
Lead is a toxic, odorless metal that can remain 
undetected in the environment. Its uptake has a 
range of adverse health effects. Because of its  
toxicity, it is important to evaluate current 
methods of detecting environmental lead. The 
focus of this experiment was to determine the 
accuracy of detecting lead in water sources using 
an inexpensive method: electrochemical analysis. 
An electrochemical cell using various 
concentrations of lead(II), and a constant zinc(II) 
concentration was used to perform the 
experiment.  Standardized tests show that 
smaller lead(II) concentrations coincide with lower 
voltages. Tests for an unknown lead(II) solution 
resulted in an error rate of 22.5%.

Abstract

Lead (Pb) is a blue-gray solid metal that has 
had many uses. In ancient times, Pb was used in 
cosmetics, building materials, and medicine [1]. In 
the early and mid1900’s, Pb was used for indoor 
paint, plumbing, and gasoline, but their use was 
banned in the late 1900’s. This ban, however, did 
not remove Pb as a threat: Pb pipes replaced by 
Cu pipes contain Pb solder, and developing 
countries use leaded gasoline, which travels 
through the air and deposits itself in soil [2]. 
Water containing Pb has been noted as being the 
second largest source of Pb in children [3]. Pb in 
water presents a problem because it is colorless 
and odorless when dissolved. 

Despite its uses, Pb has toxic effects on 
human health. Pb can mimic Ca+2 and disrupt 
biochemical process [2]. It can cause vitamin 
deficiencies, anemia, neuropathy [4], and is 
believe to adversely affect cognitive performance 
and behavior [2]. Female workers who have 
worked in environments containing Pb have been 
documented as having more miscarriages[1] and 
higher rates of infertility [2]. 

Electrochemical analysis provides an 
inexpensive method of detecting Pb in water. An 
electrochemical cell involving the redox reaction 
between Pb+2 and Zn+2 was used to determine if 
electrochemical analysis would provide a low 
error rate for detecting Pb in water samples. 
When compared to other inexpensive methods 
for testing metal ions, electrochemical analysis 
provided the lowest error rate for determining an 
unknown concentration of Pb.

Introduction

A Pb+2 solution was prepared by dissolving 
3.312 g Pb(NO3)2 in a flask containing 100 ml of 
water. Smaller Pb+2 concentrations were made by 
diluting the original solution with water by factors 
of 10. The following electrochemical cell was 
setup to perform the experiment: 

<Zn(s)│Zn+2(aq) ǁ Pb+2(aq)│Pb(s)>

Materials & Methods

• A lower voltage is associated with a smaller
lead(II)  concentration.

• The error rate using the average of the
calculated unknown  Pb concentrations was
22.5%.

• However, the error rate was 1.77% using the
average observed voltages.

Results 

The electrochemical cell’s ability to detect  Pb
concentrations at 0.0010 M suggest that an 
electrochemical cell may be enough to detect the 
government’s proposed limit of 10µgPb/dl blood for 
children[4], and the level of 45µgPb/dl blood, which is 
used to determine when chelating agents will be 
administered [5]. Despite a low error rate, an 
important trend was observed between the voltage 
and Pb+2 concentration: as the concentration of Pb+2

decreased, so did the voltage. Pb dosages in small 
amounts over time can add up, especially in children 
and infants, who lack a blood-brain barrier [1]. Also, 
Pb that accumulates in bones [4], can provide source 
of toxicity for developing embryos and fetuses in 
pregnant mothers [2]. Therefore, the more expensive 
and time consuming methods involving spectrometers 
may be needed to detect very low levels of Pb in 
water [4]. Future test would involve testing smaller Pb
concentrations to determine the  lowest possible Pb
concentration in which a measurable voltage can be 
detected, and using a different reducing agent and its 
respective electrode to observe differences in the 
voltages given. 

Conclusion
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Voltages for individual Pb+2 concentrations were 
taken by placing 10 ml of the Pb+2 solution inside a 
voltaic cell. An equal amount of Zn+2 solution was 
placed inside a porous cup, which was then placed 
inside the voltaic cell. Inside the porous cup, a zinc 
electrode was placed. A Pb electrode was placed 
outside of the porous cup. Wires from a voltmeter 
were attached to their respective electrodes, and a 
reading for the voltage was taken when the last wire 
was attached. Using half the volumes used for Pb+2

and Zn+2, tests for an unknown Pb+2 concentration 
were performed following the same procedure used 
for the standardized test. 
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