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Table 1 Phy-chemical properties of tested soil

) . AL 5L L FH B 5 4 DU A
- 1 HLI T o . . , ”
4R oxidation-reduction Cation exchange Mechanical composition/%
) pH Organic matter Bulk density ) )
Soil type feke™) i =5 potential, Eh capacity, CEC Wk LR A Biowi
g'Kg gem _
/mV /(cmol'kg™) Sandy Silt Clay
P 77
By 0 4.27 9.46 1.40 796.8 14.35 36.40 55.36 8.24

@Hap-ustic luvisols orthic anthrosols

AFHIHICACL, . CuCl,, Pb(NO,),HBl & & Cd.,
Pb. Cu}2 000 mg L' WIfE 4, B—aE R
BT EZ2200.0 mL, 433AT 000 gid2 mm
ey T, 5 REIR A, A0S Cdik
JEA1.0, 10.0. 100.0. 300.0 mgkg Ay (5
Ahckzs | (CK) . Cdl, €d10, Cd100.
Cd300) Ph K Cu. Pb¥JE #300.0 mgkg ' 11
(43 31iE A Cu300, Pb300) , ALK TG, 42
mm i & H
1.2 b5 R B K36

JH0.01 mol-L™'fCaCl, 15 SHiE i, Fid Bk
B 40.0, 10.0, 20.0, 30.0, 40.0. 50.0 mg-L™
(ISDZEW, WATpH N6, 4 WIFKE EiRFHCu.
Pb. Cdi5Yef+1%1 g+0.000 5 g, MARKKEE
REELDAE T, FIEK 20 0 11A20.0 mLA A
FEMISDZE R, 1625°C £0.5°C FIR¥%24 h, FHAE
4 000 r-min” N .05 minf5id 38, 254N
HEET (UV9100C PC, Jbat et BHMUER A BR A
F ) A P R NE R B 0 L HTICP-AES
(Optima 8000, H14:RIRERALEHARAF )
BB ok i, DA LAk ERE .

1.3 LTHZI®

H410.0 gl 4 mis e 58, 48k Iy A %

EHAHN5.0 cm, F17.0 cmiy HHER, HHEH
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S RALBR R B, BRI R S R S8 S P
T )2 o TE AR I 0 4 AL s S
B, LAB ok A S 0k Bl v R S ZE R T
SRG FEAEF B S 43 B A — A5 8 E AR S 1Y
PEAC, JRIEAEA emP A BERD,  DLARIE AL R A
WA S s A L, R LR, S 3hiE s
%, JeH0.01 mol-L™'AICaCLIA W R 1 b4 A
A, R AR R E S, A LN A
3IANFLERAAFL (Pore volume, PV ) /i 30.0 mg-L™
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WA R E] ) WE R P A SDZKE . Ca®’
WEE . pHAIHL 34 SR A2,

1.4 HFFE
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SEsESPAHFIEESBETENAESE) o H
Bl 1avm] WL, AW CAFEFERT, W V455 SDZ
W Bk f BN/ k. €d1o, €d100 (CK)
Cd300., Cdl, M+HERCAkE H10.0 mgkg i,
fE3E T SDZHW I, CdikE }300.0 mgkg 'F1.0
mgkg B, WHNH T X SDZAY I, Hid,
CA¥JE}10.0 mgkg "I, SDZAYWE R & Kk,
CAWIEN1.0 mgke "B, SDZAYMLF &/, W
Kl2a, +3EXTCRY MR AR/ NIT 5 SDZAE I,
Bi. Ccd1>Cd300>Cd100>Cd10, AL, +HExtCd
B B R s , CAXTSDZIY 3 4 VE B, SDZEY
W B AR o HETI M CdMRE 1.0 mgkg 'AF, Cd
5SDZZ [l (AR R R s 7, R sedt
W fEFE S TE, TR G SDZ YW BFF A, AT
Tl SDZHE +- b ey . 4 L CdE = 810.0
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Cu. Pb. CAfFELER X SDZ ML Bt 1 52 mi U, 1]
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4001 2

—a— 23 %) HR Blank control
—e—Cd 1
300 ——Cd10
—v—Cd 100
—— (Cd 300

200

100 -

% & Adsorbed amount/(mg - kg™)
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XFSDZA Wt it B K, HIR A& Cut i, SPbt
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49 2 B0 e P A B, B R KN Pb>Cu>Cd,
R 4 498 W B B 4 Jm 9 Rk, X S D Z i W it
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W, 25SDZIEG WIS, il SDZAE
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. EFFCdl, Cdl10, Cd100, Cd3004r%F R iErFCd& & 1.0, 10.0, 100.0, 300.0 mg-kg™'; Cu 300, Pb 300553 /R 1%

fiCcu, PbiyEH4514300.0 mgkg™ . FIA

Note: In the legend, Cdl. Cd10, Cd100, Cd300 stands for the content of Cd in soil

was 1.0, 10.0, 100.0, 300.0 mg'kg’1 respectively; Cu 300 and Pb 300 for the content of Cu and Pb in soil was 300.0 mg~kg". The same

below

El1 Cd/Cu/PbIF7ET it fiz e (SDZ ) A 445 L B il 2%

Fig. 1
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Adsorption isotherms of sulfadiazine SDZ in the presence of Cd/Cu/Pb
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Fig. 2 Adsorption rate of Cd/Cu/Pb in the soil
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5 R E X W o 3k R R AT LA B e R AT L
{EL PR T W B £ O 1 2R 0k, LA A9 B A D6 S 8
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T

1% it Adsorbed amount/(mg -+ kg™')
1% it Adsorbed amount/(mg + kg™)
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Cd1

R*>0.994, K1Y, Linear )7 2 Al LU I H L5 A R
W HE CAXT SDZE A 38 v i [ %) 5 i

AR AEAECu . PO AIC AT SDZ Y W i 4
HEHEATHIE, Freundlich 7 Bl & 15 2 A9 1/nqE
0.76~0.982[], Cd 300F1Cu 300X} SDZ W Fff i
o] LR MR, TPb 30000 5 B B i AR e i
AR E ZHR>0.907, Langmuir)y FEXPb 300
LA 0 e KW 563.2 mgkg ', KK TCu
FICAFEAE RS 1YW Bif i, 8 W PbXT SDZ I B 5% e 412
K, XFSDZMEFF A4 il AR 3% . LinearJ5 24U A
BRI ZHK, M Cd 300>Cu 300>Pb 300, BIK,
(B, XTSDZA WG B RE Sy dlsi , 9l £ HT B 55

| Linear Jj %
Linear equation
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e Cdl1

A Cdl10o
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15720 25 30 33 50 5 10 15 20 25 30 3%

_ 400 4001 " - 400 " P
z . - 2 angmuir = inear Jj
% 350 Freundlich )i 0 350 Langmgir eqéxtion 20350} Linear equ:tion
N Freundlich equation 'ﬁ‘ = 2% Blank control " .
» 300F o é_g%légﬂﬁ Blank cdntrol S 3000 5 &30 » 3001 : ézu%légﬂﬁ Blank control
= e Cu = A Pb 300 ¢
320 4 B ERERASES 250 3 G0
é 2001 ¥ A %200- a g 200 "
g 150 2 150F 2 150f
£ £ £
£ 100 § 100r 2 1001
< 2 <
ez U e 501 w SOF
£ ol = of = o
= 50 = 50 =
0 10 20 30 0 0 10 20 30 0 S0 10 20 30 i
SP-ffi ¥ ¥ Equilibrium concentration/(mg - L) SP-ffi ¥k JE Equilibrium concentration/(mg + L) P& JE Equilibrium concentration/(mg + L)
K3 Cd/Cu/PbIFAERTSDZAE 4 HE v iy mig B84 il 2%
Fig. 3 Fitting of adsorption curves of SDZ in the soil in the presence of Cd/Cu/Pb
%2 Cd/Cu/PbfF7ER IR M EREE I E S H
Table 2 Fitting parameters of the adsorption isotherm models in the presence of Cd/Cu/Pb
FreundlichJy & Langmuir i f# Linear /i f2
HEE

Freundlich equation

Langmuir equation Linear equation

Heavy metal

K 1/n R’ On K, R’ K, R’
%5 (1%t #8 Blank control 16.49 0.89 0.989 2132 0.006 0.988 11.42 0.997
Cd 1 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
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Freundlich J5 72 Langmuir 5 2 Linear /7 2
Freundlich equation Langmuir equation Linear equation
Heavy metal
K, 1/n R 0. K, R? K, R
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

W UnHAKESH; O WKWK, mgke'; K. K . Ky2r B NFreundlich, Langmuir. Linear®W[ff Z%k; R*Jyvk stk

ZH Note: 1/n stands for empirical coefficient; Q,, for maximum adsorption capacity; K, K, and K, for adsorption coefficient of

Freundlich, Langmuir and Linear model, respectively; and R* for determination coefficient

22 FREEEFENSDZMIEBEHE
Kl4yCd. Cu. PbIffERF SDZIY 5 i il 2k
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R RS R, Hi A SDZJ5 g st [a] Py B RT RS 2]
i, BEHSDZINFFLERA, RATE2 PVAELT, i
WRE IR BN A, JFHRZ— Bt al; 7E% A3 PV

SDZJ5, JH0.01 mol- L' CaCLIEAT R ok, 4k

0.8

O 07+

S F —=— 23 [ 4R Blank control

§ 06F —e—Cd 1
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g I

2 03}
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= O0.1f

;% L

Z 00}

E:E L
_01 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1

-1 0 1 2 3 4 5 6 1 8
FLBAKFR Pore volume

ABIRFL3.S PVI, C/CIFIR Rk, M4PVik#|7
BF, HAEP A SDZEEAR R K o XF T AN [m] vk
CAfFFERT, M +HEHCdiEN10.0 mgkg™', SDZTE
T PRI RS, AL, HA TR EECAXT
SDZIWERH AR E . MHFMREECI. Cu. PbfELE
W, ZSR AR, FRlJECuffER, SDZT R

P, HEE ] 350.8, LYK APb, CdidifE e,
1.0
% —=—(Cd 300
Z 08¢ —e—Cu 300
% r —a— Pb 300
206}
2
S
2 04}
g |
&
02}
bl
% L
E00r
1 . | ) | ) i ) ) ) |
0 2 4 6 S 10
FLBBAFR Pore volume

K4 Cd/Cu/PbIFAERTSDZ I % i M 2%
Fig. 4 Breakthrough curves of SDZ in the presence of Cd/Cu/Pb

&5 W i pH . ECRIAS 25 7 1k B A5 4k .
2540 R A p HEY BB PV AY 38 K I 98/ I 34 97
FRaE . 455 T IR EE I BE A PV Y BE KA1/ 5 1
K, BEEEVIGRE NG . FAECAEILK K, K
FCRBON TR B, HIRIKECH
23 AEELEGHENSDZFEMESHMT L

FHF- i BRI RS BUR BRIV B 1 (Br ) W ZE 5
Mk, RMMESH (£3) , o5z HOSMAE A
FTSMAE R XA [) H 4x J A7 AE I SDZ 1) % 355 il 2k i
B (El6) , BB SE R4,

X F AR CA R SDZ I 2k H 2%, OSMAKR
RUBTHAS 2] A BT Cs 34 4 S vfe 5 W (B &5, 49 IR
AHE; BRCd 1024h, TSMELRIRLBTCsy
S A R, R R i Y S 8
WA —F, X T Cu 300FPb 3003 I} F %4,
PR A58 AU P B A AP 1 SN . OSMBE AL
[ R*1£0.881~0.943 2 [A], RMSE7£0.040~0.090.
TSMFE R A R*FE0.975~0.991 2 7], RMSEN]
F£0.018~0.039Z [0] . G 7, TSMAAY [ HLH
25 BAFOSMAR R LT
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1126 S A 55 %
6.5 - T; 265 —= %3 [1%} I Blank control 2
s o Cd1 = 450 P
- 2,60 A -a-Cd 10 : I —=— 23 1%} i Blank control
6or AFIRIM Blank control 2 e ~v-Cd100 £ e
—=— 25 "4} I Blank contro 255 S ——Cd 1
——Cd1 s Mﬂiﬂ%“ W g 400 | T Cd 100
55 ¢ ——Cd 10 £ 250 g ——Cd 300
i =i Fao '“ﬁ&xﬂﬁwﬁ B
a S50 F s 2
E 20 S 300 |
45) ki 235 ) & ol
2230 g
40+ ﬁ 225 & 200
1 L L L L L L L 2 220 L L L L L L L L i .g§ L L I L 1 L
-1 0 1 2 3 4 5 6 7 -1 0 1 2 3 4 5 6 71 8 ® -l 2 3 4 5 6 7
FLEE AT Pore volume FLESRARFR Pore volume FLBEAEFH Pore volume
60 § 265 2 450
: £
—=—Cd 300 @0 260 £ 400 b
S5 —e—Cu 300 E/ W \g
Pb 300 L 2
. R £ 25 g 350 F
L g Cd 300 g
a 50 2250+ T Cu300 g .
£ ——Pb 300 g 3001
Aok S 245 5
= <
£ 240 ; 250
40t & cid
5 235 | 2 200 |
i i
35— , : : , 2 230 L . . . 2 150 . : . :
0 2 4 6 8 0 2 4 6 8 2 4 6 8
FLBRAAB Pore volume FLBRARR Pore volume FLBRHAFA Pore volume
K5  Cd/Cu/PbfEAERTpH . ECHIES 1k B 75 1k i 2%
Fig 5 Variation curves of pH, EC and ionic concentrations in the presence of Cd/Cu/Pb
%3 Br FEHMELESNEXSH
Table 3 Fitting parameters of Br breakthrough curves
0, v D )
33 . 2 . R RMSE
/(em™cm™) /(cm'min”) /(cm™min")
0.499 0.066 0.988 0.958 0.095

T O LI A G K s v 2L B

; DNVRELE S RMSE NI ARIRYE  Note:

6, stands for saturated soil water

content; v for average pore flow rate; and D for dispersion coefficient; RSME for root-mean-square error

X} 43 B O SMAR HU A T SMAR AU X Cd/Cu/PbAf
FERTSDZA A S, HETSMAELT | % A= ks
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Fig. 6 Fitting curves of SDZ with the OSM and TSM model in the presence of Cd/Cu/Pb

#&4 Cd/Cu/PbfFERISDZEIBTCsHl S XS

Table 4 Fitting parameters of SDZ with BTCs in the presence of Cd/Cu/Pb

Y & B B i

K, B a R, R RMSE
Heavy metal Models

25 O R 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 OSM - 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 OSM - 0.794 0.864 0.004 2.81 0.881 0.090
TSM 0.270 0.963 0.754 0.001 3.19 0.978 0.039
Cd100 OSM - 0.172 0.436 0.004 1.39 0.885 0.066
TSM 0.225 0.884 0.767 0.001 3.01 0.975 0.031
Cd 300 OSM - 0.739 0.866 0.004 2.68 0.896 0.072
TSM 0.185 1.806 0.018 0.001 5.11 0.990 0.018
Cu 300 OSM - 0.543 0.833 0.009 2.24 0.946 0.040
TSM 0.423 1.334 1.007 0.002 4.04 0.991 0.019
Pb 300 OSM - 0.839 0.879 0.004 291 0.884 0.076
TSM 0.208 1.285 0.786 0.001 3.93 0.983 0.026

T f BRI R 9 SS B AL BT A7 4058 oo — B8l 32 MOREHG pFreundlich 77 FESRIR I I R A KON A5 TR R 37
By ROMBHE AT Note: fstands for percentage of the exchange sites where instant adsorption occurred; and « for first-order dynamic

speed constant; £ for adsorption isotherm coefficient; K, for adsorption isotherm coefficient; R, for retardation factor
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Table 5 Retardation factor relative to linearized condition

T 4> JE Heavy metal

Freundlich /5 &

Freundlich equation

Linear /i 72

Linear equation

Langmuir /i &

Langmuir equation

R, R; R,

%5 1% I Blank control 62.13 58.69 23.65 29.15
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
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Effects of Cd/Cu/Pb on Adsorption and Migration of Sulfadiazine in Soil

ZHANG Budi LIN Qing 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 ] 1In 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 ( /) 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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