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In this study, modified electrodes based on
reduced graphene oxide modified with iron (II)
phthalocyanine or nickel (II) phthalocyanine
were used for determination of lead in different
types of water samples using differential pulse
anodic stripping voltammetry. The lowest limits
of quantification obtained, were 0.001035 µg L−1
for the modified electrodes, and 0.00207 µg L−1
for unmodified electrodes, with a correlation
coefficient (R2) between 0.996 and 0.997. The
results obtained for the different sensors on real
water samples were compared with the standard
ISO method (SR EN ISO 11885:2009) using
inductively coupled plasma optical emission
spectrometry (ICP-OES) and it can be seen that
all the sensors compared very well for the
determination of Pb2+ ions in different types of
water.

INTRODUCTION*
There is currently a great concern in Europe (at
the European Commission) about some “toxic”
substances that are regularly detected in food coming
from a number of food sources.1–4 Retrieval data
studies revealed that the consumption of
contaminated commodities is related to several acute
chronic diseases in humans and animals.5–7
Lead from lead batteries, corrosion of lead
(housing and other lead plumbing systems) from lead
and iron pipes (example Flint river, USA),
contamination of lead from the environment and
*

leaching of lead from these sources into fresh water
rivers and lakes (even into food commodities) can
eventually become harmful to humans.8–15
A reliable, sustainable and convenient analytical
method therefore becomes needed for the
determination of lead ions in water. Lead
concentrations in drinking water should be below the
EPA action level of 0.015 mg L-1 (parts per
billion).16,17
We, therefore, developed a simple, sensitive
and selective electrochemical method for the
determination of lead ions in water. The method is
based on reduced graphene oxide modified
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electrodes with phthalocyanine for the detection of
lead from different types of water samples (e.g.,
fresh water, underground water, geothermal waste
water) using differential pulse anodic stripping
voltammetry (DPASV). The results compared
favourably with standard iso-certified methods.

dimethylformamide) was added to the reduced graphene oxide
pastes mixed with 25 µL paraffin oil. The modified paste was
placed into a very small plastic tube. Electrical contact was
obtained with an Ag wire inserted into the paste. The surface
of the electrode can be renewed by polishing with alumina
paper. When not in use, the sensors were stored in a dry state,
away from day light and at room temperature.

EXPERIMENTAL

RESULTS AND DISCUSSION

1. Reagents and instrumentation

1. Optimization of working conditions

All chemicals were of analytical reagent grade, and
Pb(NO3)2, KCl, NaCl, NaNO3, NaH2PO4·H2O, Na2HPO4 for
the different solutions were purchased from Sigma-Aldrich.
Reduced graphene oxide (RGox) was supplied by Sigma
Aldrich, and paraffin oil by Fluka (Buchs, Sweden). Iron(II)
phthalocyanine (Fe(II)Pc) and nickel(II) phthalocyanine
(Ni(II)Pc) were from Aldrich.
Phosphate buffer solutions (PBS, 0.1 mol L−1) with pH = 2–
10 were prepared by using different ratios between NaH2PO4 and
Na2HPO4. Hydrogen chloride (HCl, 0.1 mol L−1) and sodium
hydroxide (NaOH, 0.1 mol L−1) solutions were used for pH
adjustment.
The standard solutions for differential pulse voltammetry
(DPV) were prepared using 10-3 mol L−1 (207000 µg L−1) of
Pb2+ as stock solutions. All standard solutions of Pb2+ in the
range 10-4 – 10-12 mol L−1 (20700–0.000207 µg L−1) were
prepared from the stock solution by serial dilution, with
phosphate buffer solution (PBS) of different pHs containing
KCl, NaCl or NaNO3 (0.1 mol L−1) as supporting electrolytes.
All solutions were prepared using deionized water
obtained from a Direct-Q 3 Water Purification system
(Millipore Corporation, France).
All measurements were recorded using a PGSTAT 100 potentiostat/galvanostat connected to a three electrode cell, and
linked to a computer via an Eco Chemie (Utretch, The
Netherlands) software version 4.9. An Ag/AgCl electrode
served as reference electrode and a platinum electrode served
as auxiliary electrode, new developed sensors served as
working electrodes in the electrochemical cell. The pH
measurements were performed using a CyberScan PCD 6500
Multiparameter.
DPV curves have been recorded at 0.01 V s-1, with a pulse
height of 0.025 V and step potential of 0.05 V. All
measurements were performed at 25◦C.
2. Design of the microsensors RGox,
Fe(II)Pc/RGox, Ni(II)Pc/RGox
Reduced graphene oxide (RGox) pastes were modified
with iron(II) phthalocyanine (Fe(II)Pc) or nickel(II)
phthalocyanine (Ni(II)Pc). The modified reduced graphene
oxide pastes were prepared as follows: 100 mg of reduced
graphene oxide powder were mixed with 30 µL paraffin oil to
form the reduced graphene oxide pastes. 25 µL from the
solution of Fe(II)Pc (10-3 mol L−1, prepared in dimethyl
sulfoxide) or Ni(II)Pc (10-3 mol L−1, prepared in N,N

Various DPV curves (0.01 V s-1) were recorded
in order to optimized the working conditions for
RGox, Fe(II)Pc/RGox, Ni(II)Pc/RGox sensors,
using a 10-6 mol L-1 (207 µg L−1) solution of Pb2+
ions. Three different supporting electrolytes were
tested (0.1 mol L-1 NaCl, 0.1 mol L-1 KCl and
0.1 mol L-1 KNO3) in PBS pH = 2 – 10. Figure 1
show the effect of pH and supporting electrolyte on
the peak height for each sensor, using a solution of
10-6 mol L-1 (207 µg L−1) Pb2+ ions. The sensor
sensitivity increases in lower pH solutions. The
supporting electrolyte with 0.1 mol L-1 KCl, PBS
pH = 2 gave the best results for the Fe(II)Pc/RGox
sensor. For RGox and Ni(II)Pc/RGox sensors we
observed that the following two supporting
electrolytes have a good response: 0.1 mol L-1 KCl,
PBS pH = 2 or 0.1 mol L-1 NaCl, PBS pH = 2.
2. Optimization the parameters
for the condition parameters
Influence of various parameters deposition
potential, deposition time for RGox, for Fe(II)Pc/
RGox and for Ni(II)Pc/RGox sensors were
determinate using different supporting electrolytes
in 10-6 mol L-1 (207 µg L−1) Pb2+ ions. Figure 2
shows the results for deposition potential and
deposition time using different supporting
electrolytes. RGox or Ni(II)Pc/RGox sensors used
two supporting electrolytes: 0.1 mol L-1 KCl, PBS
pH = 2 or 0.1 mol L-1 NaCl, PBS pH = 2. For
Fe(II)Pc/RGox sensor only one supporting
electrolyte was used: 0.1 mol L-1 KCl, PBS
pH = 2. For all sensors the optimal response was
using 0.1 mol L-1 KCl, PBS pH = 2 as supporting
electrolyte and with a deposition potential for
-1.2 V and with a deposition time of 150 s.
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3. Response characteristic for Pb2+ ions
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different linear concentration domain (0.002070.1035 μg L-1), in comparison with the modified
electrodes based on reduced graphene oxide. However, the lowest limit of quantification was obtained
for the reduced graphene oxide electrodes modified
with Fe(II)Pc and Ni(II)Pc (0.001035 μg L-1).

The response characteristic for Pb2+ ions is presented in Table 1 and in Figure 3. All three sensors
have the proper high correlation coefficients (R2)
above 0.997. The highest sensitivity (3.8x10-7 A μg
L−1) was obtained for the unmodified sensor with a

a

b

c
2+

Fig. 1 – The effect of electrolyte and pH on the peak height for a concentration of Pb solution of 10−6 mol L−1 (207 µg L−1): (a)
RGox, (b) Fe(II)Pc/RGox, (c) Ni(II)Pc/RGox where H is the peak height (A).
Table 1
Response characteristics of the electrodes used for determination of Pb2+
Parameter
Sensors
RGox
Fe(II)Pc/RGox
Ni(II)Pc/RGox

Equation of
calibration*

r

Sensitivity
(A μg L−1)

Linear conc.
range (µg L−1)

H=2.3x10-9+3.8x10-7xC
H=2.0x10-9+5.7x10-8xC
H=-6.8x10-10+1.5x10-7xC

0.99847
0.99812
0.99871

3.8x10-7
5.7x10-8
1.5x10-7

0.00207– 0.1035
0.001035 – 1.035
0.001035 – 1.035

Limit of
quantification
(µg L−1)
0.00207
0.001035
0.001035

* H is the peak height (A); C is the concentration (μg L-1)

4. Real samples
Different types of waters (wasterwater, surface
water, drinking water from spring, groundwater)
were used for analytical determination of Pb2+ ions.
Buffered water samples (1:1, v/v) were screened
using the proposed sensors before and after the
addition of certain amounts of Pb2+ ions. The
results obtained using anodic stripping voltammetry

compared with the standard ISO-method (SR EN
ISO 11885:2009) using inductively coupled
plasma optical emission spectrometry (ICP-OES)
are presented in Table 2. It can be seen that all
sensors have good results for the determination of
Pb2+ ions in different types of water, and the
relative standard deviation (RSD%) was less than
0.19% (n = 5).

890

Georgiana-Luiza Arnold Tatu and Jacobus Frederick van Staden

a
b
Fig. 2 – Influence of various parameters: a) deposition potential, b) deposition time for RGox with 0.1 mol L-1 KCl, PBS pH = 2 as
supporting electrolyte, RGox with 0.1 mol L-1 NaCl, PBS pH = 2 as supporting electrolyte, Fe(II)Pc/RGox with 0.1 mol L-1 KCl,
PBS pH = 2 as supporting electrolyte, Ni(II)Pc/RGox with 0.1 mol L-1 KCl, PBS pH = 2 as supporting electrolyte, Ni(II)Pc/RGox
with 0.1 mol L-1 NaCl, PBS pH = 2 as supporting electrolyte, for a concentration of Pb2+ solution of 10−6 mol L−1 (207 µg L−1) where
H is the peak height (A).
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Fig. 3 – The anodic stripping voltamograms for the Pb2+ ions at different concentration;
insert: the peak current vs. the concentration of Pb2+ ions.
Table 2
Sample results (µg L-1) from different types of water samples for Pb2+
Sensors
Sample/ Method
Sample 1
wastewater
Sample 2
surface water
Sample 3
drinking water from
spring water
Sample 4
groundwater

RGox

Fe(II)Pc/RGox

Ni(II)Pc/RGox

ASV**
ICP-OES***
ASV**
ICP-OES***
ASV**

5.47±0.15
5.5
1.37±0.06
1.40
1.01±0.04

5.44±0.19
5.5
1.39±0.08
1.40
1.08±0.02

5.47±0.15
5.5
1.37±0.05
1.40
0.88±0.05

ICP-OES***

1.10

1.10

1.10

ASV**
ICP-OES***

0.59±0.01
0.6

0.57±0.01
0.6

0.59±0.02
0.6

* Relative standard deviation for 5 measurements (n=5)
** ASV = anodic stripping voltammetry
***ICP-OES = Inductively coupled plasma atomic emission spectroscopy.

CONCLUSION
Several sensors based on reduced graphene
oxide modified with Fe(II)Pc or Ni(II)Pc were
proposed for the determination of Pb2+ ions. It can
be seen that all sensors have the same parameters
(0.1 mol L-1 KCl, PBS pH = 2). The highest linear

domain for the sensors was recorded for the
modified electrodes. All sensors have good results
for the determination of Pb2+ ions in different types
of water.
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