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	method

comparison
	Influence of different acid mixtures in microwave digestion on the iron concentration determined by ICP-AES 
in foliage samples


	Fe


1.
compared methods:

Microwave digestion with different acid mixtures from foliage samples with MarsXpress (see table 1):
· HNO3
· HNO3+H2O2
· HNO3+H2O2+HCl
· HNO3+H2SO4
2.
procedure:

A MarsXpress system from CEM with 40 vessels was used. The following one step temperature programme was used for 20-40 vessels:

Power: 1600 W (90%)

Ramp Time: 15 minutes

Hold Time: 15 minutes

Temperature: 180 °C

Reagents:

Nitric acid p.a.

Perhydrol p.a.

Hydochloric acid p.a.

Sulphuric acid p.a.

Reference samples (from the Forest Foliar Co-ordinating Centre):

Maple leaves (= 6th Needle/Leaf Interlaboratory Test as Sample 4)

Spruce needles (= 8th Needle/Leaf Interlaboratory Test as Sample 2)

500 mg of the reference samples were given in the digestion vessels. Then the reagents (see table 1) were added. After digestion the vessels were open carefully and the solution was diluted to 100 ml.  After filtration the solutions were measured on ICP-AES (Varian – Vista pro) against matrix adapted standards. All results are given in table 1 and are reported at dry mass (105°C). 

3.
results:

It can be seen in table 1 that different acid mixtures with HNO3, H2O2 and HCl (test number 1-3) show too low recoveries (~ 15% too low). Incomplete dissolution of iron (and also aluminium) in acid digestion samples is reported in literature (Bartels 1990; Wu, Feng and Wittmeier 1997; Kalra et al. 1988; Hassan et al. 2007). A strong association of iron (and aluminium) with the silicates in the plant matrix are the reason for this. 
One solution is the use of HF to remove silicate totally, but it can be seen in the past that laboratories avoid this dangerous chemical in laboratory practice.
So H2SO4 was tested for the microwave digestion too. Only with the HNO3/H2SO4 mixture (see Table 1 / test number 4) the correct results can be found. 
H2SO4 is not a common acid in microwave digestion – but it is used for open acid digestion for plant samples (Henschler 1988, Knapp 1982) in combination with HNO3. H2SO4 has a high boiling point - if a pressure controlled microwave instrument is used it could be dangerous, because an overheating of the vessels is possible. But the MarsXpress system is temperature controlled – there is no risk to use H2SO4 for this purpose. 

It is very important to use matrix adapted standards (with the same acid concentrations like in the samples) for ICP-AES and especially for AAS determinations. 

For the flameless AAS technique H2SO4 is not recommended, because H2SO4 is destroying your graphite tube rapidly. Sulphur can’t be determined by ICP-AES and must be determined separately e.g. with an Element-analyzer.
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6. tables and graphs, appendix:

Table 1: Results (10 replicates per different acid mixture)

	
	FFCC Reference Sample - Maple Leaves (expected 136,6 mg Fe/kg)
	

	
	
	
	
	
	
	
	

	No.
	sample weight
	HNO3
	H2O2
	HCl
	H2SO4
	found
	Recovery

	
	mg
	ml
	ml
	ml
	ml
	mg/kg
	%

	
	
	
	
	
	
	
	

	1
	500
	5
	
	
	
	121
	88,6

	2
	500
	5
	1
	
	
	117
	85,7

	3
	500
	5
	1
	0,5
	
	118
	86,4

	4
	500
	4
	
	
	2
	132,6
	97,1

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	FFCC Reference Sample - Spruce Needles (expected 80 mg Fe/kg)
	

	
	
	
	
	
	
	
	

	No.
	sample weight
	HNO3
	H2O2
	HCl
	H2SO4
	found
	Recovery

	
	mg
	ml
	ml
	ml
	ml
	mg/kg
	%

	
	
	
	
	
	
	
	

	1
	500
	5
	
	
	
	68
	85,0

	2
	500
	5
	1
	
	
	68
	85,0

	3
	500
	5
	1
	0,5
	
	69
	86,3

	4
	500
	4
	
	
	2
	78,5
	98,1

	
	
	
	
	
	
	
	









