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0.25 mm
(43°48'34.85" N 125°24'46.23" E) (
0 ~20 cm ) pH 49 ~5.1
1
z1 HEEAMR
Table 1 Physicochemical properties of tested soils
AR - 45 pH (g/kg)
(g/kg) (cmol/kg) (' 0.002 mm) (0.002 ~ 0.02 mm) (0.02 ~ 2 mm)
6.5 21.05 24.66 347.6 347.6 304.8
5.0 17.87 2231 353.2 373.6 2732
1.2 (2) Elovich  (3)
1.2.1
OECD guideline 106 18l In(g, —q, ) =Ing, —kt M
5¢+00005¢g 50 ml
20 ml 2 mg/L t/q =1/(k ¢ )+tlq )
t 27e e
( 0.01 mol/L NaN;  0.01 mol/L )
CaCl, )  25C 1 5 10 EIOVIZh . X
15 30min 1 2 4 8 12 24h 4000 r/mim 9 =A+knt G)
10 min 0.22 um 9 meg/g g !
(HPLC) mg/g k| 1/h
1.2.2 k2 mg/(gh) kt
. 12
5¢+0.0005g 50 ml Elovich mg/(g-h™)
1 5 10 15 20 25mg/L Freundlich )
20 ml Langmuir (®)]
0.01 mol/L NaN3;  0.01 mol/L CacCl, 25°C
121 Freundlich
1
lgCs=1gK; +—1gCe “4)
1.2.3 1.2.2 n
10 25 35°C G mgkg  C.
1.2.4 mg/L K¢ Freundlich
1.2.2 10 30
50 g/kg C ) Vn
1.2.5 Ca* ]
122 0.01 0.05 0.1 mol/L Langmuir
0.01 mol/L CaCl, 11, 1 )
3 qe Qm (KLQmCe)
1.3 qe 4) Cs K Langmuir
Agilent 1260 ( On
) BDS Hypersil C18(150x4.6 mg/kg
5 pum) 0.1% - )
7 3 VP 20 ul
1.00 ml/min 270 nm 5.7 min 2.1
1.4
(1)
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2
1 1
2
Elovich 2 2
12 h r
2 0.95
(k2)
0~0.5h 216.275 5 mg/(g-h) 15.722 2 mg/(g-h)
4 485.5 mg/(g-h) 3 105.9 mg/(g-h) 13.7
1~8h 189.7 mg/(g-h) Elovich
179.7 mg/(g-h) 0~0.5h 7%
2
2
[21]
2.2
[20]
2
_ 2 2
2
£
e ( 1 mg/L) 2
=
=15 ——
— =X IR
—— LR L
1'20 5 10 15 20 25 30
A1) (h)
1 FERSMEERCELFRBEL PRIRMEHE
iiiE53
Fig.1 Adsorption kinetic curves of SCP by acidified and control
black soils
F2 WHEREMEERLETFNEET DM HFERRAUESH
Table 2 Adsorption kinetic models of SCP by acidified and control black soils
Elovich
ki q. r k> qe r k, A r
14.3829 1.853 6 0.8317" 15.7222 1.905 1 0.9779" 0.076 1 1.7333 0.904 3"
141.909 6 2.2336 0.867 0" 216.275 5 2.2456 0.950 2™ 0.022 7 2.2083 0.701 8"
=12 ry0=0.708 700s=0.567 ** (P<0.01) * (P<0.05)
181
5 | — & = X HRR 4 —e—Rfb IR 1 F dlich L .
. S . —e reundlic angmuir
<12 — 3 3 2
£, /
2 . ?
§ i /,A////A ————— AT T . 0917
3 4 Langmuir
% 5 10 s 20 25 (Om) 2.38
PR BE (mg/L) Freundlich
2 RSB R T R R MR SR (&) 49836 21246 2

Fig.2 Adsorption isotherms of SCP by acidified and control black soil
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pH
(-NHy)
(-SO,NH-) 3
pH SCP">SCP’>SCP™
(SCP") (SCP% (SCP)
[22-25] (PK.) [26-27]
19 54 (pH5.0+0.1)
66.6% ~ (28] 5
75.9% (pH 6.5)
3.8% ~ 7.4% pH
*3 HEREMEERCELAMNBELTHHRMEREINSSEH
Table 3 Adsorption isotherm fitting parameters of SCP by acidified and control black soils
Freundlich Langmuir
Ky 1/n r K. Onm r
2.124 6 0.366 1 0.984 9™ 0.257 7 7.426 0 0.938 4™
4.9856 03814 0.989 8" 0.275 1 17.6552 0.934 1"
n=6 ryn=0.917 ** (P<0.01)
2.3 Langmuir
K. 0
(Om)
3 3 2
10 25 28¢ 10°C 25 35C
35C 24} SHEM AL —o0-—10C —&-25C —>-535C
56.3% ~ 37.1% 116.6% ~ 122.3% 220
172.3% ~ 86.5% Eﬁig
(35C) =
41
Freundlich 0 5 ! (')%JJ vk J;f (g /L)zo 2 30
Langmuir 4 4 3 BRI ERRLE AR E 1 IR
(Kr) Bk

(1/n)

Fig.3 Adsorption thermodynamic curves of SCP by acidified and

control black soils

Table 4 Thermodynamic parameters of adsorption models of SCP under different temperatures by acidified and control black soils

('C) Freundlich Langmuir AG
Un , K, On - (kJ/mol)
10 2.5833 0.664 2 0.997 3" 0.0529 35.873 4 0.998 4™ -11.31
25 1.9159 0.580 0 0.980 1™ 0.1956 8.036 4 0.998 6™ ~11.17
35 1.158 6 0.502 4 0.985 8" 0.099 2 72155 0.989 4™ -10.26
10 6.179 2 0.472'5 0.986 1" 0.170 1 30.909 3 0.999 3" ~13.36
25 4.6162 0.402 7 0.962 9" 0.245 4 17.7115 0.998 4™ -13.35
35 3.6189 0.346 0 0.929 0™ 03355 11.299 2 0.993 7" -13.18

http://soils.issas.ac.cn



363
4
[29] 2
Kom( ) 2
1000x K, 1]
Koy = ——— 1 (6)
SOM 10 30 50 g/kg
(Gibbs)
AG =-RTn Koy M 5014% 113.20% 167.06%
SOM gkg AG 17.95% 59.60% 91.30%
kJ/mol R 8.314 J/(mol-K)
T K K
AG<0
|AG|<40 kJ/mol
4
H+
|AG| 13.18 ~ 13.36 kJ/mol [32-33]
10.26 ~ 11.31 kJ/mol 2 AG
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2.4 a
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B1] Ca2+
2+
10 30 50 gkg 0.05 mol/L Ca
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10 mg/L 4 0.01 mol/L Ca 24.9% 50.8%
21.4% ~29.5% 0.1 mol/L Ca**

25 oXfEE L eE@E L 0.01 mol/L
20 Ca** 64.9% ~ 72.1%  37.4% ~
o0 2+
£ I5¢ 50.9% Ca
E o}

;:% 51 ’—§ Ca2+ Caz+
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4 HINBNRFEE L E L F0 3t BE E 1 IR H R R S mk S 3
A
Fig. 4 Effects of adding organic matter on SCP adsorption by h
acidified and control black soils l) 12
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Fig. 5 Effects of Ca** concentration on SCP adsorption by acidified and control black soils
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Effect of Acidification on Adsorption Behavior of
Sulfachloropyridazine(SCP) by Black Soil

ZENG Qinghui', WANG Yuwei', LI Li"*"

(1 College of Resources and Environment Science, Jilin Agricultural University, Changchun 130118, China; 2 Key Laboratory
of Soil Resource Sustainable Utilization for Jilin Province Commodity Grain Bases, Changchun 130118, China)

Abstract: The adsorption kinetics, adsorption thermodynamics and the effects of organic matter and ionic strength on the
adsorption of sulfachlorpyridazine (SCP) by black soil were studied according to OECD guideline 106. The results showed that
the equilibrium time of SCP adsorption by black soil was 12 h under the effect of acidification, the fitting constant (k;) of
adsorption rate of quasi two order kinetic equation was 216.275 5 mg/(g-h) for acidified black soil, higher than that of the control
black soil, which was 15.722 2 mg/(g-h). The results of adsorption thermodynamics showed acidification significantly improved
the binding capacity of SCP and soil, the adsorption capacity was negatively correlated with temperature. The adsorption free
energy (AG) showed that the adsorption process was spontaneous reaction mainly by physical adsorption, but acidification
increased |AG|, which made the system more stable and easier to spontaneous reaction. Adding organic matter increased the SCP
adsorption more by the control black soil than acidified black soil. Adsorption capacity of SCP by black soil was decreased with
the increase of Ca** concentration in background solution, which was attributed to the competition between SCP and Ca®" under
acidification.

Key words: Sulfachloropyridazine (SCP); Acidification; Black soil; Adsorption; Organic matter; Ca**
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