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NapS04 KNO3 NaH»PO42H,0O

1.2

NaCl ” 2 mm B
NaHCO3 » pH(H20)

1
Table1 Properties of soil sanples

2.5 1

pH(H:0) b
Soil Organic carbon (g kg™ ') Sanpling site and soil classification Nirate (mg kg™ )
1 833 711 20. 50+1 98
Yangling, Shaanxi, Eartlr cumulr Orthic Anthrosok
2 727 18 53 70.75%1 91
Changshu, Jiangsu, Gleyr Stagnic Anthrosols
3 873 119 13. 8£0 46
Jinchang, Gansu, Calct Orthic Aridisok
4 8 84 10 46 2. 70t0 07
Dongtai, Jiangsu, Aqur Orthic Halosols
5 8 94 10 60 4. 213 57
Dongtai, Jiangsu, Aqur Orthic Halosols
6 502 28 4 0%0. 14
Yingtan, Jiangxi, Allitr Udic Ferrisols
1)1 mol L™ 'KCI extractedwih 1 mol L™ "KCI, analyzed by Flow Analysis
1- 3 2 3 2
1.3.1
254 nm , , 1.3.4 Cl
(CTAB) : SOi NO3 POI  COF 1000 mg L™ !
50 Hm, 67 cm, [) ¢ Ss0i NO; PO 1 000
60 cm mg L.~ 1( 1)
20%0.1¢C o1 01241020 30 40 50 100
25 kV mg L~ 1 , ,
2 min 4 , II
: Dmg L~ :
1.3.2 3,
100 ml ( ) (S/N) 3
NaOH 0.00 1.00 2.00 3.00 4.00 ml,
0mg '€ 135 2 2 50mi,
2- - -1 3- -1 2- _ - -
S0; NO; 40mgL POy  100mg L CO; 25ml 50ml  10mgL 'Cl” 20mg L'
. NzOH SOi 30mgL 'NO; 10 mg L™ ' POI
1.3.3 25kv 20kV ,
100 ml 1. 00 ml NaOH 1.4
( ) 2 6 10. 00 g,

20mg L 'Cl” SOi” NO;  POi 50. 00 ml,

12481216 20
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6
24 h, , 13625 ¢ 5 min, 1.2
0.22 Hm 10 min,

—d— W& Phosphate
£_ LI —8— BERIR Carbonate
==
S

1.5 g 2
1~5 2, E E 1.0 *—
1.4 24h 3
o
2, 09 -
1 0 1 2 3 4
, 3 INA NaOH {54 NaOH added (mD)
1.6 1
I~ 5 10. 00 g,
1 . Fig 1 Fffect of addition of sodium hydroxide in the working solution
I'mol L “KCI 50. 00 ml, 30 min, ’ on the relative migration time of phosphate and carbonate
2 2 2
NaOH
2
, 1.00 ml NaOH
2.1 . pH 100 ,
2.1.1 : (
. 2a) NaOH ,
(1) : :
, , , 25kvV
, 5
[13] (2) ( 5.0 min ( 2
) ’ ’ 8.0 min R
, (1) 3.0 min 12. 5~ 13. 5 HA (
, s 3.0 min
; )
1) NaOH , 21.2 )
, 4
NzOH ( 2: :
9 4 2 2
) 25%
NaOH 0. 00~ 4.00 ml
, pH 8.0~ 11.8, ) 20 kV 25kv. .4
pKaz( 10 25) N ’ ’
NaOH 3.00ml )
1, , ,

”

1. 00 ml NaOH
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a . BETH R ImL” Standard: 3mgl” sach b _LEEAGREHE Soil water extract
= 25 kV; : ; : (CTAB); : : 50 Pm; : 67 an;
: 60 an pH= 10.0 Separation conditiors: Voltage: — 25 kV; BGE: sodium chromate; EOM: CIAB; capillary:
L d, 50 Hm, total lemgth: 67 cm; length from sample introduction to detection window: 60 em, pH= 10. Q Details of eled rophoresis are under patent application
2
Fig 2 Typical electophoregraph of anions
2
Table 2 Effect of separation voltage on the peak shape of different aniors in CE
Rate (%)Y / Peak area/Peak height
Anion
Peak area Peak height 20 kV 25 kV
Chloride 24. 63 10. 8 27.20 23 6
Sulfate 26.52 12. 67 29 12 2532
Nit rate 23.37 8 16 3193 27 4
Phosphate 25.57 2 67 63 72 50 60
1) = (20 kV - 25kV )/ Rate= (value at 20kV-value at 25 kV) /mean
2.1.3 )
-1
(3, 0~ 100 mg L, ,
, 4
-1
, 0.4~ 0. 6 mg L ( 3
2 2
-1
’ ’ 100 mg L N
2
21.4 :

’ ) 92.4% ~ 107.4% ( 4,
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Table 3 Calibration equations and limis of detection (LODs) of different anions determmed by CE
RSD (%) r
LOD
Anion - - .
o . _ (mg L)
Migration time Peak area Peak height Absorbance Peak area Absorbance Peak height
Chloride Q3 5.67 2.60 0993 0.99% 1 Q 46
Sulfate Q36 0.43 1.97 0992 0.960 9 Q 56
Nitrate Q39 3.44 1.06 0995 0.984 9 Q47
Phosphate Q05 5.37 5.09 0995 0.972 2 Q47
Carbomate 030 10 4 2.78 Q9970 0.963 3 —
4
Table 4 Recovery rate of inorganic anibns inormorated to soil aqueous extrad determined by CE
Initial Added Found Recovery
Anion (mg) (mg) (mg) (%)
2505 250 498 4 992
Chloride 500 741 7 98 2
701 500 1193 98 4
Sulfate 1 000 1775 107 4
16135 750 2 388 103 3
Nitrate 1500 3102 99 2
ND 250 231 92 4
Phosphate 500 471 94 2
2.2 )
2-
2 6 ,24 h S04
( 3, , 24 h
2
- - - 3
Cl SOz NOs P 4
12 ¢ 80 -
a —o— J T Chlonde b
—— AR Sulfate
B0 | —a— THERE Nigate
_: 8 | - —— BEE#7 Phosphate
n.n E
g .
= —o— @M Chloride 2 40
©
é 4 L —O— FEER Sulfate ;
e, —&— YRR Norate w 20
%8 —X— @ ## Phosphate :
0 Lyex—x+—x——x——-X——xX——X-— 0
0 5 10 15 20 25 0 3 10 15 20 25

& B i (6] Extraction 1ime (h}
a. EfEMEEZT Alt-Udic Fernsols

3
Fig. 3 Effedt of extraction time on the anion

I i 18] Extraction ime (h)
b BB LA b Gleyi-Stagnic Anthorsols

concentration n extract
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2.3 Zbiral " (PMA)
( 24 h)
() ,
P
s P
s
P
[14]
5 (CE) (IO
Table 5 Soil anion analysis results de emined by Capillary Electrophoress ( CE) and Ion Chromatography ( 1C)
Chloride (mg kg™ ') Sulfate (mg kg™ 1) Nitrate (mg kg™ 1)
Soil Methods Mean SD M ean SD Mean SD
1 CE 520 2.4 40 & 007 81.56 6. 12
1C 6 00 0. 56 3872 18 73.40 1.13
2 CE 50 10 5.0 7107 2% 161. 4 11.18
IC 48 75 6. 50 70 12 541 161.6 12.97
3 CE 45 €0 1. 41 92 32 14 35 0.00 0.00
IC 40 15 1. 63 99 20 1 34 9.82 0.32
4 CE 215 6 15. 47 &8 108 55. 64 11.27
1C 174 6 4. 11 42 78 117 58.42 4.49
5 CE 216 9 2.3 46 12 88 73.28 6.41
IC 167 4 13. 65 41 50 56 56.08 4.70
24 h 2 2 1 Note: Soil sanples were

s

s

extracted by water without agitation for 24 h. Two exiracts were prepared for each sol sample, each extract was tested with CE twice, IC one time.

, 1
24 h
10. 86, r= 0. 851 6,
(p< 0.10)
KCl 0.5h

(CTAB)

ty= 2.23x-

24 h

1 mol L™ 'KC1

L15]

[14]

9B %

[14]

90%

[ 16]
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0.01~ 1.0 mol L™ !

mmol L™ ! R

(0.5 mol L™ ' NaH(05)

)

L17]
NaHCO;3 )
10 mg kg ! , ,
100 mg kg
[ ’
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QUANTIFICATION OF INORGANIC ANIONS IN SOIL BY
CAPILLARY ELECTROPHORESIS

Li Liping 7hang Jiabao Zhu Amning Xing Weiqin
(State K ey Laboratory f Soil and Sustanable Agriculture, Insinte o Soil Science, Chinese Academy ¢ Sdences, Nayging 210008, China)

Abstract Compared with ion chromaography ( IC), for inorganic ion analysis capillary eledrophoresis (CE) has its
advantages, such as low consumption of reagent and time and low cost and its disadvantages, like low reproducibility and limited
sensiivity. Analysis of soil aqueous extrad for inorganic ions by CE is one of the fields that have been explored, however, so far
the result of CE has not been matched to those of the popularly used methods, such as flow analysis ( FA) of nitrate. This work
focused on further study of parameters affecting the CE analysis of inorganic anions in soil, and comparison of its result with those
of IC and FA. Wih the aid of the electrophoresis system using sodium dhromae as the background eledrolyte, cetyltrimethyl anr
monium bromide ( CTAB) as the electroosmotic flow modifier and indirect ultraviolet detection method, length of soil extradion
duration, effect of separation voltage and pH of the working buffer of capillary electrophoresis ( CE) on quantification of norganic
anions were investigated. Using the chosen analytical condition, chloride, sulfate, nitrate and phosphate can be quantified in
less than 5 min. Based on these results, dloride, sulfate and nitrate in soil water extract were analyzed by CE in five soil sanr
ples fran different places in China, the results were consistent with that of IC. However, phosphate in the soil extradt after ex
tracting for 24 h without agitat ion was still under the limit of detection ( LOD) of CE and IC, and the CE is relatively lower in
precision campared with IC. A positive linear correlation of p < 0. 10 was found beaween soil nitrate extracted with water, deter
mined by CE and that extracted with 1 mol L7 ' KCL, detemined wih FA.

Key words Soil; Capillary electrophoresis; Inorganic anion; Quantification



