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84-004 PERMANENT CHARGE CEC and exchangeable cations by NaCl extractions. 

1. Application 

1.1 The cation exchange capacity (CEC) of a soil varies with pH. Thus, 
there are two general approaches to the measurement of CEC: 1) to 
extract the soil with a neutral salt and thus measure CEC at the pH 
of the soil, 2) to extract the soil with a solution buffered at a 
given pH, often 7, and thus measure CEC at a fixed pH. The 
preferred method for most purposes is to determine CEC at the pH of 
the soil using NaCl as extractant. However ammonium acetate at pH 
7 has been widely used for determining CEC despite the problem of 
ammonium fixation by some soils. The use of NaCl as an extractant 
has the disadvantage that exchangeable Na+ cannot be determined. 
For many acid soils exchangeable Na+ values are low, and Na+ is 
commonly not determined. For soils of arid areas and especially 
those developed in saline materials, however, the determination of 
exchangeable Na+ is important. It can be extracted with other 
suitable salts. 

2. Apparatus 

2.1 Disposable culture tubes (16 x 125 mm and 16 x 150 mm) 

2.2 Eppendorf pipette and disposable tips. 

2.3 Repipet dispensing bottles (accuracy l%, reproducibility 0.1%) 

2.4 End-over-end shaker (40-50 rpm). 

2.5 Atomic absorption spectrophotometer (Model 1200 Varian Techtron). 

2.6 Centrifuge p (IEC low speed). 

2.7 50 mL plastic centrifuge tubes. 

3. Reagents 

3.1 2N Sodium chloride (NaCl): Dilute 116.9 g of sodium chloride to 1 
liter in a volumetric flask with distilled water. 

3.2 Prepare a solution containing a concentration of 40,000 pg/mL La 
from La203 (46.88 g/L). The La20 must be dissolved 
carefully in about 200 mL of 12N ii Cl or 900 mL of 1M HCl and made 
to volume with distilled water. 

3.3 Certified atomic absorption standards ~1%. 



4. Procedure 

4.1 Selection of sample weight. 
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Sample weight is based upon an estimate of the pH and the CEC of 
the soil. Estimates of permanent charge cation exchange capacity 
may be made on the basis of the clay and organic matter content of 
the soil samples. Permanent charge CEC (meq/lOO g) can be 
estimated by the equation (-11 + 0.2 clay % + 2 organic C % + 2.5 
pH in CaC12). 

A guideline to weights for estimated CEC is 
CEC 15-20 meq/lOO g weigh 1 g 
CEC lo-15 meq/lOO g weigh 3 g 
CEC 5-10 meq/lOO g weigh 6 g 
CEC l- 5 meq/lOO g weigh 9 g 
CEC 0.1. 1 meq/lOO g weigh 12 g 

Extraction of exchangeable cations. 

Transfer an appropriate weight of soil into a 50 mL plastic 
centrifuge tubes. 

Use a repipet dispensing bottle and add 30 mL of 2N NaCl solution, 
stopper tightly and shake end-over-end for four hours. 

Remove stoppers and centrifuge at 510 G for 20 minutes. n. 

Filter the centrifugate through Whatman No. 2V filter paper into 
plastic vials. Exchangeable cations should be analyzed within a 
few days. 

Determination 

Dilute an aliquot of the extract with distilled water containing 
2000 vg/mL Lanthanum (usually 1:40 for Ca and Mg and usually 1:lO 
for K) and determine Ca, Mg and K. For most samples, the weights 
and dilutions suggested will result in concentrations of the 
cations in the optimum range for atomic absorption determination. 
Note the following points. 

4.3.1.1 The concentrations of Na in test solutions and standards should be 
approximately the same. 

4.3.1.2 A concentration of about 2000 pg/mL Lanthanum in both samples and 
standards is required to supress interferences. 

4.3.2 If the O.OlM CaC12 pH of the soil is less than 5.0 determine 
exchangeable Al. The preferred method is 8-hydroxyquinoline 
because it is reliable and more sensitive. However, it is not 
recommended because chloroform is now known to be a carcinogen in 



413 

- 
man. Exchangeable Al can be determined by atomic absorption on the 
1:lO dilution without the difficulty of burner clogging. Values 
for exchangeable Al measured by atomic absorption are usually 
slightly higher than those by 8-hydroxyquinoline. 

5. Calculations 

5.1 Exchangeable cations in meq/lOO g = 
ug/mL measured x 100 x vol. of extract (mL) x dilution 
eq wt of cation x 1000 wtof soil (g) 

5.2 For the following conditions: 3 g sample, 30 mL extractant, 1:40 
dilution and 5 pg/mL Ca measured. 
Exchangeable Ca = 5 x 100 x 30 x 40 = 10 meq/lOO g 

20 x 1000 3 

6. Precision 

6.1 In the LRRI Analytical service lab the coefficients of variation at 
Ca levels of 20.5 meq/lOO g, Mg levels of 5.5 meq/lOO g and K 
levels of 1.1 meq/lOO g were 6.6%, 7.4% and 6.346 respectively. 
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