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Abstract A new analytical method was developed for simul-
taneous determination of 12 pharmaceuticals using
ultrasound-assisted dispersive liquid-liquid microextraction
(DLLME) followed by ultra-high performance liquid chroma-
tography with tandem mass spectrometry (UHPLC-MS/MS).
Six nonsteroidal anti-inflammatory drugs (NSAIDs,
ketoprofen, mefenamic acid, tolfenamic acid, naproxen,
sulindac, and piroxicam) and six antibiotics (tinidazole,
cefuroxime axetil, ciprofloxacin, sulfamethoxazole, sulfadia-
zine, and chloramphenicol) were extracted by ultrasound-
assisted DLLME using dichloromethane (800 puL) and
methanol/acetonitrile (1:1, v/, 1200 uL) as the extraction
and dispersive solvents, respectively. The factors affecting
the extraction efficiency, such as the type and volume of ex-
traction and dispersive solvent, vortex and ultrasonic time,
sample pH, and ionic strength, were optimized. The
ultrasound-assisted process was applied to accelerate the for-
mation of the fine cloudy solution by using a small volume of
dispersive solvent, which increased the extraction efficiency
and reduced the equilibrium time. Under the optimal condi-
tions, the calibration curves showed good linearity in the range
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of 0.04-20 ng mL™" (ciprofloxacin and sulfadiazine), 0.2—
100 ng mL~! (ketoprofen, tinidazole, cefuroxime axetil,
naproxen, sulfamethoxazole, and sulindac), and 1-
200 ng mL™! (mefenamic acid, tolfenamic acid, piroxicam,
and chloramphenicol). The LODs and LOQs of the method
were in the range of 0.006-0.091 and 0.018-0.281 ng mL ™",
respectively. The relative recoveries of the target analytes
were in the range from 76.77 to 99.97 % with RSDs between
1.6 and 8.8 %. The developed method was successfully applied
to the extraction and analysis of 12 pharmaceuticals in five kinds
of water samples (drinking water, running water, river water,
influent and effluent wastewater) with satisfactory results.

Keywords Nonsteroidal anti-inflammatory drugs -
Antibiotics - Ultrasound-assisted - Dispersive liquid-liquid
microextraction - Ultra-high performance liquid
chromatography with tandem mass spectrometry - Water
samples

Introduction

Pharmaceuticals are bioactive chemicals mostly used for
humans and animals for prevention or treatment of disease,
etc. Because of the abuse and waste by human beings, those
chemicals would be presented as environmental contaminants
in environmental systems which might show potential toxicity
to aquatic organism and plants and finally bring danger to the
health of human beings [1-3]. Moreover, most of the pharma-
ceuticals are not eliminated by wastewater treatment plants
due to insufficient technology for the removal of such contam-
inants. Because of this incomplete elimination, wastewater
treatment plants are the cause of 70-80 % of pharmaceutical
occurrence in ecosystems [4]: they have been detected in
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wastewater influent and effluent, surface water, drinking wa-
ter, river water, and ground water [5—11]. Therefore, the prob-
lem of pharmaceuticals residues in environmental water sam-
ples has become a major concern to people [12, 13]. It is very
difficulty to determine such trace levels of pharmaceuticals in
wastewater using common analytical methods. Mostly recent-
ly, many novel pretreatment methods were investigated for the
preconcentration of the trace chemicals which were deter-
mined via the liquid chromatography coupled to tandem mass
spectrometry with the merits of sensitivity, versatility, and
selectivity [14—16]. Among those commonly used methods,
solid-phase extraction (SPE) was the most extensively used
technique [17-19]. However, the shortcomings compared
with microextraction techniques for SPE are time-consuming,
strenuous, and waste of organic solvents [20]. In recent years,
liquid-phase microextraction (LPME) technology has been
developed with more and more interests [21, 22]. To be spe-
cially mentioned, this technology requires less amounts of
solvent than LLE, and various configurations have recently
been developed [23-26]. In 2006, Rezaee et al. [27] reported
a novel LPME technique termed as dispersive liquid—liquid
microextraction (DLLME) based on a ternary component sol-
vent system after the extraction solvent and disperser being
rapidly injected into an aqueous sample. The merits of
DLLME method are included such as easy operation, rapidity,
high recovery, high enrichment factor, and so on [28, 29].
Regueiro et al. [30] applied an ultrasound-assisted emulsifica-
tion—microextraction method which achieved perfect results
for the application of ultrasound making the organic solvent
to dissipate into microdroplets resulting in a considerably
large contact area of both the aqueous and organic phases
[31]. Consequently, it is clearly shown that the strong reduc-
tion of reagents and solvents involved in miniaturization pro-
cesses is welcome from the environmental point of view.
Recently, several studies investigating the combined applica-
tion of DLLME extraction and ultrasound-assisted extraction
of the pharmaceuticals from water samples have been pub-
lished [22, 32—-34]. Nonsteroidal anti-inflammatory drugs
(NSAIDs), such as ketoprofen, naproxen, mefenamic acid,
tolfenamic acid, sulindac, and piroxicam, are commonly used
in clinic for the treatment of inflammatory disorders and pain
relief. Publication regarding NSAIDs in the environment con-
firms their toxicity to many animal species [35]. On the other
hand, antibiotics are the most successful family of drugs de-
veloped for improving human health so far. The annual usage
of antibiotics has been estimated to be between 100,000 and
200,000 t globally [36]. Recent researches indicated that anti-
biotics can exert adverse influence on ecology and human
health even at the low concentrations [37]. For that reason, it
is essential to analyze the content of these pharmaceuticals in
environmental matrices. In previous work carried out by our
group [38], we developed a SPE in combination with DLLME
procedure for the preconcentration of 10 antibiotics from
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different water samples prior to their ultra-high performance
liquid chromatography with tandem mass spectrometry
(UHPLC-MS/MS) detection. The aim of this study was to
develop a quick and selective analytical method to carry out
the simultaneous determination of six pharmaceuticals from
the group of NSAID (ketoprofen, mefenamic acid, tolfenamic
acid, naproxen, sulindac, and piroxicam) and six antibiotics
(tinidazole, cefuroxime axetil, ciprofloxacin, sulfamethoxa-
zole, sulfadiazine, and chloramphenicol) at low concentra-
tions. Their chemical structures are outlined and shown in
Fig. 1. Furthermore, we developed a simple and effective
ultrasound-assisted DLLME coupled to UHPLC-MS/MS
method for the determination of 12 pharmaceuticals. The ef-
fect of various extraction parameters, such as the type and
volume of extraction and dispersive solvent, vortex and ultra-
sonic time, sample pH, and ionic strength, was investigated.
Moreover, the developed method was validated for the analy-
sis of five different kinds of water samples (drinking water,
running water, river water, influent and effluent wastewater).
To the best of our knowledge, the procedure for the
preconcentration and simultaneous determination of 12 phar-
maceuticals selected has not been described in the literature.
The use of UHPLC results in shorter analysis time and re-
duced labor costs, which is important for routine analysis.

Materials and methods
Reagent and standards

The ketoprofen, mefenamic acid, tolfenamic acid, naproxen,
sulindac, piroxicam, tinidazole, cefuroxime axetil, ciproflox-
acin, sulfamethoxazole, sulfadiazine, and chloramphenicol
standards were purchased from National Institute for Food
and Drug Control (Beijing, China) with purities higher than
99.7 %. Stock solutions were prepared by dissolving each
substance in chromatographic-grade methanol at concentra-
tions of 0.8—1.1 mg mL ™" and stored at 4 °C in darkness.
The standard curve and spiking solutions were prepared from
appropriate dilutions of the stock solutions with methanol.
Working solutions were prepared immediately before use.
All of the standard solutions and sample extract were filtered
through 0.22 um X 4 mm nylon 66 membrane syringe filters
before injecting into the chromatographic system.
Acetonitrile and formic acid of chromatographic-grade were
obtained from Fisher Scientific (Pittsburgh, PA, USA).
Methanol of chromatographic-grade was purchased from
Shandong Yuwang Chemical Co., Ltd. (Yucheng, Shandong,
China). Chromatographic grade water was purified using a
Milli-Q Reagent Water system (Millipore, Bedford, MA). The
other chemicals and solvents in this experiments, such as di-
chloroethane, carbon tetrachloride, dichloromethane, chloro-
benzene, ethanol, and acetone, were all of analytical grade.
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Instruments

The UPLC-MS/MS method was carried out on a Waters
Acquity™ UPLC-MS/MS System (Waters, Milford, MA,
USA), which consisted of an autosampler, a quaternary pump,
a column oven, and a Xevo™ Triple Quadrupole MS/MS
system equipped with an ESI source (Waters Corp., Milford,
MA, USA). The system was controlled with Unifi"™ software
for data acquisition and analysis, which was supplied by
Waters Technologies. The optimal UPLC-MS/MS parameters
for the analysis are shown in Table 1. Chromatographic sepa-
ration was carried out on a Waters ACQUITY UPLC® BEH
Phenyl (50 mm x 2.1 mm, 1.7 pm) protected by a high-
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pressure column prefilter (2 um) (Waters, USA). The mobile
phase consisted of 0.1 % formic acid in water (A) and aceto-
nitrile (B), with a gradient elution as follows: 35-65 % B at 0—
4 min, 65 % B at 4-5 min, and 65-35 % B at 5-7 min. The
analysis run time was 9 min. The injection volume was 5 puL.
The column temperature was set at 35 °C, and the flow rate
was set at 0.3 mL min ', The optimal conditions were capil-
lary voltage, 3.0 kV; desolvation temperature and source tem-
perature, 350 and 120 °C, respectively; and desolvation gas
flow, 700 L h™'. Argon was used as the collision gas in all
cases and nitrogen as the auxiliary and sheath gas in the ESI
source. Positive—negative ion fast switching techniques and
multiple reaction monitoring (MRM) were used.

@ Springer



8102 J. Guan et al.

Table 1 Parameters of UPLC-

MS/MS condition for 12 Compound R Ionization Precursor Daughter Cone Collision

pharmaceuticals (min) mode (ESI) ion (m/z) ions (m/z) voltage (V) energy (eV)
Ciprofloxacin 0.42 ESI (+) 332.03 287.79 19 16
Sulfadiazine 0.51 ESI (+) 250.92 155.55 12 14
Tinidazole 0.56 ESI (+) 247.96 127.86 15 24
Sulfamethoxazole 0.73 ESI (+) 253.93 156.22 32 14
Chloramphenicol 0.79 ESI (-) 204.99 161.22 25 6
Cefuroxime axetil 1.15 ESI (+) 532.99 446.63 37 16
Sulindac 1.30 ESI (+) 357.00 233.00 40 55
Piroxicam 1.33 ESI (+) 331.95 94.83 5 16
Ketoprofen 1.85 ESI (+) 254.98 208.77 15 12
Naproxen 1.89 ESI (+) 231.02 184.89 5 12
Mefenamic acid 3.63 ESI (-) 240.01 196.04 40 18
Tolfenamic acid 3.89 ESI () 259.97 216.02 34 16

Samples precision (intra-day precision and intra-day precision), accu-

Influent and effluent wastewaters were collected at the urban
wastewater treatment plant of Shenyang. River water samples
were collected from the South Canal of Shenyang. The sam-
ples of running water were taken from the tap in the laboratory
and drinking water from bottled water in Shenyang. All sam-
ples were collected in October 2015 and filtered by 0.45-pum
nylon membrane and stored in amber glass bottles at —20 °C
before analysis.

Ultrasound-assisted DLLME procedure

A 5-mL aliquot of the water sample (previously acidified
using 0.1 mol L™" HCl to pH 4) was placed in a 12-mL glass
centrifuge tube with a conical bottom. Then, 1200 uL of
methanol/acetonitrile (1:1, v/v; dispersive solvent) containing
800 uL of dichloromethane (extraction solvent) was rapidly
injected into the sample solution by micropipette. The injec-
tion of the extraction mixture led to a cloudy sample solution
which was vortexed for 60 s. And then, the tube was
ultrasonicated for 10 min to enhance the extraction of the
target analytes from the sample solution into the tiny droplets
of dichloromethane. The phase separation was performed by a
rapid centrifugation at 4000 rpm for 10 min. The supernatant
was removed by a microsyringe. The remaining sedimented
phase was evaporated with a gentle stream of nitrogen at
35 °C, and the residue was reconstituted with 100 pL aceto-
nitrile/H,O (1:1, v/v). Finally, 5 uL of the filtered extract was
injected into the UPLC-MS/MS system.

Method validation

Using the optimized conditions, the analytical characteristics
of' the proposed method were determined in terms of linearity,
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racy, LOD, LOQ, and stability.

The linearity of the method was determined by analyzing
standard solutions at nine concentrations. For each level, three
replicate extractions were performed. All the experiments
were carried out by a series of influent wastewater samples
containing standards through a whole extraction procedure.
Calibration curves were generated using linear regression
analysis, and obtained linearity was assumed satisfactory
when correlation coefficients (%) were higher than 0.99.

The precision of the method (expressed as relative standard
deviation, RSD) was determined by the repeatability (intra-
day precision) and reproducibility (inter-day precision) stud-
ies. Intra-day and inter-day precision data were obtained by
analyzing the six replicates of the running water samples
spiked at 10 ng mL™', which were performed in 1 day and
in three different days.

The recovery experiment was conducted to determine the
accuracy of the method, which was evaluated by performing
the determination of the influent wastewater samples spiked at
three concentration levels (low, medium, and high). For each
concentration level, three replicate experiments with the whole
analysis process were performed. The data of recovery exper-
iment was also used for the calculation of enrichment factor
(EF). Calculations of recoveries were carried out according to
the following equation: recovery (%) =[(C; — C,)/ C5] x 100,
where C; = concentration of the analyte in the final extract,
C, = concentration of the analyte in the blank sample, and
C; = concentration of the analyte added to the sample. The
target analytes were extracted and purified according to the
abovementioned procedure. Blanks (no-spiked samples) were
analyzed to determine their concentration, which were after-
wards subtracted to the spiked samples.

The LODs and LOQs were determined for influent waste-
water samples spiked at serial dilution of working standard
after extraction. The signal-to-noise ratios (S/N) 3:1 were used



Determination of 12 pharmaceuticals by UPLC-MS/MS

8103

in calculating LOD and S/N 10:1 for calculating LOQ), respec-
tively. The stability of the target analytes in the final extraction
solution stored at —3~—5 °C was tested by replicate assays of
the solution at 0, 2, 4, 6, 8, 12, and 24 h.

Results and discussion

Optimization of the ultrasound-assisted DLLME
conditions

Effect of the pH of sample solution

The pH of sample solution is a significant parameter for
DLLME. Only when the sample solution was adjusted to a
desired pH where the analytes were uncharged, it could be
extracted effectively with organic extractants. In order to de-
ionize the analytes, the sample solution should be adjusted to
acidic with their pKa values between 3.3 and 9.6. Therefore,
the pH of the solution was adjusted from 2 to 6 by using
0.1 mol L™" HCI solution. As shown in Fig. 2, pH 4 provided
satisfactory recoveries for most of the analytes, so it was se-
lected for the subsequent experiment.

Type of the extraction solvent and its volume

In DLLME, the type and volume of the extraction solvent
pay important influence on the recoveries of the analytes.
The suitable extraction solvent should have higher density
than water, low solubility in water, and high extraction ca-
pability for the analytes. Different chlorinated solvents (di-
chloroethane, chlorobenzene, chloroform, dichloromethane,

Fig. 2 Effect of sample pH on
DLLME. Sample solution, 5 mL;
extraction solvent,

dichloromethane, 800 pL; |
dispersive solvent, methanol/ 90
acetonitrile (1:1, v/), 1 mL; no 80—-
salt i
704
60

Recovery(%)
3
PR

N}
o

and carbon tetrachloride) with density higher than water and
different polarities were tested to obtain a good extraction
efficiency. As can be seen in Fig. 3, dichloromethane and
chloroform showed similar extraction efficiency. The possi-
bility is due to the greater polarity of dichloromethane and
chloroform than the others, which leads to the higher solu-
bility of the target analytes (containing polar groups such as
carboxyl, hydroxyl, or amino groups) according to the prin-
ciple of “like dissolve like” and hence higher extraction
efficiency. Therefore, dichloromethane was selected as the
extraction solvent in this study due to its lower toxicity
compared with chloroform. Then, the effect of the volume
of dichloromethane on the extraction efficiency was also
investigated. The solutions containing different volumes of
dichloromethane (ranging from 500 to 1100 puL at intervals
of 100 puL) were used. The results from Electronic
Supplementary Material (ESM) Fig. S1 show the recoveries
of the analytes increased from 500 to 800 pL and then
decreased. The possible reasons might be that when the
volume of dichloromethane was lower, the dichloromethane
might not be dispersed effectively in the sample solution,
while when the its volume increased to a certain volume,
the extraction efficiency got a maximum profile.
Considering these reasons, 800 pL of dichloromethane
was finally selected as optimized volume of extraction
solvent.

TBype of the dispersive solvent and its volume
The most important factor affecting the selection of disper-

sive solvent is relative miscibility of the dispersive solvent
with the dichloromethane and aqueous phase in this

—a— sulfadiazine
—e— ciprofloxacin
—A— tinidazole

—w— sulfamethoxazole
—<— chloramphenicol
—»— cefuroximeaxetil
—&— ketoprofen

—e— mefenamicacid
—e— tolfenamicacid
—%— naproxen

—@— piroxicam

—&— sulindac

pH value
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Fig. 3 Effect of the type of the sulfadiazine
extraction solvent on DLLME C_ ciprofloxacin
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experiment. Methanol, ethanol, acetonitrile, and acetone
exhibit adequate properties and were studied as dispersive
solvents. Considering a previous report [38, 39], methanol/
acetonitrile (1:1, v/v) was also investigated. According to
ESM Fig. S2, the mixture of methanol and acetonitrile
gave a higher extraction efficiency for most of the analytes.
This behavior might result from an increase in the disper-
sion of the dichloromethane in the aqueous phase and re-
sulted in an excellent cloudy solution. And the solubility of
the analytes in dichloromethane was increased, leading to
an increase recoveries of the analytes. Therefore,
methanol/acetonitrile (1:1, v/v) was selected as the disper-
sive solvent in the following experiments.

The volumes of dispersive solvent (ranging from 800 to
1400 pL at intervals of 100 uL) used in the extraction were
also studied. The results (see ESM Fig. S3) indicated that
1200 pL could achieve higher recovery than others.
Therefore, 1200 puL was selected as the volume of dispersive
solvent.

Effect of vortex time

In 2010, Yiantzi et al. [40] developed LLME assisted by vor-
tex to analyze alkylphenols. In this study, the vortex time was
investigated in the ranges of 0—120 s (data not shown). The
extraction efficiency of analytes had no remarkable effect up-
on increasing the vortex time. It was obvious that the surface
area between extraction solvent and sample solution was very
large after the sample solution becoming cloudy. Therefore,
the transfer of the analytes from sample solution to extraction
solvent was fast, and the equilibrium state was quickly
achieved. Consequently, 60 s of vortex time was chosen in
the following experiments.
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chlorobenzene chloroform dichlorommethane carbon tetrachloride

Kinds of the extraction solvent

Effect of the ultrasonic time

The effect of ultrasonic time on the extraction efficiency was
examined within the range from 0 to 20 min. As shown in
ESM Fig. S4, ultrasonic time of 10 min was the optimal con-
dition and longer ultrasonic time could not afford higher ex-
traction efficiency. It is probable that when the ultrasonic time
was too short, the extraction solvent would not reach enough
contact with the sample solution. However, if too longer, the
volatilization of analytes and extraction solvent caused by
consequent thermal effect would lead to the loss of analytes.
Therefore, 10 min was chosen as the optimum ultrasonic time.

Effect of ionic strength

Generally, the addition of salts can reduce the solubility of the
analytes and improve their partitioning into the organic phase
for LPME [41]. In order to investigate the effect of ionic
strength, different concentrations of NaCl from 0 to 20 %
(m/v) was optimized (data not shown). The results indicated
that salt concentration showed nonsignificant effect on the
recoveries of the analytes. Hence, NaCl was not added in the
current method.

Application of ultrasound-assisted DLLME in water samples

Matrix effect Matrix effect (ME) was originally discussed by
Kebarle and Tang [42] in the early 1990s, which should be
necessary to be investigated for DLLME combined with
UPLC-MS/MS.

ME, recovery of sample preparation procedure (R), and
overall process efficiency (PE) were established according to
Niessen [43]. ME, recovery of extraction procedure (RE), and
overall PE were calculated by the following equation:
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Table 2  Matrix effect (ME), enrichment factor (EF), overall process efficiency (PE), and their precision (RSD) of the proposed method in different

environmental water matrices spiked at the 10-ng mL ™" level

Compound Drinking water Running water River water Influent water Effluent water
ME PE EF ME PE EF ME PE EF ME PE EF ME PE EF
(RSD) (RSD) (RSD) (RSD) (RSD) (RSD) (RSD) (RSD) (RSD) (RSD)
Ketoprofen 68 (7) 45(1) 23 80(5 81 (3) 41 73(6) 88(7) 44 73 (4) 90(3) 45 68(7) 65(2) 31
Mefenamic acid 103 (6) 97(2) 49 90(8) 573) 29 77(7) 75() 38 79(6) 91(4) 46 80(5 59() 30
Tinidazole 98 (5) 78 (6) 39 82(6) 60(3) 30 934 61(4) 31 80() 57(2) 29 95(3) 65(6) 33
Cefuroxime axetil 105(9) 84 (5) 42 102(4) 64(5) 32 97(3) 78(6) 39 79(5 68(33) 34 95(2) 56(6) 28
Ciprofloxacin 99 (3) 57(4) 29 98(2) 66(3) 33 74(3) 95(7) 48 83(2) 91 (1) 46 96 (1) 942 47
Tolfenamic acid 98 (6) 89(6) 45 104(3) 87(7) 44 87(3) 89(2) 45 64(5 890 (3) 45 82(5) 56(3) 28
Naproxen 103(7) 77(7) 39 73(8) 96 (3) 48 76(8) 62(22) 31 80(8) 69(22) 35 90(Q2) 63(2) 32
Sulfamethoxazole 104 (2) 94 (6) 47 75(5) 81(8) 41 83(2) 573) 29 76(1) 65(5) 33 81(2) 794) 40
Sulfadiazine 97 (5) 95(2) 48 72(2) 74(7) 37 67(5 66(2) 33 58(2) 52(4) 26 65(4) 78(7) 39
Sulindac 92 (5) 90(2) 45 972 97(5) 49 92(3) 87(1) 44 100(1) 94(6) 47 91(2) 95(6) 48
Piroxicam 72 (2) 88(8) 44 95(7) 86 (1) 43 82(6) 86(5) 43 80(3) 88 (1) 44 87(2) 90 (6) 45
Chloramphenicol 98 (1) 58(2) 29 60Q3) 782) 39 64(7) 650@) 33 764 82(6) 41 99(3) 793) 40
D-A The results of ME, overall PE, and their precision (RSD) in

ME(%) = =~ x 100

RE(%) — % % 100

ME x RE

PE(%) =00

Arefers to the responds of each real samples (drink-
ing water, running water, river water, influent and ef-
fluent wastewaters), B refers to the standard solution,
C refers to pre-extraction spiked samples with concen-
tration that was same as B, and D was the post-
extraction.

EF were calculated using the equation:

EF =PE x 50

different water matrices spiked at the 10 ng mL™" level were
indicated in Table 2. The EF values were also showed in
Table 2. These results proved that globally the proposed meth-
od did not suffer of matrix effects by virtue of the sample
preparation.

Assay validation All validation data are presented in Tables 3
and 4.

Linearity of the method was estimated in the working range
of 0.04-20 ng mL™" for ciprofloxacin and sulfadiazin, 0.2—
100 ng mL™" for ketoprofen, tinidazole, cefuroxime axetil,
naproxen, sulfamethoxazole, and sulindac, and 1-
200 ng mL ! for mefenamic acid, tolfenamic acid, piroxicam,
and chloramphenicol at nine concentration levels. The

Table 3 The performance

characteristics of ultrasound- Compound Linear range 7 LOD LOQ Repeatability Precision RSD

assisted DLLME combined (ng mL™) (gmL™) (gmL™) RSD%(n=6) % (n=18)

UPLC-MS/MS
Ketoprofen 0.2~100 0.9993  0.018 0.055 4.2 0.6
Mefenamic acid 1~200 0.9996  0.091 0.271 2.5 1.4
Tinidazole 0.2~100 0.9968  0.057 0.177 4.4 0.7
Cefuroxime axetil ~ 0.2~100 0.9928 0.014 0.044 3.6 1.2
Ciprofloxacin 0.04~20 0.9907  0.008 0.025 1.7 1.8
Tolfenamic acid 1~200 0.9995  0.076 0.216 6.1 0.6
Naproxen 0.2~100 0.9920  0.012 0.038 8.9 24
Sulfamethoxazole ~ 0.2~100 0.9970  0.015 0.048 5.5 1.0
Sulfadiazine 0.04~20 0.9949  0.006 0.018 1.4 23
Sulindac 0.2~100 0.9985  0.048 0.148 32 3.0
Piroxicam 1~200 0.9985  0.056 0.166 2.4 2.4
Chloramphenicol 1~200 0.9918  0.091 0.281 7.8 1.1
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Table 4  Spiked recoveries of the influent wastewater samples
Analytes Spiked Found R RSD Analytes Spiked Found R RSD
(ngmL™) (ng mL™) (%) (%) (ngmL™) (ngmL™) (%) (%)
Ketoprofen 1 0.968 96.75 35 Naproxen 1 0.933 93.34 44
10 9.244 92.44 2.1 10 9.245 92.45 3.5
50 47.69 95.38 4.5 50 45.46 90.91 6.8
Mefenamic acid 0.894 89.35 7.1 Sulfamethoxazole 1 1.000 99.97 55
2 1.813 90.66 52 10 9.756 97.56 7.2
10 9.245 92.45 6.3 50 49.40 98.81 42
Tinidazole 1 0914 91.35 8.5 Sulfadiazine 0.988 98.77 5.6
10 8.755 87.55 43 2 1.984 99.21 6.0
50 47.39 94.78 5.5 10 9.205 92.05 54
Cefuroxime axetil 1 0.908 90.77 44 Sulindac 1 0.871 87.11 29
10 8.042 80.42 8.8 10 8.356 83.56 1.7
50 42.72 85.44 32 50 42.72 85.43 5.5
Ciprofloxacin 1 0.889 88.91 6.5 Piroxicam 1 0.990 98.97 5.7
10 1.929 96.44 5.4 10 9.244 92.44 24
50 9.821 98.21 1.6 50 46.72 93.44 33
Tolfenamic acid 1 0.836 83.57 54 Chloramphenicol 1 0.838 83.76 54
10 8.276 82.76 7.1 10 9.159 91.59 49
50 38.39 76.77 5.0 50 45.16 90.33 6.7

satisfactory correlation coefficients (0.9907-0.9996) were
achieved. The inter-precision for all analytes was less than
8.9 %, the intra-precision was less than 3.9 %, and accuracy
values were all more than 76.77 % with RSDs between 1.6
and 8.8 %. The LODs and LOQs were calculated for all phar-
maceuticals in 100 puL extracts (without inclusion of
preconcentration step). In extracts, LODs and LOQs ranged
from 0.006 to 0.091 ng mL ™" and 0.018 to 0.271 ng mL ™",
respectively. And the sample solution was found to be stable
from until 24 h with their RSD values lower than 8.9 %, in-
dicating a good stability of all target analytes.

Real sample analysis

The developed method was applied to the analysis of real
water samples. As reported in Table 5, all analytes could be
detected above the LOD in influent and effluent wastewa-
ter. In common, concentrations of the analytes were lower
in effluents than those in influent. What is more, the con-
centrations of naproxen and tinidazole were higher in ef-
fluents than influents, which might be because that the
samples from both influent and effluent were taken at the
same time, indicating that they did not originate from the

Table 5 Determination of the 12

Running water ~ River water ~ Influent water ~ Effluent water

pharmaceuticals in real water Compound Drinking water

samples (ng mL ")
Ketoprofen 0.186
Mefenamic acid <LOQ
Tinidazole 0.268
Cefuroxime axetil ND
Ciprofloxacin 0.39
Tolfenamic acid ND
Naproxen ND
Sulfamethoxazole 0.288
Sulfadiazine 0.195
Sulindac ND
Piroxicam <LOQ
Chloramphenicol <LOQ

2.085 2.202 6.391 3.177
0.371 0.441 0.660 0.422
0.516 1.792 7.904 13.35
0.049 0.192 0.5015 0.139
0.64 3.88 7.015 1.359
<LOQ 0.462 0.411 0.311
<LOQ 0.438 0.636 0.922
0.323 3.456 16.26 3.923
0.241 0.395 1.173 0.325
ND <LOQ 0.644 0.312
<LOQ 0.366 0.857 0.235
ND ND 0.297 <LOQ

ND not detected, <LOQ found below limit of quantitation
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same portion of wastewater [44]. Generally, pharmaceuti-
cals have been detected in environmental water samples
mainly due to their widely consumption and incomplete
treatment.

Comparison of ultrasound-assisted DLLME with other
methods

To highlight the robust application of the presented
ultrasound-assisted DLLME combined with UHPLC-MS/
MS method, it was compared to several published methods
for the determination of pharmaceuticals such as
ultrasound-assisted DLLME followed by UHPLC-PDA,
SPE-DLLME combined with UPLC-MS/MS, SPE com-
bined with GC-MS/MS, etc. [38, 45-48]. As listed in
Table 6, better sensitivity is achieved as the LODs were
0.006-0.091 ng mL ™', which were lower than those report-
ed in our previous paper [38] and other papers [45-47].
However, LODs at a similar level can be found in the liter-
ature [48]. Nevertheless, a few-hour-long SPE procedure
and the derivatization step had to be used to determination
of these analytes.

Conclusion

In the present study, a new method was developed and
applied to pretreat and detect 12 pharmaceuticals from
environmental water samples. Ultrasound-assisted method
was employed to promote the dispersion of the liquid
droplets into the sample solution, which increased the
extraction efficiency and reduced the equilibrium time.
Moreover, the extraction material is cheap, easy-to-use,
and consumes only minor amounts of organic solvent.
Adequate repeatability, good linearity and recoveries,
and the low quantification limits demonstrated that the
method was sensitive and accurate for quantitative analy-
sis of the 12 pharmaceuticals in real water samples (drink-
ing water, running water, river water, influent and effluent
wastewater). Accordingly, it shows great potential in the
analysis of ultra-trace compounds in environmental water
samples.
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