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Studying the spatial variability of Cr in agricultural field using both
particle induced X-ray emission (PIXE) and instrumental neutron
activation analysis (INAA) technique

) Jee@
Paulo E. Cruvinel**, Silvio Crestana®, Paulo Artaxo®, JoseV. Martins®, -

Maria Jos€ A. Armelin®
*EMBRAPA-CNPDIA, P.O. Box 741, CEP [3560-970 Sio Paulo. Brazil

*Instituto de Fisica da USP. P.O. Box 20516, CEP 01498.970 Sio Paulo, Brasil
“IPEN-USP, P.O. Box 11049, CEP 01498-970 Sav Paulo, Brazil

Abstract

In the field of soil physics, a technique which pemits 8 non-destructive, accurate and fast elemental analysis with a
risimum of sumple prepamation effort is oficn desiicad. Although trnee elements are minor components of the solid phase,
they play an imnportant role in soil fertility. Cr is of putritional importance becausc it is a required elemens in homan and
animal nutrition. The immobility of Cr may be responsible for an inadequate Cr supply 10 plants, This work not only
demonstrates the suitability of PIXE as a fast and nou-destructive technique, useful to measure Cr content in soil samples,

pal dut alsc outlines a study of spatial varishility of that clement in agricultural field. To demonstrats the capability of the
Y 2. incthod £oil samples wers cullected in a 5000 m? agriculrural field. The soil samples were analyzed usiug both PIXE and
(i *-JNAA techryques. Becides, a Fourief interpolation technique was used to verify the distribution of Cr along of the sampled
L ar  feld. DNAA was camisd out by means of the y-ray emitied by *'Crif320 keV). Results shows that ther: is a good lincar
> relauonship betwesn the et nental covcentration of Cr obtained using those techniques, i.e. a comelaron coefficient of
¥ ' =Q.82 was achieved.

— ¢ m—-

o i, (ntroduction techniques commercially available have their own limita-

tions, however the proton induced X-ray emission tech-
An appreciavon of the physical, chemical, and bio- nique has been used successfully in agronomic applications
logical faclors determining the supply, availability, and {1-3). In the field of soil physics, a technique which
movement of trcc-elements in soil/plant ecosysiems, pernmits a non-desfructive, accurate and fast elemenial
rogether with suitable techniques for the measurement of analysis with a8 minimum of sample preparation effort is
the concentration and identihcation, is essential to the often desired. The composition of soils is extremely
development of an understanding of the mechanisms and diverse despite being govemed by many different factors,
dynamics of transport and their biological implications. such as climatic conditions, and parent material being most
One serious difficulty encountered in anempls to rclate predominant. Although tace clements ar¢ minor com-
iracc-elements (o plant tesponse is the fact that their ponents of the solid phase, they play an importamt role in
concentragion in te agricultural zooe varies spatially and soil fertility. A knowledge of the association of trace
w gme. Thus, in order to swudy mace-elements concen- elements with particular solid phase and their affinity to
wauon In an sgricultural field it 15 used to use a large each soil constituent is the key 10 a better understanding of
nurnber of samples, or ar least to have a representative the principles governing their behavior'in $oils. There are a
sampi'ng gnd of ihe experimental field. Furthezmore when large number of trace elements in soils, at concentration
working with a ‘arge number of either soil or plamt values in the range of parts per billion and tenths of parts
samples, the choice of the analytical technique 10 measure per million. As for biological samples many of them are of
and identify trace-clements ‘. another critical point, in great importance for the autrition of the plants, while
terms of optimizing sample preparation, matrix corrections, others are toxic, and others play an unknown role, More-
roquested time required for each sample analysis, and over the knowledge of the behavior of polluting trace
non-destructive characteristics. Cestainly, all analytical elements is far from complete.

Chromium (Cr), for example, is of outritional impor-
tance because it is a required element in human and animal
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putriton {14] lt has been shown that most of the soil Cr
occurs 8s Cr'* and is within the mineral structures or
forms of mixed Cr’* and Fe’* oxides. Cr behavior is
govemed by both soil pH and redax-potential. The be-
havior of Cr in soils may be modified by organic complex-
es., however, medonuuuueffectoforgmcm«uthe
stimulation of the reduction of Cr®* to Cr**. Cr** is very
unsuble In soils and is casily wobilized in both acid and
alkaline sofls. On the other hand the compounds of Cr’*
are considered to be very stable in soils. The immobility of
Cr may be responsible for an inadequate Cr supply to

Pasticle Induced X-ray Emission (PTXE) is an analytical
wchnique based on the ionization of the sample atoms by
the incidence of, for instance, a proton beam and the
subsequent emission of X-rays characteristic of the ele-
ments present in the sample. The number of X.ray photons
of & given element provides information on the amount of
the element in the sample [4,5). The PIXE technique is
also sble to analyze very small sample quantities down (o
10~ g for solids and around | . for liquids. In addition, it
-llows the simultancous detection of all clements heavier
than Na, 2 non-destructive and rapid analysis [6]. Recent
developments have expanded the usefulness of PIXE in
applications such as geology and matcrial science by
combining part per million (ppm) elemental sensitivity and
sub-millimeter spatial resolution {7.8). For PIXE analysis
the X-ray yicld can be obtaincd using the ionization cross
section epergy dependence according to the relation:

. &

Y (E) = (4.968) X 107 "Nxo (EXQQ2 (sin é) (1)
where ¥ (E), in Eq. (1) is the number of X-ray counts in a
pesk p ror an incideat ion ¢negy E, o (E) is the X-ray
production cmss section for a peak p, N, is the numba- of
target stoms/cm’, x Is the targes rhlcknm {u.gfun O
the total charge hitting the target (uC), 12 is the detector
sofid angle (s1), & is the total detection efficiency and 6, is
the angle between the surface normal and the beam
direction [9,10]. Also, some correction factors are required.
The first is @ loading cormection that reflects the transmis-
sion of X-rays through a uniform layer of a filter. The
second is a particle size diameter comection associated
with a spherical particle of a given diameter and composi-
dvon [13]. The latter correction may become important for
quantitative analysis of soils.

In this work besides using the PIXE technique the
determination of the total Cr content was also obtained by
means of instrumental neutron activation analysis tech-
nique (INAA). This technique allows to obtain information

.sbout concentrations of a large number of clements
simultancously and it has been applied to the analysis of
50il by several rescarchers during the last years [11,12).

‘This work demonstrates not only the suitability of PIXE
as & fast and non-destructive techaique useful to measure
the Cr content in £oil gamplas anvl a somparison of resulis

with INAA but also its spatial varability in a typical
agricultural field.

2. Material and methods

PIXE analysis of the samples was carricd out using a
Delletron necelemtor, model SSDH, installed at the Physics
Institute of the University of Sin Paulo, SGo Paulo, Brazil.
This accelerator providcs proton energies up to 2.4 MeV.
The detector used to obtain a suitably high sensitivity for
cach clement is a Si(Li) from Kevex, model 3000, with a.
resolution of 175¢V in 5.9 KeV. The instruments used for
signal processing were a standard electronic pulse handling
systemn, and 28 ADCAM Analyst, mode! 100U multichannel
analyzer form EG&G ORTEC. Daia were accumulated in
either a VAX or PC-compatible computer, and the AXIL
code was used [15], giving both a spectrum of charactens-
tic X-ray and a smooth background. Absolute accuracy of
the analysis sysiem was established through the use of
gravimetric thin ilm standards. Therefore in order to have
accundte measurements for the soil samples analysis a
standard reference material from National Bureau of
Standards was uwsed. This reference material, i.c., NIST-
SRM no. 1646, is a sediment standard and it is intended
primarily o calibratc and use in the analysis of sediments,
soils, or materials of a similar matrix (National Bureau of
Standards, 1984). The certified concentration of the ele-
ments in that standard reference material was obtained
using X-ray fluorcscence spectrometry. An average analy-
sis normally requires 400 s of beam time and about 25 s of
computer time. Sodium and heavier elements are routinely
detected with minimum detectable limits (MDL) renging
from a few ppm of several hundred ppm, when interfer-
ences are prescat.

The el tamples were analyzed using an incident
2.4 MeV proton beam with a typical beam current of 15nA
and a charge of 8 uC. Because the 2.4 Mev proton beam
cannot penetratc the target deeper than tens of microns all
soil samples were crushed identically before analysis. The
s0il samples were crushed to allow both the penetration of
the 2.4 MeV proton bean and to decrease the effects of
X-ray attenuation by the aggregares of the soil. Nucleopore
filter with a thickmess of approximately 0.01 mm was used
0 hold the crushed soil as a thin layer for PIXE analysis.

INAA was carded out by mieans of a thermal neutron
flow of 5% 10” ncim?s™" for a period of eight hours.
Irradiations have been carried out at the IEA-R1 swimming
pool type reactor at IPEN-CNEN/SP. Samples and stan-
dard of Cr were imadiated together in aluminum tubes.
After a cooling time of ten days the y-ray efnitted by
*'Cr(320 keV) was measured. Samples and standand were
placed in close geometry using a solid state EG&G
ORTEC model GMX 20190 Ge detector, with a resolution
of 19keV for the 1332 keV peak of *Co, coupled 10 an
ADCAM 9184 multichannel buffer. Analysis of the y-ray
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Fig. }. The schematic diagram of the experimentul field On the striped points arc located the soil sanples used in the PIXE analysis.

spectra was carried out by using appropriate computer
programs. In addition, for the INAA analysis a stock
solution containing 9.31 mg Cr/ml was prepared by disso-
lution of metallic chromium (Johnson Matthey, Matcrials
Technology UK) in a mixture of HF, H,0, H,S0,. Then,
the standard solution comtaining 93.1 pg Cr/mi was pre-
pared by dilution of the stock solution. From this solution
an aliquot of 25 ul was pipetted onto a small sheet of
Whatman paper filter and dried at room temperature. The
shect of paper filtered was placed in polyethylene bags for
iradiation. v

Cr was analyzed from a set of 36 samples collected in
the experimental field of Pindorama-SP, Byazil, pan of the
Agronomic Institute of Campinas, with coordinates of
48°55'W, and 21°13°S, inside an area of 50 X 100 m’. Fig.
1 shows the schematic diagram of the experimental ficld,
where the sampling points were 5 m aparnt. For comparison,

[w the samples from points marked with stripes, in Fig. 1,
—J> were analyzed experimentally by both PIXE and INAA. TR

addition, in order to analyze the spatial vanability of Cr
along of the sampled field, an average filter was used to
interpolate, with window moving operation, in between
neighboring samplcd points of soil. whose concentration
were determined by PIXE.

3. Results and discussion

A typical PIXE spectrum emitted fmm a sonl sample is
shown in Fig. 2. Fe, Si and Al are predominant with
respact o Cr, Cl, Ca, K and other tmace clemens.

~$> The pile-up pulsc shown in Fig. 2 Seiusrenar because

during signal processing cach pulse must be measured
individuslly with reference o a zoro level and cannot be
measured when superimposed upon either the leading edge
ot the trailing edge of a nearly coincident pulse, ic., the
fact that pulses from a radistion detector are randomly
spaced in timc can lead to interfering effects between
pulses when counting rates are not low. These effects,

called pile-up, can be minimized by making the total width

" of the pulses as small as possible. The resulting PIXE
spectra were analyzed to provide the absolwte concen-
tration in (pug/g) of the measured clements. Besider,
matrix correction was also implemented. Uncertainties in
the concentrations range from 2% for heavy elements ro
20% for light elements. Morcover, the resulting INAA
spectra were also analyzed w provide the absolute con-
centration in (pug/g).

Table | shows the concentration in (pg/g) for Cr, i.c..
_respectively, for PIXE and INAA methodologies. Fig. 3
shows a comparison between PIXE and INAA analvies,
for results of Cr concentration weasurcments in xuils.
Considering the crrors given in Fig. 3, the Cr concentration
obtained by PIXE seems to correlatc well with that
obtained by INAA, ie.. y = 22.6]1 + 0,76x with a coeffi-
cient of linear correlation r® = 0.82, These resulis confirm
the use of PIXE as a complementary method to investigate
total Cr in soils as well as 10 measure, at the same time,
ather clements present in soil samples of potential interest
to investigators,
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Fig. 2. A typical PIXE spectrum of a soil sample from the
Pindorarma’s Experimental Station.
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Tuble 1
Concentration ia (1g/g) for Cr, Le, mspoctively by using both
PIXE and NAA methodologies

Soil PIXE INAA
Sample & anplysis [pg/g) analysis [ug/gl

1 409

4 80=10

8 75+11

10 50=4

34 40=7

37 $0x10

| 60=7

44 55+5

67 20=x10

70 8015

74 40=38

177 75=10

100 150=8 14622
103 110+10 1s=1
107 1007 1ix1
1o 120+5 1274
1H 180+10 195+6
114 95=8 68x2
118 110210 134x2
121 =10 1012
122 10010 11922
125 120=10 122*2
129 130=10 142=2
132« 12010 12742
155 . 100=10

158 $0=10

162 | 100£10

165 - 130215

188 ¢ 509

191 80=10

195 - 100=10

198 100+10

21 115=10

224 [20=10

28 12510

3 100=10

1-:] yeZ28140.78 x
2=l 02
I f
11 .
L Jl
& | 1
w 1
|+ !
e s W wm e w W
INAA Anssiysis (ppm)

Fig. 3. Comperisan between PIXE and INAA analysis, i.c.. results
for Cr coacentration WMCasurements in soils.
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Fig. 4. The three-dimensional map of the Cr spatial vanability
along of the experimental field,

|O-| Normaioed Frequency

-0 L] L 100 180 140 150 180
Cr oonceveration {ppm]

Fig. 5. The histogram of Cr conocentrations, Occurrences of

80 ug/g and 100 kg/g were larger than for other concenuation
values, '

Fig. 4 shows a three-dimensional map of the Cr spatial
variability slong the experimental field. In between the
points measured by PIXE, other concentration values were
obtained by Fourier interpolation. For the interpolation the
technique of sixtzen neighbors with a smoothness factor of
0.7 was uscd, W keep the tendeney of the interpolated
values,

The histogram presented in Fig. 5 shows that the
occumrence of concentrations between 80 up/g and
100 pg/g was larger than for other concentration values.
Moreover, the Gaussian model used on the histogram
presented 8 ceater in 943 pg/g.

4. Conclosions

In the last years, nuclear techniques have given an
imporiant contribution in the feld of soil physics. In this
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work, the maia objective was to demonstrate the ability of
PIXBE in determining and measuring total Cr in soil
sampl¢es. The PIXE method showed a good corrclation
with INAA method for analysis of the total Cr in soil
samples. Cerainly both techniques have their own ane-
iytical iimimtions when applied to soil. For quantitative
analysis of total Cr in soils, the PIXE method requires
matrix comections and codes for spectrum reduction.
However, it takes a few minutes to carry out a high
pumber of analyses. In addition, detection limits down to
4 png/g were achieved by the PIXE analysis of total Cr in
the soil ssmples. Furthermore, results of a typical spectrum
of soil samples from an experimental field, quantitative
councentration in (jeg/g) for Cr, and a map of the Cr spatial
varisbility slong of the experimental field were outlined.
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