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X-ray fluorescence (XRF) analysis is accepted as the most suitable physical method for the exploration of the elemental composition of rocks and minerals. This is due to fusing the sample with appropriate flux. The desired result is achieved because rocks and minerals are oxidic systems relative to major components. Soils, friable and marine sediments, silts and ecological materials differ from the above in the presence of an organic constituent (Corg), the weight fraction of which may vary considerably. The bioorganic diversity of Corg is the main source of errors, arising from sampling and analyzing procedure [Bock, 1972]. Therefore, the possibility to analyze samples without having them destructed (nondestructive), preserving the study material after the results have been obtained, remains the unique advantage of XRF. This message reports information on nondestructive XRF procedure to determine the contents of rock-forming and some minor elements in powder of the materials listed. A satisfactory quality of XRF results, their validity and prospective viability for multi-purpose interpretations and environment monitoring have been discussed.

The organic constituents of soils, friable and marine sediments, silts consist of a mixture of plant and animal products, decomposed to different extents, and compounds which are chemically and biologically synthesized in soil. The resultant products of these processes are humic matter, low and high molecular weight organic acids, carbohydrates, proteins, peptides, amino acids, lipids, waxes, polycyclic aromatic hydrocarbons and lignin fragments. In addition, the secretions of root systems, consisting of a wide range of simple organic acids, are also present in the soils. The humic matter has the structure of a twisted polymer chain and consists of a relatively large number of functional groups (CO2, OH, C=C, COOH, SH, CO2H) [Vernadsky V.I., 1978]. Owing to a specific combination of various groups (particularly OH and SH), the humic matter is capable of producing complex compounds with some cations [Kabata-Pendias & Pendias 1986; Bolt & Bruggenwert 1976; Greenland & Hayes 1978; Lindsay 1979]. The composition and properties of the organic constituents of soil depend on climatic conditions, the type of soil and agrotechnical techniques. Their interactions with soil metals may be described with the help of such phenomena as ion-exchange reaction, surface sorption, chelate formation, coagulation and peptization. Biochemical complexity of the organic constituent of the materials considered radically alters melting with the flux. The formation of metal carbides, conversion of organic carbon into its modifications, the combustion point of which is very high (is not below 1600(C) and other phenomena arising in this situation inhibit homogenization. Therefore, the formal utilization of XRF analysis of rocks for soils and sediments seems to be possible only when their Corg. content does not exceed 1.5-2% [Kabata-Pendias & Pendias 1986]. In all other instances fusing leads to the isolation of carbon at the glass disc surface. Concerning the materials ashed, because of the large number of non-investigated effects taking place under the recommended ashing at temperature 525 + 25( C conversion from the ashed to the initial system is so uncertain that its analysis becomes meaningless. 

This message reports information on the nondestructive XRF determination of Na, Mg, Al, Si, P, K, Ca, Ti, Mn, Fe, S, Ba, Sr and Zr in secondary natural matters. Except for drying at 105( C and pressing, it does not require any preliminary treatment of the sample. The necessity for additional drying is connected with the fact that the certified estimates of composition for standard materials used for calibration are given for those dried and sterilized at 105(C.

Radiators from the powder samples were pressed on a boric acid backing under constant pressure. The amount of material required to produce a specimen for XRF analysis is different 
	Compo-

nent
	SP-1 black earth soil
	SP-2 podzol soil
	SKR red earth soil
	SSK grey earth

carbonate soil

	
	Certified
	XRF
	Certified
	XRF
	Certified
	XRF
	Certified
	XRF

	Na2O
	0.80±0.03
	0.81±0.02
	1.15±0.05
	1.09±0.02
	0.15±0.03
	<0.2
	1.64±0.05
	1.76±0.03

	MgO
	1.02±0.03
	1.10±0.02
	0.77±0.01
	0.64±0.02
	0.92±0.05
	0.79±0.03
	2.99±0.09
	3.17±0.06

	Al2O3
	10.37±0.08
	10.56±0.09
	9.57±0.06
	9.43±0.07
	17.01±0.26
	17.02±0.14
	11.48±0.14
	11.51±0.10

	SiO2
	69.53±0.21
	70.40±0.26
	78.33±0.12
	78.68±0.27
	59.18±0.30
	58.93±0.24
	52.65±0.17
	53.28±0.21

	P2O5
	0.170±0.010
	0.180±0.010
	0.075±0.006
	0.067±0.008
	0.100±0.010
	0.110±0.020
	0.170±0.010
	0.170±0.010

	K2O
	2.29±0.06
	2.28±0.02
	2.47±0.05
	2.50±0.03
	0.98±0.03
	1.08±0.02
	2.09±0.04
	2.07±0.02

	CaO
	1.63±0.05
	1.73±0.03
	0.81±0.04
	0.74±0.03
	0.17±0.04
	0.17±0.01
	11.47±0.10
	11.48±0.06

	TiO2
	0.75±0.02
	0.75±0.01
	0.84±0.03
	0.83±0.01
	1.56±0.04
	1.61±0.04
	0.64±0.02
	0.63±0.01

	MnO
	0.077±0.002
	0.079±0.002
	0.070±0.002
	0.069±0.002
	0.051±0.002
	0.052±0.001
	0.089±0.003
	0.085±0.002

	Fe2O3
	3.81±0.05
	3.87±0.04
	2.98±0.05
	3.01±0.03
	7.86±0.08
	7.97±0.05
	4.60±0.05
	4.73±0.05

	S
	0.069±0.015
	0.63±0.005
	
	
	0.040±0.010
	0.040±0.005
	0.040±0.010
	0.040±0.005

	

	Compo-

nent
	SDPS podzol sandy loam
	SDO-2 marine sediment
	SGH-1 carbonate

background silt
	SGHM-3 friable
aluminosilicate deposit

	
	Certified
	XRF
	Certified
	XRF
	Certified
	XRF
	Certified
	XRF

	Na2O
	0.51±0.03
	0.53±0.01
	4.03±0.04
	4.03±0.03
	0.53±0.02
	0.56±0.02
	0.61±0.04
	0.65±0.04

	MgO
	0.13±0.05
	0.11±0.01
	4.67±0.08
	4.34±0.09
	6.06 ± 0.11
	6.01±0.16
	11.70±0.14
	11.80±0.20

	Al2O3
	3.36±0.11
	3.23±0.14
	14.33±0.17
	14.29±0.12
	9.48 ± 0.14
	9.32±0.07
	5.03±0.10
	5.06±0.04

	SiO2
	91.24±0.23
	90.86±0.65
	43.61±0.12
	44.43±0.27
	47.00 ± 0.20
	46.68±0.29
	25.07±0.29
	25.24±0.21

	P2O5
	0.036±0.006
	0.037±0.002
	0.280±0.020
	0.290±0.010
	0.13.±0.01
	0.150±0.005
	1.820±0.050
	1.830±0.020

	K2O
	1.23±0.03
	1.31±0.02
	1.36±0.02
	1.37±0.03
	2.26 ± 0.07
	2.26±0.02
	1.13±0.04
	1.11±0.02

	CaO
	0.27±0.03
	0.25±0.02
	7.81±0.12
	7.93±0.08
	7.76 ± 0.10
	7.77±0.08
	17.76±0.22
	17.99±0.31

	TiO2
	0.29±0.01
	0.25±0.01
	2.32±0.06
	2.30±0.03
	0.50 ± 0.02
	0.55±0.01
	0.27±0.01
	0.27±0.01

	MnO
	0.011±0.001
	0.011±0.001
	0.270±0.010
	0.270±0.005
	0.30 ± 0.01
	0.300±0.005
	0.500±0.030
	0.500±0.010

	Fe2O3
	0.99±0.05
	0.95±0.04
	11.91±0.09
	11.99±0.20
	5.92 ± 0.04
	5.94±0.04
	10.59±0.20
	10.92±0.20

	S
	
	
	(0.04; 0.16)
	
	(0.037)
	
	0.050±0.010
	0.050±0.005


	Compo-

nent
	SGH-3 terrigeneous

 background silt
	SGH-5 anomalous silt
	SGHM-1 friable carbonate-

silicate deposit
	SChT typical black

earth soil

	
	Certified
	XRF
	Certified
	XRF
	Certified
	XRF
	Certified
	XRF

	Na2O
	1.61±0.05
	1.48±0.03
	2.33±0.06
	2.36±0.02
	0.87±0.05
	0.91±0.02
	0.81±0.02
	0.76±0.02

	MgO
	1.60±0.05
	1.59±0.03
	2.54±0.06
	2.34±0.05
	5.82±0.10
	5.70±0.10
	0.95±0.03
	1.01±0.03

	Al2O3
	16.46±0.19
	15.73±0.20
	14.40±0.11
	13.69±0.12
	11.60±0.13
	10.77±0.10
	9.81±0.14
	10.07±0.07

	SiO2
	60.54±0.20
	59.42±0.22
	60.85±0.14
	60.95±0.23
	45.59±0.29
	46.90±0.60
	71.49±0.27
	72.35±0.25

	P2O5
	0.190±0.010
	0.180±0.010
	0.180±0.10
	0.110±0.010
	0.150±0.010
	0.130±0.005
	0.180±0.020
	0.180±0.010

	K2O
	2.43±0.08
	2.45±0.03
	3.56±0.09
	3.39±0.03
	2.96±0.07
	2.90±0.03
	2.42±0.04
	2.49±0.02

	CaO
	0.41±0.03
	0.48±0.03
	2.95±0.05
	2.87±0.04
	7.05±0.20
	6.81±0.07
	1.60±0.05
	1.79±0.20

	TiO2
	0.98±0.03
	0.96±0.01
	0.62±0.01
	0.58±0.01
	0.63±0.04
	0.68±0.01
	0.74±0.03
	0.73±0.01

	MnO
	0,130±0.010
	0.140±0.005
	0.087±0.003
	0.086±0.002
	0.073±0.004
	0.082±0.002
	0.079±0.002
	0.081±0.002

	Fe2O3
	8.76±0.08
	8.77±0.06
	5.45±0.10
	5.28±0.04
	4.62±0.06
	4.75±0.05
	3.48±0.06
	3.45±0.04

	S
	(0.027)
	
	(0.10)
	
	0.050±0.010
	0.050±0.005
	0.050±0.010
	0.068±0.005

	

	Compo-

nent
	GSS-4, limy-red soil
	GSS-2,chestnut  soil
	GSS-5, yellow-red soil
	GSD-10, stream sediment

	
	Certified
	XRF
	Certified
	XRF
	Certified
	XRF
	Certified
	XRF

	Na2O
	0.11±0.01
	0.12
	1.62±0.02
	1.65
	0.122±0.009
	<0.1
	(0.04)
	<0.1

	MgO
	0.49±0.02
	0.60
	1.04±0.02
	1.05
	0.61±0.02
	0.67
	0.12±0.02
	0.20

	Al2O3
	23.45±0.11
	25.92
	10.31±0.05
	10.17
	21.68±0.09
	24.46
	2.84±0.04
	3.35

	SiO2
	50.95±0.08
	57.31
	73.35±0.11
	74.56
	52.57±0.25
	50.85
	88.89±0.12
	89.42

	P2O5
	0.159±0.003
	0.218
	0.102±0.002
	0.085
	0.089±0.004
	0.102
	0.062±0.002
	0.054

	K2O
	1.03±0.03
	1.17
	2.54±0.02
	2.39
	1.50±0.02
	1.57
	0.125±0.007
	0.27

	CaO
	0.26±0.02
	0.36
	2.36±0.02
	2.37
	(0.095)
	0.01
	0.70±0.02
	0.71

	TiO2
	1.801±0.027
	1.969
	0.452±0.005
	0.415
	1.049±0.015
	1.121
	0.212±0.005
	0.18

	MnO
	0.183±0.004
	0.202
	0.066±0.001
	0.061
	0.176±0.004
	0.175
	0.130±0.002
	0.12

	Fe2O3
	10.30±0.05
	11.16
	3.52±0.03
	3.33
	12.62±0.08
	13.34
	3.86±0.04
	3.38

	S
	0.018±0.003
	<0.02
	0.021±0.003
	<0.02
	0.041±0.004
	0.038
	0.009±0.00
	<0.02


because of the varying organic content. Thus, if for soil and loam 6 g are sufficient, then for deposits the amount should not be less than 8 g. For humus and forest litter, its total trace element content does not exceed 5-6%, so that an 'infinitely thick' layer is ensured by about 12-14 g.

The intensities of analytical lines were measured with a CPM-25 x -ray spectrometer with 16 fixed channels. The rhodium target x-ray tube was operated at 40 kV. The scattered Rh K( - line intensity measured with the 16th channel was used as an internal standard for some elements. It should be kept in mind that the wavelength of this line is the shortest among those measured. 

For calibration and assessment of the accuracy of analysis we used sets of Russia national certified standards of soils, marine sediments and friable deposits [Arnautov 1987]. With the help of Chinese certified standards of soils and river sediments the possibility of the joint use of the Russia and Chinese national collections was also estimated. 

In Table 1 for standard materials of various types of soil, sediment and friable deposits, the results obtained by the proposed XRF procedure (XRF) are compared with the certified values. For Al and Si, the XRF values were calculated using the set of calibration standards restricted to standards of the same type. The agreement between the XRF and certified values is satisfactory [Ostroumov 1979]. With the exception of Si and partly for Al, for all elements the differences among them are not significant and do not exceed the permissible standard deviations for all types of the above materials. The discrepancies observed for Al and Si are not surprising. In our opinion, the reason is that these elements are major and present in distinct mineral phases. However, our aim was to show the accuracy of the analytical results which the proposed method will provide for samples prepared in the required way. If the analytical data user is to obtain such results, real-world samples must be treated in the same manner, otherwise the quality of the final results will be significantly worse than the above. 
Finally, environmental problems and the modelling cycle of major and minor elements in soil-plant systems under natural conditions and in response to man's activities require the extensive analyses. Most of the analytical problems that occur are simple to solve by XRF spectrometry. This technique provides accurate analyses of rocks and materials which may be homogenized by fusion with an appropriate flux. Such an approach as a rule is impossible for XRF analysis of materials which are abundantly supplied with organic constituents. Its biochemical complexity inhibits homogenization and, as a result, does not allow the extension of this procedure. 
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