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 E: WP EEEREMEL . WL, TEES MRS BEREER . SO0 R BRI 1 Z AR
FIREAM Ik . AN PLE T A B ORI 250 B R IR ) Kag k45 CEARAE U NE
ST ) g Sy — ol [ R A v R A (0 B - E IR B ( LC-MS/MS ), [RIINHINSE +-388h 20 R . R IE i 4k
T, BArPid RIELMIEE 0.10~100.00 pg/kg WM R, RTE 0.9951~0.9999 2 [8]; [AIMCR I FBITE 62%~116%2 8],
ST PR UEAR 25 7 0.9%~16.8%; #th FRYEREI R 0.01~0.50 png/kg, TR K 0.04~2.00 png/kg, 1%y k2 0 H T KT RIF
DX 52 it S 4t 3 p A AR B AN, S5 . 4 PR RE LI RFERER L, 2 TR 16 Fh H AR
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Abstract: It is necessary to establish a sensitive, selective, efficient and accurate method for the simultaneous detection
of multiple antibiotic residues in soil. In this study, the method of solid phase extraction-high performance liquid chro-
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matography-tandem mass spectrometry (LC-MS/MS) for the determination of 20 antibiotics simultaneously in soil was
established by optimizing the extraction conditions (extractant type, extraction method, shading and overnight) and the
purification conditions (cartridge type). Under the optimized analysis conditions, the target antibiotics showed good

linearity in the linear range of 0.10-100.00 pg/kg, with R* ranging from 0.9951-0.9999. The recovery ratio ranged from
62%—116%, the relative standard deviation was 0.9%—16.8%, the limit of detection was 0.01-0.50 pg/kg, and the limit

of quantification was 0.04-2.00 pg/kg. The method was applied for the detection of antibiotic residues in soil samples

collected from greenhouse vegetable bases in Wugqing district, Tianjin, China. It showed that 4 classes of antibiotics
were detected in the soil, and up to 16 of target antibiotics could be detected simultaneously. The total residual concen-
tration of antibiotics in the soil varied from 2.52—142.00 pg/kg. The highest concentration of individual antibiotic was
105.00 pg/kg (oxytetracycline). The method established in the study is aim to provide reference for the formulation of
the standard for the simultaneous detection of multiple antibiotic residues in soil and provide methodological basis for
the prevention and control of emerging contaminants.

Keywords. antibiotics; solid phase extraction (SPE); soil; liquid chromatography-tandem mass spectrometry

(LC-MS/MS); recovery ratio
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SN PP OB MR R S TR
R PSS N R BT E RO (&
JUEPESTTG YYD HE BA (2023 AERR)), [RINIBE & E ER
B R Bt LA AN KT 2405 Yl 4 B e 120
FE AT ERTU FE] P90 8 T Ji 75 e o s . 3k R
JENTURE, R RyE R AR R EN,
HAET, CAERFEPREEN T (TR HFK K,
4 ) HG G 70 FhPEED, Hidr, R R
Kl 44 FhyiA R, FREKTEN pg/kg~mg/kg, F
BLALFE 4 PR R EHTAER (TCs ). 16 Fhgs iR
YR (QNs), 15 PSSR (SAs) I
9 FpRIF NI FR (MLs ); Jf HHAG R
SRR HE S T AR E RS BRI KT T
Pk ZAR AR R AR RIT, (HAR T 3 Y H
PR A RN L RBOT R RN iR A A 22
5, B R B AT e, R R S
— PR RE . RO SRR Y [ B
- agrh R AR AR T

R4 A T R AR KR BE AR T o AT (A%
)RR AR, [ N ML A A DN 4 AR W B
HEAC, WA YA vk 2 e ) 6 1k R
AT RIS, Hrh, RAORH 3 - BRI
5k (LC-MS/MS ) PRIH &8, R Al R B R
P, RIBSE R T RUE D S . s iE Y. REH
PESEA R, MRS GRS 2 . BUsitE 2
SRS, O ST BRI E R ER T, B

Hr, A /DEIE R . X ok [ bR 2L 2 T 40
T A R AN A3 AT 5 b, a0 55 E PR R
JH 7 B B 4 B[ A #£ B ( SPE ) -LC-MS/MS
( EPA method 1694 ) # il 4 E14345 TCs. SAs.
MLs %5 45 Fphi A 2, 3N A w177 k24 56
WE, 255321 EPA method 1694 V& ks Il e %
H 50%~214%, & BN 0.22~48.00 pg/kg™, 4k
M, Iz Bt RN 4 A, IF RN
MEGEAT (R, o . amis T
EAEE ) 22 Ak, SERRAI TR (R
KA EFE S ) BFERT . RCRIL, RETFRXT
+ e rh A R AL Oy ik g AR A e, B
B E R AR 3 b A R AR A T AR 3
A, Sk NY/T 3787—2020. DB36/T 1841—
2023, T/GDSES 3—2022, T 177 EbriEA 8
AP ERARERT RGN 17 FhiAE 2, ALY i
Z RGP TSR, EAHAE R . i
JaFIH LC-MS/MS #4772 , R RIS 47%~
118%, i FR A 0.10~3.70 pg/kg, FXFRifERE
(RSD) N 0.8%~6.7%. 4N, @il %5 T
QuEChERS J7 ik i AL S Ui | ¥ A jf 551
o, #5720 Ak R R E R
LC-MS/MS ¥, K 61.4%~118.9%, FithiFR
H 2.00~5.30 pg/kg, RSD<20.0%. #hzA& i i
AR 375 70 A% S HOR [ R AR U fb 2 i, 3
ST R 4 B TCs FR B Y LC-MS/MS 5, [l
K 60.1%~103.8%, F H B R 2.2~3.2 pg/kg ,RSD
N 2.6%~4.8% . AR 2N 1 At Ak [ AR AR B AF
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PEPCSR A S B S S T SPE-UPLC-MS/MS
5 R B -8 30 R PR R, MR R 44.8%~
164.0%, KB 0.013~1.210 pg/kg, RSD K
0.7%~14.8%, HI AW B EEFXF B . A
WA . RS . AR TR AR
S TAAL, (AT A P AR R Y R AN
R BB R T E AN T BT A Ay
e, JEXTREIURR . LR SEAT B4, 5 AR LR
MCEPUAE R AT B AR TASY . SE T,
B 3 rhhe Az 2K A% BRI 7 AR AR X B =
AW SR AP R (IR EEFIZEAL | 4
Fa, BB EE | FRRCALEE ) Kb (1EAR
REWUNFEZRAY ), DL 7 — [ A A s A5 A
{833 FR I B 1 ( SPE-HPLC-MS/MS ), [a] Bh 6
HIEhZHARRE, BN PP RS
I EFRAERHIT LS

1 HEET®

1.1 ##
ST AR 5T 45 B AR B 20

FREPRPUERME | Frn, PrAERRERYIEA
RKEPUREREARAR . BRMNAREEIAER
(TCs) WIbRIER A ASL, 7 P A &
(QNs). 6 FiiFER P ER (SAs). 3 FiRIAN
BEZEdiA: 2 ( MLs IR A brifE it ¥ R 100 mg/L
PR, b 4 Fh TCs ARiEMAL SR N EER
(DOX, 4i#>98.7% ). MWK K (TC, 4
[£>96.3% ). +% % (OTC, 4liF>93.8%) M4
2 (CTC, ZlifE>81.5%); 7 Fl' QNs Rifi il
£ ENR, NOR, PEF, CIP. OFL, SAR, LOM;
6 F' SAs FRUES )& SDZ . .SPD . SM,SMZ . SDM ,
SMX; 3 F MLs #r#fEfi A ERY. ROX. TYL,

x1 HERERHELHER'

Tab. 1 Physicochemical properties of selected antibiotics
U, BT K
bk % HXK, WT CAS & AT WS FEkS Rl
Antibiotic English name, abbreviation = CAS No.  Molecular formula Kd/(L-kg™) Bt 240 Kow constant pKa
R doxymycin, DOX 564-25-0 C1,H4N, 04 599.00 3.50
PR 2 tetracycline, TC 60-54-8 CaoHa4N, 05 400.00~1620.00 -1.19 pKa, 1=3.30; pKa,
2=7.68; pKa, 3=9.69
2 oxytetracycline, OTC 79-57-2 C2:H24N,0, 0.30~1030.00 ~1.22 pKa, 1=3.27; pKa,
2=7.32; pKa, 3=9.11
EHE chlorotetracycline, CTC 57-62-5 C,,H»3CIN,Og 1135.00~4315.00 2.07 3.30
Rk R enrofloxacin, ENR 93106-60-6  C,9oH»,FN;0;3 260.00~6310.00 1.10 pKa, 1=6.27;
pKa, 2=8.30
WA norfloxacin, NOR 70458-96-7  C;6HsFN;05 2.69 -0.17 6.34
B 2 pefloxacin, PEF 70458-92-3 C17H,0FN;05 0.16
R ciprofloxacin, CIP 85721-33-1  CHFN;O;  430.00 040  PKa 1=5.90;
pKa, 2=8.89
IR B ofloxacin, OFL 82419-36-1  CysHFN;0,  310.00 0.35 pKa, 1=5.97;
pKa, 2=8.28
TR R sarafloxacin, SAR 98105-99-8  CaoH17FaNsOs  4.27~4.72 pKa, 1=6.00;
pKa, 2=8.60
KEWE lomefloxacin, LOM 98079-51-7 Ci-HsFoN;O5  4266.00 -0.25
i e 1 sulfadiazine, SDZ 68-35-9 CoHoN,0,S 1.41 -0.09 2.21
el sulfapyridine, SPD 144-83-2 CiHINOs8 035  PKa 1=2.30;
pKa, 2=8.48
i 1z HY ok e g sulfamerazine, SMR 127-79-7 C11H12N,0,8 39.67 2.29
it i P A s sulfamethoxazole, SMZ 723-46-6 CoH|1N;05S 2.18 0.89 5.60
B B sulfadimidine, SDM 57-68-1 CoHNOS  0.60~3.10 0.89  PKa 1=2.65;
pKa, 2=7.65
T — F 4 M5 0E  sulfadimethoxine, SMX ~ 122-11-2 C12H4N,0,8 1.15 5.94
AR S erythromycin, ERY 114-07-8 C37Hg7NO 3 5.71~18.38 3.06 8.80
AR S roxithromycin, ROX 80214-83-1 Cq1H6N, 055 39.60 2.75 9.27
BRME tylosin, TYL 1401-69-0 C4H77NOy5 8.30~128.00 3.50 7.10
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eaiaR . BRI A BRI AL AP 100.0 pg/L B RIIR S AR

R, WP TR 4. HR . AL Ry
Bral, WA ZSOREDEA AR 8RR . £
FR¥5 Ry o bral, W E EZER; HiRK LC-MS
G, W TR CHRBHEARA A HEE. 2IF.
24 HPLC %, W4T 3£ Fisher A H],

MR AR 22 i« TER AR 27.20 g MR — 0B
(KH,PO4 ) T K, FFMA 1.30 mL H;PO4 ¥
W, SEAZE 1.00 L Mcllvaine 2 iAW ( pH=6.80+
0.05): ¥ 1.00 L 0.40 mol/L WA —4NIAIK S
294.00 mL 0.20 mol/L & RIAERIR &34%), pH
258 6.80, Na,EDTA-Mcllvaine- [ H2 BUR A4 ic
il : 0.10 mol/L &~} U £ iR — 4N . Mcllvaine
SSRGS 1 1:2 (VV) HBES,
AN ECER R W R 1T pH=7.20+0.05

FEX AR FAFESS : SCIEX Exion LC 4L
WA 238, SCIEX QTRAP 4500 Ef K IO 2% 4T Btk
(%, SCIEX AB /4 H] ); Kinetex F5 100 A 8
A 100 mm*2.1 mmx2.6 pm ( KiEELNH ); £
BIBERA I (BUNBEA T ) 5 mEBHREO
Ml ( 25E BECKMAN COULTER A ) ; Jighk7%
BAL ( L WERATF ) 3 SHZ-D G KX ZHE
2335 (W[ T4/ F) ) 3 Fotector Plus 4= H 3l [&E #H
AP (JEITERATFD); N-EVAP BIRAY (£H
Organomation A F] ) ; M IIHVEA (1% Elma
oAl s IR AR (2E Thermo AF] ) 5 0.22
um JEEGU/R (P E ) AR F]; HLB FEAHZEEL
/INFE (500 mg, 6 mL ) T Waters A ] J2 [ 1%
TSR e An A FR/A F], PEP, PEP-2, PEP-Plus
[ AHAE UM (500 mg, 6 mL) 0 [ K4
YRR A RATFL,

1.2 ik

1.2.1 #EZRRAAFEEENLH  TCs FERHE
il . WERRFREL 4 FARIERAS 0.5000 g, T BT
FEZS A 50.00 mL, 43l ECH R 10 000 mg/L
VWUIRE ., &%HE. TEHE . MOHERN TIER,
F 4 CURFAP RGO . HH RS LIk 4 Bt
AR IIR AR E TAER W, WA 1000 mg/L,
4 CHEOCLPRAF -

FH B2 DL B o it 2 WA B IC i B 10 mg/L
(14 20 BT A: R IR A AR, DAas (1 3 2
FIRWCRHER, B 10 me/L Hitk ZHR A FRIER
WOEHAM R 0.1, 1.0, 5.0, 10.0, 20.0. 50.0,

122 EREHeed & RS A R
T VG T DX 5 it = i I 30T 1) &8 R K 48, Sy gl
WA, pH N 7.73, AHLE &N 36.0 g/kg, Bl
AN 73.6 mg/kg, HEABES &N 28.7 mg/kg,
PSSl 148.0 mg/kg., T HERE S TSR UE
RN RS . TERASURSE 5 MR (0~
20cm ), ML 1 HIREHES . A IR TR
A T RRE ELRE ., BT, R
W . i 60 H (0.25 mm) i, FRELZ) 200 g +
FEREGIRAE, HTPUAERHE .
1.2.3 X (1) BEFIEE. THL-AH
RERBERFLE . EyEMPiER . w1
PoaF, ORI h AR AR A AR R R
A Bt 5% 18 B TR h 2% o 7 T -Na,EDTA- 4 )i
Na,EDTA-ZJi& . Mcllvaine-Na,EDTA-Z JiE1E M
FEX G, TRRAS R LRI $E 570 %) 458 20 A=
K [A] B IR Y R ) o

(2) $2H0r=C: OWEnT 38 1 i I8 1 efvik
Shk, BT PTAE R s B AR RS
JE AR PR 45 T B YR - HESORE RN A HLT, B A R
PRI, R THE . 7 A Bl 4 B8 ] o FH T R
A R A ETAL B, JUHSE P RER U PTAE
ARG IR HESR L . B 75 i Bl B HRORT 1 A
AR R ISR R . @$TAE R A L BRaT
WA IR AN, e R AR . KR, .
TCs ( TC., DOX ). QNs( CIP, OFL ), SAs(SDZ ).
MLs( ROX ) S 7EC T &) & A= i ; MLs( ROX )
TERRVERR T e Z 7K A, DAL b A B BRI 1O R 0 1
B LG R b AR FOCM UK . AR B E X
HECCRREE ), RSB A B TE ' BT - 384 Pt
AR PR b, ORI, 5 T
FEOE . RUE AR M PR R AR TH 4R
WESITHEOL, OWAERKEZ WY R, +1%
A R A AL R B A Z LR Y
BT, XA R EARRM R, xER B,
FEAK: - 18 5535 R 5] A S 1 Fst [i) B R 7 Ak B T RE 2%
P R A R A RNSCR o A I A R
I, A 2 MR R EK HE SR
PEF Y S s (B X6 B AR oA 2 PDBCR A 52 . B
AR, FEAT ) AR S PN AR R, #E
A (12 h &4 ) WHEEEG BGRAE, R H
] - SEAE S P AR BN, A AL B R 4
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(3) WEAHZEBUINEE . 5 ol [ AH 6 B N4
4 Waters HLB, CNW HLB . PEP. PEP-2 .
PEP-Plus.
1.2.4 RAZFRBR  EMFRILS.00 git 60 B K
IR F 50.00 mL B0, KIKINA 0.40 g
Na,EDTA., 10.00 mL B§fRERZE vh A1 10.00 mL
NGV, 2500 r/min #AJE 5 min, 8000 r/min &5
O 5 min, K FIEWR ST AR 43N
A 5.00 mL BfREEZ MR . CNEEE R 1K,
A LR . 40 CHEZEZEMLT 15.00 mL LI5E4

LR NE, BEZERGT 0.45 pm JE R IERE, HAE
i K FR Bt £ 80.00 mL, FIHWMIET H pH &
4.00+0.10, FFiH+t PEP-2 FEIAHFEBUME, R4
3l A AR BUSGE BAHAE BOME 42 A gl AR
B PNk 2 iR . ad ARy, WisEH 6.00 mL H
. 6.00 mL #zli/K ( FIH PRI H pH 2 4.00 )
it PEP-2 [EAHAEHUIME s M5, H 6.00 mL
FH e PEP-2 [ AHZE UM o 28 T F U T
RARZEET, 1.00mL FEEKE®R (1:1, VIV)
¥, 3000 r/min I HE 30 s, 1 0.22 pm JE EIERE,
4 CHAE, FF LC-MS/MS F#L,

x2 BRMERBHIERER

Tab. 2 Gradient elution of targeted antibiotics

55 No # B Procedure IR Solution  Hi i Output 7 Flow velocity/(mL-min™') & Volume/mL }[H] Time/min

1 rinse sample path s 10.0 5 2.8
2 condition s Eil3773 10.0 10 1.6
3 condition K HEK 10.0 10 1.6
4 load sample HEE 1.0 80 84.3
5 rinse sample tubes K HeE 1.0 5 10.9
6 rinse K HEE 1.0 10 10.5
7 air Push HEE 3.0 15 6.1
8 dry 20.0
9 rinse syringe FH 40.0 2 0.4

10 clute H ek 0.7 8 11.9

11 air Push L& S 3.0 15 6.1

12 end

1.2.5 A& ERREIEHE AREEM: (TEM) 5 550 C; 1< (GS1) K 55 psi;

Kinetex F5 100 A {4i% 4 ( 100 mmx2.1 mmx
2.6 um), HTEIESE, RN 40 C; dEEEER
FR 5 uL; WA 0.40 mL/min, —JCRRRERE, T
I A R 0.1% P R—KIEW, Wisht B N O,
KHBREEVERART (R 3),

*3 BIRERGERRER

Tab. 3 Gradient elution of targeted antibiotics

ingiET TR B A ] T B AH

Time/min Mobile phase Time/min Mobile phase
0~0.5 95% A 4.0~7.5 5% A
0.6 90% A 7.5~10.0 95% A
4.0 55% A

BG4 BT IRy mi i (ESIT); A
AW (CUR) H 30 psi; RS (CAD)
} median; WEZEHE (1S) 4 5500 V; LR

MBS (GS2) K 55 psic K=~ MRM, 4%
Yy A S H L3k 4.
12,6 RmEXEHNERERIE RHMIEER.
DIV EE 4 0.1.1.0.5.0.10.0,20.0.50.0,100.0 pg/kg
(47 A o T VR A S VA R i) o TR bR o T 2k
PeE RE (R HRT 0.99,
1.3 HEsE

A G2t 43 B 28 F Microsoft Excel 2013 Al
SPSS 23.0 A {47, ffi ] Origin 9.0 FR {42 46
JWE . MR,

2 HERE5HH

21 REEHMMRAL

2.1.1 ZEAGRF  AFREANZELFIXS L
20 Fp HbrPiAE 2 BUSCR R & 1 iR R
W2 £h 2% "h I Wi -Na,EDTA- 2 I BL B, B ARt
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HEZ IR R 63.6%~102.0%, 1 2 (A8 TEE HFrPiA Z 0 IR 54.0%~91.2%; Mcllvaine-
A2 550 5 A FN R IE 8RS ) ( GB/T 27417—  Na,EDTA-ZJEVE IR RN, HERPiA: Z 1 1l
2017 ) AYAHSCESK . ) Na,EDTA-Z N5 HEHUET HH 55.6%~83.7%. PRI T, 3 FiA

x4 BHERERHRIESH
Tab. 4 MRM parameters for LC-MS/MS analysis of 20 detected antibiotics

F 51 ik 2 HET (n/z) TET (nw/z) %i?%? (m/z) B 62 i) Iﬁﬁ’%EﬁEx Tﬂﬁiﬁﬁ
Group Antibiotic ‘Precursor Daughter Quant'ltatlve daughter Dwell time/min Declust.ermg Collision
ions (m/z) ion (m/z) ions (m/z) potential/V energy/eV
TCs TC 445.1 410.2 410.2 22 24 80
445.1 427.1 2.2 19 80
OTC 461.2 426.2 426.2 2.1 25 80
461.2 443.2 2.1 17 80
CTC 479.1 462.0 462.0 2.6 24 80
479.1 444.0 2.6 28 80
DOX 445.0 428.1 428.1 2.8 24 80
445.0 154.1 2.8 35 80
QNs NOR 320.1 276.1 276.1 2.1 20 114
320.1 233.1 2.1 32 80
ENR 360.1 316.1 316.1 2.3 28 80
360.1 245.1 23 36 80
SAR 386.0 368.1 368.1 23 28 80
386.0 342.1 2.3 30 80
PEF 334.1 290.2 290.2 2.1 27 80
334.1 316.1 2.1 25 80
OFL 362.2 318.1 318.1 2.1 26 80
362.2 261.1 2.1 38 80
CIP 332.1 288.1 288.1 22 25 80
332.1 245.1 22 33 80
LOM 352.0 265.0 265.0 2.2 33 80
352.0 308.1 22 28 80
SAs SDZ 251.1 156.0 156.0 1.9 22 40
251.1 92.0 1.9 38 40
SPD 250.1 156.1 156.1 2.0 23 40
250.1 108.0 2.0 32 40
SMR 265.2 156.1 156.1 2.1 25 82
265.2 172.1 2.1 25 82
SDM 279.1 186.1 186.1 22 23 60
279.1 156.0 22 27 60
SMX 311.1 156.1 156.1 2.8 22 65
311.1 218.0 2.8 36 65
SMZ 254.1 156.0 156.0 29 21 100
254.1 108.0 29 32 100
MLs ROX 837.6 679.5 679.5 4.3 30 50
837.6 158.1 4.3 37 50
TYL 916.6 174.0 174.0 3.7 47 150
916.6 772.5 3.7 43 150
ERY 734.5 576.4 576.4 34 26 30

734.5 158.0 3.4 36 30
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120

100

80 |

60
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[5] % Recovery ratio/%

20

I.L W T W W T T T W Y

FLE |
TC OTC CTC DOXNORENR SAR PEF OFL CIP LOM SDZ SPD SMR SMXSDM SMZ ROX TYL ERY

(==}

_ FEFAIBEREL 2 0P YA -Na,EDTA-Z./ifFi E= Na,EDTA-ZJi5 EEH Na,EDTA-Mcllvaine-Z, Ji§

it L = ¥ Fi i ] ¥ FLL

TCs QNs

SAs MLs

P& Antibiotic

B 1 FREREFTES 20 s Er E R

Fig. 1 Recovery of 20 antibiotics in soil with different extracting agent

IF) 32 $ 50 B L 4 35 MLs (%) [0 ig 5 34 5 F HoAl 3
RKPrEE; 3 AR AR S NOR,
SDM. SMX W IISCR B RAK . F LRl %, BEfRER
ZE VS I -Na EDTA- i R B A= 358 vp 20 A= R
() RS g T AR AR A, HEFRR A L g rh
Z R AE Z R B E R

2,12 R BEH IR, Bk B IR ) 4G ik B
TATE . A8 7 il BB O R 5 b A 2 mhieR
P AN 2 Bs . G5 R R e de i 1 e rh
HArPr A R B IR A 61.6%~104.0% ; #8 7 HEHL
TP HARPUAE R RN 63.0%~97.5% (&
2) E—CHFR R, WAl I 3 20 #h H R
PrA: R B ISR OL T8 4 B P I, HE7E T gk

it LA 2R AT A 3P0 S SR FH T e 4 B o, AT
AR AIRSE T W HERT ] | 8 i By s ) ok
b HbrpiAE R PISCRAZm . K 2 ar%,
PATE 5 min B 3 BAnbud: R 0 IR & TR
i€ 20 min, #AA 5 min B 3 HArbiAE Z A9 [0
R TS 20 ming AT R P2 i iE 508
i ) Ao K o e A 28 7E A T R A 8 L R B
5, JF H AT RE A T3 rh B Z2 T B, 52
S5 EER ORI o PRI, 7 T e 0 RE 7R e Bl
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Fig. 2 Recovery of 20 antibiotics in soil with vortex and ultrasound assisted extraction
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Fig. 4 Recovery of 20 antibiotics in soil under overnight treatment and immediate use treatment
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Fig. 5 Recovery of 20 antibiotics in soil treated with 5 different solid phase extraction columns
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Tab. 5 Recovery and limits of detection limits of 20 antibiotics spiked with 10 pg/kg and 100 pg/kg

Jnds 10 pg/kg

JFR 100 pg/kg

B! B % Spiking with 10 pg/kg Spiking with 100 pg/kg K PR
Group  Antibiotic GIES A7 Vi i 22 GIER bR % LOD/Angke )
Recovery ratio/% RSD/% Recovery ratio/% RSD/%
TCs DOX 79 9.5 78 12.2 0.50
TC 81 9.5 92 14.8 0.15
OTC 116 16.1 108 13.0 0.50
CTC 96 6.5 90 7.1 0.20
QNs ENR 84 0.9 80 16.8 0.01
NOR 91 3.7 90 13.9 0.20
PEF 65 4.4 62 7.3 0.02
CIP 96 1.8 91 5.4 0.10
OFL 69 3.5 64 6.2 0.30
SAR 65 5.4 62 5.2 0.01
LOM 64 2.3 65 12.3 0.04
SAs SDzZ 70 2.8 66 12.0 0.01
SPD 65 4.6 63 14.5 0.02
SMR 90 1.3 87 14.4 0.02
SMZ 72 22 64 9.4 0.02
SDM 69 2.5 62 8.9 0.05
SMX 72 1.6 70 6.9 0.01
MLs ERY 86 7.5 81 12.8 0.02
ROX 85 5.6 78 6.4 0.01
TYL 81 4.3 87 10.6 0.01
16.8%. AT AMFFEET KW LHEPHTAERM B BRI 7 DWRIEKSF (0.1, 1.0, 5.0, 10.0, 20.0,

FKILHE N 19.4%~164.0%, RSD LN 0.7%~
16.3%!7 1010 17231 g 3 AR (NY/T
3787—2020. DB36/T 1841—2023 . T/GDSES 3—
2022 ) Wy hnAR L E S 47%~118%, RSD N
0.8%~6.7%; EPA method 1694 (14 finkx [ 5 2% Ky
50%~214% fy g AT, ASBFSE A BCRA TR
NWRFREE IR . SIARME TR, EfRES
AT SS R — 2, ELSAK T BUA AR ik

232 %R, EEMRALELE KHE (LU
3MEHIEME L) M 0.01~0.50 pg/kg (£ 5), T
N AR b b Rk R A 0.0002~
16.5000 pg/kg!™ 10117230 giAT 3 ANFRUE )T B NY/
T 3787—2020. DB36/T 1841—2023 . T/ GDSES 3—
2022 ) HYKE RN 0.10~3.70 pg/kg; EPA method
1694 PR H1 B 0.22~48.00 pg/kg™ I AT 241,

ARG R H BR A TR AR IR 45 06, K T3A
PR, RN RAEE B . iRYERTL
BT, RS ORI A R . thas

50.0. 100.0 ng/kg ) MUbRIE TAERNZE, ARIEHHT,
R 20 Ff H AR YA R LM R A O R B
LG (3R 6). HinbiAd RAELMEN R R
IZePE, TeE 2% (R 7E 0.9951~0.9999 2 |H]
(#£6)

233 EEAFSAAN 7R ET R XS i
SRAE - HERE L 10 4, SRR AERR By 7~20 a, Ff
AR REONPESE . PR, BRSE. SRR
2kg, HAK TG 60 B, $BOFIEATINER,
4 KPrEREHIEPIEARBERE, &2
[FfAS 16 i H AR, Hrp SPD. SMR. SDT,
ERY MR v AR TR PR o H3Erh b =g 8
TR B R FE YU 2.52~142.00 pg/kg (K 6), Hor
TCs: 2.37~114.00 pg/kg; QNs: 0.70~28.00 pug/kg;
SAs: 0.01~0.16 pg/kg; MLs: nd~0.64 pg/kg. Ak,
TCs i 38 RO R R R B e i, E TR RE A X
K, WEkeHoh OTC, WIERIA 105.00 pg/ke;
QNs FEITA FE S 4 ks, fe R vk B R
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Tab. 6 Linear equation, linearity range and correlation
coefficient of 20 antibiotics

bt % bty e e
Antibiotic Linear equation range/(ng-kg ™) R
DOX y=19 144.1x+65635.7 0.10~100.00 0.9967
TC y=4788.31x+13981.90 0.10~100.00 0.9980
OTC y=4166.73x-3255.43 0.10~100.00 0.9980
CTC y=7105.31x+11806.20 0.10~100.00 0.9952
ENR y=0.18x-0.14 0.10~100.00 0.9992
NOR y=0.55%-0.20 0.10~100.00 0.9997
PEF y=0.37%-0.56 0.10~100.00 0.9976
CIP y=0.82x-1.02 0.10~100.00 0.9988
OFL y=0.72x-0.48 0.10~100.00 0.9996
SAR y=0.038%-0.026 0.10~100.00 0.9997
LOM y=0.045x-0.097 0.10~100.00 0.9963
SDZ y=0.19%-0.11 0.10~100.00 0.9952
SPD y=0.28x+0.47 0.10~100.00 0.9980
SMR y=0.083x-0.001 0.10~100.00 0.9965
SMZ y=0.250x+0.012 0.10~100.00 0.9989
SDM y=0.31x+0.32 0.10~100.00 0.9978
SMX y=0.46x-0.33 0.10~100.00 0.9951
ERY y=1.92x-0.11 0.10~100.00 0.9997
ROX y=6.07%-1.59 0.10~100.00 0.9998
TYL y=0.29x-0.63 0.10~100.00 0.9999

12.50 pg/kg ( ENR ); SAs A4 H 2R K 30.0%,
Hrp SDM A9#G H RN 100.0%, LK H e B e i
(0.16 pg/kg); MLs BFHIKE R 36.7%,
R R 0.64 ng/kg (ROX ), HIERHiAER
ASEH 4 A 21.60 (TCs) >6.85 (QNs) >0.10
(MLs) >0.09 ( SAs), HtwA, H3EHFREm

100.00 ¢ *
10.00
1.00
0.10

0.01

¥ Concentration/(ugkg™)

0.001

1 1 1 1 1 1 1 1

S |
T

P A T TCs M QNs,

3 iTig
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GHEH - 20 Fhprd: R 0 IR S T HAb R
PEF), R HAE N e Z R hi L R R e
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W, B NG - AR 28 R S AR BOR, X5
R BIAFgE 45 SR — 25700, AT AR IR R 26 A
PR3 ; Na,EDTA 1E N 84 8 B A7 nl Dhtifb +
b i 4 E RSO W N b AR R, R
PR R VA TR AR A 5 1 30 ) 590 P LA A 35 o e it e ]
i RIS, ot —ARE I aeR!T,
WHERE e 20 Fp H il F A9 EICR
P F M 75 B, R T b As R AT
b R S R iR e SR B . [RIE, T8 SR BUR E
WA, 3 H bR SA R 0 D pl
Bt () 2SR I REAR, RPALER 5 min B HARPUA &R
F 1) T 5 7 T AL B 20 min, I HE SR R I E) I K
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Fig. 6 Residual concentrations of 20 antibiotics in actual soil samples
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