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A B S T R A C T   

Parabens are chemicals widely used as preservatives in different types of industrial products. In recent years, the 
concern about the safety of these compounds has increased due to their endocrine disrupting activity. For this 
reason, their use is highly regulated and even some of them have already been banned. Thus, methods for the 
sensitive and selective detection of these compounds are required to control their presence in food, cosmetic, and 
pharmaceutical products. This paper presents an HPLC method with electrochemical detection using disposable 
screen-printed electrodes (SPE) for simultaneous determination of 6 different parabens in personal care products. 
Electrochemical behaviour of parabens was studied on SPE with different carbon-based materials as working 
electrode: carbon, ordered mesoporous carbon and graphene. From these studies, pH, detection potential, and 
the most adequate SPE were chosen. Due to the wide range of textures and viscosities (e.g., liquid, solid, and 
semi-solid) of personal care products, adequate sample pretreatments are required before chromatographic 
measurement. Here, a fast ultrasound-assisted extraction method was applied to simultaneously extract 6 par-
abens (methyl-, ethyl-, isopropyl-, propyl-, butyl-and benzyl-paraben) from different complex-matrix cosmetic 
products. Instrumental limits of detection between 20 and 115 μg L− 1 were obtained applying +1.0 V (vs. Ag) as 
detection potential on carbon-based SPE. The total analysis time, including sample extraction and HPLC run, was 
shorter than 35 min. The proposed method is more versatile and faster than the current available methods and 
has been successfully applied to determine parabens in commercial samples such as shampoos, body creams, 
facial tonics, and toothpastes.   

1. Introduction 

Parabens, esters of p-hydroxybenzoic acid, are widely used as pre-
servatives in cosmetic, food, and pharmaceutical industries due to their 
low cost, broad-spectrum antimicrobial activity, and chemical stability 
[1]. Parabens were considered as low toxicity compounds. However, 
recent investigations have indicated that these compounds are endo-
crine disruptors, and can cause negative effects on human health such as 
reproductive dysfunctions, carcinogenic effects, and allergic contact 
dermatitis [1–4]. It is well-known that parabens are among the most 
abundant substances added to cosmetics and pharmaceuticals, so these 
products are considered the principal way of human exposure to para-
bens. In addition, eco-toxicity studies have demonstrated the negative 

effects of parabens on the aquatic media [5], being detected in natural 
waters, wastewaters, sediments and sewage sludges [2,6–9]. 

The most common parabens are methylparaben (MP), ethylparaben 
(EP), propylparaben (PP), isopropylparaben (iPP), butylparaben (BP), 
isobutylparaben (iBP), and benzylparaben (BzP). To ensure the safety of 
the consumers, the European Union has regulated the content of these 
compounds in cosmetics. The EU Regulation No 1223/2009 [10] spec-
ifies a maximum concentration (expressed as 4-hydroxybenzoic acid) of 
0.4% for single paraben and 0.8% for mixtures of parabens in cosmetic 
products. This regulation was later amended to ban the use of iPP, iBP, 
BzP, pentylparaben and phenylparaben in cosmetics due to the growing 
concern about these compounds, their high risk to health and the daily, 
extended, and increasing use of personal care products [11]. The use of 
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PP and BP is also banned in leave-on products designed for application 
on the nappy area of children under three years of age. In addition, the 
sum of the individual concentrations of PP and BP in cosmetics has been 
limited to 0.14% (expressed as 4-hydroxybenzoic acid) [12]. 

The development of adequate methods to determine and control the 
concentration of parabens in commercial products, natural systems or 
biological samples is currently of great importance in analytical chem-
istry. In fact, review papers on analytical methods to extract and 
determine parabens and other endocrine disruptors in cosmetics, envi-
ronmental, and biological samples proof the current interest on this 
topic [7–9,13–16]. The most used methods for the determination of 
parabens are based on liquid chromatography (HPLC) coupled with 
diode-array (DAD), mass spectrometer (MS) or fluorescence detectors 
[7–9,16–21]. Due to the electrochemical properties of parabens [22,23], 
electroanalytical methodologies based on unmodified [24,25] and 
modified electrodes [26–38] for the individual determination of these 
compounds have been developed. The state-of-the-art electroanalytical 
sensors are not selective enough to determine one paraben in the pres-
ence of others [39], thus they can only provide the total paraben content 
[40,41]. This is an important drawback since combination of different 
parabens is usually used to prevent degradation of products. Alterna-
tively, chromatographic methods coupled to an electrochemical detec-
tor (ECD) are an excellent option for the individual determination of 
parabens. The use of ECD presents some advantages compared to DAD 
such as better selectivity and sensitivity. ECD-based methods also 
outstand due to their reduced cost and portability over MS detectors. 
Despite these interesting features, there are not many publications 
dealing with methods based on HPLC coupled to ECD in amperometric 
[42–44] or coulometric modes [42,45], UPLC-ECD [46] and capillary 
electrophoresis-ECD [47] to determine parabens in cosmetic products. 
The incorporation of screen-printed electrodes (SPEs) to HPLC-ECD 
systems is an attractive option to determine all parabens that can be 
present in cosmetics since these devices are economical and can easily be 
replaced, achieving an increase on the reproducibility of the measure-
ments [48,49]. In addition, surface passivation of working electrode and 
polishing processes are avoided. 

Prior to the determination of parabens, a sample pretreatment step is 
usually needed, specially, when complex matrix samples are analysed. 
Extraction methods based on solid phase extraction and ultrasound- 
assisted extraction (UAE) are among the most used to determine para-
bens in cosmetic, environmental and biological samples [13–17,50]. 
New sorbent materials based on metal-organic frameworks, nano-
composite materials and QuEChERS have been also investigated to 
develop more efficient extraction methods [19,51–53]. 

The aim of this work is to develop a simple and fast method for 
simultaneous determination of different parabens in consumer products. 
A HPLC method with ECD detection has been optimized to determine 
MP, EP, iPP, PP, BP and BzP. The electrochemical detection was per-
formed in amperometric mode using a SPE. Commercial SPEs with 
working electrodes of different carbon materials, such as carbon (SPCE), 
ordered mesoporous carbon (SPCE-OMC) and graphene (SPCE-GPH), 
were evaluated to get the optimal detection. UAE was optimized as 
pretreatment procedure for the simultaneous extraction of parabens 
from cosmetic samples prior the chromatographic measurement. The 
suitability of the method was tested by analysing a variety of commer-
cial personal care products with different matrices and textures. 

To the best of our knowledge, there is only one publication on an 
HPLC method with amperometric detection for paraben determination 
using SPE [44]. In that work a SPCE is modified with a nanocomposite of 
graphene, polyvinylpyrrolidone and polyaniline. The here proposed 
method is easier to implement as a complex previous procedure to 
modify the electrode is not required since commercial devices are 
directly used. 

2. Experimental section 

2.1. Reagents 

MP, EP, iPP, PP, BP and BzP (purity >99%) were obtained from 
Sigma-Aldrich (Darmstadt, Germany). Individual stock solutions of 
1000 mg L− 1 were prepared by dissolving 10 mg of each paraben in 10.0 
mL of acetonitrile. Working standard solutions were prepared by mixing 
appropriate amounts of individual standard solutions and diluting in the 
adequate media. All solutions were kept at 4 ◦C in the darkness. 

HPLC-grade acetonitrile and methanol (Scharlab, Barcelona, Spain) 
were used as organic modifiers of the mobile phase and extraction sol-
vents. O-phosphoric acid (84–85% purity) and potassium and sodium 
phosphate salts, used to prepare phosphate solutions at pH ranging from 
2 to 8, were acquired from Scharlab (Barcelona, Spain) and Fluka 
(Buchs, Switzerland), respectively. Potassium ferrocyanide (K4[Fe 
(CN)6]⋅3H2O) and potassium chloride used in the characterization of 
SPEs were acquired from Panreac (Barcelona, Spain) and Sigma-Aldrich 
(Darmstadt, Germany), respectively. All aqueous solutions were pre-
pared using ultrapure water Type I (resistivity ≥18.2 MΩ) obtained from 
a Milli-Q Direct (Millipore, Merck KGaA, Germany) water purification 
system. 

2.2. Instrumentation 

Electrochemical measurements were performed with the μSTAT 400 
bipotentiostat (DropSens, Oviedo, Spain), controlled by the “Drop-View 
8400” Software. Disposable SPEs (Metrohm-Dropsens, Oviedo, Spain), 
used in voltammetric measurements and for the amperometric detec-
tion, consisted of a ceramic substrate (L 3.4 x W 1.0 x H 0.05 cm) with 
electric contacts made of silver, a silver pseudo-reference electrode and 
a carbon auxiliary electrode. The working electrode (4 mm diameter) 
was of carbon in the SPCE (ref. DRP-110), ordered mesoporous carbon/ 
carbon in the SPCE-OMC (ref. DRP-110 MC), and graphene/carbon in 
the SPCE-GPH (ref. DRP-110 GPH). Specific connectors (ref. DRP-CAST, 
Methrom-DropSens, Oviedo, Spain) were used to connect the SPEs to the 
μSTAT 400. 

The chromatographic system consisted of a quaternary gradient 
pump (Jasco PU-2089 Plus, Tokyo, Japan) equipped with a vacuum 
degasser, an automatic sample injection system (Jasco AS-2055, Tokyo, 
Japan), and a thermostatically controlled oven (Jasco CU-2067, Tokyo, 
Japan). For the spectrophotometric detection, a MD-2010 Plus Multi-
wavelength Detector (Jasco, Tokyo, Japan) was used. Chromatographic 
data obtained with DAD were acquired and handled using a LC-NetII/ 
ADC interface controlled with the Jasco ChromPass Chromatography 
data system. 

A Gilson Minipulse 3 peristaltic pump (Gilson, Middleton, USA) and 
a sample injection valve 21939–18 (Omnifit) with a loop of 100 μL 
volume were used in the hydrodynamic voltammetric measurements 
performed with different SPE devices. To carry out the in-flow electro-
chemical measurements, the SPEs were coupled to the HPLC or Flow 
Injection Analysis (FIA) systems with a thin layer flow cell (ref. DRP- 
HPLCELL 70022, Methrom-DropSens, Oviedo, Spain). The ampero-
metric data were acquired with the μSTAT 400 bipotentiostat (Drop-
Sens, Oviedo, Spain), controlled by the Drop-View 8400 Software when 
the FIA system was used, or with the μAutolab potentiostat controlled by 
the software General Purpose Electrochemical System (GPES Manager 
4.9007 version) using the HPLC system. 

A pH meter GLP 22 (Crison, Barcelona, Spain) was used to measure 
pH values. An Elmasonic P30HS model ultrasonic bath (ELMA, Singen, 
Germany), a Universal 16 centrifuge (Hettich, Westfalia, Germany) and 
a Wizard Vortex mixer (Velp Scientifica, Monza, Italy) were used for 
sample pretreatment. 
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2.3. Electrochemical measurement procedures 

The electrochemical behaviour of parabens on the SPEs was studied 
by cyclic voltammetry. For this purpose, individual solutions of 200 mg 
L− 1 were prepared in a 0.10 mol L− 1 phosphate solution at different pH 
values containing 10% acetonitrile. The voltammetric measurements 
were performed by adding 100 μL of the tested solution covering the 
three electrodes of the three types of SPEs. Voltammograms were 
recorded from +0.30 to +1.50 V at a scan rate of 0.100 V s− 1. All 
measurements were performed in triplicate at room temperature. 

The in-flow electrochemical response of MP on the different SPEs 
were obtained in the described FIA system by injecting 100 μL of a 20 
mg L− 1 solution of paraben in 35% acetonitrile-0.010 mol L− 1 pH 6 
phosphate solution. Hydrodynamic curves of all the assayed parabens 
were obtained on SPCE in the HPLC system by injecting 20 μL of a 10 mg 
L− 1 multi-analyte solution using as mobile phase the mixture 35% 
acetonitrile-0.010 mol L− 1 pH 6 phosphate solution. 

2.4. Chromatographic conditions 

A Kromasil C18 (150 mm length x 4.6 mm inner diameter and 5 μm 
particle size) column (Scharlab, Barcelona, Spain) thermostated at 
40 ◦C, was used to carry out the chromatographic separation. A mixture 
of 0.010 mol L− 1 phosphate at pH 6 solution containing 35% acetonitrile 
was used as mobile phase at a flow rate of 1.5 mL min− 1 in isocratic 
elution mode. All parabens standard solutions and sample extracts were 
filtered using 0.45 μm nylon syringe filters (Scharlau, Barcelona, Spain) 
before their introduction in the chromatographic system. An injection 
volume of 20 μL was used. Parabens were detected at 257 nm with DAD 
[13]. The ECD was operated in amperometric mode using SPCE at +1.0 
V (vs. Ag). 

2.5. Analysed samples and pretreatment procedures 

Samples of commercial cosmetic products containing at least one of 
the studied parabens were purchased from local supermarkets. Two 
facial tonics, two toothpastes, two shampoos, and two body creams from 
different brands were analysed. The sample pretreatment was selected 
according to the complexity of the sample matrix. A simple 1:200 
dilution with methanol was required for samples with aqueous matrices, 
such as, facial tonics. Parabens from cosmetic products containing fatty 
acids, abrasives, or surfactants such as body creams, toothpastes or 
shampoos were extracted using a simple and fast sample pretreatment 
based on the following UAE procedure: 9.0 mL of methanol were added 
to 1.00 g of weighed sample and the mixture was sonicated for 10 min at 
25 ◦C in an ultrasonic bath operated at 80 kHz of frequency and 100% 
power. After sonication, the mixture was centrifuged at 2500 rpm for 5 
min. Prior to the analysis, 1.0 mL of the extract was diluted to 5.0 mL 
with methanol. 

Before the chromatographic analysis all extracts were filtered 
throughout a 0.45 μm nylon and the samples were analysed by triplicate. 

2.5.1. Sample treatment procedure according to European Directive 
Parabens were extracted using the sample treatment indicated in the 

European Directive [57]. In short, approximately 1.0 g of sample was 
weighted into a 100 mL glass tube with screw cap. After that, 1.0 mL of 
2.0 mol L− 1 sulphuric acid solution and 50.0 mL of 9:1 ethanol: water 
mixture were added into the tube. Then, the tube was closed and shaken 
vigorously for at least 1 min until a homogeneous suspension was ob-
tained. To facilitate the extraction of parabens in the ethanolic phase, 
the tube was placed in a water bath at 60 ± 1 ◦C for 5 min. After 
extraction, the tube was immediately cooled in a stream of cold water 
and the extract was stored in the refrigerator for 1 h, and then filtered 
through a filter paper. The extracts were stored at 4 ◦C and the HPLC 
determination was performed within 24 h. 

3. Results and discussion 

3.1. Optimization of chromatographic conditions 

Prior the optimization of the electrochemical detection, the best 
conditions for chromatographic separation were found by injecting 
replicates of a standard solution containing all parabens at 10 mg L− 1 

concentration level using DAD at 257 nm. Percentages of acetonitrile 
between 35% and 75% in 0.010 mol L− 1 phosphate solution at pH 6 
were assayed. The analysis time was shortened as the acetonitrile per-
centage was increased, but a diminution in the resolution was also 
observed. This decrease in the resolution was more pronounced for the 
most retained compounds (i.e., iPP, PP, BP and BzP) obtaining resolu-
tions below 1 for the highest acetonitrile percentages. Adequate reso-
lutions (R values > 1.5) for these compounds were obtained with 35% of 
acetonitrile at 1.0 mL min− 1 flow rate. Flow rates between 1.0 and 1.5 
mL min− 1 were evaluated to diminish the analysis time. A significant 
decrease in the analysis time without changes in the resolution was 
obtained at 1.5 mL min− 1 flow rate. Under optimal mobile phase 
composition and flow rate, the retention times for MP, EP, iPP, PP, BP 
and BzP were 2.49 ± 0.02, 3.9 ± 0.1, 6.2 ± 0.1, 6.7 ± 0.1, 12.5 ± 0.3, 
13.4 ± 0.4 min, respectively. The separation of the six analytes was 
completed in less than 14 min. 

3.2. Voltammetric behaviour of parabens on SPEs: optimization of 
electrochemical detection 

Before the evaluation of the electrochemical behaviour of parabens 
on the SPEs, the working electrode surface of the SPCE, SPCE-OMC and 
SPCE-GPH was characterized by cyclic voltammetry using ferrocyanide 
as electrochemical probe (Section 1S in Electronic Supplementary Ma-
terial, ESM, for details on experimental conditions and results). Ac-
cording to the obtained results, carbon nanomaterials based SPCE, 
especially SPCE-OMC, were a good choice for amperometric detection of 
parabens. Fig. 1 shows the electrochemical response of parabens with 
different length of the alkyl chain (e.g., MP and BzP) on SPCE, SPCE- 
OMC and SPCE-GPH. As can be observed, both parabens showed an 
irreversible oxidation process and the anodic peak potential shifted to 
lesser positive values as the length of the alkyl chain increases. Only 
slight differences were observed in the response of MP and BzP on SPCE- 

Fig. 1. Cyclic voltammograms of (A) MP and (B) BzP at 200 mg L− 1 obtained 
on SPCE (blue line), SPCE-OMC (red line) and SPCE-GPH (black line) in 0.10 
mol L− 1 pH 6 phosphate solution containing 10% of acetonitrile. Other con-
ditions: 0.100 V s− 1 scan rate. (For interpretation of the references to colour in 
this figure legend, the reader is referred to the Web version of this article.) 
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OMC and SPCE-GPH in comparison to that obtained using the unmod-
ified SPCE. No improvement in the voltammetric response of parabens 
was observed on SPCE-OMC despite of the greater roughness that can be 
considered for this SPE due to the presence of ordered mesoporous 
carbon. A similar effect was reported in a previous published study using 
a glassy carbon electrode modified with mesoporous carbon and Q10 for 
paraben detection [41]. In that paper a poor definition of the anodic 
peak was observed when the electrode was only modified with meso-
porous carbon. Here, a rapid deterioration of the working electrode of 
the SPCE-GPH with loss of the ink that constitutes the electrode surface 
was observed during the voltammetric studies. Due to this low stability, 
SPCE-GPH devices were not considered adequate to carry out flow 
measurements. 

Since no differences were observed on the electrochemical response 
of parabens on SPCE and SPCE-OMC, the effect of pH on the anodic peak 
current and potential was evaluated for MP and BzP using SPCE. As can 
be seen in Fig. 2A, for each paraben, the oxidation peak potential value 
diminishes as the pH value increases, suggesting that protons and elec-
trons are exchanged in the oxidation process. These results are in 
accordance with those previously published [23]. No significant differ-
ences were observed in the anodic peak current in the studied pH range 

(Fig. 2B). The same behaviour was observed for EP, iPP, PP and BP, thus 
pH 6 was selected as pH of the mobile phase to obtain adequate elec-
trochemical responses. 

To select the most adequate SPE for the EC detection, the in-flow 
electrochemical response of 20 mg L− 1 of MP on SPCE and SPCE-OMC 
was evaluated using the FIA system in the potential range from +0.60 
to +1.20 V (vs. Ag) with a 0.010 mol L− 1 phosphate solution at pH 6 
containing 35% of acetonitrile as carrier. Fig. 3A shows FIA responses 
for MP using SPCE and SPCE-OMC. As can be observed, the electro-
chemical signals obtained with SPCE-OMC were much lower than those 
observed using SPCE. This deterioration of the voltammetric response on 
SPCE-OMC could be due to (i) the percentage of acetonitrile in the 
carrier and/or (ii) an abrasive effect of the continuous flow on the 
electrode surface. To confirm the influence of acetonitrile on this 
worsening, cyclic voltammograms of a MP solution containing 35% of 
acetonitrile were registered using both SPEs (Fig. 3B). Comparing the 
voltammograms obtained on SPCE and SPCE-OMC for MP in presence of 
10% (Figs. 1A) and 35% (Fig. 3B) of acetonitrile in solution, it was 
observed a diminution of the anodic signal when the acetonitrile per-
centage was increased, being this decrease higher on the SPCE-OMC. 

Fig. 2. (A) Anodic peak potential and (B) anodic peak current of MP (black squares) and BzP (blue circles) at 200 mg L− 1 in 0.10 mol L− 1 phosphate solutions at 
different pH values, (n = 3). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 

Fig. 3. (A) FIA responses of a 20 mg L− 1 solution of MP obtained using 35% 
acetonitrile-0.010 mol L− 1 pH 6 phosphate solution as carrier, (n = 3). (B) 
Cyclic voltammograms of 200 mg L− 1 of MP in 0.10 mol L− 1 phosphate solution 
at pH 6 containing 35% of acetonitrile. SPCE (blue line) and SPCE-OMC (red 
line). (For interpretation of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.) 

Fig. 4. Chromatogram obtained with ECD in amperometric mode and using the 
SPCE at +1.0 V for a 10 mg L− 1 multi-analyte solution of parabens. Mobile 
phase: 35% acetonitrile-0.010 mol L− 1 phosphate solution at pH 6. Flow rate: 
1.5 mL min− 1. 
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According to this result, the SPCE-OMC was considered not adequate for 
EC detection. The SPCE was used in the HPLC-ECD method to determine 
parabens. 

To stablish the optimal detection potential, the hydrodynamic curves 
of all parabens were registered using the HPLC system with the SPCE for 
amperometric detection and 35% acetonitrile- 0.010 mol L− 1 phosphate 
solution at pH 6 as mobile phase. As expected, all parabens showed a 
similar behaviour with an increase in peak current as the applied po-
tential increases (Figure S2 in ESM). Although the highest peak currents 
were observed at potential of +1.2 V, the best signal-to-noise ratio was 
obtained at +1.0 V, thus this potential was selected as the optimal 
working potential for amperometric detection. A typical chromatogram 
obtained at the optimal separation and detection conditions is shown in 
Fig. 4. 

3.3. Analytical parameters of the HPLC-ECD method 

Calibration plots for MP, EP, iPP, PP, BP and BzP were obtained at 
the optimal working conditions, using standard solutions containing the 
six parabens at concentrations ranging from 0.010 mg L− 1 to 30 mg L− 1 

prepared in the optimal mobile phase (35% acetonitrile- 65% 0.010 mol 
L− 1 phosphate solution at pH 6). The analytical parameters obtained for 
the six parabens are presented in Table 1. 

Good linear relationships (r2 > 0.995) between peak area and con-
centration were obtained up to 20 mg L− 1 for all parabens. Precision was 
calculated in terms of repeatability and reproducibility. For repeat-
ability, five replicates of a 3.0 mg L− 1 multi-analyte solution were 
injected throughout the same day. Reproducibility was calculated by 
injecting the multi-analyte solution daily along five days. The values of 
repeatability and reproducibility, expressed as relative standard devia-
tion RSD%, were very similar and below 5% for all parabens. 

To evaluate the robustness of the method, 1.0 mg L− 1 multi-analyte 
standard solution was analysed by the HPLC method but introducing 
slight modifications in experimental parameters such as mobile phase, 
flow rate and temperature. No significant changes in retention times, 
resolutions and peak areas were observed when the acetonitrile per-
centage of the mobile phase, the temperature and flow rate were varied 
±0.5%, ± 1 ◦C and ±0.01 mL min− 1, respectively. 

Instrumental limits of detection (IDLs) and quantification (IQLs) 
were calculated as signal-to-noise ratio of 3:1 (S/N = 3) and 10:1 (S/N =
10), respectively. IDL between 20 and 115 μg L− 1 were achieved with 
the proposed method. As was indicated in the Introduction Section, 
there are very few publications on paraben determination using HPLC 
methods with amperometric detection. Two of those publications use 
boron-doped diamond (BDD) electrodes for the ECD [43,46]. The IDLs 
values obtained in the present work are better or in the same order of 
magnitude than those reported in the UPLC-BDD method (30 μgL− 1) 
[46] and three orders of magnitude lower than the values indicated in 
the publication using HPLC-BDD (0.01% w/w) [43]. The IDLs obtained 
here are worse than those obtained using a glassy carbon electrode 
(1.5–2.5 μgL− 1) [45], but in that method BzP was not analysed. The IDL 
values published for a HPLC-ECD method using a SPCE modified with a 
graphene/polyvinylpyrrolidone/polyaniline-based nanocomposite [44] 
are of the same order of magnitude (between 10 μgL− 1 and 30 μgL− 1) 

than the obtained ones in this work using an unmodified SPCE. There-
fore, we consider that the here proposed method is an excellent, easier, 
and cheaper to implement option for paraben determination compared 
to the reported methods, since commercial SPCE are directly used 
without the need of additional time and reagents to modify the working 
electrode surface. 

3.4. Optimization of sample pretreatments 

Different methods for the extraction of parabens from liquid, semi- 
solid and solid cosmetics have been optimized. After the sample pre-
treatment step, all extracts were analysed in triplicate using the HPLC 
system. For validation purposes, these results were compared to those 
obtained using the official extraction method [54] described in the 
Experimental Section 2.5.1. 

3.4.1. Liquid cosmetics based on aqueous matrices 
Liquid samples based on aqueous matrices, such as, facial tonics, 

were simply diluted and the suitability of different solvents to carry out 
this dilution was evaluated. Acetonitrile, methanol, water, and 35% 
acetonitrile-water mixture (organic modifier percentage in the mobile 
phase) were evaluated as solvents to dilute this type of cosmetics. These 
studies were carried out with the sample denoted as Facial Tonic 1 that 
according to the label contains MP and EP. The lowest concentration for 
both parabens were detected (Figure S3 in ESM) when water was used. 
This can be expected due to the low solubility of parabens in this solvent. 
No significant differences (95% confidence level) were observed be-
tween MP and EP concentration obtained following the official method 
and using methanol as solvent for the sample treatment. Thus, methanol 
was selected as the most adequate solvent for the dilution of cosmetics 
with liquid aqueous matrices. 

3.4.2. Solid and liquid with semi-solid texture cosmetic samples 
For this type of samples, such as shampoos and body creams, a 

method based on UAE was optimized. UAE parameters (e.g., mass to 
volume ratio, extraction solvent, temperature and time used for soni-
cation) were optimized to obtain the highest efficiency in paraben 
extraction. Acetonitrile, methanol and 35% acetonitrile-water were 
assayed as extraction solvents. According to the results obtained for MP 
and EP extraction from Shampoo 1 (Figure S4 in ESM) the best condi-
tions to perform the extraction of parabens from this type of samples 
were a mass to volume ratio of 1:9 (1.0 g–9.0 mL) using methanol as 
solvent, and sonication for 10 min at 25 ◦C applying 80 kHz of frequency 
and 100% power. Under these UAE conditions, no significant differences 
(95% confidence level) were observed for the concentrations of para-
bens in Shampoo 1 obtained using the UAE and the official method. This 
UAE method was also applied to an oil-based cosmetic sample con-
taining MP, EP, PP and BP (Body Cream 1). No significant differences 
were observed (Figure S5 in ESM) in paraben concentrations using both 
the UAE procedure and the official method. The obtained results indi-
cate that the proposed extraction method is adequate for the extraction 
of parabens from cosmetics with different compositions. 

Table 1 
Analytical parameters for the determination of parabens using the HPLC- ECD method.  

Compound Sensitivitya r2 ILDb, μg L− 1 Repeatability RSD, % Reproducibility RSD, % 

MP 373 ± 8 0.9990 20 1.8 2.6 
EP 328 ± 8 0.9990 40 2.3 3.5 
iPP 228 ± 9 0.9960 60 1.4 2.1 
PP 246 ± 5 0.9992 60 2.8 3.3 
BP 208 ± 9 0.9960 80 3.9 4.2 
BzP 155 ± 4 0.9984 115 3.1 4.4  

a Sensitivity expressed as nA⋅min⋅L⋅mg− 1. 
b Instrumental limits of detection. 
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3.5. Analysis of real samples 

The HPLC-ECD method was applied for the determination of MP, EP, 
iPP, PP, BP and BzP in eight cosmetic samples. Two facial tonics, two 
shampoos, two body creams, and two toothpastes, containing at least 
one of the studied parabens, were analysed. Prior to chromatographic 
analysis, liquid samples as facial tonics were diluted with methanol. 
Parabens from solid and liquid with semi-solid texture samples (i.e., 
shampoos, body creams and toothpastes) were extracted following the 
optimized UAE procedure described in the experimental section. An 

external standard calibration method was used to determine the con-
centration of parabens. Concentrations (mean value and standard de-
viation of three replicates) of parabens in the samples are shown in 
Table 2. These results were compared with those obtained with DAD. In 
general, according to the Student’s t-test at a 95% confidence level, no 
significant differences were obtained between the concentrations of all 
parabens calculated using DAD and ECD. MP was found in all samples in 
a higher content than the other parabens, indicating that MP is the most 
used paraben for cosmetic preservation. As could be expected, iPP and 
BzP were not found in the analysed samples as these parabens are 

Table 2 
Concentration (mean value and standard deviation of three replicated (n = 3)) of parabens in cosmetic products determined using the UAE-HPLC-ECD and HPLC-DAD 
methods.  

Sample Concentration (wt. % ± SD, n = 3) 

MP EP PP BP 

HPLC-ECD HPLC-DAD HPLC-ECD HPLC-DAD HPLC-ECD HPLC-DAD HPLC-ECD HPLC-DAD 

Facial Tonic 1 0.062 ± 0.001 0.063 ± 0.001 0.056 ± 0.002 0.060 ± 0.001 * * * * 
Facial Tonic 2 0.288 ± 0.003 0.29 ± 0.01 * * * * * * 
Shampoo 1 0.047 ± 0.002 0.046 ± 0.002 0.022 ± 0.001 0.022 ± 0.001 * * * * 
Shampoo 2a 0.292 ± 0.002 0.290 ± 0.001 0.285 ± 0.002 0.287 ± 0.001 * * * * 
Body Cream 1 0.081 ± 0.004 0.078 ± 0.003 0.025 ± 0.001 0.030 ± 0.001 0.015 ± 0.001 0.0125 ± 0.0004 0.031 ± 0.001 0.026 ± 0.001 
Body Cream 2 0.081 ± 0.003 0.087 ± 0.001 * * 0.029 ± 0.001 0.030 ± 0.001 * * 
Toothpaste 1 0.069 ± 0.002 0.069 ± 0.001 * * 0.051 ± 0.002 0.054 ± 0.001 * * 
Toothpaste 2 0.11 ± 0.01 0.11 ± 0.01 * * 0.08 ± 0.01 0.08 ± 0.01 * * 

*Not declared in the label. 
a Additional 1:10 dilution. 

Fig. 5. Chromatograms of (A) Facial tonic 1, (B) Body cream 1, (C) Shampoo 1 and (D) Toothpaste 1 obtained before (blue lines) and after (orange lines) fortification 
with MP, EP, iPP, PP, BP and BzP. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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banned in cosmetics since 2014. The concentration of parabens in all the 
analysed cosmetic samples meets the requirements stablished in the 
European Regulations [10–12]. 

For validation purposes, one cosmetic sample of each type (Facial 
Tonic 1, Shampoo 1, Body Cream 1, and Toothpaste 1) was fortified with 
the six parabens and analysed by triplicate. Prior to apply the HPLC-ECD 
method, the liquid sample was diluted with methanol and, for the other 
samples, the UAE procedure was carried out. Fig. 5 shows the chro-
matograms obtained for these samples before and after their fortifica-
tion. Recoveries within 81%–116% with RSD values between 1% and 
9% were obtained (Table S1 in ESM). These results demonstrate the 
accuracy of the HPLC-ECD method. The obtained recoveries also indi-
cate the suitability of the proposed extraction procedure joint to the 
HPLC-ECD method for the determination of parabens in cosmetic sam-
ples with very different compositions and textures. 

Table 3 shows a comparison between some characteristics of the 
method proposed in this work and those reported in other papers 
devoted to paraben determination in cosmetics. As can be seen, the 
precision and limits of detection (LODs) obtained in liquid and solid or 
semi-solid products are very similar to those reported for other authors 
in HPLC and UPLC methods with different detection modes. The lower 
LODs obtained by some authors [18,20,55] were achieved thanks to the 
preconcentration sample technique used. Apart from its good sensitivity, 
more selective detection is achieved with ECD than with DAD. In 
chromatograms obtained with DAD for some of the analysed samples, an 
additional peak due to an interference appears close to MP peak 
(Figure S6 in ESM), whereas this interference disappears when ECD is 
used (Fig. 5B). Moreover, as can be seen in Table 3, the methods indi-
cated above include sample pretreatment approaches that are similar or 
more complicated (include more steps) than the proposed in this work. 
This fact is reflected in the total analysis time that was estimated 
including sample preparation procedure and HPLC paraben determi-
nation. As shown in Table 3, the total analysis times obtained in this 
work for liquid, solid, and semi-solid products are shorter or very similar 
to those achieved for methods previously published that even determine 
a minor number of parabens in the cosmetic products. 

4. Conclusions 

The good results obtained in this work show the utility and advan-
tages of using disposable and commercial SPCE for paraben determi-
nation by HPLC-ECD. Analytical parameters of the method are 
comparable or better than other published for HPLC-ECD methods using 
modified electrodes for the amperometric detection. This method is cost 
effective, and easy and quick to implement since a previous modification 
of the electrode is not required. Sample treatment procedures have been 
optimized to extract parabens from cosmetics products with very 
different characteristics, from aqueous liquid samples to semi solid or 
even solid with oily components products. The maximum efficiency of 
paraben extraction is achieved using a short sample pretreatment, a low 
consumption of reagent and avoiding the decomposition of parabens. 
MP, EP, PP and BP are successfully determined in different commercial 
products such as two facial tonics, two shampoos, two body creams and 
two toothpastes using the HPLC-ECD method in a total analysis time 
lower than 20 min for facial tonics and 35 min for shampoos, body 
creams and toothpastes. Finally, the good recoveries obtained in vali-
dation studies on fortified samples show the suitability of the proposed 
method to ensure the compliance of different types of personal care 
products with regulations. 
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Table 3 
Comparison of some analytical features with those obtained for other liquid chromatographic methods for paraben determination.  

Analytes Cosmetic products Sample pre- 
treatment 

Method LODa Precision (RSD, 
%) 

Total analysis 
timeb 

Reference 

MP, EP, PP, BP, BzP Liquid cosmetics based on aqueous 
matrices 

Dilution + FPSE HPLC-UV 7.6–17 μg L− 1 <5% 80 min [18] 

MP, EP, PP, BP, BzP Cream samples UAE + FPSE HPLC-UV 0.025–0.058 μg 
g− 1 

<5% 110 min [18] 

MP, BP and phthalate esters Cream samples DμSPE HPLC- 
DAD 

21–22 μg g− 1 <9% 50 min [19] 

MP, EP, PP, BP Tonics, micellar waters and eau de 
toilettes 

Dilution HPLC- 
FLD 

7–14 mg L− 1 <2.5% 15 min [21] 

MP, EP, PP, iBP, BP Makeup remover UAE HPLC- 
ECD 

0.04–0.11 mg L− 1 <12% 33 min [44] 

MP, EP, PP Liquid cosmetics based on aqueous 
matrices 

UAE UPLC- 
ECD 

8 mg L− 1 <5% <20 min [46] 

MP, EP, PP Cosmetics with solid and semi- 
solid texture 

UAE UPLC- 
ECD 

15 μg g− 1 <5% <20 min [46] 

MP, EP, PP, BzP, and 
bisphenol A 

Shampoos and Hair Conditioners UAE + SPE HPLC-MS 0.8–2.3 μg g− 1 <5% 30 min [50] 

MP, PP, BP Cosmetics with solid and semi- 
solid texture 

UAE + FPSE HPLC- 
DAD 

0.072 μg g− 1 <15% 80 min [20] 

MP, EP, PP, BP and 
isothiazolinones 

Cosmetics with solid and semi- 
solid texture 

SPE HPLC- 
DAD 

6.7–13.3 μg L− 1 <6% 45 min [55] 

MP, EP, iPP, PP, BP, BzP Liquid cosmetics based on aqueous 
matrices 

Dilution HPLC- 
ECD 

4–23 mg L− 1 <5% <20 min This work 

MP, EP, iPP, PP, BP, BzP Cosmetics with solid and semi- 
solid texture 

UAE HPLC- 
ECD 

0.9–5.2 μg g− 1 <9% <35 min This work 

FPSE: Fabric-phase sorptive extraction. 
DμSPE: dispersive magnetic micro solid-phase extraction. 

a LOD estimated from the instrumental LOD reported in the work and the described procedure for sample preparation. 
b Time estimated including sample preparation procedure and paraben determination. 
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