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Offline dispersive liquid-liquid microextraction combined with online pressure-

assisted electrokinetic injection was developed to simultaneously enrich seven

phenolic compounds in water samples, followed by determination using capil-

lary electrophoresis, namely phenol, 4-chlorophenol, pentachlorophenol, 2,4,6-

trichlorophenol, 2,4-dichlorophenol, 2-chlorophenol, and 2,6-dichlorophenol.

Several parameters affecting separation performance of capillary electrophoresis and

the enrichment efficiency of pressure-assisted electrokinetic injection and dispersive

liquid-liquid microextraction were systematically investigated. Under the optimal con-

ditions, seven phenolic compounds were completely separated within 14 min and good

enrichment factors were obtained of 61, 236, 3705, 3288, 920, 86, and 1807 for phe-

nol, 4-chlorophenol, pentachlorophenol, 2,4,6-trichlorophenol, 2,4-dichlorophenol,

2-chlorophenol, and 2,6-dichlorophenol, respectively. Good linearity was attained in

the range of 0.1–200 μg/L for 2,4-dichlorophenol, 0.5–200 μg/L for 4-chlorophenol,

pentachlorophenol, 2,4,6-trichlorophenol, 2-chlorophenol, and 2,6-dichlorophenol,

as well as 1–200 μg/L for phenol, with correlation coefficients (r) over 0.9905. The

limits of detection and quantification ranging from 0.03–0.28 and 0.07–0.94 μg/L

were attained. This two step enrichment method was potentially applicable for the

rapid and simultaneous determination of phenolic compounds in water samples.
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capillary electrophoresis, dispersive liquid-liquid microextraction, phenolic compounds, pressure-assisted

electrokinetic injection, water samples

Article Related Abbreviations: 2,4,6-TCP, 2,4,6-trichlorophenol; 2,4-DCP,

2,4-dichlorophenol; 2,6-DCP, 2,6-dichlorophenol; 2-CP, 2-chlorophenol;

4-CP, 4-chlorophenol; DLLME, dispersive liquid-liquid microextraction;

EF, enrichment factor; PAEKI, pressure-assisted electrokinetic injection;

PCP, pentachlorophenol.

1 INTRODUCTION

Phenolic compounds especially chlorinated ones are widely

used in industry as intermediates in the production of dyes,

plastics, and pharmaceuticals, and are commonly found

in paper and pulp mill wastewater, which might pollute

the groundwater sources without treatment [1,2]. They can

represent serious health hazards due to their moderate
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bioaccumulation and high toxicity, which increase with the

increment of chlorination [3]. Once CPs enter the food chain,

human health is threatened by biological concentration, caus-

ing metabolic disorders, physiological imbalance, and can-

cer [4,5]. The European community has stipulated the max-

imum allowed phenol concentration in drinking water to be

0.5 μg/L [6]. The United States Environmental Protection

Agency (EPA) has also listed eleven phenolic compounds

as priority pollutants, including three kinds of CPs, namely

2-chlorophenol (2-CP), 2,4-dichlorophenol (2,4-DCP), and

2,4,6-trichlorophenol (2,4,6-TCP) [7]. Nowadays, phenolic

compounds have been detected in some water samples as a

result of environmental contamination. Hence, it is necessary

and urgent to develop simple, effective, and sensitive methods

for monitoring the concentration of phenolic compounds.

Considering their low concentration presented in com-

plicated matrices, a number of pretreatment approaches

have been developed to concentrate phenolic compounds,

such as hollow fiber supported liquid-liquid liquid membrane

microextraction [8], SPE [9,10], dispersive solid phase extrac-

tion [11], SPME [12,13], dispersive liquid-liquid microex-

traction (DLLME) [14,15] and cloud point extraction [16].

Moreover, various detection technologies have been applied

for analysis of phenolic compounds including HPLC [17],

CE [18], and GC [19] coupled with UV, fluorescence, and

MS detectors. Amongst them, DLLME was first and was

introduced in 2006 [20] which has advantages of rapidity,

simplicity, and high enrichment ability, and have been widely

applied to extract low concentration of organic compounds

and metal ions [21]. For the analysis of phenolic compounds,

DLLME combined with HPLC-UV [22], HPLC-MS-MS [23]

and GC-MS [24] methods have been reported. Our group has

also used DLLME coupled with CE-UV for simultaneous

determination of five CPs in water samples, demonstrating

good enrichment factor [25]. However, CE with absorbance

detection showed relatively poor sensitivity, because of the

limited optical pathway of on-capillary photometry and

the small sample injection volume. In order to enhance

detection sensitivity of CE-UV, several online enrichment

technologies have been established, such as stacking [26],

sweeping [27], solid-phase packing [28], and transient trap-

ping technique [29]. Pressure-assisted electrokinetic injection

(PAEKI) as an online enhancement technique has been pro-

posed to provide a powerful enhancement capability without

compromising the separation efficiency [30]. Until now,

PAEKI technique has been successfully applied to online

enrichment and analyze kinds of analytes, such as, flotation

reagents in tin mining [31], nucleotides [32], oligonu-

cleotides, and monophthalates in various samples [33].

The offline and online combined enrichment strategies can

greatly improve the detectability of CE-UV. For example,

Xu et al. developed LLE combined with PAEKI stacking for

verteporfin drug to achieve highly sensitive enantioseparation

and detection in artificial urine by CE [34]. Sun’s group devel-

oped a method of DLLME and reversed phase liquid-liquid

microexction (RP-LLME) procedure coupled with sweeping-

micellar electrokinetic chromatography (sweeping-MEKC)

to extract and determine three CPs [35]. Wen et al. uti-

lized dual cloud point extraction offline enrichment coupled

with a hydrodynamic-electrokinetic two-step injection sample

online enrichment followed by micellar electrokinetic chro-

matography for the determination of HS, DS, and DES [36].

Inspired by these researches, high sensitive analysis

method for phenolic compounds by CE-UV, two steps

including preconcentration method of offline DLLME

combined with online PAEKI was proposed to simulta-

neously enrich, separate, and determine seven phenolic

compounds in water samples, namely phenol, 4-chlorophenol

(4-CP), pentachlorophenol (PCP), 2,4,6-TCP, 2,4-DCP, 2-CP,

and 2,6-dichlorophenol (2,6-DCP). The main parameters

influencing CE separation and the enrichment efficiency

of PAEKI and DLLME were systematically investigated,

including property of running buffer, organic modifier, and

applied voltage for CE separation, injection voltage, time,

and water plug for PAEKI, as well as property of extraction,

disperser solvent, extraction time, and salt addition for

DLLME. The validated DLLME-PAEKI-CE method showed

high enrichment factors and wide linear range in ultrapure

water samples, which was potentially applicable to determine

phenolic compounds in real water samples.

2 MATERIALS AND METHODS

2.1 Reagents and samples
HPLC grade reagents of phenol, 2-CP, 4-CP, 2,4-DCP and

2,4,6-TCP were obtained from Sigma-Aldrich (Shanghai,

China) and the standard stock solutions was dissolved into

methanol (MeOH) at the concentration of 1000 mg/L.

The standard solution of PCP and 2,6-DCP in MeOH

with concentration of 1000 mg/L was purchased from Dr.

Ehrenstorfer (Augsburg, Germany). The chemical structures

of seven phenolic compounds were shown in Supporting

Information Figure S1. Sodium tetraborate decahydrate

(Na2B4O7⋅10H2O) and sodium hydroxide (NaOH) were

supplied from Sinopharm Chemical Reagent (Shanghai,

China). Chromatographic grade ACN, MeOH, ethanol

(EtOH), and chlorobenzene (C6H5Cl) were all purchased

from J & K Chemical (Beijing, China). The other analytical

grade chemicals, such as acetone, dichloromethane (CH2Cl2),

and chloroform (CHCl3) were purchased from Sinopharm

Chemical Reagent (Shanghai). Carbon tetrachloride (CCl4)

was obtained from Aladdin (Shanghai). Working solutions

were prepared by dilution of the stock standard solution and

all standard solutions were stored at 4◦C. Ultrapure water
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with the specific resistances of 18.2 MΩ cm was produced

by Pall cascadaTM lab water purification system (Pall, USA)

for aqueous solution preparation throughout the study.

Tap water sample was collected from our laboratory after

5 min of self-flow, filtered using 0.22 μm microporous nylon

filters and stored in a refrigerator at 4◦C before use.

2.2 Instrumentation
A Beckman P/ACETM MDQ CE system (Fullerton, CA,

USA) equipped with a diode-array detector (DAD) and

bare fused-silica capillary (Yongnian Photoconductive Fiber

Factory, Hebei, China) with 75 μm i.d., 375 μm o.d., total

length of 50.2 cm and effective length of 40 cm were utilized

in all the experiments. The pH value was measured with a

Rex pH meter (Shanghai Precision Scientific Instrument,

Shanghai). Data acquisition was performed using Karat 32

software (Beckman-Coulter, Fullerton). All CE experiments

were carried out at 25◦C.

2.3 Capillary electrophoresis conditions
New capillary was conditioned by rinsing with MeOH for

5 min, water for 5 min, 1 mol/L NaOH for 20 min, water for

10 min, and running buffer for 30 min. The running buffer

consisted of 20 mmol/L Na2B4O7⋅10H2O containing 10%

v/v MeOH with the pH of 9.80. Each day, the capillary was

orderly conditioned with 1 mol/L NaOH, water, and running

buffer for 5, 5, and 10 min. Between the two separation

analyses, running buffer was rinsed for 5 min. All solutions

were filtered through 0.22 μm microporous nylon filters. The

detection wavelength was set at 195 nm for phenol, 4-CP,

and 2-CP, 214 nm for 2,4,6-TCP, 2,4-DCP, and 2,6-DCP,

228 nm for PCP. The capillary temperature, applied voltage,

and pressure injection was set as 25◦C, +20 kV and 0.5 psi

for 5 s (1 psi = 6894.76 Pa).

2.4 Two-step enrichment procedure
Ten mL aqueous solution containing seven phenolic com-

pounds was placed in a 10 mL centrifuge tube and the spiked

concentration were 50 μg/L for phenol, 4-CP, PCP, 2,4,6-TCP,

2,4-DCP, 2,6-DCP, and 150 μg/L for 2-CP. The mixture of

1 mL ACN (disperser solvent) and 80 μL C6H5Cl (extraction

solvent) was injected rapidly into the aqueous solution with

1 mL syringe. Then, dispersed fine droplets of C6H5Cl

containing the analytes formed a cloudy solution, which was

delaminated by centrifugation for 5 min at 8000 rpm. After

removing the supernatant, the sedimented solvent was dried

under a gentle flow of nitrogen. The evaporation residue was

redissolved using 20 μL ACN and H2O (1:1, v/v) for injection

into capillary. The capillary was first filled with BGE and

then a water plug was introduced hydrodynamically (3.45 kPa

for 6 s, 1.014 cm water plug injection) before PAEKI. Then,

electrokinetic injection of the evaporation residue sample

during 0.40 min at a voltage of −10 kV was performed at

an assisted pressure of 3.45 kPa, simultaneously. Once the

injection was complete, a voltage of +20 kV was applied in

order to separate the compounds. The schematic illustration

of the DLLME-PAEKI-CE procedure was shown in Figure 1.

Enrichment factor (EF) was used to evaluate the enrichment

capability of DLLME and PAEKI, which was calculated as

follows:

EF =
𝐶1
𝐶0

(1)

where C0 was the initial concentration of seven phenolic com-

pounds in aqueous solution, and C1 was the concentration of

analytes in the sediment phase of DLLME or after PAEKI.

3 RESULTS AND DISCUSSION

3.1 Optimization of capillary electrophoresis
separation conditions
In this study, CZE mode was used for the separation of seven

phenolic compounds referring to our previous work [25].

Factors affecting CZE separation were optimized including

the type, concentration, and pH of running buffer; the type,

concentration of organic modifier, and voltage applied.

Selection of the buffer used as BGE has a great influence on

the migration behavior. Two types of commonly used separa-

tion buffer solutions were investigated, i.e., Na2B4O7⋅10H2O

and NaH2PO4. Result showed that better peak shape and

resolution was obtained by separation with Na2B4O7⋅10H2O

buffer, compared to NaH2PO4 buffer. Moreover, the buffer

concentration is well known to directly affect the Zeta

potential on the inner wall of the capillary. As shown in

Supporting Information Figure S2, different concentrations

of Na2B4O7⋅10H2O buffer (10, 20, 30, 40 mmol/L) were

optimized and 20 mmol/L Na2B4O7⋅10H2O buffer achieved

excellent separation resolution. The possible reason is that

low buffer concentration (10 mmol/L) can lead to high Zeta

potential and thereby high EOF, easily resulting in incomplete

separation. When the buffer concentration was higher than

20 mmol/L, peaks were widened and peak heights did not

increase. Besides, the pH of 20 mmol/L Na2B4O7⋅10H2O

buffer was also investigated with values of 9.30, 9.50, 9.80,

and 10.00. As shown in Supporting Information Figure

S3, the best separation resolution of seven phenolic com-

pounds was achieved at pH 9.80. Therefore, 20 mmol/L

Na2B4O7⋅10H2O with pH 9.80 was used for further study.

The addition of organic modifier to separation buffer can

effectively improve separation selectivity, efficiency, and

resolution. ACN and MeOH were investigated as the organic
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F I G U R E 1 Schematic illustration of the DLLME-PAEKI-CE procedure

modifiers, and they both showed good separation ability

for seven phenolic compounds. Considering relatively low

toxicity, MeOH was chosen as modifier. The concentration

of MeOH was also investigated with the volume ratio of 5,

10, and 15% v/v. As can be seen in Supporting Information

Figure S4, the best separation performance was obtained

when the ratio of MeOH was 10% v/v, considering the

separation time, the peak resolution, and area.

Separation voltage is also important to control EOF. The

applied voltage of +15, +20, and +25 kV were tested by using

separation buffer consisting of 20 mmol/L Na2B4O7⋅10H2O

containing 10% v/v MeOH at pH of 9.80. The results indi-

cated that the analysis time was shortened with the increase

of separation voltage and higher voltage over +20 kV showed

poor peak shape. So, +20 kV was selected.

Based on the above results, the optimized CE conditions

were confirmed: 20 mmol/L Na2B4O7⋅10H2O containing

10% v/v MeOH at pH of 9.80 as separation buffer and

+20 kV as applied voltage.

3.2 Optimization of dispersive liquid-liquid
microextraction conditions
In this study, the value of peak area was used as an indicator

to evaluate the extraction efficiency of DLLME. The main

parameters of DLLME, including the type and volume of

dispersive solvent and extraction solvent, extraction time, and

the amount of salt added, were studied systematically. The

dispersive solvent should meet the requirement of the good

miscibility in both aqueous phase and extraction solvent, and

then it should enable the dispersion of fine droplets of the

extractant into the aqueous phase containing the analytes [25].

Based on the above considerations, MeOH and ACN were

examined. The results showed that ACN had the better enrich-

ment effect. By further referring to our previous work [25],

1 mL ACN was selected as the dispersive solvent, and then

the remaining conditions were examined. The whole optimal

experiments were performed in six times using spiked seven

phenolic compounds concentration at 50 μg/L for phenol,

4-CP, PCP, 2,4,6-TCP, 2,4-DCP, 2,6-DCP, and 150 μg/L for

2-CP.

For DLLME, extraction solvent should have specific

property of dissolving disperser solvent, target analytes, and

insolubilization in aqueous sample solution. Based on that,

four kinds of extraction solvent were investigated including

CH2Cl2, CHCl3, CCl4, and C6H5Cl. As shown in Supporting

Information Figure S5A, not all seven analytes can be

extracted by CH2Cl2 and obviously different extraction effi-

ciency was attained of CHCl3, CCl4, and C6H5Cl. Compared

with CHCl3 and CCl4, C6H5Cl showed more outstanding

extraction solvent for target analytes. Besides, different

volume of C6H5Cl (40, 60, 80, 100, 120, and 140 μL) used

to evaluate the effect of extractant volume on extraction effi-

ciency and the results were shown in Supporting Information

Figure S5B. The optimum extraction efficiency was achieved

at 80 μL, since almost all of the seven phenolic compounds

in aqueous solution could be extracted.
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Therefore, the DLLME procedure was performed by using

the mixture of 1 mL ACN and 80 μL C6H5Cl to inject rapidly

into aqueous sample solution for the extraction of seven

phenolic compounds.

3.3 Optimization of pressure-assisted
electrokinetic injection conditions
In the process of sample injection, the phenolic compounds

ion migration direction is opposite to EOF, which leads to the

depletion of the analytes at the inlet. So a constant pressure

was applied at the capillary inlet during PAEKI to counterbal-

ance the EOF, the anionic sample was stacked by PAEKI at

the boundary of sample zone and BGE. In PAEKI, it has been

proved that preinjection of a short water plug before sampling

can improve the stacking efficiency. When the analytes enter

the capillary through the water plug and cross the interface

of the water plug and BGE at high speed, they encounter a

lower electric field and would slow and focus at this interface.

Figure 1 schematically illustrates the process. The PAEKI

sampling stacking method was used to online enrich seven

phenolic compounds, and the parameters affecting the stack-

ing efficiency were optimized, including auxiliary pressure,

injection voltage, injection time, and the length of water plug.

Under the condition of auxiliary pressure of 0.50 psi

and fixed injection time of 0.40 min, the injection voltage

was investigated. The electrokinetic injection voltage of −8,

−10, −12, and −14 kV was investigated. When the injection

voltage was −10 kV, it had the best peak shape and stacking

effect. As shown in Figure 2A, the enrichment efficiency

increased with the increase of the injection voltage. It can be

seen that higher the voltage was, more analytes entered the

capillary, and better was the accumulation effect. However,

when the voltage was too high, the peak shape began to dete-

riorate and the peak height began to decrease, which may be

because the excessive electro percolation pushed the analytes

out of the capillary orifice, making the accumulation effect

worse. In addition, it was also found that, when the voltage

was high, the electrophoresis separation was prone to flow

interruption, repeatability was poor, and also showed a great

F I G U R E 2 Effect of (A) injection voltage, (B) injection time, (C) auxiliary pressure, (D) water injection time on the peak area of the seven

phenolic compounds. Sample conditions: 10 mg/L standard seven phenolic compounds solution. PAEKI conditions: the auxiliary pressure of electric

injection is 0.50 psi (ca.3.45 kpa), 1.014 cm water plug injection, pressure injection at −10 kV voltage, and injection time of 0.40 min
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relationship with the use of capillary column, and washing

state. Therefore, the injection voltage was selected as −10 kV.

Under the conditions of −10 kV injection voltage and

0.5 psi auxiliary pressure, the injection time was investigated.

As can be seen from Figure 2B, the stacking effect increased

with the increase of injection time within 0.20–0.50 min.

However, when the injection time was below 0.40 min,

the peak height did not increase significantly, and the peak

heights of 2,6-DCP, 2,4-DCP, 2,4,6-TCP, 2-CP, and PCP

decreased. When the injection time was over 0.40 min, the

peak shape widened and the separation degree decreased,

which may be the reason for the excessive injection amount.

Therefore, 0.40 min was selected as the injection time.

At the injection voltage of −10 kV and the injection

time of 0.40 min, the auxiliary pressure of electric injection

was investigated, as shown in Figure 2C. For PAEKI, the

application of pressure can balance the force of reverse EOF,

prevent the sample from being pushed out of the capillary

by reverse electroosmosis, and extend the injection time as

much as possible. Experimental results showed that 0.50 psi

pressure was the best condition. When the pressure was

below 0.50 psi, the sample would be pushed out of the

entrance of the capillary by reverse electroosmosis, which

would reduce the amount of analytes entering the capillary.

When the pressure was greater than 0.50 psi, the peak area

of seven phenolic compounds decreased, and the separation

degree also decreased correspondingly. Therefore, 0.50 psi

was selected as the optimal auxiliary pressure.

The water plug in PAEKI procedure is a key factor in

the effective accumulation of analytes, because injecting a

certain length of water plug can enhance the electric field

inside the capillary tube, which is used as a highway for

transporting charged analytes. When the analytes enters the

capillary tube through the water plug and passes through the

interface between the water plug and the background buffer at

a high speed, the electric field intensity suddenly decreases,

which slows the migration speed of the analytes and thus

accumulates at the interface, and the concentration of the ana-

lytes increases. Therefore, at the conditions of electrokinetic

injection voltage of −10 kV, injection time of 0.40 min, and

auxiliary pressure of 0.50 psi, the effect of the length of the

water plug on the enrichment of seven phenolic compounds

was investigated. As shown in Figure 2D, when the water plug

length was 1.014 cm (3.45 kPa × 6 s), the enrichment effi-

ciency of seven phenolic compounds reached the maximum.

When the water injection time was less than 6 s, the analytes

were rapidly pushed out of the capillary tube by electric

seepage, and the detection sensitivity thereby could not be

improved. When the water injection time was longer than 6 s,

serious peak broadening and overlapping occurred. There-

fore, the optimum length of water plug was set at 1.014 cm.

From the results above, the optimized PAEKI conditions

were confirmed, i.e., 6 s hydrodynamic injection of water for

1.014 cm plug, 0.40 min of electrokinetic injection (−10 kV)

of the sample, at an assisted pressure of 0.50 psi were applied

simultaneously.

Figure 3 shows the electropherograms of 10 mg/L seven

phenolic compounds standard solution by pressure hydro-

dynamic injection and PAEKI injection after DLLME

enrichment procedure. As can be seen, PAEKI had a signifi-

cant superposition effect with the EF as high as 35 times than

that of hydrodynamic injection.

3.4 Method performance
Under the optimal DLLME and PAEKI conditions, the

analytical performance of the developed DLLME-PAEKI-

CE method was assessed by EFs, linearity, sensitivity,

and repeatability, and the results were listed in Supporting

Information Table S1 and Table S2. As seen, relatively high

values of EFs within 236–3705 for five CPs showed excellent

F I G U R E 3 Electropherograms of pressure injection (A) and PAEKI injection (B) of seven phenolic compounds at the concentration of

10 mg/L after DLLME in ultrapure water. Peak identification: (1) Phenol; (2) 4-CP; (3) PCP; (4) 2,4,6-TCP; (5) 2,4-DCP; (6) 2-CP; (7) 2,6-DCP
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enrichment capability of the off/online combined technology.

More chlorine substitution and/or ortho-position effects in

the CPs facilitated the ionization of hydroxy and thereby led

to more charge numbers of the CPs, which is more suitable

for PAEKI. So, amongst the five CPs, the EF for PCP was the

highest while 4-CP the lowest. For phenol, the decrease of

EF after PAEKI (EF = 61) from 93 (DLLME) was possibly

owing to the low charge number; For 2-CP, the EF of 86 was

mainly because of the low enrichment of DLLME (EF = 3).

Good linearity was obtained with correlation coefficients

(r) over 0.9905. The LODs and LOQs calculated based

S/N = 3 and 10, respectively, were in the range of 0.03–0.28

and 0.07–0.94 μg/L, respectively, which could satisfy the

requirement of trace analysis. As presented in Supporting

Information Table S1, the intra- and interday precisions

ranged from 0.25–0.67 and 0.46–0.83% for migration time,

respectively, as well as 2.97–5.06 and 3.57–6.10% for peak

area, respectively, showing high accuracy and reliability.

Consequently, the DLLME-PAEKI-CE method was validated

to be sensitive, reliable, and accurate for the simultaneous

enrichment and determination of seven phenolic compounds

in ultrapure water.

3.5 Application to real water samples
The practical applicability of the DLLME-PAEKI-CE

method was evaluated by spiking standards of seven phenolic

compounds into tap water samples. It can be seen from

Supporting Information Figure S6, after the DLLME-PAEKI

procedure, endogenous phenolic compounds were not found

in the tap water sample (A), however all the seven phenolic

compounds were detected in the spiked water sample (B).

Furthermore, for the comparison of spiked tap water samples

with low concentrations (50 μg/L individual for the other

six phenolic compounds and 100 μg/L for 2-CP) (A) and

high concentrations (300 μg/L individual for the six ones and

500 μg/L for 2-CP) (B), phenol and 4-CP were detected at

high concentration as well as other five CPs exhibited better

peaks (B), as shown in Supporting Information Figure S7.

Obviously, the enrichment effects were different for them

individual, possibly due to the different number/position and

chlorine substitution influencing PAEKI efficiency [34].

It should be noted that, PAEKI is easily affected by subtle

changes in sample composition which results in biased

method efficiency and accuracy [37]. Two common methods

can be utilized to mitigate this effect, i.e., using internal

standards and using the corresponding real sample matrices

for linearity. On the other hand, the analytes for PAEKI

should be appropriately selected; more charged analytes are

preferred. For simultaneous enrichment, multiple analytes

with similar charged number and similar structures should

be considered. Moreover, offline enrichment procedure is

an effective way to eliminate the interference of matrix [34].

It is highly desirable to combine such offline enrichment

procedure as well as eliminate the matrix interference in favor

of PAEKI. Also, analyte loss during the enrichment should

be reduced to great extent. More exploration will be carried

out to attain the good feasibility of the PAEKI combined

enrichment method in real samples.

4 CONCLUDING REMARKS

In this study, offline DLLME combined with online PAEKI

was developed to simultaneously enrich seven phenolic com-

pounds in water samples. This two-step enrichment method

with high enrichment efficiency followed by CE-UV was

potentially applicable for the rapid and simultaneous deter-

mination of phenolic compounds in water samples. PAEKI

was proven to be an effective preconcentration method to

improve the detection sensitivity in this study. Although

the LODs were significantly decreased and approached

the request in pure water, the analytical performances and

practical applicability in complicated matrices are required

to be continuously investigated in order to expand utilization

of PAEKI, since PAEKI performances are greatly dependent

on targeted analytes, charges, and sample matrices. Further

exploration of wide range of multifunctional offline/online

combined enrichment technologies would provide promising

potential to enhance the detection sensitivity of CE-UV.
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