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Table 1 Basic properties of the tested soil

o RLAE 5 AT A BT PH 7 A i A ok
BT . o . . . L
_ Particle size distribution (%) pH Organic matter CEC Soil available silicon
Soil texture . 0 . -
<2pum 2~50um 50 ~20 um (gkg) (cmol kg™) (Si0, g kg )
L
12.88 44.56 42.56 4.42 15.39 12.50 42.56
Loam

SDZJHF Aladdin, 2% 898%, pK,=1.57.

pK,,=6.50. logK,,=-0.09, L5 5 AR 70

T WL, SEBems, B 1L SDZR R 5Ot , &
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AN B b 2

NF
| 100 |
)\
HN N 80 -
| )
- 60
2
s 40r
% L
/\‘? 2()_
0F
NH, 0
(@)

N= Pk, N=— Pk, N=
HNn%£:>40NH ) =—=HN SO.NH >‘——HN SON-: ) (©
’ ’ \ Z_<3% ’ Z~<>_ ’

FHET

Cationic form

T

Netural ion form

BT

Anionic form

K1 SDZH%EH (a) . HAEARFpH FRIEAE (b) P B FHAR (¢)

Fig. 1 Chemical structure (a), morphostructure relative to pH (b) and ionization formula (c) of sulfadiazine
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Table 2 Basic properties of the neutral silica sol

B b IKES Sio, 7 i wRE B
pH Particle size Si0O, content Density Viscosity
Material
(nm) (%) (gem™) (mPas )
B ERERET
6.5 25%1 25+1 1.16 9.8
Neutral ludox
. X \ S,
NN T £ S & R K== (2)
FR224CNAHL TRV, B ( i) AR '
ZyFl; UV9100C PCHIEAMAT WA Yt EE T, bt FreundlichBi®: § = K., (3)
Fe iy XA AR A Wl s HS-3CHIpHIf. ; ORP
B . B REDDB-303AH TR, FIERRHMU AR AT Linear#i#l. S, =K,C, (4)
FRZy ] ; Optima 8000%!ICP, PerkinElmer/\ A ;
. K. S,.C
i =] FA . . _ _ LYm e
APLBEE LA, 20 em, WAEHN4.5 cm; BT100 Langmuirkin; 5. = KoC.S. = o K (5)

IFRUE S5, PR AASTE I A PR~ Al BSZ-100
RIS AW AR A%, LI IPPUrHr A AR ) TDL-4A %
O, IR RIS A BR A F
1.2 HiRRM L

SEMETRARIL g+ FRUK SR .08 T, 25
Be il LhCaCl, (& F 343 51°50.001. 0.003 .,
0.005. 0.010 mol L") ShTF 5 WA Il 4/ A Jim
AR SDZIE W, JF T pHAE6.38 £0.03, Hrp
SDZIWHEE K0, 10, 20, 30, 40, 50 mg L',
TS A e AR M B A 112.0 £3.0 mg L™, LA20 : 1
9 7K = Fb K T A A WO A R B N a5 S i
ANRBERRG 2125 £0.5 CMEEZE 24 h,
B T4 000 r min ' A ELOHLPELS mindd 4§
15 LW, WA ORI T 254 nmE K TR
S EIS W SDZE P Kt IR 50.142 ng
mL™", RSD}0.0150% ~ 0.108%, finks Il Ny
82.730% ~ 112.960% . L)\ L SLIIFEINHE

SDZTE L3 iy & S =X (1) 3+5,
SDZ¥E + 3 iy il REK, X (2) HHE . RA
Freundlich, LinearflLangmuirfi I X} A< 52 56 4%
HEATREAL, A RN
_ (Co - Ce>V0

. W, (1)

Ko, S0 W RS- i i)+ X SDZ A B it ( mg
kg') . CoNIMAR|HHEPSDZIHE (mg L)
C N W - it E3E i SDZ & & (mg L)
Vo A S A3 AR AR (L), m BT
Moy e (kg) o Ko WM RE, Kl
FreundlichW¢ [l &4, fRWM A=, 5 HE
A, FLAEMEA, DUIIRE B R R s 1/ Ry R B 2 5
S8
1.3 T#HIEBLE
AR, B415 gWURE KT B, i
2 mmifi iy R, CF A SIRIELE, BRI E A
W, JELEFEEEE (3.4 cm®E)Z ) , Al g
ANy R TN, Bk IR S FE
K, FE R B 5 RIS em B A 5
b, kK FAL AR (R BAR AR 5 A S e
n— )2 HIRAR, HlABIAIRA L W A
AT L LR K, JE G sh R
B A3.5 r minT', BONITL, iH20 hi%EWEER
CaCLiy Ao A 4, HER By a <,
ZoSEI,  EE nT I A A R R AR D
H#EaFRE; R ARI I, MW H#E (5.03
em h'') , fREREEREE, Dhkebiir=t, t
dkE Ll A /IR SDZIE 20 h, K5 H
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TS PR30 hE5 R SCas, LI, PR Hm
pHJ 46.38 £0.03, SDZHEH H30mg L™, BT
3 43 3% °0.001, 0.003, 0.005, 0.010 mol L™
CaCl,, AR 116 mg L™ MW A 3h#
AR SR IR, e R SDZ . A bk
PR, JFEpH . S 3 A Lk JER A,
T E2RER . LI EARFLBARFIPV (Pore
volume ) F/RHf[H],

2 AR5

2.1 SDZ7E 1 1% aY %58 0% M

EI2F R PARIOR R B 3R B, /AN e A4 i
SDZTE T3 Ry IR Mt 2. AT LIE L, &
T 40.001 mol L™', 0.003 mol L™ CaCl,H},
AR M A S T SDZAE £ 5 b W B o i BT
P 50.005 mol L™', 0.010 mol L™ CaCLI}, &
PR BT SDZAE 4~ 38 vz B 19 52 Wl 55 SDZ K
X 4B TR H0.005 mol L', SDZWIRMRIE <

—{1+0.001

240 & 0.001 (colloid)

200
160
120
80
40

I & Se Adsorption quantity (mgkg™)

0 10 20 30 40
¥k )% C, Equilibrium concentration (mg L)

280 - —{1+0.005
ok —A—0.005 (colloid)

200 |
160 |
120
80 |
40t

W & Se Adsorption quantity (mgkg™)

0 10 20 30 40
SE¥k JE C, Equilibrium concentration (mg L)

30 mg L™ [ SDZTE 4 e (i W BV B k], 24
B9 B 470.005 mol L™ CaCl,. SDZ#IEWEEE>30
mg LA REGS ML ESDZAE - P A W R VE T o 24
B9 250.010 mol L' CaCl,. SDZ¥ItAHE Ky
30 mg L7'5k50 mg L7, B IIHIRH . ixX
ARE R TIE W M pH N4.09 ~4.75, HE 1A%,
IR SDZ 3 B LA i 28 7 3 b i B 8 T 1 8 2077
e T B MR (0.001 mol L', 0.003 mol
L' CaCly) PRI B ZARBES, BARRE Aty
B, AR R REIE A 5SDZ (i TIES ) 1Y
ALE i S E S G, Bk, EILER R AR
W, EET#E (0.005 mol L', 0.010 mol L™
CaCl,) Bf, —J7 0, AUl r J2 9 40 1 22 B8 T
VE, UUHEMIBARREAE [T —&B/3SDZ, Bk 5SDZAL
RS TR, S —Jrim, pH&MF FCa® fElg
5 SDZ a4 i iz, Ca v 44 I B 58 E 23FfiCa™
W s e i e iR Bk e . I, WIFRYERT )
L[R2 SDZAE + I BE, 24 Ca’ 15 A 5
B 0] T SDZAE 438 B W

20 4 0,003

20 | —A—0.003 (colloid)

160
120 |
80

40

0+

0 10 20 30 40

g fi & Se Adsorption quantity (mgkg™)

SEyk ¥ C, Equilibrium concentration (mg L)

[ —5—0.010
240 0010 (colloid)

200

160 |
120 -
80 -

40

0 10 20 30 40

W Fit Se Adsorption quantity (mgkg™)
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Fig. 2 Isothermal adsorption curve of sulfadiazine in soil with/without addition of colloid relative to ion strength
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TN VUROR B TR T, /A e e it
SDZTE K, (L kg') fH, K, {HE#%WSDZ
e A TP W BRERE L U B . R K
fli< 7, BEBIR S KESEWBILE R8>,

X FE R SDZM A T e, HHAbBUAE R
SDZ &AM A, W 6e J1585, & TiF
%, ARV T 7K AU o

FFreundlich, Linear. Langmuirf& %%} A [A]

R3 AEBFRE TM/AMERIAESDZE LIEF K, E

Table 3 K, value of sulfadiazine in soil relative to ion strength and addition of colloid (L kg™")

AR AR R SDZ
Concentration of silica Ionic strength Sulfadiazine concentration (mg L")
colloid (mg L™) (mol L™ 10 20 30 40 50
0.001 2.63 4.53 5.83 5.62 6.5
0.003 4.27 4.43 491 4.62 5.14
’ 0.005 4.71 5.68 6.21 6.10 6.30
0.010 4.54 5.84 5.01 6.42 6.16
0.001 0.64 2.49 3.69 3.61 3.71
0.003 2.92 2.12 1.72 2.44 3.05
e 0.005 3.56 4.47 6.06 6.32 6.99
0.010 4.51 5.34 5.79 5.63 6.63

B3 RN/ AN R A B = 35 X5 SD Z A W B kA7
G, HrhLangmuirf BRI S,  HAlh P > 152 78
HIHLE 45 L 24, FreundlichBE AU 381549 2] 19 1 /0
TE1.117 ~ 1.8842Z 1], K AE0.877 ~4.1312Z[0],
FERKBIRN0.958 ~0.997, Lineartd Bl 475 2 (1)

WY RECK L HE3.743 ~ 7121200, Ve RE(R> N
0.902 ~0.996, HidHE RERKF, Freundlich
BRI A OB, JFH ., AR 1 /nTE
1117 ~ 1.4102Z 0], W B Ay D 2 P e o, o AL B
J& 1/nfE1.275 ~ 1.885, ALk o & 3% .

*4 MMZEREEDLBSSH

Table 4 Fitting parameters of the isotherms model

TR A TR Freundlichfi ) Linearfii il
Concentration of sillica Tonic strength Freundlic model Linear model
colloid (mg L™) (mol L™ K. 1/n R’ K, R’

0.001 1.451 1.410 0.985 6.598 0.966

0.003 2.691 1.171 0.990 5.122 0.989

0 0.005 4.131 1.117 0.997 6.398 0.996

0.010 3.216 1.182 0.971 6.284 0.976

0.001 0.877 1.395 0.958 4.032 0.955

0.003 0.140 1.884 0.978 3.743 0.902

e 0.005 1.406 1.445 0.995 7.121 0.967

0.010 2.362 1.275 0.985 6.435 0.977

2.2 ZEWMHRRCa. BEE, pH THhiFS
P13 2 DU Ff AN ] 5 5 BT 0/ Jon Jg 7 i~ £y
WP Ca, SR (EC) | pH M2k, h
KI3an] LLFE H Calty ik B2 A2 Ak S A1 10 A Bifi 25 F i
FEFH R Caly W BE T . Y B 92 0.001
mol L™ CaCLHf, MRS T b Calk 4
B, B FREES0.010 mol L' CaCLFEI N AN

PRAIE T Wb Calle B2 TINBAR S F T o X &
ZOE T Call Ca’ B X AFE A IE AT, — 44k
P ST S LAy, A LT R, Ca® S ) S R
PR 2 AT I A LA A 8 XU r S22 T 44
JEAARERs A By, BLnt, ik Ca® L AE TR
W, PR W rh Ca B TR BRI T
BT IR, Ca” FRA AR B JZ 115 I (A 3 7 370
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Fig. 3 Breakthrough curves of Ca (a). EC(b) and pH(c)in equilibrium solution
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P42 A WS MG B AR B, DU RS ] 5 - 5k
TOLR, SDZAE LT B4 .. SR E, &5
FBEML I YR S, UL TE AR
W2 Bff . 4B T9RAEH0.010 mol L' CaClif, SDZ
SR AR, R IR B AR X e R 0 (T T A4 s ()
TR TR I, AR B I 340.91, HAF
SLE R R, B S R B e i T SDZTE - BErh
IiER . XOEH T & FmER, CaClLl(CaCl)’
LA E TR Lo ki, 5SDZ3e %Wkt
B, X—BG 5 Ca® R b 2 A 4 A i B
R, 4B IR T0.005 mol L7, BT
558 E 08 /NGF SDZ I B AN B 8, U BH LR SDZ7E

+ e v B W AR SR T CaCl,, RIS R, —
HZEY, SDZAE 38 b i i g A X 2218 . X 5 H
KB WEFE I SDZ LA B K 22 80 HLT5 Y ) 1 + 4
SRS YR b 1 R B e I 2 R — 2, R AR AN
W R T WS R R TR AR T i £+
gEh g M RE ) 2, SDZIE TIE S S5 W KAk
EFE N BHETIES (pH<pK,) >HHEE TFIES
(PK, <pH<PK,,) >HIEFI & (pH>pK,) o T
SLE - HEpH A 4.42, TE BRI Y B W p H A 2
4.11 ~4.80, ILEFSDZ 3% L3 /b i [ %4 7
IEASAEAE, e T IE M SDZ i i /K A
M EHEA YL, BIPEE TR A SDZi i Hr i/
FHW T 32 DL K 5 Ca™ g5 S PliE ) HHE L,
PSP A RASBEGLUEE
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Breakthrough curves of sulfadiazine with/without colloids relative to ion strength
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FERCART1.18 PVIF IR I, WREEIE(E X $]138.0
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Effect of Silica Colloids on Adsorption and Migration of Sulfadiazine in Soil
Relative to Ionic Intensity

SHAO Zhenzhen LIN Qing XU Shaohui’
( College of Environmental Science and Engineering, Qingdao University, Qingdao, Shandong 266071, China )

Abstract [ Objective ] Colloid is an active component, exsiting extensively in soil, so how it
affects adsorption and migration of sulfadiazine in soil is a scientific issue that is worth further exploring.
[ Method ] Taking Neutral Ludox as extraneous colloid, this work quantitatively analyzed effects of
ionic intensity ( 0.001, 0.003, 0.005, 0.010 mol L™' CaCl, ) on the adsorption and migration of sulfadiazine
in soil, 6.38 £ 0.03 in pH, where colloid and sulfadiazine coexisted through indoor batch experiments and
soil column effluent experiments. [ Result ] Results showed that the colloid inhibited the adsorption of
sulfadiazine in the soil when the ion intensity was 0.001 or 0.003 mol L™', but the effect of the colloid
inhibiting sulfadiazine adsorption in the soil with ion intensity being 0.005 or 0.010 mol L™ CaCl, was
effected by the initial concentration of sulfadiazine. Freundlich model could well describe the adsorption
process of sulfadiazine in the soil with R* being 0.958 ~ 0.997. The breakthrough curve of vertical transport
of sulfadiazine in the saturated condition was delayed in all conditions mainly due to the existence of
different forms of sulfadiazine. Neutral ion form of sulfadiazine was adsorbed on soil organic matter
through hydrophobic interaction and sulfadiazine in negative ion form was adsorbed on the soil through
bonding action. When concentration of sulfadiazine was 30 mg L™, however, in soil higher in ion intensity,
the colloid added could inhibit migration of the sulfadiazine due to the dielectric layer was compressed,
forming flocculation that absorbed a certain amount of sulfadiazine, while in soil lower in ion intensity,
colloid outflowed, entirely or partly, thus impoving sulfadiazine migration. At 0.010 mol L™ CaCl, in ionic
intensity, the outflow of sulfadiazine from the soil column was advanced, the relative concentration of
sulfadiazine peaked higher, and the outflow lasted longer without colloid addition. However, once colloid
was added, the relative concentration of sulfadiazine peaked low in value and it was hard for sulfadiazine
to outflow. At 0.005 mol L™ CaCl, in ion intensity, the outflow of sulfadiazine was earlier and the relative
concentration of sulfadiazine peaked higher than that without colloid addition. At 0.001 mol L™' CaCl, in
ion intensity, relative concentration of sulfadiazine peaked higher than that without colloid addition, and it
was more difficult for sulfadiazineto to get eluted. [ Conclusion ] Generally speaking, in soils with colloid
existing and lower in ion strength, the addition of colloidal inhibits the adsorption of sulfadiazine and hence
promotes the migration of sulfadiazine, while in soils higher in ion strength, it promotes the adsorption of
sulfadiazine and hence inhibits the migration of sulfadiazine. All the findings in this study may be of some
guiding significance for controlling the migration of sulfonamides in soil.

Key words Sulfadiazine; Sorption; Migration; Colloid; Ionic strength; Soil
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