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Abstract

The content and availability of heavy metals in intensively cultivated soils are important issues because these metals are potential
environmental contaminants and toxic to living beings. Thus, the aim of this study was to evaluate the levels of Cd, Mn, Cu, Pb, Ni
and Zn available in the soil of five agricultural areas compared to the soil of adjacent native forests, to determine the risk of soil,
water and plant contamination. A total of 180 soil samples were collected at two depths (0.00 — 0.10 and 0.10 — 0.30 m), and edible
samples were extracted from plants cultivated in these soils. Water samples were taken from reservoirs commonly used to irrigate
these crops and from well water used for human consumption. All the samples were subjected to heavy metal extraction methods
(HNO;3 + HCl + DTPA) and measurements were carried out by atomic absorption spectrometry. The results showed that soil with
intensive agricultural inputs increased Mn, Cu and Zn levels. High levels of Ni were found even in agricultural and forest soils,
indicating that this may be associated with its presence in the original soil material. Pb and Ni levels exceeded the maximum values
allowed by ANVISA (Brazilian Health Regulatory Agency) for all plant samples examined. Bell pepper and chard showed the highest
levels of Pb and Ni, suggesting that these species accumulate more Pb and Ni compared to other species studied. Levels of Cd, Ni
and Pb surpassed the values established by CONAMA (National Council for the Environment) for human consumption and irrigation
water, and the levels were influenced by seasonal rainfall. Preventive monitoring and planning of fertilizer applications, in order to
avoid fertilizing the soil near the rainy season, are alternatives to establish normal heavy metal levels in human consumption and
irrigation water. Moreover, bell pepper and chard should not be grown in Pb and Ni contaminated soils.

Keywords: Anthropic action; Agriculture; Bioavailability; Environmental pollution; Potentially toxic element; Agricultural
management.

Abbreviations: A_vegetable crop areas; ANVISA_Brazilian Health Regulatory Agency; CONAMA_National Council for the
Environment; DAP_diammonium phosphate; DTPA_diethylenetriaminepentaacetic acid; LD_detection limit; M_native forest areas;
MAP_monoammonium phosphate; MO_organic matter; MTL_ Maximum Tolerate Limit; NPK_nitrogen, phosporus and potassium;
R_Reservoirs; RQL_Reference Quality Level.

Introduction

The increase in agricultural production is strictly related to their inadequate use, especially phosphates, is the primary
the use of technology and inputs, such as the intensive input of potentially polluting substances in the agricultural
application of chemical fertilizers (Pingali, 2012). However, ecosystem (Nziguheba and Smolders, 2008; Atafar et al.,

192



2010). According to Silva et al. (2016), natural soil Cd, Mn,
Cu, Pb, Ni and Zn levels depend on the material of origin and
degree of pedogenesis, thereby occurring in low
concentrations that do not threaten human health or the
environment.

Chemical neutralizers and conditioners such as phosphate
fertilizers are commonly applied to raise the productive
potential of soil. These practices increase the natural levels
of heavy metals in soil, since they are not eliminated during
the fertilizer manufacturing process (Silva et al., 2016). More
important than the total heavy metal content in soil is the
fraction available to plants, that is, the concentration of
metals in soil solution (Ali et al., 2013). This fraction depends
on the physical and chemical conditions of soil, as well as the
management system adopted (Gupta et al., 2014). Soils with
higher pH adsorb more Cd and Pb, which reduces their
absorption by plants (Mclaughlin et al., 2011). In soils with
acid pH, the activity of Fe *, Mn %, zn % and Ca*
strengthens competition for Cd, Pb, and Zn exchange sites,
making them more easily available to plants or leached to
the water table.

Consumption of plants contaminated by heavy metals is the
primary contamination pathway of the trophic chain,
responsible for triggering cell mutation (cancer) and
neurological disorders in human beings (Singh et al., 2010;
Khan et al.,, 2012; Mahmood and Malik, 2014). However,
plant absorption potential depends on the species, and
some accumulate or tolerate more than others without
manifesting toxic symptoms (Singh et al., 2010).

According to Weingerl and Kerin (2000), Zn content in soils
planted with vegetable crops increases annually from 0.5 to
1 mg kg'l, due to the use of fungicides and fertilizers
containing Zn in their formulation, such as copper foliar
fertilizers (Zn, Cu and Mn =21 %, 4 % and 3 %, respectively),
commonly used to restore Zn in tomato, bell pepper and
chard crops. In China, Singh et al. (2010) warned of the
potential risk to human health from ingesting vegetables
commonly irrigated with Cd-contaminated water, a fact also
reported by Khan et al. (2012).

Although the concern about increased heavy metal content
in the soil, water and plant system is worldwide, few studies
have  comprehensively  investigated heavy  metal
accumulation in soil, water and plants (Fernandes et al.,
2007). In order to fill this gap and promote prevention and
remediation research, the present study aimed to analyze
total Cd, Mn, Cu, Pb, Ni and Zn content (soil, water and
plant) available in areas with vegetable crops and native
forest, demonstrating the risk of environmental and human
contamination.

Results and Discussion

Total content and metal availability in agricultural and
forest soils

Heavy metal concentrations in crop areas varied for Cd (0.22
- 0.66 mg kg?), Cu (3.9 - 12.3 mg kg™), Mn (25.6 — 163) mg
kg™), Ni (12 — 41 mg kg™), Pb (1.3 — 6.6 mg kg) and Zn (9 —
22 mg kg'l), while in reference (forest) areas, they varied for
Cd (0.28 — 0.58 mg kg'), Cu (2.63 — 4.48 mg kg"), Mn (13 —
18.6 mg kg'l), Ni (37 — 58 mg kg'l), Pb (1.88 — 4.78 mg kg'l)
and Zn (1.95-8.33 mg kg'l) (Fig. 2). Except for Zn, Pb and Ni,
the other heavy metals exhibited considerably higher than
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natural levels at some sampling points, and only Cd and Cu
concentrations were above the maximum permissible limit
of 0.5 mg kg’1 and 5 mg kg’l, respectively.

The fraction immediately available to plants (Fig. 2) shows
that the amounts of Ni and Pb available are insignificant
compared to the total soil content, with a slight increase in
Ni observed in A5and Pb in A2 and A5, at both depths.
However, only concentrations of Zn (2 - 11 mg kg'l) in all the
areas and at both depths are considered extremely high,
according to Raij et al. (1997), who established 1.2 mg kg‘1 as
elevated.

The Pb concentrations were negligible, that is, below the
minimum detection value of the device, especially in area
A3. This can be demonstrated by analyzing the total portion
of this element below the detection limit of the equipment
(detection limit = 0.003). This leads to the conclusion that Pb
is not part of the geochemical environment of Area 3 soil,
likely because it is located in the arenite-gneiss transect, and
reinforces the idea that there is no increase in this element
as a result of anthropic action. Given the proximity of areas
A3 and A4, forest area M4 was used to identify the origin of
metals in soil. However, the findings obtained indicate that
the M3 soil best represents the potential of area A4 in
supplying Pb. Thus, no inferences were made for A3, taking
M3 soil as reference, since there was a risk of reaching the
wrong conclusions.

The lower concentrations of Cd and Cu available in the forest
soil indicate anthropic origin in agricultural areas (Fig. 2).
This decrease is a consequence of using copper fungicides
such as copper hydroxide to control bacterial spot in tomato
and bell pepper. This is because the high humidity of the
region favors Xanthomonas species (X. vesicatoria, X.
euvesicatoria, X. perforans and X. gardneri), which cause
bacterial spot (Jones et al., 2004). The increase in Cu was
also observed by Casali et al. (2008) in soils planted with
grapevines compared to native forest soils, and this effect
was attributed to the use of copper fungicides.

Among all the metals studied, the highest contents were
found for Mn. Although there is no regulation that stipulates
the natural level of this element in soil, a comparison with
reference levels indicates a rise in anthropic Mn, given that
the metal levels in forest soil are around 10 times lower than
those of agricultural soils. The high Mn content corroborates
a number of studies (Ramalho et al., 2000; Fernandes et al.,
2007; Biondi et al., 2011; Preston et al., 2016), showing the
need for legislation governing the Quality Reference Value of
this metal in soil and plants.

Table 2 shows the properties of planted soils that are most
associated with the heavy metals studied. In general, the
strong correlations with chemical properties easily altered
by using agricultural inputs reinforce the assumption that
the management of these areas is the primary source of
toxic elements in soil. According to the literature, the strong
correlations between Cd (r = 0.53; r = 0.63) and P confirm
the contribution of phosphate fertilizers, which are widely
used due to the low phosphorous content of residual sandy-
gneiss soil, in addition to the advanced pedogenesis of the
soil.

The dynamics of metals in soil seem to depend on the
quality of the clay fraction and pH. As in Mn, the significant
correlation between Mn and pH, positive at a depth of 0.00-
0.10 m and negative at 0.10-0.30 m, demonstrates the
different states of oxidation in the soil, whose speciation



Table 1. Chemical and granulometric characterization of soil from vegetable crops and forests at two depths in the subareas
studied.

Soil . Vegetable subarea Forest subarea
property Unit Al A2 A3 A4 AS M1 M2 M3 M4 M5
Depth 0.00-0.10 m
pH (H,0) 6.2 6.1 5.7 5.6 6.5 4.8 4.6 4.6 4.2 4.2
ca® 5.0 4.0 3.2 4.1 45 1.5 1.3 1.0 0.8 0.8
Mg>* cmol, dm? 2.2 2.6 1.1 2.3 2.9 3.2 1.5 2.7 3.0 3.0
K’ 1.6 1.0 0.3 2.0 2.4 0.5 0.1 0.2 0.2 0.2
P mg dm 172 275 137 246 44 8.0 6.0 8.0 5.0 5.0
MO 25.2 30.3 14.8 24.2 24.4 455 43.2 38.6 39.7 39.7
Clay kel 560 420 580 730 540 370 610 570 600 540
Silt gxe 160 60 60 60 120 60 80 210 190 120
Sand 280 520 360 210 340 570 310 220 210 340
Depth 0.10-0.30 m
pH (H,0) 5.5 5.9 5.7 5.5 6.4 45 4.6 45 4.4 6.4
ca” 2.7 33 3.1 3.6 3.7 1.3 1.2 1.1 0.6 3.7
Mg>* cmol. dm™ 2.6 2.9 0.7 1.9 0.9 1.5 2.5 1.6 1.7 0.9
K" 1.7 0.7 0.1 0.6 1.1 0.6 0.1 0.1 0.1 1.1
P mg dm” 107 62 136 176 36 5.0 4.0 3.0 4.0 36
MO 26.1 19.1 11 14.3 22.5 43.2 38.6 32.6 33.4 22,5
Clay 1 610 540 500 560 730 450 570 550 540 730
Silt gke 100 240 80 170 100 160 120 120 90 100
Sand 290 220 420 207 170 390 310 330 370 170
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Fig 1. Location of the study area and subareas sampled (A1, A2, A3, A4 and A5 = areas with vegetable crops; F1, F2, F3, F4 and F5 =
areas of native forest.)

Table 2. Pearson’s correlation coefficient between soil heavy metals and soil chemical properties and clay content in agricultural
areas at two depths.

Metals Textural and chemical levels
Clay pH Ca Mg K P H+Al Al MO CTC
Depth 0.00-0.10 m
cd 0.80* -0.55*%*  -0.90* -0.68*  0.18™ 0.53**  0.78*  0.72*  0.42"™ 0.06™
Cu -0.59**  -0.60™ -0.68™ 0.91™  0.60* 0.28"™ 033"  0.04™ 0.63* 0.91*
Mn -0.80* 0.58** 0.89* 0.63* -0.39™ 0.34™ -0.80*  -0.94* -0.17"™ -0.11™
Ni 0.009"™  0.98* -0.04™  -0.43™ 0.06™ -0.52"  -0.87* -0.69* 0.31™ -0.95*
Pb 0.65* -0.79* -0.72* -0.38™  0.36™ -0.43™ 0.94* 0.85* 0.62* 0.40™
Zn 0.42" -0.95* -0.44™  -0.05™ -0.07"  0.51**  0.99* 095* 031" 0.68*
Depth 0.10-0.30 m
cd -0.001™  0.94* 0.37™ 0.99*  0.19"™ 0.64* -0.98* 0.98*  0.05"™ -0.42
Cu -0.55**  -0.30™ 0.52%* -0.71*  0.57** -0.29™ 0.41™  -0.78*  0.56** 0.98*
Mn -0.38" -0.60* 0.21™ -0.90*  -0.31™  0.48**  0.69* -0.94* -0.32"  0.85*
Ni -0.40™ 0.95* 0.84* 0.70* -0.10™ -0.37™ -0.91* 0.62* 0.14™ 0.18™
Pb 0.58** 0.23"™ -0.58**  0.65* 0.34™ -0.68* -0.34 0.74* 0.79* -0.99*
Zn 0.42" -0.94* -0.85% -0.69* 032" 0.15™ 0.90*  -0.60* -0.09™  -0.20

***Significant at 1 and 5% probability according to Tukey’s test, ns: not significant.
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Fig 2. Comparison between total and available metal levels in soil planted with vegetables (V) and native forest (F). nd = not
detected. * Differs statistically from the forest area (significant at 5% using the t-test).

Table 3. Mean heavy metal levels in the edible parts of different vegetables from two crops (1St and Z"d) in five agricultural areas of
Camocim de Sdo Felix, Pernambuco (PE) state.

cd Cu Mn Ni Pb Zn
Area Species Crop =
mg kg
1 0.15 5.66 8.33 5.50 4.78 27.57
Al Tomato nd
2 0.20 4.89 6.64 5.95 5.75 24.51
1t 0.40 4.85 15.71 5.90 7.70 38.24
All Tomato nd
2 0.39 8.39 15.09 4.85 4.80 35.02
1 0.35 9.82 18.64 7.40 5.88 31.60
Alll Egg plant nd
2 0.45 5.12 5.20 4.70 3.21 11.60
1 0.20 3.20 3.75 5.25 4.07 8.55
AlV Chard nd
2 0.50 2.95 11.50 5.55 8.02 59.15
1 0.66 1.60 16.20 6.75 1.96 28.95
AV Bell pepper nd
2 0.55 4.21 14.25 6.30 4.58 18.50
MTL** 1.00 30.00 ne 5.00 0.50 50.00
** Maximum tolerated limit in plants (Anvisa, 1965); ns: not specific.
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Fig 3. Average heavy metal content in the water samples of five reservoirs (R) and an artesian well used to irrigate vegetable crops
for human and animal consumption in the municipality of Camocim de S3o Félix, Pernambuco state (PE).
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depends on pH and oxidation-reduction potential, as
reported by Biondi et al. (2011).

The positive correlations for Cu (r = 0.63; 0.56) and Pb (0.62;
0.79), which were the only highly significant ones (p < 0.01
and 0.05) with OM at both depths, suggest that these metals
have the same reserve source, namely organic matter. For
Cu, this behavior is most likely associated with its high
affinity for carboxylic and phenolic groups of OM (Casali et
al.,, 2008; Melo et al., 2008; Silva and Vitti, 2008) which
results in low desorption capacity (Lair et al., 2006).
Agricultural practices widely used in horticulture, such as
applying urea to increase the leaf mass of plant crops, as
well as ammonium fertilizers, may acidify the soil. This
explains the negative correlations between Cu (r = 0.60) and
Pb (r = 0.79) and soil pH, since acidification causes these
elements to detach from the mineral fractions, facilitating
the availability of Cu and Pb at 0.00-0.10 m. On the other
hand, Pb (r > 0.58) and Cd (r = 0.80) were strongly related to
the clay fraction. According to Araujo et al. (2002) and
McLaughlin et al. (2011), this is due to the formation of clay-
Pb-Cd-organic matter complexes and the participation of Fe
and Al oxides in this process, as well as the substantial
specific surface area of the clay fraction. As such, the
amount of metals available to the plant declines (Gupta et
al., 2014).

Bioaccumulation of soil heavy metals in the plants

The minimum and maximum levels in the vegetable dry
matter (mg kg'1 dry matter) were 0.15 — 0.66 mg kg’l, 1.6 -
9.82 mgkg’; 3.75—18.64 mg kg, 4.70 — 7.40 mg kg ’; 1.96 —
8.02 mg kg'1 and 11.60 — 59.15 mg kg'l, respectively for Cd,
Cu, Mn, Ni, Pb and Zn. Although the high Cd levels in the
agricultural soils of areas Al, A2 and A5 were higher than
QRVs, their content in vegetables was lower than the
Maximum Tolerable Limit (MTL) in food (Table 3) (ANVISA,
1965). This same response pattern was observed for Cu and
Zn. In the case of Pb, the content in the vegetables assessed
was significantly higher than the MLT. Soil Ni displayed a
response similar to that of Cd, although in area A5, its
content was near the prevention value at both depths.
However, the Ni content in the vegetables was higher than
the MLT, except in the second tomato crop at A2 and
eggplant at A3.

Among the agricultural areas, A4 exhibited the highest Pb
levels, followed by A5 (chard), A2 (tomato), A3 (eggplant)
and Al (tomato) (Table 3). On the other hand, A5 (bell
pepper) displayed the highest Ni levels, followed by A3
(eggplant), A1 and A2 (tomato) and A4 (chard). Differences
in absorption and heavy metal accumulation by plants occur
because vegetables have varying capacities to absorb and
accumulate them (Singh et al., 2010), even when growing in
soils with harmful levels, as demonstrated here for Pb,
whose soil content was lower than the prevention value
(Conama, 2009).

Total contents in the vegetables were higher than those
reported by Ramalho et al. (2000) in a micro basin with
intensive use of agrochemicals, but similar to the Cd, Pb and
Cu values found by Fernandes et al. (2007). However, the Pb
content was similar in all the vegetables analyzed, with
values much higher than the 0.5 mg kg'1 MTL established by
ANVISA (1965), followed by Ni, with an MTL of 5 mg kg’l.
Although the available soil Pb and Ni levels were not high,
they were elevated in the vegetables (Table 3). Silva et al.
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(2016) investigated these areas and observed the same
behavior, attributing it to the excessive use of poultry litter,
which contains Pb and Ni from poultry feed.

Heavy metals in water

Except for Zn, Cu and Mn, the reservoir water used to
irrigate the subarea vegetable crops had higher Cd, Ni and
Pb levels than those allowed by CONAMA (2005) of 0.001,
0.025 and 0.01 mg L'l, respectively (Fig. 3), with values
ranging from 0.04 to 0.05 mg L% 2.19t0 2.86 mg L" and 0.08
to 0.14 mg L™ for Cd, Ni and Pb, respectively. The artesian
well water (R-6), used for human and animal consumption,
showed similar levels to those of the other reservoirs (Fig.
3), likely compromising the local food chain, with harmful
effects on health and the quality of life of farmers and
consumers of agricultural products.

Water from reservoir R5 exhibited the highest Pb levels
(around 0.14 mg kg'l) (Fig. 3). This reservoir supplies area A5,
cultivated with vegetables, likely explaining the highest soil
Pb levels observed there. Ramalho et al. (2000) studied
water contamination in vegetable producing areas of the
Paty do Alferes micro basin in Rio de Janeiro state and found
Pb values that exceeded the legal limits, considerably higher
(145 times) than those detected in the present study.

The Ni values in water samples varied from 2.19 to 2.86 mg
LY approximately 100 times higher than the permissible
limit of 0.025 mg L* (CONAMA, 2005). These values indicate
strong Ni contamination in bodies of water and, as such,
may contaminate soil and plants due to the cyclic process of
water use. The increase in Ni content after intense rainfall
(January and June) is likely due to the infiltration of metal
adsorbed to the sediments transported to the reservoirs by
erosion processes.

In general, Cd, Ni and Pb concentrations in soil and water
used for both crop irrigation and human consumption were
above maximum legal standards (CONAMA, 2005; 2009),
revealing strong anthropic participation and causing risks to
the population of Camocim de Sao Felix, PE, who are directly
or indirectly exposed to these potentially toxic metals. Thus,
more studies are needed in these areas, in order to help and
guide soil remediation.

Materials and Methods
General description of the study areas

Five agricultural areas were selected in the municipality of
Camocim de Sao Félix, Pernambuco state, Brazil (Fig. 1). The
crops are grown on a slope and the site has its own reservoir
for irrigation and another (artesian well) for human
consumption. Native forest surrounds the study area, which
was all formerly covered by semi-deciduous and/or sub-
perennial vegetation (Brazil, 1973). The region exhibits
uneven terrain (concave-convex) with a slope of around 32%
and altitude of 1000 meters. According to the Kdppen
classification, Aw is the predominant climate in the region
(Brazil, 1973), characterized by annual average temperature
and rainfall of 24 2C and 1100 mm, respectively.

The soil in the agricultural and native forest areas is Yellow
Latosol (Embrapa, 2013), corresponding to Xanthic Ferralsol
in the IUSS/WRB classification (2015), developed from
arenite and gneiss (Brazil, 1973). Physical and chemical
analyses of the soil samples collected in the study areas are



shown in Table 1. These areas have been used to grow
vegetables for over 50 years, the primary agricultural activity
in the region. They are cultivated year-round with tomatoes,
chard, bell pepper and eggplant, which grow in short
furrows within plots or in rows where the seeds and/or
seedlings are planted.

Due to the poor soil chemical and organic properties,
chemical and organic fertilizers (primarily poultry litter) as
well as preventive and corrective pesticides are often
applied, all with little technical expertise. The fertilizers and
pesticides used include the following chemical groups:
organophosphate, isophthalonitrile, benzimidazole,
azoxystrobin (strobilurin), cyproconazole (triazole), alkylene
bis (dithiocarbamate), pyrethroid, benzofuranyl
methylcarbamate, monoammonium phosphate (MAP),
diammonium phosphate (DAP), simple superphosphate,
triple superphosphate, magnesium thermophosphate and
several types of NPK (06-24-12; 20-10-20; 10-10-10; 10-20-
20 and 20-0-20), among others.

Soil sampling

Ten simple soil samples were collected along the rows of the
five 1.2 to 1.8 ha subareas of vegetable crops (A1, A2, A3, A4
and A5), at two depths (0.00 — 0.10 and 0.10 - 0.30 m).
Forest soil (M1, M2, M3, M4 and M5) was sampled in a
zigzag pattern in subareas the same size as the vegetable
areas and at the same depths, where 10 simple
homogenized samples were collected to form a compound
sample (Fig. 1). The forest areas include fragments of
secondary forest vegetation at the top of hillsides, with
minimal anthropic intervention. Because of the proximity
between areas A3 and A4, their heavy metal contents were
compared with those of M3 (Fig. 1).

Plant sampling

For the plant material, the edible part ready for
consumption was collected from the following vegetables:
tomato (Lycopersicon esculentum, Mill.), eggplant (Solanum
melogena), bell pepper (Capsicum annuum L.), zucchini
(Cucurbita pepo L) and chard (Beta vulgaris L). Collection was
performed following a zigzag pattern in the direction of the
downslope of each area, collecting 10 fruits per area to
make up the sample. The leafy vegetable (chard) was
collected applying the same scheme used for fruits, with five
whole plants without roots forming one sample. Two
collections were carried out (January and November 2011).
The samples were washed with distilled water and packed in
paper bags, dried in a forced air oven at 65 2C until constant
weight and ground in a knife mill.

Water sampling

The water samples were collected in five reservoirs (R-1, R-2,
R-3, R-4 and R-5) used for crop irrigation and one for human
consumption (R-6). We collected 200 mL of water between
the 5" and 8™ day of every month in 2011, at different
points of the reservoir to achieve representative data,
avoiding atypically murky points or those with a significant
amount of suspended matter. After collection, the samples
were immediately acidified in diluted acid, 1 mL of HNO; for
each 100 mL of sample, lowering the pH to 4. Next, they
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were stored in a refrigerator (4 2C) and subsequently
analyzed.

Soil, plant and water sample preparation for chemical
analyses

In order to determine total heavy metal levels, 1 g. of soil
and 0.5 g of plant matter were weighed for each digestion,
passed through Teflon tubes and added with 9 mL of HNO;
and 3 mL of HCI (USEPA, 1998). The samples were digested
in a microwave (Mars Xpress) and kept in a closed system for
8 min and 40 sec., the time required to reach 175 2C, and
maintained at this temperature for more than 4 min and 30
sec. After cooling, the samples were transferred to certified
25 mL volumetric balloon flasks, topped up with distilled
water and the extracts immediately filtered in qualitative
filter paper (Macherey Nagel®).

The digestions and extracts were performed in triplicate, the
first two used in determinations and, when the values were
different, a third replicate was also determined. The Cd, Cu,
Mn, Ni, Pb and Zn contents of the extracts, including the
water samples, were measured by flame atomic absorption
spectrometry (Analyst 800 Perkin Elmer), with the following
detection limits: 0.002 — 0.005 — 0.05 — 0.002 — 0.003 and
0.002 mg kg"l, for Cd, Cu, Mn, Ni, Pb and Zn, respectively.
The fraction of available soil heavy metals was obtained by
diethylenetriaminepentaacetic acid (DTPA) (Ali et al., 2013).
Quality control of the analyses was performed with samples
of multi-element reference solutions (spikes), prepared from
the 1000 mg L™ standards (TITRISOL®, Merck), with a
concentration equal to the central point of the calibration
curve of the device, for each chemical element.

In order to identify possible contaminations, the results of
heavy metals in soil and water were compared with the
parameters established by resolution no. 357 (CONAMA
[National Environment Council], 2005; 2009), which contains
the guidelines for permissible heavy metal levels in water
and soil, respectively. Contents in plants were compared
with those recommended by ANVISA (National Health
Surveillance Agency) (1965).

Statistical analysis

The data were submitted to the Student’s t-test at 95% to
determine if the values obtained differ from Quality
Reference Values (QRVs) recommended and those found in
the reference soil of native forest. Pearson’s correlation
analyses at 5% and 1% probability between the total content
of heavy metals and the chemical and physical properties of
soil were also conducted.

Conclusion

The results showed that soil with intensive agricultural
inputs enhanced total Mn, Cu and Zn levels. High levels of Ni
were found in agricultural and forest soils, indicating that
this may be associated with its presence in the original soil
material. Pb and Ni levels exceeded the maximum values
allowed by ANVISA (Brazilian Health Surveillance Agency) for
all plant samples examined. Bell pepper and chard showed
the highest levels of Pb and Ni, suggesting that these species
accumulate more of these metals than the other species
studied. Cd, Ni and Pb levels surpassed the values
established by CONAMA (National Environment Council) for



human consumption and irrigation water. These levels
varied seasonally as a function of rainfall. Preventive
monitoring and planning of fertilizer applications, avoiding
fertilizing the soil near the rainy season, are alternatives to
establish normal heavy metal levels in water for irrigation
and domestic use. Moreover, bell pepper and chard crops
should be avoided in Pb and Ni contaminated soils.
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