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Abstract: Persistent organic pollutants such as pharmaceuticals (iohexol and paracetamol) released into the environment is 

an environmental problem. Thus our objective is to propose an effective and less expensive method for the determination of 

their concentrations in the environment. In this work the detection and quantification of pharmaceuticals (iohexol and 

paracetamol) were performed using cyclic voltammetry and differential pulse voltammetry (DPV). The anode used is a 

boron-doped diamond electrode (BDD) modified with gold particles (Au-BDD). The characterization of the Au-BDD electrode 

surface by scanning electron microscopy coupled to energy dispersive spectroscopy and by the electrochemical method (cyclic 

voltammetry) showed the presence of gold particles uniformly distributed on the anode surface. DPV method allowed to obtain 

two calibration curves for iohexol and paracetamol concentrations ranging respectively from 4 µM to 67.42 µM and from 0.8 

µM to 22.943 µM. The limits of detection are respectively 1.13 µM and 0.045 µM for iohexol and paracetamol. These results 

show that the presence of gold particles on the anode surface improved the detection of paracetamol. These pharmaceuticals 

were detected in an ionic environment and it was noted that the interference phenomenon was very negligible during the 

detection of these two pharmaceuticals. This shows that our anode can be used to determine PCM and IHX concentrations in 

highly charged media. 
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1. Introduction 

Emerging contaminants, such as pharmaceuticals, are a 

global problem for the last decades, as new pharmaceuticals 

are constantly being developed [1, 2]. Their enormous 

presence in the aquatic environment is mainly due to the 

disposal of industrial and especially pharmaceutical effluents, 

domestic and hospital wastewater [3-5]. Among these 

pharmaceutical products we have iohexol, iodinated contrast 

agents used on a large scale in radiology clinics, and medical 

imaging [6, 7]. Iohexol is a product whose molecule is 

non-biodegradable and non-transformable by the human 

body; it is eliminated entirely through the buttocks or urine 

once the medical diagnosis is completed [8]. In addition to 

iohexol, we have paracetamol which is frequently used to 

relieve pain, headaches and migraine. It is a drug widely used 

to reduce fever in children and adults. Its molecular structure 

is non-biodegradable so that it breaks down into very toxic 

metabolites [9]. The intensive use of paracetamol and iohexol 

in our hospitals and homes leads to their presence in the 

environment, and more precisely in surface water through the 
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sewage system. Their abundance in nature poses a real 

environmental problem especially for the living beings in our 

waters. The most commonly used techniques for the 

detection and quantification of these pharmaceuticals are 

capillary electrophoresis, liquid chromatography/mass 

spectrometry (LC/MS) [10, 11] and liquid chromatography 

(HPLC/UV) [12, 13]. All these approaches require 

sophisticated equipment and sufficient financial means. 

Therefore, the electrochemical detection of these 

pharmaceuticals is of interest. Several electrochemical 

sensors have demonstrated their performance in the detection 

and quantification of pharmaceuticals, including the platinum 

electrode [14], the carbon electrode [15], and the 

boron-doped diamond (BDD) [16]. BDD electrode is an 

electrode with a very high stability, chemical inertia, high 

thermal conductivity... [17, 18]. This electrode has been used 

as an electrochemical sensor for the detection of paracetamol 

(LOD = 0.47 µM) [9] and Iohexol (LOD = 1.953 µM) [19]. 

In order to improve the electrochemical properties of the 

BDD for the detection and quantification of paracetamol and 

iohexol, we will proceed to the modification of its surface by 

a transition metal like gold. In previous studies authors have 

shown that the modification of the electrode surface by gold 

nanoparticles would improve the electrochemical response 

due to the increase of the active surface and the intrinsic 

properties of gold at the nanometer size [20]. In this work we 

will use gold nanoparticle electrodeposition (three-pulse 

nucleation-growth deposition) on BDD to detect and quantify 

iohexol and paracetamol and then compare the results 

obtained by other researchers' research on these two 

pharmaceuticals. 

2. Methods 

2.1. Voltammetric Study 

For the realization of this work an electrochemical cell 

comprising a working electrode, a reference electrode and a 

counter electrode was used. The working electrode is a boron 

doped diamond electrode modified by gold particles 

(Au-BDD). The counter electrode is a wound platinum wire 

and the reference electrode is a mercury sulfate electrode 

(MSE). Our three electrodes were connected to a PGSTAT 20 

autolab (Ecochemie) connected by interface to a computer for 

data acquisition. 

2.2. Chemicals 

Potassium hydrogen phosphate hydrate (K2HPO4.3H2O), 

sodium sulfate (Na2SO4) and magnesium Sulfate (Mg2SO4) 

was obtained from Merck. Sulfuric acid (H2SO4) was 

purchased from Panreac, Germany and HAuCl4 

(tetrachlorauric acid) solution was obtained from 

SIGMA-ALDRICH, USA. Iohexol (Omnipaque TM 300 mg 

I/mL, C19H26I3N3O9) was provided by GE Healthcare (France) 

and paracetamol (C8H9NO2) was purchased from a pharmacy 

in Abidjan. 1 mM stock solutions of paracetamol and iohexol 

were prepared separately by dissolving precise amounts of the 

drugs in an appropriate volume of 0.1 M H2SO4. 

2.3. Pretreatment of the BDD 

The BDD electrode underwent electrochemical 

pretreatment in a 0.5 M H2SO4 solution. For this pretreatment, 

an anodic pretreatment (+2 V, 15 s) is followed by a cathodic 

pretreatment (-2 V, 90 s). In this way, the BDD surface was 

first cleaned of all impurities and then rendered primarily 

hydrogen [9]. 

2.4. Deposition of Gold Particles 

Electrochemical deposition of gold particles on BDD 

surface was performed in a 0.1 M H2SO4 solution containing 

0.25 M HAuCl4. We used three-pulse nucleation growth 

deposition (three-pulse deposition) [21, 22]. The potential and 

duration of the pulses induce rapid reduction of the gold 

avoiding significant hydrogen evolution and thus maintaining 

the surface termination of the electrode. A nucleation pulse 

consists of 2 s at -1.09 V/MSE, followed by growth pulses at 

-0.39 V/MSE (150 s, 300 s, 800 s respectively) [23]. After the 

three deposits, we rinsed the Au-BDD electrode with 

bidistilled water. 

3. Results and Discussion 

3.1. Characterization of the Synthesized Electrode Surface 

3.1.1. Scanning Electron Microscopy 

Figure 1A shows the scanning electron microscope (SEM) 

image of the boron-doped diamond electrode. In this image, 

randomly oriented crystals of a few micrometers in size with 

predominantly cubic and triangular faces can be distinguished. 

This image indicates that BDD has a polycrystalline structure 

[24, 25]. The grains are strongly bonded to each other. At the 

bottom of the diamond grains, a dark space is observed; this 

may be related probably to the graphitic carbon (Csp2) formed 

during the BDD preparation. 

The image of the prepared Au-BDD electrode (Figure 1B) 

shows that its surface is coated with gold particles. These gold 

particles are uniformly distributed on BDD surface. However, 

at the bottom of the gold nanoparticles, the boron-doped 

diamond crystals are observed. This shows that our electrode 

is composed of boron-doped diamond crystals on which gold 

nanoparticles are attached. 

Figures 1C and 1D show the scanning electron 

microscopies of carbon and gold of Au-BDD electrode, 

respectively. Figure 1C shows the presence of carbon particles 

on the surface of the new electrode, this presence of carbon 

observed would be due to the substrate (BDD) used to perform 

the electrodeposition of gold particles. From the observation 

of figure 1D, we can see that the gold nanoparticles obtained 

are well dispersed with a good coverage of the electrode 

surface. All this would attest that the gold electrodeposition 

followed by a progressive nucleation mechanism would 

promote a greater dispersion of gold nanoparticles and an 

increase in the amount of new nuclei for gold deposition on 

the BDD substrate. 
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Figure 1. SEM of BDD (A) and Au-BDD (B) surface, image of the carbon particles (C) and gold particles (D) of the Au-BDD electrode. 

3.1.2. Energy Dispersive Spectroscopy (EDS) Analysis 

EDS measurements were performed on BDD and Au-BDD 

electrodes to determine the chemical composition of their 

surface. Figure 2 shows the EDS spectra obtained. The 

spectrum of the BDD electrode shows two intense peaks at 0.1 

KeV and 1.9 KeV which characterize respectively the 

presence of carbon and silicon. We also note the presence of 

oxygen on electrode surface. Au-BDD spectrum shows peaks 

characteristic of carbon and silicon which were present on the 

BDD spectrum. Several peaks characteristic of gold are also 

observed on this spectrum. This shows that the Au-BDD 

electrode contains gold on its surface. These results confirm 

those obtained by SEM measurements. On the spectrum of the 

Au-BDD electrode, we note the presence of a characteristic 

peak of aluminum which would be due to a contamination of 

electrode surface during handling. 

Table 1 shows the chemical elements present on the surface 

of the Au-BDD electrode and their mass percentage. This 

table confirms the presence of gold particles on the electrode 

surface. We also note the presence of Si which was present on 

the BDD electrode. It can be seen that the mass percentage of 

impurities due to Al is negligible (0.03%) compared to the 

other constituents. 

  

Figure 2. EDS spectrum of BDD (A) and Au-BDD (B) electrodes. 
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Table 1. Mass percentage of chemical elements on Au-BDD electrode surface. 

Elements C Si Au Al Total 

Mass [%] 94.41 5.2 0.36 0.05 100 

3.1.3. Electrochemical Characterization 

Figure 3A shows the study performed on the behavior of the 

electrodes in potassium ferri-ferrocyanide solutions in the 

presence of potassium perchlorate (0.1 M) as supporting 

electrolyte. On this figure, the cyclic voltammograms of the 

two electrodes (Au-BDD and BDD) have the same appearance. 

On these voltammograms we observe that the intensities of the 

oxidation and reduction peaks are higher for Au-BDD and 

lower for BDD. This behavior of Au-BDD towards the 

ferri/potassium ferrocyanide couple indicates that the catalytic 

effect of the gold particles allowed the increase of the active 

surface. 

Figure 3B shows the voltammograms of Au-BDD (red 

curve) and BDD (black curve) in sulfuric acid medium (0.1M). 

The measurement was performed at a scan rate of 20mV/s, in a 

potential range between 0 and 1 V/MSE. The curve 

representing the i = f (E) characteristic of the Au-BDD 

electrode shows peaks in both the forward and reverse 

directions of the potential scan, while that of the BDD shows 

no peaks in this chosen potential range. Indeed, in the forward 

direction, a peak is present at 0.729 V/MSE then the other at 

0.886 V/MSE which would be related to the oxidation of the 

gold particles. There are two peaks in the return scan at 0.468 

V/MSE and 0.335 V/MSE, reflecting the reduction of these 

gold oxides. These results confirm the presence of gold 

particles on the surface of our anode. 

  

Figure 3. (A) Cyclic voltammograms of �������
�	/�	 on Au-BDD and BDD in KClO4; (B) Cyclic voltammogram of Au-BDD and BDD in H2SO4 (0.1M). 

3.2. Voltammetric Measurements 

3.2.1. Cyclic Voltammograms of Iohexol (IHX) 

Figure 4A shows the voltammetric measurements in the 

presence of several concentrations of IHX (0.0625 mM to 1 

mM) in H2SO4 (0.1 M). In this figure, we note that the 

oxidation peaks current intensity increases with increasing 

IHX concentration. The oxidation peak current intensity was 

studied as a function of IHX concentration. The curve 

obtained is straight with determination coefficient R
2
 = 0.9996 

(Figure 4B). The proportionality between peak current and 

IHX concentration shows that IHX is responsible for the 

observed peaks. The absence of peaks in the return direction 

would show an irreversible character of the phenomenon. 

  

Figure 4. (A) Cyclic voltammograms (CVs) of IHX in H2SO4 (0.1 M); (B): JP curve as a function of Iohexol concentration. Scan rate: 50 mV/s. 

3.2.2. Cyclic Voltammograms of Paracetamol (PCM) 

Figure 5A shows the CVs of our anode in the presence of 

various concentrations of PCM (0.125 mM to 2 mM) in H2SO4 

(0.1 M). This figure shows that the value of the oxidation 

peaks potential increases with PCM concentration. It is also 
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noted that the peak current intensity increases with PCM 

concentration. Figure 5B shows that there is linearity between 

the oxidation peak current intensity and the concentration of 

drug product introduced into the reaction medium. The line 

obtained has a determination coefficient R
2
 = 0.9927 which is 

very close to 1. This proves that the observed oxidation peak is 

related to the paracetamol. 

  

Figure 5. (A) CVs of PCM in H2SO4 (0.1 M); (B): JP curve as a function of paracetamol concentration; Scan rate: 50 mV/s. 

3.3. Differential Pulse Voltammetries 

3.3.1. Measurement Conditions 

To achieve better voltammetric detection of 

pharmaceuticals, we used the optimization conditions used by 

Koffi et al [26]. The optimization parameters used are listed in 

Table 2. 

Table 2. Measurement conditions for differential pulse voltammetries [26]. 

Parameters Iohexol 

pretreatment potential (V) -2 

pretreatment time (s) 90 

Modulation amplitude (V) 0.1 

Modulation time (s) 0.05 

Potential step (mV) 0.007 

3.3.2. Differential Pulse Voltammetries of IHX 

Au-BDD electrode was used to validate the method for 

detecting iohexol in sulfuric acid. The values of the IHX 

concentration chosen are between 0 µM and 67.42 µM. Figure 

6 shows the results obtained. In this figure, an increase in the 

peak current density with IHX concentration of is noted. 

The calibration curve was determined for IHX 

concentrations ranging from 4 µM to 67.42 µM. Over this 

concentration range, two lines with different slopes were 

obtained. The first curve obtained for concentrations starting 

from 4 µM to 15.81 µM is a straight line with determination 

coefficient of R
2
 = 0.9976. In this range, the limit of detection 

(LOD) is 1.13 µM and limit of quantification (LOQ) is 3.78 

µM. The limits of detection and limit of quantification were 

determined using the relationships (1) and (2). The second 

range of concentrations located between 23.53 µM and 67.42 

µM made it possible to obtain a line of determination 

coefficient R
2
 = 0.9984 which is very close to 1. This reflects a 

good linearity of the method for this range of concentration. 

For this chosen range the limit of detection is 2.56 µM and a 

LOQ of 8.54 µM. The limit of detection and the limit of 

quantification were determined using the relations (1) and (2). 

  

Figure 6. (A) Differential pulse voltammetries (DPVs) of iohexol (0 µM to 67.42 µM) ; (B) JP curve versus IHX concentration. 

LOD = 3*SD / b                (1) 

LOQ = 10*SD / b                (2) 

Where SD is the standard deviation of the current density 

signals and b is the slope of the method calibration curve. 

3.3.3. Differential Pulse Voltammetries of PCM 

Figure 7A shows differential pulse voltammeter curves 

recorded in sulfuric acid in the presence of PCM (0 µM to 
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22.943 µM). On this figure we notice that the oxidation peak 

of PCM evolves with the concentration introduced in the 

reaction media. The peak currents intensities of the various 

voltammograms obtained allowed to draw the calibration 

curve for the concentrations going from 0 µM to 22.943 µM 

(Figure 7B). The LOD and LOQ were calculated for this 

concentration range of PCM. The respective LOD and LOQ 

values are 0.045 µM and 0.133 µM. 

  

Figure 7. (A) DPVs at different paracetamol concentrations (0 µM to 22.943 µM); (B) IP curve as a function of PCM concentration. 

3.3.4. Influence of Inorganic Ions on IHX and PCM 

Detection 

Inorganic ions exist in large quantities in the environment 

and can interfere with iohexol and paracetamol during its 

detection. The products we have chosen to study the 

phenomenon of interference are: di-potassium hydrogen 

phosphate hydrate (2K
+ 

; HPO�
�	), magnesium sulfate hydrate 

(Mg
2+

; SO4
2-

) and sodium sulfate (2Na
+
; SO4

2-
). This study 

occurred in a 0.1 M sulfuric acid solution containing IHX (20 

µM) and PCM (20 µM). It should be noted that these studies 

were performed separately with respect to each drug product. 

To these solutions of IHX and paracetamol, 3.846 mM; 

7.407 mM and 10.714 mM were successively added which 

are the concentrations of the different products listed above. 

The peak current densities obtained by the DPV method in 

the presence of the interfering compounds were deduced 

from that obtained without interfering compounds. The 

formula for calculating the interference for each compound 

acting on the iohexol detection signal is: 

X = ���

�  � 100� � 100            (3) 

Where J' is the peak density of the interfered signal of each 

drug product and J is that of the signal without interferents. 

Table 3. Influence of inorganic ions on IHX and PCM detection. 

Interfering Compounds 
% change in peak current density in DPV (J - 100%) 

for IHX 

% change in peak current density in DPV (J - 100%) 

for PCM 

 
-5.452 0.172 

K2HPO4.3H2O -4.272 -5.122 

 
-1.971 -1.943 

 
4.067 -1.210 

Na2SO4 -3.596 0.956 

 
-5.046 -4.121 

 
-1.390 0.804 

Mg2SO4 -4.749 -2.723 

 
3.139 -5.057 

 

Table 3 presented us the different values of interference. 

From the observation of this table we see that the percentage 

of interference is between ± 0.172 % and ± 5.452 % for the 

concentrations of K
+
, HPO�

�	, Mg
2+

, SO�
�	et Na

+
 ions. It can 

be seen that the concentrations of these ions being more than 

100 times higher than that of IHX and PCM produces a very 

negligible effect on the peak detection of these 

pharmaceuticals. This shows that these ions do not interfere 

with IHX and PCM detection. These results allow us to 

affirm that in an ion-laden environment such as wastewater, 

our method can be used for the detection and quantification 

of iohexol and paracetamol. 

3.3.5. Comparison of IHX and PCM Detection Methods 

Table 4 shows that our proposed analytical method is 

suitable for the detection and quantification of trace 

iohexol in wastewater, as the developed electrochemical 

sensor (Au-BDD) achieves a detection limit for trace 

iohexol (1.13 µM). This value is lower than the values 

found by some authors [19, 27-29]. This shows that the 

method is reliable. 
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Table 4. Comparison of iohexol detection methods. 

Method Media Detection range LOD References 

LC-MS/MS Human serum 10 - 1000 µg/mL 3 µg/mL [27] 

CE (Capillary Electrophoresis Human serum 13 - 305 mg/L 10 - 32 µg/mL [28] 

HPLC-UV Rat Plasma 0.05 - 5 µg/mL 
 

[29] 

Electrochimic (DPV) H2SO4 (0, 1M) 4 – 74.35 µM 1.953 µM [19] 

Electrochimic (DPV) H2SO4 (0, 1M) 4 – 15.81 µM 1.13 µM Present work 

The comparison of our paracetamol detection method with literature methods is shown in Table 5. The table observation clearly 

indicates that our method is effective as it quantifies PCM with a LOD of 0.045 µM lower than literature values [9, 30-32]. 

Table 5. Efficiency of the electrodes for the paracetamol detection by DPV. 

Electrode Method Detection range LOD References 

AuNP-PGA/SWCNT DPV 8.3 - 145.6 1.18 [30] 

GR–CS/GCE DPV 1-100 0.3 [31] 

Graphite DPV 5 -150 0.2 [32] 

BDD DPV 2.0-130.66 0.167 [9] 

Au-BDD DPV 0.8 – 22.943 0.045 Present work 

 

4. Conclusion 

The boron-doped Diamond electrode was modified with gold 

nanoparticles (Au-BDD). This prepared electrode was physically 

characterized by EDX couplet scanning electron microscopy and 

electrochemical method using cyclic voltammetry. These 

characterizations showed the presence of gold particles on BDD 

surface. Characterization in potassium ferri-ferrocyanide 

solutions indicates that the catalytic effect of the gold particles 

increased the electrode's active surface area. This new electrode 

was used in the development of an electroanalytical method, 

based on differential pulse voltammetry, for the detection and 

quantification of pharmaceuticals (iohexol and paracetamol) in 

synthetic wastewater. The method was selective for these two 

pharmaceuticals, when used in an environment loaded with ion 

and other pharmaceuticals. The precision of the voltammetric 

method used resulted in detection limits of 0.045 µM for 

paracetamol and 1.13 µM for iohexol. These results are 

significantly better than those obtained with the BDD anode. This 

shows that the presence of gold particles on the surface of the 

BDD anode improves the detection of pharmaceuticals. Without 

a gold particle on BDD, 0.47 µM and 1.953 µM were obtained 

for paracetamol and iohexol respectively. These pharmaceuticals 

were detected in an ionic environment and it was noted that the 

interference phenomenon was very negligible during the 

detection of these two pharmaceuticals. This shows that our 

anode can be used to determine PCM and IHX concentrations in 

highly charged media. 
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