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Abstract

This study reports an analytical method to simultaneously determine the residues of sulfonamides, dapsone, ormethoprim, and
trimethoprim in fish and shrimp. The samples were extracted with acetonitrile, magnesium sulfate, and sodium acetate, followed
by dispersive solid-phase extraction (C;g) for cleanup. The target analytes were confirmed and quantified by liquid
chromatography—tandem mass spectrometry. The developed method was validated according to the Codex guidelines (CAC/
GL 71-2009). As a result, linearity was expressed between 0.25 and 200 ug kg ' with a correlation coefficient > 0.98. The limits
of quantitation were 0.01-2.8 ug kg ' and the accuracy (expressed as average recovery) was 76.1-115%. The precision
(expressed as the coefficient of variation) was <20%. The decision limits of sulfonamides, dapsone, ormethoprim, and trimeth-
oprim were 94.2—114, 1.3—1.5, 105-111, and 53.3-54 ug kg ' and detection capabilities of 102-129, 1.4-1.6, 109-120, and
55.6-58.2 ug kg ', respectively. The proposed method was applied to the analysis of real samples (n=54) obtained from
domestic markets in Korea, resulting in a detection rate of 13% (seven samples). This method is applicable for the efficient
determination of sulfonamides, dapsone, ormethoprim, and trimethoprim residues in fish and shrimp according to Korean MRL.
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Introduction

Sulfonamides are widely used to treat animal infections and
promote growth to support farm animal health (Song et al.
2017). Sulfonamides are one of the most popular antibiotics
due to their low price, low toxicity, and excellent antibacterial
activity against common bacterial infections (Baran et al.
2011). Trimethoprim, ormethoprim, and dapsone demonstrate
antibacterial activities that are similar to sulfonamides, which
are frequently used in combination for clinical treatment
(Nicosia et al. 2014; Economou et al. 2012). In particular, an-
tibiotic diaminopyrimidines (e.g., trimethoprim and
ormethoprim) are often combined with sulfonamides, resulting
in enhanced bactericidal efficacy (Serrano 2005; Reeves 2012).
The uncontrolled use of these antibiotics and noncompliance
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with guidelines for withdrawal periods when treating animals
raised to obtain food products endangers humans by contribut-
ing to the development of antibiotic resistance (Economou et al.
2012; McDonald et al. 2009; Hoff et al. 2015).

Regulatory authorities have established maximum residue
limits (MRLs) for total sulfonamides in farmed aquatic animal
products as 100 ug kg ', and MRLs of 50 and 100 pgkg ' for
trimethoprim and ormethoprim, respectively (CAC 2017; EC
European Commission 2009a, b; CAC 2015; USDA 2017). In
compliance with MRL, several countries (Korea, Portugal,
China, Greece, and Brazil) have managed to control the use
of these antibiotics in food products (Song et al. 2017;
Economou et al. 2012; Hoff et al. 2015; Freitas et al. 2014;
Kang et al. 2019a; Kang et al. 2019b). In the 1960s, dapsone
and sulfonamides were used as both antibacterial and anti-
inflammatory agents (Zhu and Stiller 2001). However, dap-
sone has been banned for use in veterinary treatments for food
producing animals based on genotoxicity studies (EC
European Commission 2009b).

In order to ensure the stipulated residue levels, analytical
methods with sufficient sensitivity and specificity to detect
and quantify residue levels in food are needed. Several authors
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have developed analytical methods to determine the residues
of sulfonamides. For instance, methods using liquid
chromatography—tandem mass spectrometry (LC-MS/MS)
to detect sulfonamides or sulfonamides with trimethoprim in
fishery products (Freitas et al. 2014; Liu et al. 2014; Kang
et al. 2018; Shin et al. 2018), ultra-high performance liquid
chromatography (UHPLC) Q-Orbitrap to detect sulfonamides
in salmon (Jia et al. 2018), LC-MS/MS for detection of sul-
fonamides in tilapia fillet (Nunes et al. 2018), and liquid chro-
matography quadrupole time-of-flight mass spectrometry
(LC-Q TOF/MS) to analyze the residues of sulfonamides
and trimethoprim in fish tissue (Li et al. 2016) have been
developed. However, there are no reported multi-residue
methods for sulfonamides combined with dapsone (its metab-
olite), ormethoprim, and trimethoprim in several matrices.

In this work, an analytical method was developed based on
amodified QUEChERS (quick, easy, cheap, effective, rugged,
and safe) method using dispersive solid-phase extraction (d-
SPE) combined with LC-MS/MS. The proposed method was
evaluated for three kinds of fish and shrimp matrices under
remarkable validation criteria to facilitate a rapid, sensitive,
and reliable method for the simultaneous determination of
24 antibiotics (21 kinds of sulfonamides, dapsone,
ormethoprim, and trimethoprim). Moreover, the developed
method was applied in real sample analysis to confirm the
simultaneous determination of target compounds in fishery
product samples purchased from a local Korean market. The
developed method is the first report to demonstrate the screen-
ing and confirmation of multiple compound residues in fish
and shrimp.

Materials and Methods
Chemicals and Materials

High purity (>90%) standards (sulfonamides, dapsone,
ormethoprim, and trimethoprim) were purchased from
Sigma-Aldrich (MO, USA), Dr. Ehrenstorfer (Augsburg,
Germany), and US Pharmacopeia (MD, USA). These stan-
dards were dissolved in methanol to a concentration of
1000 pg mL™" and stored at —10 °C. HPLC-grade methanol
was purchased from Merck (Darmstadt, Germany); magne-
sium sulfate, sodium acetate, and formic acid were purchased
from Sigma-Aldrich (MO, USA); octadecylsilane (C,g) was
purchased from Waters (MA, USA) and Agilent Technologies
(CA, USA); and PTFE filters (15-mm diameter, 0.2-um pore
size) were purchased from Teknokroma (Barcelona, Spain).

LC-MS/MS Analysis

The LC-MS/MS system (Fig. 1) consisted of an ACQUITY
UPLC and a XEVO TQ-S tandem quadrupole mass

spectrometer (Waters, Milford, MA, USA) with an X SELECT
Cig column (2.1 mm x 150 mm, 3.5 um, Waters, Dublin,
Ireland) operated at 40 °C. The mobile phases employed were
formic acid/acetonitrile/H,O (0.1:5:95%, v/v/v) (A) and
formic acid/H,O/acetonitrile (0.1 : 5 : 95%, v/v/v) (B). The flow
rate was 0.3 mL-min ' and the gradient elution program was as
follows: 15% B (0-3 min), 15-95% B (3-8 min), 95% B (8—
10 min), 95-15% B (10-10.1 min), and 15% B (10.1-12 min).
The total chromatography run time was 12 min. The mass spec-
trometer was operated under positive electrospray ionization
(ESI+) mode for all analytes, with the same capillary voltage
(3.5 kV), desolvation and source temperature (350 °C), and cone
and desolvation gas flow (60 L'h™" and 600 L-h™", respectively).
Data collection was implemented in multiple reaction monitor-
ing (MRM) mode using MassLynx software (Waters, UK).

Sample Preparation

We randomly collected 11 kinds of species (n = 54), viz., aba-
lone (n = 5), catfish (n=5), eel (n=7), flatfish (n = 6), flounder
(n=3), loach (n=7), rockfish (n=6), salmon (n=7), and
shrimp (n=28) from fish markets purchased between April
and July 2020 in Cheongju, Republic of Korea. The edible
tissues (over 500 g) of fish and shrimp were homogenized
and stored in a freezer (—20 °C) until residue analysis. A portion
of the homogenized samples (2 g) were weighed and trans-
ferred to 50-mL polypropylene centrifuge tubes. For each sam-
ple, 10 mL of acetonitrile was added. Next, 2 g of magnesium
sulfate and 1 g of sodium acetate were added to the samples and
shaken for 10 min. Each tube was then centrifuged at 4700xg
for 10 min at4 °C. The supernatant (10 mL) was transferred to a
50-mL polypropylene tube containing 300 mg of C;g as d-SPE
sorbent. The mixture was shaken for 1 min and then centrifuged
at 4700xg for 10 min at 4 °C. Thereafter, a 5-mL aliquot of the
supernatant was pipetted and transferred to another tube, and
the solvent was completely evaporated under a stream of nitro-
gen at 40 °C. The residues were then redissolved in 1.0 mL of
50% methanol and filtered through a 0.2-um PTFE filter.
Subsequently, an aliquot (5 uL) was injected into the LC—
MS/MS system (Fig. 2).

Method Validation

Method validation was conducted following the Codex guide-
lines (CAC/GL-71) to include selectivity, accuracy, precision,
linearity, matrix effects, LOD, and LOQ (CCRVDF 2012). In
this study, the target testing levels of antibiotics with reported
MRLs were validated for each compound in each matrix (flat-
fish, eel, and shrimp) at three different concentrations (25, 50,
and 100 pg kg™ "), and unauthorized compounds (i.e., dapsone
and monoacetyldapsone) were validated at three different con-
centrations (1, 2, and 10 ug kg ") using five replicates for each
concentration per day. Flatfish, eel, and shrimp were used as
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Fig. 1 LC-MS/MS chromatograms of target compounds in flatfish (50 pg kg71 for sulfonamides, ormethoprim, and trimethoprim; 2 pg kg71 for
dapsone and monoacetyldapsone)

representative matrices [flatfish (Iean fish), eel (fatty fish),and  the inter-day precision (reproducibility), the three target con-
shrimp (crustaceans)] to develop a method widely applicable ~ centrations were evaluated for each matrix (n=5) over three
to fish and shrimp matrices (Gibbs et al. 2018). The abalone,  consecutive days. Linearity was evaluated using ordinary least
flounder, rockfish, and salmon samples were determined  squares expressed by the coefficient (%) at six different con-
based on the flatfish calibration curve; catfish and loach sam- centration levels in a matrix-matched calibration curve (n = 5).
ples were identified using the eel calibration curve; and shrimp ~ The matrix effect was evaluated by ionic suppression and
samples were processed using the shrimp calibration curve.  enhancement, comparing the calibration curves for all
The intra-day precision test was performed using five replicate ~ analytes prepared in the 50% methanol solvent mixture and
measurements for the three concentrations. For assessment of ~ in each matrix, separately. Finally, the LOD and LOQ were
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Fig. 1 (continued)

determined as the lowest concentrations to detect and quantify
the analytes, respectively. By injecting the lowest concentra-
tions of standard in each sample, the signal-to-noise (S/N)
ratios >3 and > 10 were defined as the LOD and LOQ,
respectively.

Decision limit (CC«x) and decision capability (CC3) were
determined using the ISO 11843 approach, as recommended
by the Commission Decision 2002/657/ EC (EC 2002). The
CCo was calculated for flat fish, eel, and shrimp using the mean
result of 20 different samples spiked at the MRL and adding 1.64
times the standard deviation of the mean. Dapsone was the only
exception because it was treated as a banned compound and
therefore 2.33 times the within-laboratory reproducibility was
added. The CCf3 was calculated by adding 1.64 times the
within-laboratory reproducibility to the CCex.

Matrix blanks, spiked blanks at MRL levels, and matrix-
matched standards at the same concentration were analyzed

for each batch of samples to check the reliability of the pro-
posed method. Inter-laboratory validation from four laborato-
ries was conducted to evaluate the ruggedness of the method.
Each sample was prepared and analyzed following the same
analytical procedure at each of the four participating laborato-
ries using individual LC-MS/MS systems. The accuracy and
precision of the five replicate measurements per laboratory are
expressed as recovery (%) and coefficient of variation (CV; %).

Results and Discussion
Optimization of LC-MS/MS Analysis
Identification of the precursor and product ions and optimiza-

tion of the instrument parameter settings were performed
using individual standard solutions. The most sensitive
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Fig. 2 Sample preparation

2 g Sample

procedure for target compounds

!

Add 10 mL acetonitrile + (2 g anhydrous magnesium sulfate

+ 1 g sodium acetate)

!

Shake for 10 min and centrifuge at 4,500 x g for 10 min (4°C)

!

Dispersive SPE clean-up
(supernatant + 300 mg C3g)

!

Shake thoroughly for 1 min and centrifuge at 4700 x g for 10 min (4°C)

!

Transfer 5 mL of extraction solution to 15 mL tubes

!

Evaporate lower layer at 40°C under N, gas

!

Reconstitute with 1 mL 50 % MeOH

!

Filter with 0.2 pm PTFE syringe filter ‘

!

transitions used for quantitation and confirmation in MRM
mode are listed in Table 1. All compounds exhibited better
responses in ESI+ mode. Following the appropriate selection
of precursor ions, product ion scans were then conducted to
verify the collision energies, which were selected to obtain the
maximum intensity of the obtained fragment ions. Four sol-
vent systems were then assessed for reconstitution of the final
extract prior to LC-MS/MS injection: (1) 50% methanol, (2)
50% acetonitrile, (3) 1 mM ammonium formate in 50% meth-
anol, and (4) 1 mM ammonium formate in 50% acetonitrile.
Among these four solvent mixtures, 50% methanol/50% wa-
ter was the most effective solvent mixture for reconstitution.
To obtain optimal separation conditions, two C;g columns
(X Bridge and Capcell Core) were assessed according to sep-
aration efficiency, retention time, and baseline shape. The X
Bridge column provided a better peak shape with higher in-
tensity than the Capcell Core column. Since the effect of the
mobile phase composition on the ionization efficiency for
LC-MS/MS analysis is significant (Cho et al. 2013), four
mobile phase combinations were tested: (1) 0.1% formic acid
in acetonitrile/0.1% formic acid in H,O, (2) 0.1% formic acid
in methanol/0.1% formic acid in H,O, (3) formic acid/H,O/
acetonitrile (0.1 : 5:95%, v/v/v)/formic acid/acetonitrile/H,O
(0.1:5:95%, v/v/v), and (4) formic acid/H,O/methanol

@ Springer

LC-ESI-MS/MS analysis |

(0.1:5:95%, v/v/v)/formic acid/methanol/H,O (0.1:5:
95%, v/v/v). Ultimately, mobile phase composition (3) was
most promising, prompting our use of formic acid/acetonitrile/
H,0 (0.1:5:95%, v/v/v) (A) and formic acid/H,O/acetoni-
trile (0.1 :5:95%, v/v/v) (B), as these compositions provided
well-resolved peaks with high intensity. Figure 1 shows the
representative ion chromatograms of the target compounds
that were analyzed by injecting each standard solution in flat-
fish samples at the corresponding 2 pg kg ™' (dapsone) or
50 ug kg .

Sample Preparation Methods

Sample preparation involved an organic solvent extraction
step to extract analytes from fish samples, followed by a clean-
up step to remove interfering substances from the solvent ex-
tract (Nunes et al. 2018; Zhang et al. 2011). Acetonitrile is
typically used as an extraction solvent for analysis of contam-
inants and residues in food samples because no matrix inter-
ference occurs. In addition, acetonitrile can be easily separated
from water by salting out. In this study, acetonitrile was used
to extract the target compounds and precipitate protein in
sample matrices (Cai et al. 2008). One of the common strate-
gies to increase the solubility of multi-residue molecules in the
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Table 1 Multiple reaction monitoring (MRM) parameters and retention times for all target compounds

Compounds ESI (+) Retention time (min) Exact mass (m/z) Precursor ions (m/z) Confirmation ions (m/z) Collision energy (eV)
Sulfabenzamide + 6.1 276.32 277.16 92.09 26
108.09 24
156.06 12
Sulfacetamide + 1.1 214.24 215.14 92.16 22
108.09 18
156.07 10
Sulfacholrpyridazine + 53 284.72 285.11 92.1 28
108.09 24
156.07 18
Sulfaclozine + 6.1 284.71 285.1 92.1 32
108.09 24
156.07 18
Sulfadiazine + 2.3 250.27 251.17 92.1 28
108.09 18
156.07 14
Sulfadimethoxine + 6.1 310.33 311.17 92.1 32
108.09 32
156.07 20
Sulfadoxine + 5.5 310.33 311.17 92.1 28
108.09 26
156.07 18
Sulfaguanidine + 22 214.24 215.14 92.09 24
108.09 22
156.07 14
Sulfamerazine + 3.1 264.31 265.21 92.1 26
108.09 24
156.07 16
Sulfamethazine + 39 278.33 279.24 92.09 32
108.09 28
186.1 16
Sulfamethoxazole + 5.6 253.28 254.12 92.16 28
108.1 22
156.08 14
Sulfamethoxypyridazine + 4.1 280.3 281.2 924 30
108.2 25
156.3 20
Sulfamonomethoxine + 5.1 280.3 281.14 92.1 30
108.09 26
156.07 18
Sulfamoxol + 34 267.31 268.15 92.1 26
113.1 16
156.07 16
Sulfanilamide + 1.5 172.2 173.05 66.03 20
75.32 30
93.14 30
Sulfaphenazole + 6.2 314.36 3152 92.1 38
108.09 28
158.21 32
Sulfapyridine + 2.6 249.29 250.13 92.16 28
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Table 1 (continued)

Compounds ESI Retention time (min) Exact mass (m/z) Precursor ions (m/z) Confirmation ions (m/z) Collision energy (eV)
&)
108.09 24
156.14 16
Sulfaquinoxaline + 6.1 300.37 301.14 92.09 28
108.08 26
156.06 16
Sulfathiazole + 24 255.32 256.1 92.1 26
108.09 24
156.07 14
Sulfisomidin + 1.7 278.33 279.24 92.09 32
108.09 28
186.1 16
Sulfisoxazole + 5.8 267.3 268.14 92.1 26
113.16 14
156.07 14
Dapsone + 5.1 248.3 249.14 92.16 26
108.09 26
156.07 26
Monoacetyldapsone + 5.5 290.34 291.18 92.23 28
108.1 20
156.08 16
Ormethoprim + 2.7 274.32 275.29 81.11 42
123.17 28
259.34 20
Trimethoprim + 2.3 290.32 291.22 123.17 36
230.19 24
261.2 24

“The text in italic is the quantification ions

organic phase is to optimize the average recoveries by intro-
ducing a salting out agent (e.g., sodium acetate, magne-
sium sulfate, or sodium sulfate) (Nunes et al. 2018; Hou
et al. 2014; Kim et al. 2016). Thus, we extracted the
sample with 10 mL acetonitrile, 2 g magnesium sulfate,
and 1 g sodium acetate. This combination accelerated the
separation of target analytes into the acetonitrile solvent.
For sample cleanup, we compared the efficiency of sor-
bents during the cleanup step (primary—secondary amine
(PSA) and/or C,g were used), with higher recovery obtain-
ed from using solely C,g; C;g is widely used for removing
fats, sterols, and non-polar interfering substances (Hou
et al. 2014; Kim et al. 2020). Consequently, the optimal
sample preparation procedure was as follows: (1) 10 mL
acetonitrile, 2 g magnesium sulfate, and 1 g sodium ace-
tate for extraction; (2) 300 mg Cg as a cleanup sorbent;
(3) 50% methanol for reconstitution; and (4) PTFE syringe
filter to protect the analytical instrument prior to injection.

@ Springer

Method Validation Performances

The proposed method was validated according to Codex
guidelines (CAC/GL-71-2009) to evaluate its analytical per-
formance by analyzing three types of blank samples and com-
paring their results to the chromatograms obtained from sam-
ples spiked with the sulfonamides, dapsone, ormethoprim,
and trimethoprim. The farmed aquatic animal matrices (i.e.,
flatfish, eel, and shrimp) were previously confirmed to be free
of the target compounds; no interfering substances with the
same retention time were present in the blank samples.
Figure 1 shows the selectivity of the target analytes in dif-
ferent fish and shrimp matrices. Good linearity (> 0.98) was
obtained for all target compounds for the matrix-matched
standards at 0, 5, 10, 25, 50, 100, and 200 pg kg{1 (dapsone
and monoacetyldapsone at 0, 0.25, 0.5, 1, 2, 10, and
20 ug kg "), with LOD and LOQ of 0.003—0.8 ug kg ' and
0.01-2.8 ug kg, respectively (Table 2). The LOD and LOQ
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Table2 Recovery, coefficient variation, and limit of quantification of sulfonamides, dapsone, ormethoprim, and trimethoprim in fish and shrimp

Compounds Target testing Flatfish (n=5) Eel (n=5) Shrimp (n=5)

level

(ug kg™ Rec. °CV  °LOQ Rec.  °CV  °LOQ "Rec. °CV  °LOQ

(%) %) (ugkgH (%) %) (ngkg") (%) (%) (ugkgh

Sulfabenzamide 25 101 4.8 2.14 954 1.7 2.70 111 3.7 0.03

50 84.3 7.1 101 43 115 53

100 823 11.9 96.4 7.1 108 3.8
Sulfacetamide 25 99.7 44 2.65 92.5 3.1 2.83 97.4 4.0 0.11

50 87.9 7.7 96.4 6.1 105 10.1

100 91.0 7.8 98.3 35 112 2.8
Sulfacholrpyridazine 25 103 14 2.56 92.5 2.1 2.16 100 32 1.02

50 86.3 4.6 98.6 29 105 4.7

100 87.5 6.4 96.3 3.7 104 35
Sulfaclozine 25 101 4.0 1.55 934 4.1 2.46 106 1.7 1.02

50 86.6 4.1 95.5 1.6 106 3.8

100 87.3 4.7 95.0 4.0 104 1.7
Sulfadiazine 25 99.8 2.4 1.54 924 3.6 2.29 109 3.8 1.67

50 87.2 35 97.1 2.3 108 4.5

100 89.2 4.8 95.3 2.1 106 2.5
Sulfadimethoxine 25 104 3.0 1.36 104 7.0 2.23 104 5.7 2.55

50 96.0 6.2 109 1.9 103 5.0

100 96.2 32 102 59 99.4 1.5
Sulfadoxine 25 104 3.0 1.36 99.7 1.5 2.23 104 5.7 2.23

50 97.6 32 99.1 2.0 103 5.0

100 96.2 32 91.7 53 99.4 1.5
Sulfaguanidine 25 100 44 0.03 91.8 2.5 0.03 97.5 3.0 242

50 84.4 3.7 96.4 6.1 105 10.4

100 91.1 7.8 98.6 3.7 111 2.8
Sulfamerazine 25 99.3 2.3 2.58 94.2 2.6 1.65 103 0.6 1.99

50 92.0 22 97.1 2.0 103 2.1

100 91.2 53 94.7 33 100 1.2
Sulfamethazine 25 100 22 2.46 924 29 1.63 103 2.8 242

50 90.7 2.8 95.8 4.6 99.4 32

100 88.9 6.1 93.9 53 96.5 0.9
Sulfamethoxazole 25 100 2.2 2.54 92.5 35 2.33 105 2.8 1.84

50 88.3 43 98.8 1.6 106 33

100 87.5 43 96.4 5.1 103 2.7
Sulfamethoxypyridazine 25 99.4 4.1 1.79 98.3 1.6 0.54 102 53 1.83

50 87.2 4.0 100 2.8 102 33

100 91.9 2.6 97.6 4.1 100 5.1
Sulfamonomethoxine 25 100 3.0 2.59 92.8 0.9 2.30 109 3.6 2.71

50 90.2 3.7 96.1 5.6 105 24

100 92.1 54 95.9 3.8 101 2.2
Sulfamoxol 25 96.0 2.9 2.18 92.5 3.0 2.69 105 39 1.81

50 80.9 53 97.7 2.7 110 6.0

100 85.9 6.9 95.6 32 111 2.1
Sulfanilamide 25 101 2.1 0.12 924 1.9 0.18 107 22 1.19

50 89.9 3.1 95.1 43 103 5.1

100 95.1 6.2 95.7 1.8 106 2.5
Sulfaphenazole 25 101 3.0 2.63 99.8 32 2.29 101 6.0 2.29

50 76.1 6.9 103 32 100 73

100 79.9 8.8 101 55 94.6 4.1
Sulfapyridine 25 98.2 0.8 2.10 93.0 35 2.21 101 1.2 242

50 85.1 2.8 93.9 3.6 95.3 2.0
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Table 2 (continued)

Compounds Target testing Flatfish (n=5) Eel (n=5) Shrimp (n=5)

level

(ugkg  *Rec. °CV  LOQ *Rec. °CV  °LOQ %Rec. °CV  °LOQ

(%) (%) (ngkg™ (%) (%) (ug kg™ (%) (%) (ngkg™h

100 86.8 52 93.0 39 94.5 3.0
Sulfaquinoxaline 25 100 1.9 2.14 92.9 49 2.69 103 5.7 2.77

50 88.7 2.9 99.3 59 106 3.0

100 89.2 6.8 94.7 5.0 98.7 3.7
Sulfathiazole 25 99.4 2.5 2.34 934 1.9 1.84 108 34 2.34

50 78.6 5.0 95.6 2.1 104 3.0

100 81.9 6.5 94.7 39 101 2.0
Sulfisomidin 25 99.7 1.2 2.46 89.9 2.0 1.66 100 2.0 227

50 90.2 2.9 96.8 3.8 99.2 2.0

100 88.3 6.1 96.3 2.8 96.9 34
Sulfisoxazole 25 92.7 49 2.73 90.5 4.7 2.46 106 2.9 2.80

50 83.8 5.0 100 29 102 4.2

100 91.6 73 102 35 98.8 39
Dapsone 1 82.6 2.1 0.02 103 1.8 0.12 92.3 24 0.01

2 81.0 44 103 49 100 52

10 89.5 5.1 98.7 4.0 101 1.9
Monoacetyldapsone 1 101 7.4 0.07 105 6.5 0.18 86 7.5 0.06

2 98.6 4.1 98.1 4.5 94.6 3.6

10 99.5 1.7 93.6 32 103 2.9
Ormethoprim 25 104 33 1.72 98.8 2.9 2.30 104 1.8 1.67

50 101 2.4 102 22 103 1.9

100 100 22 96.3 32 100 4.7
Trimethoprim 25 100 34 231 94.6 1.3 1.70 104 32 2.57

50 99.3 2.3 96.0 2.7 101 3.8

100 95.5 43 92.5 35 98.5 1.8

2 Rec recovery, ® CV coefficient variation, © LOQ limits of quantification

values in this study are similar to or lower than those from
previous studies (Li et al. 2016; Dasenaki and Thomaidis
2015; Lopes et al. 2012). LOQs obtained with the developed
method are below the MRL and minimum required perfor-
mance levels (MRPLs) compared with regulatory agencies
guidelines (CAC 2017; EC European Commission 2009b;
Ministry of Health, Labour and Welfare, Japan 2014; Park
et al. 2020). Therefore, the developed method is suitable for
the detection of these compounds in fish and shrimp.
Accuracy expressed as recovery (76.1-115%) and precision
expressed as CV (0.6-11.96%) are listed in Table 2. Inter-
laboratory validation at three other laboratories resulted in
average recoveries for all compounds of 74.7-83.2%, 74.5—
82.5%, and 72.9-84.8%. The recovery values in the present
study are similar to previous studies [i.e., 92—111% (Freitas
etal. 2014), 55-113% (Liu et al. 2014), and 74.8-104.7% (Li
etal. 2016)]. CV values are in the range of 2.4—-10.6% (Freitas
et al. 2014), 1.8-8.2% (Liu et al. 2014), and 2.5-8% (Li
et al. 2016). Compared with previous studies, the vali-
dation results for all analytes were satisfactory to deter-
mine the residue levels in farmed aquatic animals.

@ Springer

The CCx and CCJ for each analyte in the different matri-
ces are listed in Table 3. The blank material fortified at the
maximum residue limit (for analytes with MRL) or at the
lowest possible level (for analytes without MRL) in equidis-
tant steps was used. Because the residues of more than one
sulfonamide may be present in a single sample, the MRL
value is compared to the summed concentration of all detected
sulfonamides. For sulfonamides, CCo is 94.2-114 pug kg™
and CCP is 102—-129 pg kg '. In the case of dapsone,
ormethoprim, and trimethoprim, the CCx values are 1.3—
1.5, 105-111, and 53.3-54 pg kg ' and the CCp values are
1.4-1.6, 109120, and 55.6-58.2 ug kg ', respectively. The
obtained values are satisfactory and demonstrate acceptable
analytical performance for residue control of fish and shrimp
samples.

Evaluation of Matrix Effect

Matrix-matched calibration curves were prepared from blank
samples spiked with a standard solution to determine the lin-
earity. To evaluate the effect of the matrix, the slopes obtained
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Table3 CCo and CCf3 values for sulfonamides, dapsone, ormethoprim, and trimethoprim based on Korean MRL and MRPL
Compounds MRL? Flat fish Eel Shrimp
(ngkg

CCx CCB CCux CCB CCa CCB
Sulfabenzamide 100 101 115 105 111 102 116
Sulfacetamide 100 107 124 111 119 108 117
Sulfacholrpyridazine 100 104 114 110 114 108 113
Sulfaclozine 100 110 129 109 114 107 123
Sulfadiazine 100 111 128 108 115 107 119
Sulfadimethoxine 100 103 114 109 110 109 112
Sulfadoxine 100 101 102 110 113 109 118
Sulfaguanidine 100 102 115 105 109 100 119
Sulfamerazine 100 109 122 108 113 107 112
Sulfamethazine 100 107 117 108 112 108 114
Sulfamethoxazole 100 110 129 108 112 105 114
Sulfamethoxypyridazine 100 109 118 109 113 106 113
Sulfamonomethoxine 100 110 125 114 118 109 115
Sulfamoxol 100 105 112 108 113 104 110
Sulfanilamide 100 102 110 109 115 102 108
Sulfaphenazole 100 105 118 110 114 110 114
Sulfapyridine 100 103 121 109 113 108 114
Sulfaquinoxaline 100 105 118 109 114 108 112
Sulfathiazole 100 107 123 106 109 109 113
Sulfisomidin 100 94.2 117 104 115 107 117
Sulfisoxazole 100 104 103 108 114 106 111
Dapsone 1° 13 15 13 14 15 1.6
Monoacetyldapsone 1° 1.3 1.4 1.3 1.4 1.4 1.5
Ormethoprim 100 106 120 111 115 105 109
Trimethoprim 50 53.8 58.2 54 56.1 533 55.6

® MRL maximum residue limit, ® ARPL minimum required performance levels

in the matrix-matched calibration curves were compared with
those obtained using solvent standards. Matrix effects (ME,
%) were calculated as follows:

ME (% ) _ (Slopematrix matched standard curve_l> % 100 (1)

Slopesolvem standard curve

The signal is enhanced if the value is positive, whereas it is
suppressed if the value is negative. The matrix effect can be
divided into three categories: (1) soft matrix effect (—20% <
ME <20%), (2) medium matrix effect (—50% < ME < —20%
and 50% > ME >20%), and (3) strong matrix effect (—50% <
ME <50%) (SANTE 2015).

In the three representative matrices, weak and moderate
matrix effects (—8.3-68.3%) were observed for most of the
tested antibiotics. The calculated matrix effects for all com-
pounds are displayed in Table 4. Signal suppression is low in
the proposed method; only two target analytes exhibited sig-
nal suppression in the fishery products. Of the three matrices,
flat fish had the lowest ME, with 60% of the target compounds

producing a soft matrix effect. Almost all of the antibiotics
exhibited medium matrix effects, and only two compounds
had strong matrix effects in the flat fish matrix. Conversely,
shrimp gave the highest signal enhancement/suppression: ten
analytes had a medium matrix effect and four compounds
resulted in strong matrix effects. For eel, most of the com-
pounds provided medium matrix effects, whereas only three
compounds exhibited strong matrix effects. Compared with
previous studies, our results have shown that the lower matrix
effects of sulfonamides in fish samples than that range from
—82 to 81.1% (Shin et al. 2018) and from —87 to 56%
(Dasenaki and Thomaidis 2015). Similar results in other food
product matrices (e.g., livestock and honey) have also
been observed for the compounds investigated in the
previous studies (Economou et al. 2012; Dasenaki and
Thomaidis 2015; Zhang et al. 2016). These results indi-
cate that sulfonamides in farmed aquatic animal samples
possess matrix interferences, and therefore matrix-
matched standard curves should be employed for
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Table 4 Matrix effect of
sulfonamides, dapsone,
ormethoprim, and trimethoprim
in fish and shrimp

Compounds Flat fish Eel Shrimp
% matrix effect % matrix effect % matrix effect
Sulfabenzamide 30.5 29.5 32.5
Sulfacetamide 67.9 55.5 61.1
Sulfacholrpyridazine 27.9 37.7 51.9
Sulfaclozine 8.2 222 30.8
Sulfadiazine 423 232 27.9
Sulfadimethoxine -0.2 18.7 12.1
Sulfadoxine -0.2 6.9 12.1
Sulfaguanidine 68.3 552 61.4
Sulfamerazine 8.4 14.5 12.5
Sulfamethazine 29 19.8 12.9
Sulfamethoxazole 14.7 20.9 17.3
Sulfamethoxypyridazine 11.6 229 325
Sulfamonomethoxine 6.9 20.5 27.9
Sulfamoxol 13.7 15.9 44.6
Sulfanilamide 38.1 32.7 65.5
Sulfaphenazole 28.0 212 323
Sulfapyridine 46.3 50.3 31.1
Sulfaquinoxaline 9.3 264 19.4
Sulfathiazole 333 31.0 29.4
Sulfisomidin 1.1 20.3 16.6
Sulfisoxazole 13.8 47.7 19.2
Dapsone 36.9 39.8 214
Monoacetyldapsone -7.8 12.5 12.1
Ormethoprim 12.7 18.7 10.3
Trimethoprim —83 0 -7.2

residue analysis. Considering our results of matrix ef-
fect, an internal standard is not necessary, as the matrix
matched calibration with samples can be used to effi-
ciently compensate for differences in recovery across
multiple matrices (Hewavitharana 2011).

Table 5 Sulfonamides, dapsone,
ormethoprim, and trimethoprim
residues in farmed aquatic animal
products

@ Springer

Application and Monitoring of Real Samples

To evaluate the applicability of the proposed LC-MS/MS
method, the presence of sulfonamides, dapsone, ormethoprim,
and trimethoprim residues were monitored in 54 samples

Species Sample number Detected number Compounds Concentration (mg kg ')
Abalone - - -
Catfish 2 Sulfamonomethoxine 0.023"
Sulfamethoxypyridazine ~ 0.024"
Trimethoprim <LOQ
Eel 7 1 Sulfadiazine 0.002
Flat fish 6 - - -
Flounder 3 - - -
Loach 7 - - -
Rockfish 6 2 Trimethoprim <LOQ
Trimethoprim <LOQ
Salmon 7 1 Sulfasomidine 0.002
Shrimp 8 1 Sulfamonomethoxine 0.065""
Sulfamethoxypyridazine 0.061""

* ™ Two compounds detected in one sample



Food Anal. Methods (2021) 14:1256-1268

1267

collected from a local fish market (Table 5). A total detection
rate of 13% (n = 7) was obtained for the sulfonamides, dapsone,
ormethoprim, and trimethoprim in the fish and shrimp samples,
with five out of 24 compounds detected. Specifically, the
detected compounds were sulfadiazine (2 pg kg™’ in
one sample), sulfamonomethoxine (2365 ug kg™' in
two samples), sulfamethoxypyridazine (24-61 pg kg’
in two samples), sulfasomidin (2 pg kg ' in one sam-
ple), and trimethoprim (1 ug kg ' in three samples).
However, none of the compounds exceeded the MRLs
established by the Ministry of Food and Drug Safety in
Korea. The present investigation confirmed that the pro-
posed method provides optimal analytical performance
for real samples.

Conclusions

In this work, we developed and validated an analytical
method for the simultaneous quantification of 24 antibi-
otics in flatfish, eel, and shrimp using d-SPE with LC—
MS/MS. The results of validation indicated that the
method complies with Codex and EC guidelines. In ad-
dition, the method achieved low limit of quantification
(LOQ) for all compounds in three different matrices
(flatfish, eel, and shrimp). Furthermore, the developed
method is rapid and feasible for detecting 21 sulfon-
amides and three additional antibiotics (dapsone,
ormethoprim, and trimethoprim). In real sample analy-
sis, five out of the 24 antibiotics were detected from
seven out of 54 samples were detected. The residue
concentrations did not exceed the Korean MRL. The
proposed method can be used to successfully perform
routine analysis of antibiotic residues in farmed aquatic
animal products, thus significantly contributing to the
development of multi-residue analysis.
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