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Table | Basic characteristics of standard soils used in this study

GBW07412a GBW07413a GBW07414a GBW07416a
(ASA-1a) (ASA-2a) (ASA-3a) (ASA-5a)
pH 6.80 £ 0.06 8.15+0.08 8.18 £ 0.08 471 £0.09
CEC(cmol/kg) 216+ 1.4 12.8+0.8 171 10.0£0.6
(g/kg) (0.52) (1.0) (1.05) (0.34)
Cl (g/kg) 0.020 + 0.005 0.022 + 0.006 0.020 + 0.005 (0.014)
SO; (g/kg) 0.064  0.008 0.125+0.011 0.139+0.013 0.070 £ 0.006
Ca*(g/kg) 0.040 = 0.005 0.17 £ 0.01 0.174 £ 0.011 0.022 £ 0.004
Mg® (mg/kg) 10+£3 2242 13+1 3.8+0.9
K'(mg/kg) 17+3 31+4 36+5 26+3
Na'(mg/kg) 27+4 29+4 34+4 58+1.2
(mg/kg) 5.1+0.6 14615 5.0+0.6 (0.75)
(mg/kg) 3.6+1.0 155 (14) (2.5)
(mg/kg)’ 144+1.71 0.504 = 0.051 0.338 £ 0.058 0.213 +0.028
(mg/kg)" 0.030 + 0.007 0.020 = 0.000 0.088 = 0.004 -
(mg/kg)" 9.36£0.610 0.511 +0.108 0.181+0.036 -
(mg/kg)" 0.625 = 0.055 0.050 = 0.007 0.277 £ 0.029 1.45+0.112
(mg/kg)" 0.153+0.018 0.025 + 0.000 0.045+0.014 0.124 +0.014
“” “()” o n=3 <> (ICP)
1.2 14
IC 50 mA 1.2 ml/min F ClI' SO; NO;
25 ul Dionex IonPac (GSB 07-1381-2001 204715)
AS14 (4 x250 mm) IonPac AG14 4% CI' SO; (8.48 £0.66) mg/L (19.9 +
50 mm) ASRS-ULTRA II 4-mm 0.9) mg/L
CE 20 psi
5 min 75 umI D x
62cm 254 nm 1.5
1.3 Excel 2013  SPSS 16.0
1.3.1 50.00 g (Duncan) P<0.05
(10 ) 500ml CO,  250ml
210 r/min 3 min 2
(4 900 r/min 10 min) 2.1
(15 000 r/min 20 min) 0.22 pum IC
[10-11] [6]
1.3.2 CI' SOy
ClI" SO; 100 mg/L 100 mg/L
Clr 0.50 1.50 2.50 5.00
750 ml 5 50 ml 100 mg/L 4
SO; 2.50 5.00 7.50 10.0 CE (HPCE) CE
15.0 ml 5
ClI" 1.00 3.00 5.00 10.0 15.0 mg/L
SO3 5.00 10.0 15.0 20.0 30.0 mg/L Bl CE

IC CE
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Ccl S0} Gx  x / )
2 IC CE IC CE
CI(1.00 ~ 15.0 mg/L) SO3 (5.00 ~ 30.0 mg/L) Stah]!'?! IC
R 0.999
£2 BMAENE CI. SOy EASHI L
Table 2 Comparison of basic parameters of chloride and sulfate determined respectively by IC and CE
(mg/L) R’
IC CE 1c CEM™ IC CE IC CE
Cl 0.04 1.68 0.2 1.1 y=121301x-43213 y=162.62x + 28.652 0.999 0.999
SO; 0.08 1.48 - 1.0 y=91740x-107 164 y=120.23x +215.08 0.999 0.999
IC CE
2.2 #3 WA NEFAE(ASA-8)CI . SO #EH E 4 bt
Table 3 Comparison of the precision of chloride and sulfate in
IC CE standard soil (ASA-8) determined respectively by IC and CE
9 3 IC cr CI (mg/kg) 303 (mg/ke)
RSD  3.61% CE 8.97% IC CE c CE
SO% RSD 1 453 38.0 121 101
2.98% 4.80% (sl 2 46.0 43.8 121 108
3 459 373 121 95.4
2.3 4 42.1 38.0 120 106
ClI" SO; 5 422 39.5 122 101
4 1IC Cl SO;~ 6 42.2 41.1 121 106
105% ~ 110% 104% ~ 108% CE 83.0% ~ 7 43.3 46.6 114 108
91.8% 109% ~ 115% IC RSD 8 43.5 43.1 114 112
CE 9 434 47.1 114 101
RSD (%) 3.61 8.97 2.98 4.80
R4 BMAENE CU. SO hnHRE MR 3t L
Table 4 Comparison of recovery of chloride and sulfate in soils determined respectively by IC and CE
IC CE
(mg) (mg) RSD RSD
(mg) (%) (%) (mg) (%) (%)
Cl 0.0694 0.0400 0.1134 110 2.21 0.1026 83.0 5.07
0.0694 0.0800 0.1566 109 0.1428 91.8
0.0694 0.1200 0.1960 105 0.1734 86.7
SOi 0.1139 0.0600 0.1765 104 1.89 0.1831 115 3.14
0.1139 0.1200 0.2431 108 0.2461 110
0.1139 0.1800 0.3040 106 0.3093 109
=( - )/ ><100%
2.4 1~2
2.4.1 (  STD )
1~2 pH Cl” SOF IC CE
(D
EDTA [13] 2.4.2 F
(SD) t IC CE
IC CE (ASA-1a) (ASA-2a ASA-3a)
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35 @IC BCE B8STD (0 feY”?) ¢ a 0.05
ol P>0.05( ) P<0.05
2 ()
? 20 +
CI5F Levene P<0.05
U 10 L ¥ 3 > ,( (X3 N £ ,) t
o a 0.05 P>0.05( )
0 ASA-la ASA-2a  ASA-3a P<0.05( )
PR SPSS
( STD ) cr sot
1 EHMAENE CIE&25 STD Ex th(n=3)
Fig. 1 Comparison of soil chloride contents determined by IC, t ( )
CE and STD 0.003 0.019 0.05 t
160 @IC 0CE @STD
95% 0
1 CE cr
IC 2 1IC SOy CE
[8]
ASA-5a pH CEC
ASA-la ASA-2a I AS‘A—3a I I 3 ( 1)
B e CE pH
2 FMATENE SO &85 STD {EX th(n=3)
Fig. 2 Comparison of soil sulfate content determined by IC, (14]
CE and STD CTAB( )
(ASA-5a) CIT  SO;
5 5 Levene CTAB
P>0.05 “

x5 BEHAENELTIECI. SOFESHMEZMHRE (2=0.05)

Table 5 Significance analysis of chloride and sulfate contents in soils determined respectively by IC and CE

Levene t
F P t PC )

ASA-la Cr Y 2.296 0.204 0.541 0.617
N / / 0.541 0.626

SOi Y 14.511 0.019 -2.055 0.109

N / / -2.055 0.176

ASA-2a Cl Y 2256 0.208 -1.289 0.267
N / / -1.289 0.317

SO7 Y 8.205 0.046 0.057 0.957

N / / 0.057 0.960

ASA-3a cr Y 10.844 0.030 2.386 0.076
N / / 2.386 0.134

Nox Y 1.910 0.239 0.272 0.799

N / / 0.272 0.802

ASA-5a Cr Y 1.661 0.267 -6.603 0.003
N / / ~6.603 0.011

SOi Y 4.482 0.102 -3.790 0.019

N / / -3.790 0.063

“p»
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Study on the Determination and Its Difference Analysis of Chloride
and Sulfate in Different Soils by lon Chromatography and
Capillary Electrophoresis

JIANG Qian"?, HAN Yong', SUN Xiaoli', GONG Hua', QIAN Wei', LU Guoxing'

(1 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Chloride and sulfate in different soil samples with various pH were determined with Ion Chromatography (IC)
and Capillary Electrophoresis (CE), respectively. The results showed that these two methods both worked well as the measured
values of chloride and sulfate were consistent with these obtained with the standard titration method, but the relative standard
deviation in measurements of CE (8.97%) was greater than that of IC (3.61%). The statistical F-test and ¢-test showed that there
was no significant difference on the measurements between the two methods for alkaline and neutral soils, but the significant
difference was observed for the acid soil of ASA-5a. The lower pH and ionic strength of ASA-5a affected the electroosmotic flow
(EOF) of fused silica capillary and changed the separation process of anions in CE, thus caused bigger deviation of measured
chloride than other methods, i.e. IC and titration method. Meanwhile, acid soil samples could bring secondary retention of ions in
IC measurements compared with other soils. Moreover, alkali eluent caused the formation of crystallization in separation process
of acid soil samples with IC, which led to a bigger deviation of measured Sulfate than other methods, i.e. CE and titration
methods. Therefore, CE and IC methods have their own merits and demerits. CE is a new method for measurements of soil
chloride and sulfate, and more studies should be conducted to improve experimental conditions in the future, especially for acid
soils.

Key words: Ion Chromatography; Capillary Electrophoresis; Soil; Chloride; Sulfate



