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Study on Improving Soil CEC Determination by Magnetic Stirring Method
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Abstract: In order to resolve the problem of low efficiency of the measurement of soil cation exchangeable capacity (CEC) with
the traditional glass rod stirring method, an experiment was designed to stir suspensions with a magnetic stirrer instead of glass

rod. Parallel tests different in controlled condition were carried out in different labs to determine CEC of soils different in clay
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content with the magnetic stirring method for comparison between the tests in accuracy, operability, stability and applicability of
the measurements with the method.Results show that the magnetic stirring method was not lower or even magnetic stirring
method higher than the glass rod stirring method in accuracy and precision of the CEC measurement. What was obtained with the
former was highly in consistency with the values of the certified reference materials. When stirring of the suspension went on
over 1 min at no less than 850 rrmin”', duration and speed of the stirring did not have much effect on soil CEC determination, and
neither the labs where the tests were conducted. No significant difference was found between labs in CEC measurement.
Compared with the traditional glass rod stirring method, the magnetic stirring method has such merits as simple in operation and

high in efficiency, stability and precision, when used to measure soil CEC, and is highly suitable for use to determine soil CEC of

large batches of soil samples.
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Tablel Particle size composition and texture of the studied soils

B 5 (A bR A Fhr +- e
pH
Sample No. Sand/% Silt/% Clay/% Soil texture
1 4.18 79.5 14.6 5.9 i+ Loamy sand
2 5.66 62.5 28.6 8.9 b 3% 1 Sandy loam
3 6.35 41.0 45.9 13.2 HE+ Loam
4 481 30.5 473 22.2 H+ Loam
5 4.97 12.6 56.1 31.2 Wiz 1 Silt clay loam
6 4.94 20.8 35.8 43.4 Fi+ Clay
7 6.23 5.7 32.0 62.4 Fit Clay
8 5.66 1.4 16.0 82.6 #it Clay
1. 100 mLIZALES L E Plastic centrifuge tut
2. 0.4 cm/EE 4 Hard sponge
3. 100 mL 7 H4EM Tall beaker
4. 2 emtBRIESEFET-Cone stirrer
5. WEJ1ittAMagnetic stirrer

BT BB L g A

Fig. 1 Sketch of the experimental device used by the magnetic stirring method

I3, MRS BRHE B0 A e S BT HOIR
B 5 — R WS 5 mL, A pH=10 22 rhis
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Table 2 Accuracy of the measurement of CEC with the magnetic stirring method

CEC Jl%E{f/ (cmol'kg™)

bRk 5T
Measured value of CEC

IEMH AR

Validated value/ #Ef %

Certified reference  pH

ERI wH2 HH3 EH4 wHS Rl ]
materials (cmol'kg') RSD/ %
Duplicatel  Duplicate 2  Duplicate 3  Duplicate 4  Duplicate 5 Mean value
GBW07412 5.98 17.2 17.4 16.9 17.0 16.8 17.1 17.3£2.1 1.5
GBW07416a 5.44 10.0 10.0 10.4 10.2 9.67 10.1 10.0+0.6 2.7
GBWO07417 4.71 6.03 5.80 5.67 5.70 5.96 5.83 6.0+0.5 2.7
GBW07458 6.14 31.3 30.8 31.2 30.7 30.9 31.0 31.0+1 0.9
R3 WARBEENERZ RIS ERE
Table 3 Accuracy of the measurement of exchangeable Ca*" with the magnetic stirring method
B Lt Ca MEMH /emol (1/2Ca*") kg
bt 5t INEE
Measured value of exchangeable Ca** AT A (i
Certified reference Validated value/ (cmol
L1 EH2 HH3 EH4 ERS T EMH . 1 % RSD/%
materials (1/2Ca*") ‘kg'"
Duplicate 1 Duplicate 2 Duplicate 3 Duplicate 4 Duplicate 5 Mean value
GBWO07412 14.4 14.5 14.6 14.7 14.4 14.5 14.1£1.5 1.1
GBW07416a 1.45 1.43 1.43 1.46 1.48 1.45 1.6+0.2 1.5
GBWO07417 2.31 2.26 2.32 2.38 2.36 2.33 2.6+0.7 2.1
GBW07458 22.1 22.6 21.9 233 222 22.4 22.5+1.1 2.5
R4 WARHEENEZIRERNERE
Table 4 Accuracy of measurement of exchangeable Mg®* with the magnetic stirring method
B Atk Mg 52 fE/emol (1/2Mg*") kg
bt 5t INEME
Measured value of exchangeable Mg?* AH S HE D
Certified reference Validated value/ ( cmol
L1 EH2 HH3 EH4 ERS Rl . ] % RSD/%
materials (12Mg*") kg™
Duplicate 1 Duplicate 2 Duplicate 3 Duplicate 4 Duplicate 5  Mean value
GBWO07412 3.70 3.64 3.85 3.52 3.73 3.69 3.54+0.24 33
GBW07416a 0.39 0.38 0.38 0.39 0.39 0.39 0.42+0.05 1.5
GBWO07417 0.25 0.24 0.24 0.24 0.25 0.24 0.27+0.06 0.7
GBW07458 5.27 5.22 5.61 5.70 5.32 5.43 5.4+0.2 4.0
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Fig. 2 Effect of stirring time on CEC measurement
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Fig. 3 Effect of stirring speed on CEC measurement

40
Bl 71 B Maganetic stirring
359 2 wiFsketittikGlass rod stirring
30- _
?ﬁﬂ;n 25- ) ’g
KE ] /
ﬁ% 5 20 é
=2 15 7Bl
=8 ™
i
5_

892 132 222 312 434 624 826
Fhki 7 Clay content/%
Bl 4 PIRRBEFE T D0 E AN [RI Bk & & 3% CEC
{5 RSD 4%

Fig.4 Comparison between the two measuring methods in
determination of CEC value and RSD in soils different in clay
content
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Table 5 Comparison between laboratories in CEC measured with the magnetic stirring method

CEC W & {8 /(cmol kg ™)

\ o i Xt 2%
[T k=2 Fki i Measured values of CEC
/(cmol-kg ")
Sample No. Clay/% SR 1 SRR 2 FHIME
Absolute deviation
Lab 1 Lab 2 Mean value
1 5.92 5.62 4.70 5.16 0.46
2 8.92 5.22 4.40 4.81 0.41
3 13.2 27.1 28.4 27.8 0.64
4 22.2 6.62 6.95 6.79 0.16
5 31.2 14.0 14.6 14.3 0.30
6 434 13.5 11.3 12.4 1.10
7 62.4 21.4 21.3 21.4 0.09
8 82.6 13.8 12.9 13.3 0.43
RO G E Y g, Al SR AR 2 s AR E
3 5 U, JE— PR R GE D 2 3 CEC Tk, A K

WE I T 3 CEC M , 25 SR i i
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RS EESR R IF [R) R A S 1 RS 3 B 2 SR T
WERW . MR BE R, wIPiHE R
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