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DLUff fie g e ( Sulfadiazine, SDZ ) AWM X4, it =N IR L 0~15 cm, L

I AI15~30 cm, A 1) S0 380 T AL A 6] &) 18 2R B2 AL 19 3T B8 FR 1, 12 FlHydrus- I DER %)
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R>0.91, K HRIRZERMSE<0.061, ANzhKIX<0.154, HABCRE T 558 (OSM ) I Ak
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WA . 5 9 50 R 48 i i )

MU I IRLZE s [ — PR EEAL, /K K0.017 cm min'HY
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(£ R PONTEEE VA Seg s A0 A nk & 7/BLiE| )
5. Dousset®F ') 3 5 P B AE JEUIR A AR +
FE A B B FRAEHEAT 40 A, I 43 3l Ak 2% 1 i A
Bl 19 X5 B R ( Dual-permeability ) #5481
HAEWFD EAE P B 2R 28 ( Breakthrough Curve,
BTC) , & B D0 56 It 03 A1 i) ~F- Ay W o i Aoz
A e N REAE AR B A TP AR TR, AR A
1 BB 37 A5 T T L 2 3 1t AL AR B 4t

AR e R B AR R AE A P B B RRAE
AR LA s BE ( Sulfadiazine, SDZ ) R 5% Xt
%, AR R A P e, BRI AR
TR TR, I Hydrus- 1D RHR 5645
AT, IR — i B R R 2 480, XA

[F) 7 IR0 AL 3 i f e W ) S A% AT S BEAT BN, LA
S0 DAy b P R W o Ml UK B8 TS T X D 4 4R B e
M

1 ARSIk

1.1 #ik#sl

el e, 4hE99%, W H AL H RSB EH A
BRAHE; pK(EH}1.57/6.50 22,

20164FE3 7 . 61 M8 H =R AE T & i B A& i1 i
LAY R — B IR0 ~ 15 cmAT15 ~ 30 emAb HUR
KRB, R EAE T AT, JfRE
FESEAT AR T AT, IR,

F1 il AR

Table 1 Physico-chemical properties of tested soils

IR &N

ﬁl}‘ 23
Jirg=dindE| s Mechanical composition(%) AR HE
pH Organic matter Bulk density
Time Number o 5
2~0.05mm  0.05~0.002 mm <0.002 mm (gkg) (g cm™)
3 JERk £AE T Column | 39.08 44.28 16.64 4.8 23.01 1.19
March JFR A4 T Column T 36.04 49.40 14.56 5.04 12.97 1.29
6A JFAREA4E T Column T 36.24 49.44 14.32 4.58 30.79 1.29
June JFOIR 4% 1T Column 11 28.32 59.76 11.92 5.18 8.88 1.55
8 A Jk £4E T Column | 35.48 49.00 15.52 4.77 19.62 1.46
August  JERIR 4 4E 1T Column 11 37.04 50.48 12.48 4.97 11.49 1.60

1.2 RERIE

PIKBrAy7R i, et R A &, A
LR, JeM0.01 molL ' CaCLIA®, E Fili
AR AR, FEEAERA, W ERE S, AL
T AT FLEREFR (Pore Volume, PV ) 140.05
mol L™ KBri& W, #AJ5 H10.01 mol L™'Y CaCl, i
e, HEZE RS BCR IR, H R TC R
FIBr oAy Ik o 6 S R B EU I, A
R~ EA

LB IEBPV=v x t/1, KXrfr, vRFEFLBUK IR
# (em min™') , cABFE (min) , O BFERKE
(em) o
1.3 BEREIEBAE

FLbrFm 3, HMNES em. ®15 cmBYA AL
Peus (TFumhREMYIE ) , FRZEHEA 1

2, R O A, % R B s v
BN, AL ZWSE AT DAy 4 A AE0~15 em |
15~30 emPRAREUFCR 4, e A58 A PLEE
FE, AW A B Ok A R, JRE S B AN
BAY R AL, UMW Sg A, JFE LW
Uig iz FUAL 43 500 AGE i ERE AR, DL B 1k - e
FidEZE, JREhEshZE, %6H0.01 mol L'fCaCl,
FEa 1S E I NT(T 4 1 = SO e 2 (0 5| DA T s
&, HH B F#EA3NPYV., pHHN630 mg L'
SDZ, HJ5H0.01 mol L' CaCLIFW ik, HE
JTSDZG . MU RS, TSRS G R T
(UV9100C PC, Jbat3ictlizsPHUasABRA ) il
SE VIR P e e e
1.4 EHBEE

Y5 053 A A vh 0 K G R BB B L A i )
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— 45, ROEWAMT, REEWHHMEN, R
TE—4E X 5140 v 19 1z 7% 3 A% ) 0 R §O7 1%
( Convection Dispersion Equation, CDE ) 4
w2 FRATERIT

de_pite o as
o Vo Yox P (1)

Kb, cHBAHTRRTREE (mg L), oA
(min) , vAFHFLERHRE (cm min') , D=1v,
DRRHARE (em® min™) , ZNREE (ecm) , p
NEE (gem™) , xHIEE (em) , sHHNLFE
IR A R (mg g ) .
AR R VMR, WBr, s / ot k0o, AT
LA B CUAEmgEB ik, AT
PSS A S B RID . IR 5 R AN R

de _pdc_ o
oo ox (2)

Xt T LM RT, B N5 R 2Rk -

R, =1 +p715d (3)
K, KRR MEW R RS (g L), O
ki (em’em?)

ARl H 5 A A ( One-site Sorption Model,
OSM ) B W B b 72 Sy 2l g 7 W BfE 45 1 O 72 oy
K (4)~K (6),

A - 5 I W B AL ( Two-site Sorption
Model, TSM ) & FI A $f i Ak = A1 - i 1) B AR
T, RIS W B A5 T LAY R B A
RN T AR W B R I ), P R RS A8 25 U 7 R
TR s AT B W B 52 R R (RO T
6] ) B, IR —Brsh iz or i 2, R
K (7)) L A (8) .

RS- fif P XA ( Two-region Model, TRM )
JETECDESEA gt d sk iy, FEH IR T ARk
TER s Bt B rh TR i /EH], SRS R 1 4
BEALBRARGL , #z  FH T A- BE vh  R  AE ff A
JRIZ B LA TFSE 2, TRMAR R E AR 9 4 7
XL, B “7l 3 ( Dynamic ) 7 XA “ASAT B
( Stagnant) 7 X, W7E HIEP BB Z 15
ghy (an A R AR FLB R AL B 55 ) BRI, X -

YRHGE BBl BR e A2 T sl X3 1T 8l 5 AN 0] 3l X J )
TR S (W RREE R ) 328 B BRI AN R 2l X s
A& BRI — 2 sh 2 0y A A 1T
TEBERRRL v, TR Ay I A TR RS e 189 R B 2 Ak T A
Ao L IRE R 2 I I A ), L R R 9 5 A A I
M v AT 2 BT A R R 0 R 3
(9) . 3 (10) Bes»l,

d6c ds 0 dc) dqc
ove L, 9 _ 9 gp 2| _24¢
o P ax(e Gx) ox (4)
ds
p, =apls. —s] (5)
Se:ch (6)

JoKioc  p 95, dc dc
(1 Tat+0()x2_Dax2_vax (7)

ds,
S=al (=K =5, (8)
acim
Jt

dc,,
(0, +prd)E+|:0im+(l_f)pKdJ
0D e, dc
m~ m axZ _q ax

(9)

m

[0, + (1 =NpK ]2 e (e, —e,)  (10)

X, cHIAFREE (mg em™) , DR/KB)SokEL
FH (em’ min™') , ¢ A/KHHE (cm min™') |, s,
S W5z 6P i s BALAS7 5 - 9 W B A 98 R (mg
g, sHEIFWMHMMETRE (mgg') , a
AR B S 2 E g AR A — B R H AL (minT')

s, 76 28 A0 T W BRHO7 AT A BV (mg g1 ),
TSP stz A i s TR R 118 A8 57 053 O o5 R o, R
FrmAlim sy 548 0] AU A] g i Xk, 60,,+0,,=0,

=0,V JEAEBUKIEFE%E ( Volumetric water flux
density, cm min™) , o SEHATEFSHFRA] B IX
Sl ) R A A8 TR ) — B R A A 3% R AL (min)

2 R 51HE

2.1 BrvZiEmsk
B TR UL, Broge JRUIR A A i o8 3 ith 491
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Fig. 1 Observed BTCs of Br in undisturbed columns | and Il
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Fig. 2 Observed BTCs of SDZ in undisturbed columns

AR A R BIRCT R Bl EH O
HEPE A M AE S, SDZAESS AP BRI
A, PR SDZIY o M2 A T 22 5, X T
S — LR AL, JROIR A I B0 2 it 4
BTECR AL T AR, PIALE 3 i 2 i 1 (6
0.8 ~0.9, ARG % # A (220 A K. R
k1, BERERERS, L pHA T,
PH B 7 s e i R R A HLST & B BRI . pHOTH g il
P ZHSDZE BB R TR, AF T SDZAE 14
TR R , A LA LB A R AR WL A SDZ S 1
SRR T B S fE Sy ks, IR SDZAE JEUIR A

I hiE BB, A E LT HSDZ, MERER
W, WA G KAEER, HE W KT G
AR . 5 A ny gEam i 2B o 1 A2, Bl
P, ARPE IR BN, X B AT R vy, SDZ
WREE T RRARR, HEIN RS X AR R, — R
FERTCO AT ORPE, TR ETBURCR B SR R
LB, FPAERER . 5 — AR R pHAR L
R, o — FOR - AE 1T AEE =41 R i pHEY
R CRINE ) |, HoH i B A bl

23 BrEEMZLSHHE

X RUR AL, T BrORARR BT, Y
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ZAO,, vEIA; T IR AR AR e A 25
Hy, AEEAZIKIXIER, DI I IXCRERY , Fefili%io, v
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AR E ZERAT340.997 V) |, ¥ MR 2 RMSE
MIE40.021, AR [RIAR AL ALL G (0 AS ] UR B 1) 9k
JEAZRIARK, X FFHFLB sy, FARER T
LEARERIFUFOR 4 FE 1T A9 TRMAE LD A1 5 S
0.0625 cm min BT, FUAFFEIAYJEOR L AE T A
1T B AR BhK X343 51 290.152F10.105 cm’ ecm ™,
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Fig. 3 Measured and fitted BTCs of Br in undisturbed columns

#2 RAIHED Br-FEHEUSHBIMEXSH

Table 2 Relevant parameters offitted BTCs of Br in undisturbed columns

A i 0, 0, v 7 2
5 3 N L4 R RMSE
Column Models (cm’cm ") (cm’cm ) (cm min ) (cm)
IR A T LEA — 0.380 0.063 1.198 0.998 0.021
Column [ TRM 0.152 0.500 0.0827 1.147 0.997 0.021
IR AR T LEA — 0.439 0.073 1.201 0.998 0.021
Column [T TRM 0.105 0.381 0.063 1.135 0.997 0.021

24 BEEEEAERRIETHTFEHRZERSEHE

HR A 26 2 HILE AR AU4DL A 15 21 14 J50IR 4 HEAH 56
ZH, [EEG, vEIA, 435 FHOSMFNT S M X fifk Jiz 1%
WEAE JFR AR IR TR B0, 6, vl
A, FHTRMOGE s iz v e 7 SR A v (0 3 B 154 745
P, XFAS AR A HA 2, AT X o BT, LA 4
L 4REES,

F 3 UL, =AMLY B A by UL & SDZTE
JOR AP R, BREE AR A T 250,
e ZBRIARTF0.974, ¥R ZERMSES 1
0.052LAIN, IS MBTCsHATE S, TRMILASE
e, OSMIWHLA S5 R TSMAS . TSMHLA 145
BRI R 50— 2 B JROIR A T AR AR /N, 3R ]

PLZBS AT, U SDZAE JFUIR M AR A7 7R
Wk TSP A7 A o DU T B R TR A KL BRI AR TE
Wk T SDZI s, s> T + 4% SDZ I E
BB o R T SDZAE + 3 v i 92 18 Ha 50 J5 A
K, BRURE JESDZIREfF, SO BIIAR 2 i 7E ]
By DI B ST o5 2 B AE0. 1540, BRI
A By DXt 2 SDZAE 38 g B i) i AR 4y . B —
RIS L0045 B 0 W B R B MR — 41K,
HHTRM s A 2] 1Y K 22K FOSMAITSM,
X5 SDZAEJFR £ AIBTCsH — 2. W B - £y
205 RBPI AR S Z M, o BN,
HIEH @AM, aThl, TRMXFSDZAE AR +
FE H B FDLRICR f
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Fig. 4 Measured and fitted BTCs of SDZ in undisturbed columns
#3 BERIHETERBEEFEALZUSESINEXSH
Table 3 Relevant parameters of fitted BTCs of SDZ in undisturbed columns
R TRy Kd a
f . p B R, R, RMSE
Depth Models (Lkg ) (h™)
4l . OSM - 0.402 0.818 0.004 2.36 0.932 0.054
' JEAR A4 T
The first group TSM 0.006 0.451 0.828 0.003 2.53 0.928 0.056
Column |
TRM 0.005 0.892 1.075 0.004 3.79 0.927 0.064
) OSM - 0.343 0.805 0.001 2.21 0.989 0.024
JEAR A T
TSM 7.87E-4 0.640 1.06 0.001 3.26 0.988 0.026
Column 1
TRM 0.144 0.807 1.112 0.001 3.37 0.992 0.020
ot i | ) OSM - 0.856 0.896 0.009 3.68 0.978 0.035
JEAR A4 T
The second TSM 0.007 0.782 0.923 0.009 3.45 0.977 0.036
Column |
group TRM 0.007 0.746 0.926 0.012 2.78 0.978 0.035
) OSM - 0.549 0.878 0.007 2.62 0.973 0.052
JEAR A T
TSM 0.188 0.433 0.768 0.004 2.52 0.977 0.046
Column 1
TRM 0.276 0.826 0.896 0.002 3.91 0.973 0.034
=4 ‘ OSM - 0.009 1.244 0.002 1.03 0.989 0.029
. JEAR A4 T
The third group TSM 0.016 5.87E-4 1.245 2.14E-4 1.00 0.989 0.029
Column |
TRM 0.094 0.244 1.187 3.82E-6 1.71 0.992 0.028
) OSM - 0.044 1.20 2.17E-3 1.16 0.976 0.030
R AR T
TSM 0.009 0.121 1.171 9.44E-5 1.44 0.976 0.030
Column 1
TRM 0.154 0.399 1.172 2.36E-6 2.68 0.992 0.021

TE: TSMH/ERIR K A B IR I B A S840 057 £ BT o 208 TRMERAR 7R 1] 8l DN B2 5 BT i 204 OSMAITSM R aizs — B 8l
2EHCRE L TRM a7 9 DX 8l 5 30 3 1 — [ S i £ 3% 220 Note: f inTSM stands for the percentage of the exchange sites
where instant adsorption occurred; and fin TRM for the percentage of sorption sites in the dynamic area; « in OSM and TSM stands for

the first-order rate constant; & inTRM for the first-order mass transfer coefficient of the mass exchange rate between the two areas
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2.5 FERRMELELE TR IEFEA T

HI 3T, TRMAE B 4 b A DL ik iz 15 e 1 Jit
AREMEHRT SR, B 4R e R B —4l
e = AR SR o0, G, A 41
AR AR RS B E S B, X AN TR 3 3 R
SDZAE e i b 912 B A TR , Lo H

WHE N30 mg L', By AFEZEET RN 10 PV, Jiik s
M 0.017, 0.030F10.100 cm min™'; 585 iR
BE8200 cm, 4R, HHEE—)ZRH0~15 cm,

MRS SGE AR 4 T, F2N
15~200 cm, AHCSECS ECR A T AHIE; 43507
FIEFIHE 1S, 30, 50, 100, 150, 200 cmibik

X HB M K BT RE 7 A 1 Y KU o 2 SDZ IR Fig A EOE T, WG ES, IR L4
AL 1HE
Lo D? 10 (A s 141 R T
— 15 | Ay
1% cn | .r B Hm LB —
[ A m s
L i et | am 06 =
L £ L | o = Hi 'k
L4 | a | || RN oo
2 AN N ii.2 1A % 02
Q0. % Al
JI A b’ ; : | :!,;': , o
1]_{|I. =, = 2 —— — |]‘.|]'| J e e e C— [l -
2 40 &0 i-'[l D0 120 13 0 10 2 30 &0 30 s W RO 30 5 1153003830 35 40045 3053

T1LEREEE Pore sulums

JLEREER Tory volemne

FLERHERR Torw volums

s TRMIN 35 1h A ) % BE Ak SDZ ik 32 st 1] A2 Ak (9 45

Fig. 5 TRM-predicted SDZ concentration varying with time and soil depth

#&z4 TRMFNSDZFE £ 15 & H A [ 35 BE 4k Y R 4E

Table 4 TRM-predicted characteristics of SDZ outflow relative to soil depths in soil profile

R L g e i) BB WA I 8] HH WAL 4R 2 I 1]
Depth (cm) Veloc.it_}ll Outflow time Peaking time Outflow duration

(cmmin™) PV PV APV
0.017 2.78 10.93 17.15
15 0.030 1.33 9.85 14.78
0.100 0.18 5.34 12.11
0.017 4.78 13.33 20.78
30 0.030 1.04 10.93 18.85
0.100 0.45 9.81 13.04
0.017 7.67 17.11 24.89
50 0.030 3.96 12.59 20.63
0.100 0.82 10.22 14.70
0.017 15.96 28.70 31.74
100 0.030 8.22 17.81 26.04
0.100 1.80 11.21 17.89
0.017 25.30 41.07 36.29
150 0.030 13.07 24.74 29.86
0.100 2.86 12.07 20.16
0.017 34.56 52.70 39.40
200 0.030 17.93 31.30 32.66
0.100 3.90 12.97 21.93

W WX C/C,oH0.0010f, SDZIFG Hiit Note: Presumed that SDZ outflow begins when the relative concentration C/

C,is 0.001

http: //pedologica. issas. ac. cn



886 + e

Eie 55 3%

4 0L, e —RE LR, R
B, SDZRFastH] | F) 3k W (i B[] Kt e 2 i
[ 7 A5 /I, SDZI H I vk BE B i3 K, Ui AR
LR, SDZY LSRR ARG, G0 T MR
MESTTLIE W, [l — ey, 5850w h SDZ )
W B WA A A TR B 3 g sl /)y, HL S A I )8
RO, RIS, SDZIY %% M4 HAT B i 4
PE, Y EEME0.100 cm min B, ZFEE LA
XPRR, FEAANRBRER R W, WS
TLEEET, SDZAE e AR BRSO 18 . 1
200 cmib, JKIFHHE 40.100 cm min '}, SDZFE
3.90 PVAFEI R 3, w] WLSDZYE -3 T Bk
FP, MK R, AP gt )2 A
K, X R KA A i A e U

3 %5 i

it i s o JEORR A KR T Hp 5 RS o K T DR
REMET, X—TmEZmEmEm, 5—n
127 H R AL R R, WipH . CECHIA LR & &
SR, 3E FHHydrus-1D i JE S fi 8 5 A5
(OSM) | HEFH W SR (TSM ) FIFE V-4 w5
XA (TRM ) X SDZ %35 i 28 8 17 S BB 0l 4
P, TRMA] T &7 M B 48l SDZ 78 JFUIR + 43 rp (9 1T
i, BAR>0.94, RMSE<0.046, 7E I 5EAl
b, FHTRMX A [A] 7K 3 3 B AT SDZAE200 cm & 1)
e A IR R AT T O, S5 R EoR, [
—VRPEAL, B HEMO0.017 cm min 3 1151]0.030
cm min FEE]0.100 cm min™, il JFE W E 1) H 7 ]
U A TR N A (=R S N B
$70.100 cm min B, SDZ ] H i % ik B A 4 1 1)
i, A] WL, BN, SDZXFHL R KI5 Y AETERE R
AU -

2 & ik

[ 1] ZRFugE, B, LiZhao-hui. FEgPHiERI54MM
Mok, 2 5HIE T4, 2010, 17 (2) : 68—72
Wu Q F, Hong H L, Li Z H. Progress of researchon
antibiotic contamination ( In Chinese ) . Safety and
Environmental Engineering, 2010, 17 (2) : 68—72
Sarmah A K, Meyer M T, Boxall A B. A global
perspective on the use, sales, exposure pathways,

occurrence, fate and effects of veterinary antibiotics

[3]

(4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

( VAs ) in the environment. Chemosphere, 2006, 65
(5): 725—759

Boxall A B A, Fogg L A, Blackwell P A, et al.
Veterinary medicines in the environment//Ware G
A. Reviews of environmental contamination and
toxicology. Springer-Verlag, 2004, 180: 1—91
Thiele-Bruhn S. Pharmaceutical antibiotic compounds
in soils-a review. Journal of Plant Nutrition & Soil
Science, 2003, 166 (2) : 145—167

Doretto K M, Rath S. Sorption of sulfadiazine on
brazilian soils. Chemosphere, 2013, 90 (6) :
2027—2034

Lertpaitoonpan W, Ong S K, Moorman T B.
Effect of organic carbon and pH on soil sorption of
sulfamethazine. Chemosphere, 2009, 76 (4) :
558—564

Unold M, Kasteel R, Groeneweg J, et al. Transport
and transformation of sulfadiazine in soil columns
packed with a silty loam and a loamy sand. Journal of
Contaminant Hydrology, 2009, 103 (1/2) : 38—47
Zhang Q Q, Ying G G, Pan C G, et al.
Comprehensive evaluation of antibiotics emission and
fate in the river basins of China: Source analysis,
multimedia modeling, and linkage to bacterial
resistance. Environmental Science & Technology,
2015, 49 (11) : 6772—6782

Giger W, Alder A C, Golet E M, et al. Occurrence
and fate of antibiotics as trace contaminants in
wastewaters, sewage sludges, and surface waters.
Chimia International Journal for Chemistry, 2003, 57
(9) : 485—491

Ternes T A, Meisenheimer M, Mcdowell D, et al.
Removal of pharmaceuticals during drinking water
treatment. Environmental Science & Technology,
2002, 36 (17) : 3855—3863

Golet E M, Alder A C, Giger W. Environmental
exposure and risk assessment of fluoroquinolone
antibacterial agents in wastewater and river water of the
Glatt Valley Watershed, Switzerland. Environmental
Science & Technology, 2002, 36 (17) : 3645—3651
Srinivasan P, Sarmah A K, Manley-Harris M.
Sorption of selected veterinary antibiotics onto dairy
farming soils of contrasting nature. Science of the
Total Environment, 2014, 472 (4) : 695—703
Heppell C M, Burt T P, Williams R J, et al. The
influence of hydrological pathways on the transport of
the herbicide, isoproturon, through an underdrained

clay soil. Water Science & Technology, 1999, 39

http: //pedologica. issas. ac. cn



4 1 A AE T AR SRR A R IS B R IE AR 887
(12) : 77—84 [22] Toride N F, Leij F J, Genuchten M T V. The

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Zsolnay A. The use of small columns to estimate the
effect of soil structure on transport. Chemosphere,
1991, 23 (1) : 107—115

Tafteh A, SepaskhahA R. Application of HYDRUS-1D
model for simulating water and nitrate leaching from
continuous and alternate furrow irrigated rapeseed and
maize fields. Agricultural Water Management, 2012,
113 (10) : 19—29

Merk R. Numerical modelingof the radionuclide
water pathway with Hydrus and comparison with
the JAEA model of SR44. Journal of Environmental
Radioactivity, 2012, 105 (2) : 60—69

Begpefh, ks, BRddR, 4. NHHHYDRUS-1DAEZ
BRSSO R AR AR . R A AR B PR
K5, 2004, 20 (2) : 28—32

BiJ W, Zhang J B, Chen X M, et al. Simulation of
soil water leaching and nitrate-N leachate in the field
using HYDRUS-1D model (In Chinese ) . Rural Eco-
Environment, 2004, 20 (2) : 28—32

AEBE, By, PURFR A A B L R AT
AR, +3E2Fd, 2003, 40 (6) : 829—837

Ren L, Mao M. Simulation of nonequilibrium
transport of atrazine in saturated sandy loam under
steady state water flow condition ( In Chinese ) . Acta
Pedologica Sinica, 2003, 40 (6) : 829—837
Dousset S, Thevenot M, Pot V, et al. Evaluating
equilibrium and non-equilibrium transport of bromide
and isoproturon in disturbed and undisturbed soil
columns. Journal of Contaminant Hydrology, 2007,
94 (3/4) : 261—276

Sukul P, Lamshéft M, Ziihlke S, et al. Sorption
and desorption of sulfadiazine in soil and soil-manure
systems. Chemosphere, 2008, 73 (8) : 1344—1350
MR, SCRB, Ta, 5. FA LRI E
o B R e E ) L AT Rb AR, 2007, 23
(5): 616—618

Zhang C L, Wen C B, Wang Y, et al. Determination
of sulfadiazine in soil by spectrophotometry ( In
Chinese ) . Journal of Analytical Science, 2007, 23
(5): 616—618

[23]

[24]

[25]

[26]

[27]

[28]

[29]

CXTFIT code for estimating transport parameters from
laboratory or field tracer experiments. Research,
1995, 137

van Genuchten M T, Wagenet R J. Two-Site/
Two-Region models for pesticide transport and
degradation: theoretical development and analytical
solutions. Soil Science Society of America Journal,
1989, 53 (5) : 1303—1310

Beigel C, Pietro L D. Transport of triticonazole
in homogeneous soil columns: Influence of
nonequilibrium sorption. Soil Science Society of
America Journal, 1999, 63 (5) : 1077—1086
INERE, RGN, R pHAES TR EE N +5zn”/Cd™/
NH, M2 B4 Rl TR, 2013, 29 (12) -
218—227

Sun Y Y, Xu S H. Characteristic of Zn’"/Cd*/NH,"
transport in soils with different pH value and ionic
strength ( In Chinese ) . Transactions of the Chinese
Society of Agricultural Engineering, 2013, 29
(12) : 218—227

Gamerdinger A P, Lemley A T, Wagenet R J.
Nonequilibrium sorption and degradation of three
2-Chloro-s-Triazine herbicides in soil-water systems.
Journal of Environmental Quality, 1991, 20 (4) :
815—822

Gaber H M, Inskeep W P. Nonequilibrium transport
of atrazine through large intact soil cores. Soil Science
Society of America Journal, 1995, 59 (1) : 60—67
FOCHE, WA IT, B HORIEE Y BT 4 3 s i
Rz # 1 P XA R B, R4, 2008, 45
(3) : 398—404

Gao G Y, Feng SY, Huang G H. Simulation of solute
transport at large scale in saturated heterogeneous soil
with two-region model (In Chinese ) . Acta Pedologica
Sinica, 2008, 45 (3) : 398—404

Gamerdinger A P, Wagenet R J, Genuchten M T V.
Application of two-site/two-region models for studying
simultaneous nonequilibrium transport and degradation
of pesticides. Soil Science Society of America

Journal, 1990, 54 (4) : 957—963

http: //pedologica. issas. ac. cn



888 + 15 2 Eird 55 &

Characteristics and Simulation of Transport of Sulfadiazine in Undisturbed Soil
Columns

ZHANG Budi LIN Qing XU Shaohui’
( College of Environmental Science & Engineering, Qingdao University, Qingdao, Shandong 266071, China )

Abstract [ Objective ] Veterinary antibiotics are extensively used in livestock rearing industries all
over the world for preventive and therapeutic treatments and growth promotion of poultry and/or animals.
Antibiotics of the sulfonamide serial are commonly used in China, but once used, they are not so readily
to be absorbed by the animals and are hence excreted along with feces and urine, which are often used as
manure to build up soil fertility. After repeated application of the manure, sulfonamides therein tend to
remain and accumulate in the soil and migrate from the soil into groundwater in certain environment. Long-
term exposure to low concentrations of these antibiotics could be detrimental to non-target terrestrial and
aquatic organisms. Therefore, investigation of the leaching behavior of these antibiotics in natural soils
is the first logical step to assess their ecological risks and then develop corresponding pollution control
strategies. [ Method ] In this research, focus was laid on one of the widely used sulfonamides: sulfadiazine
(SDZ), which is a compound slightly hydrophilic and low in adsorptivity in soils. Solute displacement
experiments were performed to study migration processes of SDZ in undisturbed soil columns (Column I:
0~15 cm, and column II: 15~30 cm). Breakthrough curves (BTCs) of SDZ and tracer bromide were measured
and modeled using numerical models that took into account reversible and irreversible kinetic sorption
sites, as well as dynamic and stagnant area with the aid of the Hydrus-1D software. After calibration the
numerical model was then used to predict and simulate residing and migrating behaviors of the substance
in 200 cm soil columns relative to leaching velocity. [ Result ] Results show that the BTCs in Soil Column
II were shifted to the left as compared with Column I, which implied that, migration of SDZ was faster in
the deeper soil layers. This is mainly due to changes in physical and chemical properties of the soil, such as
humic acid content, cation exchange capacity and pH,with soil depth. The tested models all fitted the BTCs
of SDZ and tracer bromide reasonably well. However, the TRM model which took into account dynamic
and stagnant areas provided a better description of BTCs of SDZ than all the others did with R*> 0.91,
RMSE<0.061, f<0.154, which indicates that the stagnant area is an important contributor to soil adsorption
of SDZ. The predicted results show that when leaching velocities were the same, peak concentration of
SDZ decreased and outflow lasted longer with soil depth. Measurements at the same depth show that
with leaching velocity increasing from 0.017 cm min™ to 0.030 ¢cm min™ and then to 0.100 cm min”', SDZ
migration was accelerated, and SDZ concentration in the effluent increased too. When the leaching velocity
was 0.100 cm min™', SDZ could quickly penetrate the soil profile and move into groundwater, and its
breakthrough curve was no longer symmetrical, incurring a phenomenon of trailing. [ Conclusion ] All the
findings in this study may not only help improve knowledge of the mechanisms of retention and transport of
the antibiotics in undisturbed water-saturated porous media, but also further demonstrate that the traditional
solute transport model based on convection-dispersion-equation can accurately describe and predict the fate
and transport of the antibiotics in soils.
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