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hole continues until the material changes and indicates
the possible presence of horizon B. When it is not visible,
or is already outcropping, the collection is processed
between 20 and 40 cm depth. (Figure 9).

The soil characteristics, the sample identification
number and the coordinates of the sampling location are
registered by an application designed by SGB-CPRM in
a tablet, separately for the top and sub samples. These
field data form the base of the project database without
too much data manipulation after the collection.

0

SERVICO GEOLOGICO DO BRASIL
PR

In Laboratory the samples with approximately 2 kg
were dried at 50°C, sieved at 80# and pulverized at
200%#, digested with aqua regia and analyzed for 53
elements (Ag, Al, As, Au, B, Ba, Be, Bi, Ca, Cd, Ce,
Co, Cr, Cs, Cu, Fe, Ga, Ge, Hf, Hg, In, K, La, Li, Lu,
Mg, Mn, Mo, Na, Nb, Ni, P, Pb, Rb, Re, S, Sb, Sc, Se,
Sn, Sr, Ta, Tb, Te, Th, Ti, U, V, W, Y, Yb, Zn and Zr) by
ICP-OES (inductively coupled plasma atomic emission
spectrometry) and ICP-MS (inductively coupled plasma
mass spectrometry).
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FIGURE 7 - Schematic figure with the sampling locations represented for low density and detail surveys.

FIGURE 8 - Schematic soil profile with sampling locations.
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FIGURE 9 - Auger drilling sampling. Picture by Aline Nogueira.

Every 20 samples, a field duplicate sample is collected
at the two levels sampled. In all samples from horizon B
are collected a third portion that is given to the Institute
of Radiation and Dosimetry (IRD), our partner of the
National Nuclear Energy Commission — CNEM. This
aliquot is analyzed for radionuclides to create another
specific Atlas from each State, with a definition of the
State radionuclides background as the ones already done
in Espirito Santo State (DUTRA GARCEZ et al, 2019), in
Pernambuco State (LUIZ DO CARMO LEAL et al, 2020)
and Alagoas State (FILGUEIRAS et al, 2020).

Statistical parameters taken from the boxplots (Figure
10), such as median, quartiles (25% and 75%), UW (Upper
whisker) and IQR (Interquartile Range), were used on the
maps to graduate the range intervals of the distribution of
high and low concentrations for the 53 elements, using
the ArcGis 10.8 software. The Sub results are represen-
ted by a digital surface (raster) and the Top results are
represented by graduated circles (Figure 11), both are
using the same color palette.
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FIGURE 10 - Boxplot with the representation of the results of the
Top and Sub samples (modified from FERNANDEZ, 2020).

The digital surfaces (raster), that represent the content
distribution, were generated in the same software, through
interpolation by inverse distance weighting (IDW), using
interval ranges of <25%, 25%-50%, 50%-75%, 75%-UW
and >UW of the data distribution. It is used the weight 2, a
maximum search interval of 15 km limited to a maximum
of 8 closest results.

As there are two populations of results related to the
same sampling point, one to the Top and another to the Sub
samples, tests were performed to define a coherent repre-
sentation design, easy to visualize and that demonstrated
the geogenic or anthropogenic character of the anomalies.

Statistical calculations were performed for the universe
of Top and Sub samples populations separately and a sin-
gle spreadsheet was created (Figure 12), with the addition
of a column defining the sample type, with all the results,
in order to allow the calculation of histograms (Figure 13)
and boxplots grouped by sample type.

The geochemical results form a database that is availa-
ble to every interested researcher in the format of an Atlas,
spreadsheet and shape files. There are twelve Geochemical
Atlas finished, five of them are from States (Ceara, Roraima,
Pernambuco, Alagoas and Espirito Santo) and seven
are from some specific areas very vulnerable or already
impacted as Fernando de Noronha Island, the basins of
Velhas river, Subaé river, Doce river, Sdo Francisco river
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FIGURE 11 - Legend of the Sub and Top Samples with the predefi-
ned ranges (modified from FERNANDEZ, 2020).




Informe Técnico-Cientifico de Prevencéo de Desastres e Ordenamento Territorial - v. 2, n. 2, set. 2021

Element Cr_Top (ppm) | Cr_Sub (ppm)
Detection Limit 1.00 1.00
Observations Number 41 41
Results above Detection Limit 41 41
Average 77.85 79.37
Minimum Value 17.00 11.00
Maximum Value 259.00 152.00
Median 81.00 89.00
Standart Deviation 44.38 41.16

Legal v. CONAMA 420 75.00

Legal v. VRQ FEAM-MG 75.00

Mean NOAA-SQUIRT 37.00

FIGURE 12 - Table with Sub and Top results (modified from
FERNANDEZ, 2020).
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FIGURE 13 - Histogram of the Sub and Top results (modified from
FERNANDEZ, 2020).

and Paranaiba river. This systematic mapping showed its
great importance allowing to define the real environmental
impact of the iron mine tailing dams rupture in the munici-
palities of Mariana (2015) and Brumadinho (2019) through
the results obtained in the executed surveys before and
after the dam rupture (VIGLIO; CUNHA, 2016, 2018). The
Geochemical Atlas already published can be found on the
internet page of the SGB-CPRM: http://www.cprm.gov.br/
publique/Gestao-Territorial/Geologia%2C-Meio-Ambiente-
e-Saude/Produtos---Geoquimica-Ambiental-4764.html

RESULTS DISCUSSION

The Federal District survey’s database, was used as a
model. In addition to the maps contained in the Technical
Note of the Geodiversity of the Federal District Project,
results are also going to be used in the assembly of the
Federal District Atlas.

Usually, SGB-CPRM Atlas is made up of 164 maps,
thus, adding 53 more maps concerning the new Top soil
sample would not be suitable. The option was to place
both results into a single map, such as in China, but with
the representation of points for the Top samples and a
representation by raster, simulating old isogrades maps,
for the Sub samples, such as in England. The following
points were defined to enable the assembly:

a. Maintain standard statistical intervals of the pro-
ject (25%, median, 75%, UW) adding legal value of the
element represented for both samples when possible.

b. Use the same color palette for raster intervals
and proportional points.

c. Representboth populations separately in Boxplot
and Histogram graphics and in the table with the main
statistical parameters.

d. Representas hatches with transparent backgrounds
the impacted area, legal reserves and the built region.

e. Insertthe shaded relief and a very discreet repre-
sentation of the drainage network to the background.

f.  Use the surface formations mapping for inter-
pretation, when there is one, instead of the geology map,
considering that the surface formations are directly related
to the obtained results.

It will also be used, for results interpretation, the premise
that in a normal soil profile without features generated by
mineral deposits or anthropomorphic reasons, the values
of Sub samples should always be higher than the values
of Top samples.

When the opposite occurs, or the surface value comes
from some polluting source, or from some physical depo-
sition related to sliding of slopes, colluvial deposits or
other physical or chemical weathering processes that
have enriched the element in the surface layer.

The final map of chromium shows three anomalous
regions in red for the Sub samples with lower values for
the Top samples (Figure 14, a, b and c¢), indicating possible
geogenic source. However, in a region corresponding to the
median-75% interval (yellow) there is an anomalous Top point,
indicating a possible anthropogenic origin (Figure 14, d).

In this Cr map, only the blue area and points have a distri-
bution pattern without any problem. The concentration in the
green areas and points are above of the mean background
concentration of the NOAA Screening Quick Reference
Table (BUCHMAN, 2008) for inorganics in soil, and in the
yellow, orange and red areas and points, the concentration
are out of the maximum permitted values by the Brazilian
legislation CONAMA (Environment National Council) 420
(Brasil, 2009) for both, sub and top soil samples.

The soil map presented, plus the maps of the other
52 elements, the maps of stream sediment and surface
water, will be part of the Geochemical Atlas of the Federal
District, currently in the process of construction.
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FIGURE 14 - Geochemical Map of Chromium of Federal District of Brazil, with results of Top and Sub soil sample.
Source: Modified from Fernandez, 2020.
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