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INTRODUCTION

The uttermost necessity to preserve the environment
relies on efficient methods for monitoring of
environmental pollutants. Pharmaceuticals, for
instance, are contaminants of emergent concern that
may cause deleterious effects on ecosystems and
consequently on human health. Their increasing
consumption allied to inefficiency on their full
treatment after disposal have contributed to an
aggravation of this problem, that still face no
regulatory measures or monitoring programs [1].
The development of electroanalytical methods may
be a pertinent and alternative analytical solution
towards detection of pharmaceuticals in the
environment, as they can offer fast, cheap, and
sensitive results. In order to design autonomous and
portable analytical systems, miniaturization of the
device should be equated and therefore alternative
electrode materials and designs must be employed.
Carbon fibre paper can be an excellent choice due to
its electronic and mechanical properties and their
reduced dimensions enable electrodes with different
sizes and shapes.

OBJECTIVE
The main objective of this work was the development
of a disposable unmodified carbon paper-based
sensor for detection of the widely used anti-
inflammatory drug, ketoprofen;
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Ketoprofen ● C16H14O3

● 254.3 g/mol

● Non-steroidal anti-inflammatory drug

● Propionic acid derivative 

Carbon paper:

1 mm 10 µm

-3

-2

-1

0

1

2

3

4

5

6

-0.3 -0.1 0.1 0.3 0.5 0.7 0.9 1.1

i 
(μ

A
)

E (V vs Ag/AgCl)

Pre-treatment of carbon paper:

● 0.5 M H2SO4

● 100 mV/s

● Rinsed with water 
after treatment

Characterizations:

● Cyclic voltammetry (CV) in Fe(CN)6
3-/4-, comparing carbon 

paper sensor with other carbon-based electrodes 

● Optimized differential pulse voltammetry (DPV) technique 
employed in ketoprofen detection

- Response was maximum at pH 5 and using the following DPV parameters: modulation amplitude and time of 70 mV and 5 ms; 
step potential and interval time of 17.5 mV and 0.1 s;

- Electrochemical response of ketoprofen showed a pronounced peak at -1.1 V (vs Ag/AgCl) in buffered aqueous solutions at pH 5.5, 
presenting a diffusion-controlled process;

Carbon paper constitutes a promising sensor for simple, disposable and portable applications in the fields of environmental analysis.

-3.0

-2.0

-1.0

0.0

1.0

2.0

3.0

-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

j(
m

A
 c

m
-2

)

E (V vs Ag/AgCl)

Toray
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BDD GCE PGE PyrGE SPCE Toray

ipa (mA cm-2) 1.24 1.28 1.28 1.3 1.02 2.73

ipc (mA cm-2) 1.24 1.26 1.31 1.35 1.07 2.74

∆Ep (mV) 103 95 110 95 162 140

k0 (cm s-1) 3.62x10-3 4.60x10-3 3.02x10-3 4.60x10-3 1.09x10-3 1.60x10-3

Electrochemical characterization of carbon paper compared with other carbon-based electrodes:

- 50 mV s-1

- 5 mM Fe(CN)6
3-/4-
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Electrochemical behavior of ketoprofen in Briton-Robinson pH 5:
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10 mV s-1

150 mV s-1

y = 742x - 45
R² = 0.994
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y = -0.054x - 0.784
R² = 0.987

-1.5

-1.3

-1.1

-0.9

-0.7

0 1 2 3 4 5 6 7 8 91011

E p
(V

)

pH

-0.30

-0.25

-0.20

-0.15

-0.10

-0.05

0.00

-1.6 -1.4 -1.2 -1.0 -0.8 -0.6

i p
(m

A
)

E (V vs Ag/AgCl)

0.00

0.05

0.10

0.15

0.20

0 1 2 3 4 5 6 7 8 91011

i p
(m

A
)

pH

0.00

0.05

0.10

0.15

0.20

0.25

0 1 2 3 4 5 6

i p
(m

A
 c

m
-2

)

Ketoprofen concentration (μM)

y=0.035x + 0.008
R2=0.998

y=0.024x + 0.033
R2=0.993
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Optimization of pH and DPV parameters:

Determination of ketoprofen in optimized conditions:
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- Higher voltammetric peaks were achieved with carbon paper sensor in comparison with all other carbon-based electrodes;

Carbon paper presented high sensitivity (35 μA μM-1 cm-2) with a linear range up to 6 μM and a low LOD of 0.12 μM; 

- 50 mV s-1


