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MR R E IR S 60 cm IRE, FEATIE 1.4 ug/ke” .

HEYEA Y (Dissolved Organic Matter, DOM) J&
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(T F B R B BE TR, A EENARE L. B
15 W A BAE B RO G AE g o #8101 s e,
IR T . BIRIE, BARZMT, BEEE
A I R B A P B A PR B DOM JIAAR F-52 11
PUAERAE P REEBE, AR, 2IE DOM Xtk
RiTBRUEm EAWEE: — 4, 35E DOM 53t
A2 FR AT AE R AR TR A S R G o ST 470 A 2R ) I B
A, WIS H—J5TH, DOM th ] fE
i B5E WA ) B < e S A 3 T R IR B AL, BASE AL
DT AE 2 R W B I (R a3 G e SR R R, T
Iy BRI, 2IE DOM Stk KT AT NI
5EEEMEMRIES B RE . IR KoK %5
R R 2 VIAHC

HH T DOM 422 25 1) vh A SR B0 U Bl Bl A L A L 56
ILHEAR R B A OGN . ATk, SRR AT
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AP R 2PN RN AL, EiEEs. B
iR JEEEE T, BOAIARAS e, BAK A EC. SRp .
SEE TS, TEIRKTFREE HEERM D
Al pH fH (SYMIMAAELS) LSRR REP, BR
XL RIS S B T DOM SHi4E =M EMEH,
AU IR T EATE A A1k, e A1 K L5t
AR, R RAEFE T HIBME RS KO RN RS
HMEAER, EFEFERANARE.

20 TR KV bl B X e BB A R R
W, BREBAEMN. HERME, Frtkmt, £ES$
AR RALB S T ER A R EE MMM RS
BRI R E R N R K R EEIE . A,
TR AE e XA A F O A fE R A B, g3
15 QW BE B T AR AT RS B B AR I . B AT, PUAE
FAE R b W B R R I O HROE, H RS
FEBEZENE N IR R SMEA LR ICH ZZEEE DOM Xt

RO AP IE R ARIE IR S L . BRIk, AT
DA IR S 0 1 SR el 3T R, e R B i e
PR AR IR T 45 O A RAL T BL W TR S M 1
AHW (DOM) Xt 3 F i FA A ) st R A R AR SR
R B AR R R, DR AR R FRXG R 2T TR X
DK IR 75 e IR PP A e R SR S RH2 AR

1 #RETE

1.1 Hils
111 XEERA

3 Mt R e (Sulfadizine, SD, 4hfF =
99.5%) . #AEJE#% (Florfenicol, FFC, 4iJ¥=99.5%)
MZEREE (Tylosin, TYL, 4iJ¥= 94%) krvEMmIEHE
5[ Dr. Ehrenstorfer 24 F], &AM WK 1. 58 H 2055
By Etkal, HER. Bk, SR mERmME A
syrat, R ACAEEAIK.

R1 ZMEREROERMNR
Table 1 Basic properties of three target antibiotics
o P Vi ViR 2 IESERE KT R A [LEE S
: e zE R
}]Ld:%% it Molecular formula/molecular KRR Solubility N-octanol/water  Acidity coefficient
Antibiotic name . Molecular structure Bl . .
weight /(mg-L™) partition coefficient (pKa)
0
ﬁﬁgﬁuﬁlﬁ C10H10N4OZS NH_ﬁ@NHZ 77 0.81 pKa,1:2.0
(Sulfadizine, SD) /250.28 N= N (0] : pK,,=6.48
\_/
OH ¢ CI
&% LN
WA JEH C12H4CLFNO,S - CI _
(Florfenicol, FFC) /358.21 - .0 5900 0.12 pK,=10.0
o '
BIRER ¢ 0 N
R R 46H77NO17 (0] =
(Tylosin, TYL) /917.14 \<g{H% H 5000 35 pK,,=7.1
OH
CH,4
H,CO OCH, K &‘Cj

1.1.2 RE+5w%

F I R A E R B R AR SRS
v (PO EHE B2, 105°27'E. 31°16'N) it
B M7 D /NX 0~15 cm F 2 B3 = SRS .

TR B DOM X8 36Kk H A T A& R IR A
Ao FREERREE L 5 RAGH HARPUER . M
LT W R, ISR IR, BT
W 2.

*2 RELTSOFEHERBUMR

Table 2 Basic physical and chemical properties of orchard soil and chicken manure

FEdh ERiIRTA pH & PBHES T A4 Cu/ Zn/ WLk ZH B Mechanical composition/%
Sample DOM/%  pH value Cation exchange capacity/(mol-kg™) (mg-kg") (mg-kg™ Bk Clay B silt W Grit
Hebd +
Orchard soil 1.24 7.53 19.10 25.90 82.0 24 46 30
pLE S
Chicken manure 19.31 7.86 44.8 27.14 159.5
1.2 WRE7E 25 °C. 180 r/min F4E% 16 h 5, #7530 min, 25 C.
1.2.1 AMEAHA (DOM) 2RI 8 000 r/min 251+ N B0 10 mino B & 0.45 um PTFE

Iy HIFREL 2 g X825 B AR T 50 mL BO0E T,
I 20 mL & 0.01 mol/L CaCl,. 0.1 g/L NaNs VA,

(Polytetrafluoroethylene) JEMRILIERFASFE S 3 DOM
W, P URIRAT
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1.2.2  RM PR

1) GHEALTE. EVREEA 1g: 10mL, FREL 1.0g K
F R L AT 30 mL BOEH, NIREUR M 3 Fhbuk
RO ER L, 2 BIFREL 04 0.1, 0.5, 1. 1.5, 2 A
2.5mg 1) 3 AR, BEAFER 3 FihtAERETE—
100 ml ZKEM T (B SRR 10 mmol/L CaCl, F1K R
FHE) 0.1 g/L NaN3y) , FCEGREERAFEI N 04 1.04 5.04 10,
15, 20 125 mg/L 1) 3 Mt RIBEMW . & LRI
FEF B0 RN 10 mL (1) 3 FhiA RIR AR Bt
AERWREMRFE 8 ERD , %3 NESE, AR,
25 °C. 180 r/min 25F FIHIRIRY 24h, (HI PR B,
L 4 000 r/min &0 10 min, FEH_E 5, 48 0.45 um PTEF
VEEI YRS, W A [RIR BERR RS T IE M bR ZIRE .

2) “HLIG B AbEE: RN 1 g 10mL, FREL 1.0 g
TS AT 30 mL BSOE T, N 10 mL & 3 Fh
PrAEZ A 200 mg/L 192 DOM (iR G, WESDUE
RIIREERREYI A 04 1.00 5.00 104 15, 20 Al 25 mg/L
(BB 75 SO A —50 , #34NEE, FRR
P uRE E.

3) TR Ab3E: LA 1 g D 10 mL, FREL 1.0 g
KSR+ RETF 30mL B0 F, B 10mL /)
200 mg/L %33E DOM WK, fE#E%. 25 'C. 180 r/min %k
fFRER IR 24 h, (353 DOM WLk 2]~ , LA
4000 r/min #.0» 10 min, BH EIHR. FHMN 10 mL &
3FMPUAERR G, WESIUERIIKRE RSN 0.
1.0, 5.0. 10, 15. 20 A125 mg/L (Fe B kS E SO ig
WFE—FD , W3 ANEE, FRPEE L.

1.2.3  HAEKERE

TR IR R G B R, G A4 E
R, W 1 R, f&RIEH SRR E (4
1.43 g/em® ) BB (AFE 25 em. & 15cm)
FFH ERE 2~3 em A 9ERS (FifE 0.5~1.0 mm) LA
By b btk o RIS T AATT, 26 1 S0E R (0.01 mol/L
CaCly~ 0.1 g/LNaN; K7D LL 40 xL/min JE H R -
RSN L3382 B o AN E TR T kK RS &S 20 mm/h
kST 5 NFLEARL (Pore Volume, PV) , fliFEpik
FPAk-Pir B AR E .

e
Quartz sand

ARl e
Automatic collector

Gl ERe
wel | Soil (15 cm)

- i
) Quartz sand

L I 7)) 4 Peristaltic pump
7% 549 Volumetric flask

Bl XHEXBREEAR

Fig.1 Schematic design of the soil column experiments

D XfEALEE: AR S, £ 0~5.0 PV

WA B, FFEIMA 3 MEtAERIBAEIEHR ORESA
1.0 mg/L /) 3 B4z & . 100 mg/L KBr. 0.1 g/L NaNj.
0.01 mol/L CaCl,), 5.0~9.4 PV #k¥EM B, M HHER
BEATHUA R . A BumiEdE A3 RS, TR
50 min >K4E 50 mL R, BB IR 40 ANFES, 4
BIWAE 3 FMPTAERIKIE. Brs DOC WKJE. pH {E. &4k
WA B = 4 i

2)  “HLURB” AbEE. AR EIYMGCPETE, TR 0~
5.0 PV 3EZRY B, BRSO 3 RPTAE R AR GRE
¥1241.0 mg/L 11 3 FHr A % 100 mg/L KBr.0.1 g/L NaNj;.
0.01 mol/L CaCL)A! 200 mg/L X$3& DOM iR &V,
5.0~9.4 PV IHRVER B, IS S0 WOIAT PLA R AR
Pl R ARG IR A F.

3)  “TRWLB” AbEE. fE AR BT AT T I N
200 mg/L ¥43& DOM HIRA (L) 5 PV), ££ 0~5.0 PV
BB, FREEIMA 3 METAERIBEIER ORESA
1.0 mg/L 1) 3 FhHiAE . 100 mg/L KBr. 0.1 g/L NaNj.
0.01 mol/L CaCly), 5.0~9.4 PV kM B, I SE W
HWATHUE RN . RIS L.
1.3 SR 5%
1.3.1 DOM &4E

B+ 5353 DOM & &Ll DOC (Dissolved
Organic Carbon) WK JE 7R, LAWK HT{X (Aurora
1030W, £ OD MisE. MK pH it (Senslon +
MM150, Z[E Hach A7) Wl%E. DOM A/ FF kil i 48
AR - = SRR R IEETEAI E  (Aqualog, H A&
Horiba JY 2A#]) . DOM $#2HGHE T 1.0 cm AL ML
AT, T AR FR 25 °C, BAMRISO L E VG 200~
600 nm. —4EEIERE IR KN 240~450 nm, [A]B%
N5 nm, KREHEK N 213.25~620.80 nm, [8]FF 1.63 nm,
AR 0.5 s, DAUEAKIEDS H, DL AMRIOE R
1E PSR RRNE I 25 B B B AL B2 50U . R+ 50926 DOM
(1) B RE I A8 7 i 2 A B (FTIR) Ml E , X33 DOM
CEV VR T BFEE AL, T3t T DOM & & KR H
JER A 5E
1.3.2 #AZRRSEN

B LA E TR, i 025 mm FFE, FREL 1.00 g
F 30 mL B0, i 2.5 mL FEEAT 2.5 mL EDTA-Mc
Ilvaine 2% ¥ ¥ (0.1 mol/L Na,EDTA+ 0.1 mol/L
Na,HPO,+0.06 mol/L #7#, pH {H=4.00£0.05) , ¢
1 min, #@A 15 min, 7£ 8 000 r/min %3 F 550> 10 min,
P RS EAE 3 KA, MUK BiERERE R
75 mL, FEH]FEEIREE 10%LF; KK 6 mL B EEF
6 mL #4liKiEIL Waters HLB B AHZEE: (3 mL) , ¥4
FREGRLL 1 mL/min FJJREIEE Oasis HLB /M, A
10 mL 2K /ME, BTG H 6 mL H RGN,
Vel 5 H 20% B E A % 1 mL, i 0.22 um PTFE
PEREL, PR OB g e o RS SR RS E 3
AT, BRsbrAERERA 0.05 mgkg, [FIELE
90%~96% [d] .

HirPiE R SD 5 FFC K i R0 Al 1% 4%
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(Eclipse plus Cg il #1 4.6 mmx150 mm, £84M/5% YAl
) (1200, E[E Agilent A7) [FBKM, I N:
ZNEIK=25/75 (ERFRLL) , #EFEE 20 ul, & 1 mL/min,
FEIR 30 'Cs RABAEVEHALT: 0~7 min, EIMNELKA
270 nm, 7~11 min KA 224 nm; SD 5 FFC 15 84 i []
43508 3.5 A19.5 min. TYL MR FH i RGRA € i3 B
R, FRENFA £ E/0.5% F #=20/80 (MAFRLL) , 24k
WK A 285 nm, fREFE AN 14.3 min. 3 FTA R IR
BR4°40.05 mg/L, brif i 2R 261 T LA 1 ~25 mg/L(R* =
0.999) .

1.4 HESH

RICRFLM TR (Q.= K4C.) 5 Freundlich JE£k
MR (Q.=KC™) RPUE R IEPEE (O
mg/kg) SR PAIRE (C,, mg/L) ZHMRR, 3K
SPF AL R B Ky (L/kg) « WP 2 B8 50 K B Pt 5
FE 1/n A8 - WM B B BEAE1L (AG, kI/moD) A AG=-RTIn
(1000 Ke/OM) 15, b R NEERSARE L, T 4%t
wE (K, OM N TSGR (gke) -

Sof EAEM ARG 3 ANMEFEIRIEHT 120 MERFI =
Yttt SR SOLO #4747 A+ (PARAFAC)
NT, A B SR o Fr e R T it
LA =4 e i 2 MRRIES L D
SUVA,sy, FESRTE 254 nm K R AMROE RECS R

POEE
Fluorescence intensity

i
5 12513 £
g 1ely 2
s 10725 2
s 9851 2
g 8038 &
z gos4 =
S 7150 5
§ 400 625
£ 333 =
2 1160 3
o 38 L
WK 3 N
1788  B°

X g5 X
& 0 K
s £

300 400 500
R4 K Emission wavelength/nm

HIX=0.86, SUVA,s=4.90x10°, E2 : E3=4.12
a. AP 0 = YRR - RN PO TS KO TERHMIE

a. Three-dimensional excitation-emission
fluorescence spectra and spectral characteristic
parameters of orchard soil

R} K Emission wavelength/nm

HIX=0.65, SUVA,5=2.77x10", E2 : E3=5.41
b. #43%& DOM (¥ =4EWUR— R4 96t Kol iy
BH 4

b. Three-dimensional excitation-emission
fluorescence spectra and spectral characteristic
parameters of chicken manure DOM

AU E R LA, FAE K TR 75 B AR R s 2)
JE 438 (Humic Index, HIX) , &K 255nm T,
KRR TG E 435~480 nm 5 300~345 nm fI9OGTRE
U4 2 L, HIIX (R s 2 s A 2 R g U

K H Origin 9.0 %R 36 Kd 3k 47 2 38 M5 G0 1H o0

2 FER5SSH

2.1 3835 DOM 48 43 Uik A43HE

B+ 5082 DOM [ =489 6k 5l 21 4
g (FTIR) Wik 2. #93% DOM 513 DOM # B A,
R BB R E A X . EMFERESET, R
1+ DOM H75 & (SUVALs,) ~ JEFEALFEEE (HIX)
KAEX & (E2 © E3) #FBHE & T X3 DOM, KR
Fel 1 P& 05 & S5 R TR FE R N 2, T %9 3E DOM
RSB R & B AR X AUIG, DARER AW N EE . FTIR )%
W, b LA A E W YR, ARSI Si-0
Mg IR 5 (3623 cm™) . COs> 4 % 45 4R 5
(1430 cm™) , Si-O-Si FIHZEHRS) (1 025~1035em™)
Si-O-Mg il Si-O-Al & #ifks) (525 em™) L&Y
IR R AR RV B 1 S AR A 42 A S 00 (779 A
797 cm™) . 143 DOM NEA XL TR, fEBHZ I 1T
H(1550~1650 cm™) HEAX R, HEHSEEE
MR EE LAY -

R

Fluorescence intensity

HEE —— A2 Chicken manure
0188 100 [— %2 g -1-Orchard soil
8531
7875 3 80
7219 2
6 563 oS
5906 5 60
5250 2 3
1594 < A “
3938 40 L\
3gn X |
20 N
1969 & O
1313 \\k
656 0 -
0 i i i Hi I ! )
400 500 3500 2500 1500 500

1% Wavelength/cm!
c. A+ 533% DOM ({8 3240 g ik

¢. Fourier Transform Infrared Spectrometer (FTIR)
of orchard soil and chicken manure DOM

T HIX NEAIEEG SAM-FT WIRHOEHE S H SUVAse 52 254 nm P ARFIEESM-1T IR R ECSRE S TR ETEA HUBRIR BER LU, RAEEMER DL
FFEEIMRES; E2 1 E3 J2 250 A1 365 nm ALRIPOLEME L b, SIS TRAMK. T,

Note: HIX is the humification index; the ultraviolet-visible absorption spectrum parameter SUVA 254 is the ratio of the ultraviolet-visible absorption coefficient at a
wavelength of 254 nm to the dissolved organic carbon concentration of the sample, which characterizes the aromaticity of the dissolved organic matter; E2 @ E3 is the
ratio of the absorbance values at 250 nm and 365nm, which is negatively related to the molecular weight of humus. The same as below.

A2 REL5HEDOM 8 = ek - KA K ANE BN 5ot Lo ik
Fig.2 Three-dimensional excitation-emission fluorescence spectra and Fourier Transform Infrared Spectrometer ( FTIR ) for DOM extracted
from the orchard soil and the chicken manure

P+ 5383 DOM 1) =489 6 6 il —F47 A T4 0
SRR, ENIEFENE&A 3 M4 (Cl. C2. C3) &
e 3 4ROt pTR, A Cl (EJE,<250~
320 nm/370~450 nm) FAF 2 MNEURIERT 1 AR, 3
KUK TG K E B R E T 408, i EJVE,=250/
400 nm VAL TG H) A WEIXIR, 11 E/E,, -320/400 nm U
X NAEGER) M WX 3K . %40 4 BRI SRR R, A
B EERNARI, 4T AR R TR B /N 98 6 R T

FERETREAEEYR L EE. Ho C2 (EJE,
=260~360 nm/420~550 nm) B A 2 ANFORIER 1 MK
WHig, Hor 260/450 nm WEAL TAE S A WEX S, 1] E/E,,
=360 nm /405 nm WER7 TSGR C WX d ., %25 F 2N
KR, DEHEBRANRE, BOHE N, BF 1k
PRI T RN 7 R R FE T, 2 IR HUFI AR ARER
Birp & i i — Sy E". 49 C3 (EJE, =270~
280 nm/320~350 nm) X MALGE[1) T WEX IR, FEHRE



%14 1

RPN AR FRNG A DOM IR RHE & FO B A I 41

B, DLEROERR AR, Bl IR s R i R
A, TR s A A R A P AR R S B R R R
REAR 4R Bk, BR TSI, 43 DOM 1
R RROERYI, R H T & &k

(%3
(=3
(=)
w
(=3
(=}

450

N
W
(=}

350

UK %K Excitation wavelength/nm
WP K Excitation wavelength/nm
: b3
(=]

250 300 350 400 450 500 550 600
KA Emission wavelength/nm

a. FEIEFEIIT (CD
a. Shortwave humus(C1)

250 300 350 400 450 500 550 600
R Emission wavelength/nm
b KPEKBAR (C2)
b. Long wave humus (C2)

— P E BRI INMA], KTl (B3 cBim)
W GRS By R B BOR B IR RL T FTIR S o i fi
Wi, -OH M4aIRsN (3377~3423 cm™) K-COOH [
C-O Al O-H#RE3) (1422cem™) &

500

450

400

300

¢

WU P Excitation wavelength/nm
b3
L1

[ ]
wn
(=3

250 300 350 400 450 500 550 600
KA Emission wavelength/nm

c. KEAM (C3)
c. Protein-like (C3)

TE: B O AT F 0T 1) DOM 25y 558, A5 Cl (E/E,<250~320 nm/370~450 nm) FIZAMIHIFHET, LIaE BBANE. 45
C2 (EJE, ==260~360 nm/420~550 nm) EZNKPRIGHET, UURHEIRANE. 49 C3 (E/E, =270~280 nm/320~350 nm) FEENHKE A, LIKH
HIRNE. TR ANRERKR, CAHKBERBETIT, MOVERIEET, T AFEAL.

Note: The red in the figure represents the fluorescence intensity of the DOM single component fitted by the parallel factor analysis. The component C1 (E,/E,,<250-320
nm/370-450 nm) is mainly short-wave humus, represented by fulvic acid. Component C2 (E,/E,, ==260-360 nm/420-550 nm) is mainly long-wave humus, represented
by humic acid. Component C3 (E/E,, ==270-280 nm/320-350 nm) is mainly protein-like, represented by tryptophan-like. The same as below. A represents fulvic
acid-like, C represents long-wave humus, M represents short-wave humus, and T represents protein-like.

B3 FAARTFHAeh 1A K DOM #4045 = 4 3 56 k8 H

Fig.3 Three-dimensional fluorescence spectra of DOM single components in the effluent of soil column fitted by parallel factor analysis

4 5B+ 533 DOM Hh & 41 3 78 13 A Uk
HWIRE P IREN T Bk . X IR A w7 R+
DOM H &1k, HAMIBARIN N C1>C2>C3 (J§
FARR N E By, REAGRRMK , ME LA
FELE B P & B 28 Wk b s . 5x AL, 19
3% DOM  Ab #5540 4 (¥ A ) b A3 75 b v ol e rp R A=

10 NFLEAARL (PV) D UM T %3 DOM, KLtk
RIETFURIS (DI A B 192 DOM [IHTA BB, 1 PV
PRI RAR R T LAk H B IA R PP (145 25 DOM 5 -
BRI A, HA RS 3E DOM A & (HIX=0.65) ,
TR C3>C1>C2 (BH BN FERS) - bfE, £ 1~2PV
P2 DOM KAEPUEART, C3 45 (kIR Eutgl sy,

TREEL. DOC IREEHIBIIHE, 2 PV iR AUR A I -4
XTTH53E DOM Tl A2, 78 FAE T AN R B (& W, PRl HIX B ARSI 0.9 itq .
4000¢ 4000 4000(
3500f 3500} 3500}
3000f, 3000F 3000}
2500 25000 2500} .
_E2000f _E2000F _£2000f .,.r""“:.
= 1500 15000 Torsoof AN
1000} 1000 _‘."-M 1 000, & o,
500 500} ot 500 \&.,,

0 2 4 6 8 10
LS & B Pore volume (PV)
a. WIRAHRKIOE Fua)
a. Maximum fluorescence value (Fax) of the
control group

eDOC 712
©OHIX

OT0RErn I R T,

—_
(=3
(=

et
(=

11.0

D
f=}

=
0.8 g

Pty byt S
== {0.6
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SN
< <

0.4

0 2 4 6 8 10
LB & A Pore volume (PV)

d. XTRRAERIEAHLE (DOC) 5 JE it

RE (HDXO
d. Dissolved organic carbon (DOC) and
humic index (HIX) of the control group

0 2 4 6 8 10
LS & B Pore volume (PV)
b. DOM TRMRH KD IAE (Frna)
b. Maximum fluorescence value (Fnax) of the
DOM pre-adsorption group
100 12

d
~
80 1.0
60f o aRans® | o
. M
40 L W VONPP PSR
o

20

DOC/(mg L)

0.6

0.4

0 2 4 6 8 10
LB f& A Pore volume (PV)

e. DOM TR Mt b 5 HLBk (DOC) 5

B FRE (HIXO

e. Dissolved organic carbon (DOC) and humic

index (HIX) of the DOM pre-adsorbed group

-
0 2 4 6 8 10
LB & #{Pore volume (PV)

c. DOM IR Bt i KAGMHE (Faax)
c. Maximum fluorescence value (Fiax) of the
DOM co-adsorption group

100 12
— I LA
% . ‘.-"h 1.0
w60 fhe °
é Id ><
= o 08 5
R 40 -
o [
&)

20b rmrnsnngpes | 0.6

4

S T e S T
LB A Pore volume (PV)
. DOM LW Fff DOM T Bt et v A AL ok
(DOC) SHFmfkfast (HIXO

f. Dissolved organic carbon (DOC) and humic
index (HIX) of the DOM co-adsorbed group

B4 3% DOM &4 (Cl. C2. C3) #RK KRAMAAIE sAFE B TAL
Fig.4 Changes in the maximum fluorescence value and humic index of chicken

manure DOM components (C1, C2, C3)



42 My TFESHR (http://www.tcsae.org)

2020 4F

X X5 3% DOM L 0% B A 2, k75 38 56 T 4 i (R
SO DI RIS A XS 36 DOM AL AE R R AW
WO . fE1 PV N, WEEF C3HEREWEMRT C1
M C2, FWWGFE DOM H 1) C3 fE LN KA T KE
W B, IR BE MRS T C1 M C2. TS C3 ELATIZ M G
n, SECHIX e EHB N, RS PV I O L b
ST X B TR B Ah 3L, B C3 1] Fipax 72 3 000~ 3 500
Z0E] s PR HE T 0 R AP, DOC IR JEHEE %
UM (>160 mg/L) , W4 B3 %% 3 DOM A
5. 5PV G Ul oA S O N IR B, BT KT
FiBe, BRI DOC ¥ FE 5% 7] B% 2] 80 mg/L, ¥ DOM
NIFUE R AR, 5 1) A8 A0 R 5 70U B Ak 2 A
e B AR [A] o

H Ik, %928 DOM 7 B[ - A7 AE M B 1, L 2
B MR ER, W MR TR . AR R,
BRI T, AT RN HEIR K T, Hoy
TR RESREER G REAIUERIF T EA
BRI 1 2N, Kk, X892 DOM I AR R 2
B2 5 I m P AE R AR SR 1 1 rpu BRI ) 3
B3
2.2 R RE L I MIHE K G ZE DOM X4 R IR
Hafpp=A

3R HARPiAEE (SD. FFC M1 TYL) 7E 3 4l 4b3
AR 1.2.2 7)) MR ERLWNE S Frox. &y
YA Freundlich 155 7Y S B 45 4 #0045 0 26 3= IR0 W i 45
L%, WA AL R 9 HITE 0.956~0.995, 0.942~
0.999 Z [u], ¥JIKEEEKF (P<0.05) , HRMAES
B 3,

ERBMAS I BT D, 3 MAEFAERW
Freundlich " %5 8240 Ke kI TYL>SD>FFC, #
KPR O 20518 209.69+ 9.02. 6.97 mg/kg. FEAHF
R 3 pH (HYEH (7.57~8.01) 1, SD LB T
RNEBRE (592%) , B5 PR R A EE BT/,
W B A2 552 . FRC AN B A 8 EL oK AR i VAR 1,
FE DA AT R S L IRE R, R
A gg >, i TYL B 8O 2 B/ K 4 e R B
(logKow=3.5) , J&T3RBi/KE AR, 78525+
W Bt e KT SD 1 FFC.

- X HE i3 Controlled trial

-+ DOMHL I [ffDOM co-adsorption test
-+ DOMTTiR FfDOM pre-adsorption test

IS4
(o3
[543 [Se]
(=} (o3

—
wn

w

®3 3L RANRMEFREARNFRBEUESSHRRHE
Rt
Table 3  Fitting parameters of thermodynamic model of
adsorption isotherms of three antibiotics and changes of adsorption
free energy

Freundlich F& 74
Freundlich model

LR
Linear model AG
/(kJ-mol™)

I

Antibiotic

el
Test group

Kr 1/n R Ky R
XTHE Contrast 099 1.34 0.98%* 043 0.96%* -2.27
%3¢ DOM 3
U
Chicken 1.77 124 0.99** 0.95
manure DOM
SD pre-adsorption
3% DOM 3
U
Chicken 147 1.80 0.99** 0.30
manure DOM
co-adsorption
SFHE Contrast  0.76  1.49 0.99** 0.24
#43& DOM T
it
Chicken 1.63 121 0.99** 0.93
FFC manure DOM
pre-adsorption
A3 DOM 3k
% Bt Chicken
manure DOM
co-adsorption
STHE Contrast 59.02 1.09 0.99** 52.58 0.98** -7.44
743 DOM Til
it
Chicken 57.55 1.15 0.99*%*% 47.24 0.98** -7.31
manure DOM
TYL  pre-adsorption
743 DOM &
% ot
Chicken 44.18 091 0.94** 5033 0.94%** -7.21
manure DOM
co-adsorption
T P RRIEEKT (P<0.0D) , *RREEZEKT (P<0.05) : KN
Freundlich WA &SH, NABNSH, PALERI TR RO, W
RPN K R n R n BRI RO SCRE ST, Un BN B 1 R R 47
Ky RO RS, Lkg', RUET W BAE R b AT A B e oy B R R
HWERE RE: AG W B ERE, S B LS
Note: ** in the table indicates a very significant level (P<0.01), * indicates a
significant level (P<0.05); K, is the Freundlich adsorption capacity parameter,
which is a dimensional parameter, and its unit is related to the adsorbate
concentration unit, the adsorbent concentration unit and the coefficient n; n
indicates the support of the adsorption process, the smaller 1/n, the better the
adsorption performance; Ky is the partition coefficient, L-kg", which reflects the
solute migration capacity and separation efficiency in the two phases; R’ is the
fitting determination coefficient; 4G is the free energy of adsorption, reflecting
the soil adsorption mechanism.
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Fig.5 Adsorption isotherms of SD, FFC and TYL in orchard soil
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Leaching characteristics of dissolved organic matter in chicken manure
and its effect on antibiotic migration in orchard

Li Shuhan'?, Liu Chen?, Tang Xiangyu?, Yang Hongwei'*
(1. Faculty of Geosciences and Environmental Engineering, Southwest Jiaotong University, Chengdu 610031, China; 2. Institute of
Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China)

Abstract: Raising chickens in orchard has been widely developed in China, serving as a popular ecological breeding mode,
due to the direct usage of chicken manure as a fertilizer to achieve comprehensive utilization of land resources and agricultural
wastes, and thereby to reduce the addition of herbicides and insecticides. However, the organic matter and antibiotics leaching
from the chicken manure have posed a potential pollution risk on the orchard soil and the surrounding water environment.
Research on the co-transport behavior of manure-derived dissolved organic matter and antibiotics is lacking, particularly on the
relevant mechanism. This study aims to investigate the migration characteristics of dissolved organic matter (DOM) in chicken
manure, and theirs effects on the adsorption and leaching features of sulfadiazine (SD), florfenicol (FFC) and tylosin (TYL) in
an orchard in the typical calcareous purple soil area of central Sichuan, China. Batch equilibrium and packed soil column
experiments were carried out using the combined techniques of spectroscopic characterization. The results indicated that
tryptophan was the main component of the tested chicken manure DOM, to increase the adsorption sites for antibiotics on the
soil surface, indicating a stronger adsorption in soil, compared with that of humic acid. The isotherm adsorption of three
antibiotics fitted well by both the linear and Freundlich equations, indicating a physical adsorption process dominated. There
were weak adsorption capacities of SD and FFC in the studied orchard soil. Their adsorption almost remain constant, when
spiked simultaneously with chicken manure DOM (200 mg/L). In the case, the adsorption of SD and FFC increased
significantly (P<0.05), when the chicken manure DOM was introduced to the soil in advance. The corresponding K values for
SD and FFC increased by 77.28% and 114.36%, respectively, due to the binding of antibiotics to the previously adsorbed
chicken manure DOM on the soil surface via a mechanism of noncovalent interactions. There was a strong absorption capacity
of TYL in the tested soil. TYL was not sensitive to the presence of chicken manure DOM in its migration process for most soil
adsorption sites. Under a simulated rainfall of 20 mm/h, SD and FFC were highly mobile, leaching out almost simultaneously
with the water flow tracer Br” from the soil column. Being consistent with the results from the batch experiment, the chicken
manure DOM in the treatment of injection prior to antibiotics delayed the breakthrough of SD and FFC by 0.49 and 0.25 PV,
and their total leaching amount decreased by 12.04% and 15.35%, respectively. The decrease leaching of SD and FFC also
occurred in the treatment of simultaneous injection of chicken manure DOM and antibiotics. Most residues of TYL retained in
the topsoil without penetrating, indicating that the chicken manure DOM had no impact on the leaching of TYL. Therefore, for
the highly mobile antibiotics, the chicken manure DOM can be expected to increase the retention of antibiotics in the soil
through a co-adsorption mechanism. The finding demonstrated that the adsorption of tryptophan from chicken manure DOM
can pose a significant blocking effect on the leaching of weakly adsorbed antibiotics in the co-transport process of manure
DOM and antibiotics in soil due to chicken raising

Keywords: chicken manure; leaching; dissolved organic matter; antibiotics; adsorption; purple soil
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