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Effeet of Manure from leferent Sources on the Leaching of Antlbmtlcs in Sml

LI Bln ~u', ZHU Chang-ang SONG Ting- tlng MA JAan g ZHANG Zhi- -quo' , LI Hong na' "\ | [ o=
(1. Institute of Enmonmenl ind Sustainable Developifient in Agrlculture Chme%e Academy of Agricultural Smdf(,es Beijing: 1@0081 China; 2. Water Resources Bureau’ of
Gonglant County, Jingzhou 434300, China) J," v y F

Abstragt: Antibiotic residdes in farmland soils resulting from the apphcauon of livestock manure poses risks to the ol and water ecology, associated with the spread of antibiotic
resistance,, thereby thrgatening environmental safety and human healihs! Here;a leap}ﬁ'ng experiment was carried out using soil (CK-T) , pig manure (PM-T), cow manure
(CM-T) jand chicken mantre( CHM-T)with the addition of tetrdcvchnes(tetracvdme oxytetracycline, and chlortetracycline ) and a control group( without antibiotics). The
effects of different sources of manure on soil physical and chemical indicators and bacterial abundance under simulated leaching conditions were studied , while the migration of
tetracyclines in the different treatments were also determined. The results showed that compared with the CHM-T and CM-T treatments, the tetracyclines in the PM-T treatment
were more easily accumulated in the soil ( residual amounts =0. 90-6. 91 mg+kg ™" compared to the other treatments =0. 33-4. 42 mg-kg ™" ). Compared with the surface soil
(0-4 ¢m) , higher concentrations of tetracyclines were detected at soil depths of 16-24 em. Consistent with the residues of antibiotics, the concentrations of TN and NH," -N
in the soil with the PM-T treatment were increased by 0. 044 g+kg ™" and 14. 11 mg-kg ™", respectively, which were significantly higher than other treatments. The abundance
of bacteria in the soil was reduced due to the bactericidal effect of antibiotics, hy 39.66% in the PM-T treatment, which was significantly higher than in the other treatments
(12.38%-35.26% ). Compared with other treatments, the antibiotics in the CHM-T treatment were more easily leached from the soil, with 9.91 mg of antibiotics in the
leachate, which was significantly higher than the other treatments (P < 0.05). TN, NH, -N, tetracycline, oxytetracycline, and chlortetracycline were the first principal
component factors, accounting for 54. 55% of the variation, and corresponding concentrations increased with soil depth. Based on these results, tetracyclines in pig manure
tended to accumulate in soil and transfer vertically along with variations in the soil microbial community. For chicken manure, relatively high concentrations of tetracyclines
were detected in the soil leachate, increasing the risk of water pollution.

Key words: leaching; soil; manure; antibiotics; migration
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i " pH EC/pS-cm ™! TN/g-kg ! TOC/% CTC/mg-kg™'  OTC/mg-kg ™! TC/mg-kg ™!

£ 8.61 124.7 0.23 0. 504 0 0 0

hrE 7.70 2 545 23.03 25.38 3.091 0. 254 0. 893

RE 7.96 1892 13. 12 21.24 0.012 0. 009 0. 061

LB 8. 84 1827 3.41 9.36 0. 009 0.015 0.412
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P A, LRt A WL 0.5 mLemin ' ()

FREEWRGE 10 h, A2 T 1 d 180 mm HYFEFI & . 4%
FE G A 00 i 6 Btk A7 BURE I 22 4 3% 5 K
K NH,-N, NO; -NUA KA F B, RIS (TN)
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mg-kg ™", AMNZE AL AR A S TN -2 55 8
=& F CK-T 4hH.
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IIN TCs AL PR+ HENH, -N& 20 8 & TR
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500 |- T
abe Liv e
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- = i
o #NEE as =8
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IV 5 B A b BRI 77 4 535 9% 5 (P <0..05) , T
1 iR IN SBEAER
Fig. 1 Changes in the TN content of soil
AN TCs J5 T IENH, NN 5. 41 mg-kg ™.
YT« o PM-T, CM-T #1 CHM-T 4t ¥ 5 PM, CM A1 CHM At
R Rl e I PRI HE 3 NH, -N 19 5 0 14,11, 9.87 FI
- T 7B 12. 41 mg-kg ', S5 BB TCs J5 HHINH, -N&
“ 20 LRI, K BRIEE T, 20 ~24 em 12
b~ | abe NH, -NE BB EF 0 ~4 em £)2, 40 PM-T &b
Zz 15+ abe M .
. ; if HLO ~4 cm F120 ~24 em T JZH RN, N
g 0} c i 5351 14. 78 mg-kg ™' H1 25. 15 mg-kg ™", HoAti b B
o | i SR IR a3, A 70 I S 1 R NHL N 4%
‘ o e e | DT E| T TR,
o LIS A 2.3 HHEPNO; NERAEL

+ B E/em
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Fig. 2 Changes in NH,;" -N content of soil
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AHLE ANt Az 22 400 33090 975 3 T NHL -N ST R85
PM-T 4bFE 5 PM b FRAH Ltk W b NH, -N 5 238
B4 0.27 mg, T CK-T, CM-T #l CHM-T 4bFf.
TSI TCs AL PR PRI HHNO, -N T i i TRt
JilTCs 4b BEZH. 4] 40 PM-T 1 PM Ak 38 9k %5 &
NO, -NJii & 4 28. 17 mg F127. 81 mg, HAh AL P B
AR B . LR 25 )R PSS CK-T, PM-T, CM-T
AT CHM-T 4b B 5 A TN TCs AbHA A2 b i
NO, -N Jfi & 34 i & 4 0.781, 0.366, 0.766 #l

0.377 mg. PM-T &b R M H NO, -N J5 & 5 &
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B 42 %

INTHAAL B, X 55 PM-T 4b B + 3 Hh NO, -N7Z2 4k
AR ]

AR SZBAE P VRN TCs A BRI W TCs 1
JE ARy 3R 7. 26 ~ 10. 20 mg, 1] PM-T 43 TCs Jii
0 AR T HAB RN TCs AL BE, F 1 PM-T Ab B o
TCs WA G TE L e s 42 A WO R b 5

H/NFHAB AN, A ST ok J R0 F AN A
BILJTE R 75 1 9 388 in 38 b TCs 1Y 5% B 18, i
R 3 TCs B /0. 5 PM-T A1 CM-T 4b P A
H CHM-T ZbHpk i P TCs &, B CHM-T
b3 TCs BE 45 5 iF B8 1 4 1 i M T K Y
15 YL,

&3 #EAEKBNH, -N, NO; -NFI TCs [RE"
Table 3 Mass of NH,;" -N, NO; -N, and TCs in leachates

iH CK CK-T PM PM-T CM CM-T CHM CHM-T
NH, -N/mg ~ 0.72 £0.02e 0.81 +0.02d 1.09 0. 02b 1.36 +0. 05a 0. 82 +0. 00d 0.92 +0. 02¢ 0.80 +0.01d 0.89 +0.0l¢
NOy -N/mg  13.92+1.14e 14.71£0.63d  27.81+2.07a  28.17+1.22a 25.47+1.1lc  26.25+1.21b 12. 87 £0. 84f 13.25 £0. 17f
TC/ pg 0 +0g 4428 £31. 1a 0.10 £0.0le 3096 +9.49d 0. 05 +0. 00f 4280 £15.92¢ 0.01 0. 00g 4385 +£15.96h
CTC/pg 0 +0f 3673.2+£17.07a  0.22+0.0le 2799.8+22.79d 0.01 £0.00f 3240.8 +24.68c  0.01 £0. 00f 3564.9 +55.08b
OTC/ pg 0 +0h 2102.4 £32.28a  0.39+0.02e 1367.4£63.66d 0.13 £0.01f 1553.6£39.75¢ 0.09 £0.00g 1955.2 £79.77h
TCs/ pg 0 +0h 10203.6 +20.67a 0.71 £0.02¢  7263.2 £30.65d 0.19+0.00f 9054.4+9.97¢  0.11 +0.00g 9905. 1 £66.77h
) B T 4022 0 =3) IR 0 RRNG BRI 21 5P 5 (P <0.05)
2.6 HHETRANTE I AL R
ARSI S5 SRR 4 e A B A P AR B R S 4x10 =l
B/, USIN TCs MRS AP AN HEW AT R " e DT
VS TCs AR ERAL, BN CK A CK-T ML EHEFR AN 2 axios| =
T 1297 10° CFU-g | il 113610, = T e
CFUsg | Hfbdb b e AT A B s AER0R 2 oxee] o & |
LW | 4 AN = : I ab o
TCso¥ - HE PRI A: ) 19 7 K SRR AT %WEH% 75 F i 7‘% b
RN TCs b, 20 ~24 em BRHATEFEED K| oo .
T 0~4cm :j;}% Fan PM AbEEA O ~:J4’Jclr‘n Al
20,424 ¢m 2 AN AN 3. 04 x “IOSCFU-“g‘.lﬁD’;f . = I
3.77 % 100 CRU- g, Fofl b 30200 22 90 111 A1 il 2024
Y 2 em

. CK M1 CK-T 40 F 4398 F 41 B (192 32 8 1. 29
x10°CFU+g ' F1 1. 13 x 10°CFU -~ , % TCs J5 1+
HEANTE R0 K 1,67 x 10°CFU-g ", Jli/b %
5 12.90% . #sHn TCs J5 PM . CM 1 CHM 4b 3 + 15
A F R0 N 1,35 x 107, 4.83 x 10" Al
2.12x 10 CFU-g ™", HFE B FEAIK 39. 66%. 35.26%
F112. 38%, 45 -0 PM-T Ab FH -+ 98 v 40 15 2 5 Ui
e T H A . CK-T, PM-T. CM-T F1 CHM-T
A3 20 ~ 24 em + )2 AH TE FE BE R IK 31, 98%,
51.99%, 41.34% F127.16%, @& T 0 ~4 em +
JZ( -10.87%~28.00% ).

2.7 FHST5HT(PCA)

S F TP 5 R IA R 54. 55%, HTTHR
74 TN, NH, -N, TC. OTC #l CTC(F 4), V) I
Febn 5 2 MG S BLEARSE , BN CK-T Zb#iH 0
~4.8~12 F120 ~24 em FEPNH, -NEEH
5.15.8.83 £110.50 mg-kg ™", Hifth b BRFEFR L F0
AR IR B R . 55— F o B R R 19, 42%, L 32
B BTk o 4 88 i B 3 BE M NO, N,
NO; -N5+ZRE 2 AMCH R, HFH— T

5 TENEARFEETHER
Fig. 5 Total bacterial abundance in soil

EEL A Erp IR Ao A T B R R L

SRR YR oy B IR SR S B T2

Jr R ER s i R TR R BT S Y
R4 BEHRHRYERE

Table 4  Coefficient matrix for each component

%

T H N 5
TN 0.73 0.57
NH," -N 0.91 -0.10
NO; -N 0. 30 -0.53
P -0.03 0.94
TC 0.96 -0.20
CTC 0.98 -0.15
OTC 0.96 -0.22

X HE 8 AL FRAE SR — E RS WA S, 4
¥ 45Ab 3 PCL 1553 HEF . PM-T > CM-T > CHM-T
>CK-T >PM >CM > CHM > CK, UF I T 7E X5 — 3
B DUk i 22 5%, B A4 TN, NH, -N| TC |
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OTC 1 CTC Z5ff) & & A€ PM-T, CM-T, CHM-T, CK-

T.PM, CM, CHM FI CK &b A4 vk [ AR, X T4

TR PC2 153 HEF A PM > PM-T > CHM-T >

CHM > CM > CK > CK-T > CM-T. PM #b B v 41 75 (1)

F R T HABAL B, A0 TCs LAJG PM-T Ab B 4 35

Y0P F BBl (H A PR REAROR = T A AR R
®5 BHEBELES

Table 5 Comprehensive score for each treatment

TH PCl1 PC2

CK -1.74 -0.69
CK-T -0.65 -1.86

PM -0.68 3.93
PM-T 3.63 1.42

CcM -1.58 -0.53
CM-T 1.71 -2.13
CHM -1.68 -0.25
CHM-T 0.57 -0.12

3 itig

FNE T BA VR 2 e B RE A AR S B BCs , 1]
QB TR PR A | BRI | BRI R A

U IR ZEAE LT X TCs W I RS, St

ST TN B R PRI
E’Jf’EFFJTL@@Jﬂﬂ“F SR SR 20 24
cm) TN S TR 55 HOMh A R 35 o
AT TN e o A o gk

N %%ﬁ%ﬁ%ﬁﬁi@( #*1). 'ﬁili{*i][l TCs b

IE@*HH: R TCs AEFRLA + 3 rh TN ﬁii‘ﬂﬂ E"
%Elﬁ,ﬂ%bn TCs LA 3G 3 TN (& &, 5K
%mﬁizmﬁﬁmeMngiﬁ$TNwm

T A A AL B A, 32 BRI R G A T AT
mﬁﬁéﬁj—%ﬁ\{m?ﬁﬂﬂ&ﬁ( F2) X% TCs W& Bt e
F158 T HABG i 2RO AL P

TRIN TCs 5 HIERNH, -N& &0 B3, %
JELR S TCs 7E B IR A AF Ol | A A /e
Z5Y R B @ 7 R NH, -NUS L PM-T kb 3+ 8 o
NH," -NBE A e At A 38| R P — i 2 3
FRAR B TCs & T H A AL #E | B 7= A2 AUNH, -N &
THABARE; 5 — G T R E F e T
FLAt 25 A0 Ak B8 A W 5 R TCs PR Z R
NH, -N') [R] i 4 48 v o ML 3 22, 365 % NH, -N
M BRFRICR . PM A BRM 5 T NH NS i 2 F
FoAb A3 | 325 5O R PM A B 3 i NH NS N
[ aet e LA A B B b VR S A A R T
HABALEE, 17 CM, CHM Ab# + 58 NH, -N 5 5 A
XA TR AR SN TCs LUR R
NH," -NJS s34, e 3 2 5P - 4 vp TCs 40 =
AENH, N FER S W VR T 78 8 ko2

B T RS B TCs %2 B SR IR (OGN
IKABAE)  FEAENH, SN A ek A SR L A L
R AR D | S RS T A0 5 P 2
MR S NH, NS 5 B Uk A G S 1 13, S
BT RS ) RN -N B ) PMLT &b
5 PM AL HUAH HE RS R NH, -N SR Tin ok 0. 27
mg, 5 T CK-T, CM-T 1 CHM-T 4b 38 HJ5 [N 2
PM-T b B 4 S 38 A 9 = 38 e T G A 5 m TCs b
B ) R A A 2 P AR NH N 2 F A b 7
NH, -NBEA RO 1 - £ T H b b 3. 148 h
TCs WM ONH, -NTEBUCE B M1 AR % A4 Sk
PE = HENOS =N PMAT 40 38+ 38 Fh 3% B Y TCs
T A B0 A RS A A, B PM-T
AbEE A HEFINOS N R A TR AR I TCs 4b 7
ST I PMT b3 3 0 B T T A
R e T B e NO R
3%%MJE$?M%@¢?%M)N%##%M}
U&ME%%WWTﬁﬁi%$M)NTi%¢ﬁ
A A5 TCs ﬁ“ﬁ’ﬁziﬁ’mw NTM%%E’H’E?H
Tkiﬁ%%%ﬁ%m‘N%m%@ﬁﬁﬁi%
I EE T PN, ‘f\lfﬁi W T NOT NG
%mﬁﬁiﬁﬁlmM)N%?wﬁ%Wﬁﬁi
M e BPIY | 45 5% B WO RS th 4 g

VRN AR5 39 A DU & B, 8K T %
PO 2 M 1 TCs HPIHEA DL A Y, 24 135
VEWH pH AR T H AR B 2R B0 (pK, ) I, TCs 23 LA FH
BT X e I T LS4 5 e
SRR S T 7 A LA T, DB AE I w0
WFFERW TCs thifR I | WM S TRE M 53
L e 7 e R 7 B, LA T o () 30 5 AR S
SR A W A R A R D S B
TCs WEBHR BN 245 A5 & B0, $ik 2 Ae -+
(I AR 13 5 L3 LR o ik L IR 620 g
SN AT LT A L T2 RS,
XA 2 B B 7 3 T A S, Bfd PM-T Ak 3
H1 TCs (9% B 4 W 25 T A S b . ] b 3
A R Cu Fl Zn 4 RE T, 2B
FRELE T RS AR A B A I (37 A
R 28 2 [0 i 2 045 440, 18 3 4 = 2%
FOIIE B 12250 R R SE R B Cu®*
{2k A XF TOC B &g J7. 1 CHM-T b3 5 CK-
T AbFRAR 4 5 b A 2 0% BRI — B0, 30 AT g
RS AT LR Y P ik LR A A 5. A RS R
A LT S Rk B R, 4 %%
] - 498 % 40 2 2% 00 0 B2 %8 3 v A LR 1
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B 42 %

1%, % B R AR R B B fE ) 55, Bl CHM-T 4k
A hiA R A5 LT PM-T A1 CM-T Ab 3.
(] EE A 2 Hh T i A B 7 i i R i A S 4
& S AR 2 1T A0 IR i A, 920 = X AR R B I
Bt 3 B A F BRI RS AR T AR T
WA LR EIE P AR R EBAT RN S EE
FEE RS R | 8 B K oy 2 AR A
EY P

OTC 7 - iy 5% B8 i W b = T TC A1 CTC,
X5 DURT RO 98 45 SR — 20 X R 55 g &
W ZEAH R IR 461 OTC ML F CTC F TC T
Ko W A L R oTC M E R B AT
TC Fl CTC. OTC ) pK, KF TC Fl CTC, #ff OTC
Jrs B TE R far B S s T TC RN CTC, 28 5 B
-3 A HIL TR - 4 PR R ORI B O T CTC 4
RS HEE T, SECE KPR 7R SR FE T T
Gy ki L. SR A L rh CTC A TC R B
B30 HFEEEN A CIC fl TC FifhHiE R
B AR5, RIS R AL SR pH (AT

BT AN i o e

T LA S PSR E  E
LB BRGS0 F 57 P T, ik
Wesshiott 3 gt LI o AR T gl i

ULV o IR e DI TR
R A T TG A B k2 1 205 o TR

FE BT AT B o 0 120 808 1 3 28 AL
R A i AR BE | TCs 76 PM-T b3 175
FUNT HoA AL # ) B TCs FLEAE 16 ~24 em +
B,

A FAREIN TCs AL BRZH N TCs AbBELH +
B 4R =F B A SN, W TCs X B
YA BRE HA PRI VE T, 3X 5 DART R F o8 45 R —
S AT ST R W DU IR 2P A B LR A0 b
1A 308 WL A 37 8 5 e FE-(RNA A7 45 6, 3%
M 240 8 11 FBA 3 Sl A 410 o PR A P B R A A
T A A0 T (0 A 4 5 1 SR BRI TCs AbBRAH
FL, PM-T Ah B - 358 v 200 7 = B sk o3 i oAl s
T TCs AbPE ) 32 % J5 R 2 PM-T 4b R+ 38 v TCs 5%
B e T HAB RN TCs AbBE , X5F 41 w400 1 76 FH 38 T
HAt AL F. RESHN TCs A FRAH 1 20 ~24 em L2
MEFEERARETO0~4 em +2, FEFHE 15
TS IR BRI W AR R SRS B R, (R i i
AR K. AN TCs A PR H 20 ~24 em 1 )2
MAEEEHDLFO0~4 em )2, HEEFRKHE
TCs TEMIEWAE T T8 2 + 2 T 5, % + 56k
Y7 A A AR P, 3506 R )2 4 e o T

/B PM-T Ab3H 20 ~24 em +)2 TCs &t T HAB TR
I TCs AN, X - S Bl 2 49 0 40 4 102 D 5, 84l
PM-T Ab By /D26 5 T HAB TR N TCs AL #H. CK-T F1
CHM-T Zb 3 0 ~4 em )2 HIEMFEFEEF CK
CHM Ab3 | 3= %2 J5 2 7E M A I E T R 0 ~4 em
R AR T, L 3Eh TCs XM
AL S | GO AR BE TCs A3 B i i 2
Wi R T LR R TCs AR o g R AT %
B CHM-T AbFH 43 b 40 B /R AKX T CK-T, 7]
AR ELP 2 CHM-T A3 5 TCs 5% 58 k> %+
STE A W R 50, JH R X8 3 o A 4 T i
XF TCs A7 858 LT /E .

W2 2 R B B, 4 TN, NH N
TC. OTC Al CTC 7 B 0. FE M i/ T, +
HEPH TCs IR EN TR, b5 -2 TREER 14
R TCs SRR REHN, B0 4 o TN AL .
T TCs TEMPEY) . R AR BV
NH, N, i 25 o ety TGS 7% B e 6 L S o
NHL N7 5 7 K 0 1 L M
NH -NTE AR G2 i B T i 0 )T IR0
TCs Abaue s+ B TN N -NAERS 5 42 B
4R R 8 TN N N BB T NO AN
TR 5 T SR, 7 B i Tl o el
M SR A DL O VAR A 4 NO -N %6 P 22 3k
3 HNO S -NTE 18P 43 A5 R 240, B AN TCs b B2
S P B N TR RN TCs b B,
J& TCs % -4 TP 4R (040 sV . VA TCs b B 241
I 25 - SV B4 o 398 e 20 S B U AR
WIIHEIT T 20 ~24 em 3 TCs TR 58 ki T2
-5, o R A R A PR B0 20 ~24 em L
S 2 B R (T L 7 A
FHTF RN TCs AMFRZH s F6 4 e 3 47 F 2 3
(20 ~24 cm) B N2 LB TAEEE S TEE
4. A A HLR S K/ R PM > CM >
CHM, X} TCs Wz [t & J1 AN [, 18 B 4= 138 TCs 5% 78
FHR/MA . PM-T > CM-T > CHM-T > CK-T. [fi#& TCs
SR ER 934N, - HEh TN FINH NS 2R
TN &8 AK/NA: PM >CM > CHM > CK, B fifi A 5L 56
ZEFRLUR PM ARFE 8 rh TN 45 5t T oAb A 7
TCs AbFH.

4 HFig

(1) M EE TR IR A FEGEHEAL , TCs AR ) 1E it
PR FEFENE +- e b RBL JEHE N A LR &
TREFEANA SN, AT WM 3 rp TCs , (A
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Syik R e WA - B TN RINH, -N i 38 hn o
e TG FEAE N, X2 A SIS A AL S

b X A8 TCs W jﬁ% ii%%tiﬂ TCs % Tif
%Zthiig 550 X M T K A S . AR IR VR
PR TCs E@E@%ETE&%(% ~24
cm).

(2) A% T TC F1 CTC,O0TC H4 5wk +3girp 2%
AERZ R 53X 2 T OTC B9 pK, KT TC F1 CTC , #fifi
OTC vl i 1F B H faf 25 B J =5 T TC 1 CTC, AT
T2 5y Wk - 49 vp A BT R 1 A SR AR f

(3) AHEL TG 2 R A= 2 it FH % 2 26 0 A0 1 458
WA 5 BB TCs xu‘iﬁ%tiﬂéﬂﬂ[ﬂﬂ%m%ﬂ?ﬁﬁﬁi‘ﬁ ?ﬁt
fift b 40 TR Y T B R T AR gk
B, %o 38 A A R P iR ELA S R

(4)TN, NH, -N, TC. OTC il CTC 254545 M4
— FW AT Rl 54.55%, g2 5 )21
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