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Abstract: The purpose of this research was to discriminate soil fractions using mineralogical and elemental 

analyses and to show those fractions that present greater contribution to the soil mass attenuation coefficient 

(μ) as well as their partial cross-sections for photoelectric absorption (PA), coherent scattering (CS) and 

incoherent scattering (IS). Soil samples from different places of Brazil classified as Yellow Argisol, Yellow 

Latosol and Gray Argisol were submitted to elemental and mineralogical analyses through energy dispersive 

X-ray fluorescence (EDXRF) and Rietveld Method with X-ray diffraction data (RM-XRD). The mixture rule 

was utilized to calculate μ of each soil. The EDXRF analysis showed as predominant elements Si, Al, Fe and 

Ti oxides. The highest contents were Si (914.3 to 981.3 g kg-1) in the sand fractions, Al (507.9 to 543.7 g           

kg-1) and Fe (32.5 to 76.7 g kg-1) in the clay fractions, and Ti (18.0 to 59.0 g kg-1) in the silt fractions. The RM-

XRD allowed identifying that the sand fractions are predominantly made of quartz (913.3 to 995.0 g kg-1), 

while the clay greatest portion is made of kaolinite (465.0 to 660.6 g kg-1) and halloysite (169.0 to 385.0 g             

kg-1). The main effect responsible for μ was IS (50 to 61.4%) followed by PA (28 to 40.1%) and CS (9.9 to 

10.6%). By using the principal component analysis (PC-1: 57.5% and PC-2: 20.9%), the samples were 

differentiated through the discrimination between physical, chemical and mineralogical properties. The results 

obtained suggest that general information about the radiation interaction in soils can be obtained through the 

elemental and mineralogical analyses of their fractions. 

HIGHLIGHTS 
 

 Semi-quantitative elemental analysis of the soils was accomplished through EDXRF. 

 The µ, PA, CS and IS of hardsetting soil fractions was calculated by using the XCOM computer code. 

 The mineralogical composition was determined by the RM-XRD. 

 With PCA was possible to discriminate soil fractions and to correlate µ, PA, CS and IS. 
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INTRODUCTION 

The comprehension of how radiation interacts with different materials is crucial in fundamental physics 

as well as in many other applied fields [1,2]. In the environmental physics field many radiation parameters of 

the soil have been utilized for the measurement of properties such water retention, water movement, 

connectivity and tortuosity of the pores and so on [3,4]. The determination of soil radiation parameters 

requires the evaluation of its chemical composition by analytical techniques or direct measurements [1-3]. 

Soils as well as their granulometric fractions: coarse sand, fine sand, silt and clay can be characterized 

by employing different techniques of elemental analyses, the energy dispersive X-ray fluorescence (EDXRF) 

is among them [5-7]. The different soil granulometric fractions are also characterized by distinct mineralogical 

compositions [8]. A question that arises here is whether the soil granulometric fractions could influence the 

radiation interactions differently from the whole soil. The answer to this question can help the soil scientists 

in the development of new strategies for the characterization of soil properties and to understand the 

mechanisms of photon interaction with this complex porous media. 

Mass attenuation coefficient (μ) as well as its partial cross-section for photoelectric absorption (PA), 

coherent scattering (CS) and incoherent scattering (IS) are the most important parameters to characterize 

the interaction of the radiation with the matter [9-11]. Pires and coauthors [12] used whole soil samples to 

correlate mineralogical results using the Rietveld Method with X-ray diffraction data (RM-XRD) and elemental 

results using EDXRF with μ analyses. These authors pointed out that not only the chemical composition of 

the soil influence μ, but also its mineralogical composition is important. The measurement of μ from the 

gamma photon radiation interaction in soils and their fractions, together with their mineralogical properties, is 

very relevant since it enables the prediction of physical properties such as bulk density, water content and 

total porosity [13-15]. 

As far as it is known, there are no studies correlating mineralogy results from RM-XRD and EDXRF 

elemental composition results from the soil fractions with μ, PA, CS and IS. However, to correlate a great 

amount of data with these techniques, it is necessary to employ statistical tools, such as Principal Component 

Multivariate Analysis (PCA) [16]. Nowadays, PCA has been applied to soils and their fractions for studies on 

organic matter [17], compaction and texture [18], mineralogy and elemental analysis [19,20], resulting in the 

efficient discrimination of samples that present a large number of variables. 

GRAPHICAL ABSTRACT  
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Therefore, the analysis of the radiation attenuation parameters along with information about the soil 

mineralogical and elemental compositions can offer insights into how the granulometric fractions affect the 

attenuation properties of the soil [8]. Thus, the purpose of this research was to determine the influence of 

different soil fractions in some radiation attenuation properties. We also presented a theoretical analysis to 

show whether the radiation interactions in each granulometric fraction corroborate the total interactions in 

their respective soils. 

MATERIAL AND METHODS  

Soil samples 

Brazilian soils (named s1 to s5), classified according to the Brazilian Soil Classification System [21], were 

collected and mixed in order to obtain a composite sample. 

About 20 g of each sample was mashed and sieved (2 mm aperture sieve), dispersed, submitted to 

coarse sand separation (0.053 mm aperture sieve) and physical fractioning process by sedimentation (Stokes 

law) to extract the fine sand, silt and clay fractions; and the textural analysis was carried out by using the 

ratio between the fraction mass dried in an oven at 45 ºC and the total soil mass [6]. 

X-ray fluorescence and Rietveld Method using X-ray diffraction data 

Semi-quantitative elemental analysis of the soils was accomplished through the EDXRF by using the 

instrument model EDX-720 (Shimadzu) equipped with an Rh X-ray tube. An X-ray Diffractometer, model 

Ultima IV (Rigaku), with CuKα radiation, 40 kV voltage and 30 mA current was employed to collected data for 

MR-XRD analyses. Details about the experimental procedures can be found in Prandel and coauthors [6,22] 

and Pires and coauthors [12]. 

Gamma ray attenuation analysis 

The μ, PA, CS and IS were obtained based on the soil elemental chemical composition through the 

XCOM software. In this study the XCOM software was selected due to its user-friendliness by utilizing the 

NIST-database service [23,24] and it can provide attenuation coefficients for the following processes: μ, PA, 

CS and IS in the field of the atomic nucleus and in the field of the atomic electrons [25]. 

Compound material μ can be calculated by using [26,27]: 

𝜇 = ∑𝜇𝑖𝑤𝑖, (1) 

where μi is the mass attenuation coefficient of ith element and wi is the weight fraction of ith element. 

In this study the photon energy 59.5 keV (241Am) was selected for the analysis of radiation interaction 

with the matter. The choice of this energy was based on the most common radioisotopes used as radioactive 

sources for gamma ray attenuation studies in soil science [28-30]. 

Principal component analysis 

The variables related to the textural, elemental and mineralogical analyses, as well as μ, PA, CS and IS 

of the whole soil samples and their fractions were exported to a data matrix and correlated using the Principal 

Component Analysis (PCA). The raw data were auto scaled before calculation. The PCA was performed 

using Pirouette 4.5 software (Infometrix, USA). 

The sample scores were represented by the coordinate of the first principal component (PC-1) and 

second principal component (PC-2), linearly dependent on their respective variables, represented by the 

loading axes. 

RESULTS 

Table 1 shows the textural analysis and elemental composition of the soils under study. The textural 

analysis revealed predominance of the coarse sand fraction (52.3 - 67.2%), followed by clay (28.4 to 43.9%), 

fine sand (2.2 to 3.8%) and silt (0.6 to 2.2%). The soil samples presented, based on the EDXRF elemental 

analysis, contents of Si, Al, Fe and Ti oxides as predominant, with the highest contents as follow: Si (914.3 

to 981.3 g kg-1) in the sand fractions; Al (507.9 to 543.7 g kg-1) and Fe (32.5 to 76.7 g kg-1) in the clay fractions; 

and Ti (18.0 to 59.0 g kg-1) in the silt fractions. These contents are related to the minerals that make up these 

fractions. The S oxide content (1.4 to 15.9 g kg-1), even being considerable in all fractions, was not a producer 
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of the minerals identified. The presence of Ca oxide (12.9 to 27.9 g kg-1) in clay is due to the flocculating 

agent, CaCl2, used in the physical fractioning process. 

Table 1. Percentage (%) and EDXRF semi quantitative analysis of soils and their fractions (coarse sand, fine sand, silt 
and clay) [6]. 

Soil C F P (%) 
Oxides (g kg-1) 

SiO2 Al2O3 Fe2O3 TiO2 CaO SO3 

Yellow 
Argisol 
(s1) 

Coruripe, 
Alagoas 
(10º07' S, 
36º10' W) 

wh 99.9 (6) 444 (4) 492 (7) 28.9 (6) 22.6 (4) nd 10 (2) 
c. sand 62 (1) 974 (1) nd 3.4 (1) 7.5 (1) nd 1.4 (1) 
f. sand 2.4 (1) 927 (2) nd 15 (1) 28.1 (3) nd 15.9 (9) 
silt 2.2 (6) 583 (8) 317 (6) 35 (3) 48.1 (4) nd 8.1 (4) 
clay 33.7 (3) 389 (2) 533 (4) 32.5 (8) 22.1 (4) 13 (2) 9 (1) 

Yellow 
Latosol 
(s2) 

Cruz das 
Almas, 
Bahia 
(12º40' S, 
39º06' W) 

wh 100.0 (3) 428 (4) 466 (7) 74 (2) 18.7 (5) nd 11 (1) 
c. sand 64.2 (3) 970 (1) nd 5.7 (1) 7.1 (1) nd 14.3 (2) 
f. sand 2.9 (4) 924 (3) nd 20.5 (5) 30.8 (9) nd 16 (2) 
silt 0.9 (1) 884 (5) nd 46 (3) 49 (4) nd 14 (2) 
clay 32.1 (3) 373 (3) 507.9 (2) 77 (1) 16.2 (1) 16 (2) 8.9 (6) 

Yellow 
Argisol 
 (s3) 

Porto 
Seguro, 
Bahia 
(16º27' S, 
39º03' W) 

wh 100.2 (3) 403 (5) 525 (6) 34.8 (7) 26.1 (5) nd 8 (1) 
c. sand 52.3 (5) 981 (1) nd 2.2 (1) 4.4 (1) nd 10.8 (2) 
f. sand 2.4 (2) 916 (4) nd 8.8 (5) 33 (1) nd 16 (2) 
silt 1.7 (2) 616 (19) 278 (29) 30 (2) 51 (7) nd  9 (1) 
clay 43.9 (3) 361 (5) 544 (6) 37 (1) 24.0 (7) 14.6 (5)  8 (1) 

Yellow 
Argisol 
 (s4) 

Aracruz, 
Espírito 
Santo 
(19º49' S, 
40º16' W) 

wh 100.5 (1) 414 (3) 489 (3) 54.8 (3) 27.4 (5) nd 11.5 (4) 
c. sand 52.9 (3) 956 (1) nd 2.2 (1) nd nd  1.4 (2) 
f. sand 2.2 (1) 914 (5) nd 18 (3) 34 (2) nd 15 (3) 
silt 1.6 (1) 753 (3) 122 (3) 43 (2) 59 (3) nd 10.9 (8) 
clay 43.9 (1) 378 (2) 514 (5) 54 (2) 24.9 (6) 18 (3) 9.3 (5) 

Gray  
Argisol 
(s5) 

Pacajus, 
Ceará 
(04º10' S, 
3827' W) 

wh 100.0 (4) 472 (3) 478 (4) 22.1 (6)  11.3 (3) nd 10.2 (9) 
c. sand 67.2 (8) 981 (1) nd nd nd nd 1.6 (2) 
f. sand 3.8 (1) 952 (3) nd 7.6 (8) 11.9 (6) nd 14.0 (9) 
silt 0.6 (2) 938 (9) nd 16 (6) 18 (3) nd 15.1 (4) 
clay 28.4 (3) 404 (3) 507 (7) 25 (4) 11.8 (2) 28 (6) 9.2 (4) 

C: Collect place; F: Fraction; P: mass percentage; wh: whole soil; c sand: coarse sand; f sand: fine sand; values between 
parentheses represent the standard deviation of the mean; nd: not detected. 

Table 2 presents the content of minerals quantified using RM-XRD. Sand fractions (fine and coarse) are 

predominantly made of quartz (913.3 to 995.0 g kg-1). The clay greatest portion is made of kaolinite (465.0 to 

660.6 g kg-1) and halloysite (169.0 to 385.0 g kg-1). The goethite, anatase, gibbsite, rutile and quartz contents 

were seen in amounts lower than 80 g kg-1 in clays. In general, the silt samples presented high quartz content 

(403.0 to 949.7 g kg-1), followed by kaolinite (41.0 to 660.6 g kg-1) and other minerals (< 87.0 g kg-1) that are 

present in clay. 
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Table 2. Mineral content using RM-XRD analysis of soils and their clay, silt and sand fractions [6]. 

Mineral F 

Mineral content (g kg-1) 

Yellow 
Argisol 
(s1) 

Yellow 
Latosol 
(s2) 

Yellow 
Ultisol 
(s3) 

Yellow 
Argisol 
(s4) 

Gray  
Ultisol 
(s5) 

Ka 

wh 213.7 184.5 246.8 274.7 184.3 
c. sand Nd nd nd nd nd 
f. sand Nd nd nd nd nd 
silt 459.0 (1) 53.0 (1) 235.4 (6) 164.0 (2) 41.0 (1) 
clay 554.0 (1) 581.0 (1) 465.0 (1) 660.6 (9) 639.1 (7) 

Gt 

wh 18.9 33.0 15.0 25.8 nd 
c. sand Nd nd 10.3 (5) 15.5 (6) nd 
f. sand 22.9 (8) 9.5 (7) 0.7 (2) 2.9 (7) nd 
silt 1.8 (5) 18.0 (6) 73.8 (6) 4.7 (6) nd 
clay 13.8 (5) 72.7 (9) 15.5 (5) 21.0 (8) nd 

An 

wh 16.3 11.4 11.6 21.9 28.7 
c. sand 10.6 (7) 5.3 (5) 1.4 (3) 4.3 (5) 2.9 (1) 
f. sand 13.7 (6) 1.8 (5) 9.0 (5) 2.2 (4) nd 
Silt 21.3 (6) 6.4 (4) 20.4 (6) 12.3 (5) 2.5 (3) 
clay 15.6 (3) 13.3 (5) 34.0 (3) 42.0 (1) 32.9 (7) 

Gb 

wh 22.9 44.5 61.1 22.0 1.4 
c. sand Nd nd nd nd nd 
f. sand Nd 3.3 (1) 75.6 (2) 6.0 (10) 0.7 (2) 
silt 19.0 (10) 30.0 (8) 31.7 (8) 14.0 (10) nd 
clay 30.0 (7) 25.9 (8) 77.9 (9) 56.0 (20) 16.4 (9) 

Ha 

wh 72.5 42.3 107.8 81.6 44.6 
c. sand Nd nd nd nd nd 
f. sand 5.7 (3) nd nd 17.0 (10) nd 
silt 87.0 (10) 30.0 (10) 76.0 (20) 22.0 (20) nd 
clay 373.0 (20) 258.0 (30) 385.0 (20) 169.0 (20) 227.0 (20) 

Qz 

wh 651.2 681.6 553.7 560.4 716.8 
c. sand 989.4 (3) 994.7 (1) 988.3 (1) 978.4 (1) 995.0 (1) 
f. sand 952.3 (1) 982.1 (1) 913.3 (3) 964.6 (2) 993.4 (0) 
silt 403.0 (10) 854.7 (3) 610.3 (8) 765.6 (7) 949.7 (1) 
clay 6.5 (3) 41.0 (10) 5.9 (4) 17.7 (8) 26.0 (6) 

Rt 

wh 3.1 1.5 2.3 9.0 3.1 
c. sand Nd nd nd nd 2.0 (1) 
f. sand 6.0 (10) nd nd 7.1 (7) 5.9 (4) 
silt 9.3 (4) 7.4 (4) 19.1 (5) 17.4 (6) 6.8 (4) 
clay 3.5 (3) 2.1 (3) 5.1 (4) 14.9 (7) 9.9 (4) 

Ka: kaolinite; Gb: gibbsite; Qz: quartz; Rt: rutile; Gt: goethite; An: anatase; Ha: halloysite; F: Fraction; wh: whole soil; c 
sand: coarse sand; f sand: fine sand; values between parentheses represent the standard deviation of the mean; nd: 
not detected. 

Figure 1 shows μ results and PA, CS and IS contributions regarding the γ photon energy 59.54 keV 

(241Am). The highest μ and PA values were found in the clay fractions (0.2746 to 0.3064 cm2 g-1 and 33.6 to 

40.1 %, respectively) and silt (0.2699 to 0.2982 cm2 g-1 and 35.8 to 38.2%, respectively), while the CS (10.5 

to 10.6%) and IS effects (59.9 to 61.7%) were higher in the coarse sand. In all samples under analysis, the 

order of contribution to µ was IS>PA>CS. The different effects have distinct dependences of μ variation with 

photon energy. The region of low photon energies (<0.1 MeV) normally has great contributions of PA and 

CS, the former presents a probability of occurrence that increases for materials composed of heavy elements 

with an inverse relation with energy [2,8,10]. For the intermediate photon energies as those of 241Am the 

dominant effect is IS, which is almost independent of Z. For IS, the number of electrons per gram is the most 

relevant factor that contributes the interaction of the radiation with the matter. 
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Figure 1. (a,b) Mass attenuation coefficient (μ, ) and the contribution of the photoelectric effect (PA, ), coherent 

scattering (CS, ) and incoherent scattering (IS, ) for the Yellow Ultisol (s1), (c,d) Yellow Oxisol (s2), (e,f) Yellow Ultisol 
(s3), (g,h) Yellow Ultisol (s4), (i,j) Gray Ultisol (s5). wh: whole soil; c. s: coarse sand; f. s: fine sand. 
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The Figure 2 shows the PCA graph generated from the results of texture (mass percentage), and oxide 

content (Table 1), mineral percentage (Table 2), µ, PA, CS and IS (Figure 1) (totalling 17 variables and 25 

samples) reducing the two principal components (PC-1 and PC-2), with a 78.4% total variance. The axes 

related to the loadings, full and broken lines indicate the trends in relation to the variables included in the 

PCA, that is, percentage of fractions, elements, minerals and attenuation coefficients, for each quadrant. 

 
Figure 2. “Scores” of PC-1 and PC-2 of soil samples and their fractions with the inclusion of the following variables: 
texture, oxide content, mineral percentage, mass attenuation coefficient (µ), photoelectrical effect (PA), coherent (CS) 
and incoherent (IS) scattering. “Loadings” of the following trends: elements (full and broken lines), minerals (full lines), 
radiation interaction with the samples (broken lines). Key: kaolinite (Ka), gibbsite (Gb), quartz (Qz), rutile (Rt), goethite 
(Gt), anatase (An) and halloysite (Ha). The numbers close to the points represent the different soil types: s1 (1), s2 (2), 
s3 (3), s4 (4) and s5 (5). 

The coarse sand, fine sand, silt and clay samples occupied distinct quadrants due to the discrimination 
between their physical, chemical and mineralogical properties. The point that represents the silt sample (s5) 
resembles the fine sand group, which is related to its Si and Qz content. The clay group was located in the 
lower right quadrant due to the presence of the minerals Ka, Ha, Gb and An, and the chemical element Al. 
The silt samples were grouped in the upper right quadrant influenced by the minerals Rt and Gt and the 
elements Ti and Fe. 

The highest µ and PA were located in the upper right quadrant (Figure 2), which was influenced by the 
silt fraction. On the other hand, the coarse sand fraction (lower left quadrant) had lower effect in µ and PA. 
The chemical elements Fe and Ti presented higher influence in µ and PA in comparison to Si and Al. This is 
mainly caused by the Z4-5 dependency on PA [25]. 

The PA presented great influence in µ following the same sequence for the whole soil and the clay 
fraction: (s2) > (s4) > (s3) > (s1) > (s5) (Figures 1 and 2). In both cases, these effects were related to higher 
and lower Fe concentrations as goethite in the samples (s2) and (s5), respectively (Table 1). In the lower left 
quadrant (Figure 2), the coarse sand fraction, where quartz was the predominant mineral, was seen to be 
the most important factor influencing CS and IS [28,29]. The IS is related to the interaction of γ-ray photons 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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with the electronic layers, regardless of Z and it is directly proportional to the number of electrons per gram 
[10,12]. 

To prove whether the radiation interactions in each granulometric fraction corroborate the total 
interactions in their respective soils, proportionality relations between the µ, PA, CS and IS as a function of 
the weighted mean values (Xp) were determined by: 

𝑋𝑝 =
(𝑝𝑐𝑠𝑥𝑐𝑠)+(𝑝𝑓𝑠𝑥𝑓𝑠)+(𝑝𝑠𝑥𝑠)+(𝑝𝑐𝑥𝑐)

𝑝𝑡𝑜𝑡𝑎𝑙
. (2) 

Where Xp takes the weighted values µp, PAp, CSp or ISp (see Table 3); pcs, pfs, ps and pc are the coarse 

sand, fine sand, silt and clay contents obtained in the textural analysis, respectively; xcs, xfs, xs and xc are the 

percentage γ-ray interaction contribution (µ, PA, CS or IS) with the coarse sand, fine sand, silt and clay 

fractions; and ptotal is the soil total amount, that is, the sum of each fraction content. 

Table 3. Weighted mean values of the mass attenuation coefficient (μp) and the maximum (‘) and the minimum (‘’) values 
of μ calculated by equation (2) based on the standard deviation of the mean for the whole soil. 

Soil μp 
(cm2 g-1) 

μp' 
(cm2 g-1) 

μp’’ 
(cm2 g-1) 

Yellow Ultisol (s1) 0.2655 0.2700 0.2608 
Yellow Oxisol (s2) 0.2759 0.2782 0.2736 
Yellow Ultisol (s3) 0.2686 0.2710 0.2661 
Yellow Ultisol (s4) 0.2738 0.2751 0.2724 
Gray Ultisol (s5) 0.2601 0.2727 0.2574 

 

Figure 3a,b show the µ graph as a function of µp (R² = 0.94) as well as the PA graph as a function of PAp 

(R² = 0.91), respectively. The points are within the linear adjustments μp
’ and μp

’’, and PAp
’ and PAp

’’ (Figure 

3a,b). The maximum (’) and minimum (’’) values of all the variables presented in Figure 3a-d were calculated 

(Equation 2) based on the standard deviation of the mean (Table 3). Thus, attenuation data for the fractions 

was seen to be reliable for having a direct dependence on their respective total values. 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 3. Linear adjustments of weighted means (a) µp (b) PAp (c) CSp (d) ISp of granulometric fractions as a function 
of the mass attenuation coefficient (µ) and photoelectric effect (PA), coherent scattering (CS) and incoherent scattering 
(IS) contributions to μ of whole soil. The numbers close to the points (○) represent the different soil types: s1 (1), s2 (2), 
s3 (3), s4 (4) and s5 (5). The solid red line stands for the whole soil, the dash blue line for the maximum (‘) and the dot 
blue line for the minimum (‘’) values of all the variables calculated by equation (2) based on the standard deviat ion of 
the mean. 
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Figure 3 c,d show the CS (R² = 0.99) and the IS (R² = 0.89) linear adjustment graphs. The points of both 

adjustments are between CSp
’ and CSp

’’, and ISp
’ and ISp

’’, respectively. The results shown in Figure 3a-d are 

related to the proportionality relations of µ, PA, CS and IS and their weighted means (Equation 2) for each of 

the soil samples under study (s1-s5). In general, the results of Figure 3a-d revealed agreement between µ, 

PA, CS and IS of the whole soil and its respective weighted mean values; which were calculated from the 

radiation interaction with each fraction and their contents. Therefore, the general information about the 

radiation interaction for the whole soil can be obtained through its fractions. 

CONCLUSION 

The PCA enabled the discrimination of the soil fractions through mineralogical, elemental and textural 

analyses correlated with µ, PA, CS and IS. The contribution of the PA and µ followed the same proximity with 

order of contribution (s2) > (s4) > (s3) > (s1) > (s5) for the whole soils as well as the clay and silt fractions. 

These effects were related to Fe concentrations as the mineral goethite. However, CS and IS effects occurred 

with higher intensity in the coarse sand fraction, where quartz was the predominant mineral. The linear 

adjustments of weighted means (µp, PAp, CSp and ISp) revealed that there is agreement between the 

calculated and estimated radiation interaction parameters (µ, PA, CS and IS) based on the soil fractions. 
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