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ABSTRACT

In the last years, urban soils have been increasingly subject of investigations concerning their description and
composition. In several important cities all over the world, urban soils show a significant increase in metal levels,
due to the rise of pollution originated from continuous urbanization and industrial development. This metal
contamination can disturb the natural geochemical cycles and their depending ecosystems. The expected popula-
tion growth during the next decades will concentrate in urban areas, which are already the predominant human
habitat. Metal contamination is a key issue in Sdo Paulo City, the biggest urban agglomeration in Latin Ameri-
ca. There has been little research on metal levels in Sdo Paulo urban soils and almost nothing related to the city’s
parks. The present study presents the concentration of major and trace elements in soil samples of nine parks of
the metropolitan region of S&o Paulo. Topsoil samples (0-20 cm) were collected in lines across the parks in order
to have representative samples of the entire park. Instrumental Neutron Activation Analysis (INAA) and X-ray
Fluorescence (XRF) were used for whole elemental analysis. The outcome of this study showed that the soils of
the public parks studied presented, in general, concentration levels higher than the reference values for soils in
Séo Paulo State. For As, V and Ni, which showed significant enrichment factors in relation to reference values,
there is an indication of anthropogenic source. Cluster analysis grouped the elements Zn, Sb, Pb and Cu, well
known as traffic-related elements, which may indicate a vehicular source.
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1. INTRODUCTION

In the last years, urban soils have been increasingly subject of investigations that include their
chemical characterization. As a result, a significant increase in metal levels in urban soils as com-
pared to non urban soils was observed in cities such as Madrid [1], Palermo [2], Naples [3], Hong
Kong [4], Torino [5], Lisbon [6], and many others, due to the rise of metal pollution originating
from continuous traffic and industrial related sources. Ajmone-Marsan and Biasoli [7] reviewed 153
studies published during a recent period of 10 years, in which the urban environment was assessed
and trace elements in soils of 94 world cities were investigated. According to those authors, the high
data variability among the studies derives from the variety of land uses, number of samples, the
depth of sample collection and also sample treatments and analytical methods.

The distribution of trace elements in soils is controlled by biogeochemical processes related to
parameters such as metal solubility and physicochemical characteristics of the soil, especially for
non-disturbed soils. Natural and non-disturbed soils mostly allow water percolation, which may
transport trace metals through the soil profile, either as dissolved species or sorbed to fine particles,
which eventually may be trapped by soil components. In urban soils, however, surface runoff is the
main water flow mechanism because percolation is significantly reduced by impervious surfaces. In
principle, any extra metal input can disturb the natural biogeochemical cycle of ecosystems [8],
specialty because several activities affect soils in urban areas. Therefore, it is expected that the abil-
ity of the terrestrial environment of fixing or immobilizing contaminant metals is limited in compar-
ison to the natural environment [9].

The expected population growth during the next decades will take place in urban areas, with al-
most no growth in the rural population [9]. It is estimated that by the year 2050 about 70% of the
global population will live in cities. Thus, the urban environment will become the predominant hu-
man habitat.

Metals are not biodegradable and accumulate in nature. The prolonged presence of the contami-
nants in the urban environment, particularly in urban soils, and the proximity to city inhabitants can

cause harmful exposure to metals through inhalation, ingestion, and dermal [10-13]. Children, obvi-
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ously, are more susceptible to the adverse effects of soil ingestion or inhalation than adults because
their nervous system is under development and higher absorption rate [2, 13].

Metal contamination is an important environmental issue in Sdo Paulo City, the biggest city in
Latin America, but there is almost nothing related to the city’s parks. A study concerning metal
levels in S&o Paulo urban soils [14] and data from topsoil samples (0-5 cm) from seven urban parks
of Séo Paulo [15] have already been reported.

Sé&o Paulo city has suffered a rapid and disordered growth in the last decades, which has led to
considerable loss in agricultural soils and urban green spaces. Therefore, Sdo Paulo public parks
play an important role as leisure areas for the population, mainly for children. The present study
presents the concentration of major and trace elements in soil samples of nine parks of the metro-

politan region of Sdo Paulo.

2. MATERIALS AND METHODS

The Metropolitan region of Sdo Paulo, RMSP, is located at 23° S and 46° W in the southeastern
region of Brazil. It covers an area of 8,051 km?, with about 21 million inhabitants. The RMSP oc-
cupies about 0.1% of the Brazilian territory and is the third largest urban conglomerate in the world,
responsible for 1/6 of the gross national product [16]. According to CETESB, the Environmental
Protection Agency of the State of Sdo Paulo, the RMSP suffers from all kinds of environmental
problems. The main contributions to atmospheric emissions come from about 2,000 highly pollut-
ing industries and an ever increasing 7 million vehicle fleet [17]. Nine public parks of S&o Paulo,

covering different regions of the city, were studied (Fig. 1).

2.2. Sampling Strategy
The soil samples were collected between October 2006 and April 2007. Topsoil samples (0-20
cm) were collected in lines across the park every 30 m, providing 10-15 samples of about 500 g
each in each park. Sampling aimed to represent the most of each park area, mainly covering sites
where the flux of people is more intense, such as jogging paths, sport and leisure areas. A polyeth-

ylene tube with 4 cm diameter was used to take the samples, which were stored in inert plastic bags.
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In the laboratory, the samples were dried at 40°C and sieved through plastic-only sieves, to separate
the < 2 mm fractions. Before and after sieving, the samples were homogenized and quartered. The
samples were ground using an agate mortar in order to obtain a fine and homogeneous powder (<

75 pm).
Figure 1: Localization of the studied parks in Sdo Paulo city.
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2.3. Soil Properties
The soil samples contained 40 to 88% of clay-silt particles (< 0.063 mm). The amount of fine

grain size is characteristic of samples from the eastern area of the city. The pH values of the soil
samples ranged from 3.3 to 6.8, but most of the values were around 4.5-5.0, indicating acid soils.

The content of total organic carbon in the soil ranged between 1.2 to 8.3%.

2.4. Analytical Methods
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Instrumental Neutron Activation Analysis (INAA) and X-ray Fluorescence (XRF) were used for
whole elemental analysis. Instrumental neutron activation analysis (INAA) was employed to ana-
lyse the elements As, Ba, Co, Cr, Sb and Zn, as well as Cs, Fe, Hf, Rb, Sc, Ta, Th, U and the lan-
thanides (La, Ce, Nd, Sm, Th, Yb and Lu). One hundred to one hundred and fifty mg of each sam-
ple and of the geological reference materials basalt BE-N (ANRT), granite GS-N (ANRT) and, for
quality control, SOIL-7 (IAEA), were accurately weighed in polyethylene bags. Samples and refer-
ence materials were irradiated for 8 hours at a thermal neutron flux of 1013 n cm™ s at the IEA-R1
nuclear reactor of IPEN.

The measurements of the induced gamma-ray activity were carried out using a gamma-ray spec-
trometer with a GX20190 hyperpure Ge detector (Canberra). The analysis of the certified reference
material Soil-7 (IAEA) provided measurement bias (< 5%) and coefficients of variation (< 15%).
X-ray florescence spectrometry (XRF) was employed to determine Cu, Ga, Ni, Nb, Mo, Se, Sn, Sr,
Pb, V, Zr, Y and the oxides Al,Oz, Fe203, MnO, MgO and CaO, among others. Pellets (40 mm di-
ameter) consisting of a mixture of 9 g of the sample and 1.5 g of powdered wax (Hoechst) were
prepared and measured using a WD-XRF spectrometer (PW2404, Philips) [18]. The accuracy and
precision of the results were verified by the analysis of the reference materials GSS-2 and GSS-4
(soil, Institute of Geophysical and Geochemical Exploration, China). Measurement bias and coeffi-

cients of variation were better than 10%.

3. RESULTS AND DISCUSSION

The results obtained are presented in Table I. Most of the studies on urban soils are focused in
the potentially toxic elements As, Co, Cr, Cu, Ni, Pb and Zn, and there is not much information
about other trace elements, such as rare earth elements, U and Th. The data are a contribution to the
knowledge of the concentration of trace and major elements in urban park soils of Sdo Paulo, since
there is still little information on S&o Paulo urban soils composition. For comparison, some litera-
ture data are presented in Table I. Several studies on trace metals in urban soils have been reported
for many other cities in the world, the majority of them in the soils of European cities, where the

main sources of pollution have been from industry and/or traffic emissions. Table | presents, for
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comparison, the results of the average of trace metals of 34 European cities [19], more recent results
from Lisbon [6] and the average values of 21 Chinese cities [19].

Considering the elements As, Co, Cr, Cu, Ni, Pb and Zn, in relation to Chinese and European
soils, only As presented significant higher values, in Chico Mendes and Vila dos Remédios parks.
There is little information on background concentrations of As in urban soils [20]. Kabata-Pendias
and Pendias [21] report soil arsenic concentrations in undisturbed areas between 0.1 and 40 mg kg™
worldwide, with an arithmetic mean concentration of 5 to 6 mg kg™. Chirenje et al. [20] report As
concentrations in Gainesville soils, in Florida, ranging from 0.21 to approximately 660 mg kg, and
from 0.32 to 110 mg kg in Miami soils, depending on the land-use classes (residential, commer-
cial, and public land).

According to the EPA Preliminary Remediation Goals (PRGs) [22], As levels of 4.5 mg kg*
may cause cancer risk of one per million through dermal absorption. A possible source of As is its
use in fertilizers and pesticides. Chromated copper arsenate (CCA) treated wood is widely used in
the fabrication of outdoor decks and playground equipment’s and is a source of arsenic contamina-
tion for soils and groundwater [23]. Considering the trigger value for direct exposition for children
soil parks (25 mg kg, according to the German Federal Legislation of Soil Protection [24]), it can
be noticed that the As concentration in Chico Mendes park requires a further investigation to identi-
fy if there is indeed danger or contamination. Antimony and V are considered traffic related ele-
ments, and these results suggest that fuel combustion may be a source of this element in the soils.

In relation to Lisbon soils, Sc, Th, U, Ga and La presented higher values. These elements are not
usually related to anthropogenic sources, and the results may be may be attributed to the lithology

of Sao Paulo.
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Table I: Mean Values of Topsoil Metal Concentration in Public Parks of Sdo Paulo and

Literature Values (mg kg™?).

Cidade

21

34

S cams dh Gumprama TS Sl vieds oo Ao Libon  Clies  Euspean
oronto [19] [19]
As 31 5.4 6.9 49 16 3.5 24.5 10 8.1 5.3 12 13
Ba 102 79 570 289 628 95 221 115 166 107
Ce 63 51 116 130 145 60 108 85 85
Co 2.2 2.3 5.0 6.5 5.9 2.0 3.6 3.1 10 13 14 6.4
Cr 88 34 37 60 47 45 80 60 50 38 69 59
Cs 3.7 1.6 2.2 4.1 1.9 1.3 2.3 2.3 3.7
Cu 27 13 23 22 21 17 28 37 23 37 40 46
Eu 0.46 0.20 1.85 1.09 199 0.22 0.90 0.51 0.50
Ga 32 22 29 21 31 22 34 34 25 4.0
Hf 13 7.3 15.5 12 16 7.9 18 12 10
La 31 13 62 50 67 10.6 54 26.6 40 16
Lu 0.40 0.23 0.30 0.54 0.35 0.19 0.39 0.48 0.44
Mo 4.8 2.3 4.4 2.8 5.3 2.0 8.0 4.5 3.0 0.67
Nb 27 12 22 21 26 14 33 315 28
Nd 15 6.4 48 a7 54 54 34 21 21 43
Ni 9.4 7.2 9.4 14 12 3.6 15 20 13 89 25 22
Pb 38 18 40 31 40 24 40 35 58 55 102
Rb 22 10 42 50 30 16 23 20 30 0.84
Sb 1.34 0.37 0.55 0.54 0.99 0.23 1.97 1.22 1.29 2.4
Sc 12 10 11 12 13 10 14 12 10
Se 1.05 0.61 1.3 0.85 1.09 0.64 1.37 0.81 0.77
Sm 3.1 1.35 7.8 8.0 8.8 1.35 5.5 34 4.3
Sr 37.5 12 117 27 135 13 70 31 49
Ta 2.0 1.6 1.6 2.1 2.1 1.1 2.7 1.8 1.6
Tb 0.46 0.2 0.83 1.3 0.76 0.19 0.71 0.55 0.59
Th 22 11 17 20 17 11.2 30 20 17 1.8
U 34 2.6 3.6 6.3 3.5 2.2 4.6 4.1 4.0 0.7
Vv 129 63 101 83 116 72 152 129 123 48
Y 24 8.4 19 25 21 8.1 21 29 31
Yb 2.6 1.7 1.9 4.2 1.6 1.3 2.8 2.9 3.3
Zn 63 31 53 41 73 26 65 57 37 97 109 130
Zr 452 237 536 380 580 259 633 553 463
(%)
SiO2 45.4  59.0 47.9 55.7 428 53.7 36 39.1 42.9
TiO2 121 0.53 1.29 0.97 149 0.81 1.49 1.46 1.19
AlOs 283 245 29.5 25.5 30.6 25.6 31.2 35.4 27.6
Fe:Os 7.70 4.60 6.54 6.58 8.1 5.82 9.60 7.17 6.17
MnO 0.02 0.03 0.04 0.04 0.03 .03 0.02 0.02 0.01
MgO 0.26 0.13 0.45 0.28 .38 0.24 0.21 0.28 0.29
CaO 024 0.13 0.20 0.07 0.38 0.19 0.30 0.23 0.09
Na.O 0.13 0.16 0.13 0.12 0.14 0.14 0.14 0.12 0.18
K20 040 0.39 1.06 1.04 0.76 0.46 0.37 0.32 0.53
P.Os 020 0.10 0.14 0.12 0.20 0.07 0.36 0.13 0.12
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Fig. 2 presents the results obtained for the potentially toxic elements As, Ba, Co, Cr, Cu, Mo,
Ni, Pb, V and Zn and the Quality Condition Values (VCQ) in soils of the metropolitan region of
Sédo Paulo, according to the governmental environmental agency of the state of Sdo Paulo, CETESB
[25].

Figure 2: Trace Elements in Sdo Paulo Public Parks and Guiding Values (mg kg™).
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These values were defined based on the assessment of the characteristics of S&o Paulo state soils
at almost pristine sites, i.e., without significant impacts of anthropogenic activities, and can be con-
sidered as background values. The results were also compared with the Netherlands Soil Contami-
nation Guidelines, commonly referred to as the Dutch Soil Standard [26], often used as a standard
in similar studies [27]. Soils with concentration levels below the Dutch target values are considered
of sustainable quality. This means that soils are relatively unpolluted. According to the Dutch Soil
Standard, concentrations exceeding the target value suggest that the soils may be contaminated.
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It can be observed that As, Ba, Ni, Sb and V presented concentration levels higher than VCQ
values in most parks, except As and Ni in Raul Seixas park, showing a significant increase com-
pared to non urban soils. Cu presented concentration values below VCQ in all parks and Cr in Chi-
co Mendes and Vila dos Remédios parks. Zn was higher than VCQ in Rodrigo de Gasperi and Vila
dos Remédios parks.

In comparison to the Dutch guiding values, in general, all the studied elements presented con-
centration levels below the target values, except As in Chico Mendes park and Ba in Cidade de To-
ronto and Rodrigo de Gasperi parks. According to the Dutch Soil Standards, most of the parks are
considered not polluted for the studied elements, except Chico Mendes park for As and Cidade de
Toronto, Guarapiranga, Rodrigo de Gasperi and Vila dos Remédios parks, for Ba. The high results
obtained for Ba in Rodrigo de Gasperi and Vila dos Remédios parks may be attributed to the lithol-
ogy of these parks (granites, gneisses and migmatites), indicating a crustal origin of Ba.

The enrichment factors were also calculated considering as geochemical background the Quality
Condition Value (VCQ) [25]. Therefore, EF is the mean concentration of the element in the park in
relation to VCQ in the metropolitan region of So Paulo (Table I1).

Table I1: Enrichment Factors in relation to VCQ values.

Parks As Ba Co Cr Cu Ni Pb V Sb Zn

Cldade de 16 73 10 09 06 16 14 18 07 09
ggg;e%? e 37 g1 12 11 05 21 14 20 15 12
ViedosRe 56 28 07 20 07 26 14 27 30 10
Guarapiranga 11 3.7 1.3 15 0.6 2.5 11 15 0.8 0.7
&Tﬁé’es 71 13 04 21 07 16 14 23 21 10

Carmo 1.2 1.0 0.5 0.8 0.3 1.3 0.6 1.1 0.6 0.5
Raul Seixas 0.8 1.2 04 1.1 04 0.6 0.9 1.3 04 04
Alfredo Volpi 1.9 2.1 2.0 1.2 0.6 2.3 2.1 2.2 2.0 0.6

Raposo
Tavares 2.3 1.5 0.6 15 0.9 3.5 1.3 2.3 1.9 0.9

The EFs were in general lower than 1 for Cu and Zn, indicating a natural source for these ele-
ments in the studied soils. Co, Cr, Pb and Sb presented similar EFs in most the park soils (except Sb

in Vila dos Remédios), showing an enrichment to clean soils but no indication of its origin. Ba pre-
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sented EFs of about 1 only in Carmo, Raul Seixas, Chico Mendes and Raposo Tavares parks. Nev-
ertheless, the high Ba concentrations may be natural, due to the composition of the lithology of the
region. In the case of As, V and Ni, which showed significant EFs in most parks, there is an indica-
tion of anthropogenic source.

The hierarchical dendrogram obtained by cluster analysis is shown in Fig. 3, where two main
groups can be identified. The first group is integrated by the rare earth elements Sr and Ba, indicat-
ing geogenic origin. The second group can be divided in two main sub-clusters, which are devided
in sub-groups. It is remarkable that the traffic related elements Zn, Sh, Cu, Pb and Sn are included
in one sub-group, what may indicate vehicular source. The other sub-groups include the elements
U, Y, Ni, Yb and Lu; Th, Rb, Cs and Co, in one group and Se, Hf, Sc, Fe; Th, Zr, V, Nb, Ta, Mo,
Ga; Cr and As in other group. The fact that As and Cr are separated from the other elements indi-
cate a common source, which may be the chromated copper arsenate (CCA) treated wood used in
playground equipment’s.

Figure 3: Cluster Analysis.
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4. CONCLUSION
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The results obtained showed that the soils of the nine S&o Paulo public parks studied presented,
in general, concentration levels higher than the reference values for soils in Sdo Paulo State. In
comparison to the Dutch guiding values, in general, all the studied elements presented concentration
levels below the target values. Arsenic presented higher levels in comparison to background levels
and, in Chico Mendes park, higher than the target values of the Dutch standards, which corroborates
to suggest an anthropogenic source. Cluster analysis showed the presence of Zn, Sh, Pb and Cu,

well known as traffic-related elements, in a separate group, which may indicate a vehicular source.
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