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INTRODUCTION

Urban environments are contaminated 
with persistent organic and inorganic pollutants as a 
result of anthropogenic activities. When contents of 
toxic metal in water, air, or soil exceed established 
legal threshold and prevention values, they are treated 
as pollutants (HORTA et al., 2015). At these elevated 
contents, they represent a health risk to the population, 

especially in areas where food production activities 
are taking place, as in the case of urban gardens. 

Urbanization and the absence of pollution-
monitoring programs are the main causes of increased 
contamination levels in urban environments. The main 
sources of pollution in urban environments included 
combustion and spillage of fossil fuels, industrial 
waste, lack of basic sanitation and domestic sewage 
leaks, and inadequate disposal of solid waste containing 

¹Programa de Pós-graduação em Ambiente e Saúde, Universidade do Planalto Catarinense (UNIPLAC), 88509-900, Lages, SC, Brasil. E-mail: 
mshmafra@gmail.com. *Corresponding author.
²Centro de Ciências Agroveterinárias (CAV), Universidade do Estado de Santa Catarina (UDESC), Florianópolis, SC, Brasil.
³Empresa de Pesquisa Agropecuária e Extensão Rural de Santa Catarina, Estação Experimental de Lages (Epagri/EELages), Lages, SC, Brasil.
4Centro de Educação Superior do Oeste (CEO), Universidade do Estado de Santa Catarina (UDESC), Pinhalzinho, SC, Brasil. 

ABSTRACT: Urban environments are contaminated in many ways with persistent organic and inorganic pollutants as a result of anthropogenic 
activities, endangering human health and natural resources. The objective of the present study was to evaluate the soil contamination by cobalt 
(Co), chromium (Cr), copper (Cu), manganese (Mn), nickel (Ni), lead (Pb), and zinc (Zn) in 10 vegetable gardens of urban schools located near 
or on Botucatu sandstone outcrops of Guarani Aquifer in the urban areas of Lages, Santa Catarina, Brazil. In each garden, three soil samples 
at each position (in the soil immediately outside and the soil in the garden) were collected at a depth of 0-20 cm. The ISO 11466 method was 
used to extract the metals. Inductively coupled plasma optical emission spectrometry was used to quantify the elements and certified materials 
to evaluate the quantities (SRM 2709a - San Joaquin Soil - NIST). To evaluate the data, principal component analyses and cluster analyses 
were performed. The cluster analysis for the evaluated metals showed that the highest contents of elements were reported in three gardens. 
Values above the prevention value defined by resolution no. 420/2005 of the National Council for the Environment —Conselho Nacional do 
Meio Ambiente (CONAMA) — were reported for cobalt in one garden and copper in three gardens; thus, these areas were categorized as Class 
III areas. Principal component analysis explained 74.7% of the data and showed the enrichment of some elements within gardens. 
Key words: environmentally sensitive areas, urban gardens, environmental contamination.

RESUMO: Ambientes urbanos são contaminados de muitas maneiras com poluentes orgânicos e inorgânicos persistentes como resultado de 
atividades antrópicas, colocando em risco a saúde humana e os recursos naturais. O objetivo do presente estudo foi avaliar a contaminação 
do solo por cobalto (Co), cromo (Cr), cobre (Cu), manganês (Mn), níquel (Ni), chumbo (Pb) e zinco (Zn) em 10 hortas de escolas urbanas 
situadas próximo ou sobre áreas de afloramento de arenito Botucatu do Aquífero Guarani, no município de Lages, Santa Catarina. Em cada 
horta, três amostras de solo foram coletadas (dentro e fora da horta) na profundidade de 0-20 cm. O método ISO 11466 foi usado para extrair 
os metais. Utilizou-se espectrometria de emissão óptica com plasma indutivamente acoplado (ICP OES) para quantificar os elementos e 
materiais certificados (SRM 2709a - San Joaquin Soil - NIST). Para avaliar os dados foi feita a análise dos componentes principais e análise 
de agrupamento. Pela análise de agrupamento para os metais avaliados observou-se que as maiores concentrações de elementos foram 
encontradas em três hortas. Valores acima do valor de prevenção (PV) definido pela resolução no. 420/2005 do Conselho Nacional do Meio 
Ambiente (CONAMA) foram encontrados para Co em uma horta e Cu em três hortas, classificando essas áreas como classe III. A análise de 
componentes principais explicou 74,7% dos dados e mostrou o enriquecimento de alguns elementos dentro das hortas.
Palavras-chave: áreas ambientalmente sensíveis, hortas urbanas, contaminação ambiental.
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paints, rubber, and batteries, among other potentially 
toxic compounds, in vacant lots (MCBRIDE et al., 
2014; UWIZEYIMANA et al., 2017).  

Metals such as Co, Cr, Cu, Mn, Pd, and Zn 
are high-density elements and have been associated 
with contamination processes in different ecosystems. 
Some metals, such as Cu, Cr, Fe, Mg, Mn, Ni, and 
Zn, are essential for living organisms because of their 
important role in coenzymes, but they are required 
in low contents. When present in high contents, they 
can become toxic. However, the metalloid As and the 
metals Al, Cd, Cr, and Pb do not have any biological 
functions, and As, Cd, Cr, and Pb are highly toxic, 
even at low contents (UWIZEYIMANA et al., 2017; 
OLIVEIRA, 2009).

Soils may contain toxic metals from 
various origins. Some elements are inherited 
directly from the lithosphere (mother material). 
Anthropogenic elements are all elements deposited 
in soils as a direct or indirect result of human 
activities (KABATA-PENDIAS, 2011). Population 
growth in urban centers along with agricultural 
and industrial growth generate large amounts of 
waste, which cause the contents of these elements 
to exceed natural contents in different environments 
(HUGEN, 2010, 2013; TSOLOVA et al., 2014).

Soil contamination by these metals occurs 
because of the existence of bioavailable forms in 
soil solution. In soluble or exchangeable form, toxic 
metals can be absorbed by the plants that accumulate 
them in their tissues, which in turn can be introduced 
into the food chain (CRISTALDI et al., 2017; 
GHAYORANEH and QISHLAQI, 2017). While in 
exchangeable form, the metals can be leached and 
enter underground water bodies. Aquifer recharge 
areas, such as the Guarani Aquifer in the urban areas 
of Lages, Santa Catarina, Brazil, can be irreversibly 
contaminated depending on the contaminant load 
released into the environment. 

Agricultural and urban activities can 
irreversibly contaminate environmentally sensitive 
areas. A significant recharge area of the Guarani 
Aquifer is located in housing and industrial districts in 
Lages, but the municipality still lacks planning policies 
to preserve this important water resource (MAZZOLLI 
and EHRHARDT-BROCARDO, 2013).

The use of urban soils to develop 
community gardens or school gardens can have many 
advantages. However, if developed without prior 
study and mapping of contaminated areas, these soils 
can pose a risk to human health. In the present study, 
the hypothesis supported was that school gardens in 
the urban area in the city of Lages (SC) would be 

contaminated with potentially toxic metals. Thus, 
the objective of this study was to evaluate the soil 
contamination by Co, Cr, Cu, Mn, Ni, Pd, and Zn 
in 10 school vegetable gardens located near or on 
Botucatu sandstone outcrops of the Guarani Aquifer, 
in the urban area of Lages, Santa Catarina.

METHODOLOGY 

The study was conducted in the city of 
Lages, SC (Latitude: -27º 48’ 58” S; Longitude: -50º 
19’ 34” W; Altitude: 916 m), located in the Canoas 
river basin in the plateau of the state of Santa Catarina, 
southern Brazil. The municipality has approximately 
154,000 inhabitants, of which approximately 98% 
live in urban areas (IBGE, 2010). 

Ten urban school gardens belonging 
to municipal and state schools were selected for 
investigation (Table 1). Only gardens located near 
or on the outcrop areas of the Guarani Aquifer were 
selected. Soil samples were collected in April 2017. 
Figure 1 shows the geographical location of the 
studied gardens identified with numbers.  

In each vegetable garden, two sampling 
transects were placed, one inside and one outside 
the garden. Each transect was subdivided into three 
segments, each generating a sample composed of 
five subsamples. In total, six samples were collected 
per garden. Soil samples were collected at a depth of 
0-20 cm, dried at 60 °C, milled and sieved to remove 
coarse materials, and analyzed individually. 

To extract and analyze contents of the 
metals Co, Cr, Cu, Mn, Ni, Pb, and Zn in the soil 
samples, the ISO 11466 method from 1995 was 
used. One gram of the sample was initially placed 

 

Table1 - Geographical coordinates of the vegetable gardens. 
 

Vegetable gardens Geographical coordinates 

1 27◦49’36”S/50◦21’39”O 
2 27◦48’19”S/50◦22’41”O 
3 27◦50’31”S/50◦20’34”O 
4 27◦49’30”S/50◦21’13”O 
5 27◦50’15”S/50◦20’13”O 
6 27◦50’45”S/50◦21’19”O 
7 27◦49’52”S/50◦19’52”O 
8 27◦49’26”S/50◦20’33”O 
9 27◦49’47”S/50◦20’50”O 
10 27◦49’49”S/50◦21’42”O 
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in a digestion tube. Afterward, 0.7 g of water was 
added, followed by 9.4 mL of aqua regia, and it 
was allowed to stand for 16 h at room temperature. 
Then, the sample was heated in a digestion block to 
90°C for 2 h. Finally, the sample was filtered at room 
temperature, and the volume was increased to 50 mL 
using ultrapure water. The hydrochloric acid 37% and 
the nitric acid (65%) used in the preparation aqua 
regia were Merck and meet reagent, pH European 
and ISO standards. All extractions were performed in 
duplicate to calculate laboratory error. In each battery, 
a National Institute of Standards and Technology 
(NIST) reference sample San Joaquin Soil SRM 2709 
and five blank samples were included to calculate the 
limits of analytical detection. 

The content of the assessed elements was 
analyzed using inductively coupled plasma optical 
emission spectrometry (ICP-OES; Optima 8300, 
Perkin Elmer). Specsol’s multi elemental pattern 
(NIST Test #: 822 / 275197-07) was used to prepare 
the standard curve. The following wavelengths were 
used to analyze the elements: Co (230.79 nm), Cr 
(267.72 nm), Cu (327.39 nm), Mn (257.61 nm), Ni 
(231.60 nm), Pb (220.35 nm), and Zn (206.20 nm). 
The following standard curve correlation coefficients 
were obtained for the evaluated metals: Co (0.9998), 
Cr (0.9999), Cu (0.9999), Mn (0.9998), Ni (0.9997), 
Pb (0.995), and Zn (0.9999) (Table 2). 

The limit of detection (LOD)was 
determined using the equation (APHA, 2005), where 

fd is the dilution factor for the samples, M is the mean 
of the blanks test results, t is the t-student value for a 
95% confidence interval as a function of the number of 
degrees of freedom of repeated measurements, and s is 
the standard deviation of the blank test results. Table 3 
shows the levels for the reference samples, which were 
determined by ICP-OES after extraction using the ISO 
11466 method (ISO, 1995). The figure also shows the 
certified levels for the reference sample SRM 2709 for 
the elements Co, Cr, Cu, Mn, Pb, Ni, and Zn. 

Figure 1 – School vegetable gardens mapped near or upon Botucatu sandstone outcrop areas of Guarani Aquifer 
in the urban areas of Lages, SC.

 

Table 2 - Instrument conditions parameters.  
 

Parameter Value 

Instrument Optima 8300 ICO OES 
Nebulizer Scott 
Spray chamber Cross Flow 
Torch Single Slot Quartz Torch 
Injetor 2.0 mm alumina 
Power (W) 1300 
Plasma Gas (L min-1) 10.0 
Aux Gas (L min-1) 0.4 
Neb Gas (L min-1) 0.7 
Sample uptake rate 
(mL min-1) 1.5 
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Resolution no. 420/2009 from CONAMA 
was used for soil reference values for Co, Cr, Cu, Mn, 
Ni, Pb, and Zn. Resolution no. 420/2009 (BRASIL, 
2009) establishes guidelines for soil and groundwater 
quality, proposing prevention values (PVs) and 
investigation values (IVs) for residential, agricultural, 
and industrial areas. 

The Resolution no. 420/2009 establishes 
the following classes of soil quality according to the 
content of chemical substances in the soil: Class 1 — 
soils in which the contents of chemical substances 
are smaller than or equal to the quality reference 
value (QRV); Class 2 — soils in which the contents 
of at least one chemical substance is greater than the 
QRV and smaller than or equal to the PV; Class 3 — 
soils in which the contents of at least one chemical 
substance is greater than PV and smaller than or equal 
to the IV); and Class 4 — soils in which the content 
of at least one chemical substance is greater than IV 
(BRASIL, 2009).

Based on this resolution, HUGEN (2010) 
established a QRV for Cr, Cu, Ni, Pb, and Zn, and 
SUPPI (2018) established a QRV for Co and Mn in 
Santa Catarina State. From the cited authors, the soil 
groups closest to the studied area were selected, and 
they were the parameters used to compare the results 
obtained in this study. 

A principal components analysis was 
performed to show the relationship between 10 
school vegetable gardens and the content of the 
evaluated elements. To avoid scale measurement 
effects, the variables were centralized and scaled. A 
graphical representation of the observed individuals 
and variables in relation to the components was 
constructed in addition to the ellipses of confidence 
(95%) for each sample, considering the garden 

and position (in the soil immediately outside and 
the soil in the garden) using the ellipse package 
(MURDOCH and CHOW, 2013). To verify the 
existence of groups with different content values 
of toxic metals, cluster analysis considering the 
Euclidean distance and Ward method (WARD, 
2012), with the Lance–Williams update formula 
(1967), was used (LANCE and WILLIAMS, 1967). 
All analyses were performed using R software 
version 3.4.2 (R CORE TEAM, 2017).

RESULTS

The mean content values of the elements are 
shown in Figure 2. The urban Gardens 1, 2, and 10 had 
the highest content of Co, Cr, Cu, Mn, and Ni. Garden 
7 had the highest Mn in its soil. Gardens 5 and 9 had 
a higher Pb content in the soil immediately outside 
and the soil in the garden. Garden 10 had higher Pb 
inside. Garden 10 showed the largest spatial variation 
(observed by the standard deviation, Figure 2) for the 
elements Co, Cu, Mn, and Ni. 

In this study, contents exceeding the QRV 
for the state of Santa Catarina were observed for Co 
and Cr in one garden each, Cu in eight gardens, Mn 
in all of the gardens, Ni in eight gardens, Pb in three 
gardens, and Zn in six gardens. 

Based on the Resolution no. 420/09 from 
CONAMA, one garden had a content of Co and 
three gardens had contents of Cu higher than the 
established PVs. 

Soils of seven gardens were classified as 
Class II, whereas those of three gardens (1, 2, and 10) 
were classified as Class III. Class I or IV soils were 
not found for the evaluated parameters.

Cluster analysis (Figure 3) of the urban 
school gardens showed the formation of three groups 

Table 3 – Determined (mg kg-1) and certified contents of elements analyzed for reference sample Standart reference method (SRM) San 
Joaquin soil 2709 and limit of detection (LD). 

 

Element Determined Content Total certified contente (SRM 2709) Certified leachate content LD 

Co 9.8 ±0.9 13.4 ±0.07 10-15 0.6 

Cr 82.5 ±6.5 130 ±4 60 – 115 0.7 

Cu 40.8 ±7.9 34.6 ±0.7 26-40 4.7 

Mn 502.0 ±40.3 538 ±17 360-600 0.4 

Ni 64.5 ±6.7 88 ±5 65-90 1.1 

Pb 19.1 ±12.1 18.9 ±0.5 12-18 8 

Zn 77.4 ±11.3 106 ±3 87-120 9.1 
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with distinct content of toxic metals among the 
groups: the first group with Gardens 1, 2, and 10; the 
second group with the Gardens 3, 5, 8, and 9; and the 
third group with Gardens 4, 6, and 7. Groups were 
obtained in such a way that the distance between 
them was as large as possible. This analysis showed 
that the highest contents of toxic elements were found 
in the first group.

Through the principal component analysis 
(Figure 4), it was possible to explain 78.6% of the 

variation in the metal content data using only two 
components, where 60.5% of the data variation was 
explained by the PC1 component and 18.1% by the 
PC2 component.

The greatest contributions to the PC1 
axis formation were those of Ni, Cu, Mn, Co, and 
Cr, which is a negative relation, while Zn (negative 
relation) most contributed to the formation of the PC2 
axis (Figure 4). Thus, Gardens 1, 2, and 10 located 
in the second and third quadrants were characterized 

Figure 2 – Mean contents (mg kg-1) and standard deviation of Co, Cr, Cu, Mn, Ni, Pb, and Zn, inside (I) and 
outside (O) the vegetable gardens assessed with prevention values (PV) according with resolution 
no. 420/2005 of CONAMA and soil quality reference values (QRV) for the state of Santa Catarina 
according Hugen (2010) and Suppi (2017). X axis: Vegetable gardens; Y axis: Metal concentration 
(mg kg-1).
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by a higher content of the Ni, Cu, Mn, Co, and Cr 
variables, while others vegetable gardens had a lower 
content of toxic metals.

Using the 95% confidence ellipses in the 
principal component analysis in Figure 4(a), it was 
possible to observe significant differences between 
Gardens 1, 2, 4, 5, 7, and 10. The analysis indicated 
that Garden 2 was enriched with the elements Cr, 
Cu, and Ni. Moreover, in Gardens 1 and 10, there 
was an enrichment of Co and Cu, and, in Garden 
7, there was an enrichment of Zn (Figure 4). In 
addition, in this study, there was no difference 

between the soil immediately outside and the soil 
in the gardens.

DISCUSSION

Most of the analyzed elements were below 
the values of prevention, but many were exceeding 
the QRV, which characterizes soil contamination. 
The QRV reflects the average natural content of the 
elements, indicating situations of non-contamination 
(HUGEN, 2010; KABATA-PENDIAS, 2011; SUPPI, 
2018). Contents of Co, Cr, Cu, Mn, and Ni were higher 

Figure 3 – Dendrogram for clustering soil samples into groups according to the contents of Co, Cr, Cu, 
Mn, Ni, Pb, and Zn in the ten gardens evaluated.

Figure 4 – Principal components analysis (PCA): (a) gardens with 95% confidence level ellipses representation and (b) 
vectors of assessed elements representation considering the PC1 and PC2 components. 
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than the QRV in urban gardens with spatial variation, 
which is evidenced by the standard deviation. This 
may be indicative of the use of this area to discard 
material such as batteries before it became a school 
vegetable garden. The disposal of batteries in the 
environment can increase the levels of these elements 
in the soil (ESPINOSA et al., 2004;). 

Based on the CONAMA resolution, the 
soils of seven vegetable gardens (Gardens 3, 4, 5, 6, 7, 
8, and 9) were classified in class II and three gardens 
(Gardens 1, 2, and 10) in Class III according to the toxic 
metals analyzed. When Class III soils are reported, 
the CONAMA legislation requires the identification 
of the potential source of contamination, assessment 
of the natural occurrence of the substance, control 
of the sources of contamination, and monitoring of 
the soil and groundwater quality. In this sense, an 
ecotoxicological study in the areas of Gardens 1, 2, 
and 10 would be recommended to analyze the adverse 
effects of the pollutants on the garden and plants. 
These gardens (1, 2 and 10) which belong to the first 
group in the cluster analysis result, have in common 
the proximity to an industrial area in Lages. Although, 
most of the elements did not reach prevention values, 
contents exceeding the QRV limit and near the PV 
indicated soil contamination by anthropic activities 
and deserve attention because of the high toxicity of 
some metals. Bioavailability of toxic metals in the 
soil makes it possible for these elements to enter the 
food chain and affect human health (CHARY et al., 
2008; BRASIL, 2009; MAGNA et al., 2013).

The highest contamination of Cr, Co, Cu, 
and Ni found in Gardens 1, 2, and 10 can be associated 
with the fact that these gardens are located in or near 
the industrial district of Lages, SC. EVSEEV and 
KRASOVSKAYA (2017) observed an increase in 
heavy metals (Cu, Ni, Co, Pb, and Zn) in different 
regions of northern Russia within the superficial layers 
of the ground near industrial areas up to 20 km from the 
source of pollution, which exceeded 10 to 100 times 
the local reference values. CLARKE et al. (2015) also 
observed higher levels in older neighborhoods of Los 
Angeles, California, in addition to observing increased 
levels close to highways. Similarly, PINTO et al. 
(2011) evaluated five urban gardens along highways 
with high traffic of cars and three nonurban vegetable 
gardens, in Braga (Portugal), where they observed 
contents far exceeding the local limits (Regulation 
No. 1881/06 of the European Commission) for Pb, Cd, 
and Zn in the soil and in vegetable tissue, especially in 
urban gardens. 

The soil contamination observed by Cr in 
Garden 2 and Cu in Gardens 1, 2, and 10, may have 

originated from treated wood waste with chromated 
copper arsenate or similar content (BRAND et al., 
2006; VIDAL et al., 2015), and, when burned, this 
treated wood releases pollutants from the elements 
As, Cu, and Cr. 

Moreover, these contaminations can 
be derived from the disposal of waste containing 
batteries at the sites analyzed. Batteries contain these 
elements, and when the batteries are discarded in 
vacant lots, the elements are released into the ground. 
This hypothesis was evidenced by the presence 
of discarded batteries in many places during soil 
sampling. This is because the population is unaware 
of the risks arising from the improper disposal of 
batteries in places such as vacant lots along with 
regular trash, as reported by KEMERICH et al. (2012). 
Finally, and most troublingly, the three points (1, 2, 
and 10), evidenced in cluster analysis, that composed 
the group of gardens most contaminated with toxic 
metals in this work are on the direct recharge range of 
the outcrop of Botucatu Sandstone that encloses the 
Guarani Aquifer. This range is so named because it 
represents the places where the rainwater infiltrates, 
feeding the saturated zone without major obstacles, 
because there is no rocky package to cross. The high 
natural vulnerability of the direct recharge areas of 
the aquifer in question places them in a high exposure 
risk zone with respect to contamination of both the 
water table and the deep sheets (GOMES et al., 2006).

These results already reflect the effects of 
the irregular urban expansion studied by MAZZOLLI 
and EHRHARDT-BROCARDO (2013). It is 
necessary to develop planning strategies, especially 
preventive ones that take into account the use and 
occupation of the soil.

CONCLUSION

Three school vegetable gardens of the 10 
studied in the urban environment located near or on 
outcrop areas of the Guarani Aquifer had soil contents 
of some potentially toxic metals that exceeded the 
PV values. The content of Co in the soil of Garden 
10 and Cu in the soil of the Gardens 1, 2, and 10 
exceeded the PV defined by resolution no. 420/2009 
of CONAMA. Thus, these areas were categorized 
as Class III. In some gardens, contents of some 
toxic elements exceeded the QRV defined for this 
region; and although, they did not exceed the limits 
of PV, some contents were very close to the limits 
of PV. Results obtained indicated the need for soil 
quality monitoring in the studied areas. The authors 
suggested an ecotoxicological study in areas in which 
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the contents of potentially toxic elements exceed 
the PV defined in the CONAMA 420/09 legislation, 
especially because contamination in these are areas 
could lead to contamination of the Guarani Aquifer. 
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