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Influences of fecal dissolved organic matter on the adsorption and transport of veterinary drugs in high organic matter soils.
YAN Hao', XIAO Hui-yun', CHEN Zhuo', LV Yu-juan’, TANG Xiang-yu'’, HU Jin-sheng'®, CHENG Jian-hua' (1.State Key
Laboratory for Development and Utilization of Forest Food Resources, College of Forestry and Biotechnology, Zhejiang A&F
University, Hangzhou 311300, China; 2.Nanjing Institute of Environmental Sciences, Ministry of Ecology and Environment, Nanjing
210042, China; 3.Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610299, China). China
Environmental Science, 2025,45(12): 6737~6748

Abstract: Surface and subsurface soils collected from a bamboo forest at the footslope of an upland were used to explore the effects
of pig manure dissolved organic (PM DOM) and its hydrophilic (HI) and hydrophobic (HO) fractions on the adsorption, transport,
and retention of doxycycline, enrofloxacin, florfenicol, and sulfamethazine. Total DOM was extracted from pig manure and further
separated into HI and HO fractions using XAD-8resin column. According to the results of batch equilibrium experiments, the
addition of PM DOM led to varying decreases in the adsorption of enrofloxacin, florfenicol, and sulfamethazine but marked increases
in the adsorption of doxycycline; the addition of PM DOM’s HIS fraction substantially weakened the adsorption of enrofloxacin and
florfenicol by the soils; the addition of PM DOM’s HO fraction significantly enhanced the adsorption of doxycycline but markedly
reduced the adsorption of florfenicol by the soils. According to the results of saturated transport experiments in repacked soil
columns, doxycycline and enrofloxacin could make a breakthrough; the HI fraction of PM DOM played a predominant role in
reducing the recovery rate of sulfamethazine in the surface and subsurface soils (by 13.6% and 5.4%, respectively), while both the HI
and HO fractions of PM DOM increased the recovery rate of florfenicol (only evidenced in the surface soil; by 30.7% and 20.1%,
respectively). The addition of PM DOM could enhance the retention of sulfamethazine and florfenicol (by 14.9% and 7.8%,
respectively, in the surface soil columns; by 3.1% and 10.6%, respectively, in the subsurface soil columns) while promote the
redistribution of enrofloxacin and doxycycline to deeper soil layers. The humification degree and aromaticity of DOM in the aqueous

phase of the soils, as well as the content and proportion of humic-like and protein-like components of DOM, might exert a crucial
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influence on the transport of veterinary drugs in the soils.

Key words: fecal dissolved organic matter; hydrophilic/hydrophobic component; veterinary drugs; adsorption; transport
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1.1 WSS

TR A H bR 254598 ) 5 2 (DOX) i —
FEmEIE (SMT) . B Vb B (ENR) I A Jé % (FFC),
B b A2 s R AR AR A PR A W)L 21 >98%.4
Bl H AR 290 M 2 1 BT A 15 HPLC
P IR LRV 8. B, S, WAk
B RN N bt

F1 BrEAMERMER
Table 1 Basic properties of the target veterinary drugs

SRR gk pk L
(mg/L)

pKa,1=3.0

BAER  CpHuNOg  —0.02  pK,p=7.9 630 [11]
pKas=9.1

i CLHIN,0.S  0.14 pKa=2.1 1500  [12-13]

HEmg e - pKap=175

BWBE CobnbNo0; 110 Poe™0? 63 [14]
pKa»=8.3

WKJE% CH4CLENO,S —0.12  pK,1=9.0 1320 [15]

ASCES < v O £ 1% — B B = R DU AR i A AT
Acquity UPLC BEH CI18 & i £ (1.7um,2.1umx
100pm) (Agilent, 3 [H); 808 AH (13 -DAD Al
(HPLC-MS/MS,Agilent, & [ ); & 4 Hl % 7 #7 1L
(Analytikjena multi N/C 2100, 7 [¥]); [5]25 W - =4k
% )t 6 it A% (Aqualog,Horiba, H A< );pH 1 (Mettler
toledo i 1); TH IR #%(HZQ-X300C, L-ifg—fe A}
FAXARAT PR A 7)), 7 VR T HEHL(FD-1A-50, b 3¢ i =
RS AN s A B2 ) ); A Bl 23 Bk 2% (CSB-A, L
W AT ACEs | A R A ] );pH 1l (SensION+
MM150,Hach, 3 [F)%%.

1.2 ftil+1E

AR 13T 2022 4F 10 HEEWLA BN I
G X IR B AR RS (30°31'N,119°57'E) I — B 5 47
MAEHLFIRE 30a). LBRAT I Z20RAE S50 )5, 70 i R
£ 0~20cm Fll 20~40cm Y440 1) 1458, 25 IR B3 R
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5 AR AVE LIS 2 MRS R EAEER b
T A RS KR R B R LUK A, /O, R )

A LR B IR AR S5 48 A HOE 2mm i 0F— P58 e Xt
Ja PRA7 A PR L B R PR M 8 13 2.

F2 i HIERERELER

Table 2 Basic physicochemical properties of experimental soils

Jpe oL f LR P8 A 4 b FSEERiIRT S WA HLER b ki KL Iy A

(uS/cm) (cmol/kg) (g/kg) (mg/kg) (%) (%) (%)
FKJZ 14 (0~20cm) 3.67 252.33 2.95 52.7 618.14 2743 2893  44.64
W2 -3 (20~40cm) 3.70 171.90 232 36.1 523.65 2043 3246  38.11

VE AU R FH L o s 38 5 43 FS AR HE (PR :2~0.02mm, 13 K7:0.02~0.002mm, £ Fi7:<0.002mm).

1.3 X358 DOM

&L DOM [FHRHCHRIN 2g E2 3 2mm §ifi (1) 4% FE4F
fn, BT S0mL BRFELOVE L I 20mL 7 0.1g/L
NaN;HIE F) 10mmol/L CaCly(2 4 FLAF i)V,
T 25°C. 250r/min 45fF T &% 16h Ji5, 8 * 30min,
7£ 25°C. 8000r/min £&fF R 2.0y 10min BX L3 Wi H
0.45um PTFE JEMEIT 38 KA SR L) DOM ¥
(i h mDOM ), 32 pH {E A1 DOC 5,98 T 4°C
IR LR A7 % .

SR/KFE /K DOM 453 1143 #5:27% Engel
Chefetz (2015)[) 751 ¥ DOM ¥ pH {f 1 %
Pk XAD-8 B R+ (DOC/DAX-8=1mg/1mL,2 i
/o) TR SR T IR N 3 AN IR AR 1
0.1mol/L HCLWSCH U tH s ¥ 1T R v T 1) pH
TH A 2~3, b A, AR U S R T (R S8 7K 4 23
id 4 mDOM s ); AT HFIN 3 /NI AR AR 1)
0.1mol/L NaOH Ji7, i 6 B I A4RH 1)k 4l 7K e B
MBIV XAD-8 MAEHEH A=A T
T4 15h J&, 1 7.5 AR AR F R A T 28 IR
Oh, TSI AE 55°C 1 251 R, P A1 44 FH /K s il
FREEV 58 H-H 0 DOC R K 11 IV
AVIRA FRFTK A 73 (1K 8 mDOMk). 41
SYET pH AH ZE S, LV T R T B R
J KRR AT

%3 11 DOM FnjE% DOM REFEK. BRKESHRAS
RPN HIRRRNRE
Table 3 F,x of fluorescent components of soil DOM, pig
manure DOM and its hydrophilic and hydrophobic fractions

poii 4+ DOM"™  mDOMg  mDOMyx mDOMys

Fnax(C1) 6.01 7.16 9.30 6.14

Fnax(C2) 3.51 20.46 5.47 18.05
Funax(C1)/Finan(C2) 1.68 0.35 1.70 0.34

W% DOM gy S Lo KRG /K 20 43 1 — 4 %8k
JGHEPAT RT3 BT (PARAFAC) 45 B L% 3.4 DOM
FE S S R (CHRMEE (1 R(C2) 4L 2 Fh
B 5y .3 Bl DOM FE 5L C1 5 C2 d K%t
FE (Frnax) 2 EG B9 K /N 7 4K X :mDOM. 4 «
>mDOM ;>mDOM s k.

1.4 SR B S5

FRE 3g LFE NN & A BASH 100mg-C/L 3%
F¢ DOM i HoE/K. KAL) 4 Fh bR 25385
Y5 30mL(% 10mmol/L CaCl, #10.1g/L NaNj), &
ZIIRILR R BRI h 0,0.1,0.2,0.5,1 Al 2mg/L,
SRS RTS8 77" 25°C TR 24h 1k BRI
17 )5 ,4000r/min 250 20min, HL_E3E L4 0.22pum
PTFE JEMEEJE, AT d8W %) pH {H. HF%, B2
W DOC WRFE . SEAMBI - = 4E 56k s it
2 ANPAT SRR R SR F R ek R R

Q. = K4Ce )]
K. R HIERTE 25 (R P i me/kg; Ky A 241
] — Y80 73 TiC 3 40 Lk Ce O YA 17 5 VIV 55 2 R EE
mg/L.
1.5 TAHIELK

TAE AL RS HH T AE(AAE Sem. 5 10em)
HERER S IR B2 T4 F B WA 48 4 B AR BEAT N 3
AJHERE 14 AR 2 (2.5em ) FIERUR R
FEAR, /N R 22 R S 0 AT I — 2 o T AT
KI5, 997 1 R A A AR S R TS 43 3
—ik 600 HJeé i SRG e Fai—2(0~2em )&
AR ALK e AT TP (80~120 H), BT, Pi i JH AR
A I S 4 AR AT A AR N (1.24 £0.05)g/em’, 5
P i) - 358 10 25 B AR U, - R T TR BE K T T R
iR ) b e F B Al K AT 24h, T TS SO
(10mmol/L CaCl, ¥ W1 0.1g/L NaN3)LL 30mm/h 7
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A5 ANLEARAPV), A8 A ik 2P B 5 4k 27
iy AR S B E 2B B R NN BN 100mg/L
H3% DOM 5L 41 73 (1) 4 Ff H bR 25 1R Gl
#8245 Img/L. 0.5mmol/L KBr. 0.1g/L NaN;3
10mmol/L CaCl,)(¥ 4),Lk 30mm/h 73 A 2 4~ PV.7EHE
ORI PERY B, LA 30mm/h N 10 A PV [R5 S
VAT 5 2. AT b H K H B 3380 o oA A
RAE TR LA S0 A BRI AR 48 ANFE b, 23 il e H
P25, Br M DOC ¥R, pH fH AN - —4k

F4 AMEHEFELEENTNMBRAIFKER
Table 4 Compositions of injection solution during the
veterinary drug addition stage of saturated transport

experiment in soil columns

i H K 1 HEK 2 WK 3 HEK 4
M 3% DOM Fh2 Bk mDOMg  mDOMix mDOMy:k
(mg-C/L) - 100 100 100
CaCl, ¥ J¥ (mmo/L) 10 10 10 10
Br ¥ % (mmol/L) 0.5 0.5 0.5 0.5
BRI (mg/L) 4 4 4 4
NaN; ¥ (g/L) 0.1 0.1 0.1 0.1

1.6 WARIER HUREERAE

FESIRT DOC ¥R S5 AT BB 2 AT A 52
FE SR R ST pH 10 5E KL S DOM (1)
YL RFAE SR FH SR A3 2/ S 798 e e i Al 2,
FEATVE N BB 1.0em A7 98 b g b e 4y
FU U AR FE 25°C 3R AR IS W 3140 i v Kl
il i 200~600nm; % )t 6 1% I ¥R KA 240~
450nm, [H] B 24 Snm, S 213.25~620.80nm,
BB 1.63nm, AX 43 5 18] 0.5s; LLUER A K A 2% 14, LLER A
WS TR A 1 P D 2R 5 2 B it AR R 2 U

K H SOLO #f4-(Eigenvector Research, 3% [F), X}
FRLRI - S0 P 8 1) 352 AN K FEI = 4E58 061
HEAT 47 I F(PARAFAC) 73 0T, 45 5 1% — SUE K 56
BG40 1Tt 5 TR T8, R 2 B ) e 414 (5
B JTURN A A 1 50, 3K 73 G K 58 (F ). T
FAMR - = 45 TGS B T 2 N IES
B:1)SUV Agsy, WEERAE 254nm 3 K AR HE AN
FECE AR LRSI S 1) LU A, SR BR300y
T A0 B i 2002 J A A 4 B (HIX), A 3 A O K
254nm TR K 435~480nm 55 300~345nm 10 [

(1929 D't B AR A3 (B 2 L, S ARDBR R, 3R 7 J B A A
LA=TIN S 9El o U A (AR L =B S
1.7 B SA

SMT. FFC. DOX HJ$2HFR 1g 1 L3 A
SmL ¥ Ml SmL EDTA-Mcllvaine 2% i ¥ Wi
(0.1mol/L Na,EDTA+0.1mol/LL. Na,HPO4+0.06mol/L
F7 15 82 ,pH=(4.00+0.05)), %4 Ji£ 30s,#8 7 10min, 7&
4000r/min #53# N 550 10min, S8 F3GHF] 250mL
W, ERE 3 )a HBAUKE BiER R R
175mL, 45 6l FF BEIR FEAE 10% LA R UH 6mL FEE
Fl6mL 4l K354k 3mL ) Waters HLB [ A7 A2 B0
PR LA ImL/min [F9SEM iE [5 AH AL U, 7
1 10mL &2tk phpk/ME, I T4 2h J5 H 6mL H
e It DE W 22 W45 Al i e 5 %8 2mL,
it 0.22um PTFE JEE, 450,

ENR [FHRHCER 1g % 1IN SmL 50%
Mg(NOs),-5% NH3-H,O (EFRLE 92:8)TR 4, i i
30s ,#E % 20min(180r/min,25°C),# 5 #2HL 10min
(60W,25°C),4000r/min 2.1 10min, I3 R ISCHE 21 3%
BRI 3 UG, A IR T IR 2K AR
150mL 3B L 1mL/min 3780 1 25546 1
AR 2 BN, BRI 10mL Bt K it 1 T
5 1h J5 H 6mL #21k £ i& (CH;CN-0.05mol/L H3PO,,
PRBILE S:D)PEBE BE R A B K T 5 - 50%
EZRE SmL,iL 0.22um PTFE BEM5E, £50.

2 2R H e RO AR €438 {2 (high performance
liquid chromatography, HPLC)HC 5% B¢ — 5 U Al 4 it
A (MS/MS) B8] — 1 45 B 41 2 W #% (DAD) Wl &
HPLC-MS/MS & P BN A 0.1% HIR- L1, SMT.
FFC. ENR Al DOX MIRIIBR 5714 33,19,19 #i
136ng/L;HPLC-DAD £ 8IAH N £ 5-0.01% H
f%,SMT. FFC. ENR Al DOX ¥+ bR 23 5] A
0.05,0.1,0.5 1 0.5mg/L. 2K F A bri gt bt ith £2.
1.8 Gl it

SR FHERAE [ A 3 0] - A 5256 HH 7KORE il 1) 45 24
WS 5 KA 2E AR bR 1) 6 RIEAT 4347

2 HRE5SH

2.1 FEJH DOM X 358 v 28 24 Wt F) 52 i)
TEANFEAEFE R, 5% SMT.FFC.ENR £1 DOX
(A S W B 5 38 ] R 2R PR T B U P A5 (GR 5),
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R* 7F 0.883~0.998 2 [f], H. 33k 3| # & % /K F

(P<0.01).

x5 TEPEHZERWMBFEHEMEEBUSER

Table 5 The fitting results of linear model to isothermal adsorption data of veterinary drugs in soils
w25 s R4 R 145
Ky(L/kg) R’ Ky 754k Kqy(L/kg) R’ Kot
X! 16.31 0.996%* 13.35 0.998*
SMT mDOMy, 9.64 0.986%* —0.41 8.13 0.988% -0.39
mDOM 20.69 0.996** 0.27 18.42 0.995% 0.38
mDOM;: « 38.80 0.916* 138 10.09 0.957%* -0.24
of J 24.67 0.883%* 24.52 0.994%
_— mDOM 6.82 0.995%* -0.72 3.36 0.992% -0.86
mDOM s 8.13 0.944%* -0.67 8.21 0.941%* -0.67
mDOM;: « 15.33 0.950%* -0.38 8.10 0.925%* —0.67
o e 1.42x10* 0.973%* 1.93x10* 0.919%*
ENR mDOMy, 1.44x10f 0.955%* -0.90 1.44x10f 0.927%* -0.93
mDOM 4.17x10° 0.918%* -0.71 3.15%10° 0.951%* ~0.84
mDOM 4 1.69x10* 0.913%* 0.19 1.02x10* 0.977%* —0.47
X 3.45%10* 0.899%* 4.02x107 0.955%*
DOX mDOMy, 1.44x10i 0.976** 3.19 1.34x10i 0.956%* 2.34
mDOM 4 2.12x10° 0.994%* 5.15 1.79x10° 0.916%* 3.46
mDOM 4.47x10* 0.992%* 128.64 1.78x10* 0.950%* 4334

KR S DOMAR LT Ko 55 % FRK ff 2 26 B DA FR K (BT 75 10 B A 3R 7 % * 3R s e 3 7K T-(P<0.01).

TEAES I DOMOH O DL T 4 Fri 25438 2
MNP ERJZ TP ) Ky (HK/MIFR: ENR>DOX>
FFC>SMT i #4 7L 78 In# 3 DOM 26 K4 73 J5 Ky
{3 ENR>DOX>SMT>FFC ({53, 76 g 3%
DOM #i/K4 53 )5 Kq I 3L DOX>ENR>SMT>
FFC [P 7. 3% 35 B 14 25 BRALHE ORISR DOM J2: 52
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B W SRk 5 A5 2 2 3 DOX W Bt 384 5,
{HX} ENR Fl FFC W B LIV E F ARG T2 K 21 0
(SUVA,s54:1.46), 75 I 7K 2H 43 Ab 3 A A HL T & 5
e IR 2 B0 DUl H AR 2511 Ko (E3E R IX AT g
& RN B 7K AL 50 35 A S8 AR (1) 0 A 45 F (SU VA s,
3.02), fit 5 4 2 5 22 Bb S B Gl i 8 /K FH 45 ) 4
T Hg R L

PR IE,DOM ISR /K AL 5> 57 T2 (AR P 2 4]
(IR 3 . 550, G K 41935 1 8 %2 I /K &5 44
G AN R ) S NP e o Rt L7
i DOM 2 [a] (R 22 S th AT SR ALK 3R > AT 1
FURIN,DOM (155t Fl1 4y 1 B2 50 DOM 414)
A - 858 v W BT AT AT A - St B 2 ) W
FFAE.
2.2 F&J{ DOM 52538 1 5

TAESEE T Br (AR R NS ER DAL 4 Fh
H bR 25 T B R R S EOR 2 35 23253 51 136 6 il
7. FE HK I Br o SMT Fl FEC A iR JEBEHEK PV
Few b g an il 1 s,

TR E I R AR AE 4 AN K AR E]
1,5 Br AL, SMT (ARG T 0.2~1.2PV,
W B B3 55 16 FRC FI] 2216 ()35 T 0~0.5PV.SMT
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*6 THARKERHEIEHEANIBHESH
Table 6 Transport parameters of veterinary drugs in repacked

columns of soil aggregates

T HEK bR ZH SMT FFC ENR DOX
- YIZE PV 1.5 05 ND ND
T MR %) 508 537 0 0
YIE PV 1 03 ND ND
POMs ARAIHR I o i (%) 46.8 1174 0 0
. 1t 5 e v . .
P == | B
WIE PV $1 0.5 08 ND ND
DOM ¢ R
AT B it (%) 345 914 0 0
WIZE PV H 1 08 ND ND
DOMx o
AR IR (E(%) 593 749 0 0
o WIZ PV $1 08 0.8 ND ND
T AR R (%) 462 613 0 0
YIZE PV 1.0 08 ND ND
POM: AHX R B (%) 305 767 0 0
i - sk gk . .
A e e—
YIZE PV 1.0 08 ND ND
DOMx S
AT B it (%) 464 518 0 0
YIE PV 13 08 ND ND
DOMy:

WSS I it (%) 571 766 0 0

HNDFR IR B,

F7 LITHREHBHEEEFFE
Table 7 Fates of veterinary drugs in soil columns during

transport experiments

ERE HEKAbEE  E(%) SMT FFC  ENR  DOX

FIER 483 633 0.0 0.0
pagii WEE 233 3.1 1005 921
PRE 284 336 0.5 8.0
WIEHR 435 908 0.0 0.0
DOM WEE 382 109 1027  84.0
PRE 183 —-1.7 27 160

Ha ik WIER 347 940 0.0 0.0
DOMyx Wi 455 102 118.0 116.0

WUE 198 —42 -180 -16.0

FIEHR 751 834 0.0 0.0

DOMyx  WERAE 172 9.1 964 1035

BRE 77 75 36 -3.5

FIER 630 826 0.0 0.0

payict WEE 107 43 1216 366

BUKRE 263 131 216 634

FIEER 612 860 0.0 0.0

DOM WEE 138 149 939 1073

W BRE 250 09 62 -7.3

FER 576 827 0.0 0.0
DOMyx  #if% 117 9.8 968  103.8
WRER 307 75 33 -3.8
FIER 662 803 0.0 0.0
DOMgx  WEFEE 155 89 1102 755
PRE 183 108 —102 245

XFEL SMT A1 FFC (%555 th k(8 1),SMT f74F
Eb 3™ T [ IR i IS R Ik 5 35 2% ) 00 AH

WP I LIS A% I G AT b2 K 5338 3 Bt o
TR 5y 2R P 2 ) S U P 4 SR (- 3 TR AE ARSI X
(oo s -2 A i 4E IR 55).CONDE . %511
W AR ILSMT 7 3 b T B A7 A0 B 2 009 )
L5 IR REAE 1.64~2.12 2 27 Wang 228032
4 [~ L TR A (fracture—matrix  model)$5¢ 4f b fiF Ff
TG 2 E 2R IR RIS IR W I
BRI LR L Peclet BURE& R, 24 3 A B
TH B S ] B AR B AR T .
2.3 &Y DOM X5 2435 BRIk 1R 52

AN T E 7K A BER A o 24 R B R S R
YT 7, H I 2 B B VR BE M AT 1 T3k 8.

FEANFI KA B F K2 LR SMT (1)
TR R RIAE 17.2%~45.5% 0 N ,SMT 5 B
76 2.5~7.5em WEGH W B FHER 76.2%~
88.3%); 7t 2.5~10cm R B2 V6 [H] P B R P2 1 3 n vy
By D S g 26 DOM. Ji, SMIT 7B A3 b iy s
B B BB N, oK L Ay e B iy SMIT Wi e & Ll
T AR AEA R BE KA FE R 3 2 4 s b
SMT I3 B 243 IAE 10.7%~15.5% 30 1 9, 35t i il
BRI HIAE 5~7.5em R, BRURRE L ER)Z 1
SR AL PR, X AT AR S R 2 IR LR S
FFRLS B BARCE R T B A K 188 10K
DAV e I g 2E DOM 8 HAT— 4143 5 ,SMT 1E
AR R B RS A I g K E R 2 SMT 5
W26 DOM /A A1 3= B L 0 et f F
54 3 DOM HIR ML A1 55 SMT 105 4 i R 0 2 ik
[ HE A 2 [ R B DL K S5 36 DOML 1) 05 A 4k 5
SMT AR 2 ] f#) m—m AH B A 2030,

AR LA, ARIKGHET FFC
(1) ity B T AR R S T 1 if b e e L B
75 7.5~10em RS, 5 A P9 R B R 26.9%~
35.0%. &35 DOM S 37K R 7K 41 43 143 ias 32
i SR TE L3R FFC s B e S AR (L3
K20 43 ¥ P 5 U 3G i BE OK).FFC 1) 0% 7 BA 4
LA FEEAPUR S HEIRE R A
HL A RS2 A4 A L I R A B FHAT BT FFC 1E
g g B B B SR FRC B — 5 (25 K PE (H
e AR s A T L R
HUTR Sz A 558 7K HE LA T, DA T A1 3 MR B 221 70 T %
2 R b R AR KA R FEC Wi B &
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KoM R % 45 %

BB FRE A 7.5~100m SR, b7 ke 4 R
B 11 31.6%~41.4%. 7 INJ# 25 DOM 5T — 414>
J& , FFC A& T A v 1 s s B B S 3 A AR =
()52, 75 T A HEK A BE R &9 % - 38 FFC R
B & SRR T SMT.

*8 ARBHKLETIHAIELFTEENREST
Table 8 Depth distributions of veterinary drug in soil columns

with different injection solutions

WREE SMT FFC ENR DOX

+HE KA
’ (cm)  (mgkg) (mgkg) (mgkg) (mgkg)

0~2.5 0.07 0.11 3.01 2.56
2.5~5 1.63 0.11 0.56 1.23
pagii

5~7.5 1.12 0.12 0.25 0.72
7.5~10 0.46 0.13 0.12 0.35
0~2.5 0.32 0.16 3.01 2.74
2.5~5 1.56 0.20 1.82 1.09

mDOM i
5~7.5 1.43 0.21 0.21 0.97
®At 7.5~10 0.44 0.21 0.08 0.54
i 0~2.5 0.52 0.08 2.61 2.59
2.5~5.0 1.12 0.11 1.88 1.26

mDOM,M
5.0~75 074 0.12 0.62 0.77
7.5~10 0.37 0.15 0.35 0.43
0~2.5 0.38 0.11 3.22 3.06
2.5~5 0.45 0.13 0.68 0.74

mDOM;
5~7.5 0.42 0.15 0.53 0.68
7.5~10 0.39 0.21 0.82 0.66
0~2.5 0.33 0.05 2.99 1.69
2.5~5 0.31 0.04 1.15 0.78

oy

5~7.5 0.47 0.05 0.59 0.76
7.5~10 0.28 0.07 0.62 0.57
0~2.5 0.29 0.04 2.48 3.17
2.5~5 0.33 0.11 1.38 1.08

mDOM i
5~7.5 0.41 0.11 0.73 0.46
WKz 7.5~10 0.35 0.13 0.48 0.52
15 0~2.5 0.22 0.05 3.76 3.53
2.5~5 0.27 0.07 0.83 1.02

mDOM
5~7.5 0.31 0.05 0.53 0.54
7.5~10 0.29 0.12 0.57 0.50
0~2.5 0.32 0.04 2.93 3.31
2.5~5 0.35 0.04 0.91 0.72

mDOM; x
5~7.5 0.39 0.05 0.89 0.65
7.5~10 0.30 0.06 0.85 0.64

1R 2 IR ARl K AR BE R ENR ¥
B A B R B 1 38 i B, e v (R EAE 0~
2.5cm GRPE(A AT T BN 84.8%~98.4%); 7k
JKHR NG 26 DOM Ji7,2.5~5em ¥R 5 1) ENR s B 5
K3 N, Hog /K4l 7y AR et ENR ) SR AR 7540 A1
ke 32 R LR 2 IR A 3% DOM
B IR ENR VR BE AR AE A5 i AR AL, Wu 250

FORIAEARICA H 1458 ENR ¥ B %6 7E 80% LA
e M AR R AE 15% BAR, o R 1 i R B
77,pH3.0 I ENR W B 2 ik 98.3%°L A w5y, +
1 pH<3.7,ENR FZLLLH & 1 B &A7AE, 2 St i
fity - SR 2 A 5 H W 5 | Graouer 2ECRIESY T4
ENR 75/K-+ 5t ER S b, < 3 ENR 78 135
(1YW B 2 T HE B3R 27 ) pHL (LA 2, 0 T i FEL A LA
FH & ENR i 8 B ZL/EH ).

T3 2R 2% 2 - SRR A vh AN [ 1 7K Ak 2
'~ DOX iy ¥ LI B R B2 3G I R R A K s
I3 DOM SE7K 4 73 2542 /51 2.5~5em M FE ) DOX
i B 5.DOX 7 2N R R AL 4 T e ] X 2y
REM AT LU T (K 7 7B B A e . B
SRR T e B A B T A, AT A LA
A7 F R B A R P PR R P g 2 DOl
DOX Al BH & A ey i KAE T (- M EAE
R AEAE )y SRR R ) e - e B L BH
TRy LR

UEANR 7 g IS A R S AR TR AR
YBRAR (LK AR« e, BRI S 38 2k R T B 1
BRE RIS A B R e 58 2 0 B A X R
AN P 2 B A TCTE AR 3% AR ENR Fl DOX
b, MO IEAS R kR SMT Al FFC i B9 2 () 3t
KA B R 2 7 (19 4
2.4 DOM FEFRX 25T R KL 1) 5% i)

F LA KB 25k 2 S DOC R EE
SUVAsss+ HIX . Fua(C1) v Frax(C2) 1 Fia(C1)/
Fna(C2)Z AR A 9] U5 43 B 5 5 WLEE 9 1 10.

TR At 3R 2 T IS A A I W R 2 T e
FE, % HEK AL EE R SMT 5 DOC ¥ % (P=0.000~0.873)
EANFLE KPR AU O X R B 7K AH DOC 5 bk
fIG,SMT 7 ZKAH H (13 58k s ) B /K AR 2R HE K
(1) FFC WKJE5 DOC K S22k FAH I (P=0.074~
0.492), MG ZEH DOM B HSE/K . BiKA ) a
) 522 AN R 2 B2 1) 2 12 1E AH O (P=0.000~0.975),1X &
WI{EAGS I3 DOM 1500 T, T3 N DOC &5 &
B, LR FRC 1R W Bt 5 8 22 AR T, S n A/ i
DOM I HSE/K . BiK4L5r Ay T IX AL, nl A A
F-4NJE DOM (285 4l 3 5 FRC 384 L etk
PR B 5 Bk A= 3 A v L% 3% DOML (1)
I IEHE T A3 SMT O R, (H 2190 % FEC #)
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] 47 AL, DOM H () B R A (R 3k . k)T LA
T 3o A A e 5 R 2 T W PR 1 A A
1152 SMT 43t 5 2 (K b7 o5 P74k DOM 7T LA
I BB T (hn:Ca™ . M) -8 T R
e SMT 58 YR I A4 A g 118 bl 2
TR R W 53 DOM 5 FFC 74 10+ L A7AE
T I oG R P,

AT S K 25K S SUVALs, KA
KPR B KA B 2 S TR R ERE T
ESFLAG KR IR S 3R 2 - IR A R AR NS 3
DOM #i /K2l 43t /KALEE R ,SMT W JE 5 SUVAss,

EANRLIE KPR ek 1EAH 95 (P=0.199~0.416), 3
AR TR 05 2 MBI, BE R T SMT 78 A (1)
i L KR SMT W FE IS T A3 N 36 5. DOM
SRR 23 KR BE R ,SMT WKRJES SUVAs, 2
AR f 2 7K ) e P £70RH 96 (P=0.011~0.401). 31X 1]
AEJE K 36 4% 2 DOM BiK 400 v o e s i ok
Oy TR A S A W B A g5 U, S 8
SMT B 2 Hulr) /K AH 2 L. KB /3 6 3% DOM. JHEZK Ak
PN FFC WRIEZE SUVA,sy 5 HIL i
(P=0.000~0.282),3X 3 HH 7K AH 1 75 7 14 i w5y, - 458 ]
FF FFC 68 )y 5t .

R9 REIHERFHKPELRES DOM EIRHIL RN HLE

Table 9 Results of linear regression analysis between veterinary drug concentrations and DOM parameters in effluents of repacked

columns of surface soil aggregates

PBYIIRE (mg/L; y)

DOM #&hr(x) MK Ak H

SMT

FFC

X I
DOC DOM
(mg/L) DOM
DOM; «

y=—0.011x+0.273, R*=0.027, P=0.286
y=—0.001x+0.163, R*=0.011, P=0.507
y=—0.001x+0.132, R*=0.047, P=0.157
y=—0.003x+0.378, R*=0.093, P=0.044*

y=—0.007x+0.225, R*=0.011, P=0.492
»=0.007x+0.034, R>=0.133, P=0.015*

$=0.005x+0.133, R?=0.130, P=0.000**
3=0.001x+0.278, R*=0.000, P=0.975

oy
SUVAssy DOM
(m*/mg) DOM s
DOM; i«

3=0.014x+0.128, R*=0.035, P=0.223
y=—0.015x+0.176, R*=0.017, P=0.401
y=—0.003x+0.128, R*=0.020, P=0.364
y=0.111x+0.143, R>=0.039, P=0.199

y=—0.015x+0.247, R*=0.043, P=0.178
y=—0.100x+0.396, R*=0.195, P=0.003**
y=—0.023x+0.339, R’=0.279, P=0.000**
¥=0.386x-0.016, R?=0.290, P=0.000**

pagii
DOM;:
DOM
DOMy; «

HIX

$=0.351x+0.619, R?=0.597, P=0.000**
3=0.495x+0.887, R?=0.179, P=0.004**
3=0.135x+0.110, R*=0.102, P=0.034*
y=0.345x+0.354, R?=0.137, P=0.013*

y=—0.161x+0.547, R*=0.125, P=0.019*

y=—0.163x+0.247, R*=0.436, P=0.000**

y=—0.335x+0.789, R*=0.155, P=0.008**
y=—0.229x+0.105, R*=0.037, P=0.212

pagii
DOM;:
DOM
DOMy; «

¥=0.171x-0.466, R*=0.189, P=0.003**
y=—0.014x+0.204, R*=0.003, P=0.733
y=—0.048x+0.078, R*=0.181, P=0.004**
1=0.043x+0.025, R*=0.040, P=0.194

y=—0.013x+0.223, R*=0.001, P=0.835
y=0.175x-0.585, R*=0.111, P=0.027*
=0.191x-0.540, R*=0.717, P=0.000**
3=0.193x-0.622, R?=0.482, P=0.000**

pupist
DOM s
DOM
DOMy;

3=0.197x+0.670, R*=0.208, P=0.002**
3=0.027x+0.012, R*=0.208, P=0.139
3=0.004x+0.096, R*=0.007, P=0.599
3=0.002x+0.218, R*=0.000, P=0.926

y=0.077x—0.011, R*=0.031, P=0.251
3=0.018x-0.701, R?=0.588, P=0.000**
3=0.076x—0.116, R>=0.603, P=0.000**
3=0.161x-0.424, R?=0.608, P=0.000**

pagii
DOM s
DOM
DOMy;

Frnax(C1)/Frnax(C2)

3=0.609x—0.796, R*=0.659, P=0.000%*

1=0.444x-0.548, R*=0.180, P=0.004**
3=0.030x+0.085, R*=0.004, P=0.684
3=0.074x+0.147, R*=0.005, P=0.656

3=-0.211x+0.517, R*=0.079, P=0.065
3=—1.746x+1.769, R*=0.717, P=0.000**
1=-0.609x+0.814, R>=0.404, P=0.000**
1=—0.640x+0.984, R>=0.219, P=0.001**

VR B KT (P<0.05), ** Rl i1 3 K SF(P<0.01).

TEVS MG & DOM B /K 4143 #E /K AL B R ,SMT
5 Frax(C1)(P=0.009~0.194) 5 A [] 5 3% K- 19 2%
P I AH 5,1 2 W ZKCRH 1) 28 6 o 4l 5 BRI,
AR T SMT A5 A b i3 B, K ) SMT i
AR 1M 7E %5 B K A 3R L,SMT K E 5 HIX(P=

0.000~0.110) +  Finax(C1)/Finax(C2)(P=0.000~0.684)
SN TA] S KT B R T E AT G, 3K 2R B, KA DOM
(1 JE3 5 A0 R B R SIS IS B AR R B R RO T 8
)G, SMT 75 38 B Fr i 2 25 1t
KALBE R FFC K5 HIX (P=0.000~0.212).
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R 45 %

Frnax(C1)/Frax(C2) (P=0.000~0.065) 5 A 7] & 2 /K
S (R 2 M AR 23X R W ZK A DOM. 1) J65 5 Ak R
RIS JE3 B AR R 5 o s, R ORI FFC [ [
Fr Bk S A P 1 B RE R ORI MR
B LU AT RIS 4 W, BT A S B IR 4
WIS m-n BEAH BAE G 5 AWk I AR B B 26
LB S SMT a4 B b IR A7 55, AT 410
i SMT (¥ PR 7L 1 A, 2H 88 B 5 v 1) 5 4 T R A1
(¥R 3% Wy Fe 3L ) nT 5 SMT J& s & i f A
16 1, 5% i LW B AT 0 B2 A5 00F 9 4 B, 7 AR IR 1
RIS R AR SMT B E S, XM 2 59
5 5 RV B 7004 0, AN T TR) 22 (2 3 SMIT (1) W i
T 24 2R S B TR o i T B & 55 SMIT 3a 4
W B 7 A5, 5 S50 SMIT F9 W B 52 21040 10 40 ACHIF 5%
Hh R 2 )2 4 T R S v kB2 (100mg -
C/L)#i %% DOM Wi/K4 5 J5,SMT % 3% % K iR 1
fa, X — 45 L SOk HRE — B0 A, 288 i i ]

R K 2 e s, 55 ¥ 25 45 45 Ja B K AT B, 0 B
15 2 AL (- 7K RD T 1 398 R S 3
T2 B BT A9 0, PN I B S5 e I I s 2K
M2y R G A S AR 2 fL A R IR
R 20%~50% 41 FE AW 57 o 76 s 0 g 3
DOM Jii, H AR JZ ENR i B 3 i i g 1
A0 DOM W] 0T 5 W B 2 5 2456 3 4l Bhas 7% 1)
TEH.

KA BT 3R 2 - R A K 1 FFC %
JEX)Y Froax(C2) S AN A2 3 KV (28 P 1EAH G (P=
0.000~0.251), LA} 2 48 0HE 1) KNI 24 : DOM
<DOM s x<X} [ <DOM 54 (3R 9).1X KK h K8
ST AL P AR T 5 FFC — it £ - 350k
R AL 5 3 DOM B /K 2043 S AR T C2 78
T3 FFC BIWR B o A 35 4E T A5 ik /K A 3R 3%
2 IR R K FFC WRJE WIS Fra(C2)%
S IEAH G, Hak 24 W 2 /K ¥-(P= 0.000~0.003).

F10 WRETFERFEHKPEHRE SKUFHEROEERVFD L

Table 10 Results of linear regression analysis between veterinary drug concentrations and water chemistries in effluents of

repacked columns of subsurface soil aggregates

2R (mg/L; y)

KA E bR (x) MK Ak H

SMT

FFC

PO
DOC DOM
(mg/L) DOM s«
DOM;

y=—0.001x+0.239, R*=0.001, P=0.873

3=—0.001x+0.196, R?=0.002, P=0.770
y=—0.006x—0.172, R*=0.360, P=0.000**

y=—0.006x+0.360, R*=0.023, P=0.321

y=—0.017x-0.067, R*=0.074, P=0.074

$=0.008x+0.120, R?=0.159, P=0.007**

3=0.011x-0.467, R>=0.524, P=0.000**
=0.013x+0.053, R?=0.077, P=0.067

oy
SUVAss4 DOM
(m*/mg) DOM
DOMi; i«

3=0.293x+0.179, R*=0.020, P=0.366
y=—0.025x+0.233, R*=0.057, P=0.117
y=—0.709x+0.043, R>=0.144, P=0.011*

=0.051x+0.208, R*=0.016, P=0.416

3=0.007x+0.138, R*=0.001, P=0.859
y=—0.070x+0.418, R*=0.085, P=0.055
3=0.942x-0.091, R*=0.106, P=0.031*
y=—0.080x+0.343, R*=0.028, P=0.282

pagii
DOM;:
DOM
DOMy; «

HIX

3=0.181x+0.603, R*=0.093, P=0.044*
$=0.054x+0.089, R?=0.060, P=0.110

y=0.471x+0.735, R*=0.771, P=0.000**
3=0.406x+0.850, R*=0.123, P=0.020*

y=—0.554x+1.307, R’=0.545, P=0.000**
y=—0.223x+0.696, R*=0.188, P=0.003**
y=—0.765x+1.099, R*=0.848, P=0.000**
y=—0.847x+1.437, R*=0.375, P=0.000**

pupist
DOM s
DOM
DOMy;

3=0.114x-0.014, R*=0.040, P=0.195

3=0.009x+0.156, R*=0.018, P=0.747
3=0.181x-0.166, R>=0.162, P=0.007**
3=0.240x+0.723, R*=0.152, P=0.009**

y=—0.021x+0.106, R*=0.001, P=0.854
3=0.120x-0.149, R*=0.087, P=0.052
3=0.100x+0.035, R*=0.020, P=0.354
3=0.101x+0.426, R*=0.019, P=0.374

pagii
DOM s
DOM
DOMy;

Fnax(C2)

3=0.218x+0.075, R*=0.112, P=0.026*
3=0.009x+0.212, R*=0.008, P=0.563

3=0.076x+0.065, R*=0.680, P=0.000%*
3=0.031x+0.340, R*=0.004, P=0.669

3=0.404x—0.403, R?=0.242, P=0.001%*
3=0.139x-0.102, R*=0.387, P=0.000%*
3=0.129x-0.224, R*=0.825, P=0.000%*
1=0.243x-0.276, R°=0.189, P=0.003**

pagii
DOM;
DOM .«
DOM; x

Frnax(C1)/Frnax(C2)

3=0.310x-0.700, R*=0.101, P=0.030*

3=0.017x+0.164, R*=0.005, P=0.654
1=0.536x+0.553, R*=0.633, P=0.000%*
1=0.541x+0.759, R*=0.143, P=0.012*

1=—0.888x+0.517, R*=0.551, P=0.000**
1=-0.368x+0.797, R>=0.400, P=0.000**
1=—0.986x+0.876, R>=0.892, P=0.000**
y=—1.175x+1.288, R>=0.470, P=0.000**

VR B KT (P<0.05), ** Rl i1 3 K SF(P<0.01).
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3 zél: 'L/E\. matter in urban sewage using excitation emission matrix fluorescence

3.1 52 DOM S5 KL IR i 25 B AR 1 3t
ENR H1 FFC (Wt Ko 8, BRI 2> 200 0.67 F1 0.84
i, 17 FL B 7K 4153 B0 I ) 25 4 = H X DOX Al
SMT W BN Ko {ELTHIR S 700 1.4 F1 128.6 fif.

3.2 %35 DOM HI¥s =B T3 SMT %753
KR ZERN R LI 13850 4.8%F1 1.8%),
FLORIK A 43 =2 R 25 DOM RIS N R4 ey
FFC )7 i3 W e AU & 28 m R E
iRk 27.5%).

3.3 45 DOM (Wi nfd SMT 1 FFC 7 A1)
TR IR )2 TIPSO 14.9%H1 7.8%, W
KIE PRS00 3.1%F 10.6%), 1M {2 12
ENR F1 DOX [n] 358 B R Ak - 73 AT

3.4  LHUKAHR DOM [ J i AL R BE RN 55 7 1 &
55 HE RN 2 B 1 AL 93 R P B oy BT ek 4
TS 2RI A e A L .
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