$1891ugATUENY T

WawAagaduuuauMARimandSUIRTEidalnulue

Development of a magnetic solid phase extraction sorbent for

the determination of sulfonamide

WAl A5. LaATE YsyLiin

Tasen15aedlasunuatuayuaINRUIUUTEINMLHUAY
UNIINYIAYAIVANUATUNS
UYszanUauuszunad 2558 sHalasaNas SCI580881S



WaudgaduuusynAwivand msuAzidalnulud

Development of a magnetic solid phase extraction sorbent for the

determination of sulfonamide

KA. A, 18N8 Yeyinn

AAITAL AUZINYIAIEAT UNIINYIRBEIVAIUASUNS



AnRNssuUsZNIA

1A5an 539l SuatuauuaINRIUIVUT LU URHUAY UMINIAIVAIUATUNS
deyey1raail SCI580881S HATeUBVBUAMANIUITENITIATIEVA1TUTUIUTD LAY
Tulowuges NMAIY AL ANEINGIFERT NNINISYAUAIUASUNTA T UANUNYINITY

U

LALLASD9I193 TNV

lania yeyiiin

WOBAAL 2559



UNANED

Agaduresndiounianimanyiisalng wedlnlsanfouddniwazeuniauinin

£ 4 1
U U a

wlulagnduasigvidudmivadauaziivanududuansdaliuludludiegiadl lng

aunAkidnuuaulugelinisuendgaduesnainuifiegeliieuassins 1uea

1 a dy Aa [ 4 A al 1 dy gj al = A 1 aa
YRR URVN IrE R saeaeuneanlsalauniuy %uwaalwiiawmaauaquusﬁam

a U

YN UTEANTANNSATAEsTR N U LUALASLARD UASASELUU TT-TC wazlalaslidn
\elilaUseansninvesnsanaiangn loAnwiladesnee dsil Usunusigadu fiteyues
#19718819 LIaLAYRUNYIVRINTHNA AL 9091000 UTUAIDENY LazdN1IEN
WZaNT8IN13A18N3gatu Aeldannizivunzay BIWauTuivanududunss
Tuaa9 0.30 89 200 lulasnSusedns dausvalstanlaozdunazdaniusidutasdels
=3 %3 gj 1 = [y} 1 a o (Y] (Y] = o
AMULTULAUNTIFIWE 1.0 D9 200 tulasnSusadnsansuansdanus dusazdanituly
6V = aa o %) %) 1 o U 1 =Y o - U =
Wiendu Ineidnannnnisnsiaievindu 0.30 lulasnsusedans dnsuaisdanilaesdu
wazdanus1Fuway 1.0 llasnsusedns dusuaisdaniusidusazdanilulumiandy
Qdd' v dg’l o U1 < a a a (v} (Y] I3 gj
Fiauduaunsahladeuassinss Wneluseansanadunisadaansdalvuiluans

4 ylleFaliSevaznisianauaneglugie 86.7 B4 99.7 wWesiwud lnelAnleuuuunsgu

AUNNSUBYNIN 6 LWaSIUR



Abstract

A magnetic solid phase extraction sorbent of polypyrrole/silica/magnetite
nanoparticles were successfully synthesized and applied for the extraction and
preconcentration of sulfonamides in water samples. The magnetite nanoparticles provided a
simple and fast separation method for the analytes in water samples. The silica coating
increased the surface area that helped to increase the polypyrrole layer. The polypyrrole
coated silica provided a high extraction efficiency due to the mm and hydrophobic
interactions between the polypyrrole and sulfonamides. Several parameters that affected
the extraction efficiencies, i.e., the amount of sorbent, pH of the sample, extraction time,
extraction temperature, ionic strength and desorption conditions were investigated. Under
the optimal conditions, the method was linear over the range of 0.30-200 pg L for
sulfadiazine and sulfamerazine, and 1.0-200 ug L' for sulfamethazine and
sulfamonomethoxine. The limits of detections were 0.30 pg L for sulfadiazine and
sulfamerazine and 1.0 ug L™ for sulfamethazine and sulfamonomethoxine. This simple and
rapid method was successfully applied to efficiently extract sulfonamides from water

samples. It showed high extraction efficiency for all tested sulfonamides, and the recoveries

were in the range of 86.7 - 99.7 % with relative standard deviations of < 6 %.
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1 Introduction
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Research Article

Polypyrrole/silica/magnetite nanoparticles
as a sorbent for the extraction of
sulfonamides from water samples

A magnetic solid-phase extraction sorbent of polypyrrole/silica/magnetite nanoparti-
cles was successfully synthesized and applied for the extraction and preconcentration
of sulfonamides in water samples. The magnetite nanoparticles provided a simple
and fast separation method for the analytes in water samples. The silica coating in-
creased the surface area that helped to increase the polypyrrole layer. The polypyrrole-
coated silica provided a high extraction efficiency due to the m—w and hydrophobic
interactions between the polypyrrole and sulfonamides. Several parameters that af-
fected the exiraction efficiencies, i.e. the amount of sorbent, pH of the sample, ex-
traction time, extraction temperature, ionic strength, and desorption conditions were
investigated. Under the optimal conditions, the method was linear over the range of
0.30-200 pg/L for sulfadiazine and sulfamerazine, and 1.0-200 pg/L for sulfamethazine
and sulfamonomethoxine. The limit of detection was 0.30 pg/L for sulfadiazine and sulfam-
erazine and 1.0 pg/L for sulfamethazine and sulfamonomethoxine. This simple and rapid
method was successfully applied to efficiently extract sulfonamides from water samples. It
showed a high extraction efficiency for all tested sulfonamides, and the recoveries were in
the range of 86.7-99.7% with relative standard deviations of < 6%.

Keywords: Magnetic nanoparticles / Polypyrrole / Silica / Sulfonamides
DOI 10.1002/jssc.201500766

Additional supporting information may be found in the online version of this article
at the publisher’s web-site

cision [5]. Due to the relatively low concentration of sul-
fonamides in water samples together with the complexity

Sulfonamides are a group of synthetic antibiotics often used
to prevent infections, treat diseases, and to promote growth
because of their broad-spectrum activities, effectiveness, and
low cost [1]. These compounds enter the environment by
means of wastewater effluents from municipal treatments
plants, hospitals, livestock activities, and the improper dis-
posal of drugs or unexpected spills during manufacturing or
distribution [2]. Consequently, traces of sulfonamides have
often been detected in environmental waters [3]. Even at trace
levels, they can promote the development of antibiotic re-
sistant bacteria, cause allergic reactions in humans, or even
possess carcinogenic potency [4].

HPLC has been widely used for the determination of
sulfonamides because of its high sensitivity and good pre-
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ulty of Science, Prince of Songkla University, Hat Yai, Songkhla
90112, Thailand
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SMX, sulfamonomethoxine; TEOS, tetraethylorthosilicate
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of the matrices, a sample preparation method is generally
required before instrumental analysis. Among the various
sample preparation techniques that have been reported for
extraction and preconcentration of sulfonamides [6-9], SPE
is one of the most widely used techniques due to its high ex-
traction efficiency. However, traditional SPE cartridges and
equipment are expensive and the operation is quite tedious.
Recently, magnetic solid-phase extraction (MSPE) has at-
tracted much attention since the sorbent can be easily sepa-
rated from the sample solution using an external magnetic
field [10] and can be reused after a simple washing operation.
However, naked magnetic nanoparticles (Fe;0) tend to ag-
gregate, are prone to oxidation and are not selective toward
complex matrices. Therefore, the surfaces of these magnetic
nanoparticles have been modified with specific ligands to
make them more selective and become more suitable [11].
Silica (Si0;) is one of the most ideal coating layers since
it can prevent Fe;O, nanoparticles aggregating over a wide
range of pH values and improve their chemical stability [12].
However, the hydrophilic $Si0; would not be applicable for the
extraction of sulfonamides. Therefore, in this work, an addi-
tional coating of a polypyrrole, which can easily be prepared
by chemical polymerization under mild conditions [13], was

www.jss-journal.com
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used because it contains a conjugated = structure that can
adsorb sulfonamides by w—m and hydrophobic interactions.
The polypyrrole/SiO; /Fe; 0, sorbent was then applied to ex-
tract sulfonamides from water samples and then be detected
by HPLC. The aim was to provide a reliable, simple, highly
sensitive, and environmentally friendly method for the mon-
itoring of sulfonamides in environmental samples. Sulfadi-
azine (SDZ), sulfamerazine (SMZ), sulfamethazine (SMT),
and sulfamonomethoxine (SMX), because of their toxicity,
were selected as test compounds to investigate the perfor-
mance of the developed sorbent.

2 Materials and methods
2.1 Reagents and chemicals

Methanol, acetonitrile, acetic acid, and 2-propanol were from
Merck (Darmstadt, Germany). Sodium chloride was from
Labscan (Bangkok, Thailand). Ethanol and ammonium hy-
droxide were from |JT Baker (Bangkok, Thailand). iron(II)
chloride tetrahydrate (FeCl,.4H,0), iron(IlI) chloride hex-
ahydrate (FeCl;.6H,0), iron(I11) chloride anhydrous (FeCl;),
pyrrole, tetraethylorthosilicate (TEOS), SDZ, SMZ, SMT, and
SMX were from Sigma-Aldrich (Steinheim, Germany). Oa-
sis HLB (30 mg) was from Waters (Milford, USA). Indi-
vidual stock solutions of each standards (100 pg/mL) were
prepared in methanol and stored at 4°C. Ultrapure wa-
ter was obtained using a maxima ultrapure water system

(ELGA, UK).

2.2 Instrumentation

Chromatographic analysis was performed on a Hewlett-
Packard 1100 series HPLC system (Agilent Technologies,
Germany). The separations were performed on a reversed-
phase VertiSepTM C,y column (5 wm particles size, 250
x 4.6 mm id; Restek Bellefonte, USA). The surface morphol-
ogy of the prepared sorbent was observed by SEM (] SM-5200,
JEOL, Tokyo, Japan). The FTIR spectra were determined by
FTIR spectroscopy (PerkinElmer, Waltham, MA, USA).

2.3 HPLC conditions

To obtain the best performance (high sensitivity, good reso-
lution, and short-analysis time) a number of the operational
conditions of the HPLC were optimized for the analysis of
sulfonamides. The optimum absorbing wavelength of the
sulfonamides was first investigated. Then a mixed standard
solution of four sulfonamides was analyzed at the optimum
wavelengths (with a mobile phase flow rate of 0.70 mL/min,
a 40°C column temperature and a 20 pL sample volume)
to obtain the optimum compositions of the mobile phase
(% acetic acid and acetonitrile).

© 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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2.4 Synthesis of polypyrrole/SiO,/Fe;0,
nanoparticles

Figure 1A shows a schematic presentation for the synthesis of
polypyrrole/SiO; /Fe;0, nanoparticles. Fe;O; nanoparticles
were first prepared by a chemical coprecipitation method [12].
Briefly, 4.70 g of FeCl;-6H,0 and 1.70 g of FeCl,-4H,0 were
dissolved in 80 mL of deionized water. Under vigorous stir-
ring at 80°C, 10 mL of ammonium hydroxide (30% v/v) was
added dropwise into the solution over a period of 5 min
and the stirring was continued for another 55 min during
which time the magnetic particles were formed. The parti-
cles were then separated using a magnet, washed three times
with 100 mL of water, and then dried at 60°C in an oven for
24 h.

For SiO; coating, 2.0 g of Fe; 0, nanoparticles were added
into a solution containing 100 mL of ethanol, 50 mL of deion-
ized water and 2.0 mL of ammonium hydroxide (30% v/v)
and sonicated for 15 min. A 2.0 mL of TEOS was added drop-
wise into the solution while stirring at 300 rpm, and 40°C,
after which the solution was heated for 12 h. The SiO;/Fe;0,
particles were collected by a magnet, washed with 20 mL of
methanol, 20 mL of deionized water, and dried at 60°C in an
oven for 6 h.

The Si0;/Fe;0, particles were washed with 5.0 mL of
2-propanol before being incubated in 5.0 mL of pyrrole
monomer for 1 h then residue monomer was removed from
the sorbent. To polymerize the pyrrole, 0.64 g of FeCl; (ox-
idant) was dissolved in 20 mL of 2-propanol and added
into the pyrrole/SiO,/Fe;O4 in a rotator tube. The poly-
merization was completed on a rotator mixer for 9 h. The
polypyrrole/SiO; /Fe;0, was then washed twice with 10 mL
of 2-propanol, methanol, and deionized water, respectively.
The particles were dried at 60°C in an oven for 6 h.

2.5 MSPE procedure

Polypyrrole/SiO; /Fe;0, nanoparticles were used as the
MSPE sorbent in an extraction procedure as shown in
Fig. 1B. The initial conditions used in the extraction were as
follows. After 100 mg of polypyrrole/SiO, /Fe; 0. the nanopar-
ticles were conditioned in a vial with 2.0 mL of methanol and
deionized water, respectively, 5.0 mL of spiked water sam-
ple was added and stirred for 30 min. The sorbents, with
bound sulfonamides, were then separated using a magnet
and the solution was descanted. The analytes were desorbed
from the sorbent with 5.0 mL of methanol by sonication for
30 min. The desorption solvent was then evaporated to dry-
ness at 50°C, redissolved in 0.5 mL of methanol and filtered
through a PTFE filter (0.22 um) for HPLC analysis.

To obtain the maximal extraction efficiency, the main
affecting parameters were optimized by varying one param-
eter at a time, while the others were kept constant. These
included the amount of the sorbent, sample pH, extraction
time, desorption conditions, and effect of the ionic strength.
Each experiment was done in triplicate. The extraction

www.jss-journal.com



J. Sep. Sci. 2015, 38, 3921-3927

11

Sample Preparation 3923

=
%o L /)Y
. TEOS G-On -
> 10~ H
> HO-15 '&‘ 3
\1." z G, FeCly
Fe,O, -

HO

Si0,/Fe 0y

Polypyrrole/SiO;/Fe;0

@ Analyte
* + Interferences s

. Adsorbent Analysis

HPLC-DAD

efficiency was evaluated in terms of recovery. The optimiza-
tions were performed using 5.0 mL of water sample spiked
with a standard solution to obtain a final concentration of
20 pg/L for each sulfonamide,

2.6 Water samples

The developed sorbent was applied to the extraction and pre-
concentration of sulfonamides in tap, canal, and lake water
samples. Tap water was collected from a laboratory; other
samples were collected from the Wong and U-Tapao canals
in Hat Yai city, Songkhla, Thailand, and Songkhla Lake,
Thailand. Each water sample was filtered through a 0.45 pm
membrane to remove suspended particles and stored in a
brown glass bottle at 4°C.

3 Results and discussion
3.1 Optimum HPLC conditions

The optimum HPLC conditions for the determination of sul-
fonamides were found to be, mobile phase: a mixture of 0.20%
acetic acid and acetonitrile (70:30 v/v), low rate: 0.70 mL/min,
absorption wavelength: 270 nm. These conditions provided
a good peak separation for sulfadiazine, sulfamerazine, sul-
famethazine, and sulfamonomethoxine with retention times
of 8.04, 9.63, 11.03, and 13.48 min, respectively.

© 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Reuse

Figure 1. A schematic dia-
gram representative the syn-
thesis of polypyrrole/Si0;/Fe; 04
nanoparticles sorbent (A) and
the extraction of sulfonamides
using the MSPE sorbent (B).

3.2 Characterization of polypyrrole/SiO;/Fe;0,

The FTIR spectra of the Fe;O;, SiO,/Fe;0;, and
polypyrrole/SiO, /Fe; O, nanoparticles are shown in Fig. 2A.
Fe;0, showed a characteristic peak at 587 cm ™' (Fe-O stretch-
ing). An absorption peak at 1083 cm ™' (Si-O-Si) indicated
the formation of a silica coating on the Fe;0; surface. The
peaks at 1556 and 1480 cm ™' in Fig. 2A (c and d) were re-
lated to the absorption of the pyrrole ring, and indicated
the successful coating of the polypyrrole onto the surface
of Si0,/Fe;0; nanoparticles. The SEM micrograph of the
polypyrrole/SiO, /Fe; O, sorbent (Fig. 2B) confirmed that the
magnetic sorbents were fairly uniform in size and shape, with
an average particle size of 70 + 10 nm (n = 100). Figure 2C
illustrates the dispersion and agglomeration processes of the
polypyrrole/SiO, /Fe; O, nanoparticles. The homogeneously
dispersed magnetic nanoparticles adhered to the side wall of
the vials when the external magnetic field was applied and
the solution became transparent within 1 min.

3.3 Optimization of the MSPE procedure

3.3.1 Type of sorbent
The extraction capabilities of the Fe;0s4, SiO,/Fe;0;, and

polypyrrole/SiO, /Fe;0, are shown in Supporting Informa-
tion Fig. S1. The recoveries of the sulfonamides significantly

www.jss-journal.com
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increased in the presence of polypyrrole, and indicated that
the polypyrrole had a strong influence on the extraction pro-
cess because it adsorbs sulfonamide by w—m and hydrophobic
interactions.

3.3.2 Amount of sorbent

The effect of the amount of polypyrrole/SiO, /Fe;0, was in-
vestigated over the range of 10-100 mg and the recoveries
increased with the sorbent amount from 10 to 20 mg, and
then remained constant (Supporting Information Fig. S2).
That is, 20 mg of sorbent was sufficient for the extraction of
sulfonamides and 20 mg was selected for subsequent experi-
ments. This is much less than a traditional C,5 SPE cartridge,
using ca. 50-100 mg of sorbents. The result indicated that the
developed sorbent had a high adsorption efficiency, and a sat-
isfactory extraction efficiency was achieved by using a much
lower amount than any previous commercial SPE sorbent.

3.3.3 pH of the sample

Sample pH plays an important role in the adsorption of target
analytes on the sorbent. Its influence was investigated in the
range of pH 3.0-9.0 by adjusting with HCl or NaOH. At
a pH 6.0 and 7.0, in which sulfonamides are in a neutral
form [14], a high recovery of > 80% was obtained for all tested
sulfonamides (Supporting Information Fig. S3). Ata sample
pH lower than 6.0, the extraction efficiency was reduced,
probably because of the protonation of the amine group of the
analyte [15] making it more difficult to form a hydrogen bond
with the sorbent. The extraction efficiency also decreased at

© 2015 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 2. (A) FTIR spectra of Fes0s (a),
Si0,/Fe304 (b), polypyrrole/SiOa/Fes04 lc),
and polypyrrole (d), (B) SEM image of
polypyrrole/Si0a/Fe; 04, (C) the dispersion
(left) and separation (right) process of
polypyrrole/SiO;/Fe; 04 sorbent by an exter-
nal magnet.

a pH value above 7.0 but as a result of the anionic nature
of sulfonamides since they would become more negatively
charged [14] hence, the hydrophobic interactions between
sulfonamides and the sorbent would be reduced. Since, the
water samples pH values are normally in the range of 6-7,
there is normally no need to adjust their pH values.

3.3.4 Extraction time

Extraction time, the time required for the adsorption of the
analyte from the sample solution into the sorbent, was also
important. The extraction time was investigated in the range
of 240 min to achieve the best extraction efficiency with
the shortest analysis time. The extraction efficiency increased
with extraction time from 2 to 20 min, after which it remained
almost constant (Supporting Information Fig. S4). Therefore,
the extraction time of 20 min was selected for further studies.

3.3.5 Desorption temperature

The effect of the desorption temperature was studied from
25 to 50°C in which the extraction efficiency increased with
the desorption temperature and reached the highest level at
45°C (Supporting Information Fig. S5). A lower efficiency at
a lower desorption temperature may be caused by a slower
diffusion rate of the analyte from the sorbent to the des-
orption solvent while the higher temperature may result in
the volatilization of the desorption solvent, thus, the solvent
volume was reduced. Therefore, 45°C was used for further
experiments.

www.jss-journal.com
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Table 1. Recoveries of sulfonamides in real water samples (n = 5)

13
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Water samples Added (pg/L) Recovery (%)
SDZ SMZ SMT SMX
Tap water 5 938 + 4.2 948 + 27 971 £ 14 956 + 3.7
20 89.8 £ 5.3 93.7 + 43 96.6 + 24 94.2 + 36
100 918 + 45 86.7 + 3.1 80.8 + 5.3 80.2 + 4.1
Canal water 5 94.8 £ 4.0 95.5 + 2.0 936 + 3.7 94.2 £ 4.2
20 89.2 + 2.0 92.0 £ 1.0 934+ 38 91.8 + 3.0
100 86.7 + 3.0 90.0 + 3.0 8930 + 15 91.2 + 4.8
Lake water 5 95.0 + 2.9 99.7 + 46 937 + 4.2 97.0 £ 16
20 977 £ 25 919 + 1.0 96.2 + 4.2 954 + 33
100 930 £ 2 90.1 + 49 876 + 3.0 921 £ 3
pletely desorbed from the sorbent by sonication with 3.0 mL
16 4 o of methanol (Supporting Information Fig. S7). As for the des-
orption time 20 min was sufficient to obtain the maximum
12 4 smz desorption efficiency for all analytes (Supporting Information
il Fig. S8).
SMX

Response (a.u.)
o
o

=]
IS
o

0.0

0 4 8 12 16 20
Time (min)
Figure 3. Chromatograms of spiked water sample canal 1

(10.0 pg/L) without extraction (A} and with extraction using
polypyrrole/Si0./Fe; 04 sorbent (B).

3.3.6 Desorption solvent, volume, and time

The selection of an appropriate solvent to desorb the an-
alytes from the sorbent before instrumental analysis was
important in a MSPE procedure. Since, the adsorption of
sulfonamides onto the polypyrrole/SiO, /Fe;O; nanoparticles
was based on m—r and hydrophobic interactions, the desorp-
tion solvents of different polarities needed to be considered.
Methanol, acetonitrile, acetone, propanol, ethyl acetate, and
hexane were investigated. The results indicated that when
a slightly nonpolar (propanol, ethyl acetate) and a nonpo-
lar (hexane) solvents were used a low desorption efficiency
was obtained (Supporting Information Fig. S6) probably be-
cause the polypyrrole/SiO; /Fe; O, sorbent could not be dis-
persed well in these solvents. For the other three solvents,
methanol provided the highest desorption efficiency with ace-
tonitrile and acetone providing a slightly lower value. There-
fore, methanol was employed. Another advantage of using
methanol was that, after desorption the solvent must be re-
moved and methanol evaporated faster than acetonitrile due
to its lower boiling point.

The influence of the volume of methanol was also inves-
tigated. The results showed that all analytes could be com-
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3.3.7 Effect of ionic strength

The mechanism of mass transfer of the analytes in the MSPE
can be influenced by the ionic strength [16] because the sol-
ubility of analytes in the aqueous phase was reduced when
the ionic strength was increased, and the analytes that par-
titioned into the adsorbent was enhanced [17]. The effect of
ionic strength was investigated by varying the concentration
of NaCl in the water sample over the range of 0-10% w/v. In
this system, the ionic strength had a negative effect on the
extraction efficiency (Supporting Information Fig. §9) prob-
ably because the increase of the salt concentration increased
the solution viscosity, hence, this reduced the diffusion
rates of analyte from the water to the sorbent, hence, there
was decreased extraction efficiency [18]. Therefore, no salt
was added to the sample solution.

3.4 Reproducibility and reusability

The preparation of the polypyrrole/SiO,/Fe;0, sorbent was
investigated for batch-to-batch reproducibility. Six different
batches were used to extract sulfonamides (20.0 pg/L) in
spiked deionized water under the same conditions. The av-
erages of the recoveries of the six batches were: sulfadiazine
88.2 + 1.5%, sulfamerazine 86.7 + 3.1%, sulfamethazine 86.5
+ 3.3%, and sulfamonomethoxine 87.8 + 2.7% with RSDs in
the range 1.7-3.9%. These were better than the acceptable val-
ues recommended by the AOAC (recovery = 80-110%, RSD
= 32%), and indicated that the preparation procedure of the
polypyrrole/SiO; /Fe;O, sorbent has a good reproducibility.
The reusability of the sorbent was also investigated. Af-
ter desorption the used polypyrrole/SiO,/Fe; O, sorbent was
washed by stirring for 1 min in 2.0 mL methanol and 2.0 mL

www.jss-journal.com
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Table 2. Comparison of the developed method with other methods for the determination of sulfonamides

Extraction method Sample Extraction time Sample Extractants LOD (pa/L) Recovery (%)  References
{min) volume (mL)

Dispersive Water 3 5 Chloroform 0.41-9.87 78-117 (8]
liquid-liquid
microextraction

Liquid-liquid-liquid Water 45 12 Organic solvent 0.11-0.77 86-109 [s]
microextraction

Micro-solid phase Water 20 4.5 MIP sorbent 0.2-3.0 70-120 [20]
extraction
(Molecularly
imprinted polymer)

In-line solid phase Water 15 475 HLB particles 0.38-0.56 52-109 [21]
extraction

Solid phase extraction Water 25 250 HLB cartridges 0.15-1.0 70-104 [6]

Stir bar sorptive Milk 10 4 Cis 0.9-10.5 68-120 [22]
extraction

Stir bar sorptive Milk 60 50 Monolithic material 1.3-79 55-126 [23]
extraction

Magnetic solid phase  Water 20 1 Fe304/Graphene oxide  50-100 67-120 [24]
extraction

Magnetic solid phase  Water 20 5 polypyrrole/Si0;/Fe;0;  0.3-1.0 87-100 This work
extraction

deionized water, respectively. After washing the sorbent was
tested with a blank sample where no HPLC response was ob-
served indicated that there was no carryover of the analytes.
The sorbent could be reused for up to 16 times (Support-
ing Information Fig. $10) while maintaining recoveries of
sulfonamides >80% (acceptable value 80-110%) [19].

3.5 Comparative studies

The efficiency of the developed sorbent was compared to a
commercial SPE sorbent, HLB. HLB was conditioned with
2.0 mL of methanol followed by 2.0 mL of deionized water
and then loaded with 5.0 mL of spiked water sample (20 ng/L
of sulfonamides), desorbed with 3.0 mL of methanol and
detected by HPLC. Similar recoveries were obtained (Sup-
porting Information Fig. S11), and the average recoveries of
the two sorbents were compared statistically by the paired
t-test and there were no significant difference between the
two sorbents (p > 0.05). The advantages of the developed
method over the traditional SPE sorbent are that they were
simpler to use and required a shorter extraction time. In ad-
dition, the polypyrrole/SiO,/Fe; 0, sorbent could be reused
for a maximum of 16 times, whereas the commercial HLB
sorbent cannot be reused.

3.6 Analytical performance

The performances of the developed method, i.e. linearity,
LOD, and LOQ, were investigated under the optimal condi-
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tions. The calibration plot of the peak areas versus sulfon-
amides concentrations in spiked deionized water provided a
wide and good linearity (r* > 0.997) (Supporting Informa-
tion Table S1). The RSDs for each concentration were less
than 10%. While the LOD (S/N = 3) and LOQ (S/N = 10)
were also very low in the pg/Lrange (Supporting Information
Table S1).

3.7 Real sample analysis

To assess the practical applicability of the developed method,
it was applied to determine sulfonamides in tap, canal, and
lake water samples. The chromatograms of the spiked water
samples (10.0 pug/L) without extraction and with extraction
using polypyrrole/SiO;/Fe;0, sorbent are shown in Fig. 3.
In the real water samples, only a low concentration of sul-
fadiazine was detected in the canal and lake water samples
(Supporting Information Table S2).

To evaluate the accuracy of the developed method, the
water samples were spiked with the sulfonamides stan-
dard solutions to obtain the concentrations of 5.0, 20.0, and
100 pg/L. The recoveries of all tested sulfonamides in the
water samples were in the range of 86.7-99.7% (Table 1) with
the RSDs of less than 6%. The recoveries were in the ac-
ceptable range of 80-110% [19] and indicated that there was
no effect from the matrix composition of the water samples.
It can be concluded that the developed sorbent was suitable
for the extraction and determination of trace sulfonamides in
real water samples.
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3.8 Comparison of the developed method
with other methods

Several sample preparation methods have been reported for
the analysis of sulfonamides in various sample matrices
and the performances of these methods are summarized in
Table 2. In the case of the LODs, the values from this work
were within the same range [5, 6, 20, 21] or better than some
methods [8,22-24]. However, for two of these that have sim-
ilar LODs [5, 6] they required a longer extraction time and
larger sample volumes. For the other two [20,21] although the
extraction conditions were similar to the developed method,
their recoveries were not so good. When the recoveries were
considered, the performance of the developed method was
either comparable [5, 6] or better than [20-23] the other meth-
ods. This clearly indicates that the developed method has high
extraction efficiency and sensitivity. This is because the tar-
get analytes in the solution can be easily adsorbed onto the
sorbent that provided a large adsorption capacity. The other
advantage is that the sorbent can be separated rapidly from
the sample solutions using an external magnetic field. More-
over, it can be reused for at least 16 times, which helps to
reduce analysis costs and time. This indicates that the pro-
posed new method has a better accuracy and is also probably
much cheaper to use.

4 Conclusions

In this work, a MSPE polypyrrole/SiO, /Fe;0, sorbent was
developed and successfully used for the extraction of sulfon-
amides from in water samples, followed by HPLC analysis.
The magnetic property provided a convenient and fast sep-
aration of the sorbent from the water sample by applying
an external magnetic field. Other advantages included it was
simple to prepare with a relatively low cost (0.4 USD per sam-
ple) and could be reused or at least 16 times without loss
of extraction efficiency, so the total cost of time and analy-
sis was reduced. In addition, the developed method provided
a low detection limit, good accuracy, precision, and repro-
ducibility that were suitable for the determination of trace
sulfonamide contamination in environmental water sam-
ples. This could certainly be applied for the determination
of other aromatic compounds such as polycyclic aromatic
hydrocarbons.
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Fig. S1 Effect of different sorbents on the recoveries of sulfonamides; sulfadiazine (SDZ),

sulfamerazine (SMZ), sulfamethazine (SMT) and sulfamonomethoxine (SMX)
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Fig. S2 The effect of the amount of polypyrrole/SiO,/Fe;O4 sorbent on the extraction

efficiency of sulfonamides; sulfadiazine (SDZ), sulfamerazine (SMZ), sulfamethazine

(SMT) and sulfamonomethoxine (SMX)
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Fig. S3 Effect of the water sample pH on the extraction of sulfonamides; sulfadiazine (SDZ),
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Fig. S4 The effect of the extraction time on the recovery of sulfonamides; sulfadiazine
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Fig. S5 Effect of the desorption temperature on the recovery of sulfonamides; sulfadiazine
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Fig. S6 Effect of the desorption solvent on the recovery of sulfonamides;
sulfamerazine (SMZ)
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Fig. S7 Effect of the desorption volume on the recovery of sulfonamides; sulfadiazine (SDZ),

sulfamethazine (SMT) and sulfamonomethoxine (SMX)
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Fig. S11 The extraction efficiency of sulfonamides in spiked deionized water, a comparision

between the polypyrrole/SiO,/Fe;O4 sorbent and the conventional HLB SPE
cartridge

Table S1. Analytical performance of the polypyrrole/SiO,/Fe;O4 sorbent

Linear
Compounds range Regression line equation R’ LOI?I LOQI
! (gL?) (ugLl?)
(Qugl)
SDZ 0.30-200 y=(0.6850+0.0071)x+(0.512+0.053) 0.9990 0.30 1.0
SMZ 0.30 —200 y=(0.839+0.013)x+(1.29+0.92) 0.9978 0.30 1.0
SMT 1.0 -200 y=(0.986+0.010)x+(0.95+0.73) 0.9992 1.0 4.0

SMX 1.0 -200 y=(0.9950+0.0062)x-(0.04+0.43) ~ 0.9997 1.0 4.0




Table S2. Concentration of sulfonamides determined in real water samples

Water sample

Concentration (ug L)

SDZ SMZ SMT SMX
Tap water 1 ND ND ND ND
Tap water 2 ND ND ND ND
Canal water 1 6.46 +0.51 ND ND ND
Canal water 2 ND ND ND ND
Lake water 1 7.50 +0.33 ND ND ND
Lake water 2 3.45+0.81 ND ND ND

ND=Not detected
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