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Method optimization for determination of tetracyclines in
soils and compost and their degradation in soils
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Abstract; Based on method improvement and optimization for determination of Oxytetracycline ( OTC), Tetracy-
cline (TC) and Chlortetracycline ( CTC) using high-performance liquid chromatography ( HPLC) and the extrac-
tion method of tetracyclines ( TCs) in soils and compost, the degradation of these three TCs in soils was studied.
The results indicated that these three TCs could be completely eluted to baseline separation in 20 min by a column
of Agilent Eclipse XDB -C8 (4.6 x150 mm, 5 pm). The mobile phase was 0. 01 mol/L oxalic acid-ACN-MeOH
(79/10.5710. 5, v/v/v) at a flow rate of 1. 0 mL/min. The injection volume of sample solution was 5 pL and the
UV detector wavelength was at 268 nm. A significant linear correlation between these TCs under the concentration
of 0 -10 mg/L was observed (r> 0.999). The TCs in soils and compost could be extracted by a mixture solution
of 1 mol/L NaCl/0. 5 mol/L oxalic acid/ ethanol (25/25/50, v/v/v) , with the recoveries ranged from 76. 0% to
92.5% . After 49 d of incubation at 25 °C in the dark condition, the degradation rates of the TCs in loam soil and
red clay were 67% -72% and 36%—-46% , respectively. The corresponding half-life of TCs was 26 =30 d in loam
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soil and 46 =75 d in red clay, respectively, indicating that the degradation of TCs in the loam soil was significantly

faster than that in the red clay. Moreover, there was no significant difference between the half-life of TCs in the

loam soil, while the degradation rates of CTC and TC in the red clay were significantly higher than that of OTC.
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BHAERCBEERL, ESREZEZKASE G
HPLC M, WHEABEAENRESER, B
7E HPLC R A BT P00, AT 52 Wi 5,335 70 B9 3%
B MEMN TR BEE, BREBERIIERN
P, BISCRREAR, Dy HIEAMEAE b TCs #Y2
BRI 7 , SR PSR i e 2, DA SR ST R BECRI AR I
PR RAR T B FFTEIAERE |, BEFT IR R 26
PRI P MRS, AR RA T # U EF
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(24.92°N,121.21°E) , +FEX T 5T 2 mm §Fi
Fo BHAMEAR (SMC) Hy 5% ZE A J8 i & BT AR,

BERRESEHEN) . BT SOCHMHHTE
i 0. 149 mm G5, & o A e fE EAL PR
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A A A5 Agilent 1100 R 51 = AN
BN EEA A A ES, B LB LA G
%, DC200H M JIF BEaR , B 0L, G -560 el (X
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Table 1 Characteristics of the compost and soils studied

R 4 ocC CEC

Soils P ) (emolkg)
#AE Compost 7.45 191 51.0
1+ Loam soil 6.92 6.8 35.2
4T+ Red clay 4.55 16.4 60.0

7 (Note) : OC—A L% Organic carbon content

L2 HEFRREBRKRH

FRUERE SR B« MERRFRER 3 FhbiE R & 10
mg, P EEERE R EARE 10 mL, WEET
OTC.TC 1 CTC ¥{KEE& N 1 o/L, BT UKFH (4C) 17
&M,

FrUE b B P BC ] - R R R PUBR R ARG A5
W1 mL T 100 mL AR, AH BRI EAE
2N, SPUAEREER 10 mg/L,

FREST AR P BC ] . AR IR VE RN O
0.5.1.2.4.68.10 mL BF 10 mL FEMH D, FHHE
SER 22 E BRI RRERS R 0.0. 5.1,
2.4.6.8.10 mg/L,

1.3 @®iENBEEEFEEMREL

AR B B A dE . Ak, B,
RS, D AR R . R A 43 A
YEF 2 FETARER MBI 3 . Waters Cosmo-
sil 5C18 —AR -T1(4. 6 x 250 mm ) F1 Agilent Eclipse
XDB —C8 (4.6 x 150 mm,5 wm) , 7& P S0 Ji it b
1.0 mL/min FFFFEN 5 pL KT, UBAERK
B 10 mg/L B4R HEW 4T 2 P 3h 4 (0.01
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mol/LE R/ Z. g (75/25,v/v) F1 0. 01 mol/L iR/
Z /B B (79/10.5/10.5, v/v/v) ) F1 2 AP K
(268 F1 365 nm) ML &7 B RURIAL

1.4 TEFMMEIRDRERRNGZE

DUAE T SR B 3 R AR A R 0 i 4R
#I4 : EDTA —~Mcllvaine 2 mhyE#'S \NaCl/E g/ Z,
REIRA W AR R Na, HPO, IR A Y, X
BT ER ECEREA R, T35, B EBIUAER
LKhiE R EKEMER, I HTERSE TCs 7E HIEHY
W BHEST, % LA 0. 01 mol/L CaCl, (pH 5.5) fE k¥ 5%
W, L, AR R T S RRBGHX U R
EHARMEDECR . TR S FREGH 4050
1)0. 1 mol/L. Na,EDTA —Mecllvaine 2% ¥k, pH 4. 0;
2)1 mol/L NaClL/0.5 mol/L Bifig/Z B (25/25/50,
v/v/vV)IRETER ,pH 1. 5; 3)0. 1 mol/L #7#2%/0. 2
mol/L Na,HPO,,pH 7.0; 4)0.01 mol/L. CaCl,, pH
5.5;5)/K,pH 7.0,

PRI — € B A 1Y L S el R A S T 00, IR
—ERFRCHMRE R OTC.TC Fi CTC Ry A
IR h, B @ XN, SRS R 2 e 4
Z& 1k T EERHR B R B . 2B Bk
5 FPEREURIZEN 3 K, BIINEEEGT 3 mL, AIA$E
BRI G WA IS it 30 s, A 418 15 min, 2500
r/min 2.0 10 min, I4E 3 WRIZELH ETE K, 2500
t/min & (> 15 min, f{ 0.45 um JEMELIE, AT
HPLC 7347, [RIB 8O i g s M MR A S s
BAMEER 3 K.

1.5 AEZEHETEPHERRE

SRR FAEL (LS) fier £ (RC) 2 Fh 34T
IS, FREX 30 g AT 1, BT 100 mL ¥R (F
7em x HZS5 em)d, IBEL 4.5 mL &7 3 # TCs
) R A, WG SR R e AR b, i i
TCs FZUREH 150 me/kg, k5 A BT + 314
AEYE VT A RS, PR B T U, SR
BHEHEEREL , WA ERE 7K, GRS
KEIRENH RE AP KE R 60% . H parafilm &
HEKPadr D 25, B 4 DMEAEN 2 mm [B/MEE
B O L, (R PSR S 5 58 AR B
TtE. KA E T 25 °C EIRAE P #E T RO R
49 d, BGJAXEE AT E , #h Tk, R E K E
PREFRRE . B RBUE —IK, WE HEH ) TCs &
&, B MER 3 K,

1.6 ZitH#r
N Excel #R{4, P R W E SR Z (6]

BEATRISRHE AT, X PLAE R [l e 2R A B B AT
TEE Gt R o LU R 2 B ¥ &0t DPS
BAFG TR, P EE M 22 57 SR ¢ ik, P
<0.05,

2 FERSVE

2.1 BiEsBERHEENRL

fE TCs G54 vh &R 5 A BRIE I 9y 32 25 P 8
FETRIE R P AL 25 3 WA & ) 7R
EPEEGTRE NN =EMEBREFERES
Yy, A R €5, 15 [ AH 44 Hh B e ot B R AH LA
Pk, it i a R 2 M B m R R R TR
WEETRT AR R R S AR IR 5 # R BL &R, 515 TCs AN BB
ARAF H HEFT 65 3% 238, PRI T3 (o A by R At RE B
3T IR B SR SE FE B 6 35 AR R 20 B TCs, LA, TCs
BIESHTRZ R UV K8, FOR P ik 4%
XA R AR Z R R TR R R, AR
HIRE L FERAMESE T Xt OTC TC I CTC #4T
HIEEM AR BR,3 Mt RTE 268 1365 nm
BACT ¥R e K, SR IER 2 #hATE
UL Bl e o AL R B f8 i 4, Waters Cosmosil
5C18 —AR -TI(4. 6 x 250 mm) F1 Agilent Eclipse XDB
—C8(4.6 x150 mm,5 um) ,ZFHITESH 268 Fl 365
nm X} TCs {EAARERGET T IE , AL TCs
BT BRI

B 1A fi® 1B A Agilent C8 #:%F 3 Fhdna:
R TERI K 268 1 365 nm T 15 ) A3
Kl i 1C F0E 1D W2 Waters C18 AL
R, WP LIERE 1,3 FiiERTE Agilent
C8 A IR OR B I ] 458, 20 min 0 AT 5K B B 2
S TE Waters C18 1 A4 85 B [A) 884K , 35 min
AR H T2, MIIBTE 268 nm 27 365
nm IESEREE R, TCs £ Agilent C8 A7 ) mAU {E
B E T Waters C18 4%, F 1 Agilent C8 +3: fy 46
REE, BRE 1A B~ 4.864 min B 244 R
WEF OTC WA AH &R, (H BEA IR 2 20 FF 1, B e 36
Agilent C8 H:/EN Fi& 3 FihrA: R 19 43 & AAG Tl
ATy E

K 1A 71 1B FH,, TCs £ 268 nm R | I
THIEIEREE R T 365 nm, [ 1A BI/RTE 2.5 min
ZHT, 268 nm KME B IR T, {H 2
FTRAE 2.5 min J5FF/E UV Sl 8 7 2ok HRR
ik E T AT, ik, %A 268 om fE K
MPERBENEIE
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Fig.1 Chromatograms of tetracyclines using different columns and detecting wavelength
[ £ (Note) : i34 Mobile phase: 0. 01 mol/L EEy/ Z. 5/ FH % oxalic acid/ACN/MeOH (79/10.5/10.5 v/v/v); Ptk ZHJE Concentrations of
OTC, TC and CTC, 10 mg/L. A: Agilent C8 £, J 1 268 nm Agilent C8 column, wavelength 268 nm; B: Agilent C8 £, I 1 365 nm Agilent C8
column, wavelength 365 nm; C: Waters C18 £, J{ 1% 268 nm Waters C18 column, wavelength 268 nm; D: Waters C18 #3:, I {365 nm Waters C18

column, wavelength 365 nm. ]

HBRMAERMN NS RBEFERESY, R
M EATERE ¥ (3 AR pH BRI H A, Arikan 21
FEWFE PR 0.01 mol/L BEER (pH 2.0)/2 i
(75725 ,v/v) R SIAERAM OTC, 2R, WATEL
XA K OTC F TC 4408, R
Fritz 1 Zuo""™ fEREER AN 2.5 H A B B IR L S AHH
bRl RN AT 15 BIAR AT, B R BB
AT AR R TE RS RE P AN S AH P B2 EE A ) R A=

S/N =2 B HIMFR, %2 FH,70~10 mg/Lil
BN, AR E SEmAE B ENRIERR X
FRE r>0.999, B Z 3% 43 B Sk 438 A T OTC,
TC F1 CTC A .

F2 EAFEEXREREUR
Table 2 Regression equation, correlation coefficient

and detection limit

ARAL, JEAC OTC HI TC H 8 B4 I 8] (8] i, AT 2R 15 SR Z BUSV-L:: IR

BT BERR, R RAWER DA KN Antibiotios Regression r Detection limit

0.01 mol/L Wi/ Z fiE/H 82 (79/10.5/10.5, v/v/ equation (pg/’L)

v) , A] AR UF-Hb 43 BS OTC .\ TC #1 CTC 3 i &, +B/E OTC Y=32.28X-2.46 0.9995 8

2.2 ZBHXER PUFRE TC Y =39.51X-2.56 0.9996 10
£EE CIC Y=17.13X-4.55 0.9991 15

B R bk & 4. Bk tE Agilent Eclipse
XDB -C8(4. 6 x 150 mm,5 um) , FishAHZA B4 0. 01
mol/L BiWE/ 7, 5/ i (79/10.5/10. 5, v/v/v) , 48
ARSI I 268 nm, JRE 1.0 mL/min, PEEEE 5
pL, %} OTC.TC F1 CTC HAR#ERZE 0.0.5.1.2.4,
6.8.10 mg/L #47l%E , BI\ /MK E T WIF R L
PrAERMUEEB Y AR X R, AR RS L

2.3 HmisbE bR EUE AR RE R TCs ZEHEARF+
B rh Y [o] 22

FH 5 BN FHRBGRXS HENE IR SHUER
PREELER (B 2) 38, 4 1 mol/L NaCl/0. 5 mol/L
B/ L BE(25/25/50 ,v/v/v) 1R GV W iR O AT



1180 HHERSERER 16 &

FIBTAE 2R B IR B g, OTC . TC CTC f [ ie 243
5k 91. 4% \78.5% F0 89.3% , ¥ B EE T EHAM 4
FIRBR . HIRERTT S AR A = it
A, A P ER 5 A R IE W B A R A
Fmge iy — W, A 3 A pK A8, TER PR
TR R E R, BB R B E . MR
REGE YRR HPLC BHE (B 3) AIEREF S,
RIREGR A B A I Tk B R AR R 2 i HE
HE i A R A B, A IR0 A B, 43 85 ATkl
BORH LB R, Kitk, pH 1.5 [ 1 mol/I. NaCl/
0.5 mol/L B g/ 7, B (25/25/50, v/v/v) A 4E Jg e
e e PO ER R 25 H AR R 1 —Fh B AR AR G

100

= B OTC

= | TC

w80 O cIC

=

=0 60

2

£ i

P 40

o

>

[

LD o e
A B C D E
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B2 AEHEEFIX TCs ZEHE A0 A g E 2
Fig.2 Recovery rates of TCs in compost by
different extractants

[ (Note): A.B.C.D.E 43 B A485) 1)0. 1 mol/L Na, EDTA -
Mellvaine £& 1% , pH 4.032) 1 mol/L NaCl/0. 5 mol/L ¥R/ Z %
(25725750, v/v/v) IR BB, pH 1.5;3)0. 1 mol/L #7 B 1/0. 2
mol/L Na, HPO, ,pH 7.0;4)0. 01 mol/L CaCl,,pH 5.5;5) 7K, pH
7.0. A,B,C,D,E were extract solution 1)0.1 mol/L Na,EDTA -
Mellvaine buffer, pH 4.0; 2)1 mol/L NaCl/0. 5 mol/L oxalic acid/
ethanol (25/25/50, v/v/v) mixture solution, pH 1.53 3)0.1 mol/L
citric acid/0. 2 mol/L Na, HPO, , pH 7. 0; 4)0. 01 mol/L CaCl,, pH

5.5; 5)water, pH 7.0, respectively. ]

mAu 7
3000
2500
2000
15001
S =
1 =
1000 o ([_) 8
soo] I 3 g S
i. © o @
0 5 10 15 20 min

3 HIBREEDERREREREE
Fig.3 Chromatogram of TCs in the compost

extraction solution

SKEE 1 mol/L NaCl/0.5 mol/L  EiWR/ 7, B2
(25/25/50 v/v/v) IBREGWEWETE AT EH
WERERIRIAERWRI ST+ 3 m A
—EBMYUERIT RIBCRIAL, SR (R 3)BEH,
OTC.TC 1 CTC 3 FhiA: R £ 2 Fi 13 vh 1 g%
£ 76. 0% ~92. 5% 2 [A} ,RSD 7£ 1. 38% ~3. 07% =
6], RO Z e BT, ML, RIREE®,3
FiftAERAE LR R ENRIR R T L. 23 Fit
ER T, BIBCRIFT A OTC > CTC > TC,

#3 HERREHREREEIMNA L PEgEKZE
Table 3 Recovery rates of TCs in Loam and Red clay

o ot AR B (% ) RSD
Soils Tetracyclines ~ Recovery rate (% ,n=6)
it OTC 92.5 1.38
TG 79.2 2.51
Loam soil
CTG 87.7 1.85
. OTC 91.0 1.43
TG 76.0 3.07
Red clay
CTG 87.2 1.86

2.4 BHERETEPHES

WRIEMAETE, TIEP PR AR EHE
WSMERL K 150 me/kg, H THi A4 R 7R3 L F4L
1 EDBCREE R 255, IR B 26 Mk BE 1) S5 B A 0 {1
BEAFE 4), 725 C [BESMHTELIEFR 49
d, DI AE R WS R SR L BE R 57 B 18] 1 AN Wt
TR, RKY] OTC . TC Fi CTC e+ fLr 1+
R TR, BEERERERD ERSESH
Pezh, MU R K v AR B A MR =R, 78
pH 2 — 6 B, TCs % Lk RAfE SN, A0 A 33 1) S5 4 i
4 C—4 fi BB RG2S F A 4 —epi -TCs
HENARSBETRIBRDPERGHBEL,
Kithne 2£"'°) 7R 57 1Y 3R 2 76K FIE FK P R E
PEBT, AR IARLRE

BIr 49 d 5 HUERTOR AL L P R A
AR FED, ELDE 67%—72% 1)
PR RA TR, Py 26 —30 d; 4oL
HERBAT 36%—46% TR R 46 —75 d, A
O, JiA RIELL TP R 3 W B L P g, X
RATEES LB R A K. L Lok,
A pH BOR P, WA RERESFM T ERE
PEBES B pH SN, DU IR R K R R i
WA LL A DR A CEC S &350 1.64% F
60.0 cmol/kg, BEE THELWEVIKSE 0. 68%
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150
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E) At a4+
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4 MAFRMERTEL T hEIEEE
Fig.4 The degradation of TCs in loam seil (A) and red clay (B) during incubation

R4 BEFVJEEREXRAERERESLERE
Table 4 Percentages of degraded TCs after incubation for

49 d and their half -life

e E 4t (%) FEH(d)

i Degraded tn
Substrates

OTC TC CTC  OTC TC CTC

A+ 1S 68 a 72 a 67 a 29 a 26a 30a
21+ RC 36b 42a 46a 7T5a 46b 54b

H(Note) : (—FTRERAFRFRERERES % BEKF

Values followed by different letters in the same line mean significant at 5

% level.

M CEC & & 35.2 cmol/kg, ABIFIRY, TIEAHL
WA CEC 2 &5 A] LA hix PO 3R R BB L R vk
BT AT A A 3R AR S 1

RABEL ELT 3 AR EYERA
WEMEZES, ML 1 CTC 71 TC 1R 3 % 1 2
m T OTC, KB MR RBP A R KRR R R =
TIEHE TR AN, 18 5 I IR R A B 1) 45 1 A ERAL R
JRA XK, Blackwell ™ $i i, OTC 76 +-3 v I FEE 22
FeAMERY, I H 7T BEBE & M N = 4= R, CTC 43 F
Hithrp C7 i b CL ¥ AFLERT I i CTC (W% R
JE , AT AT bl 7
3 4B

1) FFHRZEHE GAiEE R E 3 FtER
144 . Agilent Eclipse XDB -C8 (4. 6 x 150 mm,
5 pm) ERERE; WEHAH 0. 01 mol/L EWR/ Z fF/H
B3(79/10.5/10.5,v/v/v) , {ii# 1.0 mL/min, gE{E

&5 pl; FEAMGMIE K 268 nm, SMREE & .
2) i1 mol/L NaCl/0. 5 mol/L B Jig/ 7, BE(25/

25/50 ,v/v/v) IR G VAW REA SR B - R NEAE &
H T ER IR RMETR , HE R T6. 0%~
92.5% 2],

3) MARBIAERAELIEPWEEZ 2
ERM, PIAERTEL TP REREE BE HIE LT
18 EALh 3 AR EHREREEER,
£L+H CTC 1 TC MRS B #E & T OTC,
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