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Rapid Determination of Total Cation Exchange in
Soil Samples by Oscillating Suction Filtration-pH
Meter Potentiometric Titration

LI Guangyi, REN Xiaorong,ZHOU Yuchen,ZHANG Feige,QU Shaopeng
(Hubei Geological Research Laboratory ,Wuhan , Hubei 430034 , China)

Abstract In order to improve the efficiency and accuracy of cation exchange capacity (CEC) analysis in
soil, this article uses ammonium acetate or ammonium chloride-ammonium acetate solution to treat soil
samples,and the method of oscillation exchange and filtration separation was used for ion exchange and
ammonium ion cleaning. After the saturated ammonium ions in the soil were exchanged with formaldehyde-
CaCl, solution, it was titrated with sodium hydroxide solution, and the end point of the titration was
accurately indicated with a pH meter, thereby determining the CEC content. Five national first-level
effective reference materials were selected for verification. The measured values were in accordance with the
recommended values,and the relative deviations were all less than 4%. This method improves the analysis
efficiency and accuracy of CEC,and is more suitable for the analysis of large quantities of samples.
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Figure 1 Comparison of the results of different
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Figure 2 Comparison of the results of different

formaldehyde-CacCl, solutions.
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8.4 8.5 8.6 8.7

S HRAKFGEE(ASA6a) 16.2  19.1  22.1  24.7
Mp VI 4 (ASA-7)  28.6  30.9 34
TEEKEE+ (ASA-8)  11.6  13.8  14.
PG # 48+ (ASA-9) 8.8 9.5  10.
LY+ (ASA-10)  16.7  19.8  22.:

B fiy

C[E

PR e AR

19.7+1. 1
38.2 31.0%1
16.8 13.840.7
13.5 9.6+1.3

w N oy

25.0 20. 042

M 2 ATRLE . 4T pH (D 8. 5 I, il &
25 SR AR I A AR DU B A T E A pH (B 8.5,
2.5 FHIiEWiE

PRSI0 T 05 AT I SE 8 WA RS A B
ASA-6a, ASA-7, ASA-8, ASA-9, ASA-10, ¥ i+ 5
I S5 SRR SR (R 3D

R3 FHERBEESERE

Table 3 Method precision and accuracy

/(cmol « kg™")

BE 5 4 R 1 2 3 4 5 6 7 8 THME ARdEE REV RSDV
KR T (ASA-6a)  19.2 18.8 19. 1 20 19.2 18.6 18.6 18.8 19.0 19.74+1.1 —3.36 L 41

P 4+ (ASA-D 30. 1 29.7 29. 4 30. 2 28. 6
B8 K4S+ (ASA-8) 13.4 13.3 12.9 13.1 13.7
11175 4 + (ASA-9) 8.1 9.5 8.9 9.7 9.2
O £ (ASA-10) 18.5 19. 1 19.3 19.4 21.7

30.7 33.6 29.7 30. 3
13.8 13.5 13.1 13. 4
8.7 9.5 9.8 9.2
19.5 20.2 18. 2 19.5

2
31.0+1 —2.42 4.92
13.8+£0.7 —3.26 2.33
9.6+1.3 —4.43 6.29
5

20. 042 —2.56 .56

TE:D A%
MF 3 A HIERY 5 A E KA B — RARHEDY)
JB AR X 15 22 B AE 5 06 LA S AN B oA 22 39 7E 7 %
AP 3 2 A SE BT Y 225K

3 %ip

PAAT VAR i J7 35 D Bl O 1 32 w8 05 0k B o b
RO o3 BT 45 R A E RS 6 BE 0 23 B A AT
THHE . HEN T A R AT TR ST T
LR 7 5 S Xk T A R A R A S A 8-
LIRBE N BT3¢ . LI L IR e ) R T
B2 T X R K B 1 e I T oA AR R AT

T A W AR O 12 mL, 32 07 OO0 4R
- T e SR G A O 2R R i 5 e T R
Bewey IF HLA B 52 BUAIL R A0 B AR X T R0 S 4 U7
3 AL BRSPS R ) S 1 SE
FA I -CaCl, 175 980 I i v A7 30 s 19 O Xk 4
E o AR AL S 1 7 RN TR ERE AL
I SR iy T AR A B DUIAR X0 R R AL
i 5 177 2 ME T 5 A OGS R — Bbn iR
X7 W HER B 550 K AT T gt 9 S AL
T L BTV SE 3% 7 1 B 2 5 2R 4% IS B
REW L ALK



%2 P A5 ARG uE-pH T8 8 A E 5 DRI E A b BH s B 35
Science Bulletin,2015,21(22) :65-66.
BA (9] TREME, A PF. kAL T . PR 438 BH B 5 2 4 12 )

[L] KB J72% . SRS 45, kR 35 A BAE W J7 ik B HEBELT]. M AL A}, 2010, 38(2) £45-49.
BRI T e ). 1482, 2005,37(6) : 679-682. ZHANG Yanxiong, LI Dan. ZHANG Zuoyu, et al.
ZhANG Qi, FANG Hailan, HUANG Yizhen, et al. Comparison of two methods for measuring soil cation
Application of soil cec to evaluation of soil quality in exchange capacity [ J]. Guizhou Forestry Science and
Shanghail J . Soil,2005,37(6) :679-682. Technology,2010,38(2) ; 45-49.

(2] EWF 20k 5 0H 8 758 e f 70 77 - 58 B T4 (10] JAR i . 5k . L IR A L 3 B 7 2 e i
o FE LD D, 4Rl FF % 5% 4% .2016(5) : 37. (977 Wk L] ] BREERE 2§ 1], 2015, 34(6) : 106-109.
WANG Yaning, LI Lin. Application of soil cation ZHOU Yuan. BIAN Shiwen. ZHANG Yu. Method
exchange capacity in urban soil quality evaluation[]J]. improvement  of  Kjeldahl  nitrogen analyzer to
Agricultural Development and Equipments,2016(5) ;37. determine soil cation exchange capacity[J]. Guide to

(3] hERNSEEEEE 5+ B HF 5T 7. Ak A e [ M. Environmental Science,2015,34(6):106-109.
R AL L1987, CLLY PGt OO . A - S T T A i P9,
Nanjing Institute of Soil Analysis,Chinese Academy of opE g S5 IERE, 2016(5) - 144-147.

Sciences. Soil physical and chemical analysis [ M ]. SHEN Chunyi, XING Weiyin. Research on rapid
Shanghai: Shanghai Science Press,1987. detection of soil cation exchange capacity[ J]. Soil and

[4] 5 0E S SAHL. 05 JL A - T T TS Bt Fertilizer China.2016(5) : 144-147.

R R LT, PO SR R4 . 1990, 38(2) +58. (127 v ARl Bb 27 B 2 Bt Aol BIF 55 BT, 2% bR+ 18 PR 2 7 58
WU Zhengqin, WU Yinzu. Comparison of simultaneous ik I E LY/ T 1243—1999[ST. bt th H A7 i
determination of cation exchange capacity of several JAt 51999,

soil types[J]. Sichuan Fruit Science and Technology, Research Institute of Forestry, Chinese Academy of
1990,38(2):58. Forestry. Determination of forest soil cation exchange

[5] HBH,TE.H,Z. JLFZ RO E + 5 capacity: LY/T 1243—1999 [ S]. Beijing: China Standard
BB 7 5 B 10 7 3 4 L), o 616 L4 7 2% Press 1999,

2018,8(4) : 16-20. (131 @A Hrbn e SR 22 51 & i R IR B 7 &8
LA Maoji, WANG Yugong. ZHANG Rong., et al. e B A 3 ek R A9 E - NY/T 2951995 ST, dt
Method to determinate cation exchange capacity of the I E AR E S RCRE 1996,

soil with several centrifugation ammonium acetate[ J]. National Agricultural Analysis Standardization Technical
Chinese Journal of Inorganic Analytical Chemistry, Committee. Determination of the cation exchange
2018,8(4) :16-20. capacity and exchangeable base of neutral soil: NY/T

(6] PIBH,.EEID, kK. LR .0 AT EH 2R 295—1995[ S]. Beijing: China Standard Press,1996.

A A R S IR B e T As s [T ). o [ TR AL A3 A Ak (147 XUBrf. 19088 7 30 e V- . i 35 i 7 Bk SO 5
%,2017,7(3):38-41. PEFILDL. B8 - PRI K%, 2014,

LA Maoji, WANG Yugong,ZHANG Rong. Determination LIU Xinmin. Soil ion exchange balance: electric field,
of cation exchange capacity of soil by centrifugal exchange quantum fluctuations and their coupling effects [ D].
of ammonium and calcium acetates[ ] ]. Chinese Journal Chengdu: Southwest University.2014.

of Inorganic Analytical Chemistry,2017,7(3) :38-41. [15] Wrg A7k, X 42, B9k DU 2 ok 8 b B f oK vp i B

(7] Z3F. HEHE T8N E I % a5 ] Ea s L], AT, 2013,42(8) : 1163-1165.
3 B 3 2 . 1988 ,4(4) :51-52., ZENG Ming, YANG Lin, LIU Shan. Study on
LI Xunyi. Comparative study on the determination determination of ammonium ion content in industrial boiler
methods of soil cation exchange capacity[ J]. Bulletin of softened water by formaldehyde method[ J]. Contemporary
Analysis and Testing,1988,4(4):51-52. Chemical Industry,2013,42(8) :1163-1165.

(8] SEAETT ., okili, HIE AL . 55, BV M X £ 48 B B 158 ¥ i (16 FKFLL. pH 48 78 AL T A 15 000 58 B A 114 B8 7 32

(CEO M & J5 W 5e L) ], & Bk 25 4, 2015, 21(22)
65-66.

DOU Beilei, ZHANG Pei, TIAN Weihua, et al. Study
on the determination method of soil cation exchange

capacity (CEC) in Shaanxi [ J ]. Anhui Agricultural

AL ABERY ™ 58 #,1999,8(2):120-121.
ZHANG Xiuhong. Determination of cation exchange
capacity of zeolite by pH meter indicating potentiometric
titration[ J |. Nonferrous Metal Minerals and Prospecting,

1999,8(2) :120-121.



