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Effect of Manure Application on the Adsorption of Antibiotics to Soil

LUO Shan'"*, HU Jin-sheng’ , TANG Xiang-yu’**, GENG Chun-nii' * , CHENG Jian-hua®

(1. School of Ecological Technology and Engineering, Shanghai Institute of Technology, Shanghai 201418, China; 2. College of Forestry and Biotechnology, Zhejiang A&F
University, Hangzhou 311300, China; 3. Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China)

Abstract; Sulfonamide antibiotics and florfenicol (FFC) are commonly used antibiotics in Zhejiang Province. They have weak adsorption on soil and are easy to migrate, with
high environmental risks. In recent years, most of the studies on the potential risk of fecal-derived antibiotics to farmland soil were conducted by adding manure under
laboratory conditions; therefore, it is impossible to assess the risk of antibiotic pollution under natural fertilization. Therefore, batch balance experiments were conducted to
explore the effects of different soil types and manure types on the adsorption of antibiotics in the soil, in which five types of dryland farmland soils [ Lin’an(LA) , Jiashan(JS),
Longyou(LY) , Kaihua(KH), and Jinhua(JH) Jin Zhejiang Province that have heen used with different fertilizers ( chicken manure, pig manure, and chemical fertilizer) for
a long time were chosen, and four types of commonly used antibiotics [ sulfadiazine (SD) , sulfamethazine ( SMT) , sulfamethoxazole (SMZ) , and FFC]were selected. The
results showed that the adsorption of the four antibiotics in the experimental soil was weak, and the adsorption capacity decreased in the order of; SMT (1. 44-13.23
mg" M LY ekg ™) >SMZ(0. 73-6. 05 mg' " LY kg ™) >SD(0. 16-5.57 mg" " LY kg ™") > FFC(0.27-3.81 mg" """ «L""+kg™"). The Freundlich
model was superior to the linear model in fitting the isotherm adsorption of SD, SMT, and FFC, in which SD and FFC belonged to “S” type adsorption, and SMT belonged to
“L” type adsorption. For SMZ, the fitting effect of the linear model was better than that of the Freundlich model. The contents of total organic carbon( TOC) and dissolved
organic carbon(DOC) could better predict the adsorption capacity of the four antibiotics(r =0. 548-0. 808 ) , and the values of cation exchange capacity(CEC) and electrical
conductivity(EC) could better predict the adsorption capacity of SMT and FFC(r=0.758-0.841). Compared with the application of chemical fertilizer, manure application
increased the values of TOC, DOC, CEC, and EC in acidic and neutral soils, which was conducive to the adsorption of antibiotics on the soil. Meanwhile , manure application
also increased pH in acidic and neutral soils, which was not conducive to the adsorption of antibiotics on the soil. In addition, manure application reduced the values of TOC,
DOC, CEC, EC, and pH in alkaline soils. The lower pH was conducive to antibiotic adsorption on the soil, whereas the lower content of the other four was not conducive to
antibiotic adsorption on the soil. For the acidic soil with low fertility, the application of manure increased soil fertility and thus increased the adsorption of antibiotics on the

soil, such as the LA soil with chicken manure, the LY(1) soil with pig manure, and the JH soil with chicken manure and pig manure. However, for the acidic and neutral
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soils with high fertility, the application of manure had significantly increased soil pH and thus reduced the adsorption of antibiotics on the soil, such as the JS soil with chicken

manure and pig manure and the LY(2) soil with chicken manure. For calcareous soil with high fertility and pH(such as KH soil) , the adsorption profiles of the four types of

antibiotics on the soil showed diversity after the application of manure; the adsorption capacity of SD increased significantly after the application of chicken manure and pig

manure, whereas the adsorption capacity of SMT and SMZ decreased significantly, and the adsorption capacity of FFC declined significantly after the application of chicken

manure. Therefore, manure application according to soil fertility could effectively control the environmental risk of fecal antibiotics.

Key words ; sulfonamide antibiotics; florfenicol (FFC) ; batch balance experiments; adsorption capacity; chicken manure; pig manure
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Table 1  Basic physicochemical properties of antibiotics
h % RS TG R gL DK, kK,
A (SD) C1oHuN,0,5(250.28) @ 77 2.01; 6.48 0.81
i iz — H S M E (SMIT) Cj,H,N,0,8(278.34) @ 1 500 2.65; 7.65 0. 14
T iz R B S (SMIZ) CyoH;N;0,5(253.28) &) 15.9 1.655.7 0.89
FHIEH (FFC) C,,H,, CLFNO,S(358.21) @ 5900 9.0 ~0.12
I = cl
— g — ) = ) —S—1
— NH, E NH, 0\\{?0 )N\Jj\ NH \ / E NH N a
RN \. — \ (0]
\: //N /O/ N N _ Y
(o] HaN @ ®
#2 HENEABLER) “ 4
Table 2 Basic physical and chemical properties of-soil | ] . d_-;"r:.“' !
SO , w(TOE (DOC CEC EC S
W RIS HEAR 2 /n(lg-gﬂ)l.-‘* /Iig'g’? /cmol kg J'! r /.;.LS'cm"l pH _,.--’”.I %ﬁa
1 CF 15.01 0.28 6.81) [ 66; 951 5.33 A |
LA M 52/08 1.31 37.51 70450 7.13 < w4
3 PM 16} 74 0.56 12.73 v 190500 | | 7.93 H
—4 A CF (12090 & 0.33 20327 . 209430 & 6.86 S
s S4B cm | W ‘“..:.,ﬁg,yré F_ o4 22.84 ) 0385 7.5 g -
4 4 i pM=~ 2664 W 2 0.70 24.08 o | 12.25 8.08 we
7 | cr [ flees 0.23 /a9 I 1 38705 4.89 =
"8 PM | 12938/ 0.82 21475 166. 35 6.79 aE
i ff i f I} pre
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14 CF 13.40 0.27 5.28 56.55 4.58 218
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53K (electrical conductivity)
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R AE AR IR 30°C, B i S Bt AR 2R I Uk K 270
nm; FFC A% K 224 nm; BB Ve IS HERE 20
pL. f B2 a] . SD . SMT, SMZ 1 FFC 43518 3.7,
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5.4.9.1 f110.1 min, 4 FgiEZRMRE K 0. 05
mg- L™ ARAEI L L PETER R 0.5 ~ 50 mg L™
(R*=0.999).
1.5 Hdlaab
RICK A Freundlich 5 MR A LA &4

IR R (Q,, mg-kg™') 5K P v
(e, mg-L™") Z AR,
1.5.1 Freundlich 7Y

Q. =K xe" (1)
A, K B R (mg! ™ L kg ) 5 1/
n N EREE . Freundlich £ H R fi b AE £ |
RS89 ST B A TR A1 3 R R e A A S T e 1w L2
Z JZ Wt
1.5.2  ZRPERiA

Q. =K, xc, (2)
o, Ky WA B AR (Lekg ™) L BB Y IA
Jo 0. B 5% 15 5 B 2 47 206 9 A 4 R, 5 R 0 i
VR I TG, FL R BB 3 A0 R /N A LR A
EAIE. ' L

S ChemDfaw20. 0 2 4 FHUL 2 .40 7 4

Fafels AUF Cangos AT 4 B 07 RO MIAC K,
E) 1 i%@fﬁ%ﬁ% AT ( re'd‘undgfn‘_cyl‘ analﬁlfs;s;
RDA) ;| 7E BearsonA 5G4 BT (9 3L b e 4% 4 4 44

ﬁ%mg%&mgiﬁm%%ﬁ%ﬁwy
Origin2021, :5il46] £ (95 % HUI X (1) FIZR [f)-prl”

T 4 U R 08 TR A L 1T SPSS V22,0
HHEAT I R TG T 2 01 26 W 0L
EV 2

2 #FR5iTie

2.1 - HESSAR A IS AN A e 5 ) R
ARBFGEHEI T 5 A Hb A, B4 Mo o S I 3
P AL S 7R A + 38, HoRAE 16 A4 1 HEAE S 2k
R2s 5 - HE A Ak 2F PR R, W pH, EC A CEC,
TOC ., DOC ) frit. &2 nl UL, BR T KH S04 K
+ oAt 4 ASRAE SR L1 K AR S, 4
B pH SB/NT 75 ZENE (XG2S FEFEMAEZE) it H
BTN T X 4 A M i 38 pH R T KH 5+
B pH X 18 IH 28 A0 A 200 3 pH JE AT R LY
(1), LY (2) A JH &5 3R 2035 i FH AL IS Y -+ 5
pH PR , it FHZE N0 fe 1 3 pH 4 ,{B{By‘]@fi‘@;
LA 300 805 i A AL AR 59 32 pH R B2 1 | it
FHZERE 5 38 pH 8400, oy witk s JS S 3+
Jits FHARRE (% 338 pH ke | it S AR J5 1 pH 3
INECIA S B s KH 8 388 Ak + | it F AR
B35 pH ek, it FH 25 A8 5 £ 18 pH AR, N

PR PE.

AN, 5 458 pH — 4, K il 1 2S00 (X 2% |
FEAEREES) $Em T HAb 4 4 RAE S R TOC,
DOC, CEC Fl EC ffH (3R 2) , fHZ R FE % KH A%
M4 K HHE) TOC, DOC, CEC I EC (1I{E. % 16
A R A BRAR P BT AT AR S A BT, 5 2R R
(B 1)+ pH 5 EC KX RZ AR E, (HEZF
DOC, TOC H1 CEC RYHRZUF M , 5 DOC % i 42 ik 2%
EASE(r 4 0.444) 5 TOC F1 CEC S # i 2& 1EAH
X (r 4 0.455 #10.701) ; TOC, DOC, CEC #1 EC,
P 2 (o] 24 2 3 IEAHSC (B 1, r o9 0.670 ~
0.893).

DOC | 1.000
- 0.8
=% -
TOC | 0814 1.000
s - " - 0.6
L] %

CEC | 0.670 0.799 1,000

- - 0.4
*% % *3

EC [ 0722 0.893 0.684 1.000
L 0.2 .
* % %
pH | 0444 0.455 0.701 0.337 1.000
L]
DOC TOC CEC EC pH

# N WFKTCP <0.05) , s FoR il 2 KF- (P <0.01)
BEl1 IR R K S A L
Fig. 1 Correlation analysis heat map of soil physical

and chemical properties
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Freundlich #5BY FNZE PERLRIXT 4 R Az 2 00 0 (6 14
HIl AR (L3, MERE R4 HE
0.962 ~1.000 F10.872 ~1.00 Z[A], ¥k ##) @
FIKF-(P <0.01). SD 1 FFC BILAF8% 1/n 7E
0.8~1.91 F10.87 ~1.47 2], B 1/n>1 K
F,JE TS RUMZBAE, e BT S BE B AR R R B R
R RGN, ARV BE T o B 45 ) W A, 3R PR
Wi A 5790 % T A MR F S5 40 AT DA W BRE 5 SMIT
M 1/n7E0.69 ~1. 15 Z[H], Lh1/n<l HE BT
L B R P R AR A 3R v A i
1, I 35 WA T 7500 v i o7 o5 0 7 o, W R B 2 5
5 1T W RS2 A5 %) G R 728 A5 5 0 BRI ES 5 SMZ Y
1/nfE0.87 ~1.41 ZIa], Ll 1/n=1 K F, W
PBE A BT AE TR AR A3 i N AR AT DL 2k
TG R0 T Freundlich FEBIAS RGESE. 4 Ff
PR K, MK, BB EAR, 454 F 0. 16 ~
13.23 mg" """ .L"" kg™ F10.98 ~7.36 L-mg"'
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g””fﬂ'L”” kg ) IR R B LU SMZ

(0.73'~6.05 mg" """ LV -keg™") , SRJE S SD (0. 16
~5.57 mg""" LY kg™ ), ik N FFC (0.27 ~
3.81 mg" "LV ekg TN L YU R R B A TE 22 5
'?hi%‘? H SR A X, EBEZIAE RS T4
P RIEE . Zhao %570 i 55 22 W R 2 10 A 2 A W
25 Z AN R PR E ) B K S . AR 1K, , ASBE
S 4 P A R s K PE RN F R SMZ > SD >
SMT > FFC,BR T SMT 4k, HAx 3 R 3 i f 45
7 K, 55K ERFE—2, SMT 9 % [if n] fg b 32 HoAth
KR AR M. AP il 257 B SRt R I A R A
PR AS R 2 RZ M PO PR 2SR s ) A R ik e 24
PrA R AE I 3 B 25 S5 DGR R 2R
2.3 THEMFORIBUA R A

MENE 2T 25 52 ) + 3 A BEAL M B (T 1), AT
SEMRPUAE ZRAE 5 AN, XT 4 oAz 22 0 Ff 2%
(K, {A) Fl A 58Pk BT i 47 TR 43 BT (redundancy
analysis, RDA, [ 3) , XUk 1 fif B& B A 78.03% ~
79.27% . sgWadi A e R BN 32 3 AN
R pH | BHEA P & 8T 55 TR

B, T pH RIS pH XA 28 W FA A 52

15297 W DB BRI, 5 SMZ BB, 5 SD

SMT Fl FFC 550G (& 3) . B EHi A 2 PiTEAL
EW, BAT A FE A T B B Y ZE R Y pH
T B R YU AE R EAFMIEA, Y pH <
pK, B, FELIHE FIESAE (K 4); Y pK, <
pH < pK,, B}, FZ AP0 FIEEHF7E; 24 pH >
pK B, FELIBI R PR A AR
BAE LI I OT R BHES - > s+ > B
B PHE 5 R BH B8 & A S 4 A A i W o
FEAIE L e T 5 R IR ML R A B K
Sy B I W e LR B BRI
- 498 SR T A R A 2B AR A T AS 22 W B 7 -
e > 7 R 4% pH (i (4. 58 ~8.08) i [Fl
W3 Fhifi S (SD, SMT Al SMZ) =2 DL sp 43 F
BB F IR (W E IR T 99% ) FA4E , FHES F
T <1% (E 4). FFC 22— 5512 (pK, =9.0) , 7
pH <9 B, LA 4y FFE7E s 76 pH >9 B, LIBT B+
AR TR 14 pH {H (4. 58 ~ 8. 08) YL H
W, FFC FZ LA A7 s & E T
11%.FFC &4 C =0 Ff1—OH M, nlilid ¢ =0
B O J5F-F1 148 —OH FEHA ) H R 2 [RIE 5
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Table 3 Isothermal adsorption model fitting parameters of four antibiotics
. Freundlich #8304
Exiéi ggﬁ SD SMT SMZ FFC
K, 1/n R? K; 1/n R? K; 1/n R? K; 1/n R?
CF  1.63¢ 1.21  0.997*  3.10b 0.98  0.999™  4.1la 1.00  0.984™  1.03d 1.02 0.998*
LA CM 3.79b 1.0l  0.976™ 13.23a  0.80  0.999™  512b 1.12  0.991*™  3.81b  0.90 0.995"
PM  0.68c 1.45  0.993™  3.66a 0.8  0.987™  4.09a 0.97  0.997  1.94b  0.89 0.993*
CF 2.77b  1.11  0.974™  8.64a 0.69  0.978™  3.53b  0.91  0.971™  1.64c 0.99 0.985*
IS CM  1.53b  1.28  0.994*  4.04a 0.94  0.998™  0.73¢  1.41  0.999*  0.50c  1.29 0.999 **
PM  1.31d 1.27  0.98™  4.72a  0.89  1.000™  2.00b 0.87  0.990*  1.6lc  1.02 0.996"
Ly(y CF 0850 136 09927 2.76a  0.97 09977  2.16b 110 09857  1.08c 1.08 0.993"
PM 557¢ 0.80  0.985™  7.62a 0.83  0.988™  6.05b 0.95  0.962*  1.98d 0.87 0.994*
Lyzy CF 21b 11709977 3.77a 100 09977  3.50a 112 09927  0.9c 112 0.994”
CM  1.92¢ 0.98  0.996*  3.18b 1.0l  0.999™  3.7la 106  0.988*  0.69d 1.10 1.000*
CF 0.16c  1.91  0.993*  3.82a 0.85  0.992*  4.09 0.95 0.976™  1.14b 1.03 0.997*
KH CM 0.31d 1.61  0.993*  1.44b 1.15  0.999*  1.93a 1.18  0.990*  0.49¢ 1.30 0.999*
PM 0.97d 1.23  0.991™  2.15a L.13  0.998™  1.94b 105  0.994*  1.23¢ 1.14 0.995*
CF 1.99b  0.97  0.997*  2.55a 0.99  0.999™  1.62c 1.19  0.989™  0.27d  1.47 _47000*
JH  CM 3.00c 1.05  0.995"  4.40b  0.89  1.000  4.66a  0.97 ~0.978"  0.69ds 1.-26;_ 10.996
PM_ 3.79a  0.82  0.998*  3.16b  0.96  0.999"  3.93a (71.00 | 0.969*  0.80c_ _I¥3 0,999 **
= e RPEBURTI A - 7
Exiﬁ%ﬁ gg?ﬁ sD LSMT SMZ | & FFC 7
K, R [ R K 0 r| 0 K, R
CF 3.35 0. 986 ** 2. 86 0.999 ** 4.14 0,692 1.13 0} 999 4"
LA CM 388 0.988 C7.04 70984 7.36/ 0,991 L | 2.64 0. 9917
=M 314) 0.951 J2. 0T 46 988 3.654 / o9z 4 133 0.993¢* [ _
F For Z 449 0.9837 | © 81007 17 ~0.948™ 260 7/ Doogs® | L47 0983 T g
5] oM e B 7 0.978 T 330" ¥ mroog 2.82/ g o 964 *% 1.37 0.979%
PM 7 3.30 0.972* 3029 4 10,9967 1.28 #21 0.990* 1.71 0.998 .4
) B 2,93 0.9647 [ B47) T 0.9987 2.99 0.989 1.4 0.994%
(@ 2.87 0.978* | 4.33 0. 983 ** 5.20% 0.981 ** 1.27 0.992 **
LY(,z;) ‘CF_ @ 3475' 0. 990 ** - 3.80 —-"9:_298"** 5.10 0.992 ** 1.43 0.993 **
I # 1182 0. 998 ** 3.32 0,999 ** 4.52 0.993 ** 0.98 0.997 **
er 3.33 0.872* 2.29 0.988 ** 3.41 0.988 ** 1.27 0.999 **
KH ' cM 2.53 0.924 2.39 0.994 ** 3.57 0.985 ** 1.42 0.978 **
PM 2.11 0.981 * 3.33 0. 994 ** 2.33 0. 996 ** 2.01 0.992 **
CF 1.81 0. 998 ** 2.45 1.000 ** 3.08 0.984 1.45 0.955 **
JH oM 3.60 0.997 ** 3.00 0. 995 ** 4.19 0.989 ** 1.74 0.981 **
PM 2.02 0. 986 ** 2.77 0.999 ** 3.88 0.985 ** 1.28 0. 994 **
1) s TR K- (P <0.01) 5 ANRVNG FREF IR 4 Fhbi A R A o — - JESR b f W i 22 5+ .2 (P < 0. 05)

) 0 R o 3

WK, 2 AP R 1. R ST 2R AR
N (FR3) MR (% 2) #47 RDA Hl Pearson
AT, RDA 7 4 FhdiA: 2 i W i 5 158 TOC
1 DOC By F& M IEAHSC (B 3). TOC #1 DOC & &,
AU Mo T 4 Fh4LAE R B2 (B’ 5) , Horp
TOC [t DOC BB 4Tl SD[ K, (SD) =0.307 +
0.077 xTOC, R* =0.274; K,(SD) =0.515 +2.811
xDOC, R* =0.265]F1 SMT[ K,(SMT) = -0.872 +
0.242 x TOC, R* =0.653; K, (SMT) =0.058 +
8.310 x DOC, R* =0.560 ] i W% i 25 £; DOC
TOC HE W 4f 3 ¥ SMZ [ K, (SMZ) = 1.732 +
2.967 x DOC, R* =0.301; K, (SMZ) =1.726 +

0.072 x TOC, R* =0.241] Fl FFC [ K, (FFC) =
~0.061 +2.426 x DOC, R* =0.579; K,(FFC) =
-0.176 +0. 064 x TOC, R* =0.546 ] i)W {25 5.
Wy R LS FIE AR, 578 WL 5K
AYBCAE A 3 S A X 5 R BT B 45 SR A
). Lin 25 VB9 2 B 5 45 LA O B /K 43 e 7
SD H P 7 I B AR 2 EEHLTRL. 24 SMZ DL P
e e 5 R A LR A AR A &
W -3 TOC & 5590 A 200 W B 2% DDA o0
TOC 5 534 Jin ml 3 56 fif e A b Ak R A+ 48 g
BT Hu Z0 BF S8R TOC &5 550 1 Y 1 3 X
SD Fl SMZ F) W B 5 i 58 ik F 45 12 i 5% 26 W] - 3
i HLIT I s SMIT it g 20 ik 15 W% o 448 54 .
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iok BH 2 - S 4 R g 7K P 43 e A T 8 B A 3 |
Al R 2 b5 e EURL [ A9 LT AN A2 AT
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55—, SMT F1 FFC 1)U fitidk 5 1- 4% CEC #1 EC
fHIFAHC (K 3). CEC Fb EC fE 5T & My 7500 SMT 1%
B2 H [ K, (SMT) =0.701 +0.272 x CEC, R =
0.707; K, (SMT) =2.394 + 0.014 x EC, R* =
0.574; K 5]; EC b CEC BE W & Hu Ui FFC 5 B
HAE[K (FFC) =0.589 +0.004 x EC, R* =0.656;
K,(FFC) =0.237 +0.072 x CEC, R*> =0.593; K
5], YR E TN, Ca®t & PH B R HY B
T Sl AE R B IR O A — A 1E L faf A TG
G, X 5 T B R A A R Y R L SRR R
F314900 Tang ZEVBFSE F B SMZ (W I fE 11 5+
e CEC Ml EC Z2IEAHK, 3 CEC 1B 4 i e Yol fisk i
Sk Bt nism Y BEED st RM,

Fig. 3 Redundancy analysis between adSorption capacity of the four target antibiotics and soil properties
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(2) =KH >LA =LY (1) =JH, %} SMZ £ W B} v
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(SMT, SMZ #l FFC) £ JH 13 I i W Fff b HAth 5
Fb - A%, X & P R iZ L8/ DOC, TOC, CEC #1



6406 N A 44 %
100 e 100
\ ~
\
80 [ Voo 80
\ g \
= —sp* = \ ——sMT*
"E 60 ||I'.' _ SI)“ & 60 _ 'SM']U
o L SD™ M [ e SMT™
4 4 £ 40 \
o I ;PR g Pk
2 i = X
20 \ 20 \
\ A
0 A . 0 e .
0 5 6 7 8 9 10 11 12 001 2 3 4 5 6 7 8 9 10 11 12
100 100 —
\ '
80 v 80 v\
2 \ + VS
= ; SMZ s ;
.z 60 1 _-' J— _SMZEJ : 60 \_ -FFC 0
h | SMZ N PKq { - FFC
= : = :
N 40 F I o 40 i
?;. : \pK:: = ;
20 + \ 20 \
N \
0 L L " " L L N 0 L L L " 4 ape’ g L 1\“ L
0 1 2 3 4 5 6 7 8 9 10 11 12 0 1 2 3 4 5 6 7 8 9 10 Il 12
pH pH
~ ] 1 & 4
[ daorm 7.0 FRPHEN T, - FR BT - &
| B4 FFEpH TAMREENETRESH 0V s
ey Fig. 4 Ion morpholqu j)n‘bu.lp’h of four antibiotics under-‘dlfferenl pH ce)lgdmoﬁb '__.--""
A | . 4 Al

EcﬂﬁﬁXﬂ? i%fi%iww v
%%f%ﬁhiiwmm%ﬁ@i%iﬂﬁ
S i 52 ('6) . LA LGP 30 3. LY/

(1) SR | T S e ﬁﬁf@ﬁf“

%, Xﬂ R 2 R 1 2 T PR A A
HE LAY LY (1) R JH 5430 8 TRemal A g
FLAS TS | it AR R 5 4 SR 77 2l 3% AN B &, TOC |
DOC ., CEC Hl EC {EIf A, i IS5 3 b iy
TOC ., DOC, CEC Hl EC BH & & F jifa FH £k 18 i) + 48
(F2), M TOC, DOC, CEC 1 EC A F THi:
A4 AR, DOC ZIE A ML (dissolved
organic matter, DOM) [ 3= B2 2H A A 43, 5 FH SR R AiE
+3E DOM &Y AT LW ZEAL DOM Al 50
Pk R Ae L 1P R W B 28U DOM W] 3 i 4%
GEH S ERGEBILNE GY, — W 2] + 15
. 515 DOM #H L, ZEIE DOM B T & A J& 58 1R
MR FESHREAY T 82 DOM 12K E
A R R R R, (O 2 R &S 2 DOM sy
i A 28 IR B £ B o i 2 DOM 1R E
Yy B R AR M R, P R R 2 S bk
B R A AR FA AR LR B ) S B R A
TR A AR AL | BpFe st | WL s SL 46 & A B e A
XA R EA W B 0 Y o S R N R
S FLA SR K % 1) B K IR, T ik R A

mmwwu@M*WWMMmt@ﬂMﬁm%&
LA O 25 R A 5 R 530 £ 45 4 98 ) 6 o

C=C. 20 HHFM—OH 5H 24 3t
A I B R T AR R L 33 B TR AR Y 1

e NS BN T B A AR M W
8T Wb oA RO EE , NS THiE R
BRI

SR, F8 Hb s ) - 2N I, ORI T
Pk A I AW, IS R LY (2) s FH g 26
P - 338  XE 4 Fh A= 2R A W B 2 I AT AR AT
-3 IS RUME B FE 0 158 X 3 Rt A=ZFE (SD
SMT F1 SMZ ) B Wiz B 247 5k 25 48 T i FH £k IE £y £ 38
(1 6). JSCI4) A1 LY (2) i (£158) s AL AE A9 +
A& DOC, TOC, CEC Hl EC {HE &, 4 3 Fhi
A2 (SD, SMT Hl FFC) YW Bt 25 & T oAb JLAp
FHE[LA, LY(1) ., JH 1 KH], % SMZ f% Wz it i3 3%
LY (1) A1 JH L5 i IR S Bk — e R
BN T DOC ., TOC, CEC #1 EC f{H , A F THik
e W SR T 3 R b FH S TR s 3 T
pH , TTT- T80 - 385 hpt AR 2 1 B B8 7 LU 31 R i
B AR FHiA R T, 40 IS s B,
SD A H 2T I\ 29% B3 2% , T BH B 7 M 71% 34
Tz 98% , SMT Y Hh P43+ M\ 86% R %I 27 %, Tiii ]
BT 14% 8413 73% . Boxall 25 Bif 57 22 0 + 35



6407

Jita PR T A 28 1 b 0 BB 4 52 i

EHE

=L
=

B

R

11 4]

rln.
fyordeo uondiospe uﬂo?—u:w,.wﬂww.“wmbmwmoa [1os jo sjofd ponry ¢ Srf
y R R o
Chel 1 SHERMBETYSUSET sH
1B Jowa/ DD 18- 8w/(HoL)® 138w (Hoq)®
S¢  Or S§& 06 §T 0T SI 01 € 0 09 0s or o€ 0z 01 0 0T [ 01 $0 0
———— 0 . . : 0 . . —
T = | R . o
= = . |
v = g B
= . T =5 5 ]
9 3 ) i
8§ 7 € 2 . :
or £ _ y = . o ]
10°0>d la = S0°0>d s | 500>
. LOLO = i WLTO =¥ ¢ & $9T0 =i
DAIXZLTO+ 1000 = (LwsYy 1¥1 & DOLXLLOO + LOED = (ASPY iR 20a X 118°T+515°0 = (asiy
91 9
w81 8- Fw(DoL)® -8-8w(Doqa)®
008 00L 009 00S 0OF 0OE 00T 00l co 09 0s or o€ 0z 01 oc 0T <l 01 §0 0
a- 1t = 1z & = ]
w w . "
v o= ro2 e 1
o
9 = 9 =
2 R
g " 18 I 2 . .
or = . lor £ ]
10°0>d la & N00>d | P 10°0>d |
b0 5 €590 = : : 09570 =
DA XP100+pesT = (Lasky ¥ & DOLXTHT0 +TL80- = (LNSYY 1 ¥ &, 20A X018 +850°0 = (LINSVY
91 ~ 91
va_._o:_o_G,n_o Tm.m::.ﬁuota Tm.m::.GOCE
st OF S¢ 0f ST 0T S 01 € 0 09 0s or 0 0z ol 0, 0T Sl 01 <0 0
M L] i ﬁ m - ]
H__ 5 e = N - -l g
e} N
..M. ¥ .....I_ et . q
. 10°0>d - "es00-d s = : " 5005d ]
‘€650 =¥ 1r 5 . ‘TPT0=¥ 1y 5 I0E0 = |
DA XTLO0 + LET0 = (DAAVY 7, DOLXTLO0 +9TL'T = (ZIWSVY =, 000x*D6T +TEL'| = (ZNSVY
s - L -
PRUGEN ok | (3-3w/(DoL)m _.w.wE‘AUOQWS
008 00L 009 00S  00F 00E 00 00l co 09 0s or 0 0z ol co 0T Sl 0l S0 0
e " - = EHIIENG .
.3 11 5 SR — |
] v
g e .
(2 ] ¢ &
¢ = 1e = ]
100>d i . 10°0>d = . 10°0>d
*959°0 = ¥ 1" oF oS0 = L '6LS'0 =
DAXF00°0 + 6850 = (DAY L DOLX190°0 +9L10- = (DdAVY i 20A X 9THT + 190°0- = (D44Vy
< S

[_g" “u T [CA| gwllr((] S}I)f

[_EH "uyy T (A ['3'-'1;'(]. NS)‘X

1By Toquyy SWZINS Y

M B el ) |



6408 7D 53

oo 44 %

FASINZENE S pH (30, 5 B0h e 58 b R 7 28
e R A g e g IR DR D T it FH A 2 s, SMZ
(I RES pH A3 N 87 T [ . Kahle 25 #f
5% A1 2 W Ao e g el 7 R P P A W B Bt 2 pHL {1 A 148
T RAAG. 3 150 BA X T I8 7 i ) g it 2R AR
M REAR TR 2= AE 18 E A BN, 380m T g8
WA R U, NG N 1B AR 22 A 45 XU
BRIt T v ) 3 5 4 T B it 1, A

s I s B cvo) [ ve) I o (O o0

REAT R Ml R TR AR 3R A BRI XL

F4 TEEAMBERBENRHEENNERHFESN
Table 4 Two-way ANOVA of soil type and fertilization
type on adsorption capacity
WH SD SMT SMZ FFC
+HEA P<0.001 P<0.001 P<0.001 P <0.001
Jiti A 24 78 P<0.001 P<0.001 P=0.003 P=0.002
FHEFM xS P <0.001 P <0.001 P<0.001 P <0.001

15

in, kg' 1

KFrmgl-l.-'ar.Ll

aA SMZ

6 %
T, 2 bA
i aB aA bB ‘B
= A
Sy 4 bA cA 'I‘
T &l
g B
= c B
2 2 dc B [ B

g o eC

[ :

CF CcM PM

FFC
5F aA

Y

R

AT /INES T2 A [l AL 2 AN [) bl 53 6 % B e F) LR (P < 0. 05 )
ANTRI IR 5 ek 2 7 A 1] 4 s A [ it P 248 281 ) B o 2 42 1) LB (P < 0. 05)
El6 4FBEMRAERNRMEELE

Fig. 6 Comparison of adsorption capacity of four target antibiotics
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