
RESEARCH PAPER

Simultaneous determination of sulfonamides and metabolites
in manure samples by one-step ultrasound/microwave-assisted
solid–liquid–solid dispersive extraction and liquid
chromatography–mass spectrometry

Hui-zhen Wu & Ming-rong Qian & Jian-mei Wang &

Hu Zhang & Jun-wei Ma & Zu-guang Li & Maw-rong Lee

Received: 12 October 2014 /Revised: 27 December 2014 /Accepted: 20 January 2015 /Published online: 3 March 2015
# Springer-Verlag Berlin Heidelberg 2015

Abstract An in-line matrix cleanup method was used for the
simultaneous extraction of 15 sulfonamides and two metabo-
lites from manure samples. The ultrasound/microwave-
assisted extraction (UMAE) combinedwith solid–liquid–solid
dispersive extraction (SLSDE) procedure provides a simple
sample preparation approach for the processing of manure
samples, in which the extraction and cleanup are integrated
into one step. Ultrasonic irradiation power, extraction temper-
ature, extraction time, and extraction solvent, which could
influence the UMAE efficiency, were investigated. C18 was
used as the adsorbent to reduce the effects of interfering com-
ponents during the extraction procedure. The extracts were
concentrated, and the analytes were analyzed by liquid

chromatography–tandem mass spectrometry (LC–MS/MS)
without any further cleanup. The isotopically labeled com-
pounds sulfamethoxazole-d4, sulfamethazine-d4, sulfamono-
methoxine-d4, and sulfadimethoxine-d6 were selected as inter-
nal standards to minimize the matrix effect in this method. The
recoveries of the antibiotics tested ranged from 71 to 118 % at
the three spiking levels examined (20, 200, and 500 μg·kg-1).
The limits of detections were 1.2–3.6 μg·kg-1 and the limits of
quantification were 4.0–12.3 μg·kg-1 for the sulfonamides
and their metabolites. The applicability of the method was
demonstrated by analyzing 30 commercial manure samples.
The results indicated that UMAE–SLSDE combined with
LC–MS/MS is a simple, rapid, and environmentally friendly
method for the analysis of sulfonamides and their metabolites
in manure, and it could provide the basis for a risk assessment
of the antibiotics in agricultural environments.
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Introduction

Antibiotics are widely used in animals in order to prevent or
treat infectious diseases [1, 2]. However, for the therapeutic
antibiotics, approximately 30–90 % of the parent compounds
are excreted in the urine or feces of the animals and humans
[3]. The animals’ urine or feces, which contain bioactive an-
tibiotics and their metabolites, will enter the environment di-
rectly either by the spreading of manure or after their

Hui-zhen Wu and Ming-rong Qian contributed equally to this work.

Electronic supplementary material The online version of this article
(doi:10.1007/s00216-015-8503-y) contains supplementary material,
which is available to authorized users.

H.<z. Wu : Z.<g. Li (*)
College of Chemical Engineering, Zhejiang University of
Technology, Hangzhou 310014, China
e-mail: lzg@zjut.edu.cn

H.<z. Wu :M.<r. Qian : J.<m. Wang :H. Zhang
MOA Key Laboratory for Pesticide Residue Detection, Institute of
Quality and Standard for Agro-products, Zhejiang Academy of
Agricultural Sciences, Hangzhou 310021, China

J.<w. Ma
Environmental Resources and Soil Fertilizer Institute, Zhejiang
Academy of Agricultural Sciences, Hangzhou 310021, China

M.<r. Lee
Department of Chemistry, National Chung-Hsing University,
Taichung 40227, Taiwan, China

Anal Bioanal Chem (2015) 407:3545–3554
DOI 10.1007/s00216-015-8503-y

http://dx.doi.org/10.1007/s00216-015-8503-y


collection and storage in the form of sludge, which is used as
an organic matter supplement or agricultural fertilizer [3–5].

The antibiotics and their metabolites will be incorporated
into the soil environment, where they may accumulate or may
be rinsed off into the surface water [4, 6, 7]. The long-term use
of manure on fields may result in contamination, which will
threaten the health of humans and the environment.

The sulfonamides, as synthetic bacteriostatic antibiotics
with a wide spectrum, are the antibiotics most frequently used
in animal husbandry in several parts of the world [8–10]. In
the published literature, sulfonamides were one of the most
frequently detected compounds in manure. In Austria, sulfa-
methazine (SMZ) was determined in 18 of 30 pig manure
samples at concentrations up to 20 mg·kg-1. Sulfadiazine
(SDZ) was found in 25 % of chicken dung samples, with the
highest concentration being 91 mg·kg-1 [4]. In Canada, the
concentration of SMZ inmanure is as high as 10mg·kg-1 [11].
In Turkey, the concentration of SMZ in manure samples
ranged from 0.1 to 4 mg·kg-1. The highest concentration of
sulfachloropyridazine (SCP) found among animal manure
samples was 36mg·kg-1 [12]. In Shandong province in China,
the detection frequencies for sulfonamides in manure samples
were 4.8, 0.8, 27.8, 2.4, and 51.6 % for sulfamethoxazole
(SMX), sulfathiazole (STZ), sulfamethizole (SMT), sulfa-
dimethoxine (SDM), and SMZ, respectively [13]. The con-
centrations ranged from 3 to 25 mg·kg-1 for SMZ, from 5 to
19 mg·kg-1 for SDZ, and from 0.6 to 2 mg·kg-1 for SCP in
Tianjin, China [14].

Diverse extraction techniques have been used to ex-
tract antibiotics in manure samples, including ultrasound-
assisted extraction [8, 13–16], accelerated solvent extrac-
tion [17], pressurized liquid extraction [18], and
microwave-assisted extraction [19, 20]. As the manure
of animals contains proteins, carbohydrates, fats, and
various inorganic species, complicated purification steps
have been applied to reduce the amount of interfering
substances [21]. In recent years, purification following
the extraction has usually been performed by solid-
phase extraction (SPE) [4, 11, 13, 14, 17, 19]. However,
these conventional methods are always laborious and use
large amounts of organic solvents, giving rise to environ-
mental pollution as a consequence.

Ultrasound/microwave-assisted extraction (UMAE) is usu-
ally used as an effective method to extract chemical constitu-
ents from plant materials owing to simultaneous irradiation
with ultrasound and microwave energy [22–24]. In UMAE,
sufficient energy can be supplied to accelerate the extraction
process and favor the release of the targets from the matrix in a
short time. The solid–liquid–solid dispersive extraction
(SLSDE) [25, 26] system consists of two solid phases and
one liquid phase. The dispersing sorbent, which is used to
adsorb the interfering compounds, and the solid sample matrix
are the two solid phases, and the extraction solvent is the

liquid phase. During the extraction procedure, when the
analytes are dispersed into the extraction solvent, the dispers-
ing sorbent will simultaneously retain the interfering matrix
components. In SLSDE, the extraction and cleanup occur in
one step, which greatly simplifies the sample preparation pro-
cedure. For an in-line matrix cleanup method, the extraction
solvent and sorbent type will be the most critical features. The
dispersing sorbent needs to retain the maximum interferences,
whereas the target analytes should be eluted by the extraction
solvent. UMAE combined with SLSDE has been efficiently
applied for the determination of organochlorine pesticides in
tobacco using a gas chromatograph and an electron capture
detector with satisfactory recoveries in the range from 70.2 to
118.2 % [25]. To the best of our knowledge, no articles have
reported the analysis of antibiotics in manure samples with
UMAE or UMAE–SLSDE. The aim of this work was to de-
velop a simple, fast, and reliable analytical method for the
multiresidue determination of 15 sulfonamides and two me-
tabolites in manure by UMAE–SLSDE and liquid chromatog-
raphy–tandem mass spectrometry (LC–MS/MS), which can
provide the basis for a risk assessment of the antibiotics in
agricultural environments.

Materials and methods

Reagents and materials

The standards of sulfacetamide, sulfisoxazole, sulfapyridine,
sulfamerazine, sulfamethoxypyridazine, sulfamonomethoxine
(SMM), sulfameter, sulfadoxine, SDZ, SMX, STZ, SMT,
SMZ, SCP, and SDM were purchased from Dr. Ehrenstorfer
(Germany). Isotopically labeled compounds SMX-d4, SMZ-
d4, and SMM-d4, which were used as internal standards, and
the two metabolites N-acetylsulfadiazine (AcSDZ) and N-
acetylsulfamethazine (AcSMZ) were purchased from Toronto
Research Chemicals (Canada). SDM-d6 was purchased from
Witega (Germany). Chromatography grade acetonitrile and
methanol were obtained fromMerck (Germany). Ethyl acetate
and acetone, both analytical grade, were purchased from
Huadong Medicine (China). Silica-based sorbents, including
C18 (40-μm particle size) and primary–secondary amine
(PSA) (40-μm particle size), were obtained from Agilent
(USA). Florisil of 60–100 mesh was purchased from Supelco
(USA). Purified water was prepared by using a Milli-Q water
purification system (Millipore).

Stock solutions of the standards (0.5 mg·mL-1) were pre-
pared by dissolving each compound in methanol. Working
standard solutions were freshly prepared by diluting the stock
solutions with methanol on the day of use. The standard solu-
tions were stored in a refrigerator at 4 °C, and were stable for
at least 1 month.
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Instrumentation and chromatographic conditions

The UMAE experiment was performed with an XH-100A
ultrasonic and microwave extracting apparatus (Beijing
Xianghu, China). A schematic of the UMAE system is shown
in Fig. 1. We used a microwave oven with maximum power of
1,000 W at a frequency of 2,450 MHz, and an ultrasonic
transducer with maximum power of 1,500 W at a frequency
of 25 KHz.

LC–MS/MS analyses were performed using a TSQ
Quantum Discovery mass spectrometer (Thermo Fisher
Scientific, USA) equipped with an electrospray inter-
face. The analytes were separated on a Luna C18 col-
umn (2.0 mm×150 mm, 3 μm; Phenomenex, USA) at
30 °C. Mobile phase A was 100 % methanol, and mo-
bile phase B was 2 mM aqueous ammonium acetate
(containing 0.1 % formic acid). The flow rate was
0.25 mL·min-1, and the injection volume was 5 μL.
For separation of target compounds, the initial mobile
phase containing 20 % mobile phase A was increased
linearly to 90 % mobile phase A in 5 min, this was
held for 11 min before the proportion was decreased
to 20 % in 0.5 min, and this was held for an additional
7.5 min. The total time was 24 min.

For mass-spectrometric detection, the instrument was
operated in positive-ion mode. The spray voltage was
set to 4.0 kV. The capillary temperature was set to
350 °C. Nitrogen was used as the auxiliary gas and
the sheath gas. The collision gas was high-purity argon
at a pressure at 1.5×10−3 Torr in the collision cell.
Multiple reaction monitoring was applied, where the
parent ions and fragment ions were monitored at quad-
rupole 1 and quadrupole3, respectively. For each com-
pound, the precursor mass and product ion mass for the
multiple reaction monitoring detection and the optimized
collision energy are listed in Table 1. Xcalibur 2.0.7

(Thermo Fisher Scientific, USA) was used to process
the quantitative data obtained from calibration standards
and samples.

Samples

Manure samples were commercially available in Zhejiang
province (China). The main component of the commercially
available manure product is animal feces, accounting for 70–
80 % of the total weight. Other components are wood chips,
ash, and slag. In this test, each sample (about 500 g) was
ground to a fine powder and sieved through a 40-mesh sieve.

UMAE–SLSDE procedure

An accurately weighed sample (0.5 g) spiked with the internal
standards (50 μg·kg-1) and sorbent (C18) was placed in a
100-mL round glass flask. The extraction solvent (30 mL)
was added, and then the flask was transferred to the chamber
of the apparatus and connected with a condensing tube (see
Fig. 1). The parameters of the instrument were set as follows:
microwave irradiation power, 200 W; ultrasonic irradiation
power, 300 W; extraction temperature, 65 °C; extraction time,
30.0 min. When the extraction was complete, the mixture was
transferred to a 50-mL polypropylene tube and centrifuged at
7,000 rpm for 5 min. The supernatant was carefully collected
by a straw and evaporated to dryness using a rotary evaporator
in a water bath at 40 °C. Then, the residue was dissolved in
1 mL of water–methanol (1:1, v/v). After ultrasonication for
1 min, the solution was filtered through a 0.22-μm Teflon
filter and then analyzed by LC–MS/MS.

Method validation

The performance of the method was evaluated through the
estimation of the linearity, extraction recoveries, the limit of

Fig. 1 The ultrasound/
microwave-assisted extraction
combined with solid–liquid–solid
dispersive extraction apparatus
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detection (LOD), and the limit of quantification (LOQ). The
quantification was based on linear regression calibration
curves constructed with an internal standard approach at con-
centrations of 1, 10, 100, 250, 500, 750, and 1,000 μg·L-1.
Recovery studies were conducted on the basis of the standard
addition technique, and they were performed by spiking blank
manure samples with three levels of a standard mixture of 17
drugs prior to the extraction procedure. The fortified samples
were extracted and analyzed by the UMAE–SLSDE proce-
dure. The LOD and the LOQ were calculated on the basis of
the quantitation ion’s signal-to-noise ratio of 3:1 and 10:1,
respectively, in the matrix. The LODs and the LOQs were
determined six times at a fortification level of 20 μg·kg-1.

The overall precision of the method, which was determined
by the intraday repeatability and the interday reproducibility
studies, was calculated as the relative standard deviation
(RSD). For intraday repeatability, blank samples spiked at
20, 200, and 500 μg·kg-1 were analyzed in quintuplicate on
the same day. For reproducibility, blank samples spiked at 20,
200, and 500 μg·kg-1 were analyzed on three different days.

Results and discussion

Mass spectrometry

The sulfonamides show very typical fragmentation patterns.
In electrospray ionization, the sulfonamides share the same
diagnostic product ions at m/z values of 156, 108, and 92.
The possible structures for these common fragment ions are
shown in Fig. 2a. The ion at m/z 156 may result from the
cleavage of the S–N bond, yielding the stable sulfanilamide
moiety [27]. This ion transition shows the highest intensity,
except for SMZ. Thus, in our study the ion at m/z 156 was
used as the quantitation ion and ws applied for the confirma-
tion of the sulfonamides using the protonated adduct of the
sulfonamides, except for SMZ. Themost intense ion transition
of SMZ is [M+H]+>m/z 186 (R1NHSO2

+, shown in Fig. 2a),
and it was used as the quantitation ion pair. Sulfameter,
sulfamethoxypyridazine, and SMM, which have the samemo-
lecular mass, could be completely separated on the C18 col-
umn, and they would not be mistaken for each other. Similar-
ly, the N-acetylated sulfonamide metabolites and their frag-
ment ions containing the sulfonamide moiety show a number
of group-specific product ions. The ions at m/z values of 198
and 134 differ by 42 from the ions atm/z values of 156 and 92,
and the fragmentation patterns of the protonated N-acetylated
sulfonamide metabolites are the same for all of the sulfon-
amides. Quantification was performed on the most intense
ion transition. Thus, the ions at m/z values of 134 and 108
were chosen as the quantitation ions for AcSDZ and AcSMZ,
respectively. The fragmentation patterns of the protonated N-
acetylated sulfonamide metabolites are shown in Fig. 2b.

Table 1 Target compounds and thei r opt imized l iquid
chromatography–tandem mass spectrometry parameters in positive
ionization mode, and the internal standards assigned for their
quantification

Compound Precursor
ion (m/z)

Product
ion (m/z)

Collision
energy (eV)

Corresponding
internal standard

SAM 215 156a 10 SMZ-d4
108 18

SDZ 251 156a 13

108 24

STZ 256 156a 13

108 22

SPD 250 156a 15

108 24

SMR 265 15 a 16

108 24

AcSDZ 293 134a 23

65 35

SME 281 156a 17

108 28

SMT 271 156a 14

108 22

SMZ 279 186a 16

108 30

SMP 281 156a 17 SMX-d4
108 28

SCP 285 156a 13

108 24

AcSMZ 321 108a 27

65 37

SMX 254 156a 15

108 22

SDO 311 156a 17 SMM-d4
108 25

SMM 281 156a 17

108 28

SIZ 268 156a 14 SDM-d6
108 23

SDM 311 156a 17

108 25

SMZ-d4 283 186a 17

SMX-d4 258 112a 30

SMM-d4 285 160a 18

SDM-d6 317 92a 30

AcSDZ N-acetylsulfadiazine, AcSMZ N-acetylsulfamethazine, SAM
sulfacetamide, SCP sulfachloropyridazine, SDM sulfadimethoxine, SDO
sulfadoxine, SDZ sulfadiazine, SIZ sulfisoxazole, SME sulfameter, SMM
sulfamonomethoxine, SMP sulfamethoxypyridazine, SMR sulfamera-
zine, SMT sulfamethizole, SMX sulfamethoxazole, SMZ sulfamethazine,
SPD sulfapyridine, STZ sulfathiazole
a The transition ion pair used for quantitation

3548 H.-z. Wu et al.



Optimization of the UMAE parameters

The experimental parameters of the UMAE were optimized
using the one-variable-at-a-time method. The optimized pa-
rameters include the ultrasonic irradiation power, extraction
temperature, and extraction time. All of the optimization ex-
periments were performed at a spiking level of 200 μg·kg-1.
Each experiment was performed in triplicate. The recoveries of
the target compounds were calculated using matrix-matched
calibrations and were evaluated under different conditions.

Selection of the extraction solvent

Because the sulfonamides are amphoteric compounds, they
will be liable to be extracted by an organic solvent when they
are present in the molecular form. Three solvents—methanol,
acetonitrile, and ethyl acetate, which are commercially

available and the most commonly used extraction solvents—
were tested. The parameters were set as follows: microwave
irradiation power, 200W; ultrasonic irradiation power, 300W;
extraction temperature, 65 °C; extraction time, 30.0 min. The
recoveries of the 17 compounds obtained are shown in Fig. 3,
which indicates that the recoveries of the target compounds are
the highest when methanol is used as the extraction solvent.
Methanol, as a polar solvent, has stronger ability to absorb
more microwave energy than acetonitrile and ethyl acetate,
and that energy will heat the sample system directly, which
results in higher recoveries [28]. Hence, methanol was selected
as the extraction solvent for the following studies.

Study of the ultrasonic irradiation power

The UMAE of manure samples was performed at different
ultrasonic irradiation powers (0, 100, 300, and 500 W). As

Fig. 2 The general structures and
fragmentation patterns of 15
sulfonamides. a On the right, for
R1, from left to right, the
structures of sulfacetamide
(SAM), sulfadiazine (SDZ),
sulfathiazole (STZ), sulfapyridine
(SPD), sulfamerazine (SMR),
sulfameter (SME), sulfamethizole
(SMT), sulfamethazine (SMZ),
sulfamethoxypyridazine (SMP),
sulfachloropyridazine (SCP),
sulfamethoxazole (SMX),
sulfadoxine (SDO),
sulfamonomethoxine (SMM),
sulfisoxazole (SIZ), and
sulfadimethoxine (SDM). b The
fragmentation patterns of two
metabolites. For N-
acetylsulfadiazine (AcSDZ), R2 is
H, and for N-
acetylsulfamethazine (AcSMZ),
R2 is CH3
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seen from Fig. 4, increasing the ultrasonic irradiation power
from 0 to 300W resulted in the recoveries of most of the target
compounds increasing, and a higher ultrasonic irradiation
power of 500 W did not lead to even higher recoveries. Ultra-
sonic irradiation can enhance the mass transfer phenomenon,
which is beneficial for the release and dissolution of the target
compounds from the sample to the extraction solvent [29].
Considering that a high ultrasonic irradiation power would
result in extraction of many more interfering compounds, we
set the optimized ultrasonic irradiation power to 300 W in this
experiment.

Study of the extraction temperature

The influence of the extraction temperature on the recoveries
of the target compounds was studied with a microwave irra-
diation power of 200 W. Four different extraction tempera-
tures (25, 45, 55, and 65 °C) were tested. The recoveries of
most of the sulfonamides were highest when the extraction
temperature was set to 65 °C (see Fig. S1). Generally, the high
temperature achieved by microwave irradiation would accel-
erate the extraction process for the adsorption and desorption
of the target compounds from the matrix [25, 29]. Considering
that the reflux temperature of methanol is 65 °C, we chose
65 °C as a feasible extraction temperature.

Study of the extraction time

On the basis of these optimal conditions, the influence of the
extraction time was also studied. The effect of the extraction
time was examined throughout the range from 10 to 40 min in
10-min increments. At the beginning, almost all of the recov-
eries of the target compounds increased with an increase in
extraction time. However, when the extraction time exceeded
30min, the recoveries of the target compounds did not change
significantly. Therefore, 30 min was chosen as the best extrac-
tion time for use in further experiments.

Optimization of the dispersing sorbent

Sample purification commonly determines the target object’s
analytical signal response; thus, a highly efficient cleanup
procedure for the removal of interfering compounds while
retaining most of the target compounds is necessary. There-
fore, using the optimized solutions and experimental condi-
tions, we tested three sorbents—C18, PSA, and Florisil—to
purify the manure samples for the detection of the sulfon-
amides and their metabolites. The adsorbing capabilities of
the sorbents were compared under the same conditions, and
the proportion of the sorbent to the sample was 1:1. As seen
from Fig. 5, the recoveries of the target compounds are the
highest when the sorbent is C18, except for SDM. During the

Fig. 3 Effect of extraction
solvent on recoveries of 17
compounds in the spiking
experiment (extraction
temperature, 65 °C; microwave
irradiation power, 200 W;
ultrasonic irradiation power,
300 W; extraction time, 30 min)

Fig. 4 Effect of ultrasonic
irradiation power on recoveries of
17 compounds in the spiking
experiment (extraction solvent,
methanol; extraction temperature,
65 °C; microwave irradiation
power, 200 W; extraction time,
30 min)
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UMAE–SLSDE procedure, the compounds are distributed be-
tween the extraction solvent and the dispersing sorbent on the
basis of their relative polarities [25]. Also, the interference
may compete with the target compounds for adsorption by
the sorbent. The adsorption of PSA is nonselective, resulting
in its low recoveries. The sulfonamides are moderately polar
components and can be retained by Florisil, which preferen-
tially adsorbs polar components [25]. C18 is suitable for
adsorbing nonpolar or weakly polar compounds, provided ac-
ceptable recoveries, and was chosen as the dispersing sorbent
for further studies.

The influence of the proportion of the amounts of C18 and
the sample on the extraction efficiency was studied. The ratios
of C18 and the sample studied in this work were 0.5:1, 1:1,
1.5:1, and 2:1. When the amount of sorbent increased, the
extraction yields of the target compounds decreased (see
Fig. S2). When 500 mg C18 was used, the effect of target
adsorption by C18 was a little weaker than that of the desorp-
tion by methanol and the competitive interference adsorption
by C18, whereas when 750 mg C18 was used, the stronger
adsorption effect provided by more C18 exceeded the effect
provided by the desorption by methanol and the competitive
interference adsorption by C18, and some of the target com-
pounds could be adsorbed. On the basis of the higher extrac-
tion yields and the more effective removal of the impurities, a
1:1 ratio of the dispersing sorbent to the sample was adopted.

Performance of the method

The presence of co-extracts in the matrix extracts of the sam-
ples causes changes in the baseline of the chromatograms and
the responses of the target compounds. The matrix in manure
leads to suppression of the signal ions for most of the sulfon-
amides in our experiments. To improve the quantitative accu-
racy, the application of isotopically labeled standards is one of
the most efficient methods to compensate for matrix effects.
The isotopically labeled standards SMX-d4, SMZ-d4, SMM-
d4, and SDM-d6 were selected as internal standards to mini-
mize the matrix effect in this constructed method. In this meth-
od, those 17 compounds are divided into four groups. Each

group was calculated with an isotopically labeled standard and
is shown in Table 1. Good linearity was achieved (r2>0.99)
for all of the selected sulfonamides and their metabolites
(Table 2). Table 2 shows that the recoveries of the antibiotics
tested ranged from 71 to 118 % at the three spiking levels
examined. The chromatograms for the 17 compounds spiked
at 20 μg·kg-1 in manure and detected by LC–MS/MS are
shown in Fig. 6.

For the precision of the method, the RSDs were satisfacto-
ry, and are shown in Table 2. The higher RSDs generally
observed at the low spiking level were mainly caused by the
relative complexity of the matrix.

The LOQs for the test compounds are 4.0–12.3 μg·kg-1

(shown in Table 2). These results confirmed that the LODs
and LOQs achieved with the method developed are sufficient
to determine the concentrations of the antibiotics in manure
samples.

Application to manure samples

To assess the applicability of the proposed method for the
detection of these antibiotics and their metabolite residues in
manure, 30 real manure samples, including four cow manure
samples, two poultry dung samples, two sheep manure sam-
ples, seven pig manure samples, and 13 mixed manure sam-
ples, were detected. SMZ was detected in 16 samples, and the
concentrations ranged from 17.4 to 4,089.0 μg·kg-1. SMM
was detected in eight samples, and the concentrations ranged
from 47.2 to 2,512.6 μg·kg-1. In the seven pig manure sam-
ples, SMZ was detected in three samples, with concentrations
ranging from 31.9 to 231.0 μg·kg-1. SDZ and SMMwere also
found in the pig manure samples. None of these sulfonamides
were detected in cow and sheep manure, probably owing
to their lower use or their concentrations being lower
than the LOD. In the real samples, SMZ and SDZ were
detected but their acetylated metabolites (AcSMZ and
AcSDZ) were not detected, which may be due to the
acetylated metabolites being totally or partially cleaved
by bacteria and reverting to the original drug [6] or their
concentrations being lower than the LODs.

Fig. 5 Effect of different
dispersing sorbents on recoveries
of 17 compounds in the spiking
experiment (extraction solvent,
methanol; extraction temperature,
65 °C; microwave irradiation
power, 200 W; ultrasonic
irradiation power, 300 W;
extraction time, 30 min; the
amount proportion of the sorbent
and the sample, 1:1). PSA
primary–secondary amine
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The performance of the proposed UMAE–SLSDE method
was also compared with that of the SPE method developed by
Pan et al. [13]. Considering the LOQs of sulfonamides in the

aforementioned SPE method were 10–20 μg·kg−1, higher
than those in our proposed method, we chose three real sam-
ples with SMZ at 17.4±2.3 μg·kg−1, 31.9±3.4 μg·kg−1, and

Fig. 6 The chromatograms of 17 compounds in blank manure sample spiked at 20 μg·kg-1 and detected by liquid chromatography–tandem mass
spectrometry

Table 2 Analytical method validation parameters: the retention time, recoveries for target compounds, the limit of detection (LOD), the limit of
quantification (LOQ) and the correlation coefficient (r2)

Compound Retention time
(min)a

Recovery (%)b (n=5) LOD
(μg·kg-1)

LOQ
(μg·kg-1)

r2

20 μg·kg-1 200 μg·kg-1 500 μg·kg-1

SAM 3.16 (1.5) 71 (16.4, 17.2) 72 (12.1, 14.7) 76 (10.2, 15.1) 3.6 12.3 0.991

SDZ 3.45 (1.2) 75 (13.0, 15.5) 94 (11.2, 14.3) 94 (9.7, 10.5) 2.2 7.4 0.993

STZ 3.56 (1.4) 74 (10.8, 11.8) 81 (7.7, 8.7) 82 (8.6, 8.7) 1.6 5.2 0.997

SPD 4.12 (1.1) 81 (12.4, 14.0) 108 (6.8, 11.7) 99 (4.9, 5.0) 1.5 5.2 0.995

SMR 4.79 (2.1) 106 (11.0, 13.4) 112 (4.5 , 8.4) 87 (6.7, 7.6) 1.6 5.3 0.996

AcSDZ 6.33 (1.1) 118 (9.6, 13.4) 98 (6.6, 12.4) 105 (4.9, 7.1) 1.7 5.8 0.997

SME 6.52 (1.0) 106 (5.9, 10.2) 91 (4.9, 8.3) 94 (4.7, 7.4) 2.1 7.0 0.991

SMT 6.90 (1.2) 76 (13.4, 15.2) 72 (10.2, 12.4) 71 (5.7, 8.5) 1.5 5.0 0.996

SMZ 6.90 (1.7) 90 (8.4, 9.1) 97 (10.1, 10.3) 88 (5.5, 7.1) 1.8 5.9 0.993

SMP 8.33 (1.3) 89 (12.4, 14.2) 93 (9.1, 12.7) 91 (5.0, 6.7) 2.2 7.4 0.994

SCP 10.53 (1.5) 96 (8.8, 10.7) 101 (9.8, 11.7) 94 (6.7, 9.8) 1.9 6.3 0.997

AcSMZ 10.92 (1.1) 112 (13.1, 15.3) 90 (6.7, 9.6) 103 (7.2, 6.8) 2.1 7.0 0.994

SMX 11.28 (1.6) 92 (12.0, 13.9) 104 (7.0, 9.2) 110 (10.5, 12.3) 1.8 6.2 0.993

SDO 11.88 (1.9) 83 (12.1, 14.8) 83 (10.4, 15.3) 99 (9.7, 13.4) 2.1 7.0 0.992

SMM 11.96 (1.7) 85(7.4, 10.6) 95 (6.3, 11.4) 98 (3.7, 5.6) 1.7 5.8 0.995

SIZ 12.44 (1.4) 80 (10.7,12.4) 84 (7.6, 9.7) 94 (4.2, 7.5) 1.4 4.8 0.996

SDM 15.03 (1.6) 85 (7.3, 9.2) 93 (2.0, 8.1) 96 (6.4, 3.6) 1.2 4.0 0.998

a The reproducibility (day-to-day analysis) is given in parentheses as the percent relative standard deviation
b The repeatability (run-to-run analysis) and the reproducibility (day-to-day analysis) are given in parentheses as the percent relative standard deviation
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102.4±6.9 μg·kg−1instead of the samples with SMZ concen-
trations lower than 20 μg·kg−1 for method comparison. The
concentrations of SMZ obtained by the SPE method were
19.2±1.9 μg·kg−1 (n=3), 34.1±2.8 μg·kg−1 (n=3), and
107.7±5.3 μg·kg−1 (n=3). With the t test, no significant dif-
ference was found between the results obtained from the SPE
method and the results obtained with the proposed method for
these three samples.

Conclusion

A procedure using a one-step extraction and cleanup sample
preparation combined with LC–MS/MS for the determination
of 15 sulfonamides and two metabolites in manure samples
was successfully developed and applied for the extraction and
determination of sulfonamides and their metabolites in ma-
nure samples. The UMAE–SLSDE procedure provides a sim-
ple sample preparation approach for the processing of manure
samples, with the extraction and cleanup being integrated into
one step. Compared with conventional methods, UMAE–
SLSDE and LC–MS/MS is a simple and environmentally
friendly method for the analysis of sulfonamides and their
metabolites in manure. This method can provide the basis
for a risk assessment of the antibiotics in agricultural
environments.
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