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INTRODUCTION
In the analytical practice it is often necessary to determine element content in 

biological samples. In this connection a crucial problem arises of adequate sample 
preparation and of selection of a proper analytical method. One of the most 
frequently applied measurement methods is the emission- and absorption atomic 
spectrometry [Pinta 1977].

Results of many studies show that major errors result from procedures of 
sample preparation, and from mineralization in particular [Szablewski 1996].

Recent techniques allow for a considerable reduction of these errors what is of 
special importance when mineralizing organic, e.g. plant samples. It is the thermal 
processing used in standard mineralization methods that leads to many errors due 
to, among others, uncontrolled volatile losses of some elements or to a partial 
dissolution of roasting residues. A closed vessel microwave technique does not 
have these flaws, and besides it speeds up mineralization process and reduces 
labour consumption [Kingston, Jassie 1988]. Additionally, the importance of this 
method is also obvious in view of its universal distribution what enables compa
risons of study results.

The aim of this work was to compare a standard and a closed vessel microwave 
mineralization and to select an optimal method of botanical sample preparation 
for determining macro- and microelements. Studies were made using plant refer
ence materials and chosen real samples. The comparison was based upon the 
determination of contents of magnesium, iron, manganese, zinc, copper, lead and 
cadmium by AAS in flame.
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PROCEDURES

Materials

The following certified botanical standard reference materials were used in the 
study:

• SRM 1515 Apple Leaves -  National Institute of Standards and Technology, 
USA;

• CTA-OTL-1 Tobacco Leaves -  Institute of Chemistry and Nuclear Techno
logy, Warsaw;

• Cl-1 Cabbage Leaves -  Institute of Physics and Nuclear Technology AGH, 
Kraków

as well as selected environmental samples including forest litter, various 
herbaceous plants and spruce needles. To this end the plants were sampled in forest 
areas of the Puszcza Borecka Monitoring Station.

Methods

Mineralization of botanical material was done using classic (K) method, the 
microwave digestion with nitric acid (M) and with nitric and hydrofluoric acids 
(M*). In the resulting mineralizates Mg, Fe, Mn, Zn, Cu, Pb and Cd were 
determined by AAS in flame .

Equipment and reagents

• MDS 2000 microwave system of sample preparation manufactured by CEM 
equipped with a 630 W+50 microwave power generator and with ACV-13.8 
type low pressure vessels as well as a system for pressure monitoring and 
regulation within the vessel.

• AAS-30 Atomic Absorption Spectrometer manufactured by C.Zeiss-Jenoptik 
equipped with element lamps with NARYA and PHOTOTRON cavity catho
des; a UNICAM SP-9 flame atomizer with UNICAM SABA screw gear for 
regulating the distance between the spatter sphere and nebulizer outlet; a 5 cm-, 
10 cm- and a 5 cm-coated burner; a STAT quartz slotted tube atom trap for 
thickening atoms in the measurement zone; a system of twin polyethylene 
capillary tubes joined by a Y-shaped coupling link to feed both the spectral 
buffer and the solution under study and a deuter background equalizer.

Analytical grade 65% nitric acid (Chemapol); analytical grade 37% hydrochlo
ric acid (POCH); analytical grade 48% hydrofluoric acid (POCH); analytical grade 
99.5% boric acid (POCH); dejonized water with a Milli-Q Water System (Milli- 
pore, USA); reference solutions for atomic absorption:

-  Mg, Fe, Mn, Zn, Cu and Pb of a concentration of 2 mg/g;
-  Cd of a concentration of 0.2 mg/g

Conditions and course of mineralization

Mineralization of botanical materials by the classic (K) method was performed 
by ashing 1 g of air dry plant substance (previously disintegrated) in porcelain 
crucibles at the temperature of 500+25°C in a muffle owen. The resulting ashes



Classic and microwave ways of mineralization
__________ botanical sample^...___________ 91

were hot dissolved in 3 ml 10% HC1. The whole analytes were transferred onto 
filters and rinsed with dejonized water to the volume of 50 ml.

Microwave (M) mineralization was made using 0.5 g of air dry plant substance 
(previously disintegrated) with 2 ml of dejonized water and with 7 ml of concen
trated H N 03.

The mineralization was performed using the following programme:

stage 1 2 3
power 100 100 100
psi 40 85 150
time 6:00 6:00 10:00
tap 3:00 3:00 3:00
speed 100 100 100

In order to remove silica, mineralization with an addition of hydrofluoric acid 
(M*) was applied. The mineralization was made using 0.5 g of air dry sample 
(previously disintegrated) on adding 2 ml of dejonized water, 7 ml of concentrated 
HNO3 and 1 ml of concentrated HF and applying the following programme:

stage 1 2 3 4
power 80 100 100 100
psi 40 40 85 120
time 6:00 6:00 6:00 6:00
tap 3:00 3:00 3:00 3:00
speed 100 100 100 100

On completing the mineralization to each vessel 10 ml 5% H3B 03 were added 
in order to neutralize the excess of HF in accordance with the reaction equation: 
6HF+H3BO3 -» H3BF6+3 H20.

In microwave methods only polyethylene laboratory vessels were used.
Contents of selected elements in the mineralizates were determined by AAS in 

flame.
Parameters applied during the measurements are contained in Table 1. Two- 

number values in the row illustrating the element lamp current intensity concern 
HCL SUPER PHOTRON radiation source while the one-number ones refer to 
NARVA lamps.

While determining contents of copper, lead and cadmium the STAT slotted 
tube atom trap was applied.

RESULTS AND DISCUSSION
In the paper the results were compared of mineralization of botanical materials 

by microwave and classic methods considering the determination of seven selected 
elements including magnesium, iron, manganese, zinc, copper, lead and cadmium. 
As a basis for the comparison the standard reference materials were used of a 
known contents of elements determined. Additionally, environmental samples
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TABLE 1. Instrumental parameters of spectrometer

Instrumental
parametrs

Fe Mg Mn Zn Cu Pb Cd

Wavelength [nm] 248.3 285.2 279.5 213.9 324.8 217.0/
283.3

228.8

Slot width [mm] 0.2 0.5 0.3 0.2 0.3 0.2/1 0.5
Lamp current [mA] 8/15 2.5 5 3 7/12 6/4 5/4
Burner [cm] 10 5 10 10 5 5 5

STAT STAT STAT
Flame type C2H2 C2H2 C2H2 C2H2 C2H2 C2H2 C2H2

air N2O air air air air air
Flame
stoichiometry

redu. stoi. stoi. redu. redu. stoi. redu.

Background
equalization

+ - + + + + +

Spectral 
buffer [g/1]

LalO Na+Lal0 LalO LalO - - -

were examined with the aim to obtain more results, which could reveal correla
tion’s that might exist between the respective methods. Calculated recovery using 
the formula:

recovery /%/ = obtained value : certified value x 100%.
The measurement results are given in Table 2 while recovery values are 

presented in Table 3. The results obtained agreed with the certified values for the 
microwave (M*) method for all the elements examined (Table 2). The above 
method yielded recovery values in range of 94 to 107% ( Table 3).

Satisfactory results were also obtained for plants and the microwave method 
(M) with nitric acid in the case of magnesium, manganese, zinc and copper. The 
recovery values for the latter fluctuated in the range of 97 to 109%. A slightly 
lowered results were obtained for iron, lead ana cadmium in which case the 
recovery values ranged from 82 to 95%.

High recovery values were also obtained in the case of the classic (K) method 
for the majority of the elements determined. For magnesium, zinc and copper these 
values exceeded 96%, while for iron and manganese the values obtained ranged 
from 85 to 95%. The lowest values were found for cadmium and lead, the result 
scatter being great -  from 19 to 73%. The content of lead and cadmium in apple 
leaves does not reach the detection limit of the method applied.

The results discussed above refer to the standard samples and differ only 
slightly with regard to the recovery of individual elements within a given method 
of mineralization.

Significantly wider discrepancies exist in the case of forest botanical samples, 
however, the M/K ratio did not exceed 1.2 for all the elements with the exception 
of lead, in which case the result scatters obtained were considerable (Table 4).
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TABLE 2. Contents and comparison of Mg, Fe, Mn, Zn, Cu, Pb and Cd [mg/kg of d.w.] after 
mineralization by classic (K); microwave (M) and (M*) methods using botanical standard reference 
materials (x lSD  -  average and standard deviation)

[Metal Certified value Method n X±SD Scatter of results M/K M*/K
Apple Leaves NIST SRM 1515
Mg 2710180 К 12 2680±68 2670-2700 1.03 1.03

M 12 2770182 2760-2790
M* 12 2750+72 2720-2860

Fe 83±5 к 12 67.717.9 66.2-69.2 1.00 1.20
M 11 68.017.2 67.0-69.0
M* 12 81.016.1 79.0-83.0

Mn 54±3 к 12 46.214.7 46.2-47.0 1.13 1.18
M 12 53.014.0 53.0-55.0
M* 12 55.013.8 54.0-55.0

Zn 12.5±0.3 к 12 12.412.4 12.2-12.7 1.04 1.02
M 12 12.912.1 12,9-12,0
M* 12 12.711.61 12.4-12.8

Cu 5.64±0.24 к 12 5.411.20 5.3-5.5 1.07 1.11
M 12 5.811.05 5.6-5.9
M* 12 6.0Ю.32 5.7-6.5

Pb 0.470±0.024 к 12 0.3Ю.04 0.3-0.4 _ _

M 10 <0.5 <0.5
M* 12 <1.0 <1.0

Cd 0.013±0.002 к 12 <0.02 <0.02 _ _

M 12 <0.04 <0.04
M* 12 <0.05 <0.05

Cabbage Leaves CL-1
Mg 1850±130 к 12 1790198.1 1740-1830 1.01 1.12

M 12 1790173.0 1750-1820
M* 12 1893168.1 1796-1946

Fe 58.4±3.9 к 12 54.016.6 54.0-55.0 1.22 1.14
M 12 65.016.9 62.0-69.0
M* 12 61.012.8 60.0-62.0

Mn 57.6±2 к 12 54.517.2 54.4-54.6 1.23 1.08
M 12 57.615.8 57.0-58.0
M* 12 59.013.1 59.0-60.0

Zn 38.5±1.9 к 12 39.914.3 39.7-40.1 1.01 1.03
M 12 38.213.4 37.9-38.5
M* 12 38.111.8 37.7-38.8

Cu 3.3+0.30 к 12 3.311.4 3.2-3.3 1.12 1.01
M 12 3.611.2 3.5-3.7
M* 12 3.1Ю.9 3.0-3.2

Pb inf. 1.62 к 12 0.3Ю.05 0.2-0.4 nd nd
M 12 1.5Ю.03 1.4-1.5
M* 12 <1.0 <1.0

Cd 0.23±0.04 к 12 0.15Ю.02 0.15-0,15 1.28 1.17
M 12 0.20Ю.03 0.19-0.21
M* 12 0.18Ю.05 0.16-0.19
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TABLE 2 continued

Metal Certified
value

Method n x±SD Scatter 
of results

M7K M*/K

Leaves ofCTA-OTL-1 Tobacco "Oriental"
Mg 4470±210 К 12 4330±128 4170-4490 1,11 1,02

M 12 4580±114 4500-4670
M* 12 4469±98 4346-4816

Fe inf. 989 К 12 856±24.6 831-832 1.08 1.26
M 12 1025+26.2 1010-1031
M* 12 1135+19.2 1099-1129

Mn 412±14 к 12 349112.3 335-365 1.19 1.20
M 12 405+11.4 400-412
M* 12 422±9.0 421-424

DISCUSSION
The results of this work corroborate the advantage of the microwave over the 

classic mineralization method both for the total decomposition with the use of a 
mixture of nitric and hydrofluoric acids and for the digestion with nitric acid. The 
microwave mineralization with nitric and hydrofluoric acids was found to an 
optimal method despite its deficiency which consists in the necessity for removal 
of the excess of HF from mineralizates.

The differences in obtained values of individual elements in environmental 
samples may be explained by, among others, heterogenity of examined materials, 
what could be of higher significance in the microwave method whereby only 0.5 
g of plant material was used while in the classic method -  twice as much. 
Moreover, in the case of the microwave digestion with nitric acid, certain influence 
could also be ascribed to varying contents of suspended silica, whereupon some 
elements may be absorbed.

Over the last few years in the literature there have appeared numerous papers 
on mineralization with the use of microwave energy.

TABLE 3. Comparison obtained values with certified values

Mineralization Sample name Value obtained/value certified x 100%
method Mg Fe Mn Zn Cu Pb Cd
Classic Apple Leaves 99 87 87 99 96 64 No

Cabbage Leaves 97 93 95 104 100 19 65
Tobbaco Leaves 97 87 85 98 104 73 57

Microwave (M) Apple Leaves 102 82 98 103 104 no no
with HNO3 Cabbage Leaves 97 95 98 99 109 94 87

Tobbaco Leaves 102 85 98 104 104 92 101
Microwave (M*) Apple Leaves 102 98 102 102 107 no no
with HF Cabbage Leaves 102 105 102 99 94 no 78

Tobbaco Leaves 100 104 102 100 106 94 104
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Stryjewska, Rubel and Skowron TABLE 4. Comparison of results of mineraliza-
[1994] have done a similar compara- tion done ЬУ classic (K> and microwave (M)
tive work using botanical material, methods -  forest botanical material
They have examined the efficiency of 
the microwave mineralization in the 
closed and open systems and assessed 
the usefulness of application of the 
classic method for decomposing bota
nical samples in order to determine the 
content of such metals as zinc, copper, 
lead and cadmium. Under conditions 
considered to be optimal, the interna
tional botanical standard materials ha
ve been analyzed. The results obtained 
for both the closed system microwave 
method and the classic mineralization 
were in agreement with the standard 
values. The obtained values for the 
open system microwave technique 
were significantly lowered.

The advantages of applying micro
wave systems for decomposing mate
rials having organic matrix have been 
demonstrated by the same authors 
[1994] in another paper. It has been 
found that microwave mineralization, 
as compared to the conventional one, 
offers such advantages as a shorter dis
solution time, elimination of perchloric acid, a full control of mineralization 
conditions and minimization of sample contamination possibilities, the only 
inconvenience being the restriction of sample number within one cycle.

Kingston and Jassie [ 1986] have described the use of PFA vessels in microwave 
systems as well as the impact of various parameters (power, pressure, temperature 
and time) which control the dissolution of biological materials.

The microwave mineralization of botanical material has not so far been 
standardized. There exists only the Polish Standard [1991] concerning minerali
zation of botanical samples by classic method. The method consists in ashing the 
organic substance at 500±25°C, and subsequently, in dissolving the resulted ash 
in 20% HC1. The above Standard is applied when determining N, P, Na, Ca, Fe, 
Cu, Mn, Zn, Mo, Co and B.

CONCLUSIONS
Basing on the results obtained the following conclusions can be drawn:
1. The microwave digestion with nitric and hydrofluoric acids is an optimal 

method for preparing botanical materials. Results yielded by this method agree 
with the standard values.

2. Recovery of determination elements in reference botanical samples for 
individual methods are following:

Element Sample type n M/K
Mg Forest litter 30 1.11

Herbaceous plants 29 1.00
Spruce needles 30 1.00

Fe Forest litter 30 1.01
Herbaceous plants 30 1.01
Spruce needles 30 1.23

Mn Forest litter 30 1.10
Herbaceous plants 30 1.08
Spruce needles 30 1.09

Zn Forest litter 30 1.11
Herbaceous plants 30 1.18
Spruce needles 30 1.19

Cu Forest litter 30 1.11
Herbaceous plants 30 1.11
Spruce needles 29 1.18

Pb Forest litter 30 1.20-2.21
Herbaceous plants 30 1.60-2.18
Spruce needles 30 0.91-2.22

Cd Forest litter 30 1.21
Herbaceous plants 30 1.00
S.pruce needles 30 1.21
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-  by classic method: Zn = Cu(100) > Mg(98) > Fe = Mn(89) > Cd(61) >Pb(52)
-  by microwave method with HN03: Cu(105 = Zn(102) > Mg(100) >Mn(98) > 

Cd(94) > Pb (93) > Fe(87)
-  by microwave method with HF: Fe = Mn = Cu(102) > Mg(101)> Zn(100) 

>Pb(94) > Cd(91)
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STRESZCZENIE

Praca ma charakter metodyczny. Porównano mineralizację materiału roślinne
go dwiema metodami: klasyczną oraz mikrofalową. Metoda klasyczna polegała 
na spaleniu materiału roślinnego w temperaturze 500°C i rozpuszczeniu popiołu 
w 10% HC1. Mineralizację mikrofalową próbek roślinnych prowadzono z dodat
kiem kwasu azotowego bądź w mieszaninie kwasu fluorowodorowego i azotowe
go. Do badań użyto roślinnego materiału referencyjnego. Wartości odzyskiwane 
z wymienionego materiału analizowanych pierwiastków oraz dla zastosowanych 
metod mineralizacji układały się w następującym szeregu (w %):

-  dla metody klasycznej :
Zn = Cu(100) > Mg(98) > Fe = Mn(89) > Cd(61) > Pb(52)

-  dla metody mikrofalowej z użyciem kwasu azotowego:
Cu(105 = Zn(102) > Mg(100) > Mn(98) > Cd(94) > Pb (93) > Fe(87)

-  dla metody mikrofalowej z użyciem kwasu azotowego i fluorowodorowego: 
Fe = Mn = Cu(102) > Mg(101) > Zn(100) > Pb(94) > Cd(91)
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