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a b s t r a c t 

A miniaturized extraction/preconcentration method based on an aqueous biphasic system ( μ-ABS) was 

developed with reagents commonly used as food additives: cholinium chloride (ChCl) as main extraction 

phase, K 2 HPO 4 as salting-out agent, and water as the main component (being the sample for analyses). 

With the aim of obtaining high enrichment factors, miniaturization, and adequate analytical performance, 

a point in the biphasic region with the lowest amount of ChCl was selected, corresponding to 1.55% (w/w) 

of ChCl, 59.5% (w/w) of K 2 HPO 4 , and 38.95% (w/w) of water. The green μ-ABS (attending to its main el- 

ements and performance mode) was used in combination with high-performance liquid chromatography 

with diode-array detection (HPLC-DAD) for the determination of 9 personal care products in wastewater 

samples. The μ-ABS-HPLC-DAD method showed high enrichment factors (up to 100), and quantitative 

extraction efficiencies for those compounds containing OH groups in their structure, which can undergo 

hydrogen bonding with ChCl. Thus, limits of quantification down to 0.8 μg ·L -1 and extraction efficiencies 

between 66.4 and 108% (concentration levels of 1.3 and 13 μg ·L -1 ) were reached for the group of parabens 

and the UV-filter benzophenone-3. The method is characterized by the use of non-harmful reagents and 

the absence of organic solvents in the entire sample preparation procedure, while being simple, low-cost, 

easily compatible with HPLC, and highly efficient. 

© 2021 The Author(s). Published by Elsevier B.V. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Nowadays, the development of analytical methods in accor- 

ance with the Green Analytical Chemistry (GAC) guidelines is one 

f the most important research lines within the Analytical Chem- 

stry scientific community [1] . Among all the stages of the ana- 

ytical procedure, the unavoidable sample preparation is still the 

ost challenging step since it not only affects the sensitivity and 

electivity of the resulting method, but also has a negative im- 

act on its sustainability [2] . Thus, most efforts are shifted to 
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he development of innovative microextraction techniques to re- 

uce or even eliminate the use of toxic solvents and reagents in 

ample preparation [ 3 , 4 ], and to the substitution of conventional 

xtraction phases by more environmentally friendly alternatives 

 5 , 6 ]. 

Given their biocompatibility and high extraction efficiency, 

queous biphasic systems (ABSs) fulfill all these conditions [7] . 

BSs are ternary systems composed of water and two water- 

iscible solutes that can separate in two coexisting water-rich 

hases (each of them enriched in one of the solutes) at a certain 

omposition [8] . Depending on the composition of the ABSs, ana- 

ytes present a specific partition behavior, and can be concentrated 

n one of the solute-rich phases, leading to quantitative extractions 

n some cases [ 9 , 10 ]. Despite the attractive features of ABS, there

re a few studies that work with ABS compositions in which the 
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mount (relative composition, % w/w) of the solute that acts as ex- 

raction phase is the lowest, and thus, their preconcentration capa- 

ilities to develop microextraction strategies are scarcely exploited 

 7 , 11 , 12 ]. 

With respect to the composition of ABS intended for extraction 

r analytical sample preparation, polymers, ionic liquids (ILs), and 

eep eutectic solvents (DESs), have been used as solutes to form 

he extraction phase, while different inor ganic or organic salts are 

ommonly used as salting-out agents to induce the phases sepa- 

ation [7] . Due to their impressive tunability and low viscosity, ILs 

nd DESs have displaced polymers in the application of ABSs as 

xtraction and microextraction systems in most of the recent ap- 

lications [13] . However, they also present certain limitations. 

Thus, there is an increasing concern on the toxicity of ILs, 

hich may compromise the claimed sustainability and biocom- 

atibility of ABSs [ 14 , 15 ]. In this sense, conventional imidazolium- 

ased ILs are substituted by other cations with safer toxicological 

rofiles, such as cholinium [ 16 , 17 ] and guanidinium [11] . Neverthe-

ess, it is still important to take into account the IL synthetic pro- 

edure when evaluating the sustainability of the overall extraction 

ethod, which, in general, still requires the use of organic solvents 

14] . 

In the case of DESs, these new solvents decompose once they 

re added to water [18] and therefore, ABSs containing DESs 

resent a more complex behavior [19] . Indeed, it has been demon- 

trated that the interactions between the DESs components (hy- 

rogen bond donor (HBD) and acceptor (HBA)) are disrupted, and 

here is a partition of HBD and HBA between the coexisting phases 

 20 , 21 ]. Thus, these ABSs must be considered as quaternary sys- 

ems in which, depending on their hydrophobicity, the HBA or HBD 

s enriched in one of the phases, and the HBD or HBA acts as an

dditive, respectively [ 19 , 20 , 22 ]. 

Among all DESs that have been described and widely used 

n analytical sample preparation applications, those containing 

holinium chloride (ChCl) as HBA are the most commonly used [7] . 

hCl shows excellent solubility, low volatility, good biodegradabil- 

ty, low toxicity, and low cost as it is produced in industrial scale as 

n important additive in animal feed [23] . Taking into account the 

ecomposition issue of DESs in water, it is possible to form an ABS 

y mixing water, a salting-out agent, and only one of the compo- 

ents of the DES, such as ChCl. Indeed, the phase diagrams of ABSs 

omposed of ChCl, water and K 2 HPO 4 [ 21 , 24 ] or K 3 PO 4 [25] as

alting-out agents have been already described, demonstrating the 

easibility of ChCl-rich phases to act as extraction sustainable “sol- 

ents”. These systems have been exhaustively characterized, the 

ie-lines were determined, and their extraction efficiency was as- 

essed only with model target molecules, by the calculation of the 

artition coefficients of gallic acid [21] , stevioside [25] , and peni- 

illin G [24] . However, these ABSs have never been used for the 

evelopment of analytical monitoring methods, including multi- 

nalyte determinations and thorough validation studies, neither for 

reconcentration schemes. 

Thus, this study aims to develop a truly green (free of organic 

olvents as it only requires food additives produced at large scale) 

nd highly simple (only requiring mixing two food additives –

hCl and K 2 HPO 4 – in water) microextraction and preconcentra- 

ion strategy based on a μ-ABS for the extraction and preconcen- 

ration of pollutants (specifically personal care products) in envi- 

onmental waters. The preconcentration is achieved by preparing 

he μ-ABS with a composition that ensures a high-volume ratio 

etween sample and ChCl-rich phase, which corresponds to the 

xtraction phase in which the analytes will be preconcentrated. 

he final low volume of the ChCl-rich phase is totally compatible 

ith typical high-performance liquid chromatographic (HPLC) mo- 

ile phases, thus the method is combined with HPLC and diode 

rray detection (DAD). 
2 
. Experimental 

.1. Chemicals, reagents and samples 

A group of 9 personal care products (PCPs) including preser- 

atives, UV-filters, and a disinfectant, was selected as target an- 

lytes. Methylparaben (MPb), ethylparaben (EPb), propylparaben 

PPb), and triclosan (Tr), were purchased from Dr. Ehrenstorfer 

mbH (Augsburg, Germany), while benzylparaben (BzPb), ben- 

ophenone (BP), benzophenone-3 (BP3), 3-(4-methylbenzylidene) 

amphor (MBC), and octocrylene (OCR), were purchased from 

igma-Aldrich (Steinheim, Germany). The purity of the standards 

as higher than 98% for all the analytes. The chemical structure 

nd several physicochemical properties of these analytes are in- 

luded in Table S1 of the Supplementary Material (SM). HiPerSolv 

hromanorm® acetonitrile grade LC-MS (VWR, Llinars del Vallès, 

pain) was used for preparation of standard solutions at the fol- 

owing concentrations: 4124 mg ·L -1 for MPb, 4064 mg ·L -1 for EPb, 

224 mg ·L -1 for PPb, 4256 mg ·L -1 for BzPb, 1270 mg ·L -1 for BP,

060 mg ·L -1 for BP3, 4136 mg ·L -1 for Tr, 1500 mg ·L -1 for MBC, and

009 mg ·L -1 for OCR. All solutions were protected from the light 

nd refrigerated at 4 °C. 

Potassium phosphate dibasic (K 2 HPO 4, ≥ 98%) and cholinium 

hloride (ChCl, ≥ 98%) were purchased from Honeywell-Fluka TM 

Seelze, Germany) and Sigma-Aldrich, respectively. Ultrapure water 

resistivity 18.2 M �·cm) was obtained from a Milli-Q water purifi- 

ation system (Bedford, MA, USA). Glacial acetic acid was acquired 

rom Merck (Darmstadt, Germany). 

Wastewater effluent samples from two different wastewater 

reatment plants in Tenerife (Canary Islands, Spain) were analyzed. 

hey were provided by an environmental analysis laboratory (SE- 

ALL), which carried out the sampling in 200 mL bottles, while 

voiding the formation of bubbles. The samples were kept in a 

ortable fridge until they reached the laboratory, where they were 

tored protecting from light at 4 °C until the analysis. Before anal- 

sis, the samples were left at room temperature and their pH was 

easured. 

.2. Instrumentation and equipment 

An analytical balance from Sartorius (Madrid, Spain) with read- 

bility of 0.1 mg was used to weigh all reagents. 50 mL polypropy- 

ene centrifuge tubes from Corning® (New York, NY, USA) and 

0 mL polypropylene/polyethylene syringes purchased from Sigma- 

ldrich were used to perform the microextraction method. A vor- 

ex agitation system from Velp® Scientifica (Usmate, Italy), and a 

entrifuge 5702 from Eppendorf TM (Hamburg, Germarny) were also 

sed during the microextraction procedure. 

The separation and identification of the target PCPs were per- 

ormed by HPLC-DAD using a Varian ProStar 230 solvent delivery 

Palo Alto, CA, USA) and a Varian ProStar 330 DAD. An Infinity- 

ab Poroshell 120 EC-C18 column (3 mm ×150 mm, 2.7 μm) from 

gilent Technologies (Santa Clara, CA, USA) was used for the chro- 

atographic separation. The column was protected by a Pelliguard 

C-18 guard column (4.6 mm × 20 mm) from Supelco (Bellefonte, 

A, USA). The HPLC-DAD system was equipped with a manual in- 

ection system consisting of a Rheodyne 7725i valve and a 5 μL 

oop from Supelco. A 50 μL glass syringe from Hamilton (Reno, NV, 

SA) was used for the manual injection in the chromatographic 

ystem. 

.3. Procedures 

.3.1. HPLC-DAD method 

The chromatographic separation of the target PCPs was per- 

ormed at a constant flow rate of 0.5 mL ·min 

-1 using a binary mo- 



J. Šulc, I. Pacheco-Fernández, J.H. Ayala et al. Journal of Chromatography A 1648 (2021) 462219 

Fig. 1. Scheme of the μ-ABS-HPLC-DAD method under optimum conditions. 
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ile phase composed of acetonitrile and ultrapure water with 0.1% 

v/v) of acetic acid. The elution gradient started at 35% (v/v) of 

cetonitrile and was kept at this composition for 2 min. Then, it 

as increased to 39% (v/v) in 2 min and increased again to 100% 

v/v) of acetonitrile in 21 min, being finally held at this compo- 

ition for 5 additional min. For column re-equilibration, the ace- 

onitrile content was decreased to 35% (v/v) in 7 min and kept at 

his composition for 3 additional minutes before the next injec- 

ion. The wavelengths used for detection and quantification were: 

54 nm for MPb, EPb, PPb, BzPb, BP, and 289 nm for BP3, Tr, MBC,

nd OCR. The identification of the analytes in the ChCl-rich extracts 

as performed by comparing their retention time and UV spectra 

ith those of the respective standards. 

.3.2. μ-ABS-based microextraction method 

The optimum microextraction method consisted of a μ-ABS 

ormed by ChCl + K 2 HPO 4 + water with the following compo- 

ition: 1.55% (w/w) of ChCl, 59.5% (w/w) of K 2 HPO 4 and 38.95% 

w/w) of ultrapure water, which corresponds to a point of the 

iphasic region of the phase diagram [ 21 , 24 ]. Thus, 15.2760 g of

 2 HPO 4 was weighted in the 50 mL centrifuge tube, followed by 

he addition of 0.3979 g of ChCl as extraction phase. Subsequently, 

0 mL (which corresponds to ~10 g, considering the density of wa- 

er) of an aqueous standard in ultrapure water, a non-spiked or a 

piked sample (depending on the experiment), were added to the 

ube. The mixture was briefly and intensively hand shaken to pre- 

ent the formation of poorly soluble aggregates and immediately 

tirred for 5 min using a vortex. Next, the tube was centrifuged 

t 2509 × g for 4 min to speed up the phase separation. The 

hole mixture was then collected using a 20 mL syringe with a 

00 μL pipette tip attached to its plain tip. The syringe contain- 

ng the mixture was left for 20 min for equilibration. After this 

ime, the top ChCl-rich phase containing the analytes was sepa- 

ated by pushing the plunger and collected into a vial. Finally, the 

xtract was directly injected in the HPLC-DAD system. Fig. 1 shows 

 scheme of the optimum μ-ABS microextraction procedure. 

. Results and discussion 

.1. Selection of μ-ABS composition and region 

The composition of an ABS plays a crucial role in phases for- 

ation while it also affects the extraction ability of the system [7] . 

ith the aim of demonstrating the potential of ABSs to develop 

imple, low cost and environmentally friendly extraction and pre- 

oncentration methods, cheap, readily accessible, and truly green 

eagents were selected as ABS components. Therefore, ChCl is used 

s extraction phase, while K 2 HPO 4 was selected as salting-out in- 

ucing agent. Despite other salts have been used in ChCl-based 

BS, this phosphate salt was used since it exhibits a relatively 
3 
igh ability to induce salting-out effect given its capability to cre- 

te high-charged density inorganic ions and strong interacts with 

ater [26] . A higher salting-out effect of the salt means smaller 

mount of the salt to achieve the formation of two phases, thus a 

eduction of the reagent consumption [27] . Moreover, this salt is 

ommonly used as food additive (E340) in dairy products and nu- 

ritional supplements [28] . 

The ABS composed of ChCl, K 2 HPO 4 and water has been al- 

eady described in the literature by different authors, which re- 

orted congruential phase diagrams [ 21 , 24 ]. As it is observed in

ig. 2 , the phase diagrams were obtained in a range between 1.6 

nd 59.2% (w/w) of ChCl, and from 3 to 59.3% (w/w) of K 2 HPO 4 . In

his study, the purpose is to achieve a high preconcentration rather 

han getting the maximum extraction efficiency. This can be at- 

ained by decreasing the final volume of the extraction phase and 

y ensuring a high volume ratio between the initial sample and 

he final extract. 

Given these considerations, the sample volume was fixed to 10 

L (~10 g), the K 2 HPO 4 amount was fixed at 59.5% (w/w), and 

he ChCl composition was varied between 1.50 and 1.65% (w/w) 

o obtain the ABS according to the data from the phase diagrams. 

s shown in Fig. 2 , this corresponds to the bottom right region of 

he phases diagram where maximum preconcentration is obtained. 

he mixtures were vortex stirred for 5 min to initially dissolve all 

he reagents, while 4 min of centrifugation at 2509 × g were fixed 

o speed up the phases separation. The mixture composition that 

ielded two defined phases with a reproducible and easy to han- 

le amount of ChCl-rich phase was the following: 1.55% (w/w) of 

hCl, 59.5% (w/w) of K 2 HPO 4 and 38.95% (w/w) of ultrapure water, 

hich corresponds to 0.3979 g of ChCl and 15.2760 g of K 2 HPO 4 .

t is important mentioning that the cost for the extraction step for 

ach sample is less than 1 €, if considering the amounts of reagents 

equired and the prices at which they were purchased (0.06 €·g -1 

nd 0.06 €·g -1 for ChCl and K 2 HPO 4 , respectively). 

In any case, it is also certain that one of the main drawbacks 

f working with ABSs with such low amounts (μ-ABS shifted to 

reconcentration) is the collection of the top phase that contains 

he extracted compounds, since it normally forms a thin flat layer 

n the surface of the salt-rich phase [7] . Different tubes and con- 

ainers have been designed to overcome this issue, in a manner 

imilar to solve similar problems commonly found in dispersive 

iquid-liquid microextraction methods that use extraction solvents 

ess dense than water [ 29 , 30 ]. However, it requires the acquisition

f custom glass material that is not commercially available, which 

ncreases the costs of the method. In this sense, and with the aim 

f reducing costs while facilitating the sampling of the ChCl-rich 

hase, the obtained ABS was transferred to a plastic syringe with a 

ipette tip as needle. As it is observed in Fig. 2 , the device allowed

he easy collection of the ChCl-rich phase formed, which has a vol- 

me of 108 ± 6 μL (n = 20) under the ABS composition selected. 
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Fig. 2. Phase diagrams of the ABS formed by ChCl, K 2 HPO 4 and water, according to the data reported in the literature [ 21 , 24 ], together with photos of the μ-ABS obtained 

at the selected point from the biphasic region in which the preconcentration is higher: 1.55% (w/w) of ChCl, 59.5% (w/w) of K 2 HPO 4 , and 38.95% (w/w) of water. 
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.2. Application of ChCl-based μ-ABS for the determination of PCPs 

.2.1. Coupling the μ-ABS with HPLC-DAD 

Despite the ABS formed of ChCl, K 2 HPO 4 and water has been 

horoughly characterized, their analytical applicability only refers 

o the extraction of penicillin G [24] and gallic acid [21] , while 

ther ABSs composed of K 2 HPO 4 and DESs containing ChCl as HBA 

ave been applied for the extraction of bovine serum albumin [31] , 

nd to evaluate the partition behavior of phenolic compounds, al- 

aloids, and amino acids [26] . Nevertheless, these studies mainly 

ocus on determining the phase diagrams and assessing the parti- 

ion of the analytes at different ABS compositions, using an UV-Vis 

pectrophotometer. Thus, exhaustively validated analytical extrac- 

ion/preconcentration methods have not been developed with this 

BS, and certainly not under the μ-ABS mode. 

Therefore, with the purpose of expanding the application of this 

xtraction system, the determination of a group of PCPs in water 

amples was selected as target application given their categoriza- 

ion as contaminants of emerging concern [32] . Only one study has 

eported the partition of 4 PCPs (i.e., parabens) in a polymer-based 

BS and using an UV-Vis spectrophotometer as detection system 

33] . The mix of analytes selected included different groups of PCPs 

parabens, UV-filters, and a disinfectant) to cover analytes with dif- 

erent structures and characteristics, as shown in Table S1 of the 

M. The determination was carried out by HPLC-DAD, which is a 

ore affordable instrument, and also taking advantage of the hy- 

rophilicity of the ChCl-rich phase obtained with the μ-ABS to en- 

ure compatibility with the chromatographic system. However, the 

njection of the ChCl-rich phase may affect the chromatographic 

eparation and hamper the correct identification and quantification 

f the target analytes. Hence, the ChCl-rich phase (without dilu- 

ion) was directly injected in the HPLC-DAD system, observing a 

ignal at the beginning of the chromatogram, indicating the ChCl 

s not retained in the column. A small signal was also observed at 

round 8.3 min, but any of those signals interfered in the determi- 

ation of the analytes. Fig. 3 shows representative chromatograms 

btained after the injection of a PCPs standard in acetonitrile, the 

hCl-rich phase after performing the μ-ABS method using 10 mL 

f ultrapure water, and the ChCl-rich phase of the μ-ABS obtained 

ith 10 mL of a PCPs aqueous standard. 

Once the HPLC-DAD separation was optimized, external calibra- 

ion was carried out. Table S2 of the SM lists several analytical 

uality parameters of the instrumental method, including the cal- 

bration slopes obtained, which will be used to evaluate the pre- 

oncentration achieved with the μ-ABS-HPLC-DAD method. 

.2.2. Optimization of the μ-ABS-based microextraction procedure 

The elaboration of the phase diagram of an ABS and the se- 

ection of the point in the biphasic region directly leads to the 

mounts of reagents required to reach the desired preconcentra- 

ion levels. This directly leads to the optimum amounts of reagents 
4 
equired for the μ-ABS-based microextraction procedure, clearly 

implifying the method optimization. 

However, there are other experimental conditions that need to 

e considered since they may affect the μ-ABS extraction perfor- 

ance for the target application. Thus, the vortex stirring time re- 

uired for the initial solubilization of all the reagents in the water 

ample, further facilitating the mass transfer of the analytes from 

he aqueous phase to the ChCl-rich phase, was studied at two lev- 

ls: 3 and 5 min. The study was performed by preparing the μ- 

BS using aqueous st andards cont aining the analytes at 100 μg ·L -1 

in the water component), followed by the vortex stirring at these 

imes, and 4 min of centrifugation at 2509 × g. As it is observed 

n Fig. 4 A), the peak areas of the entire group of PCPs in the ChCl-

ich phase increases with the stirring time (but without observ- 

ng statistically significant differences for several PCPs), thus 5 min 

ere selected for subsequent experiments. Longer times were not 

onsidered to avoid a tedious method and to safeguard the opera- 

or’s health (vortex stirring involved). 

Another variable that can exert and influence is related with 

he equilibration time of ABSs, which is the time required for the 

omplete phase separation (which ultimately ensures an adequate 

artition of the analytes between the phases). It has been pointed 

ut that it may be a drawback since times up to 12 h have been

eported in several cases [34] . Despite this, many recent studies do 

ot present an optimization of the equilibration time [12 , 35–37] , 

r do not address this parameter at all [ 38 , 39 ]. In any case, despite

ong equilibration times are employed in certain applications, the 

se of times between 10 min [40] and 30 min [ 11 , 41 ] have also

een reported as successful. 

To address this issue, the equilibration time for the μ-ABS was 

ssessed between 10 and 60 min, intending to obtain the highest 

xtraction efficiency in the shortest time possible. Aqueous stan- 

ards containing the PCPs at 100 μg ·L -1 were extracted by the pro- 

osed μ-ABS method, and then left to equilibrate at different times. 

fterwards, the ChCl-rich phase was collected and directly injected 

n the HPLC-DAD system, yielding the results shown in Fig. 4 B). It 

s observed that the peak area for all the analytes initially increases 

s the time increases, reaching the equilibrium at 20 min. After 

his time, the peak area remains practically the same for all the 

nalytes, except for OCR, for which the affinity towards the ChCl- 

ich phase is the lowest. With the aim of benefiting most analytes 

nd avoiding long analysis times, while considering that each chro- 

atographic run takes 30 min, 20 min was selected as optimum 

quilibration time. 

With respect to the pH of the sample, according to the data 

hown in Table S1 of the SM, the target analytes present pK a val- 

es ranging from 7.56 and 8.31. Previous studies in the literature 

ave pointed out that the pH is not a significant factor when de- 

ermining these families of analytes as long as it is kept below the 

K a [42] . The ultrapure water used during the optimization and 

alidation of the method had a pH of 6.0–6.5, while the pH of the 
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Fig. 3. Representative chromatograms obtained after the injection of: A) a PCPs standard in acetonitrile containing each analyte at 3 mg ·L -1 (blue line), B) the ChCl-rich 

phase of the μ-ABS obtained using 10 mL of ultrapure water (yellow line), and C) the ChCl-rich phase of the μ-ABS obtained using 10 mL of an aqueous standard containing 

each PCP at 34 μg ·L -1 (green line). There are offsets of 10% in the signal axis and 7% in the retention times between the different chromatograms. The different red lines 

indicate a different wavelength channel: 254 nm for analytes 1 to 5, 289 nm for the remaining analytes. 

Fig. 4. Influence of A) vortex time and, B) equilibration time on the extraction performance of the μ-ABS-HPLC-DAD method. Experimental conditions: 10 mL of aqueous 

standard containing each PCP at 100 μg ·L -1 , 1.55% (w/w) of ChCl, 59.5% (w/w) of K 2 HPO 4 , 4 min of centrifugation at 2509 × g, 15 min of equilibration time during the vortex 

time optimization, and 5 min of vortex time during the equilibration time optimization. 
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amples analyzed were around 7.3 ± 0.2 (n = 3). Thus, as the an- 

lytes are non-ionized at these pH values, this parameter was not 

onsidered during the optimization of the method. However, this 

arameter should be taken into account when the samples to be 

nalyzed present a pH higher than the pK a values of the target an- 

lytes. 

.2.3. Analytical performance of the ChCl-based μ-ABS-HPLC-DAD 

ethod 

Calibration curves of the μ-ABS-HPLC-DAD method were ob- 

ained at different concentration ranges depending on the analyte: 

rom 0.80 to 50 μg ·L -1 for the parabens and BP3, and from 3.0

o 50 μg ·L -1 for the remaining PCPs. Several quality analytical pa- 

ameters are shown in Table 1 , including the calibration slope, de- 

ermination coefficients (R 

2 ), limits of detection (LODs), and limits 

f quantification (LOQs). LODs were experimentally determined by 

ecreasing the concentration of PCPs in the aqueous standard sub- 

ected to the extraction method until a signal-to-noise ratio (S/N) 

f 3 was obtained. LOQs were first estimated as 10/3 the LODs and 

hen experimentally verified by preparing standards at the pre- 

icted concentrations and performing the microextraction-HPLC- 

AD procedure. 

In all cases, R 

2 values higher than 0.994 were obtained for the 

valuated calibration range. The sensitivity, evaluated as the cal- 

bration slope, was higher for the parabens. Thus, the LODs and 

OQs for this group of analytes were 0.24 and 0.80 μg ·L -1 , respec-
5 
ively. With respect to the UV filters and the disinfectant, BP3 ex- 

ibited the highest calibration slope, while BP and MBC presented 

he lowest values. Therefore, LODs of 0.90 μg ·L -1 and LOQs of 3.0 

g ·L -1 were obtained, except for BP3, for which they were 0.24 

g ·L -1 and 0.80 μg ·L -1 , respectively. 

The analytical performance of the μ-ABS-HPLC-DAD method 

as evaluated in terms of precision (measured as relative standard 

eviation, RSD), relative recovery (RR), and extraction performance, 

t a concentration level of 13 μg ·L -1 for each PCP. The results of 

hese studies are included in Table 2 . Intra-day RSDs ranged from 

.42% for BPb to 18% for OCR, while the inter-day RSD values (eval- 

ated at 3 non-consecutive days) were always lower than 16% for 

he entire group of analytes. Considering their higher sensitivity, 

he precision of parabens was also evaluated at a concentration 

evel of 1.3 μg ·L -1 , obtaining intra-day RSD ranges between 1.8 and 

.9% for PPb, and from 9.2 to 15% for MPb. The RR values were cal-

ulated as the ratio between the concentration obtained after ap- 

lying the μ-ABS-HPLC-DAD method and the initial concentration 

f the aqueous standard. They ranged from 90.9% for BPb to 122% 

or MBC. 

Regarding the extraction performance, the enrichment factors 

E F ) were first calculated as the ratio between the calibration 

lopes of the entire μ-ABS-HPLC-DAD method ( Table 1 ) and those 

f the chromatographic method (Table S2 of the SM) [11] . This way, 

he preconcentration capacity of the method is evaluated at the 

ntire range of concentrations. The E F values shown in Table 2 in- 

icate that the higher preconcentration was achieved for parabens 
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Table 1 

Quality analytical parameters of the μ-ABS-HPLC-DAD method using aqueous standards of the PCPs. 

Analyte Linear range (μg ·L -1 ) (Slope ± t ·SD a ) ·10 -4 S y/x 
b ·10 -4 R 2 LOD c (μg ·L -1 ) LOQ d (μg ·L -1 ) 

MPb 0.80 – 50 6.89 ± 0.13 2.89 0.999 0.24 0.80 

EPb 0.80 – 50 5.53 ± 0.13 2.73 0.999 0.24 0.80 

PPb 0.80 – 50 5.23 ± 0.13 2.90 0.999 0.24 0.80 

BPb 0.80 – 50 4.65 ± 0.15 3.34 0.998 0.24 0.80 

BP 3.0 – 50 0.18 ± 0.01 0.21 0.996 0.90 3.0 

BP3 0.80 – 50 1.57 ± 0.08 1.75 0.996 0.24 0.80 

Tr 3.0 – 50 0.64 ± 0.03 0.55 0.998 0.90 3.0 

MBC 3.0 – 50 0.36 ± 0.03 0.55 0.994 0.90 3.0 

OCR 3.0 – 50 0.84 ± 0.08 1.29 0.994 0.90 3.0 

a 95% confidence limits for n = 10 calibration levels (n – 2 degrees of freedom) within the calibration range, 

except for BP, Tr, MBC and OCR, for which n = 7 calibration levels. 
b Error of the estimate or standard deviation of the residuals. 
c Limit of detection, experimentally determined by decreasing the concentration until a signal-to-noise ratio of 3 

was obtained. 
d Limit of quantification, estimated as 10/3 times the LOD, and experimentally verified with standards prepared 

at these levels. 

Table 2 

Precision, relative recovery, and extraction performance of the μ-ABS-HPLC-DAD method evaluated 

using aqueous standards containing each PCP at 13 μg ·L -1 . 

Analyte E F 
a Intra-day RSD range b (%) Inter-day RSD c (%) RR d (%) E F 

e E R 
f (%) 

MPb 86.3 1.1 – 3.2 4.5 100 77.2 83.2 

EPb 85.4 1.5 – 4.5 4.8 102 77.0 82.9 

PPb 83.6 1.2 – 4.1 4.8 100 74.8 80.6 

BPb 88.8 0.42 – 7.7 6.1 90.9 100 108 

BP 3.02 2.5 – 7.5 5.8 117 14.5 15.6 

BP3 33.5 5.7 – 7.3 6.9 117 40.3 43.4 

Tr 76.3 1.4 – 4.3 2.7 105 61.6 66.4 

MBC 5.43 5.9 – 9.4 7.1 122 3.44 3.71 

OCR 35.2 8.3 – 18 16 110 31.1 33.5 

a Enrichment factor, calculated as the ratio between the calibration slopes. 
b Range of relative standard deviation for intra-day precision (n = 3, day 1 to day 3). 
c Relative standard deviation for inter-day precision in 3 non-consecutive days (n = 9). 
d Relative recovery. 
e Enrichment factor, calculated using the data obtained with the μ-ABS at 13 μg ·L -1 and the chro- 

matographic calibration curves. 
f Extraction efficiency, calculated considering a maximum enrichment factor of 93. 
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nd Tr, ranging from 76.3 for Tr to 88.8 for BPb. E F values around

0 were obtained for BP3 and OCR, while BP and MBC presented 

ow E F values, of 2.58 and 5.43, respectively. The E F values were 

lso determined at 13 μg ·L -1 as the ratio between the concentra- 

ion obtained after applying the μ-ABS-HPLC-DAD method but us- 

ng the chromatographic calibration curves (Table S2 of the SM) 

nd the initial concentration of the aqueous standard [42] . The 

alues obtained are also included in Table 2 and were in agree- 

ent with those calculated using the calibration slopes. Thus, they 

anged from 3.44 for MBC to 100 for BPb. 

The extraction efficiency (E R ) for the μ-ABS-HPLC-DAD method 

as calculated as the ratio between the E F values (obtained at 

3 μg ·L -1 ) and the theoretical maximum enrichment factor (E Fmax ) 

42] . In this case, E Fmax was estimated as a ratio between the vol-

me of the initial aqueous sample (10 mL) and the volume of the 

hCl-rich phase that contains the preconcentrated analytes (around 

08 ± 6 μL), obtaining a value of 92.9. The E R values are shown in

able 2 , observing quantitative results for the group of parabens 

ith E R values higher than 80%. For the remaining PCPs, the E R 
aried from 3.71% for MBC to 66.4% for Tr. 

Given the results shown in Table 2 and considering the physic- 

chemical characteristics of the analytes (see Table S1 of the SM), 

t can be observed that there is not a correlation considering the 

olarity of the molecules. However, it is obvious that significant 

igher extraction efficiencies are obtained for the analytes contain- 

ng an OH group in their structure. Thus, parabens, BP3 and Tr ex- 

ibit higher affinity towards the ChCl-rich phase used as extrac- 

ion “solvent” in the proposed method, with E values from 43.4% 
R 

6 
o 108%. This behavior may be due to the formation of hydrogen 

onding between the ChCl as HBA and these analytes, for which 

he OH group can act as HBD [ 21 , 24 ]. Moreover, it is interesting

o mention the possible steric effects of BP3 and Tr due to the 

osition of their OH group, which may hinder the formation of 

ydrogen bonding and explain the better results obtained for the 

arabens in comparison with BP3 and Tr. With respect to OCR, the 

elatively good results obtained (E R of 33.5%) compared to BP and 

BC (15.6% and 3.71%, respectively) may be due to the hydrogen 

onding between the nitrile group of OCR (HBA) and the OH group 

f ChCl (HBD) [ 21 , 24 ]. 

The analytical features of the μ-ABS-HPLC-DAD method were 

ompared with other methods reported in the literature for the 

ame analytical application and using HPLC with DAD or UV-Vis 

etection, as shown in Table S3 of the SM [ 43–51 ]. It can be

bserved that a wide variety of sample preparation techniques 

ave been used, including dispersive liquid-liquid microextraction 

DLLME) using ILs, DESs or surfactants, and sorbent-based microex- 

raction approaches using polymers or metal-organic frameworks 

s extraction phases. With respect to the sensitivity, the method 

roposed in this study presents similar LOQs and good E F values 

or the entire group of analytes, and even lower LOQs values for 

r and the target parabens. Moreover, despite the relatively long 

quilibration time required in the μ-ABS procedure, other methods 

eport sample preparation time longer than 60 min [ 45 , 51 ]. 

Apart from the adequate analytical features, the main advan- 

age of the proposed method is the absence of organic solvents and 

oxic reagents during all the sample preparation procedure (from 
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Table 3 

Several quality analytical parameters of the μ-ABS-HPLC-DAD method in wastewater samples obtained by the standard addition calibration method, together with the 

concentrations in the samples predicted by extrapolation. 

Sample 1 Sample 2 

Analyte (Slope ± t ·SD a ) ·10 -4 S y/x 
b ·10 -4 R 2 c 

Predicted 

concentration ± S XE 
d (μg ·L -1 ) (Slope ± t ·SD a ) ·10 -4 S y/x 

b ·10 -4 R 2 
Predicted 

concentration ± S XE 
c (μg ·L -1 ) 

MPb 6.12 ± 0.47 2.76 0.998 n.d. 6.05 ± 0.23 1.45 0.999 0.4 ± 0.1 

EPb 4.94 ± 0.13 0.77 0.999 n.d. 4.32 ± 0.30 1.83 0.998 0.8 ± 0.2 

PPb 4.66 ± 0.23 1.27 0.999 0.8 ± 0.1 4.43 ± 0.39 2.22 0.998 n.d. 

BPb 4.07 ± 0.26 1.54 0.998 3.3 ± 0.2 3.42 ± 0.55 3.40 0.987 4.6 ± 0.6 

BP 0.50 ± 0.11 0.65 0.981 9 ± 1 0.64 ± 0.15 0.90 0.979 12 ± 1 

BP3 1.97 ± 0.25 1.49 0.994 n.d. 2.06 ± 0.14 0.84 0.998 n.d. 

Tr 0.59 ± 0.02 0.13 0.999 0.5 ± 0.1 0.51 ± 0.02 0.14 0.999 0.4 ± 0.1 

MBC 0.69 ± 0.16 0.97 0.978 n.d. 0.73 ± 0.21 1.16 0.977 n.d. 

OCR 1.18 ± 0.46 2.67 0.994 n.d. 0.81 ± 0.16 1.00 0.981 1.5 ± 0.7 

a 95% confidence limits for n = 6 calibration levels (n – 2 degrees of freedom) within the calibration range of 0–22 μg ·L -1 . 
b Error of the estimate or standard deviation of the residuals. 
c Uncertainty in the prediction of the concentration, calculated using the following equation: S XE = 

S y / x 
b 
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he synthesis of the extraction phase to the extraction phase it- 

elf). Thus, despite a DLLME method using a DES and without re- 

uiring organic solvents has also been reported [49] , the compo- 

ents of the DES (i.e., menthol and decanoic acid) have been la- 

elled as irritating and harmful to aquatic environment according 

o the European Chemicals Agency [ 52 , 53 ], while hazardous effects 

ave not been reported for ChCl and K 2 HPO 4 [ 54 , 55 ]. Therefore,

he μ-ABS-HPLC-DAD method is characterized by using easily ac- 

essible, cheap, and environmentally friendly reagents, while still 

roviding good extraction performance and selectivity for specific 

roups of analytes. 

.2.4. Analysis of wastewater samples 

Wastewater samples from two different wastewater treatment 

lants were analyzed by the standard addition method (consider- 

ng the complexity of these samples) using the μ-ABS-HPLC-DAD 

rocedure. Thus, the calibration curves were obtained by spiking 

he samples with the PCPs in a concentration range of 0 – 22 

g ·L -1 . Several analytical parameters of these calibrations are in- 

luded in Table 3 , showing that R 

2 values ranging from 0.977 to 

.999 were obtained. 

The calibration slopes obtained with the standard addition 

ethod ( Table 3 ) were compared with those obtained when us- 

ng standards in ultrapure water ( Table 1 ) to evaluate the matrix 

ffects. Figure S1 of the SM shows that the sensitivity decreases 

or the group of parabens and Tr in the samples, while a slight 

nhancement of the signal is observed for the remaining analytes 

i.e., BP, BP3, MBC and OCR) when the method is performed in the 

astewater samples. This can be also observed in Figure S2, with 

epresentative chromatograms obtained with the μ-ABS-HPLC-DAD 

ethod for a standard in ultrapure water (34 μg ·L -1 ) and for the

piked wastewater samples (22 μg ·L -1 ). 

Matrix effects have been mainly associated to alterations of the 

onization efficiency when using mass spectrometry detection [56] . 

n this particular case using UV-Vis detection, this behavior may 

e due to (i) the extraction of other substances that are present 

n the wastewater samples and present higher affinity towards the 

hCl-rich phase, which leads to a suppressing matrix effect, and 

ii) the co-extraction and co-elution of interfering compounds from 

he wastewater samples, which may lead to an enhancement of the 

ignal. A statistical test was carried out to compare the calibration 

lopes according to Andrade and Estévez-Pérez [57] , and the re- 

ults are included in Tables S5 and S6 of the SM. The Student’s 

 test revealed there is matrix effects for all the analytes in both 

amples, except for OCR in the sample 2, for which the calibration 

lopes present statistically the same value: (0.84 ± 0.08) ·10 4 versus 

0.81 ± 0.16) ·10 4 for ultrapure water and wastewater, respectively. 
7 
herefore, it is advisable the use of internal standards, the standard 

ddition method or other types of calibrations that consider the 

atrix effects with the proposed μ-ABS-HPLC-DAD, for compensa- 

ion of matrix effects when analyzing complex water samples. 

In order to carry out the determination of the analytes in the 

ample, the P values were calculated to establish whether the in- 

ercepts of the calibration curves of the standard addition method 

ere zero. According to the results of this statistical test, which 

re included in Table S4 of the SM, the intercepts for several PCPs 

ere different to zero and their concentration could be calculated 

y extrapolation of the calibration curves. Thus, the predicted con- 

entrations for the detected PCPs are shown in Table 3 . In gen- 

ral, most analytes could be quantified in the wastewater sample 

, with concentrations ranging from 0.4 ± 0.1 μg ·L -1 for MPb and 

r to 12 ± 1 μg ·L -1 for BP. In the case of wastewater sample 1, only

Pb, BPb, BP and Tr could be quantified at concentrations up to 

 ± 1 μg ·L -1 for BP. It is important to point out that BP was the

nalyte determined with the highest concentration in both sam- 

les, but it is also the analyte for which enhancing matrix effect 

as observed. This indicated the possible co-elution of other in- 

erfering compounds, which was confirmed by comparing the UV- 

is spectra of the sample and a standard solution at the retention 

ime for BP. Thus, the quantification data for this analyte should be 

onfirmed with other detection techniques. (i.e., mass spectrome- 

ry). Moreover, in the case of MBC and BP3, which are the analytes 

ith the lowest E F and E R values, they could not be detected in 

he samples. 

. Conclusions 

A μ-ABS composed of ChCl, K 2 HPO 4 and water was used for 

he first time for the development of a microextraction procedure 

ith environmentally friendly and high enrichment characteristics. 

hus, a point of the biphasic region with the lowest amount of 

hCl was selected to ensure preconcentration, while still facilitat- 

ng the collection of the ChCl-rich phase that acts as extraction 

hase where the analytes are enriched. 

The μ-ABS procedure only required less than 0.4 g of ChCl, 

round 15 g of K 2 HPO 4 , few minutes of vortex stirring, and only 20

in of equilibration time. It was easily combined with HPLC-DAD 

or the determination of 9 contaminants of emerging concern with 

ifferent chemical structures, including parabens, UV filters and a 

isinfectant, being the first time this type of μ-ABSs is used for 

 multi-residue determination. The method was validated, show- 

ng good precision and high enrichment factors for most analytes. 

ndeed, quantitative extraction efficiencies were achieved for the 

roup of parabens, while E values higher than 40% were obtained 
R 
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or BP3 and Tr. The ChCl-rich phase demonstrated certain selectiv- 

ty towards the analytes with OH groups in their structures due 

o the formation of hydrogen bonds that enhance the affinity and 

artition to the ChCl-extraction phase. 

Thanks to the high enrichment factors, and despite DAD being 

sed as detection technique, the proposed method provided low 

OQs and several of the target PCPs could be quantified in two dif- 

erent wastewater samples by the standard addition method. 

As advantages, the μ-ABS-HPLC-DAD method is characterized 

or its greenness given the absence of organic solvents in the entire 

ample preparation procedure and the use of non-toxic reagents 

n comparison with the methods reported in the literature dealing 

ith the same application. This study demonstrates the feasibility 

f exploiting ABS characteristics to develop sustainable and highly 

fficient monitoring methods by selecting the adequate compo- 

ents and composition. 
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