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ABSTRACT

In northeastern Brazil, there are few studies about the metal pollution of surface soils and for the first time it will 
be studied heavy metals contamination in soils with different cover land. The State of Pernambuco is 
representative of the Brazilian Northeast region in relation to the variability of climatic conditions, soil types, 
cover and land use. Based on this, this paper provides information on the determination of metals in soil samples 
collected in Pernambuco, Brazil. The analysis of Al, Ca, Fe, K, Mg, Mn, Ni, Pb, Si, Sr, Ti and Zn were performed 
using Energy Dispersive X Ray Fluorescence (EDXRF). The 316 locations studied were specifically selected 
taking into account the different land use of soil. Analytical curves were obtained by means of the analysis of 
certified reference materials, for quantify the metals. The regression coefficients of the analytical curves were 
higher than 0.99. The quality of the analytical procedure was demonstrated at a 95% confidence level. The 
analysis of diverse geological samples from Pernambuco indicated higher concentrations of Ni and Zn in 
sugarcane, with maximum values of 41 mg kg-1 and 118 mg kg-1, respectively and agricultural areas (41 mg kg- 1 
and 127 mg kg-1, respectively). The trace element Sr was mainly enriched in urban soils with values of 
400 mg kg- 1. According to the results, the EDXRF method was successfully implemented, providing some 
chemical tracers for the quality assessment of tropical soils and sediments.

1. INTRODUCTION

Heavy metals occur naturally in the soil environment from the pedogenetic processes of
weathering of parent materials at levels that are regarded as trace (<1000 mg kg-1) and rarely
toxic. Due to the disturbance and acceleration of nature's slowly occurring geochemical cycle
of metals by man, most soils of rural and urban environments may accumulate one or more of
the heavy metals above defined background values high enough to cause risks to human health,
plants, animals, ecosystems, or other media. The heavy metals essentially become
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contaminants in the soil environments because (i) their rates of generation via man-made cycles 
are more rapid relative to natural ones, (ii) they become transferred from mines to random 
environmental locations where higher potentials of direct exposure occur, (iii) the 
concentrations of the metals in discarded products are relatively high compared to those in the 
receiving environment, and (iv) the chemical form (species) in which a metal is found in the 
receiving environmental system may render it more bioavailable [1].

In the last 30 years, Brazil has been disciplining innovatively about environmental protection, 
largely due to the normative production of the National Environmental Council (CONAMA). 
Resolution 420 provides for criteria and guiding values of soil quality for the presence of 
chemical substances and establishes guidelines for environmental management of areas 
contaminated by these substances due to anthropogenic activities [2]. Actually in 2013, was 
modified this resolution by the 460 adding the background values of some metals (As, Ba, Cd, 
Co, Cr, Cu, Hg, Mo, Ni, Pb and Zn) of Pernambuco State, considering the need to prevent the 
soil from harmful changes of anthropogenic activities that result in the suppression of its 
functionality [3].

Pernambuco has about 8.7 million persons according with IBGE and a population density of
89.6 hab km"2, it is the seventh most populous state of Brazil, and is the sixth most densely 
populated. With the constant population growth and economic development, the environmental 
quality of surface soils is becoming more and more important concerning the human health. 
Emphasizing the urban areas inhabited by close to 76.5% of the state's inhabitants [4]. There is 
a pressing need to assess the distributions of heavy metals in the surface soils, which serve as 
an important sink, to understand the overall status of heavy metal pollution and the associated 
ecological risk in the region [5].

Considering this, the present work aims to contribute to the study of metals in Pernambuco 
soils, analyzing a group of chemical elements (Al, Ca, Fe, K, Mg, Mn, Ni, Pb, Si, Sr, Ti and 
Zn). The database consisted of 316 samples, and their metal contents were analyzed with an X" 
Ray Fluorescence technique (XRF). The results presented in this paper may be considered as a 
baseline survey leading of levels of metals in a representative soil classes group in Brazil and 
tropical regions contributing to the Brazilian legislation with elements that are not present 
there.

2. MATERIALS AND METHODS

2.1. Study Area

The study area is located in the Northeast region of Brazil, parallel to the Atlantic Ocean, with 
an area a little higher than 98,076 km2 [4]. The state is characterized by three physiographic 
regions, Litoral-Mata, Agreste and Sertao, and twelve development regions: Mata Norte, Mata 
Sul, Metropolitana, Agreste Setentrional, Agreste Central, Agreste Meridional, Moxoto, 
Itaparica, Pajeu, Sertao Central, Araripe and Sao Francisco (Fig. 1).

INAC 2017, Belo Horizonte, MG, Brazil.



Sertao do 
Araripe

Sertao Central
'MetropolitanaSertao do 

Moxoto Agreste
Central

Sertao do 
Itaparica

Mata
SulSertao do Sao 

\ Francisco Agreste
Meridional

PernambucoBrasil ***

Zona da Mata

Regiao

de Recife

50 0 50 100km

Figure 1: Division of the three physiographic regions and development regions of the 
State of Pernambuco.

The choice of this area was given for present the most urbanized, industrialized and 
economically developed, concentrating the majority of the population and the largest number 
of Northeast industries [6]. Agricultural practices used affect the environment; in soils with 
sugarcane cultivation the degradation is direct. The intensive use of pesticides and burning are 
still recurrent practices in this area. Environmental systems are interdependent and because of 
this soil pollution not only reaches the ground. The most common form of degradation in soil 
used in addition to burning, as mentioned above, is the use of chemicals. These have various 
functions among them fertilization and combating insects and herbs. The intensive use of these 
products has caused harmful effects not only to the soil, as well as water resources and wildlife.

2.2. Sample Collection and Preparation

A total of 316 samples were collected in distinct layers at 92 sampling sites (Fig. 2). In these 
regions were taken samples in different types of soil (ultisol, entisoil, oxisol and alfisol) (USDA 
2010) and different types of land cover used (urban, agricultural and native vegetation). The 
classification of soil types and coverage was made by visual interpretation considering the tone, 
texture, color and form, based on images of the rainy season and dry season, followed for a 
field validation.
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Figure 2: Sampling sites.

For the collection of the samples were opened trenches of 0.7 x 0.7 m, as recommended by 
EMBRAPA (2009). The samples were air dried in the shade and then sifted through a 2 mm 
sieve to remove large particles and rock fragments. They were macerated in porcelain mortar 
and sieved through a 75 |im (ABNT/ASTM 200) sieve. Analytical portions of 1 g (4 mm of 
thickness) were transferred into polyethylene containers both top and bottom covered with 
polypropylene. The samples were analyzed in an Energy Dispersive X-ray Fluorescence 
Spectrometer (EDXRF), EDX model 720, Shimadzu. Independent test portion of the SRM 
2709 and IAEA-SOIL-7 materials was prepared to assess the quality of the analytical procedure
[5].

2.3. Data Processing

To evaluate the quality of the analytical procedure, the independent test portions (1 g) of SRM 
2709 and IAEA-SOIL-7 were also analyzed with the soil samples, following the procedure 
described above. To express the validity of the expanded uncertainty estimation, associated 
with each analytical result, the En Number was calculated by the deviation between obtained 
and certified values divided by the combination of the respective expanded analytical 
uncertainties at the 95% confidence level [7]. For quantify the chemical element and develop 
the statistical analysis the EDX software Ver.1.00 (Shimadzu Corporation 2006) and Statistica 
10.0 were used.

£ _ (xobs xref)
J(^obs)2~C^ref)2

(1)

Were: xobs and xref are the value obtained and value certified, respectively; Uobs and Uref are the 
expanded analytical uncertainties, at the 95% confidence level.
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3. RESULTS AND DISCUSSION

3.1 Analytical Curves

The analytical curves used to analyze the soils and sediments through EDXRF is shown in Fig.
3. Despite the possible heterogeneity and auto-absorption problems, typical in the EDXRF 
analysis of thick solid samples [8], the analytical curves were sucessfully implemented for Al, 
Ca, Fe, K, Mg, Mn, Ni, Pb, Si, Sr, Ti, and Zn. The straightfoward relations between the intensity 
and concentration of chemical elements were proven by the regression coefficients (R2) of 
higher than 0.99, even when using different reference materials.

Figure 3: EDXRF analytical curves for standardized intensity and 
concentration of Al, Ca, Fe, K, Mg, Mn, Ni, Pb, Si, Sr, Ti and Zn.

3.2 Evaluation of the Analytical Procedure

Regarding the quality of the analytical procedure, a comparison is made between the certified 
and obtained values of the Certified Reference Materials (CRM) IAEA SOIL-7 and SRM 2709 
in the analyzed elements Al, Ca, Fe, K, Mg, Mn, Ni, Pb, Si, Sr, Ti, and Zn. Table 1 shows the 
En Number values and the concentrations with their corresponding expanded analytical 
uncertainties at a 95% confidence level determined in the independent portions of CRM.
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Table 1: Certificate and obtained concentrations of chemical elements (values expressed 
in mg kg-1), expanded analytical uncertainties at the 95% confidence level and the En 

Number average calculated for IAEA SOIL 7 and SRM 2709

Element
IAEA Soil 7 (n = 8)

En
Certificate value Obtained value

Al 47,000a (44,000 - 51,000) 47,200 ± 4,800 0.02
Ca 163,000a (157,000 - 174,000) 16,600 ± 1,000 0.20
Fe 25,700a (25,200 - 26,300) 24,000 ± 1,400 -0.99
K 12,100a (11,300 - 12,700) 13,400 ± 1,600 0.64

Mg 11,300a (11,000 - 11,800) 8,700 ± 2,300 -0.96
Mn 631 (604 - 650) 556 ± 48 -0.98
Ni 26a (21 - 37) 24 ± 4 -0.26
Pb 60 (55 - 71) 55 ± 12 -0.27
Si 180,000a (169,000 - 201,000) 18,400 ± 29,000 0.08
Sr 108 (103 - 114) 101 ± 10 -0.46
Ti 3,000a (2,600 - 3,700) 3,000 ± 283 0.00
Zn 104 (101 - 113) 97 ± 17 -0.33

Element
SRM 2709 (n = 8) En

Certificate value Obtained value
Al 75,000 ± 600 70,300 ± 4,800 -0.97
Ca 18,900 ± 500 18,000 ± 1,000 -0.79
Fe 35,000 ± 1,100 33,300 ± 1,400 -0.97
K 20,300 ± 60 18,900 ± 1,600 -0.85

Mg 15,100 ± 500 17,400 ± 2,500 0.89
Mn 538 ± 17 542 ± 50 0.07
Ni 88 ± 5 80 ± 6 -0.98
Pb 19 ± 0,5 <20 -
Si 296,600 ± 2,300 269,000 ± 24,400 -0.94
Sr 231 ± 2 238 ±11 0.63
Ti 3,420 ± 240 3,565 ± 287 0.60
Zn 106 ± 3 112 ± 17 0.38

a informative value

Taking into account the En Number values (-1 < En < 1), no significant differences were 
observed at the 95% confidence level between the calculated concentrations and the certified 
values for all chemical elements [7]. Due to the high expanded analytical uncertainty of above 
50%, Pb could not be determined in CRM SRM 2709.

Higher expanded analytical uncertainties were also observed by EDXRF for Mg, Si and Zn. 
Magnesium determination through the 1.25 keV line was mainly affected by the spectral
interference from the Al Ka line (1.48 keV), resulting in high analytical uncertainty due to 
precision (approximately 20%). Although the analytical uncertainty for Si in SRM 2709 was 
ten times higher than that from the certificate of analysis, the estimated value of about
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300,000 mg kg-1 was similar to the expected concentration range (confidence limit at the 95% 
confidence level) (Table 1).

The respective analytical uncertainties of 1,000 mg kg-1, 1,400 mg kg-1, 1,600 mg kg-1, and 
17 mg kg-1, associated with the EDXRF's determination of Ca, Fe, K, and Zn in the IAEA 
Soil 7, were at least comparable to the values of the same chemical elements through INAA 
(Franga et al., 2007). The main advantages of the EDXRF method were the lower analytical 
uncertainty for Ca measurements in soils and the increase in the number of chemical elements 
to be determined, especially trace elements that cannot be analyzed by INAA (e.g., Pb). 
According to the quality of the analytical procedure, EDXRF was a reliable technique to 
quantify chemical elements in geological materials and terrigenous elements (Al, Fe, Si, and 
Ti), including nutrients (Ca, Fe, K, Mg, Mn, Ni, and Zn) and pollutants (Mn, Ni, Pb, and Zn), 
depending on the concentrations.

3.3 Total Metal Concentration in the Soils

Once the calibration curves were made and the analytical procedure was evaluated, the soil and 
sediment samples from the state of Pernambuco were analyzed. The total concentrations of the 
metals found in the samples are summarized in Fig. 4, and were compared with the Quality 
Reference Value (QRV), the Prevention Value (PV) established no CONAMA [2,3] and the 
mean concentrations of soils of the United States [9]. It was used this paper because there are 
many chemical elements analyzed and it were calculated the total contents of the metals as it 
was done in our study, which makes possible a better comparison between both studies.
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■ This study 342 23 72 109 40
■ Chen, 1991 333 13 48 120 16

■ QRV 9 35 13
■ PV 30 300 72

■ Chen. 1991 18000 2400 47000 310000 4400 15000 9200

Figure 4: Results of the samples (values expressed in mg kg-1).

For all the elements, a similar mass fraction between our study and Chen (1991) was obtained. 
According to the concentration of chemical substances obtained in this study, these soils are 
classified as Class 2, taking into account the criteria established in CONAMA (2012), since the 
concentrations of Ni, Pb and Zn were higher than those of the QRV and smaller than those of 
the PV.

3.4 Comparison Between Metals Content and Soil Use

The descriptive statistics for the chemical element concentrations determined in soils from the 
state of Pernambuco, Brazil, are presented in Table 2. In this table are presents the median 
concentration values of the metals, the variation coefficient (VC), the maximum and minimum 
concentration values and the number of samples chosen to make the comparison (n). Results 
were grouped into different land uses, since this attribute has been considered a determining 
factor for soil pollution [10, 11].
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The median forest soil values were substantially lower for Ca, K, Mg, and Mn; however, a 
maximum value of 401 mg kg-1 was found for Mn in a forest fragment. As forest fragments are 
inserted in a mosaic of agricultural activities, these ecosystems may also be subjected to 
anthropogenic influence.

A smooth but consistent enrichment was observed for Mn, Pb, Ni, and Zn in sugarcane and 
agricultural soils. The maximum values for Ni and Zn were 41 mg kg-1 and 127 mg kg-1, 
respectively, for sugarcane soils. It is known that sugarcane is able to accumulate these 
chemical elements in the internodes of plants even growing in soils with lower DTPA 
(diethylenetriaminepentaacetic acid) extractable contents [12]. Therefore, sugarcane may well 
have contributed to an increase in Ni and Zn in the soils of Pernambuco.

Despite the appreciable concentrations of Sr in agricultural soils, this trace element was mainly 
enriched in Pernambuco's urban soils, achieving the maximum value of about 400 mg kg-1. 
Such a fact was also verified in New Delhi, India, with the maximum concentration of 
318 mg kg-1 [13]. The median Zn concentration from urban soils was also higher than the 
background values (forest fragment). Compared to worldwide urban soils, Ni and Zn presented 
lower concentrations in Pernambuco. For Pb, the obtained median values were quite equal for 
urban soils from Missouri, USA [14] and Guangdong, China [15]. The main peculiarity of 
Pernambuco's urban soils was the Mn enrichment when compared to the worldwide median 
most likely associated with pedogenesis and environmental conditions [16].
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Table 2: Descriptive statistics of chemical element concentrations (mg kg-1) determined in Pernambuco's soils. Worldwide results were 
also provided for the comparison among urban soils

Land use Statistics Al Ca Fe K Mg Mn Ni Pb Si Sr Ti Zn

Forest fragment

Median 127,000 2,570 36,000 3,920 3,550 283 25 46 197,000 67 6,930 68
CV% 4 7 23 35 12 41 22 21 13 40 36 7
Max 132,000 2,880 42,900 4,850 4,030 401 33 55 214,000 100 9,760 73
Min 121,000 2,410 24,500 1,720 2,780 133 17 35 154,000 43 4,590 62

n 6 6 6 6 6 6 6 6 6 6 6 6

Agriculture

Median 118,000 4,500 39,700 10,100 4,450 307 27 48 225,000 111 7,000 75
CV% 17 63 57 60 46 44 37 20 22 70 35 33
Max 137,000 9,640 66,700 16,800 6,670 495 41 62 304,000 240 11,000 118
Min 89,700 2,630 11,000 3,920 2,200 155 12 38 176,000 32 4,650 55

n 6 6 6 6 6 6 6 6 6 6 6 6

Sugarcane

Median 131,000 3,630 38,200 8,530 5,150 320 29 53 200,000 105 6,900 87
CV% 12 388 23 68 43 44 24 25 13 35 21 27
Max 158,000 43,400 50,900 17,600 8,380 607 41 77 240,000 165 9,820 127
Min 110,000 2,290 23,300 1,840 2,770 201 20 38 157,000 54 4,770 67

n 8 8 8 8 8 8 8 8 8 8 8 8

Urban

Median 95,800 3,610 29,200 9,210 5,340 326 21 47 234,000 257 5730 79
CV% 63 1,740 82 8 47 33 17 48 32 51 79 33
Max 138,000 112,000 56,600 9,700 7,460 326 24 63 314,000 398 10,900 108
Min 53,300 3,030 13,300 8,700 2,610 129 17 31 173,000 137 2,850 57

n 3 3 3 3 3 3 3 3 3 3 3 3

Worldwide urban soil

Median - 12,500 - - 161 43 50 - 198 - 139
CV% - 76 - - 98 682 149 - 24 - 76
Max - 25,400 - - 371 860 219 - 318 - 333
Min - 236 - - 21 8.9 3.8 - 91 - 5.5

n - 6 - - 5 8 8 - 25 - 7
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4. CONCLUSIONS

This paper presents a new database on the elemental composition of soil samples of 
Pernambuco State. In general, a similar behavior of the analyzed metals was presented with 
soils from another parts of the world. This study shows that there is a wide variety among the 
soil samples collected from lands with different use types. In the study of the comparison of 
heavy metal levels and the use of soil cover, the highest concentrations of Al, Ni, Pb and Zn 
were found in soil used for the cultivation of sugarcane in the Zona da Mata. On the other hand, 
the contents of Ca, Fe, K and Ti were higher in soils used in agriculture with other crops. The 
urban soils presented higher concentrations for Mn, Si and Sr when compared to soils that have 
other uses. Agrochemical may play the most important role for the input of chemical pollutants 
in soils where the use is agriculture and planting sugar cane.
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