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Cd/Cu/Pb 7 BRIELE 7E 1 3% dh I MHhT F2 A 220
b Ak F AGET

(75 8y KRR S TR, ILARF B 266071)

W OE EYE AR E SR AR RS, BRI T ARWRER (Cd) KAHFENREER Cdy 1 (Cud. #5 (Pb) X
Jrms g 76 IR AR B . ST RISEM, 3205 Freundlich. Langmuir. Linear 758 A Hydrus-1D o (1788 r 1o s I B A8 7Y A
AR ST (IR I SRR . SEREM: 24 Cd IRE N 10.0 mg kgt MR SERE IS E (IR B Cd W& 2y 1.0. 300.0 mg kg™
i A B s e B s Cd KA 100.0 mg kg™ B Bl s M B B s 300 mg kg™ f Cdy Cu. Pb F77ER, HfiEms
W B BRI A Cd>Cu>Pb, A i scse ., 24 Cd WM 10.0 mg kg™ i, e s e 7 A% R E AR Bt , LAtk
JEXE R MR Cd. Cu. Pb MRS, Cu fA7ER L nE (TR, Cd fAERTE R Elg . 78 % A W R fIE
HL At FE T, Linear A FE & BB, Yo A% RPIIFE 0.98 UL L Hydrus-1D BRI, 15 p5 B0 va] 58 407 il 0145 itk s
IE SRS HEIE, R*>0.907, #J54i%% RMSE<0.051, WEHIIRPH £ FT 5 /0 50k es, U R s e 76 3T 1 A vh A7 70 B KRR g
P T T VR

KEER BERwNE; B4R WHER; Hydrus-1D

hESES  X53 XEKFRIRES A

BEEA SR, TIEPELSENPUAE RGO REZ M EL @, PilERFEHT A5
WO T R TS, T R M A I TERRIL, KA 50%~90% 4 A K AR B AR M
A, AR, BT, CEM K. L, K SRR A A e =0, e
JUH4Ek, i TAIE R AR S . Tk Qe o, T KL, R E G R A R sk
Ho PUERMESEIAFSm S fE LIBEP R HITE . CERIRIE, T2 BAE A BB
HERASERE T RESSIER, BEe BN B3l a0 b A s sk . Pei 2501% 8,
T BSR4 (Cu C(T1)) SRl WML 7E g 5 A 338 v (W B . Morel 28043 1 Cu (11D
W SR SR (SMX) TR SMX-Cu-388 i) = 70 5 A 40T S5 35 180 0 70 038 P (o b . 88 i 22 2]
WAL, CUPFIEE (Zn*) [RAEAE AT [E) R R PG 33 od - 25 Wb, FH BT 135 4 I B 2 B0 - 5
ZWR - R . Bansal ™l i ft T AT SCIGHE AT TS (Cd) X PUFR 28 E 358 ch W B AR R e, R IR
Cd HIAFAEIE 38 1 DUPR 2 1R o 20

PRI Z P AR E R R — B L BT R TS I sem, MARKE .. AEMRELSE
XTHUAE AL IR BT A FAE FH Wifer, FRIEMX R . AR SC LA Z R (Sulfadiazine, SDZ) A FLXS
%, W HCP AT SR SIS, WA T ANEIREE Cd AAHFEIREZER Cd. Cus 4 (Pb) X HAE 435 vp i B 17
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1.1 X388t

CdCl,~ CuCly. Pb(NOg), #5140 4t, W H [ 254 b =R A IR AR SDZ 46 % 99%, WHILEH
RIBEHAR AT, pKafHN 1.57/6.50, HL5H LAEAF pH FHIEESS WICHR[5]-

PO T LR T ST R AR RS KU R, AEREE CGRdEf 8 B 8 ), HE R IR 1, At
43 pH Jy 4.27, HRIETF SR 2016 4E AT IR B AU HEAT BB, X R T R AR M AT R
1 FH & 1T o

=1 X DEB MR

Table 1 Phy-chemical properties of tested soil

B - - WIGERE e TR HURALR
R =it H Organi o " Bulk densit oxidation-reduction  Cation exchange Mechanical composition (%)
Soil type P rg?nlli: ”3)"" er u( Cr?]ngs)'y potential, Eh capacity, CEC (A ki £y A
9% 9 (mV) (cmol kg™ Sandy Silt Clay
DI = e = |
J‘;‘;?\liﬁiT 4.27 9.46 1.40 796.8 14.35 36.40 55.36 8.24

@  Hap-ustic luvisols orthic anthrosols

43I CdCl,. CuCly. Ph(NOs), it 4 Cd. Pb. Cu ¥ 2 000 mg L™ (it &3, BL— 2 AR i 2T
JEZS A 200.0 ml, 30 1000 g ik 2 mm i (1) 3, 5 HIBR G5, 433k & Cd Wk E A 1.0. 10.0,
100.0. 300.0 mgkg™ I +3E (Hlic A AX . Cdl. Cd10. Cd100. Cd300) LA Cu. Pb #/E 4 300.0
mgkg™ 1) E3E (4304 Cu300. Pb300), HARR TG, it 2 mm & H.
1.2 0% M sEie

1 0.01 mol L™ f5 CaCl, A1y SHAW, 1o B kB 9 0.0, 10.0. 20.0. 30.0. 40.0. 50.0 mg L™ ) SDZ
W, VAT pH N 6. A AREL IR Cu. Pb. Cd 5413 1 9g20.0005 g, IR AEEER &0 H,
5 IEK L 20:1 AN 20.0 ml AR () SDZ #3i, 1€ 25°C20.5°C Nk 24 h, FAE 4000 rmin™ T E L
5min JEidig, 5L ML (UV100C PC, Jb {3 RAMU AR AT PR A 7)) I 5 15 7 Fh il g s i
vk P Fi] ICP-AES (Optima 8000, FH4:i/RERAV A FRA R A T I E 45 85 TR, bl AT 3
WEE.
1.3 AL

B 4100 g E& @i 13, 43 8 KIS E HAA N 5.0 cm. & 17.0 em F A, LR A WL
IR T LIRSS S), DLBE G RFLBRI I, SRS R SE 88 R S0 5 RSS2 . R LW
Ui R4 AL T8O & B A, AR ik g R B A, SRR s SRS AEAE TR s S i I — A
5B SR, FHERZ L om FIA RS, DURIERER SR T3 S s N g, S S,
JEENIEEEE, S5 0.01 mol L™ CaCl, VWi B R _ErAH4E, £ Bt miaE s, | L A
3/NFLEARR (Pore volume, PV) [ 30.0mg L™ SDZ (pH6), J:J5 M 0.01 mol L™ i) CaCl, VW ik »
HEET SDZ Ko 205 A8 66 (UV9100C PC, db 53k R ML A% A PR A7) « ICP-AES (Optima
8000, H4&IR/RERMMVEHARATD. pH it (PHS-3C, _EHFEEMUESEIRARD ME#EA B S RIL (F
Fi DDB-303A, HpkE#RHEAIRATD ME MR SDZ W, Ca WKE. pH R G3, Hhsuipd
22
1.4 WA *®
141 FAR A SDZ fE LI R 2 TR A X () X TP AR I SR SR R B LA
Langmuir. Freundlich Al Linear 75, Hr%I 8= (2). 3 @)F1 K@), %Hix =AMEAIN} SDZ 78 135
()R A I PR REAT AL

SDZ fy i e Qg = S=5e "
Langmuir 77 F&: Qe:%:s: o

http://pedologica.issas.ac.cn



B
Acta Pedologica Sinica

Freundlich 5#%: Q.= KzC'™ 3)

Linear 77f2: Q.= KpC. 4)

PAE& . Q. SDZ MMkt &, mgkg™: Co SDZ IMIIAWKEE, mgL™: C. JyRiF4i /5 SDZ i)
W, mgLhs VORERIIARL, Ly m BT LR E, 95 Qu ARKWINE, mokg™s K& 5W e
TAFKMFZS, Lmol™s Key Freundlich WF R4, ARFIRMI2 R, SURPHAE A S, JLADBOR, TUIMEBH
HORHR: Un ARREISEG Ko MM REL
1.4.2 HRFUSBAAER XTI AR KRS RSB E N — e 8, Reiskn T, (035 B
TER, W AE— 4B 5 i s #8 ad F ] XA R BT #2 - (Convection dispersion equation, CDE) ki
jZE[Zl]o

A R R, P T DB Bl SR, E AR R R R B (One-site sorption

model, OSM) SKFIRVE AL LA IE#; HAEPAT S A (Two-site sorption model, TSM)
RV RAE T3 IS R AL 2 AR A R 0T TSM BT, W B s T LA AR A o ST T B W P 2
RIS IR, FH R BT AR 2 et il s A B e MR B 2 2 28 SR ol T (1D 1), FFa8E N — B3 /2%
J7Re,
1.4.3 PR F  BHA R F RefFA SDZ 1E LI b BB ) BB S 4 —, AT LAy il i A 41 P4l =
B0 Hydrus-1D SIS SRAT s e ax PR 75 72 R A5 14 Ry 3EAT LUAR, DA 8 AT — PP V22 13 B T 51k,
D8 B o v e s P A R 3R SDZ 7 IR T R AR

X TR PE B, BHAFIAF (Retardation factor) [fZRiA0N:

Rd:1+? (5)

Aoy p WA, gom®s Ky WEASRLREG 0, WK, om’om”.

Ka 2 PFHr SDZ 78 T3P It AE TR R SAL, AR TR TR AR H 352 Ky K/NRIEEI . AN
RS P SR 2R, 5B ZR I 20 i R Ky A

% F Freundlich 52, Zei:ik Ky (07 vE4g 1 Rp 42,

K, = KzCp1 (6)
Ky = - Kp 3 %
%FF- Langmuir 77 F229,
— KL.Qm
Ka = Cimcor ®)
1.5 HIEALIE

FIT A7 5E £ 35 A Microsoft Excel 2010 3 A iE 47 THE A Ge vt 4347, 43 FH Origin 9.0 #4411 Hydrus-1D
BAEXT SDZ 7E -3 v (15 A5 T B AT R i R A TR AL

2 ZR 51

2.1 E£EXS SDZ FEHIE A IN MR 20T

B 1 AR EE Cd S ARFERE Cdy Cu. Pb fZ7ERT SDZ 75 -3 b i f iR ih 28, B 2 Sy 43 x) &
SRR R RHPAEREET ST ESESE SRS LIEESRESENa280. HE la i,
ANFEREE Cd AR, W PP 5 SDZ W B & K/ 9 Cd10>Cd100~=7% %) >Cd300>Cd1, 4t1gErh
Cd #J¥ 9 10.0 mgkg™ I, {23t 7 SDZ MW, Cd )% 7y 300.0 mgkg™ Al 1.0 mgkg™ i, 3] 7+ 4%t
SDZ HMWefff, Horfr, Cd KN 10.0 mgkg™ i, SDZ HIW &K, CdIKE N 1.0 mgkg™ i, SDZ KW
BN . W 2a, 3N Cd IR R K/ NMIBFF 5 SDZ A, v Cd1>Cd300>Cd100>Cd10, A, +-3%
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Xt Cd F 25k, Cd XF SDZ HIFEG+VE TR, SDZ fW frEbRAK . HEMIY Cd Wy 1.0 mgkg™ i,
Cd 5 SDZ Z Al hpr A F A i ga ™, K% Cd W M #E H 38R H, 554+ SDZ (LB sifir, AT
SDZ fE 3P WL b, 43 Cd &8 10.0 mg kgt I5F, 3 Cd WY DL Ak . i RS 5 SDZ
@Ay, TEROH IE I A, W 2 3R T, TR 3t SDZ 7 H b i B8, 24 Cd R EEHE AN % 100.0
mgkg™ i, Cd 5 SDZ F4% &/ FH AN L B 35 4 4 FH R rasd o, 90 A ELAIGYH , % SDZ P fft L
T, 24 Cd IR EHINE 300.0 mgkg™ i, a4 TR A1ER, MK T SDZ KM«

400
400 | 2 b
—~ —a— ¥ X i Blank control R
2 —e—Cd1 " 300 -
2300r A Cd 10 2
= —v—Cd 100 £
< €
g —+—Cd 300 S ol
£ 200} 5
£ %
5] 5}
‘§ 100 § 1001 —a—7%5 9%} Blank control
= it —e— Cu 300
= = —a— Pb 300
E X o —v— Cd 300
1 1 1 1 1 1 1 1 1 1 1 1 1
5 0 5 10 15 20 25 30 35 0 10 20 30 40
“F4#53)%  Equilibrium concentration (mg L) PR Equilibrium concentration (mg L™)

7E: EflF Cdl. Cd10. Cd100. Cd300 4% < L4+ Cd %y 1.0, 10.0. 100.0. 300.0 mgkg™: Cu300. Pb300 4357
Rt Cul P 5435915 300.0mg kg™, T Note: In the legend, Cd1. Cd10. Cd100. Cd300 stands for the content of
Cd in soil was 1.0, 10.0, 100.0, 300.0 mg kg* respectively; Cu300 and Ph300 for the content of Cu and Pb in soil was 300.0 mg kg™.

The same below
1 Cd/Cu/Pb f{EM I NE (SDZ) FIA5 i W M) h £k
Fig. 1 Adsorption isotherms of sulfadiazine SDZ in the presence of Cd/Cu/Pb

Cu. Pb. Cd fZTERI X SDZ Wb (152 ma LK 2b, +3%XF Cu. Pb. Cd MMM I 2b. BRI,
AR 4 @ SDZ MR B % F A L. 24 Cd. Cu. PbKRJEHIy 300.0 mgkg™ i, # Cd 4%} SDZ [k
PR, KON Cu L3, & Pb LIEWRIHE ARG Cd. Cu. Pb IIFEAEXINHI T SDZ MM, L3ex
Cd. Cu. Pb Wt Z& 555 SDZ B M B INFAH B, TR 2 K/INA Ph>Cu>Cd, R 3880 b 51 43 )8 i =
HOK, HoX) SDZ HIWRPHEEAG. 3% Cd. Cu. Pb E A B MMM AE 129, 2443 h A B ik
Cd. Cu. Pbitf, 45 SDZ a4 SiArt™, M SDZ 78 358 (rIm By o

—=—Cd1 b —=—Cd 300
—e—Cd 10 —e— Cu 300

—a—Cd 100 —a— Pb 300
—v— Cd 300 U S G

a

©
o

] ]
g [
13 c
-,g 802 2
Qo
2 20 SO o o o o . o
4 w 2 ol
:; _,Jﬁi 40
= X 3|
C:j‘k: or
oL ‘ ‘ : ‘ e
0 10 20 30 40 50 0 10 20 30 40 50
WIS Initial concentration (mg L™) WYIHEVE Initial concentration (mg L™)

2 5t Cd/CulPb MR B 2
Fig. 2 Adsorption rate of Cd/Cu/Pb in the soil

FHEIR = AR 1 TR AR AR A R EE Cd I SDZ B MR E AT LS, 1 3 Fis. % 2 FIEH
MRS H. WTARR Cd W W 2535 5256, ] Freundlich J5FE#L &5 21 1/n £ 0.88~0.98 Z [8], K¢
7F 12.08~17.48 2 i), ESEF|HIYE R2E R® v 0.965~0.999, 1/n BT 1, ViAW B ar i e, LAY
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By ey RO, AREE AT HIRT AT, SDZ £E 3 rh N R AR AL 2 B Y Langmuir 5 RIS 1S
BB KR PR Qu #E 2 005~8 932 mgkg™ 2 [], ZE R4k, K. £ 0.001~0.007 Z[f], R®E 0.964~0.999 2
8], E4R Freundlich J5 F£F1 Langmuir J7 275X IR i FESEAT #0060 1w e R EdzIT 1, {5 T W B b 28w
28V, SUA 15 B A S BOF A R AR U BRI B2 o AN [R] Cd ¥R X SDZ W B (1) 5 i B8 3% &5 A Linear
JrRERA, I B3 Ko A Cd10>%F 1% BE~Cd100~Cd300>Cd1, #5E £ R>0.994, [k, Linear J5#%
A ARSI A0, & AN [ER 5 Cd X SDZ 7 - 338 rh i B (1K) 20

X R AEAE Cu. Pb Al Cd I8 SDZ HIW FHARFEREATHUA, Freundlich 75 #4007 21 1/n ££ 0.76~0.98
Z [}, Cd 300 F1 Cu 300 X} SDZ 1 H it ] T 22 AR B, 1T P 300 JU S 80 HE B R IR etk , LA HE R
¥ R*>0.907. Langmuir J7FE%F Pb 300 1Ll A ()55 KW Ft &M 563.2 mg kg™, KoKZF Cu it Cd A7 4ERT I
Bt &, UiBH Pb X} SDZ WP 2R K, X SDZ W Bt A FHIR 5% Linear 77 24L& 15 21124 Ko 4 Cd
300>Cu 300>Pb 300, B[ Kp {Ejk, XF SDZ [kt e Foiekng, H0i(E FiRss .

Linear /5 7%

Linear equation
m X Blank control
Cd1

400 Freundlich 757 400
Freundlich equation

400

Langmuir/y %
Langmuir equation
= ZF % Blank control

£} L]
300 - : Cidtllﬁ?ﬁa Blank control 300 . a0l .
A Cd10 A Cd10 v Ctdi 100
v Cd 100 v Cd 100 ¢ Cd300
200 |- & Cd 300 200 | ¢ Cd300 200 |-

100 100 100

1% b Adsorbed amount (mg kg™)

IS

S

s]
1
IS
S
S3
1

400 -
Langmuir /s 2 Linear J7 %
350 - Langmuir equation 350 |- Linear equation
S [%f 8 Blank control

Freundlich 75
Freundlich equation

w

a

o
T

300 |- 300 ™ ZFIXH Blank control

w

Q

o
T

m ZE[%HE Blank controll ® Cu300 e Cu300
e Cu300 A Pb300
[ 250 + [ A Pb300
2501 4 Pp300 O vy cds el
v Cd 300

200

N
Q
IS

T
>

a 200 [ N

150

[

a

<)
T

150 |-

100

i

Q

=]
T

100

50 |-

o
o
T

50

I Adsorbed amount (mg kg™)

S}
T

0+

&
S

L 50 1 1 1 1 L 50 L 1 1 1 L
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40

P Equilibrium concentration (mg L) A Equilibrium concentration (mg L™) P i Equilibrium concentration (mg L™)

3 CdiCulPb FEAERT SDZ 75 -39 v A W Bt ML & Hh 2%
Fig. 3 Fitting of adsorption curves of SDZ in the soil in the presence of Cd/Cu/Pb

% 2 Cd/Cu/Pb FAERIRMIF ERE NS SH

Table 2 Fitting parameters of the adsorption isotherm models in the presence of Cd/Cu/Pb

Freundlich 75 7% Langmuir 75 f% Linear /7%
) Freundlich equation Langmuir equation Linear equation
Heavy metal

Ke 1/n R? Qnm K. R? Ko R?
T EXTHE Blank control 16.49 0.89 0.989 2132 0.006 0.988 11.42 0.997
Cd1 12.34 0.93 0.965 3494 0.003 0.964 9.92 0.994
Cd 10 17.48 0.91 0.996 2539 0.005 0.998 13.13 0.998
Cd 100 16.97 0.88 0.997 2005 0.007 0.997 11.64 0.998
Cd 300 12.08 0.98 0.999 8932 0.001 0.999 11.22 0.999
Cu 300 11.86 0.92 0.993 2560 0.004 0.993 9.15 0.998
Pb 300 12.43 0.76 0.907 563.2 0.014 0.918 5.49 0.978

e Un REWRSH. Qn (mg kgh) FEAWME: Ko Ko Kp %129 Freundlich. Langmuir. Linear Wil #%(; R?
NREME % Note: 1/n stands for empirical coefficient; Q,, for maximum adsorption capacity; Kg, K, and Kp for adsorption
coefficient of Freundlich, Langmuir and Linear model, respectively; and R? for determination coefficient
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2.2 FEIEEBFER SDZ KIS HHIE
K 4 Jy Cd. Cu. Pb fZ7ER} SDZ K% #h 4k (Breakthrough curve, BTC). 1T SDZ £ -AEF AT
B, HaN SDZ JE SN 1) Y BN ARSI B I, B SDZ HIFREEON, KLFE 2PV A, IR IS B
18, FEHREE— B A 7EHN 3 PV 19 SDZ J&5, A 0.01 mol L™ i) CaCl, #E4T [ b, 4% A\ MR FE 3.5 PV
if, CICoHFufi FFE. 2PV IAR| 71, +HAEF () SDZ BAM VLM k. X RFEIRE Cd fF7ER, 2+
£ Cd B8 10.0 mgkg™, SDZ 7+ KT RS W fehg, WEMEARAR, HARWKSE Cd Xt SDZ 3RS §oM A &
F. FHEREE Cdy Cu. Pb fE7ERT, ZRIECK, FRlZ& Cu fA(ERT, SDZ Wi mth, HIE{En]ik 0.8,
HCN P, Cd ¥ 18,

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

HIX¥KE Relative concentration (C/C )

-0.1

—e—Cdl
—4a— Cd10

—a— 7 0 Blank control

10
“o —=— Cd300
S osr —e— Cu300
< —4— Pb300
=
2 o6}
g
£
j=
5
e
o 04
o
[
2
=
<
& 0.2 |
N
&
+ 0.0
=
=
1 = 1 1 1 1 1 J
7 8 0 2 4 6 8 10

FLIR AL Pore volume

[ 4 Cd/Cu/Pb £1EN SDZ K% 1% th 4k

FLBRAR Pore volume

Fig. 4 Breakthrough curves of SDZ in the presence of Cd/Cu/Pb

K 5 YR pHy EC MBS IR AR L . AR pH 2RSS PV G KN 128 1
FesE . PR TIRIERIBEE PV ISR R/NGEIE R, BEHEIEPIGAINE. %4 EC ZMEK, KEEI
NIERSE LR, HYAUR EC s

oo 2.65 —=— 7% [0 Blank control
—e—Cdl _asor —=— 2 X Blank control
60 0T —4-Cd10 D e it
—=— 7¢ % Blank control 5 os5l —v—Cd100 2 o0l —a—Cd 10
—e—Cdl g —e—Cd300 ~ —w— Cd100
55 —4a—Cd10 T 250 8 —— Cd300
—v—Cd100 £ g asof
—— Cd300 g 2451 5
I =1 3
S 50 E 2
g 2401 S 300 -
S +
2 235 5
s 2 250
4‘;; 2.30 | 2
i PO b N
Prr7s 8V 00k
aof 2 i i el asnsepes I 225 = 200 |
I
L L L L L 2.20 1 1 1 1 1 1 1 LT L L L L L L L
1 2 3 4 5 6 10 1 2 3 4 5 6 7 1 0 2 " ZXS;” 4 5 6
FLIEAFH Pore volume FLE A Pore volume FLERAFA Pore volume
60 265 - 450
—=—Cd300 -~ 260 -: 400
S5 —e—Cu300 § )
—A—Ph300 2 >
€ 255 —
SO g —=—Cd300 2
g 2% —e— Cu300 £ .,
> 2 —a— Pb300 g %0
=, S 8
45t g 245 3 —=— Cd 300
g % 20 —e— Cu 300
8 240 e —a— Pb 300
5 2ast Z 200
i
: g
35 T T T T 2.30 L L L T T L L L L L
6 8 0 2 4 6 o 4 5 5

2 4
FLES AR Pore volume

[&] 5 Cd/Cu/Pb F#LERT pH. EC FIES TR AR 1k i 2%

FLEE 47 Pore volume

FLE1AA Pore volume

Fig 5 Variation curves of pH, EC and ionic concentrations in the presence of Cd/Cu/Pb

23 REESBHEEN D2 FiBMLS KT
PP B RE AN T (Br) M5B IS, JHEXSH (8 3), 5 BIEM OSM BRI TSM
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RS AN [ H <3 J A7 AE I SDZ {0 %38 f 2Bt AT 1AL, (18] 6), BLUAH RS Hnk 4.

* 3 BrE@Em& S HEXSH

Table 3 Fitting parameters of Br” breakthrough curves

O v D

R? RMSE
(cm® cm™®) (cm min%) (cm? min'h)

0.499 0.066 0.988 0.958 0.095

e O N THHBRIE KSR v N PIFLEBRIE; D NREREG RMSE A7 IRIR%ZE  Note: 6, stands for saturated soil
water content; vV for average pore flow rate; and D for dispersion coefficient; RSME for root-mean-square error

XFFANE Cd WLy SDZ B %% i 4k, OSM A BUBLUIS B f¥) BTCs S5 Sk BEVEAE &1, 455 sUURAAH
[Al; & Cd 10 4, TSM BRUELIE) BTCs ¥ 550ME VI & RAF, R U5 £ /3y 5 SEE AR — 8.
T Cu 300 A1 Pb 300 iX Bt &AL, MRS BT A4 T SClME . OSM B4 1) R? 7 0.881~0.943
Z 1A, RMSE £ 0.040~0.090. TSM HERIAEILL [ R® 7 0.975~0.991 Z [i], RMSE JJ7E 0.018~0.039 [, A
KIS, TSM LAY RIS, R OSM BLAL E 47,

100

2 X Blank control .
- o S:iillfii Measure vl |

——OsSM

06

co4al

\ LN 02
Y

o -
C Ceqos -
T Reg, - (I1Y -
Yeeeils *Seeeenns
oo

HIXHKIE Relative concentration (C/C, )

00| o®

L R ) ) ) ) ) . ) ) ) ) )
o 1 2 3 4 5 & 7 o 1 2 3 4 5 6 7 8 o 2 " 5 ¢ o 1 > 3 " 5 o
LI A8 Pore volume FLER{EB! Pore volume LI Pore volume LI T Pore volume

08|
06
04

02

0.0

HIXF#% Relative concentration (C/C, )

. . . . . . . . . . . .
4 6 8 ) 2 4 6 8 0 2 4 6 8
FLER{AH Pore volume fLE4H1 Pore volume SLEZFEHL Pore volume

0 2

¥: OSM Fl TSM 25l 3 R P B f W B B AN AP o AU A58 Note: OSM and TSM stands for one-site
sorption model and two-site sorption model respectly

Kl 6 Cd/Cu/Pb fER} SDZ iz#id 21K OSM Fl TSM DL 25
Fig. 6 Fitting curves of SDZ with the OSM and TSM model in the presence of Cd/Cu/Pb

X EL T OSM AL RN TSM AR Z % Cd/Cu/Pb f77ERT SDZ Iil&S 8, 16 TSM AR, kAl i il
B B SZ 57 SSURIT o 2340 f E 0.185 A1 0.423 2 [A], 15 BHWL P It A=A A I P IR B, F 0K, AR A TR AT %
DR, 2 Z PR/ . TSM BLAYHLA15 2 (1 B 2B R 3L Ky 22K T OSM B4, M SEAL ) — Bk
R o AL TFHT 25 28 p ZRAWE, Hd o 78 0.001~0.009 2 7], #EH/N: Bk Cd 300 [ TSM
FEALAN, B AE 0.436~1.007 2 [H],

# 4 Cd/CulPb 777ERT SDZ By BTCs iU & XS
Table 4 Fitting parameters of SDZ with BTCs in the presence of Cd/Cu/Pb

HE)E by 2 Rt K, 5 u R, R? RMSE
Heavy metal Models

25 [ ) OSM - 0.652 0.857 0.005 2.49 0.943 0.062

Blank control TSM 0.212 1.768 0.878 0.001 5.03 0.983 0.023

cd1 OsSM - 0.679 0.864 0.006 2.55 0.925 0.059

TSM 0.193 2.366 0.923 0.001 6.39 0.983 0.023

Cd 10 OsSM - 0.794 0.864 0.004 2.81 0.881 0.090
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Cd100

Cd 300

Cu 300

TSM 0.270 0.963 0.754 0.001 3.19 0.978
OSM - 0.172 0.436 0.004 1.39 0.885
TSM 0.225 0.884 0.767 0.001 3.01 0.975
OSM - 0.739 0.866 0.004 2.68 0.896
TSM 0.185 1.806 0.018 0.001 5.11 0.990
OSM - 0.543 0.833 0.009 2.24 0.946
TSM 0.423 1.334 1.007 0.002 4.04 0.991
OSM - 0.839 0.879 0.004 291 0.884
TSM 0.208 1.285 0.786 0.001 3.93 0.983

Pb 300

0.039
0.066
0.031
0.072
0.018
0.040
0.019
0.076
0.026

VE: RN R LR R RS BT S BG o Fm— BN ) ARG B0 Freundlich i FRAEIRIR N R Ko AR
WK #=% ReOMBRIENT Note: f stands for percentage of the exchange sites where instant adsorption occurred; and
o for first-order dynamic speed constant; g for adsorption isotherm coefficient; Ky for adsorption isotherm
coefficient; Ry for retardation factor

a3 MR F T ERAGA R VAR R IR+ (R, Ri~Ry 2759 Freundlich
J7 2 Langmuir 77 F£F1 Linear 77 FE 3L ARG 1 Ky tHEAS 2, W3 5. R AT W, ##3d Freundlich
J5 R A HI B A A 73z KT Langmuir 77 #2811 Linear 52, Langmuir 77 FER1GH Ry :e/Do
Hydrus #4075 B BT 1 Ry {E (R 4) B R/ T i # AS WR B Se 08 11 S5 20 1) Ry 18, Wt
B 3 3 A I P S 5045 B R B SR BEL i R - R AN T 58, TR SR 2siia, BiE His A s ir
SIS HE R IE B 24
72 5 TRIZG M EH T KRSHEFE T

Table 5 Retardation factor relative to linearized condition

Freundlich J7 2 Langmuir J5 72 Linear J5 %
4 )& Heavy metal Freundlich equation Langmuir equation Linear equation
Ry Rs Rs R,

SRR Blank 62.13 58.69 23.65 29.15
control

Cd1 40.93 39.40 22.74 25.46

Cd 10 61.53 58.65 24.66 33.36

Cd 100 68.34 63.93 24.64 29.69

Cd 300 32.87 32.55 21.75 28.66

Cu 300 40.71 38.98 21.11 23.55

Pb 300 91.98 79.43 10.64 14.53

34

M SR Sk s ne 0F R IR LA, RFEREE . AR RR A EE 4 2 o i e e F -
R P TR AR IR . 24 Cd S RN 10.0 mg kgt 4t SDZ IR 24 Cd
B 1.0.300.0 mgkg ™ i 2411t SDZ (K Ff s 3% Cu. Pb. Cd {1 &5 300.0 mgkg™
I, Pb % SDZ W Bt o £ F B, kA Cus 24 Cd 4759 10.0 mg kg™ I, SDZ 71
e 18, HAIRESHER AR, CufFfEn, SDZ MiiEfimtk, HikHh
Pb, Cd#[Z1g. tH SDZ WA ERM AT W, FHELELT OSM B, TSM 154U i B 41 Hi 54D
SDZ feigde LA L SDZ fE LTI R R A e BRI U B, B PR B A s, H
R B A W B S 36 B RS B S BORBE IR I MR AE SDZ iz a8, B2, HEJFM
DA Z N A5 Y BARE B 4R 1R EE AR 203 51 F DL S, DM TE G A EE R R Hh ik
B AT AR EE AR
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Effects of Cd/Cu/Pb on Adsorption and Migration of Sulfadiazine in
soil

ZHANG Budi  LINQing XU Shaohui’

(College of Environment 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. Due to the use of chemical fertilizers and compost, pollution from the industry and/or
irrigation with sewage, etc., the content of heavy metals in the soil is getting higher and higher. It is,
therefore, often found that the two kinds of pollutants, antibiotics and heavy metals exist
simultaneously in the soil, affecting each other in adsorption and migration. Their pollution of the soil
has become an environmental issue that can’t be ignored. Therefore, investigation of leaching and
adsorption behaviors of these antibiotics and heavy metals in the soil is the first logical step to assess
their ecological risks and then develop corresponding pollution control strategies. [ Method] In this
research, the soil was exposed to different concentrations of Cd, Cu and Pb. Effects of the pollutants on
adsorption and migration of Sulfadiazine (SDZ) in the soil were studied via both batch and column
experiments. Adsorption isotherm of SDZ was fitted with Freundlich, Langmuir and Linear models and
breakthrough curves of SDZ with the coexisting heavy metals were measured and modeled using
numerical models that took into account reversible and irreversible Kinetic sorption sites with the aid of
the Hydrus-1D software. [ Result] No influence of Cd was found on adsorption of Sulfadiazine, when
Cd was 100.0 mg kg™ in concentration, but it did promote the adsorption of SDZ when 10.0 mg kg™ in
concentration, and reduce the adsorption of Sulfadiazine, when 1.0 or 300.0 mg kg™ in concentration.
When Cu, Pb and Cd, all 300.0 mg kg™ in concentration, coexisted with SDZ, they displayed an order
of Cd > Cu > Pb in effect on SDZ adsorption of Sulfadiazine. In the soil column leaching experiment, it
was found that Cd, 10.0 mg kg, slowed down the migration of SDZ, while no significant effects were
found with Cd higher or lower in concentration. Comparison between the three elements shows that Cu
promoted and Cd slowed down the migration of SDZ. The Linear equation was the best in fitting, with
R? being above 0.98. Compared with the OSM model, the TSM model simulated better the migration
process of SDZ, with R?>0.907 and RMSE <0.051. Instantaneous adsorption (f) was found quite high
in the process of sulfadiazine migration. [Conclusion] Under complex pollution of SDZ and heavy
metals, adsorption and migration of SDZ is affected by type and concentration of the heavy metal in the
soil. The findings in this study may not only help improve knowledge of the mechanisms of adsorption
and transport of SDZ in heavy metal contaminated soils, but also serve as a certain theory basis for
management of environmental pollution.

Key words Sulfadiazine (SDZ); Heavy metals; Adsorption and migration; Hydrus-1D
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