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Abstract: A novel method for the determination of sulfamethazine (SM2), sulfamonomethoxinc (SMM), sulfamethoxazole
(SMZ), sulfadiazine (SD), sulfaquinoxaline (SQX) from the water has been developed using ionic liquid dispersive 1iquid-liquid
microextraction coupled with high performance liquid chromatography. The influence of extraction parameters including types
of extraction solvent, volume of extraction solvent, types of dispersant solvent, volume of dispersant solvent, extraction time, and
pH were investigated. Using 80 μL 1-Hexyl-3-methylimidazolium hexafluorophosphate ([C6MIM]PF6) as extraction solvent,
800 μL acetonitrile as dispersant solvent, pH=4.0, extraction 3min, centrifugal after storage 2min. Under the optima1 conditions,
good linear relationships were obtained in the five sulfonamides residues concentrations of 5~150 μg·L-1 with the correlation
coefficients of 0.9988-0.9994, limits of detection (LOD) were 0.74~1.21 μg·L-1 (S/N=3), limits of quantification (LOQ) were
2.51~4.06 μg·L-1 (S/N=10). The proposed method was applied to the determination of five sulfonamides residues in water, the
recoveries were from 88.5% to 98.8%, with the corresponding intra-day RSDs less than 5.1%, inter-day RSDs less than 9.5%.
The method was considered to be simple, fast, and precise to satisfy the requirements of the residual analysis of sulfonamides in
water.
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1. Introduction
Sulfonamides is a kind of synthetic antibacterial drugs
commonly used in animal husbandry, which is widely used in
the treatment and prevention of bacterial diseases of livestock
and poultry [1] due to its broad spectrum of antibacterial,
strong antibacterial ability, rapid absorption and low price. But
sulfonamides take longer to metabolize in the body, It is harm
to the human body when the concentration exceeds a certain
limit. Acute poisoning can be caused by large doses of
sulfonamides in a short period of time, long-term small doses
of sulfanilamide drugs can cause chronic poisoning, They can
damage the body's immune system, urinary system, and
tissues. In addition, when sulfonamides are kept in the body

for a long time, many fungi in the body will develop resistance
to such drugs [2]. Codex alimentarius commission [3], the
European Union [4] and China [5] have strictly stipulated the
maximum residue limit of 100 g kg-1 for the total amount of
sulfonamides in animal food. Therefore, how to effectively
and quickly monitor sulfanilamide antibiotics in
environmental waters is one of the urgent problems in the field
of environmental protection
At present, the sulfonamides were detected of high
performance liquid chromatography [6, 7] (HPLC), liquid
chromatography-tandem mass spectrometry [8,
9]
(LC-MS/MS) and high performance capillary electrophoresis
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[10, 11] (HPCE). HPLC method has been widely used in the
analysis of target compounds with high resolution, high
sensitivity, good repeatability and low cost. Sample
pretreatment is a technique in which the target compounds are
extracted, concentrated and purified from the samples before
instrumental analysis. The purpose is to make the components
to be measured in the sample fully extracted by the extracting
agent, and then convert them into a form that can be measured
by the analytical instrument, so as to carry out accurate
quantitative and qualitative analysis [12, 13]. It can be seen
that sample pretreatment is the most important part of the
analysis.
The sample pretreatment methods include solid phase
extraction [14], liquid-liquid extraction [15, 16], dispersed
solid phase extraction [17, 18], etc. Dispersive liquid-liquid
microextraction (DLLME) is a kind of liquid phase extraction
technology, the miniaturization in a certain volume of sample
solution or sample extract, join the dispersant containing
extraction agent, after the oscillation, the extractant and
sample solution form emulsion system, enrichment of the
target compounds after centrifugal extraction solvent
precipitation in the bottom of the sample, suitable for analysis
of trace components in water samples. Traditional DLLME
often USES volatile and toxic organic reagents as extraction
agents, which may do harm to the experimental environment
and operators. Ionic liquid is a new type of solvent with
environmental protection and excellent performance, which
can be used to study a new extraction method for DLLME.
This article USES the imidazoles ionic liquid as the extractant,
acetonitrile as dispersant, examines the methods on the
experimental results, the influence of various factors to
establish the DLLME technique combined with HPLC to
determine the water residue detection methods of five kinds of
sulfa compounds, the low solvent consumption, high
extraction efficiency, easy operation, environmentally friendly,
for the separation of harmful substances in surface water
detection to provide technical support.

([HMIM]OTF) were obtained from Meryer (Shanghai)
Chemical Technology Co., Ltd. Methanol, ethanol and
acetonitrile (HPLC grade) were purchased from Fisher
Scientific (Fair Lawn, NJ, USA). Sulfamethazine (SM2),
Sulfamonomethoxinc (SMM), Sulfamethoxazole (SMZ),
Sulfadiazine (SD), Sulfaquinoxaline (SQX) of 98% purity
were purchased from the Bellingway Technology Co.,
Ltd.(Beijing, China). Phosphoric acid, oxalic acid, sodium
chloride (AR) were obtained from Macklin Chemical Reagent
Co. Ltd. (Shanghai, China). Intubation was obtained from
Agilent (250 μL, USA). Canal water, Liming lake water and
tap water were collected in the Daqing.
2.3. Chromatography Conditions
An Waters e2695 high performance liquid chromatography
system with was used for analysis. The separation of the
sulfonamides was operated on an Diamonsil C18 column (4.6
mm×250 mm, 5 µm). The mobile phase was a mix-ture of
acetonitrile (A) and 0.1% formic acid-water (B), and the flow
rate was set at 1.0 mL min-1, gradient elution: 0 min,
VA:VB=80:20; 5 min, VA:VB=70:30; 10 min, VA:VB=60:40; 20
min, VA:VB=10:90. The column temperature was set at 30 ℃,
and the chromatographic data was acquired at wavelength for
270 nm. The injection volume was 5 µL.
2.4. Experimental Method
The 5.00 mL water sample was added into 25 mL Teflon
centrifuge tube, 0.2g NaCl, 80 μL [C6MIM]PF6 、800 μL
acetonitrile were added. The mixed solution of pH was
adjusted between 4 with 0.1 mol L-1 of phosphoric acid.
After vortex agitating for 2 min, the Teflon was centrifuged
for 5 min at 10000 rpm. Finally, 30 μL the extraction solution
was obtained from bottom of sample solution and transferred
into a 250 μL sample bottle with intubation for HPLC
analysis.

3. Results and Discussion
2. Instrumentation and Reagents
2.1. Instrumentation
Chromatographic analysis was performed on e2695 HPLC
systems (Waters Co., USA) equipped with a Diode Array
Detector. The samples were treated with 5810R centrifuge
(Eppendorf Co., Germany), VX200 Vortex oscillator (Labnet
Equipment Co., USA). Electronic analytical balance was
performed on AR124CN (OHAUS Co., Shanghai),
microinjector (Agilent Co., USA), ST5000-F pH meter
(OHAUS Co., Shanghai), filter holder, (T50, Tianjin Jinteng
Technology Co., Ltd.).
2.2. Reagents
1-hexyl-3-methylimidazole
([C6MIM]PF6),
1-octyl-3hexafluorophosphate
1-hexyl-3-methylimidazolium

hexafluorophosphate
methylimidazolium
([OMIM]PF6),
trifluoromethylsulfonate

3.1. Effect of the Type and Volume of Ionic Liquid on the
Extraction Efficiency
In liquid-liquid microextraction, the extractant should have
strong solubility in the target compound, but insoluble in
water and denser than water, so as to ensure a good extraction
efficiency. The effects of [C6MIM]PF6, [OMIM]PF6 and
[HMIM]OTF on the extraction of five sulfonamides in water
were investigated. According to the above method, the results
showed that [C6MIM]PF6 had better extraction effect on
sulfonamide compounds. Therefore, in this experiment,
[C6MIM]PF6 was the extraction solvent.
In order to evaluate the effect of the extraction solvent
volume on extraction efficiency, a series of experiments was
designed based on changing [C6MIM]PF6 volumes within the
range from 40 to 120 μL. Figure 1 shows the effect of
extraction solvent volume on extraction recoveries. The
largest recoveries were obtained at 80 μL of [C6MIM]PF6 for
five sulfonamides. Further increase in [C6MIM]PF6 volume
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resulted in a decrease in recoveries. Therefore, 80 μL of
[C6MIM]PF6 was chosen as the optimal type and volume of
extraction solvent in this study.
SM2
SMM
SMZ
SD
SQX
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1, 2, 3, 4 and 5 min on the extraction efficiency were
investigated. The experimental results showed that the
distribution proportion of the target compound in the ionic
liquid extractant and water phase reached equilibrium within 2
min. If the extraction time continues to increase, the extraction
efficiency of the target compound will not change much, so the
ultrasonic vibration time is chosen as 2 min in the experiment.

Response

SM2

Response
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SMZ
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SQX
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Figure 1. Effect of extractant volume on extraction efficiency.

3.2. Effect of the Type and Volume of Dispersing Solvent on
the Extraction Efficiency
The type and volume of dispersants are important factors
affecting the extraction efficiency. The effects of methanol,
acetonitrile and acetone as dispersants on the recovery of
sulfonamides were investigated. The dispersing solvent 800 μL,
including 80 μL [C6MIM]PF6, was added to 5 mL water
samples with added concentration of 50 μg·L-1. The water
samples were vortex oscillated for 3 min, centrifuged for 5 min,
and the bottom layer liquid was taken for chromatographic
analysis. The results showed that the extraction recovery of
ethanol and acetone as dispersants was relatively low, and the
experimental results were not stable. The response value of
sulfonamides was the largest when acetonitrile was used as
dispersant, and the recovery results were satisfactory. Therefore,
acetonitrile was selected as dispersant in this experiment.
The response value of target compound was increased with
increasing volume of acetonitrile between 400 to 1400 μL.
When the volume of acetonitrile was more than 800 μL, the
response value of target compound decreased. Therefore, in
subsequent experiments, 800 μL of acetonitrile was used as
the dispersing solvent.
3.3. Effect of the Extraction Time on the Extraction
Efficiency
It takes a certain time to establish the equilibrium of
liquid-liquid microextraction. The effects of extraction time of
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Figure 2. Effect of dispersant volume on extraction efficiency.

3.4. Effect of the pH on the Extraction Efficiency
In the extraction process, the pH value of the solution can
affect the extraction efficiency. In this paper, the influence of
different pH values (3.0, 4.0, 5.0, 6.0, 7.0, 8.0) of the sample
solution on the extraction efficiency was investigated. The
experimental results showed that when the pH value was 4.0,
The response value of five sulfonamides was the highest. This
may be because the dissociation constant of sulfonamides is in
the range of 3.7-4.7. When the pH of the sample solution is 4.0,
the solubility of the target compound is the largest, the amount
transferred to the extractant species is the largest, and the
extraction efficiency is the best, so the pH of the solution is 4.0.

4. Evaluation of Methods
4.1. Linearity, Lod and Loq
Under the condition of the best optimization experiment, The
mixed standard solution of five sulfonamides compound were
added into water samples, the linear correlation coefficient,
repeatability, LOD, (S/N=3) and LOQ (S/N=10) of the
establised were evaluated, the results are shown in Table 1.

Table 1. Correlation coefficients, linear ranges, LOD, LOQ, RSD of five kinds of SAs.
SAs
SM2
SMM
SMZ
SD
SQX

r
0.9991
0.9995
0.9988
0.9993
0.9981

linear ranges / μg·L-1
5~500
5~500
10-500
10-500
10-500

LOD/μg·L-1
0.74
0.85
0.94
0.81
1.21

LOQ/μg·L-1
2.51
2.85
3.25
3.12
4.06

RSD/%
3.4
4.2
2.6
3.6
4.8
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Table 2. Recoveries and RSDs of the five SAs spiked in water at three levels (%).
-1

Spiked level (5 μg·L )
Average
Intra-day
recovery

SAs
SM2
SMM
SMZ
SD
SQX

89.6
90.2
88.5
93.6
88.9

inter-day
RSD
6.8
7.8
6.4
8.7
9.1

3.6
4.2
2.4
4.1
4.6

Spiked level (10 μg·L-1)
Average
Intra-day
recovery
94.2
90.2
89.6
88.7
93.3

Spiked level (50 μg·L-1)
Average
Intra-day
recovery

inter-day
RSD
7.5
9.2
6.6
8.2
8.5

2.7
3.8
4.0
3.9
2.9

96.7
98.8
95.2
89.6
95.4

inter-day
RSD
9.5
7.6
7.9
9.2
7.8

4.6
3..3
2.6
5.1
3.4

and the intra-day precision was lower than 9.5%.

4.2. Accuracy and Precision

4.3. Analysis of Real Sample

For the determination of the accuracy, recovery
experiments were performed using three different
concentration levels (5, 10, and 50 μg·L-1) of spiked samples
with known amounts of five sulfonamides. The RSD of the
standard sample recovery rate was analyzed for 6 times in a
day, and the RSD of the standard sample recovery rate was
analyzed for 3 days in a row. It can be seen from table 2 that
the standard recovery rate of sulfonamides was between 88.5
and 98.8%, and the intra-day precision was lower than 5.1%

Under the optimum conditions, the samples of canal water,
tap water, lake water and standard water were analyzed by
ion-liquid-dispersion-liquid-liquid microextraction and high
performance liquid chromatography. The results showed that
sulfonamides were no detected in tap water, canal water and
lake water. Chromatogram of blank sample and standard
sample is shown in Figure 3.
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(SM2, tR=4.079 min；SMM, tR=6.245 min; SMZ, tR=8.177 min；SD, tR=9.544 min, SQX, tR=19.398 min).
Figure 3. Chromatograms of (a) a blank water sample (b) a spiked sample.

5. Conclusion
In this study, a method for the determination of five
sulfonamides in water by ionic liquid dispersion liquid-liquid
microextraction combined with high performance liquid
chromatography (HPLC) was established. Meanwhile, the
effects of the type and volume of ionic liquid, the type and
volume of dispersant, extraction time and pH on the extraction
efficiency were investigated, and the best extraction
conditions were determined. The developed method has the
advantages of high extraction efficiency, simplicity, rapidity
and reduction of the use of toxic and harmful organic solvents.
The recovery experiments of local tap water, canal water and
lake water have been carried out, and the satisfactory results
have been obtained, which shows that the established method
has a good development prospect for the detection of

sulfonamides in actual water samples.
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