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Abstract: Aiming at the problem that antibiotic pollution in soil is becoming more and more serions, in order to promote the
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performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) was established. The soil samples were
extracted with 10 mL 3% ammoniated acetonitrile (V/V), purified with 0.2 g PSA and 0. 2 g anhydrous MgSQ, , the mobile
phase was methanol-water (1 : 1, V/V), the UPLC column used in the experiment was ZORBAX SB-Aq (2. 1 mm X 150 mm,
3.5 pm) , the ion source was electrospray ion source (ESI) with positive/negative ion scanning, and the detection method was
multiple reaction monitoring (MRM). The results indicates that the linear relationships of the four analytes are good in the
range of 0. 1~200 ng/mL, with a correlation coefficients () higher than 0. 999, the limits of detection (LOD) and the limits
of quantitation (LOQ) are 0.01~0.06 pg/kg and 0.05~0.19 pg/kg. respectively; the average recoveries are 87.23% ~
108. 57 % at three spiked levels (0.4, 8.0, 40.0 pg/kg), the relative standard deviations (RSDs, n=5) are 0. 36 % ~6.55%.
The method is accurate, simple, efficient and sensitive, which is suitable for the simultaneous determination of
chloramphenicol, sulfoxamycin, flufenicol and its metabolite florfenicol amine in soil, and provides data basis for setting

relevant standards and regulations.

Keywords: chemical analysis; QuEChERS; ultra performance liquid chromatography-tandem mass spectrometry; soil;

chloramphenicol antibiotics and their metabolite
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1 BT

1.1 UR5EF

AB SCIE XExion-TRIPLE QUAD 5500 7 /5 &% W AH £ 1% 55 5 5 335 1, 36 B AB SCIEX /2 & $2 it
VXMNAL AR BESR 5 4% . 95 B OHAUS 728 A 4L s CR2TN AU @3 3 v R B0 AL, H AR H 728/l $243E  AE240
T, 7 KL B+ Mettler Toledo 28 AJ#2 it ; EVAP-12 BRI E WAL, 3 E Organomation 2 Al 2 44L,

CAP., 4} 98.5% ,Dr. Ehrenstorfer GmbH A ®l#&4t; TAP,FF, 4% & 99. 9% ,Dr. Ehrenstorfer
GmbH 2 424t s FFA, S 99. 200, b 2238 52 50 BH R 0 A BR 23 vl S 41k s R , £ IR B (i 4t , 3 &
Dikma A ") $& L ; £ (i 26 . 8 E Merck 2 Rl EE 4L FIEE, (A% 4l , 56 [ Fisher 23 Al 424 N-N £ — %
(PSA), 2 [E Dikma 2 A2 ;C . 40~50 pm, 2EE Welch 2R3 AE; T K MgSO, 434l K itk KAk
A PR mHR AL Milli-Q B 4K HL, 26 [ Millipore /A &l #2 1L
1.2 #REE R ES S

53 I TR R B — 5 B 10 3 BT ) s o T BV R € S 2 10 mL, Bl 1 mg/mL Y 4 bR HEA# #5 T
T —20 CUKFEHAEAE . S3 M HERRRE I 100 pL £ bRifEf 40 08, HF BER BE 2 1 mL, FE AL 100 pg/mL 1Y 4%
PR R . A3 A ER ARSI 100 pL 45 br kv (8], B AR BE 2 10 mL, Bl 1 pg/mL BIR G b5 fE
W R M A 3 VR R IR A b o VA R TS % 0. 1,0, 2,0.5,1.0,2.0,5.0,10.0,20. 0,50. 0,
100. 0,200. 0 ng/mL,f&FIH 500 pL () R IR A AR E TAERR .

1.3 HmXESaraE
1.3.1  hHERESCREE

A SERE i BB IR B W I R G ) (HT /T 166—2004) f 2K $E4T R4 B M AURAE . RHE 0~20
em R)Z L R A A 2R ARE YR ZE S5 ) 0 TR D48 h AR is ok B o g B REOG . BERE S iE
P E G, HARKT B 1 0,425 mm 40 FD 8 T H 048, T 4 CROGHAE.

1.3.2 HEARTAL2E

HERAFREL 5.0 g(40.01 @) LM F 50 mL B.048 T, i 10 mL 3% 2k 4 IWHETR 2T 20 s R
2 min, L 10 000 r/min B§.0> 5 min, #EMBI 7 mL FIEW . B T &4 0.2 g oKk MgSO, 1 0.2 g PSA Y
15 mL B.08 %, W€ 20 s, L 10 000 r/min .0 5 min, #EFBER 5 mL FWE®. £ 40 ‘C FER T, H
1 mL KL s DER 20,20 pm JEHE, R,

1.4 {USF[HEH
141 gt

Aligent ZORBAX SB-Aq(2.1 mm X 150 mm,3. 5 pm); FBIA: F EE-/K (50 500 ; gEAE R 3 puls i
&40 C3 ¥ 0. 3 mL/min,

1.4.2 BTGk

B IR F IS 25 L B R (ESD s R L 1 /0 B 1 A A Oy 5K . 22 g M (MRMD) 5 8 - VR
JE:5 500 V3 B F U6 IR . 550 °C ;A A0 7 :40 psi(l psi #1245 F 6 894. 757 Pa, F A ;% 4b % /1 :50 psis
B 7 :50 psi. 4 BT R BT SRR 1.

A1 A F A6 g A K

Tab.1 Mass spectrometric parameters of four analytes

=2 ST L B3 15} 6] / min BB/ (mez ')  TETF/(mez D LRWIE/V T BE/ eV
1 A 0.96 248. 1 230. 1 /130.0 79.30/70. 03 16.84/30.13
2 PR 2 1.65 354. 0 290.2 % /185.0 —128.20/—129. 90 —17.10/—30. 20
3 AR F 1.92 358.0 337.8 % /185.0 —105.05/—109. 19 —13.46/—28. 35
4 ABE 2.26 321.1 151.8 % /257.0 —107.06/—107. 71 —27.01/—16.29

T x AEEHT.
2 BR5®

2.1 RiESHMKL
S BEC I 50 ng/mL B9 4 FhA BT P AR A W . R A EF R UERE . B F CAPLTAP Ml FF &4 B Rt = 1)
BT R E, PR e B PR B S m i R EUE 1 FRA &8 &5, L7 B FRUF A0
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1 RAGRES BT LSS S0 AR IE / B B TR R AT S S k. B — U (Q1 MS) BB R L 3k
1S4 Fh 20 BT W) 0 BEBS T 5 SR L 76 403t 3% (Product ion, MS2) H ik =0 T L3015 i A B8 7 )5 W B 55 1
FIEE B 1 21 R I 25 -, 76 MRML A58 2T 43310 %o il 48 BB (CED R 25 7% | R (DP) #E A7 48 Ak, i 45 56 R i 7
AT A
2.2 BifFGHRK
2.2.1 Oyt pEst

AW EW.Cy HEE M TABTERIAEZRB N, WL, LR LA T Agilent ZORBAX
Eclipse XDB-C;3(4.6 mm X 50 mm,1. 8 pm),Agilent ZORBAX Eclipse Plus C;5(2. 1 mm X 100 mm,
1.8 pm) Agilent ZORBAX SB-Aq(2.1 mm X 150 mm,3. 5 pm)3 Fh @i ALt 4 Bl QA4 092> B 80R . 45
WK, 5B 2 DB R A . 7E ZORBAX Eclipse XDB-Cg a3 AE b, 4 F 20 4 4 0 )57 fi A (UL 18 1) 5 78
ZORBAX Eclipse Plus C, i I, 500K J2 % Jie th 314y 2404 (WLE] 2) s 78 ZORBAX SB-Aq i b, 4 Ff
Gy BT ELAT BT B e N AU TE . PR L 2B ZORBAX SB-Aq @ iEAF 17507 .

200 1
18.0f 3r 1
16.0[
=3 s 281 3
L 14.0f S o4t
S 1201 S sl
L X
@ 10.0 2 16)
=80 il
i s 121 4
w 60 & 8.0l
4.0t a0l 2
2.0 0 1 1 1 1
1.0 2.0 3.0 4.0 5.0 6.0
0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0 [l /min
I 6] /min 1-FFA;2-TAP;3-FF;4-CAP,
1-FFA;2-TAP;3-FF;4-CAP,
B 1 4 # 4% # 4 4£ ZORBAX Eclipse B/ 2 4 # 5 # 4% E ZORBAX Eclipse
XDB-Cys & 3% 42 £ 0 i & 47 & Plus C,y &34 b 04 R A4 R
#& &% B (50 ng/mL) % &3 B (50 ng/mL)
Fig.1 Mixed standard solution chromatogram of Fig. 2 Mixed standard solution chromatogram
four analytes on a ZORBAX Eclipse XDB- of four analytes on a ZORBAX Eclipse
Cys column (50 ng/mL) Plus Cj5 column (50 ng/mL)

2.2.2 WshAiik

W sh AR H AR B i N T RO B S R AR A —E S . e, R T S LAl K KA L R SN A
LA T 4 F AP o> SRR 52 . 25 R 2 B, YA VA A L HERT FFA 182898, H FF f1 CAP KAES)
5 A8 HUAH R B RS L 4 B H b ¥ B 54 TR | e 8.0 !

{01 53 8 0 P TR B A AT BLATT . LR B K A LA 7.0¢
Hode T BAZEAK 0. 1% H IR K ¥ W 2 2 mmol/L ZFREk I ol
ARV RO AT S G RCR I B . S5 B ek X oL

ARSI J5 4 b FAR 4y 0 Wi 107 R0 249 e AR il e 4%
Al KAE R KR o 2 50— 20 X HY B AR R B L 2R AT AR

- 301
= 2.0f 4
L 2
b, B T 24 R AR AR FR L 43 51 4 40 = 60,50 = 50 Al 10 . o

60 : 40 BEXT 4 Fh H AR A B RCR B . B PSR [ 0 0.4 08 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.

JF i 5k B x 10~ eps

H 40 + 60 I, AMHTA TIBE K s M ERBLL 60 + 40 B, TAP .

HFF R TIF MR L R 50 ¢ 50 BF, 4 Fl H A5 97 09 1698 B3 4o HhERESSTHRS
o B B AT, 25 b SR R AR R L 50 ¢ 50 AR R & A (50 ng/mL)

B B R K AE FE VR . TE R fE A S KIRRLEL 15 1 Fig. 3 Chromatogram of mixed standard solution
TN T AR AN 3 B 19 4 F o A 4 0 TR G B 1 for four analytes under optimum conditions

W EERE ., (50 ng/mL)



5% 2 3 KIBE 55 UPLC-MS/MS 3L 5E 4 38 vh 5008 3R P04 R LAY 181

2.3 HIAMEEFMAMAL
2.3.1 PGB
MR S5 A AP o, S g B 5K T L L L LR L 120

i Wi

AU B4 SR b SRR L X 4 MM KR 1 oo | E%@ﬁﬁ
W GERAIE 4 PR . LR EIT TAP FUFFA 1 B akcs
M BEIURCI R 02 O 04 140 6600 R1 1 110G WA 2 (17 =

FIAMBT O 0 R B ) 6000 A b — A BRI = | :

WL FE IR 6090 LA L 4 I Z S BEIRRE FFA [ ]

TR (00 2. 57% 364 3 Morbi ke 20f

5 J7E 60. 62% ~91. 30 % 2 I L 7 L p 6 2 I 4 S 4R35 4 T

Mo BT FFA 5G9 e m i pH(E N HA
FAF RS L SR A T 1%.2%,3%,
4% 4 FhOR AR L 09 Ak 25 4 4 Fh 43 Hr 4 [ i R
S, A5 R B KR BN FFA Y ik 2
AT R R R a3, Ul T 3% &4k 2 R, CAP, TAP,FF #ll FFA 1 [ 05 28 5 4, 43 %1 g 104. 88 %,
92.69% ,101. 94 % F1 103. 60 % , e &8 5 3 %0 &AL MG VE N HEBGH .
2.3.2 Hikr it ik

PSA,Cy; %/ QUEChERS i &b ¥ rfr & FH R W BERI . i T 38 b 2254 (% 5 1 %5 2% i, PSA 7] 5
1T BB T s e i O 2K, X 4 B 2 B i M A LR IR D R B W T L 5 I P 3 S AR A A I % B
JpE0 AR PSALCog s PSA TIATEK MgSO, Ak %t 4 B2 br 4y 181 45 2R 049 5% 00, 45 S 181 5 s .
LA Cog VBN EALTIBT, FF ) RIEAL R 45, 33% , ATREH T Cg X} FF A W MHER s 25 A PSA ki), 4
Tt 34 90 64 [ R4 7 70 % L s PSA ITA TG K MgSO, Ji& 4 Fh 20 #r ¥y 59 81l R 2 99. 71 % ~106. 90 % , [a]
WA T, X T JEK MgSO, AT B HLE 77 b 5% B2 19 7K 43, it ELAE WK B0 Y 3 A2 R 2 i T B AR 1
WS AL PSA iTATEK MeSO, kg . BHRCRAL T PSA Erfb i 59 [ 1R (81. 50 %6 ~92. 34 %)
WU 2 K PSA IMATEK MgSO, 1 A ELH

S — X TEK MeSO, F1 PSA W H & 175 48, B 58, B JEK MeSO, i &R 0. 20 g, %458
PSA & (0.05,0.10,0.20,0.30 @) XF 4 FAr 4 MU R a5, 45 %K 6 . 856, 75 AR PSA
R LA RO BT R IESCR B PSA T B 380 2 B T R B 3, 2 PSA IR E] 0. 20 g L4 Fh
A3 AT G LIS A G L 7E 93, 20 % ~102. 37 Y =z [8] L BT LA #% 0. 20 g PSA ik ;885 .24 PSA H# M 0.20 g
i, %8 T07K MgSO, B & 0. 10,0, 20,0. 30 @)X 4 Fh 40 7 9 mICR A 52, 45 A&l 7 FToR . Rl 6K
MgSO, FH &M, TAP M FFA 1[I e TH 8 J5 FRAK, CAP 1 1150 56 % i B AKX T K MeSO, H &k
0.20 g F .4 BB P39 A 007 00 Il % . 25 BB L6 0. 20 g PSA JITA 0. 20 g o7k MeSO, #4741k
4 B 43 BT el S R R B 4 ol 86. 68 % ~101. 03 %,

B4 KRB AT 4 R w ok F 6 R
Fig. 4 Effect of different extractant on the

recoveries of four analytes

i e
1201 o 120
. _ EIPSA+HIK MgSO,
100 B = 100
sof i
Q\\o 80 0 c\\: H
% 60 / ;t 60
= o} // = 40
20t / 20
0 0 -
FFA
YR ST
B 5 REIAAH R 4 A A E R Y B 6 PSA A Z AT 4 Ay = F 6
Fig. 5 Effect of different purifications on the Fig. 6 Effect of PSA dosage on the recoveries

recoveries of four analytes of four analytes
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2.4 ERMM

et T v W 55 - 511 2 BR A PR 3R i B v 3 i IR Bk
AT B G S S s BRSO (ME, matrix effect) J&
& 70 BT W0 0 S Ak 2 R 4R TR 09 52 . AT 5 35043 BT P A e
5 0494 5 0 9 A B L S A 0 B S R
Al 5 750 A5 b o il 2R 4 IR SR (D 3B ME {H. 4 ME {H 78
80 %6~ 120 % Z [A] B}, TA g FE J5T 2% Bz 44 /)N, W] 2 W s ME i /N T
80 %% » TA W AT i B S R A AR L AR R 4 R M
FE R RN 43 5 h 42,63 % ,49. 91% ,50. 37 % F1 53. 56 % . Ui A
AR Y R B R 0N . ROt SR FH R SR DG JE A o i 2k, LUK U
FE I IR 2E
ME = (3 Ji7 VG Jic b o 1t 4 ko /9 7l A ol i 2 R %) <100 %6

(D

2.5 FHERZFWIE
2.5.1 &MXR GRS ERRE

120

100
s 80
= 60
=

40

20

0
/7
Fig. 7

]
Tk MgSO, %5 4 # 5 # 4

K 8 % A
Effect of anhydrous MgSO, dosage on

the recoveries of four analytes

XoF 1. 273 43 TE 1 B AN TR) e BE (TR G s v T AR VS MR 2R AT R DU o D 4% 43 B 0 ot 4 Wk B2 (X, ng/m L) R UE T]
FROY) Sk J5 2 8 Al b RGN AR A, 45 31 RE R A Ve 7 B AR G R o o 3 A5 (5 MR LU T 10 A5 15 8 1
TR B A R (LOD) Al 1 PR (LOQ) . sk 2 FroR . 4 Fh o e ¥ i AH SC R B GH P HE 0,999 DL I,
KT ELIERRRE, LOD N 0.01~0. 06 pg/kg, LOQ K 0.05~0. 19 pg/kg, I ik R EEE .

k2 AR EE B ERE R ER

Tab. 2 Linear, limits of detection (LOD) and limits of quantification (LLOQ) for detection of 4 analytes

ARl LR PEVEE /(ng e mL™ D) 2Pk r LOD/(pg + kg™ ) LOQ/(pg * kg™ D)
A% 0.1~200 Y=13 448. 17X +5 949. 33 0.999 9 0.02 0.06
HE R 0.1~200 Y=1 816. 37X +81. 60 0.999 8 0.04 0.14
AR H 0. 1~200 Y=101 177. 00X +18 399. 77 0.999 7 0.01 0.05
K e R 0.1~200 Y=102 221. 00X +169 896. 00 0.999 3 0.06 0.19

2.5.2  Jikp R 5 RS 2%

Bzs (AR S AR DGR R 2 9 7E 0. 4,8.0,40. 0 pg/kg F AT BT E 5 K. W3 3 Ar
N > A4 T3 AT 0 ST BOINAR mLSCR AE 87, 23 % ~108. 57 %6 Z I8, RSD fH#E 0. 36 %6 ~6. 55 %0 Z [f] , & B #3711
5V G R RORG % BE RAT L RS TG R X D 4 Fh A T R AT E A T KR
3 AR AT R S EE (=5
Tab. 3 Spiked recoveries and RSD of 4 analytes (n=15)

SR AR/ (pg « kg™ TR R/ % RSD/ %
0.4 87.23 1.54
AHR 8.0 95. 42 2.45
40.0 98. 27 3.10
0.4 93. 65 4.38
s R 8.0 99. 04 6.55
40.0 100. 64 2.47
0.4 101. 37 2.65
R e FH 8.0 104. 50 1.79
40.0 108. 57 3.95
0.4 90. 82 5.73
A E 5 i 8.0 95. 55 1.39
40.0 98. 99 0.36
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2.6 SEEREFEMINE

KA 12 Dy FRFE G 1 HE 11 Dyt S 23 O RE dh L AE SR DR AR A AR TR X R RE S BEAT AN . e A
1A IR B0 R0 2 47 i i 04 0 B8 b B AG I 31 FEA o e BE 4030 6. 34,4, 12 FI 14, 92 pg/kg. 73 50, 20 fiy ke
ah P4 R AT AR T A A RO ER

3 & iF

AR5 # 7 T —F QuEChES 454 UPLC-MS/MS [ 4 & + 3 CAP, TAP,FF J HACH# FFA
(AT T 1 o 3 X O 3 2 B € 2R A R A AR A AR AR B S T AR DU A R A 3N R AL LI AR
HL.,0.2 g PSA A 0.2 g Jo7K MgSO, #fk. LI EE-/K (1 1) A sh . 4 ZORBAX SB-Aq o H 4> 5 .
SR FH FL IS 55 8 VR AE /90 B, 2 SO DA S AT A I . 5 vk 2R B R 2R BT AR 5 vk B HERR LR L
R R A TR AR b 3 R Gl R 2R AE B A i e PR e i A i . TR I
Xof i 4 48 v GRS B As R SR 0 W LA B T B R S, (RIS SR AE OGS T A AH DG AT Al A
HE PR AL TR AR . AWE SR A N T U R A R A R I Ty kL A IS R SR T
T AE K A5 LAt 5 5T b i R R SOR
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