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84-023 DETERMINATION OF TOTAL MAJOR AND MINOR ELEMENTS 
(other than C, N, P and S) 

1. Application 

1.1 There are many adequate methods for both dissolving soil samples 
and determining the elements in solution and for non-destructive 
total analysis of soils. The choice of methods depends to a large 
degree upon the equipment available. Total contents of elements 
are absolutes and thus the adequacy of data can and should be 
checked by analysis of standard soil samples and comparisons with 
the best data available. For many laboratories, atomic absorption 
spectroscopy is the simplest and most efficient way of determining 
elements in solution. Procedures required are usually given in 
manuals supplied with the instrument. Thus details of total 
analysis of soils are not given. 

2. Apparatus 

2.1 Perchloric acid fume hood. 

2.2 Atomic Absorption Spectrophotometer (Varian Techtron, model 1200, 
A6). 

2.3 Hot plate. 

2.4 Teflon beakers (100 and 250 mL) and covers. 

2.5 Eppendorf pipette and disposable tips. 

2.6 25 and 50 mL volumetric flasks. 

2.7 Plastic bottles (30 and 50 mL) 

3. Reagents 

3.1 Nitric acid (HN03) concentrated. 

3.2 Perchloric acid (HC104) concentrated. 

3.3 Hydrofluoric acid (HF) concentrated. 

394 Certified atomic absorption standards 21%. 

3.5 Lanthanum 40,000 pg/mL stock solution: Carefully dissolve 46.88 
g of lanthanum oxide (La203) in 100 mL of concentrated nitric 
acid (HN03). Add this solution to 800 mL distilled water, cool 
and make to final volume of 1 liter. 
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4. Procedure (Acid dissolution) 
e 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 

Weigh 1000 mg oven-dry, 300 mesh sample (mineral soil) into a 100 
mL Teflon beaker. (Use a 250 mL beaker for organic soils). 

Add 10 mL cont. HN03, cover, boil gently for l/2 hour on a hot 
plate at 100-150°C, and cool. 

In a perchloric acid fumehood, add 10 mL cont. 
HC104, cover, boil gently for l/2 hour on a hot plate 
at 235OC, cool and remove covers. 

Add 10 mL cont. HF, heat in a perchloric acid fumehood for 1 hour 
at 80'~ and gradually increase heat to intense white fumes as the 
HF evaporates and take nearly to dryness at 250°C but do not dry 
completely. 

Cool and wash down walls of beaker with 25 mL 1N HCl or 1N HN03. 

Cover and bring to a boil to dissolve residue, cool and make up to 
50 mL in a volumetric flask. Make to 25 mL in a volumetric flask 
for organic soils. 

Determine elements by atomic absorption. Run a reagent blank and a 
standard soil with each set of samples. Note the following points: 

a> 

b) 

c> 

d) 

e> 

f-1 

g) 

Low values for Cr may result from volatilization 
of Cr02C12 (Sulcek, Povondra and Dolez al, 1977). 
Longer periods of digestion in HClO4 and HF are necessary 
for some refractory samples. Fine grinding is critical to 
complete dissolution. 
For organic samples, weigh 1000 to 5000 mg of dry sample, 
moisten with water and heat with 20 to 50 mL of cont. HNO 
for an hour or more. The HClO4 treatment is the same as 2 or 
mineral soils except that digestion time is increased to 1 
hour. Only 10 mL of HF is used. 
For some elements, a correction was made for non-atomic 
absorption. The wavelengths used for the corrections are: Ni 
- 237.1 nm, Pb - 220.1 nm, Cd - 226.4 nm. 
For Ca at 422.7 nm, increase lamp current to 100 mA to 
overcome shot noise caused by the high emission intensity of 
Ca. 
For K, add Na at 1000 F.rg/mL to standards and sample 
solutions. 
For Na, add K at 1000 pg/mL to standards and sample 
solutions. 
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5. Calculations 

5.1 % Ca, Mg, K, Na = pg/mL in final sol'n x 50 x dil x 100 
Fe, Al, Li wt. of soil (mg) x 1 000 

5.2 pg/mL Cu, Zn, Co = fl/mL in final sol% x 50 x dil 
Mn, Sn, Pb, Ni, Cr wt. of soil (g) 

6. Precision and Accuracy 

6.1 Insufficient data available. 
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