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Abstract
Cloud point extraction is developed using a low viscosity surfactant (Sylgard 309) coupled with HPLC-UV. It is a simple method for extraction of parabens in various samples. At the optimum conditions, the method developed achieves limit of detection and extraction recoveries in the range of 0.01 ppm – 0.02 ppm and 68.5% -119.3%, respectively. Linearity of the calibration curves in the range of 0.2-1.0 mg/L. The correlation coefficient are achieved between 0.9995-0.9999. Each replicated samples are spiked with 1 mg/L of parabens. The results indicate that surfactant Sylgard 309 has a great potential for the extraction of organic pollutant in various samples.
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Abstrak
Pengekstrakan titik awan dibangunkan menggunakan surfaktan yang mempunyai kelikatan yang rendah (Sylgard 309) digabungkan dengan KCPT-UV. Ini merupakan satu kaedah yang mudah untuk pemisahan paraben dalam pelbagai jenis sampel. Pada keadaan yang optimum, kaedah yang dibangunkan ini boleh mencapai had pengesanan dan perolehan semula pengekstrakan dalam julat 0.01 ppm – 0.02 ppm dan 68.5% -119.3%. Pekali korelasi yang dicapai adalah dalam julat 0.9995-0.9999. Larutan piawai yang ditambahkan dalam sampel iaitu 1mg/l paraben dalam setiap sampel replikat. Keputusan kajian menunjukkan bahawa surfaktan Sylgard 309 mempunyai potensi yang besar untuk diterokai bagi pengekstrakan pencemar rganic dalam pelbagai sampel.

Kata kunci:  pengekstrakan titik awan, paraben, sylgard 309, kaedah ringkas untuk pengekstrakan


Introduction
Based on the study by Darbre and Harvey [1], the presence of free parabens (the formation of unconjugated forms and it considered as biological active) in human body tissues demonstrates that parabens are able to penetrate human skin intact without breakdown by esterase. Darbre et al. [2] measured concentrations of esters of paraben in human breast tumor and suggested that at least a proportion of the parabens present in daily used products such as cosmetic, food and pharmaceutical products can be absorbed and retained in the body tissue without undergo hydrolysis [2]. Darbre and Harvey [1] reported that the estrogenic activity of ArP is higher than linear alkyl paraben which can promote breast cancer development. In fact, parabens are considered as endocrine disrupting chemicals (EDC) due to estrogens mimicker which increases the expression of genes and can cause human breast tumor cell [3]. It is suggested that more studies should be carried out for detailed evaluation of the potential of parabens. Concentration of parabens seldom exceeds 1% in products but it varies in different products [4]. Parabens do not persist in the environment since they will be degraded by photolysis in the air and biodegraded in water. The existence of the paraben are spread widely in the aquatic environment which it cannot easily be removed from the incoming water [5]. These phenomena occurs from swimmers using sunscreens and from sewage treatment plant [6].

There are a few methods that have been introduced to determine the parabens in water samples. The methods namely solid phase extraction [7], QuEChERS [8], dispersive liquid-liquid micro-extraction (DLLME) [9] and ionic liquid-based single-drop liquid phase micro-extraction (IL-based SDLME) [10]. Based on a study by Han et al. [11], these methods have their own specific disadvantages and not very suitable for determination of parabens in water samples. For example, due to high viscosity of surfactants, they cannot directly injected into CPE and dilution with solvent or water is necessary to complete the process of decreasing the viscosity. Each method has its own drawback such as QuEChERS has determination interference in the measurement; DLLME has poor reproducibility in extraction process due to its matrix where only the method only applicable for the simultaneous separation for intra-day repeatability [12], SDLPME is not very robust, and the droplets may be lost from the needle tip of the microsyringe during extraction.

As reported by Andersen [13], the available data of parabens are currently insufficient compared to other antimicrobial preservative compounds to support the assessment of their study. The concerns of the presence of paraben in human body tissue which develop to human breast cancer tissues become major interest in this research study [14]. With the continued use of paraben in the most of skincare cosmetics, foods and the residue from the industrial waste discharged to water, there is a need to carry out detailed evaluation regarding the potential of parabens. In fact, the information on the concentration of paraben in water samples could be helpful for risk assessment. In relation to this, the method of CPE is suitable method to extract parabens as it has a lot of advantages. It is simple, easy to carry out and  rapid, low cost, environmental friendly and high sensitivity method of extraction in determining parabens from various samples without disturbing the neutrality of the environment [15].

Materials and Methods
Reagents and solutions 
Sylgard 309 (3-(3-Hydroxypropyl)-heptamethyltrisiloxane ethoxylated acetate (>60%) were purchased from Dow Corning (Shanghai, China). Sylgard 309 has the properties which are viscosity of 40 cST, cloud point temperature of 3˚C and surface tension of 23 dynes/cm. The structure of Sylgard 309 is shown in Figure 1. Methylparaben (MeP, 99%), Ethylparaben (EtP, 99%), Propylparaben (PrP, 99.5%) and Benzylparaben (ArP, 99%) were purchased from Sigma Aldrich (USA). Sodium hydroxide (NaOH, 99%), hydrochloric acid (HCl, 37%), and acetonitrile (ACN, 99.9%) used are analytical grade and were purchased from Merck (Germany). Deionized water was prepared through Millipore Milli-Q Plus water purification system. Stock standard solution of parabens (MeP, EtP, PrP, ArP) (1000 mg/L) were prepared in HPLC grade acetonitrile and stored at 4 ˚C. The stock solutions were brought to ambient temperature prior to use.



Figure 1.  Structure of Sylgard 309 non-ionic surfactant

Instrumentations
Extracted samples after undergo CPE were injected into Agilent Technologies with ultraviolet detector to test the presence of parabens. The HPLC-UV system is made up of pump, deggaser, auto injector, column oven, guard column, SUPELCO Ascentis and C18 column (15 cm × 4.6 mm, 0.5 µm, Sigma-Aldrich). Conditions of HPLC used for this separation are mobile phase was deionized water: acetonitrile (50:50, v/v) with flow rate of 1.00 mL/min and detection of 254 nm.

Cloud point extraction procedure
A total of 2.5 mL of sample or standard solution containing the analyte (1 mg/L), 0.2 mL of 20% surfactant (Sylgard 309) concentration (w/v), 0.5 mL of 1.5 M of sodium sulphate (Na2SO4), and 0.2 mL of water samples is mixed in a 10 mL centrifuge tube. The phase separation is placed in the sonicator for 5 minutes to induce separation into two phases. The cloud point temperature is determined by measuring the temperature of the solution when it became turbid after sonication. The upper layer of surfactant rich phase of the two layers formed is extracted using a long needle syringe and filtered with 0.45 µm nylon filter membrane before injected into the HPLC-UV for analysis.

Optimization of parameters for paraben extraction
The extraction of paraben was conducted under one variable parameter with other parameter fixed as constant to obtain the optimum condition for the extraction. The parameters optimization include effect of pH, water weight loss in the surfactant rich phase and interference ions. 

For parameter effect of pH, a series of sample at different pH (2, 4, 6, 7, 8, 9, 10, 11, 12 and 14) was adjusted using dilute acid (hydrochloric acid) or dilute alkaline solution (sodium hydroxide) to obtain the desired pH solution with other parameters kept constant. For parameter water weight loss in the surfactant rich phase, a series of non-ionic surfactant Sylgard-309 were prepared at various concentrations of 10% (w/v), 20% (w/v), 30% (w/v), 40% (w/v) and 50% (w/v) using deionized water with other parameters kept constant.

For parameter interference ions, a series of sample at different type of ions (Li2+, Mg2+, Br-, Cl-, SO42-, NO2-, NH4+, PO43-, F-, K+, NO3-, Na+, Ca2+) were prepared in 500 ppm concentration in order to investigate selectivity with other parameters kept constant. 

Real sample preparation
The pharmaceutical, personal care products such as shower cream, moisturizer, cleanser, make-up remover, body lotion, shampoo, mouth rinse, toothpaste, cough drop and herbal lotion and beverage samples such as drinking water, mineral water, mango juice, syrup cordial and carbonated drink were brought from local market in area of Terengganu, Malaysia. The pharmaceutical and personal care products were prepared in such way that 1 mg of the sample was added into 100 ml volumetric flask and top up with deionized water until it reaches the mark. For beverage sample, 1 ml of sample is taken and dilute with deionized water with the ratio of 1:100. Then, all samples are filtered using a 0.45 µm nylon membrane filter to remove suspended particulate matters and placed at 4 ˚C in the dark for storage. The samples are brought to ambient temperature when ready for analysis and 0.2 mL of each prepared samples is added to the CPE method preparation. 

Results and Discussion
Optimization of parameters: Effects of pH
pH plays an important factor in the CPE method to determine the extraction of an acidic or alkaline analyte in the aqueous solution. In order to determine the influence of the sample pH on the recovery of the studied analyte, an experiment was conducted over the range of pH 2-13. The results are illustrated in Figure 2 which shown that the highest level extraction at pH 7 for all studied parabens. The change in the extraction recoveries can be explained by considering the change in the charged of the parabens. At below pH 3, paraben is in the protonated form, the extraction recovery of parabens in this form is low. This is because protonation of paraben may greatly weaken the hydrophobic interaction between paraben and the surfactant [16].















Figure 2.  Effect of pH on the extraction recovery of parabens

Meanwhile, at pH 4-6, paraben exists mainly in the neutral form. There is slight increase in extraction recovery of paraben in this region as paraben loses its net positive charge due to the hydroxyl group becoming deprotonated. At pH 7, paraben exists mostly in a negatively charged form because the hydroxyl group is now fully deprotonated. In this region, percentage recovery for all parabens increase. In CPE method, the hydrogen bonding, electrostatic attraction, and π-π interaction could be the main interaction when paraben start to be deprotonated with the surfactant Sylgard 309.

From Figure 2, the decreasing trend of percentage recovery shown from pH 8-13. This might be the reason that the percentage recovery of parabens is decreased at pH 8 because all paraben compounds are fully transformed into alcohol and hydroxybenzoic acid [17]. Based on the previous research on the investigated of the parabens in water samples [18], the extraction performance reached a better level at pH 9 for all the studied paraben. Thus, it can be concluding that pH plays an important role in determining the optimum conditions for paraben extraction [19, 20]. Therefore, based on this optimization, we decide to use pH 7 as the optimal condition in this study.

Water weight loss in the surfactant rich phase
Referring to Figure 3, the extraction of MeP shows the highest amount of water content at most 28% at low concentration of surfactant-rich phase of 10% (w/v) surfactant concentration. This percentage of water content was reduced to almost 2% of water content at 50% (w/v) surfactant concentration. This show a reduction of 26% from MeP when the surfactant concentration was increased from 10% (w/v) to 50% (w/v). The overall reduction for EtP is slightly lower than that of MeP which is 21% followed by 15% for ArP and then 12% for PrP. 

Percentage of water content in the surfactant-rich phase is an important parameter as it will affect the pre- concentration factor and the recovery of the analyte extracted. A high amount of water in the surfactant-rich phase will causes lower concentration of analytes to be extracted [21]. Thus, to have satisfactory extraction of analytes, the percentage of water content of in the surfactant-rich phase should be low. According to Yao and Yang [22], the performance of CPE is limited by the water content in the surfactant-rich phase. The lower amount of water content in the surfactant-rich phase will affect the concentration of analyte [19].

The trend that was shown in Figure 3 is increasing of surfactant concentration leads to decreasing of percentage water content. According to Sadeghi et al. [23], solute-solute interaction was greater than the interaction between surfactant with salt and water. When there is more hydrophilic surfactant in the solution, the solute-solute interaction will be more favorable and molecule of surfactant will interact with the surfactant than interacting with water molecules. This may give results of less percentage of water content in the surfactant-rich phase as less amount of water was detected. It is a good trend of water content corresponding to the surfactant concentration. This is because lesser water content in the surfactant-rich phase leading to a better performance of the surfactant in the CPE method. Thus, high percentage recovery of parabens will be extracted in the surfactant-rich phase. The presence of salt may be causes low water content in the surfactant-rich phase [24]. 















Figure 3.  Water content in surfactant-rich phase using CPE method

Interferences Study
The efficiency of the proposed method in the extraction and pre-concentration of the parabens (MeP, EtP, PrP and ArP) ions in the presence of various cations and anions was examined by using solution containing 1.0 mg/L of parabens with addition of various concentrations of potential interferences. The tolerance levels of each potentially interfering ion species was tested, and if interferences occurred, the ratio was reduced until it ceased. As can be seen from Table 1, several species did not interfere, showing that the method described is applicable to the analysis of parabens ions in different samples. 

Table 1.  Interferences of ions to the extraction recovery
	Ion
	MeP
	EtP
	PrP
	BeP

	Li+
	81.6
	87.9
	81.1
	95.1

	Mg2+
	80.9
	83.9
	82.4
	98.7

	Br-
	80.8
	84.9
	81.6
	98.4

	Cl-
	80.2
	87.9
	82.4
	98.8

	SO42-
	80.3
	88.6
	81.6
	92.7

	NO2-
	80.4
	87.9
	82.1
	95.3

	NH4+
	80.7
	87.0
	84.5
	96.9

	PO43-
	81.1
	85.9
	82.6
	98.1

	F-
	80.8
	85.3
	82.0
	94.7

	K+
	80.1
	84.7
	80.8
	93.2

	NO3-
	81.9
	87.3
	80.7
	89.1

	Na+
	80.5
	84.1
	88.1
	94.6

	Ca2+
	80.3
	84.8
	85.8
	96.7



Analytical performance
Quantitative parameters of CPE method such as linear range, correlation coefficients, limit of detection (LODs), limit of quantitation (LOQs) and regression equation were evaluated and summarized in Table 2. For the quantification of the target analytes, an external standard calibration with five different concentration levels was used such as 0.2, 0.4, 0.6, 0.8 and 1.0 mg/L for all parabens MeP, EtP, PrP and ArP. For each level, three replicate extractions were performed under the optimal conditions. Linearity of the calibration curves was determined in the range of 0.2-1.0 mg/L. the correlation coefficients are between 0.9995-0.9999 respectively, suggesting that the linearity is satisfactory in the linear range of the analytes. The LODs and LOQs, based on signal-to-noise ratio (S/N) of 3:1 and 10:1, were obtained in the range of 0.01-0.02 mg/L and 0.04-0.07 mg/L, respectively.

Table 2.  Analytical performance of proposed method
	Method
	Paraben
	Regression Equationa
	R2
	LOD
(mg/L)
	LOQ
(mg/L)

	


CPE
	MeP
	y= 20.489x – 0.2173
	0.9995
	0.02
	0.07

	
	EtP
	y= 21.179x – 0.4411
	0.9999
	0.02
	0.06

	
	PrP
	y= 17.728x – 0.4771
	0.9997
	0.01
	0.04

	
	ArP
	y= 16.151x – 0.5682
	0.9999
	0.02
	0.07


                                                       a Peak area = slope x [ paraben concentration (mg/L)] + intercept

Application of CPE in real samples 
Based on the optimized conditions, the performance of CPE method is tested on the pharmaceutical and personal care product samples in order to evaluate the accuracy and precision. To validate the method, three replicated samples are prepared. Each replicated samples are spiked with 1.0 mg/L of parabens. The relative standard deviation (RSD) and extraction recoveries of the spiked samples are shown in Table 3. As is obvious from Table 3, the recoveries for the spiked samples were found to be in the range of 68.5-119% with RSDs ranging from 0.10% to 5.11% in personal care product samples, the percentage recoveries are higher in MeP and PrP especially in moisturizer are 108.8% and 112.5%, respectively. These result concluded that, the MeP and PrP are most commonly compounds are used in personal care product to increase preservative effect. The chromatogram of the pharmaceutical and personal care products is shown in Figure 4. 

Table 3.  Relative recoveries of parabens from various samples with spiked concentration 1 ppm for each analyte
	Matrix
	Found (µg mL-1,± RSD, n=3)
	
	% Relative Recovery

	
	MeP
	EtP
	PrP
	ArP
	
	MeP
	EtP
	PrP
	ArP

	Shower Cream
	Nd
	Nd
	Nd
	Nd
	
	83.6
	76.5
	84.6
	90.4

	Moisturizer
	0.34(±0.40)
	Nd
	0.46(±4.45)
	Nd
	
	108.8
	80.1
	112.5
	95.7

	Cleanser
	0.33(±1.04)
	0.02(±0.24)
	Nd
	Nd
	
	86.3
	82.1
	86.2
	91.9

	Make-up Remover
	0.11(±0.58)
	Nd
	Nd
	Nd
	
	89.7
	76.5
	84.7
	91.3

	Body Lotion
	0.75(±5.11)
	Nd
	0.20(±0.30)
	Nd
	
	108.4
	68.5
	96.3
	81.0

	Shampoo
	0.15(±1.13)
	0.02(±0.42)
	Nd
	Nd
	
	80.3
	75.1
	82.6
	89.8

	Mouth Rinse
	Nd
	Nd
	Nd
	Nd
	
	83.3
	76.1
	86.1
	91.6

	Toothpaste
	0.45(±1.13)
	0.01(±1.42)
	Nd
	Nd
	
	80.4
	72.8
	80.9
	88.7

	Cough Drop
	Nd
	Nd
	0.001(±0.10)
	Nd
	
	81.6
	73.0
	81.7
	87.9

	Herbal Lotion
	Nd
	0.18(±0.58)
	Nd
	Nd
	
	81.0
	74.5
	80.9
	119.3

	Drinking Water
	Nd
	Nd
	Nd
	Nd
	
	85.3
	77.0
	85.0
	88.3

	Mineral Water
	Nd
	Nd
	1.07(±0.78)
	Nd
	
	85.3
	78.1
	89.6
	99.2

	Mango Juice
	Nd
	Nd
	Nd
	Nd
	
	84.6
	75.8
	85.5
	90.3

	Syrup Cordial
	Nd
	Nd
	Nd
	Nd
	
	87.5
	78.8
	85.5
	89.2

	Carbonated Drinking 
	Nd
	Nd
	Nd
	Nd
	
	83.1
	76.7
	88.4
	91.3


RSD: Relative Standard Deviation, Nd: Non detected
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Figure 4. 	HPLC chromatograms of pharmaceutical and personal care products (a) shampoo (retention time; 2.50 (MeP); 3.209 (EtP); 4.450 (PrP) and 6.346 (ArP) and (b) shower cream (retention time; 2.451 (MeP); 3.159 (EtP); 4.391 (PrP) and 6.305 (ArP)).

From the chromatogram, the recoveries of pharmaceutical and personal care product have high peak intensity for all tested parabens, using these developed method also can separate the peaks easily without contaminated with other sample matrix. The peak area showed at high intensity, it is considered the presence of parabens compounds in pharmaceutical and personal care products can enter into the aquatic ecosystem via multiple pathways, including human excretion, unused drugs and products agricultural [25].

As can be seen, all the investigated compounds were found in the pharmaceutical and personal care products samples. The presence of parabens in greater amount in the pharmaceutical samples is due to the presence of chemicals substances in products. All the analytical results indicated that the simple CPE method proposed was very suitable for the simultaneous and rapid determination of parabens in pharmaceutical and personal care products samples without derivatization.

Nowadays, a variety of pharmaceuticals and personal care products (PPCPs) persist in natural freshwater resources [26]. 

Comparison study
The proposed method was compared with a variety of methods that have been reported recently in the literature for pre-concentration and determination of parabens in cosmetic products. Table 4 summarizes the main analytical information of the comparable methods reported for this type of samples. On the other hand, the percentage recoveries for proposed method achieved are higher compared with some of the method [27]. Besides that, the cost of acquision and maintenance of the system presented in this study are lower. The complexity of the analytical systems employed [28, 29] and sample pre-treatment requiring several steps [29, 30] of other methods described, can be compared with the ease of operation and low cost of CPE-HPLC-UV performance. Apparently, presented method has low LODs, higher percentage recoveries, good RSD and these characteristics are comparable or even better than most of the other methods in Table 4.

Table 4.  Comparison of the proposed method with other developed alternative for the determination of parabens
 in cosmetics
	Method
	Cosmetics Products
	LOD
	RSD (%)
	Recovery (%)
	Ref

	SFEa/HPLC-MS
	Lanoline cream, Skin milk
	4.7-19.3 µgL-1
	< 18.6
	-
	[27]

	HPLC-CLb
	Wash-off cosmetics
	1.9-5.33 µgL-1
	< 3.1
	93-106
	[28]

	HPLC-UV
	Foam shampoo
	0.02-0.05 µgL-1
	< 3.2
	98-105
	[30]

	FIAc–SPE-MEKC
	Gel, Lotions, water/oil based Creams
	0.07-0.1 mgL-1
	< 2.3
	93-102
	[29]

	SPE-HPLC-CAD
	Cream, Shampoo, Make-up, Lotions
	0.5-2.1 mgL-1
	< 3.8
	90-104
	[7]

	CPE-HPLC-UV
	Shower Cream, Moisturizer, Cleanser, Make-up Remover, Lotions
	0.01-0.02 mgL-1
	< 6.0
	68-112
	This work


  aSFE: supercritical fluid extraction, bCL: chemiluminescene and cFIA: flow injection analysis


Conclusion
In this study, it shows that the method of CPE paired with non-ionic surfactant Sylgard 309 is an effective extraction method of parabens in various types of samples. Under the optimal conditions, the determination of four widely used parabens (MeP, EtP, PrP and ArP) using the combination of CPE and HPLC-UV indicates excellent LOD as low as 0.01-0.02 ppm. This CPE method have advantages such as simple, easy to carry out and fast as the extraction time is just 5 minutes. This method uses a minimum amount of organic solvents consequently leads to less organic waste, lower cost and even more environmental friendly as the surfactant used are less toxic. It also produces a high sensitivity method of extraction if compared with other proposed methods. CPE application to a wide range of pharmaceutical and personal care products and beverages samples matrices analysis without a significant variation in the sample preparation and extraction procedures shows that this method could be applied for the determination of parabens in various samples in laboratories analysis.
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