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	method

comparison
	Comparison of three different digestion methods for humus and soil samples (aqua regia digestion, total digestion and nitric acid digestion (under pressure)

	Al, Ca, Cd, Co, Cr, Cu, Fe, K, Mg, Mn, Na, Ni, P, Pb, S, Zn 


1.
Compared methods:

a. Nitric acid digestion: 2 ml of concentrated nitric acid (65%, p.a.) are added to 0,1 to 0,5 g of an oven dried (40 oC soil, 60 oC humus) and ball mill ground sample in a Teflon digestion vessel, which is mounted in an aluminium block and heated at 170 oC for 10 hours. After that the solution is filtered with a paper filter (black ribbon) and diluted with demineralised water to 50 ml. The measurements are carried out by ICP.


b. Aqua regia digestion (DIN EN 13657): 15 ml of hydrochloric acid (37%, p.a.) and 5 ml of concentrated nitric acid (65%, p.a.) are added to 1 g of a ball mill ground soil or humus sample in a glass digestion vessel. These are closed with a reflux condenser and cooked for 2 h (179 oC) at normal pressure, then filtered with a paper filter (black ribbon) and diluted with demineralised water to 100 ml. The measurements are carried out by ICP.


c. Total digestion: 4 ml of concentrated nitric acid (65%, p.a.) and 2 ml of  hydrofluoric acid are added to 100 mg of an oven dried (40 oC soil, 60 oC humus) and ball mill ground sample and heated for 10 hours at 175 oC under pressure. After the digestion the samples are evaporated until the residue is dry. The residue is dissolved in 2 ml concentrated nitric acid (65%, p.a.) and 15 ml demineralised water at 150 oC for 2 h and diluted to 50 ml.
d. It was also investigated if there was any difference between sieved (2 mm) and ball mill ground soil samples, when digested by aqua regia.
2.
Procedure:

Mineral soil and humus samples from different forest soils of the EU-Level-II program were chosen. The soil type varied from sand to loamy silt, the humus layer from mull to mor, the pH(H2O) from 4-8. The soil samples were taken from the surface up to a depth of 100 cm.

The data sets were analysed statistically (correlation & linear regression analysis).

3.
Results:

The comparison between nitric acid digestion and aqua regia dissolution shows that for S(total) the results are comparable (Tab. 1, Fig. 1), but not for P(total). In the latter case they are highly dependent on the site (Tab.1, Fig. 2-4).
In total digestion solutions 30 % more P and 9 % more S could be measured than in nitric acid digestion solutions (Tab. 1). 
Total digestion releases in most cases a higher amount of elements than the aqua regia digestion (Tab. 1). For P(total) a high dependence on the soil of the plot could be detected (Fig. 5). For Ni and Ca similar amounts were found.
For the organic layer (humus) for Co, Cu, Fe, Mn, Ni, Pb, P and S (total) and Zn similar amounts were found in nitric acid digestion and aqua regia digestion solutions, while the amounts of Al, Ca, Cd, Cr, K, Mg and Na were between 6 and 37 percent less in aqua regia digestion solutions than in nitric acid digestion solutions.
In aqua regia digestion solutions the preparation of soil samples has an effect on the amount found of some elements to be measured. Thus, more Ca, K and S(total) could be found in ground (ball mill) samples than in 2 mm sieved samples. For all other elements the amounts are similar.
4.
literature:

DIN (Deutsches Institut für Normung) 2000: Handbuch der Bodenuntersuchung, Wiley-VCH
a) nitric acid digestion 11.9d

b) aqua regia digestion 3.1.1d

c) total digestion 11.9.c
5.
executive laboratory:

Northwestgerman Forest Research Institute
Heike Fortmann/Nils König
Grätzelstrasse 2
37079 Göttingen
Germany
Heike.fortmann@nw-fva.de
Nils.Koenig@nw-fva.de
6. tables and graphs, appendix:

Table 1: summary of the results:
	sample type
	method 1
	method 2
	element
	 =><
	%deviation
	remarks

	soil
	nitric acid digestion
	aqua regia digestion 
(ground samples)
	
	
	 
	 

	
	
	
	S(total)
	=
	
	

	
	
	
	P(total)
	
	 
	highly dependent on plot

	 
	 
	 
	 
	>
	15
	Göttinger Wald beech, GWB

	 
	 
	 
	 
	<
	30
	Zierenberg beech, ZBB

	 
	 
	 
	 
	<
	8
	Kellerwald beech

	 
	 
	 
	 
	=
	 
	Lüss beech (LSB), Erhorn oak

	soil
	nitric acid digestion
	total digestion
	
	
	
	

	
	
	
	P(total)
	<
	30
	 

	
	
	
	S(total)
	<
	9
	 

	
	
	
	Ni, Ca
	=
	 
	 

	
	
	
	P(total)
	 = <
	0-50
	highly dependent on plot

	
	
	
	S(total), Ni
	<
	10
	 

	
	
	
	Al
	<
	57
	 

	
	
	
	Cd
	<
	220
	 

	 
	 
	 
	Co, Zn
	<
	25
	 

	 
	 
	 
	Cr
	<
	48
	 

	 
	 
	 
	Cu
	<
	15
	 

	 
	 
	 
	Fe
	<
	7
	 

	 
	 
	 
	K
	<
	226
	 

	 
	 
	 
	Mg
	<
	13
	 

	 
	 
	 
	Mn
	<
	11
	 

	 
	 
	 
	Pb
	<
	18
	 

	humus
	nitric acid digestion
	aqua regia digestion
(ground samples)
	
	
	
	

	
	
	
	Co, Cu, Fe,
Mn, Ni, Pb, 
P(total), S(total), Zn 
	=
	 
	 

	 
	 
	 
	Al
	>
	29
	 

	 
	 
	 
	Ca
	>
	6
	 

	 
	 
	 
	Cd
	>
	7
	 

	 
	 
	 
	Cr
	>
	37
	 

	 
	 
	 
	K
	>
	32
	 

	 
	 
	 
	Mg
	>
	15
	 

	 
	 
	 
	Na
	>
	33
	 


	sample type
	method 1
	method 2
	element
	 =><
	%deviation
	remarks

	soil
(aqua regia digestion)
	ground (ball mill)
	2 mm sieved
	
	
	
	

	
	
	
	Al, Co, Cr, Cu,
Fe, Mg, Mn, Na,
Ni, Pb, P(total), Zn
	=
	 
	 

	 
	 
	 
	Ca
	>
	22
	 

	 
	 
	 
	K
	>
	12
	 

	 
	 
	 
	S(total)
	>
	11
	 


Figure 1-4: Regression function for the comparison of nitric acid digestion and aqua regia digestion for S(total) and P(total)
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Figure 5: Regression function for the comparison of total digestion and aqua regia digestion for  P(total)
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