. Eng., 2017, Vol. 9, Iss. 3

http://www.nanobe.org

Anal. Chem., 2000, 72 (17): 3995-4002.
[17] A. Shirzadmehr, A. Afkhami, and T. Madrakian, A new 

nano-composite potentiometric sensor containing an Hg2+ 
imprinted polymer for the trace determination of mercury 
ions in different matrices. J Mole Liq., 2015, 204:227-
235.

[18] W. Tan, J. Goh, Electrochemical oxidation of methionine 
mediated by a fullerene-C60 modified gold electrode. 
Electroanalysis, 2008, 20 (22): 2447-2453.

[19] S.M.M. Al-Mutoki, B.A.K. Al-Ghzawi, A.A. Abdullah, et 
al., Synthesis and characterization of new epoxy/titanium 
dioxide nanocomposite. Nano Biomed. Eng., 2015, 7 (4): 
135-138. 

[20] E.B. Caronna, J.M. Milunsky, and H. Tager-Flusberg, 
Autism spectrum disorders: clinical and research frontiers. 
Arch Dis Child., 2008, 93(6): 518-523.

[21] C.J. Newschaffer, L.A. Croen, and J. Daniels, The 
epidemiology of autism spectrum disorders. Annu Rev 

Public Health, 2007, 28: 235-258.
[22] C.E. Hagan, J.F. Neumaier, and J.O. Schenk, Rotating 

disk electrode voltammetric measurements of serotonin 
transporter kinetics in synaptosomes. J Neurosci Methods, 

2010, 193(1): 29-38. 
[23] A.A. Albakry, A.M. Jassim, and S.A. Alassady, 

Electrochemical study of Pb(II) in present of each 
ascorbic acid, glucose, urea and uric acid using blood 
medium as an electroly. Nano Biomed. Eng., 2016, 8: 9-15.

[24] M.M. Radhi,  H.N. Abdullah,  M.S. Jabir,  et  al . , 
Electrochemical effect of ascorbic acid on redox current 
peaks of CoCl2 in blood medium. Nano Biomed. Eng., 
2017, 9 (2): 103-106.

[25] M.M. Radhi, H.A.B.T. Al-Shimmari, E.A.J. Al-Mulla, 
et al., New voltammetric study of MgCl2 as alternative 
contrast media in MRI molecular imaging. Nano Biomed. 

Eng., 2017, 9(2): 152-161.

Copyright© 2017 Yousif Kadhim Abdul-Amir, Muhammed 
Mizher Radhi, and Emad Abbas Jaffar Al-Mulla. This is an 
open-access article distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, 
distribution, and reproduction in any medium, provided the 
original author and source are credited.


