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Abstract

A rapid method was established to simultaneously extract and detect various sulfonamide anti-
biotics and their typical metabolites in sediments. After freeze-drying, the sediment samples were
extracted with extraction solution (pure water, acetonitrile) and purified with purification salt
(magnesium sulfate, C18). The target compounds were then measured by high performance liquid
chromatography-tandem mass spectrometer (LC-MS/MS). Compared with the accelerated solvent
extraction method, the used organic solvent in the present method was reduced by 57%, and the
extraction time was reduced by 40%. In addition, the recoveries of the method at low concentra-
tions were relatively high, ranging from 80% to 121%, and the relative standard deviations were
all less than 9%. It suggests that the method could be applied to simultaneously detect sulfona-
mide antibiotics and their metabolites in sediments, and the detection process is relatively fast.
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1. 51§

MR AE R M N T A RIPUREZ Y, BAPURIE, RSN, EERTIL. BHO
K FRGENE A2 L] [2] [8]e SRR RS DA Ge 32 B RTINS, 2 Jl il 2R W R HE A It
NIKARFITUAR M SEFA B 57, IRl T30 2R WA A 0S84 28 G P9 - 3 T e B A= D AR R A AR A A A
MRESEAT, AL AR HEGUVE SR D A IR AN 25 18 (1% 4k, IR AE A S R G R AR 2 42 [4]
[5] [6]. BT, ZKREE e Pt A R B 2 — D 2GRS, Ol 7 A B A Kz
Rk

R E R N S WIS, 29 50% 2 DAY 24 1O TE 3CBE JRIBUS SS B HE R A, ie 24
30% 73 M LA Z AL AR B 0T SCHE ARSI 7]0 ek, R PTAE R 05 KT AL Bt REAN W e £b o A
Yo, FEREIGRHEAIFRIK]. Ak, ToIR MGG 3R R AR R AR P80 SRR AN it A KA 85
AR EE. CHRRIA SRS S S RS E g, F1n ZM b R TE
R RMA R AR, Wi aide, SRR, HETEANE L9, B, 7RG
ARG AE ) R 8 ) R 2O . 2R/, B E Ak, KISt sk b R AL &4, K
ARV A+ B =, SRR 47 75 92 B ok 75 1 E

B BT AR B AN HTAE R S AU A Bk B A B EUD O, BRI VA T A I, G A S A [10]
[11]. EZIUAT IR AT AR RHR 2 HOGEREIERPUE R B B &, H R RCRAG, IR AER, ALk
FUTHAER R, AR AR Ao AL bR IE ey Rk It e SRt A 2R R AR ) i SR T e S 471
R ISR B R AT I, AR MO 8 R E SR 2 R AR
U PRI SEICRN ) A 3%, JEIE S EE A ik (B A WL AR S N A, IR dhrJsik,  dkiiidid se
BRI A b AL 360 7 R B AT ATV

DOI: 10.12677/aep.2022.123071 535 SR AT T


https://doi.org/10.12677/aep.2022.123071
http://creativecommons.org/licenses/by/4.0/

SEREA S ES

2. BRI A
2.1, A5

AR AP A S HOLE 1, H A i F % (sulfamethoxazole, SMZ), fififié F L 1% g (sulfamerazine,
SM1), fiffig — B L BENE (sulfamethazine, SM2) FITfi# i 5 IE (sulfadiazine, SDZ)%& BHAAL S0 H T H R A
F (i), 2l > 99%; H ik (acetylation, Ac)fRiii#I Ac-SMX. Ac-SM1. Ac-SM2 Fll Ac-SDZ 4 H
T TRC AFI(INEK), i >98.5%; 1 FNFrik&4) 13 C-SMZ J [ Dr. Ehrenstorfer A & (F2[F), 4k
JELE 97%LA L. HPLC R ZN5. W2 E Merk A7 (H2H), MR &AL C18 25 [ T Lk
FTFIAT, ¥AsHral. HaiKb Milli-Q R4 (36 ) t.

Table 1. Basic parameters of target compounds

* 1 BRNELSH

4 FEL CAS 5 NTE logKow
Tk i PR SR e SMX 723-46-6 253.28 0.89
T Tt i P S5 e Ac-SMX 21312-10-7 295.32 1.21
it g P ks e SM1 127-79-7 264.30 0.21
Tt g FR R 0 % Ac-SM1 127-73-1 306.34 0.933
T i — FP R g SM2 57-68-1 278.32 0.757
TR i — PR IE Ac-SM2 100-90-3 320.37 1.481
Tk e e SDz 68-35-9 250.28 -0.1
AR Ac-SDZ 127-74-2 292.31 -0.61

Pk AOR IR I LR A .

BRI R ) it 4 0K F R B EAT I, 9K N 10 mg/mbL, ¥ERTEIE-20°CUKFE . MR TAE#IZ N
TRAR, K HRE IR BRI 75304, SIRCILA
2.2. {X3%

R VR B0 AL B2 5 TGL-20bR, R iEdR% #&4 H Thermo A w (3£ H), HWRACH Fifg2 1 1)
EFAA-D12 Y, 3 i R0 8 5 B 15 1 A 3CA Waters A 7] (3€ ) 1 ACQUITY UPLC/Xevo TQ MS,
ACQUITY BEH C18 {aift ¥l F Waters 24 (1.7 um; 2.1 mm x 100 mm).

2.3. HmRE

AT 5T 108 45 P 0 T K TR X S AN T T B, A A R E SRR R IZ DR, TN
RNABEREE IR IZ S8 % . fE-20CHlA RS, DURMIMEMIE-60° CHET A T2, & 100 H
LR G AT -80°CokFE, T RSz T AR,

2.4. BTGB SIR

HERAFRBUA VR T8 5 AU RE i 5.0 g T 50 mL ZRE P 4 o [0 & 8 0o 85 v, AR VN S BRI 4 7K
10 mL FE 5% AR E K I ZIEXEIGR 15 mL, 43 3R iE 30 s, MG — b b &l 1 g FIiRiRE: 4 g,
FHRES], WRTE L min, EAER A ERFIVTRRYI 78 4R 21, 4000 r/min R FE 250 5 min, B EIE

I8 12 mL T 15 mL A B9 B 08 i, T SR T8 i B 8 RIS, WA iE 1 min,
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784351, 4000 r/min F3E B 20 5 min, BUEIETR .
B 9mL EisEm T amREd, 45°C FESWRT, A 20 ng A KR BC-SMZ J5 1 mL s & vt
EEEFIFHNW . 1 0.22 kit pess L Je A AL B, IR0 PR aitm T, BE894.

25. GBS

H sk A1 B R A Waters BEH C18 €4l 4:(2.1 x 100 mm, 1.7 um)#EAT, A:IR A M5 (R EF7E
40°C, HERERFRZE N 5 uL, BERERERE N 0.4 mL/min, KAIBAEEVERE L, MRS A: 98%IK
J 2% EE (S 0.05% FER)AN B: 2B, WshAIEREE 204 2 Fins.

Table 2. The composition mobile phase

2. mENtAER

FLBNAH 2 (%)
B} 1 (min)

A B

0 90 10
0.25 90 10

3 10 90

4 10 90
4.01 90 10

5 90 10

2.6. g4

J % 53 B 45 F Waters Acquity — B DA S, B U N HUE 25 55 IR (ESI), B TR IR E N 150°C,
SR SRR S o I B A R s A, s 700 891 L/Hr A1 0.15 mL/min, B4HE HE
2.0 KV, BiEFISURE N 500°C, HEFLIRMKASIAIE Y 50 LIHr. S A 1) R 48 77 KON 22 55 8 s A =X
(MRM). &P B AR5 53 2 20 W36 3.

Table 3. The mass spectrometer optimization parameters of target compounds

3. BRI BUE LS %

ERaYY] KB 7 (mlz) FET(mlz) it A &= (eV) B

SDZ 251 92 27 ESI+
198.0 26

Ac-SD 293.1 ESI+
134.0 28

SMX 254 156 16 ESI+
198.1 26

Ac-SMX 296.2 ESI+
134.2 28
156.1 23

SMZ 265.1 ESI+
172.0 25
172.0 33

Ac-SMZ 307.3 ESI+
198.1 31
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Continued
186.1 26
SM2 279.2 ESI+
123.8 28
185.9 33
Ac-SM2 321.3 ESI+
255.3 37
2.7. J53ENE
SEAG I AR A EH 13C-SMX AN bR, S5& 0T kgt BICR . B &R IR 1 1% 7 VA M HE
.

3. HR5VHE
3.1. tRiLIRENSE G

AHETCE S iTAl 1B A R B HON HAR IR IR, S9R M 1 Pos. IEWELT, @A 1EH
R PR A O, BETTHE AN F AR SRR [12] . AEARETFTH, B R SRION B AR SRR LT
BN, EAEA BRI ECR . K, AT R — 2 R A B IO, — 5 i mT LY
2R B PR A 2 AN [B) G e 1 min AR S 5 min), 55— 5 T DU AT AT SRR AR L o

wRIE = BE
100 -

0 - I|||I||II|||

Ac SD SMX Ac-SMX SMZ Ac-SMZ SM2 Ac SM2

Figure 1. The recoveries of target compounds extracted by vortex and ultrasonic bath

Bl 1. imhEAEB AR B B AR R
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3.2. 5 ASE fit

Vo AW F0 R ST R BT VAR FA K ASE SR TR LR R I, KAk b, AT IEIRAR I 24 e
R AT ASE $EEUA 45 AR, #R0O7T 60%~120%2 [, (HARSTIT &, AW LA g B N, —
AR BT o

HE— PR LE AT A0 B ASE STV B S R v DUR (] 2), AT EFE A WA (222
LB ASE T 43%, THFEERRREAG: HhAh, BRANEE S B HT A BRI (AU EERT 15 min, % ASE U7
1511 25 min KOAZERE, BANFE S PR ER AR KSR T . A, AR5 O R A CL8 WHFE S AT T ik
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KT, T ASE T B A AU HEAT 1 4L, AERRR BT T WA

77T ik = ASE
120 -

100 -

80 -
60 -
40 -
20 -
0 -

Ac SD SMX Ac SMX SMZ Ac SMZ SM2 Ac SM2

Figure 2. The recoveries of target compounds extracted from different pretreatment methods

B 2. FRIRIAIEF AT BRI e

Bl (%)

[RIE,  ASHIFFE 8T 8 ST A AT AR EE 7 iR A1 F ASE 7 vEAR LG, X6 H RRY B BISCR A B B 2 S ik, {BLAE
AHVEA A ERIRK, MR G A, ER TR A b a B R R, OB A s ] ok
ARG A (S 3)o Az, KT AM I 1% i IR NP A 3 B AR ™=, AT ¢ e o R 7V A T
WHIH ASE Jrik. X —g5 UG RGBS RIATT, A TR AR T BAERERU %, SRH QUEChERS
D75 A B 2 K [ 13]

40 1 mASE &A%
30
20 -
10 A
0 -
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Figure 3. Solvent consumption and treatment time under different pretreatment methods
& 3. NERTAES A THIRFIEFREMLIERK

3.3. FEWHE
AW 2R P R [ECR AN E E R X S B AT T 8RR A, B% AR R EH bR
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HE AR 28 P RAFMIZRIEIR R, MR R AIIAE 0.994~0.999 2 [A] (K 4).

Table 4. Linear equation, linear range and R? of different compounds

F 4. BRRIRILMGTE. SMSERERMEX AR

HAx4) LT M RH(R) Lt B (ng/g)
SMX y = 253.909x — 0.871568 0.999 1~200
Ac-SMX y = 50.2362x — 8.41563 0.996 1~200
SM1 y = 299.956x — 24.1756 0.999 1~200
Ac-SM1 y = 2180.38x + 213.544 0.998 1~200
SM2 y = 1120.25x — 125.305 0.996 1~200
Ac-SM2 y = 725.914x — 83.9108 0.997 1~200
Sbz y =66.0317x — 11.0783 0.994 1~200
Ac-SDZ y = 22.1723x — 3.08082 0.994 1~200

7E 5 g YURIAE ARER BN 0.5, 1 F1 2 nglg (AR 5 Hi A & M H Z B A= M (1018 & b
UG, BRI VR AT I AR, R A AMRIE R AR S5 5t B ARt T e, EH 6
Wo AT AR R SR FIRR e 22 W3 5. SEREIR, 2% FARITTRY R R FRE T BP0
RN 79%~121%, AHXTARAEMMZELE 3.1%~8.8%. —MIEHL T, BIALFE 5 AR AE 60%~120%2
], FAXTARIER 2 /N T 2008 5 iE AL ER 538, AW 70 s L3ph /2 it iR . s B BR A B A AT
252 [Al KR (60%~1209%) FIAH ST B (i 22 (VN T 20.0%) I BRI FE, A 70 H 24N H bR i) 2 PR AR
T 0.5nglg, B RART ORGSR AT iR R4 AR 3 S AR = e S Ve T MBI [14], 158 BA AR 7 BT A S )
JiFAE TR FREATATIN .

Table 5. Recoveries, standard deviation and limit of quantitation of different target compounds

5. BFfRMIMEWER. fREREMEER

P 0.5 ng/g 1 ng/g 2nglg s B
1% RSD% [ %% RSD% [ %% RSD% LOQ (ng/g)

SDZ 84~113 8.8 79~112 8.2 89~113 3.3 0.17
Ac-SD 85~105 7.6 89~120 3.6 79~105 6.2 0.13
SMX 86~120 6.8 84~110 4.7 83~121 7.4 0.15
Ac-SMX 83~110 6.0 89~115 5.1 81~108 3.3 0.23
SMz 84~105 4.7 82~98 3.1 87~102 4.2 0.17
Ac-SMZ 80~92 4.4 82~103 6.1 84~112 4.2 0.19
SM2 82~97 31 88~105 35 86~107 3.8 0.27
Ac-SM2 88~115 3.6 80~110 38 88~115 43 0.31

3.4. MEEREKN

TE LC-MS/MS 381, IREEA ot A 20 I A 435 ) 2 W S5 R e A3 B AR 89434 5 T B3 J5 34 (ME) .
FEARWEF A, KA T RS EERUS BN E HARIE TR R B s, it AN
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e
iy
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ME = A1/A2*100%

Horr, AL JEFEARHETE AR SRR B 5 SR AN, A2 NPRHAE RSG5 IEmA. ME AT
80%~120% 2 [AfXFIE RN AN E . ZEATFF, HIRP7ETURYIRE A 538 FR08 4530 7E 83%~102%
28], HIEEFANAEMEEEZ N, [FEaEK.

3.5. SCPRtEmME

BET A TC R ST A AT A BEAAS I 75925, ik — 0 e m i T K SR XA MR SR R TR ekt
R, oM T 8 MRS R K OB R B KT, SRR 6 . 8 A HARMIAET AR
BRI, W BN 28 nglg 1) SMZ Fil 21.6 ng/g 1) Ac-SMZ. DU L R8T A& L
25, BAEK IR AT T 2 B, AR R I DX RO HEA SRUTRR P IR A7 2R W LR ot A PR 3 1R 7K
7RG ANFRIRERE RIS, 10 B P AR 40 A A D 2 BT SRS 0 2B B AE PR v (R A T DA — o0
FAC R i, 25 RIS )l e R A A B —RER MRS RIS 16 7, 7 B kAT 1 —

BB TR -

Table 6. Detected concentration of target compounds in sediments

3% 6. BfMERELTIRY R ERE

B DI (nglg)
H 54

10 ] FEME Gl Kt

SDZ 0.29~19.7 7.12 4.6 100%

Ac-SD Fkty Hi~4.4 1.1 1.0 80%

SMX R H~13.1 10.3 7.2 83%
Ac-SMX 0.2~4.6 3.7 1.4 100%
SMz 1.5~28 215 12.1 100%
Ac-SMZ 6.2~21.6 10.2 8.4 100%
SM2 3.6~10.0 6.1 5.8 100%
Ac-SM2 0.82~2.76 1.31 1.05 100%

4. &g

1) bt se BT A B E . ARBE RAGARSE, JFEES TR IRAIE, WP ST T MT DL
TR RCRUR E — ER I A I DO SRR [F] AS U TR v 8 R SR AR 2 S AR K T i

2) AWFCHTEL R INRAE G R A 18] R AL B R A S T3 T T CARTH 0 ASE S8 J71%,
HAPE, AR IR

3) ATrid O B TUT AR 2 P SR AR B S AR IRAF AT A I, RO AE BRI

W (7 1
E&UH

AR FRAFR) T F I mi R TR0 H (JC2020166)F1 v g m R L ARV 2% % (B200202113) (1 ¥ Bl o

&5k
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