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Abstract: The effects of two polarity fractions of pig manure DOM on the transport of doxycycline, enrofloxacin, florfenicol, and
sulfamethazine in the surface and subsurface soils of a Lei bamboo forest were examined in this study. The results of batch
experiment showed that the addition of the hydrophilic fraction of pig manure DOM significantly reduced the adsorption of
doxycycline, enrofloxacin, and florfenicol in the soils, while the addition of the hydrophobic fraction of pig manure DOM
significantly enhanced the adsorption of doxycycline and sulfamethazine. It was found that enrofloxacin and doxycycline could not
break through any of the tested soil columns. The additions of either polarity fraction of pig manure DOM decreased the
breakthrough recovery of florfenicol in surface soil columns by 2.25% and 20.43%, respectively, while the addition of either DOM
fraction greatly increased the breakthrough recovery of florfenicol in subsurface soil columns (to nearly 100%). In surface soil
columns, the addition of the hydrophilic fraction of pig manure DOM increased the breakthrough recovery of sulfamethazine, while
the addition of the hydrophilic fraction of pig manure DOM decreased the breakthrough recovery of sulfamethazine. In subsurface
soil columns, the addition of either DOM fractions markedly decreased the breakthrough recovery of sulfamethazine. Irrespective of
the addition of hydrophilic/hydrophobic fraction of pig DOM, florfenicol exhibited a higher breakthrough recovery than
sulfamethazine, implying that florfenicol has the highest leaching risk.
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Table 1 Physicochemical properties of target antibiotics
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Table 2 Physicochemical properties of experimental soils

11 pHE  AWUk(gke) FHE TR Hild(cmol/ke) ML PR (uS/em) WMEMEG N (mgke)  WHi(%) ki (%) Fiki(%)
x2 3.47 33.9 454 346.33 927.21 27.43 28.93 44.64
W 2 3.66 29.4 3.68 24133 628.40 29.43 32.46 38.11
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Table 3 Parameters of linear model fitted to adsorption isotherm data of antibiotics in the soils under different treatments

Pk % b p ﬁ?ig —— ﬂfiig ——
Ka(L/kg) R Ka Bkt Ka(L/kg) R Ka B Ifis
of R 3.45%107 0.899" 4.02x107 0.955"
DC DOM /K415 32.56 0.991" —-0.91 16.72 0.973" -0.96
DOM #i/K 415y 8.03x10" 0.964" 231.48 6.68x10* 0.924" 165.30
of R 1.42x10* 0.973" 1.93x10" 0.919"
ENR DOM 3E/K 415> 4.92x10° 0.975™ —0.97 2.92x10° 0.878™ —0.98
DOM #iZK 415y 3.92x10* 0.996" 1.76 1.44x10* 0.977" —0.25
gt 24.67 0.883" 24.52 0.944"
FFC DOM 357K 415> 4.05 0.996™ —0.84 4.06 0.991" —0.83
DOM HiZK 415y 11.02 0.951" —0.55 27.95 0.940" 0.14
gt 1631 0.996™ 13.35 0.998™
SMT DOM &K 415 21.08 0.946™ 0.29 16.36 0.920” 0.23
DOM ik 415y 48.88 0.973" 2.00 89.94 0.961" 5.74
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27.79% e & MK AT R 3R 2 AT FFC
1 SMT %538 R T W38 J2 - AR A I 2
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Fig.1 Breakthrough curves of FFC, SMT, and Br in soil columns with different injection solutions
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Table 4 Transport parameters in soil column experiments
T HEARZAF ZH DC ENR FFC SMT
- YRR APV $0) - — 225 425
Conad Co(%) 0 0 56.61 8.48
N N WIZEIN ] (PV % - - 1.50 2.00
R DOM k14> MEHREEY )
Cona/ Co(%) 0 0 42.53 8.56
Y% I )PV % - - 1.75 575
DOM #ii /K21 53 WEMREY 3
Conar/ Co(%) 0 0 36.52 2.04
o YIZENF PV %) - - 1.25 1.50
Conan/Co(%) 0 0 45.53 23.64
. N N WIZE N ) (PV % - - 0.75 1.50
WL T DOM /K45y DERFEY )
Conar/ Co(%) 0 0 65.90 12.61
W45 R (PV % — — 1.25 3.00
DOM ik 414> MEHEEY H)
Cona/ Co(%) 0 0 80.89 14.80

T AT 0 H AR BE 3 B RE KR E 1 % 5 75 PV AL 2738 2 K op H bbb 3k B vk BBy B K b H AR PR 3 B BB 70 b RORTE

KA ARAT H H AR,
F5 THITWHIEZRAEEFE%)
Table 5 Fates of antibiotics during transport experiments in soil columns(%)
T KA S DC ENR FFC SMT
IR 0.00 0.00 73.98 10.04
pagict b 65.63 64.22 8.44 79.64
e 34.37 35.78 17.58 10.32
i 0.00 0.00 71.73 17.62
RIZ 1 DOM 37K 415 R 46.99 65.89 10.02 40.46
WURR 53.01 34.11 18.25 41.92
T IE R 0.00 0.00 53.55 2.18
DOM i /K41 5 biigee 47.98 62.39 14.46 47.72
R 52.02 37.61 31.99 50.10
pibrigd 0.00 0.00 76.69 48.86
X Hilr B 20.39 48.58 20.34 52.91
WURR 79.61 51.42 2.97 -1.77
FIBR 0.00 0.00 102.37 27.82
WK A4 DOM E7K 4 57 i R 31.69 66.20 3.15 23.98
R 68.31 33.80 —5.52 48.20
IR 0.00 0.00 98.51 21.07
DOM /K45 b 115.63 96.16 227 22.74
K2 -15.63 3.84 -0.78 56.19
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Table 6 Depth distributions of antibiotic residues in soil

columns with different injection solutions

RS DC ENR FFC SMT

(cm) (mgkg) (mg/kg) (mgkg) (mgkg)

0-2.5 2.39 1.59 0.05 0.42

2.5~5 0.28 0.37 0.07 1.45

575 0.15 0.64 0.08 1.03

75~10  0.15 0.31 0.19 0.71

0-2.5 1.74 2.44 0.02 0.32
&EiﬁgDOM%s 2.5~5 0.17 0.16 0.13 0.75
K5 5~75 0.10 0.16 0.08 0.53
75~10 0.2 0.23 0.23 0.23

0-2.5 1.74 2.04 0.03 0.40

DOM i 2.5~5 0.19 0.30 0.04 0.76
K5 5~75 0.16 0.19 0.16 0.59
75~10  0.09 0.29 0.42 0.41

0~2.5 0.42 0.75 0.03 0.32

255 0.08 0.22 0.05 0.54

5~75 0.08 0.37 0.13 0.70

75~10  0.12 0.32 0.49 0.25

0~2.5 0.78 1.00 0.02 0.12

WHEZL DOME  2.5-5 0.12 0.46 0.03 0.23
% KAs  5~75 0.10 0.35 0.03 0.23
75~10  0.09 0.46 0.03 0.25

0~2.5 3.38 241 0.01 0.08

DOM i  2.5~5 0.15 0.34 0.01 0.17
Kdlsy  5~75 0.32 0.27 0.03 0.28
75~10  0.12 0.28 0.03 0.26

TR BEAREAE
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RIS

FFC Fl SMT 7EAR[AIHEKGAE N A i B %
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PLR B AHT T DC Al ENR,FFC fil SMT A5 45 1358
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7.5~10cm RS, A P s B R 27.97%~69.58%,
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BRI 35.32%~41.11%), 1 Jim B R B 10338 n L7 B9
TR ARV R 2 T IR A T SMT U 3= ZE0% 7
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SRR R E TR X v g th Tk
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A= ZEBEIK AP IE S [ R AL ).
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SRR E K (R S).AE W3R 2 Ik P 7 0
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B R (LK 20 B AR F L ).
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- EJE,=275/340nm [1) 28 8 [ i 41 45 (C2). 1 15
DOM ¥ 28 J& 5 J3T 7 5 L 151 (Finax(C1)/Frnax(C2)=
1.68), 1M 4% 3& DOM )28 1 it &K (G K4
93 Fax(C1)/Finax(C2)=0.17; B 7K 41 5 :Fmax(C1)/
Faax(C2)=0.34), 5851 226 /K 415> J4 36 DOM [
B B4 T B HIK DOCY Fa(CHAT Frax(C2),1H
BAAG T SUVA,s4(E 2).

A K PR A 5 1L DOC
SUVAjss~ HIX .\ Fra(C1) v Frax(C2) Al Fpax(C1)/
Fina C2)Z T Ze Pk [BIA M AT 45 R WK 7018 2%
J2 T RIS W AR 2 T IR A 0 [ FFC
WPEEH DOC(P=0.003)\ Fina(C1)(P=0.001)} 2 2%
(28 SR T NN SRK /K 4143 Jia ) AN R R
J5E PR 2 1 L AH DG 3X SR BRAE AR I 35 DOM 1 4t T,
THE YR DOC e S I SR it o 4ot 7 Bl v, 1 48
X} FFC [FWE 58 22 1 V8 NI DOM 267K Bk
o388 TX IS X SRR scae 2 Fisk
U5 DOM 4153 %3 N 528 FFC WL Ft Ky %2 AH
FFi(ER 3), T IH A T4 DOM (28I 5 R4l 7 5
FFC 54+ 1 38 MURL 2 [ B A7 i R AR BG4 H
FALhHh, 255 MR AE A TR W, 3 DOM 5 FFC 71
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Fig.2 Temporal changes in DOM parameters of effluent samples of soil column experiments with different injection solutions

B REKSAE W3R 2 A K1 FFC
W 5 HIX(P=0.000~0.082) Finax(C1)/Finax(C2)
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Table 7 Results of linear regression analysis between antibiotic concentration and DOM parameters of effluent samples of soil

column experiments

HEKSAE

YA IR E (mg/Ly)

FFC

SMT

of HR
DOM 7K 45>
DOM Fi /K41 5

y=0.023x+0.455, R*=0.265, P=0.003
¥=0.009x+0.048, R?=0.158, P=0.024
=0.008x—0.176, R>=0.317, P=0.001

y==0.004x+0.074, R*=0.410, P=0.000
y=-0.001x+0.059, R*=0.046, P=0.238
y=0.0001x+0.01, R*=0.030, P=0.343

AERA A

y=-0.001x+0.179, R>=0.003, P=0.622

3=-0.001x+0.048, R>=0.257, p=0.000

DOM 7K 415
DOM Fi /K41 5

y=-0.115x+2.000, R*=0.576, P=0.000
3=0.018x-0.010, R*=0.211, P=0.008
=0.005x+0.159, R*=0.056, P=0.190

y=—0.042x+0.781, R*=0.265, P=0.003
y=0.003x+0.119, R*=0.172, P=0.018
y=—0.002x+0.097, R*=0.384, P=0.000

AERA A

¥=0.006x+0.127, R*=0.056, P=0.020

y=—0.003x+0.130, R*=0.123, P=0.000

popit
DOM E/K 45>
DOM i /K41 5

3=0.126x-0.203, R>=0.129, P=0.044
3=—0.043x+0.287, R>=0.188, P=0.013
3=0.018x+0.108, R*=0.004, P=0.745

3=0.042x-0.105, R*=0.699, P=0.000
3=-0.002x+0.050, R*=0.010, P=0.578
3=0.003x+0.001, R>=0.049, P=0.224

AT

3=0.002x+0.160, R>=0.000, P=0.870

3=0.008x-+0.006, R>=0.099, P=0.002

popit
DOM /K415
DOM i /K241 %

1=0.248x-0.435, R*=0.264, P=0.003
1=0.183x+0.567, R*=0.218, P=0.007
1=0.058x+0.347, R*=0.111, P=0.063

3=0.158x-0.278, R*=0.374, P=0.000
3=0.034x+0.012, R*=0.178, P=0.016
3=0.004x+0.046, R*=0.013, P=0.541

S AT

3=0.065x+0.360, R>=0.089, P=0.003

3=0.024x+0.034, R*=0.120, P=0.001

pogiict
DOM /K415
DOM i /K 241 %3

3=0.172x+0.599, R?=0.022, P=0.418
1=0.344x-0.405, R>=0.204, P=0.010
3=0.095x-0.107, R*=0.473, P=0.000

1=0.126x-0.280, R*=0.576, P=0.000
3=0.157x-0.223, R*=0.907, P=0.000
3=0.005x-0.006, R>=0.483, P=0.000

S AT

1=0.056x+0.043, R*=0.054, P=0.023

3=0.003x+0.031, R*=0.004, P=0.555

of HR
DOM /K415
DOM #i 7K 41 53

y=—0.117x+0.430, R>=0.163, P=0.022
y=0.232x+0.735, R*=0.097, P=0.082
y=0.896x+1.751, R*=0.397, P=0.000

3=0.042x+0.037, R*=0.073, P=0.136
3=0.104x-0.146, R*=0.472, P=0.000
=0.174x-0.240, R*=0.404, P=0.000

o s

y=0.173x+0.564, R?=0.107, P=0.001

=0.075x-0.064, R*=0.203, P=0.000

oyt
DOM 7K 415>
DOM Fi /K41 5

y=—0.386x+0.767, R*=0.293, P=0.001
¥=0.695x—1.837, R*=0.393, P=0.000
¥=0.043x-0.153, R*=0.372, P=0.000

y=—0.054x+0.106, R*=0.273, P=0.002
y=—0.013x+0.082, R*=0.003, P=0.765
=0.001x-0.004, R>=0.167, P=0.020

AERA A

y=0.002x+0.172, R*=0.001, P=0.821

y=—0.004x+0.040, R*=0.124, P=0.000

DOM 7K 415>
DOM Fi /K41 5

y=0.398x+0.735, R*=0.376, P=0.000
y=1.530x-3.348, R*=0.268, P=0.002
»=0.026x+0.198, R*=0.000, P=0.959

y=0.021x+0.150, R>=0.004, P=0.747
3=0.164x-0.317, R*=0.074, P=0.133
y=—0.349x+0.713, R?=0.448, P=0.000

AERAA

¥=0.038x+0.160, R*=0.006, P=0.441

y=—0.054x+0.182, R*=0.125, P=0.000

Ayt
DOM /K453
DOM #i /K4 5

3=0.662x+0.769, R>=0.267, P=0.002
3=-0.025x+0.238, R*=0.001, P=0.841
3=—0.146x+0.635, R*=0.231, P=0.005

3=-0.139x+0.147, R*=0.567, P=0.000
3=-0.119x+0.326, R>=0.658, P=0.000
3=-0.011x+0.042, R*=0.528, P=0.000

AT

3=—0.030x+0.233, R*=0.042, P=0.046

3=0.009x+0.045, R*=0.112, P=0.001

DOM #5475 +H
w2t
DOC(mg/L;x)
WRE
PR
SUVAsy(m?/ mg;x)
W2
HE e
HIX(x)
W JE
®E
Faax(C1)(x)
WRE
PR
Frnax(C2)(x)

R 2 3%

popit
DOM /K415
DOM i /K 241 %3

1=—0.839x+0.862, R*=0.138, P=0.036
3=0.500x-0.522, R*=0.209, P=0.008
3=0.716x-0.850, R>=0.449, P=0.000

3=1.035x+0.949, R*=0.728, P=0.000
3=0.125x+0.265, R*=0.314, P=0.001
3=0.122x+0.240, R*=0.350, P=0.000

S AT

3=0.177x+0.002, R*=0.113, P=0.001

3=0.098x+0.208, R*=0.347, P=0.000

EE

of B
DOM /K41 5
DOM i /K 21 %3

1=0.290x+0.682, R*=0.026, P=0.380
1=0.605x-0.569, R*=0.152, P=0.028
3=0.131x-0.127, R*=0.462, P=0.000

y=0.167x-0.261, R*=0.411, P=0.000
1=0.317x-0.348, R>=0.885, P=0.000
3=0.006x-0.006, R>=0.368, P=0.000

S AT

3=0.057x+0.072, R*=0.032, P=0.079

3=0.010x+0.042, R*=0.033, P=0.077

anx(c 1 )/Fmax(cz)(x)

W)=+

of HR
DOM /K415
DOM #i /K41 53

y=0.170x+0.485, R*=0.158, P=0.024
y=0.433x+0.922, R*=0.146, P=0.031
y=1.248x+1.814, R*=0.590, P=0.000

3=0.057x+0.024, R*=0.061, P=0.174
=0.151x-0.162, R*=0.422, P=0.000
3=0.150x-0.136, R*=0.229, P=0.006

o s

y=0.262x+0.626, R*=0.151, P=0.000

»=0.109x-0.083, R*=0.265, P=0.000
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T AR 2 PR 25 1k [ U1 485 B AT A - gk T ) 22
S PTEL.

1025 2 A SMT 5 SUVA,54(P=0.002)
B E A OGS DOC(P=0.000) Fuax(C1)(P=
0.000) Frrax(C2)(P=0.001) 5 F% 3 25 1 Uk O, ix %
BZKAHY) DOC WREE 28 5 SR 2 2 1 40t 75
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