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Simultaneous extraction and determination of antibiotics in soils using a QuEChERS-based method and liquid
chromatography—tandem mass spectrometry

MENG Ming-hui, HE Ze—ying, XU Ya—ping, WANG Lu, PENG Yi, LIU Xiao—wei"

(Agro—Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China )

Abstract; The aim of this work was to develop a method, based on QUEChERS (quick, easy, cheap, effective, rugged, and safe ), to extract
and analyze residues of 20 antibiotics in soil. The developed method included extraction with an ACN:EDTA :Mcllvaine buffer, clean—up
with a dispersive solid phase extraction (d—SPE ) adsorbent using primary secondary amine (PSA ) and octadecylsilane (C,5), and finally
analyte determination using liquid chromatography—tandem mass spectrometry ( LC-MS/MS ). This work optimized different extraction
methods and ratios of clean—up adsorbents to perform at seven spiking levels(2.0, 5.0, 10.0, 20.0, 50.0, 100.0, and 200.0 pg-kg™) with
recoveries ranging from 61.4% to 118.9% with relative standard deviations below 20% (n=5). The limits of quantification(LOQ) of the
methods were in the range of 2.0~5.0 pg-kg™ for most analytes. Linear regression coefficients of greater than 0.990 were obtained. This
method was applied to the analysis of real agricultural soil samples, confirming the feasibility of the method.

Keywords: QuEChERS; antibiotics; multi-residue analysis; soil; LC-MS/MS
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RAETE LIRS R R T 2Rt E R
Yy, ABAARA T3 iA: 3R 258 B bR B i
H T I 0 52 e AR ME A e R AR B A R
N TV BT AE R RS, N — AR S
B ARSI T SRR BE i A R A ik

TR G it h P AR R RO R 5 T
O - IR R 75 F B, 5 45 [ AH 2 B (SPE ) 4k
Blackwell S5 FY P Il B 12 S, [ AR A€ B4k
RRes ¥\ TR AR AT NG e T TS 2 E VA =10
VOO €2, i/ 3 F Jo i [R] BN 38 v 18 A AR R
XA B R4 RN IR s bR, SR
FE B IBORN 22 0 5 S IR L BB

TEC A Bl e AR 22 R AL ek
Y@ e Y SN o g AP ) B B e = = N o
FNZN Py 2S5 BL B BRI AR 22 U A IR 240
A EGEHOPBRE R AR, IF EMORLBY Bt . 2003 45
Anastassiades SN T —FfrHRGE AR BRAN L RIAK
LA, B QUECKERS J5ik, bl T ek
BRSO B TR R 2
BRER A rh s SRR VAR S, 2853 HE A
ZEBUMELH(d-SPE ), 4n PSA(Primary Secondary Amine ).
Cs(Octadecylsilane ) \GCB( Grafted Carbon Black ) i) 1%
1, 805 B 207 kI R HAT TR B A AL B 2D
R v 0 DT MR I 45 2R, O HUOR IR FEAR 1
AR B A A RS2 N B3 422 i A 3 T 51 B ]
fiE?: . Bourdat-Deschamps SF"SEHE vy | b5 K EE R T
H: Z 1) QuUEChERS J53k, [RISCR — M 7E 75.0% L |
Dorival-Garcia ZE4# 37 T QuEChERS Jy ¥ FH 46
HERE 17 FhHTAE R, ISCRTE Dy 95.3%~106.2%
AHXIARE R 25 /N T 7.0% o (B2, 76 - R b i A:
R ZHR 1) QUECKERS 734 J7 125 i AR WLAGE .

AWEFERY B B — RS 43 L 5T 20 Fif
YA 2R #Y QuECKERS J5i% . BN AAfh: @ik
F SRIBCEIR AP BRI AL, I s ek |
SE SRR LT ROV | SR i ARSI 30 U B i Ny
BRI AT

1 #EITTE

L1 FRERRAIE S

P i« s 2 TS P9 (Sulfacetamide, SAA ) , fiff il —
FH 5 w2 g (Sulfisomidine , SIM ) , fif§ Ji# 18 B¢ ( Sulfadi —
azine, SDZ) , fif§ Ji& 1€ 8k (Sulfathiazole , STZ) , fif§ iz Al BE
(Sulfapyridine, SPD ), fiff it F}! & 1% IE ( Sulfamerazine,

SMR), fiffi i % F 48 % B (Sulfameter, SME ) , fiffi it — H
5 (Sulfadimidine , SDD ) , ik i B 1€ — 14 ( Sulfamethi—
zole , SMT) , Tifi it A1 — 48 % g (Sulfadoxin, SDX) , fis§
Jiz B IR ik ( Sulfamethoxazole , SMZ ) , it Jig V& ik ( Sul—
famoxole , SMX ) , fif J##z 8] HY 48, 1% ¢ ( Sulfamonomethox—
ine, SMM ), fiff fi&z — FH S5 W ( Sulfisoxazole, SIX ) , fiff i
ZRPE( Sulfabenzamide ,SBA ) , il 4 JEBK (Sulfaquinox—
aline,SQX), fif§ % [a] — F 48 18 ¢ (Sulfadimethoxine,
SDM), 2155 % ( Erythromycin, ERY ), %7 41 75 % (Rox—
ithromycin, ROX), 52§ %% % ( Clarithromycin, CLR ) , #5
HE L4l B KT 98.0%, W T4 [E DrEhrenstorfer 2
Al o FIRBRE S AT BERC R 1000 mg- L FRifE
it W, —20 CHEAE . FIHTBERCH] F3R 20 FhbiE R
TRAARER VRN 1 mg-kg™, -20 CHEFF
1.2 #E 5

FA B 2L ({03540, Fisher 23 7]), B R (98.0%,
Acros Organics /A A] ), Na,EDTA «2H,0 ( 43 #r 46 , [¥ 24
AR s W2, AN R A ] o 528
FHAK 428 Milli-Q K RGei5 ik 43 Hl AR 22 Uk
(PSA .Cis.GCB) T Agilent 23 w] , HLB [ AH 2% B/
F£(500 mg, 6 mL )G T Waters 23 W) . B8R #h 22 vl i
(27.2 g KH,PO, 5 1.3 mL H;PO, R4 K EAE 1
L),
1.3 {88

3 HEHR 37 &% (38 [ Thermo 23 ] ) ; =y 3% TR 25
O HL(FFHE Heal Force 22 1)) s N-EVAP Z WAL (3 [+
Organomation /2 7] ) ; Acquity 155 R A 15, Cis 2
FEAE (1.8 wm;2.1 mm x 100 mm, 3 [§ Waters /3 7] );
Qtrap 4500 —H PUZAT BT {X (3 [ SCIEX 24 H] ).
1.4 @ik&y

WA 5 R FEIRL 40 °C LR BAH A 25 (A) 0.1%
R (B), it 0.3 mL-min™; JEENAHES ALy 0~1.5 min
10%A ,1.5~8 min 10%~70%A ,8~8.1 min 70%~10%A ,
8.1~10 min 10%A

B e BT mESS HLE 4.5 KV B T RIRE
500 °C; B TIPSR 1(GS1)50 psi(1 psi=6.89 kPa);
B IR AUA 2(GS2)50 psi R HIE B R &L, H
PR AE 28 LR BA I a] | B8 X L R R A B A
il R AR 1,
L5 TiEMmEHE &

LAER A RHHTPEE XA 0 ~ 20 em (R )Z L
B (ARMAR S BArPiAER)  EER 2.0 m 241970
BN EUREZY 10.0 kg, AARKT L 2.0 mm fLA2H
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158 pH 7.2, AL & 1 1.5%.
1.6 RERFEL ST

QuEChERS J7 2098 : #RHL 5.0 ¢ 14T 50 mL
BB A —E AR EYI T, s — Bt a5
JIA 0.4 g Na,EDTA . 10.0 mL Z& i F1 10.0 mL Z.Jf5,
B SE 3 min, FHIA 2.0 g NaCl 4622 F-%% 1 min,
8000 r-min™ E.0> 5 min; WL 2.0 mL E¥EW T 5.0
mL A7 73 I AH A OB #H(25.0 mg PSA (10.0 mg
C15.100.0 mg MgSO,) i E5.00 45 1, 1% 1 min, 5000 r-
min™ F.0 3 min, WE 1.0 mL B3R T IR0 8
th 7E 35 CARIETH AR ZEIE T, 1.0 mL K (IR F]
e 1), i 0.22 wm £ 4EJEE , LC-MS/MS AL,
T ARES , B2 5 A~ 2R 7 25 1R TR CEAL
ZHIMA—E R IFREY) BT ), DIBOE& AR
B WIAE LT TP AR AE B R AT 20 P R BT ARN

SPE J7 09K BRI 5.0 g H3EAEA T 50 mL &
DT, fmA 0.4 g Na,EDTA . 10.0 mL 22 st #1 10.0
mL 2, F4E 3 min, 8000 r*min™ B0 5 min, }5 _F i
W AT KB, SR 5 EZE 2 10.0 mL LUF , 75
ALK FE A 100 mL, I RRE Y pH &2 2.5, FF iRl
HLB /M, i T, B 6.0 mL BB 6.0 mL A 41
K&k SPE /ME . 1A, A 6.0 mL FEEEYESE HLB

BRI AR 23T, )5 TR QuEChERS Jrik .,
2 #HR5118

2.1 REESHEL

SRR P Al B R T 45 v E AR 1 [EDSOR P AR
WX % B MR AT TR UE . #0316
QuEChERS J7 i A 15, &5 50 (1 1) R B A
X HARTA: R AR BUL B A R . BRI, AR A
SR PR RS 4l B AR, 51 15 2 R AR FRA R]
2.2 L&A

PRGBS A B AR
Z A LA A 2] d-SPE 144 (PSA .Cis .GCB)
T T — 2. PSA 1R 055 BH B 128351, ol L
TE RBRAR BAE P 20 , I 2B R 105 B An A AR M A
PLER 5 AEARAEWE IR Cos 52 A W2 B A i i — 22 3™ )
Ji; GCB AR B 5, T RBR 22, KR
REEAE M A5 8 T 150 1 B MLV R0 5% B 14K .
Bl 2 JeoR  FETS IR B2 100.0 pg-kg™ KT, 3 ]
5.0 mg GCB.100.0 mg MgSO, 1 ik b1 kHS B AR
(R IR, Horh, GCB X it fiie 48 — FF 40 Mg i | fisk i
M it fri PP SRR R ] FR AR A /D R
ISR 2 60.0% , FRll e X 21 5 R HLAG 53 20 A I B AR

*® 1 BiRmAERHRESH

Table 1 Optimized chromatographic parameters for the selected antibiotics

bR PREAIIE] 2o /min B5%F MRM1  JfEHL & DP if#RE CE X MRM2 - LR DP Tl RE CE
SAA 2.66 215>156 52 15 215>108 52 29
SIM 2.51 279.1>124.1 80 30 279.1>186.1 80 23
SDZ 3.10 251.1>156 63 22 251.1>108 63 34
STZ 3.44 256.1>156.1 60 22 256.1>108 60 35
SPD 3.59 250.1>156 65 23 250.1>184 65 23
SMR 3.84 265.1>156 73 24 265.1>172 73 24
SME 4.42 281.1>156.1 70 25 281.1>108 70 35
SDD 4.33 279.1>186 75 25 279.1>124.1 75 35
SMT 4.35 271>156 65 21 271>108 65 36
SDX 5.28 311>156 80 26 311>108.1 80 37
SMZ 5.29 254.1>156 70 23 254.1>108 70 32
SMX 5.54 268>108 70 35 268>113 70 25
SMM 4.83 281.1>156 75 25 281.1>126.2 75 30
SIX 4.13 268 >156 70 21 268>113 70 23
SBA 5.90 277.1>156 60 19 277.1>108 60 32
SQX 6.03 301.1>156.1 80 24 301.1>108 80 36
SDM 6.03 311.3>156.1 100 28 311.3>218 100 28
ERY 6.14 734.6>158.3 141 39 734.6>576.3 141 27
ROX 6.92 837.6>679.4 156 30 837.6>158 156 47
CLR 6.81 748.8>590.3 76 30 748.8>558.5 76 30
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FH, BISCER 0.6% . R, AR50 A 8% GCB, T2
BEFH PSA Fl Cis VE R AEA ) o AT X X P4 fk
MR BB T 3 4K F: €15(10.0,25.0,.50.0 mg),
PSA(10.0.25.0.50.0 mg) . AL bR m AL L, [l
1 I J5T 50N 0 200 [R] B 2 R . 3 T A0 (Matrix
Effects, ME )31/ 20F .

ME( % )=(Sm/Ss—1)x100 (1)
o Sm 1 Ss 43 F N L AT R AN AR H A ARRR

24 ME y -20.0% ~20.0% . —50.0% ~—20.0% Fii
20.0%~50.0% .<-50.0%F1>50.0%Ff , 43R0
HAE R Y L TRV o

WE 3 £2E 6 iR, Mk Pk 50.0 mg PSA 1E A5t
AU AR IR T e s Tk ok e — R S M e K g Y e —
M Tk e A 1) [ AR T 55.0% 0 X T Cs, 2L
RN AT 60.0%, KZEET 40.0%, (B
10.0 mg Cys B A DRI KT 65.0% . B LA, A5
& 3% 4% 25.0 mg PSA . 10.0 mg Cs 1 Migfb bt k. &
7 Rt BARAR I I FE AN
2.3 5 SPE AikHItL &
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SRR I AT LB, QUEChERS J7 i By
HIALHLBRAFERT 1 h, % SPE J5ik 5 h KR4
QuEChERS J5 75 B4 Ff dfh b SPE 7154 2 70 ot
(FZATE T Waters Oasis HLB /ME ) ; QUEChERS 5
ARG AL T H AR AR KRR - F%
T 5200 N A R R el Re . IR uE R, X
FAKGE ik 2 1) HARPi A, QuEChERS JrikfiiF
SPE Jrik.
2.4 FHiEWHE

AR AV | SR AE T BR XS QUEChERS
T AT T BE

25 (L R C Y 8 Ak B /K F-(1.0.2.0.5.0,
10.0.20.0.50.0.100.0.200.0 wg-kg™ ) AFRIME TAEMZ
IR, R 7E 0.990~0.998 Z [A] (% 2),

TE 7 NI I BE K SF (2.0.5.0.10.0,20.0.,50.0
100.0.200.0 pg-kg™) FAHEIEICE N 61.4%~118.9%,
AHXT AR E I 221 T 20.0%

| BAEMAEEREREX

Figure 1 The comparison of recoveries with and without ultrasonic bath
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Figure 2 Recoveries of 20 antibiotics using 5.0 mg GCB as d-SPE sorbent
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Figure 4 ME of different masses of C3 as d-SPE sorbent
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Figure 5 The recoveries of 20 antibiotics using different masses of PSA as d-SPE sorbent
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Figure 6 The recoveries of 20 antibiotics using different masses of C 3 as d-SPE sorbent
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Figure 7 The matrix effects of the optimized combination adsorbents for 20 analytes
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Figure 8 The recoveries of 20 antibiotics using QUEChERS and SPE
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Table 2 Linear equation, linear range and R? of 20 antibiotics

SE k-

Yk LR AR LRPETE il g kg R2 [1] Freitas A, Barbosa J, Ramos F. Multidetection of antibiotics in liver tis—
SAA y=3.6x10%+2.3x10* 1.0~200.0 0.991 sue by ultra—high—pressure liquid—chromatography—tandem mass spec—
SIM y=3.1x10%+7.9x10* 1.0~200.0 0.998 trometry[J]. Journal of Chromatography B, Analytical Technologies in
SDz 1=2.8x10'+1.9x10° 1.0~200.0 0.992 the Biomedical and Life Sciences, 2015, 976/977 :49-54.

ST 1=5.5x10%+43x10° 1.0~200.0 0.992 [2] Guo C N, Wang M R, Xiao, H, et al. Development of a modified QuECh-
SPD 4 1x10%+2.1x10° 1.0~200.0 0.997 ERS method for the determination of veterinary antibiotics in swine ma—
SMR 122 8x10%42.1x10° 1.0-200.0 0.994 nure by liquid chromatography tandem mass spectrometry[J]. Journal of
Chromatography B, Analytical Technologies in the Biomedical and Life
SME y=8.3x10%+1.9x10° 1.0~200.0 0.998 .
Sciences, 2016, 1027:110-118.
Sbh y=34x10%+3.9x10° 1.0-2000 0-997 [3] Dickson L C. Performance characterization of a quantitative liquid chro—
SMT y=2.0x10%+3.1x10° 1.0~200.0 0.990 matography —tandem mass spectrometric method for 12 macrolide and
SDX y=2.3x10%+8.7x10* 1.0~2000 0.997 lincosamide antibiotics in salmon, shrimp and tilapia[J]. Journal of
SMZ y=3.5x10°+2.1x10* 1.0~200.0 0.990 Chromatography B, Analytical Technologies in the Biomedical and Life
SMX y=2.6x10"%+4.0x10* 1.0~200.0 0.995 Sciences, 2014, 967 :203-210.
SMM y=3.1x10%+2.1x10* 1.0~200.0 0.995 [4] Turiel E, Martin —Esteban A, Tadeo J L. Multiresidue analysis of
SIX y=8.2x10%+4.5x10* 1.0~200.0 0.997 quinolones and fluoroquinolones in soil by ultrasonic —assisted extrac—
SBA y=3.5%10%+1.4x10° 1.0~200.0 0.991 tion in small columns and HPLC-UV/[J]. Analytica Chimica A cta, 2006,
SQX y=1.1x10%+1.1x10° 1.0~200.0 0.993 562(1):30-35.
SDM y=4.6x10"%+4.0x10° 1.0~200.0 0.991 [5] Li H, Sun H W, Zhang J X, et al. Highly sensitive and simultaneous de—
ERY y=2.0x10%+3.4x10* 1.0~200.0 0.994 termination of sixteen sulphonamide antibiotics, four acetyled metabo—
ROX y=3.1x10%+5.9x10* 1.0~200.0 0.992 lites and trimethoprim in meat by rapid resolution liquid chromatogra—
CLR y=2.3x10%—2.0x10* 1.0~200.0 0.995 phy—tandem mass spectrometry[J]. Food Control, 2013, 31(2):359—
365.
&3 20 MR 10.0,50.0,200.0 pg-ke™ FRINIKE THIEIK R BXIRERE (n=5) FAIEER
Table 3 LOQs,recoveries and RSDs(n=5) of 20 antibiotics for soil spiked at 10.0,50.0 and 200.0 wg-kg™
10.0 pg-ke™ 50.0 pg-kg 200.0 pg-kg™ R LOQ/
£ = N . N . N . H 4

PR s IR g, Ry, IR ke
SAA 97.0 9.6 91.9 12.5 98.9 4.6 2.0
SIM 76.9 54 84.8 7.8 82.6 8.4 10.0
SDZ 81.7 6.2 74.1 114 83.1 7.9 5.0
STZ 81.2 9.8 78.8 8.6 79.4 6.6 5.0
SPD 65.8 10.8 82.6 7.9 72.0 32 5.0
SMR 86.2 10.0 923 8.6 89.2 8.1 2.0
SME 94.4 4.7 81.3 11.3 81.0 10.9 5.0
SDD 84.0 9.0 79.0 11.5 83.1 8.4 5.0
SMT 74.9 6.2 74.0 9.6 73.1 6.6 5.0
SDX 69.3 11.7 64.8 12.8 67.3 7.2 5.0
SMZ 94.6 7.3 100.6 6.0 929 5.7 2.0
SMX 74.2 9.1 71.3 13.0 76.1 7.5 2.0
SMM 74.5 16.1 78.1 8.3 79.8 8.9 5.0

SIX 72.6 10.1 75.3 10.9 76.1 10.4 5.0
SBA 69.7 12.5 71.7 9.9 81.3 10.4 5.0
SQX 84.0 10.5 89.7 20.3 91.2 9.0 2.0
SDM 81.5 15.5 76.1 15.3 82.0 7.9 2.0
ERY 75.7 16.3 77.1 9.0 72.9 4.7 2.0
ROX 101.5 9.1 110.0 11.6 99.2 4.0 2.0
CLR 113.8 6.9 103.9 8.9 112.5 8.4 2.0
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