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Abstract; Antibiotics used in livestock production may be present in manure and slurry as the parent compound and/or
metabolites. The environments may therefore be exposed to these antibiotics due to the application of animal manure to
agricultural land. In order to understand the potential effects of long-term application of antibiotics-contained animal manure
on agricultural soils, laboratory studies were conducted to characterize two typical antibiotic compounds ( tylosin, C,H,,
NO,, and oxytetracycline ,C,,H,, N, O, HCl) with regard to sorption and transport in seven agricultural soils, collected from
the Changjiang and Zhujiang deltas of China. Both transfer and adsorption behaviors of the antibiotics were related with
species of antibiotics and soil properties. Distribution coefficients ( Kd values) determined by botch equilibrium method
varied between 43L kg ' and 3018L kg~ for oxytetracyclin, and 2. 3L kg ™" and 175L kg ™' for tylosin. Oxytetracyclin was
more strongly sorbed in all the soils investigated than tylosin. The adsorption amount of antibiotic compounds on the soils
was correlated positively with the contents of clay, organic matter and iron oxides. Soil column leaching experiments
indicated that there were a significant difference in the transport of the two antibiotic compounds between sandy soil and
clayey soil, which due to the difference in their respective sorption capabilities. Very low concentrations of the two
antibiotic compounds were detected in the leachates from clayey soil column, indicating a much lower mobility of antibiotics

in the clayey soil. However, significant amount of tylosin compound was recovered in the leachates from sandy soil,
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indicating that tylosin compound was not stable in sandy soil, and it had a high mobility in the soil.
Key Words: antibiotics; agricultural soil; adsorption; transport
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T, AEDRL AN FRFE R T il A DUAE RIS ISR A R B B0k 8™ F R S, Oy AN 8 S HE R — 4
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FHK2 MIER(BFERANLER) PR T ENERIT=AWMBRIT =/ W S AR 1 32 b 5% 5
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®1 flTEERER
Table 1 Basic properties of the tested soils

AR THAERR

R HEQNE

Ea: &3] FREHL R Organic  Exchangeable CEC Fe, 0, >
. . pH . 1 R Clay Base saturation
Soil type Location matter acid (emol kg™')  (gkg™!) (%) (%)
(ske™') (cmolkg™) 0 0
) 1L
L3+ Wushan paddy soil (S1) . 7.82 43.22 0.00 15.58 14.19 34.0 100
Jiangsu
TR Blue clayey paddy soil - WL 5 0y 34 o8 0.32 13.45 21.97 34.4 97.6
(S2) Zhejiang
#H BV H Paddy soil on redeposit b AN
of red soil (S3) Zhejiang 5.12 51.18 1.06 12.47 20.31 20.5 91.5
IR I Silt-loamy paddy soill(S4) DL 5.4 19.92 0.24 14.59 10.04 6.2 98.3
Zhejiang
KR Fluvio-sand ridge sofl HIL ¢ o 6.30 0.14 2.54 4.60 2.7 89.3
(s85) Zhejiang
JBJ& H Pale fluviogenic loamy I3
paddy soil(S6) Guangdong 5.69 28.14 0.10 6.34 22.43 17.6 98.4
FR4THE Lateritic red soil(S7) TR 4 s 33.33 0.86 6.82 28.86 37.2 87.4
Guangdong

BERBIPIE R R 2 7, AR ARE R (Tylosin, 73 F 34 CiH;, NO,, ) Al 18 K (Oxytetracycline, 73 F 2
A C»HuN, O HCI), ”'I:Tﬂ]l?‘ﬁlﬂﬁ%)ﬂ@ HEH Sigma NI
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1.2 BRFE
1.2.1  HEEARWEMSIAE RO E

4% pH R AR E s BHUR & B RSB ELEN 2 ; KB BRA 1mol L™ KCI 3#e, bRy i
R FHE 78 B NH, OAc 35 IU5E ; 0B 4H B HE B TR0 =8 5 W 8 B 4L 8% A3 DCB (3 — W B BR - AR PR
PR-ERPR S AN PP 2B, HEEIIE

REEEMLERH A 2487 BUESMEMIEE A XE WATERS A F] /Y 2695 B A AI%IUNE, Wb
#840.01 mol L™' GRS 4H: ZJF = 70:30(pH %2.0) %% % 1.0 ml min ', RAHBEMLBER MR
K H PR EE 43 3124 0. 002 F10.005 mg L™,

1.2.2  HERHIAERRFHAR

FRECE T A4 T 5. 00g T + B XTF AT 50 ml BIBRIBE OB, 4 BN A 25ml &R RBP4
Z/90.0lmol L™ CaCL¥W . o T B ILAE Wi s2ma , T im¥s s -8 10 mmol L™' NaN,, fnz /a7 25°C T ik
¥ 24 b, B.OABER N E BB P RBOPAERERE . RF R ERER&SRBHRE, KR ,24 b py L5t
BERPTAE BRI C AP, BT BRI, TR B R E SR T AT, B AR H 2 h WECE, 7
W HFERR RO N o TR MHRIE AP A Rk B 6 MBI, 409129 0.0.5.1.0.2.5.5.0 mg L' #1 10 mg L™',
Rl B S AN LA RV SR TC AR I, BR 2 Ko P P B AR R VR B OB A ikl
FE. WREHIRBH S PEBR PIARRENZEITE L IENAE RNRHE,

1.2.3 HiARELFEPHKERE

WEREE RV (S2) Mg KEP £ (S5) % 2 #p AT AR5, Kb 2 RFM R 138, S5 RFED R LI,
WO By — BB EEE , B M 20 em, RN S em, NBF IE HRIMRE , B— KSR EEBMA S cm B
B2 BRIEH A HRP CRIAR7E 0.5 ~1. 0mm Z J8]) ARG IMARE N Smm MBEA %, B—HRBESIMA 270 g
MR I, B R RIS B T R 6 AR IR 10 em, A LR R AEA 1.38 gem ™, Hh
LA EEWE S, AN TE EEEH 1 on ENRENAEDES . WEREH, EKEE TmET
— B 0.01mol L™ CaCL AW BEAR+ , K /3583 BAE A T HH IR MM, HFER IR ETES, R
JERBAEER TSR 1 d, REH, AREEA DS — L HERTSMA 8 ml FHAEE N 250pg ml ™ HH
(BpE— T RFERMARN 1.25 mg, Y THLEERBENSELHHARBIERN S BEE"),
30min J5 , F§ 0. 01mol L' CaCl, 8%k, & —14E0.01mol L~ CaCL75% HMRZEE Jy 1000 ml( #8X4F 500
mm FIFETRR) , RUEE B i — st , 405 0.5 ml min ™', W B = Ak, ik £ 5854 50 ml 4k
S—AEE R BURE IR A IR T A R R
2 HR5itie
2.1 EENHIA RS IRRT

ML EAFEEMPAEREBIRG 24 h KSR, Hid BRI 95.3% ~99.2% Z |4, F
¥R 97.3% ., FRALERBEGTHERNERIBEARE, TENPIA RN ZEREIAE R INAR K
I (B 1) o M PH T hil R IR SR, T Fh 8 REvE B 38 2 2B B F B RE AR T hi A R
B, % A 2 e I A 8 (B RN RS ) o Langmuir 578 (C/Q = €/Q, + K/Q,) fl Freundlich
T (log Q = log K + 1/n log C) 43 BIXHMEHRAT T LA, 452K W, F Freundlich 52 1L AR 847
F Langmuir 5, BIEHIEBIH LB BTE 0. 9953 ~0.9999 6], ¥k Bk B 2K F(p <0.01) ;5 H4E
0. 8615 ~0.9836 ZJ8], 7344 B2 (p <0.05) Ftk B & KF(p <0.01),

P R M R AGTAE R R AR BRI, 2 FRE (K, B0 [ E AR5
Yo B 5SS W P I5 SRR BE I HUAE) B AT RAE IS YRR R B . 3R 3 ABTSEEY 2 it R
7 A4~ Kd {8, Kd {8 FE A R BE R38N T 8 T B, 3F B L IR A FH A RFHE AR RN, 7+
Frh + BRI ELRBAE 431 kg~ ' M1 3018L kg ™' Al I BB THRAFBEE (F£2. 3L kg ™' # 175L kg ™' ZJA]) .

hitp : //www. ecologica. cn



764 B & F W 8%

=
(]
£ ~ 32 4512 b FIREE Tylosin

& i})@

22 25 40

2 £2

E35 I Z 30

m > %25 X

ﬁ 2 % € 15 X

R =3

w's @ 210 —

HE < S
o 0 | | | | O | 1 1 1 | ]
E o 0.3 06 09 12 2 3 4 5 6 7

PHERLERWIE (mg L) PR REBR I E (g L)
Concentration of oxytetryacycline in equilibrium solution Concentration of tylosin in equilibrium solution

B AR R SR R M
Fig. 1 Isothermal adsorption of antibiotics on the soils

H P Rb R 3 (54 A SS) BRI AT RSN FIFE 221,528 431 kg T M 173L kg ™' Z i), AR E R WAL R
oAl 5.6.15.2.3L kg M 7. 4L kg7 ], ABMTF HELE(FK2), HERERFHRERELER, B
1169 Kd (AR B 9 T 3CRE AOBR AR S /E K o 9% Boxall 257 Thiele-Bruhn ZRBRIL ™ * BB A4 R7E
AIE 3 Y Kd (H— R 6 IR IR 0.9L kg ™'

F*2 HIBBHiHAEER Langmuir 70 Freundlich 52 5#
Table 2 The constants of antibiotics isothermal adsorption fitted with Langmuir and Freundlich models

+ 3 Langmuir (€/Q = €/Q, + K/Q,) Freundlich (log @ = log K + 1/n log C)
Soil (/9 K r n logK r
+ B & Oxytetracyclin
S1 67.5 0.0378 0.9587 ** 0.359 2.788 0.9999 **
S2 295.3 0.136 0.9234** 0.339 2.947 0.9999 **
S3 52.7 0.0336 0.9827 ** 0.389 2.570 0.9994 ==
S4 46.9 0.0113 0.9070 = 0.457 2.189 0.9998 **
S5 62.4 0.464 0.9659 ** 0. 604 1.656 0.9991 **
S6 153.8 0.0139 0.9431** 0.418 2.394 0.9990 **
S7 154.8 0.0619 0.8615 = 0.336 2.968 0.9998 **
FIHR Tylosin
S1 137.0 0.912 0.9177** 0.528 1.891 0.9999 **
S2 179.8 1.311 0.9048 * 0.536 1.867 0.9999 **
S3 46.45 0.478 0.9727** 0.593 1.687 0.9994 ==
S4 10.9 0.784 0.9793 ** 1.045 0.956 0.9986 **
S5 24.4 3.799 0.9836 1.525 0.657 0.9953 **
S6 325.7 4.788 0.9347** 0.636 1.571 0.9999 **
S7 89.1 0.845 0.8873 = 0.561 1.782 0.9998 **

Qu BRI R (mg ke ™) ,C RTPERIEE (mg L1 ) 5 K,n BB HHRRE; « M+ « FHRREBE (p<0.05) MR BEAT(p <
0.01)
Q,, is the maximium adsorption capacity (mg kg~!) ; C is the concentration of antibiotics in equilibrium solution (mg L =) ; K and n are contants; r

is correlation coefficient; * and * * are significant at 0. 01 and 0.05 levels of probability, respectively

PRARGE , T IRXTPTA R AR B S B B AL S B, DA R T VAR AR ) B U RS T H
ER NS 2B A YU BTN AR W R AR, SO TTAE R A REE B R RS IR ER 5 -
EHIA VST R B & WA, Bk FE R . FREE(C4H,NO,) 5HER(CyHy,
N,O,HC) i T F&A R, ENH IR A BRI ER ., 8— 10 THEEREH 6 1~—O0H &3 4
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—CH,#.2 ~—C=0 A 1 ©~—CONH, &, i & — 0 FHRFEREE 5 A~—O0H ££.3 4~—C=0 #.10 4
—CH, 201 2 ~—OCH, B, +F/HREL -OH f—C=0 FIREER-5 L 8 1E AT VR, @
—CONH, Z P15 3 i A AT R R AR . RAE R E20E S —OH f—C=0 FIRREA 5 1K
AR, LR RN BERORMENRTRFIER, TS A AEN T EREFHOH A—C=0 %E
HEBARTREERAE X,

MR SR ] R LA RS IR EAR R R R P IS R SRR E . —BREm IR R
R R DT AE R, 72 RN BN RE , AR R R A B3 R SRR BPTAE R, 7R E R TR 2 sk R ot
gk BT K. YU EEREN, PRI, REER AN L BEREB S 8 BT E , X BOVREE

HRAIRYR , LRZH Kd HRENERS TRFHA X, DR B FERN L BERRME Kd H5FY
E-5RR & BRI REIIA N 0.974™ 1 0.949™ (p <0.01) ; 5 HRAVFEMANK T B BAFE—EH
R, TR BRAERM L BRXRME KdEFESHVUR S ERMEXRE M 0.664" f10.7857 (p <
0.05) ; SEMB T BIMKXARETHI N 0.835" 1 0.6227 (p <0.05) o KB AVLEMAME T RFIE 7
AT R Z0RIR, HE BB, SHAREEIIEAM TR TRESR, BHENRIERNLERR
Bt Kd (B35 HE 138 M (pH 3SR L CEC BRI ) B R A B2 (FHXREAE 0.5 LT ,p >
0.05),

®3 TENRERRHHSERY

Table 3 Distribution coefficient ( Kd value) of antibiotics in solid and solution phases

i + B & Oxytetracyclin FRHEE Tylosin
Soil R (Lks™") P+ ArEE(Lkg ™) EHE(Lkg™) Py £ tREZ (Lkg™')
Range Mean + standard deviation Range Mean = standard deviation
S1 1034 ~1977 1473 £373 90 ~175 126 +35
S2 1433 ~ 2466 1913 +398 82 ~ 166 118 £33
S3 657 ~ 1773 1188 +433 47 ~110 76 +24
4 221 ~528 349 £125 5.6~15 10£4.0
S5 43 ~173 103 £55 2.3~7.4 4.6x1.9
S6 453 ~ 1362 848 +368 36 ~83 56 +18
s7 1675 ~3018 2190 +532 67 ~124 90 +24

2.2 PERETRFHEHH:
B 2 AR A0 TAMMBAE R LB RE 2 iR 1 (S2) AP £ (S5) MEER Pk

BERBI IR AL, G55 200, ZE MR BERI ), th W I S,
A0 e A B T B M YU e S e SRR
IIUERE R RV N, %5 BHRAy oe o STTOWemadine S5+Tylosin
250 ml Z 550 ml it BUAERKBEBEAT , ZIFHAER £ F 05

VESE SN T e WP ROR B L R £ 20

PAERMRARRI L. ATRELE R S5

R 2)  Jh A BRARAIE0.005 S ¢

mg L™ LUF, Wide R MR B3, 760 ~0.086 &

mg L™ 2R EBD IR S A0 It V0 o A o A O s
BB, b L BRNKEELE 0 ~0.073 mg L™ 2], ikt Acoumulted leachates ()
FAAXEARHIKF s TSR PR SRR EERR, E2 LB AR EER AR L H

gi-l—%{( Hj m,ﬁgﬂﬁ 200 & 500 ml H:J‘ s % %%?m};& Fig.2 Leaching of oxytetracycline and tylosin from sandy and clayey
0.2 mg L™ DL, BAWEA K 0.532 mg Lo kB
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RABRAD LKA BT, MARE RPN IE—BRRES, RAEREIEPHIREINE
FTLEER, X5 L2 A RRMMSER -2 WX BR SRR, AR EEE . BB MK
Peid R, AR L kA B R 25 S IA R 3.05% 1 0. 17% ; TiAH b+ ik H R R E E 2571
AR 17.29% F13.62% ;
3 &ig

KL =AML = A AR M RAEE N L EBRABEREMER, A BN LB RN
WM R TRAER . AERETEPRMAERIT S LI RA 3%, W8 EREE 3Rk AL
FRAEALR S BRI TR, R R R S B IS . BERE AR AR IR PR AR
T EENBRAERSHERBRANRE  AGREDE  MP R HEPRENIAR (RAIRRFER) AR
YIS ¥ R B U , I 5 | R EE L
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