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1. Introduction

The Brazilian grain production reaches record productivities each year and among the major
crops, stand out the maize (Zea mays L.) and soybean (Glycine max L.). For these two cultures,
the obtaining of the maximum yield has a fundamental importance in the current global
scenario [1]. In this relentless pursuit of higher productivities, farmers use technologies related
to various areas, such as new forms of fertilizer and pesticide application, different fertilizers,
crop breeding, equipment and techniques of planting and harvesting. In order to increase the
efficiency in this activity, due to the increased requirement for competitiveness of economic
globalization, one of the tools found by farmers is the use of fertilizers containing micronu-
trients in their crops [2]. Among the various factors of production, the need of balanced and
sustainable fertilizers occupies a prominent place, which should include not only the primary
and secondary macronutrients, but also micronutrients, which are not considered in routine
fertilization by most farmers. Currently, with the advancement of the industries of fertilizers,
micronutrients are added directly in the formulation of basic fertilizers (N:P,05:K,0O), which
canbe found in the market of domesticand imported agricultural inputs [3]. Among the several
micronutrients used in Brazilian and Global agriculture, zinc (Zn) is a major one, having its
need scientifically established over 70 years being its main functions related to photosynthesis,
respiration, protein synthesis and plant membrane permeability [2].

Nutrient uptake by crops is influenced by various factors, including climatic conditions such
as rain and temperature, genetic differences between varieties, type of soil, nutrient content of
soil and various cultural practices.

I NT E C H © 2014 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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In the strategy of reducing costs, both in manufacture of fertilizers, as well in croplands, the
use of industrial waste for the obtaining of micronutrients has been widely used. These wastes,
when used appropriately and rationally present themselves as a good solution for agriculture,
but their improper use can cause serious damage to soil, plants and human beings. Several
researches are touting in scientific works, facts that generate severe criticism to the fertilizer
industry, mainly because the involvement of these industries in operations that endanger the
environment, where the main factor is the use of raw materials containing toxic metals such
as cadmium (Cd ), lead (Pb) and chromium (Cr) in the manufacture of fertilizers [4]. In that
way, the fertilizers used to supply micronutrients have often, in their composition, in addition
to the desirable elements, toxic metals such as Cd, Pb and Cr [5,6].

The purpose of this chapter is to assist in developing a more adequate environmental legisla-
tion, that ensures a sustainable environment and a production of quality food. In that way,
this chapter highlight the lack of criteria, in the current Brazilian environmental legislation,
regarding the allowed limits of toxic heavy metals in agricultural soils and in the use of
fertilizers contaminated with heavy metals in agriculture, as well, demonstrate that the use of
these contaminated inputs can cause degradation of agricultural soils, making food production
unviable at these locations. Furthermore, it was made the study of three cases about the
existence of fertilizers contaminated with toxic metals in Brazilian agriculture and the impact
caused by its use. The chapter also presents some strategies for recuperation and remediation
of soils contaminated with toxic heavy metals.

The presence of heavy metalsin fertilizers is a extremely important subject, since investigations
in Brazil, coordinated by prosecutors in Sao Paulo, show evidence of entry loads containing
toxic waste through irregular importation and smuggling, several times in Brazilian ports.
These investigations shown that companies and manufacturers of agricultural inputs, are
importing these toxic chemicals from United States, Canada, Mexico, Spain, Holland and
England to be used as raw material in the manufacture of fertilizers to supply micronutrients.

Brazil presents itself as one of most promising nations of contemporary and future world,
however, for the effective consolidation of its presence among the great powers is extremely
necessary maintain the sustainability of its agroecosystem. Therefore, the Brazilian agricultural
activity should be developed without damaging the environment and thus continue to grow
in a rational and appropriate way, avoiding harm to future generations. In the world of
agribusiness, which needs to be highly competitive, concepts such as traceability, environment
and risk assessment are fundamental starting points for those who want to establish and grow.

2. Potential contamination of soil by agricultural activities

Due to its continental dimensions, Brazil has a great diversity of soil types in different regions
of the country. Most of these soils have limitations for agriculture, characteristic of tropical
regions such as acid, deep and highly weathered soils, with low nutrient availability and high
exchangeable acidity (Al*"), resulting in a low cation exchange capacity and low availability of
P [7].
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These factors highlight the need for adopting management strategies that aim to increase the
chances of good crop of the culture when grown in soils of low fertility, giving them the ability
to meet the nutritional requirements of these plants. The practices of fertilization and soil
amendment aim to make soil suitable for the development of major crops, providing the
necessary nutrients for the plants and decreasing the acidity of the soil. These practices are
adopted throughout the world, and are based on the prerogative of the need to produce food
to sustain the world population that grows rapidly each year.

According to the Food and Agriculture Organization of the United Nations (FAO) [8], in 1980
there were 4.4 billion people on the planet, 5.7 billion in 1995 and 6.9 billion in 2010. Studies
estimate that by 2050 there will be 9.4 billion people and in 2200 about 11 billion [9]. Based on
this scenario, agricultural activities have expanded greatly since 1945, currently holding
approximately 38% of the land surface. Between 1985 and 2005, the acreage increased about
7%, generating large increases in food production [10].

This pressure on agricultural activities promotes an increasing fertilizer consumption per each
year that goes around the globe (Figure 1). Studies show that in the early 60's used to be about
146 million tons of fertilizer, increasing in 2010 to 176 million of tons, demonstrating a
significant increase in the consumption of these inputs [11]. Also according to the International
Fertilizer Association (IFA) [11], Brazil is the fourth largest consumer of mineral fertilizers
(N:P,05K,0) in the world, only behind China, India and the United States. In recent years the
consumption of nutrients by Brazilian agriculture has increased considerably being that in
1961 Brazil was only the 25th world consumer, however in the 1990, the country was already
appearing as the seventh in the rankings. Regarding to micronutrients, there is an increase in
consumption of 13.3 times in the period 1990-2003 [12].
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Figure 1. Population growth and consumption of fertilizers in Brazil and in the world [11]
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However the use of these products is often not done correctly. The plan for fertilizer recom-
mendation involves planning for the collection of soil samples, soil chemical analysis and
recommendation by an appropriate professional, something that many producers do not
perform, often using pre-determined recommendations without professional assistance.
Another problem is the lack of crop rotation and the use of highly productive cultivar which,
according to reference [13], require intense macronutrient application, resulting in micronu-
trient deficiencies in the soil.

Overuse of fertilizers can also provide soil contamination, it increases the concentration of a
particular element or substance of environmental interest above its naturally occurring in the
soil [7]. This contamination is related to eutrophication (excess nutrients), in this case the major
nutrients to be considered are nitrogen (N) and phosphorus (P). Another concern is the
availability of harmful elements such as toxic metals. These elements can express their
pollutant potential directly on soil organisms, due to the availability to plants in phytotoxic
levels, plus the ability to transfer to the food chain through the own plants, or by contamination
of soil and water resources [14].

The presence of harmful elements in fertilizers is worrying because until the 70's, most
fertilizers were obtained directly from ores found in nature, and although they also contained
toxic metals, the beneficiation process of this material was less offensive from the environ-
mental standpoint, because the contaminant levels were very low [6]. Recently, the shortage
of mineral resources and modern extraction methods required large investments in equipment
and technology, creating a technical difficulty and the pursuit of lower costs of production,
which eventually encouraged companies to seek a cheaper solution such as using industrial
waste, that may be feasible since it does not contaminate the environment. However, according
to the Environmental Sanitation Technology Company of Sao Paulo State (CETESB) [15], in
Sao Paulo, until the end of 2012, 4572 contaminated areas were found, and approximately 4%
of these areas were contaminated with industrial waste, and among the contaminants, toxic
metals are in 4th place, behind Polycyclic aromatic hydro carbons contaminants (PAHs),
aromatic solvents and liquid fuels.

Between the sources of soil contamination from waste, there is the contamination of sewage
sludge, that even though has a variable composition, with macro, micro nutrients and organic
matter, their use may be limited by the presence of pathogens and toxic metals [16,17]. Studies
evaluating the use of sewage sludge in sugarcane found that the doses used increased levels
of chromium, nickel (Ni), Pb and zinc (Zn) in the soil [18].

Reference [19] studying the availability of Cd in dystrophic soil submitted to the application
of sewage sludge, observed that at the first hour of contact between the sewage sludge and
soil occurred transference of Cd to the solution. After this interval, the Cd concentration in the
solution decreases, occurring stabilization in the following hours, due to adsorption and ion
exchange which act providing less metal. According to the authors, in all observed time
intervals, the levels of Cd were higher than reference values for CETESB (<0.5 mg kg™) [20],
which characterize the contamination of the soil by sewage sludge.
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The use of pig manure as fertilizer is also a practical often carried out mainly in south of Brazil,
however, some studies have shown risks as to its overuse. Reference [21] evaluated the
accumulation of metals in the soil under the systematic application of swine manure, and found
an increase in the availability of copper (Cu), zinc and manganese (Mn). The authors also claim
that in these cases there is a need to monitor these elements over time, so that the total contents
do not exceed the critical values. In study conducted in China [22], the application of manure
in soil for 16 years resulted in higher accumulation of Cd. One of the major sources of metals
such as Pb, Ni, Cr and Cd in pig manure is mineral supplied by commercial feed [21].

The metals are also components of many pesticides, mainly Cu, Zn and Pb, which cause high
soil contamination by these elements [23], another case is the use of Cu, that has been used
since 1917 for the Bordeaux mixture [24]. In a study conducted in Caetés watershed in the
county of Paty's Ensign, Rio de Janeiro, Brazil, it was aimed to evaluate the soil contamination
by toxic metals, from the intensive use of agrochemicals, in which the authors found an increase
in the total levels of metals in soil, stream water and dams. The soil metal concentration not
reached critical established levels, however the result was worrying about the water stream
and dam, which showed total contents of Cd, Mn and Pb above maximum standards estab-
lished by the Brazilian legislation [23].

In England and Wales, reference [25] developed an inventory on the input of metals in
agricultural soils. Forms of contamination are the most diverse, the main sources are generated
by atmospheric deposition, sewage sludge, manure, inorganic fertilizers, lime, agrochemicals,
irrigation water and industrial waste.

All these reports point to industrialization as the main cause for the large amount of metal
dispersed in the environment, and human as the protagonist of all this pollution, because
usually mankind seeks the easiest way supply their needs while generating countless volumes
of waste. These actions put usin the position of predator. And thus there is a need of legislations
that seek to limit the presence of these contaminants in the soil. In Table 1, the international
maximum levels of metals allowed in soils of various places show what would be, in theory
at least, a concern of many countries in the world about metal contamination.

Toxic Metals (mg kg™)

Countries

As Cd Pb Cr Hg
) European Comunities - 1-3 50-300 - 1-1,5
™ United States 14 1.6 50-300 1500 0.5
*“Poland (1977 - 1993) 30 1-3 70-150 50-80 5
®IGermany (1984 — 1992) 20 3-15 100 100 2
I United Kingdon 10 3-15 500-2000 - -
"Austria 50 5 100 100 5

Source: * [26], ** [27]

Table 1. Maximum permitted levels of toxic metals in the soil in some countries
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Currently in Brazil, the legislation that deals about soil contamination is Resolution n°. 420 of
2009 of the National Council of Environment (CONAMA) [28], which aims to establish the
criteria and values that guide of soil quality as the presence of chemical substances, among
them the toxic metals. The resolution establishes three categories of guiding values which are:
The Reference Value Quality (RVQ) which is the concentration of a substance that will define
the natural quality of the soil, based on previous studies for each Brazilian state, the Prevention
Value (PV), which refers to the concentration limit of a substance in the soil, and the Investi-
gation Value (IV) which is the concentration of a substance in the soil of which there are
potential risks, direct or indirect, to human health. Table 2 shows the values set for preventing
and detecting toxic metals in soil.

However, the Resolution n°. 420 is being severely questioned by authorities and researchers,
since it present several misconceptions that violate the Federal Constitution regarding the
"preservation, enhancement and restoration of environmental quality propitious to life" (this
issue will be addressed with greater emphasis on section 5 of this chapter).

v
Metal PV
Agricultural Area Residential Industrial
As (mgkg™) 15.0 35.0 55.0 150.0
Cd (mg kg™) 1.3 3.0 8.0 20.0
Pb (mg kg™) 72.0 180.0 300.0 900.0
Cr(mgkg™) 75.0 150.0 300.0 400.0
Hg (mg kg™) 0.5 12.0 36.0 70.0

PV: Prevention Value; IV: Investigation value

Table 2. Values guiding to the presence of toxic metals in Brazilian soils in accordance with Resolution n°® 420 of 2009
of CONAMA [28]

3. Fertilizers versus contaminants

There are three different categories of agricultural fertilizer: macronutrient fertilizer to supply
major nutrients (N, P and K); macronutrient fertilizer to supply secondary nutrients [calcium
(Ca), magnesium (Mg) and sulfur (5)] and micronutrients [Cu, Zn, Ni, Mn, iron (Fe), molyb-
denum (Mo), boron (B), chlorine (Cl), sodium (Na), cobalt (Co) and silicon (Si)]. All of these
nutrients can be applied through simple fertilizer (only one nutrient) or compound form
(formulations with more than one nutrient).There is a further classification based on the
essentiality of nutrients, where metals may be classified as essentials, such as B, Cu, Fe, Mn,
Mo and Zn; beneficial, such as Co, Ni and V; and toxic, such as Cd, Cr, Hg and Pb. Thus, it
should be noted that the essential and beneficial elements can become toxic at high concen-
trations [30].
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According to reports developed by the United States Environmental Protection Agency
(USEPA) [31] and The Weinberg Group (requested by The Fertilizer Institute) [32], the main
metal contaminants that are found in agricultural fertilizers are Cd, Cr, Co, Cu, Pb, Mo, Nj,
Zn, arsenic (As), mercury (Hg) selenium (Se), vanadium (V) and radio 266 (Ra). It can be
observed in this list, that among the metals commonly found as contaminants in fertilizers,
occur the presence of micronutrients, required for plant development.

According to USEPA [31], among the fertilizers used to supply macronutrients, the phosphate
shown the highest levels of toxic metals (especially Cd), followed by nitrogen and potassium
fertilizers. With respect to micronutrients, the sources used to obtain it are varied, resulting in
the occurrence of fertilizers from low to high levels of metals. In general, micronutrient sources
have higher level of contaminant in comparison to sources of macronutrients, on the other
hand, are applied larger amounts of fertilizer to supply the macronutrients, therefore, the
possibility of soil and environment pollution with the use of any type of contaminated fertilizer
is real and should be seriously studied.

The presence of contaminants in fertilizers occurs most of the time with the use of industrial
waste or low cost sources for raw materials. These sources, when treated and used properly
and rationally, present themselves as a good alternative to agriculture, however its improper
use can cause serious damage to the soil, plants and the human beings.

This fact becomes even more important in the case of fertilizers to supply micronutrients,
which often are obtained from raw materials originated from industrial wastes, which may
show, in addition of the desirable elements, toxic metals. In this situation, the benefits are
highly attractive for the fertilizer industries, once these companies acquire low quality raw
material at low costs, without generating any type of waste, incorporating everything in their
products.

One of the main cases regarding the presence of contaminants in fertilizers happened in the
90s in the United States, where many farmers and social actors reported the possibility of the
presence of toxic metals in these inputs. The impact generated and population pressure led to
the development of several research regarding the contamination of fertilizers and soil
pollution, culminating with the publication by the U.S. government, of the first law regulating
the content of toxic elements in the United States in 1998. From these studies and based on
Canadian law, in 2002, the USEPA published the federal law that regulates the production of
fertilizers to supply Zn from industrial waste [33].

Another case reported in the literature is the presence of contaminants in raw materials from
China. In a publication from the Washington Department of Ecology (WDE) [34] it was
reported the presence of Cd in raw materials for the manufacture of fertilizers, with samples
showing more than 20% of Cd, i.e.,, more than 200,000 ppm. It is also reported that the final
products produced with the use of these contaminated sources presented 10,600 ppm of Cd.
The report also warns that Cd present in the analyzed material does not naturally occur in
natural mineral sources, leading to the conclusion that the incorporation of Cd or the use of
wastes contaminated with this metal was occurred.
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In Brazil, there are frequent reports of companies selling fertilizer, mineral and organic, outside
the standard quality. The most common cases are related to the presence of nutrients amounts
below the specified labels, since this factor is more investigated. However, there are few studies
evaluating the presence of toxic metals in these inputs, although the few that were conducted
demonstrated the presence of these contaminants in fertilizers [6, 35, 36].

Currently, most grain-producing countries and other plant materials have laws regarding the
limits of metals in fertilizer, which are presented in Table 3, where it can be observed a large
variation between the allowed values. In general, the stipulated limits are for metals in
phosphate fertilizer and micronutrient fertilizers, but there are some normatives that consider
fertilizers in general, regardless of its composition or purpose. The limits of toxic metals can
also be determined based on the amounts of nutrients or total amount in fertilizers.

As Cd Pb Cr
Country Fertilizer type
mg kg’

Switzerland' Phosphate NA 50.0 NA NA
Finland! Phosphate NA 50.0 NA NA
Sweden' Phosphate NA 100.0 NA NA
Norway! Phosphate NA 100.0 NA NA
Denmark’ Phosphate NA 110.0 NA NA
Belgium' Phosphate NA 210.0 NA NA
Germany' Phosphate NA 210.0 NA NA
Austria’ Phosphate NA 275.0 NA NA
U.S. (California)? Phosphate 2.0* 4.0* 20.0* NA
U.S. (Washington)? Phosphate 13.0 165.0 61.0 1.0
Australia’ Phosphate NA 300.0 NA NA
Japan' Phosphate 50.0 343.0 100.0 5.0
New Zealand' Phosphate NA 280.0 NA NA
U.S. (Texas)* Anyone 41.0 39.0 300.0 17.0
Canada’ Anyone 75.0 20.0 500.0 NA
China* Anyone 50.0 8.0 100.0 NA
U.S. (California) Micronutrient 13.0** 12.0** 140.0** NA
U.S. (Washington) Micronutrient 112.0%* 83.0** 463.0** 6.0**
Australia Micronutrient NA 50.0 2000.0 5.0

1[38], 2 [39], 3 [40], 4 [41]; * - Maximum allowed value per percentage point of P,Os in the fertilizer; ** - Maximum
allowed value per percentage point of the micronutrients sum in the fertilizer ; NA — not available

Table 3. International maximum limits of contaminants allowable in fertilizers
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The Brazilian fertilizers law is based on the Normative Instruction (NI) 27/06 [37], which states
like contaminating toxic metals, the elements As, Cd, Pb, Cr and Hg, determining the maxi-
mum allowable limits of these metals in four different categories of fertilizers (Table 4).

Maximum permitted quantity of the metal contaminant (mg kg™)

Fertilizer type
As Cd Pb Cr Hg

Simple mineral fertilizer to
2.0* 4.0* 20.0* 40.0* 0.05*
suply P,Os

Compound mineral
fertilizer with 500.0** 15.0** 750.0** 500.0** 10.0**

micronutrient

Compound mineral

fertilizer with

250.0 57.0 1000.0 NA NA
macronutrient and
micronutrient
Mineral fertilizer to suply

4000.0 450.0 10000.0 NA NA

micronutrient

* - Maximum allowed value per percentage point of P,O; in the fertilizer; ** - Maximum allowed value per percentage
point of the micronutrients sum in the fertilizer; NA — Not Available.

Table 4. Maximum allowable limits for metal contaminants in Brazilian fertilizers [37]

There are some doubts in relation to NI 27/06, which consider the legislation incipient, since
that it does not determines which raw materials can be used as sources of nutrients in the
fertilizers. Nutrient sources for macronutrients generally present good quality, however, for
micronutrients, the use of low quality materials is frequently observed in Brazil, as mentioned
previously, resulting in a possible contamination of the environment.

The legislation also does not tell how it will be the inspection of fertilizers industries, moreover
tolerating the presence of contaminants in amounts up to 30% higher than the accepted values
(Table 4). Another worth mentioning fact, is that the limits should be revised, since Article 5
affirms the need of a revision of the values predicted by NI27/06 four years after its publication.

Nowadays, still does not exist an adequate legislation in Brazil regarding the use of toxic waste
in the production of micronutrients. However, there are technical studies which classify these
elements as hazardous materials, an example is the NBR 10004 of the Brazilian Association of
Technical Standards (ABNT) [42], which stablish that the use of this wastes may present a risk
to public health, causing or contributing to an higher incidence of diseases and mortality, also
presenting adverse effects on the environment when handled or disposed inappropriately.

Another issue that is being discussed by the scientific community is that the determination of
contaminants limits in fertilizers provides for the industries the possibility to include, as a
source of nutrients, contaminated materials or with low quality, i.e., by the laws, the govern-
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ment provided the industries, exactly what they wanted, the possibility to incorporate low-
quality raw materials and contaminated to supply nutrients [43]. It is observed so that there
is a strong influence of the fertilizer industry in the studies and laws that limit the contaminants
in these materials, showing that this problem is not only related to the environmental field,
but also with the political and economic sector.

4. Metals: Toxicity in the foodchain

Due to its mobility in aquatic systems and to its toxicity to life forms, the toxic metals or heavy
metals, once in surface or in groundwater, are mentioned as one of the most problematic
inorganic contaminants in the environment.

The toxic meals are strongly pollutants elements and present many harmful effects to ecosys-
tems, causing physical-chemical alterations to water, what promote the decrease of water
quality and mortality of the fauna and flora, prejudicing consequently, the human health [44].

The term heavy metal, is many times used with connotations of pollution and toxicity.
However, “heavy” is conventionally used to imply the high density of the metal, referring to
the pure element or to an alloy of metallic elements. The expression heavy metal apply to
elements which have specific mass higher than 5 g cm? or which have atomic number higher
than 20 [6].

Some metals, as the case of Cd, Pb, Ni and others, even when its presence is diluted in waters,
many times in undetectable quantities, have recalcitrant effect, i.e., its persistence in the
environment imply in process as biomagnification, which regards to the accumulation of these
harmful substances in the many trophic levels of the ecological chains of ecosystems.

The contamination by toxic metals in animals can occur due to inhalation, skin penetration or
ingestion of contaminated waters and foods, this last caused mainly by the capacity of plants
in bioccumulate these elements in high proportions and later offer them to animals and human
beings [45].

In animals, the toxic metals act in highly specific reactions, enzymatic in the most part and in
alterations in systems that evolves these reactions, resulting in negative effects. One classic
example is the metalloenzymes, in which dimensional structure is changed if one “intruder
metal” binds to its active site, what prevents the enzymatic action [46].

Metal contaminations in the environment results from a sum of natural processes, between
which also make part the natural sources of contamination, however, it is a common sense that
the sources so called anthropogenic are more frequent when compared to the natural sources
of contamination [47].

Significant increases of the metals concentrations are found in areas of intense industrial
activity, where the accumulation can be many times higher than the average levels from
non-contaminated areas. However, areas distant from the industrial centers in many cases
also show metals contamination, due to the atmospheric transportation of these com-
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pounds [48] and in the case of agricultural soils, due to the use of fertilizes contaminated
with these metals [6].

The contamination by metals is arising from the continuous disposal of industrial, domestic
or livestock wastes in soils, rivers, lakes and seas. These pollutants include the toxic metals,
which cause great concern to public health, because they are incorporated very easily in the
tropic chain. These harmful elements cannot be destroyed by biological degradation, as in the
case of the most part of organic pollutants. Incidences of the accumulation of metals in fish,
oysters, mussels, sediment and other components from the aquatic systems have been reported
in many countries around the world [49, 50].

Once the metals are present in cultivated soils, they are likely of radicular absorption by plants.
It is important to point out that some of these elements present biological function whereas
others are much known as toxic even in low concentrations. This way, the plants can be
considered as constituents of the foundation of the trophic chain, causing great concern due
to the possibility of the occurrence of toxic concentrations of certain metals which are trans-
ported from plants to higher levels of the food chain [51].

The toxic metals are not only subjected to radicular absorption by plants when presents in the
soil solution, because may also occur the fixation of the metals in the soil particles, seepage/
leaching to lower levels of soil or even the surface runoff, reaching the groundwater, rivers,
lakes and seas. In general, there are two types of soils in Brazil, sandy and clayey, so that in
sandy soils, due to the low ion exchange capacity, the metals are easily moved in the environ-
ment by leaching or surface runoff, reaching easily the hydric resources. In the other hand, in
clayey soils, due to the higher ion exchange capacity, the metals tend to stand immobilized in
the soil particle, becoming available for the plants in more than one cultivation season.

The toxic metals resulting from the anthropogenic activities, when disposed incorrectly in the
environment, directly or indirectly reaches the top of the chain, i.e., humans will have contact
with these elements by the consumption of food from vegetal or animal origin, contaminated
by water, soil or air. Once in the human organism, these metals present cumulative character,
i.e., areaccumulated in the live tissues, i.e., hardly are eliminated by the organism. Down below
are related some of the characteristics of some toxic metals and its respective collateral effects
caused to human organisms.

4.1. Arsenic (As) — CAS ID 7440-38-2

In humans, the ingestion of high levels of arsenic can result in death. Exposure to lower levels
can cause nausea and vomiting, decreased production of red and white blood cells, abnormal
heart rhythm, damage to blood vessels, and a sensation of "pins and needles" in hands and
feet. The ingestion of inorganic arsenic can increase the risk of skin cancer and cancer in the
liver, bladder, and lungs. Inhalation of inorganic arsenic can cause increased risk of lung
cancer. Exposure to higher than average levels of arsenic occur mostly in the workplace, near
hazardous waste sites, or in areas with high natural levels. At high levels, inorganic arsenic
can cause death [52].
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Aquatic organisms accumulate arsenic mainly as inorganic forms, and some of the organisms
such as phytoplankton, bacteria, etc. transform them into methylated and organic forms [53].

As is associated with ores containing metals, such as copper and lead. Arsenic may enter the
environment during the mining and smelting of these ores. Small amounts of arsenic also may
be released into the atmosphere from coal-fired power plants and incinerators because coal
and waste products often contain some arsenic. It cannot be destroyed in the environment. It
can only change its form, or become attached to or separated from particles. It may change its
form by reacting with oxygen or other molecules present in air, water, or soil, or by the action
of bacteria that live in soil or sediment [52].

Researching the effects of arsenic accumulation from plants cultivated near pressure-treated
wood, Cao and Ma [54] found out that elevated As concentrations were observed in the soils
adjacent to fences and poles, because As was frequently used for wood treatment, in order to
increase the wood life time. Eating vegetables from these contaminated soils may pose a risk
of As exposure since vegetables would readily take up As from these soils.

As, according to the Agency for Toxic Substances and Disease Registry (ATSDR) [55] is the
first substance on the Priority List of Hazardous Substances.

4.2. Cadmium (Cd) — CAS ID 7440-43-9

At room temperature (25 °C/73.4 °F) the Cd is presented at solid state, with atomic number of
48 and atomic mass of 112.41 g. This element belong to the group of the metal of gray silver
metallic color and it is available in many forms including sheet, granule, pellet, powder, rod,
wire, among other. It is a soft metal, highly toxic which can be easily cut with a knife, and
mostly produced as a byproduct of the extraction of Zn, Cu and Pb [56].

Itis considered one of the most toxic metals, presenting important harmful effects for biological
activity on soil, plant metabolism, human and animal health. The abundance of Cd in magmatic
and sedimentary rocks, generally not more than 0.3 mg kg™, being that this metal tends to be
concentrated in clayey deposits. The Cd is strongly associated to Zn in the geochemistry,
however, have a strong affinity with S, presenting a higher mobility than Zn in acid environ-
ments [27].

Generally ore (CdS) is associated as a contaminant (0.25 to 0.5%) to ore Zn and Pb. According
to the International Cadmium Association [57], Cd has been mainly used in manufacturing
NI-Cd batteries, though, also has other applications as pigments, coatings, stabilizers for PVC
(polyvinyl chloride) and alloys.

One of the main problems associated with Cd is its final destination, because it can reach the
soil or the air through the burning of urban waste or the burning of fossil fuels, in this way
polluting the environment and causing damage to the ecosystem [58].

In humans, Cd affects several organ systems, as the Cardiovascular (Heart and Blood Vessels),
Developmental (effects during periods when organs are developing), Gastrointestinal
(Digestive), Neurological (Nervous System), Renal (Urinary System or Kidneys), Reproductive
and Respiratory (From the Nose to the Lungs), Cd is also known as a carcinogen agent [52].
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According to the Agency for Toxic Substances and Disease Registry [55] Cd is the seventh
substance on the Priority List of Hazardous Substances.

4.3. Lead (Pb) — CAS ID 7439-92-1

The Pb is rarely found in its natural state, but in combination with other elements, being the
most important ores which present this metal are: Galena, cerussite, anglesite, perite and
others.

Among the toxic metals, Pb is present in larger amounts in the earth's crust, with an average
concentration between 10 and 20 mg kg [59], therefore, is among the most used metals
worldwide scale of Fe> Al> Cu> Zn> Pb [60].

To be quite versatile, Pb is much used in industrial products, and can be hardened by the
addition of other metals and metal alloy being used as producing components, welds and other
materials, in addition to being able to form various compounds employed in chemical industry
[61].

According to unofficial information from the National Department of Mineral Production
(DNPM), the main consuming sectors Pb are: accumulators (batteries) 80%, representing
approximately 88 tons of metal, oxides, 12%, equivalent to 13 tons; and electronic (alloys,
solders and various), 8%, with 9000 tons.

The Pb in soil is extremely stable and highly toxic to humans and animals, is currently ranked
as the second most dangerous element in the Priority List of Hazardous Substances [55]. Most
of the lead enters the human body through the respiratory and gastrointestinal routes, and
after absorption, it can be found in the blood, soft and mineralized tissues [62].

In humans, the Pb poisoning may initially cause lack of appetite, metallic taste in mouth,
muscle discomfort, malaise, headache and abdominal cramps strong. However, in childhood,
symptoms often linked to the deposition of this metal in the brain are predominant. In its
inorganic Pb*" is an inhibitor of enzymes, further affecting the nervous system [63].

The organ systems affected by Pb are the Cardiovascular (Heart and Blood Vessels), Devel-
opmental (effects during periods when organs are developing), Gastrointestinal (Digestive),
Hematological (Blood Forming), Musculoskeletal (Muscles and Skeleton), Neurological
(Nervous System), Ocular (Eyes), Renal (Urinary System or Kidneys) and Reproductive [52].

4.4. Chromium (Cr) — CAS ID 7440-47-3

With regard to heavy metal Cr, this has turned into a serious pollutant of air, soil and water.
About 70% of the production of Cr is used in alloys, including stainless steel and 15% in
industrial chemical processes, mainly in leather tanning, pigments, electrochemical and
cooling towers [64].

The ions of Cr are found in different oxidation states, however, the trivalent form (Cr*") is the
most common, while the hexavalent form (Cr®") depends on the more specific conditions of
pH and redox potential [65].
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The toxicity of Cr depends on its oxidation state. While the Cr** is relatively stable and
immobile, the Cr® moves easily through the soil and aquatic environments, with a strong
oxidizing agent capable of being absorbed even by the skin in this way, the Cr presents itself
as a carcinogenic species [66, 67].

In humans, the Cr affects the immune, renal (kidney or urinary system) and respiratory tract
(the nose to the lungs), and is known as a powerful carcinogen [52].

According to reference [68], a lethal dose of Cr is between 50 and 100 mg kg, a value much
lower when compared to Cr*, the values are between 1900 and 3300 mg kg™. Since the Cr®*
occupies the 17" position in the Priority List of Hazardous Substances [55].

4.5. Nickel (Ni) — CAS ID 7440-02-0

The Ni occurs in the earth's crust in the order of 0.01%, mainly as sulfide, oxide and silicate
minerals. Geological activities as natural weathering and volcanoes led the natural distribution
of this metal in natural environments at modest levels. The Ni metal and its compounds are
used in multiple applications as stainless steel and other alloys, castings, catalysts, batteries,
electronics, ceramics, pigments and even coins [69].

Among the main uses of this metal can still cite it use in coating parts, in a process called
electroplating, widely used around the world by Electroplating industries [70].

Although not an element extensively released to the environment, this can present a risk to
human health. Epidemiological investigations and experimental studies have shown that
certain compounds of Ni are extremely carcinogenic after inhalation, however, the same
studies show that these risks are limited by conditions specific occupational exposure to this
metal [71].

Results show that this element can cross the placenta and present embryological and terato-
genic properties. The main danger of Ni to the man beside the carcinogenicity is related to the
ability to cause sensitivity reactions [71].

The most common harmful health effect in the general population is allergic contact dermatitis
elicited by prolonged skin contact of sensitized individuals with Ni. Therefore, the majority of
studies related to health effects of Ni to humans concern airborne Ni particulate matter.
Strongest evidence for high cancer risk was found for sulfidic nickel species (NiS, NiS, and
Ni,S;) in Ni refinery dust. On the molecular level the toxic Ni species responsible for severe
health effects, as allergic contact dermatitis and respiratory tract cancer, has been suggested
to be caused by Ni* [69].

Ni affects the following organ systems: Cardiovascular (Heart and Blood Vessels), Dermal
(Skin), Immunological (Immune System), Respiratory (From the Nose to the Lungs) [52].
Actually, Ni ranks the 57" position on the Priority List of Hazardous Substances [55].

4.6. Copper (Cu)- CAS ID 7440-50-8

The Cu, despite being a heavy metal, meets the criteria of essentiality for plants and microor-
ganisms, being classified as micronutrient [72]. This metal is essential to human health, and is
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present in all human tissues and many fluids and with amino acids, fatty acids and vitamins,
is required for the metabolic processes [73].

Excess copper may be toxic to humans because of the affinity metal with S-H groups of many
proteins and enzymes associated with diseases such as epilepsy, melanoma and rheumatoid
arthritis, as well as the loss of taste [72]. Toxiclevels of Cu occur naturally in some soils, whereas
others may contain high levels of Cu as a result of the anthropogenic release of contaminated
materials into the environment through mining, smelting, manufacturing, agriculture and
waste disposal technologies [72].

In plants, either deficient or in excess, Cu can cause disorders in plant growth and development
by adversely affecting important physiological process. In particular photosynthetic electron
transport is altered under deficiency and excess of Cu. Thus, for healthy plant growth and
development Cu must be acquired from the soil, transported throughout the plant, distributed
and compartmentalized within different tissues and its content carefully regulated within
different cells and organelles. For this purpose, plants, like all other organisms, have homeo-
static mechanisms to maintain the correct concentrations of essential metal ions. Membrane
transport systems are likely to play a central role in these processes [73].

Copper ranks the 125" position on the Priority List of Hazardous Substances [55].

4.7. Manganese (Mn)- CAS ID 007439-96-5

According to the International Manganese Institute (IMnl) [74], this metal is the fourth most
used in terms of tonnage, being ranked behind Fe, Al and Cu, being the production of Mn
alloys about 17.7 million metric tons at 2011. Mn the second major abundant metal and 12
most abundant element in the earth’s crust, being its ores deposits usually of sedimentary
origin, with oxide ore layers inter-bedded with iron-rich formations [75].

Steel is basically an alloy of iron and carbon, consisting of an iron phase and iron carbides.
Crude steel produced from iron contains an undesirable amount of oxygen and some sulphur.
Mn plays a key role because of two important properties: its ability to combine with sulphur
and its powerful deoxidation capacity [76].

High grade Mn ores (> 40%) are typically processed into suitable metallic alloy forms by
pyrometallurgical processes. Low grade manganese ores (<40%) are conventionally processed
by pyrometallurgical reductive roasting or melting followed by hydrometallurgical processing
for production of chemical manganese dioxide (CMD), electrolytic manganese (EM) or
electrolytic manganese dioxide (EMD) [77].

In the human body, Mn displays a somewhat unique behavior with regard to its toxicity. It is
relatively non-toxic to the adult organism except to the brain where it causes Parkinson-like
symptoms when inhaled even at moderate amounts over longer periods of time [78].

This element, when in large amounts, affect fertility in mammals and are toxic to the embryo
and fetus, what implicates that pregnant women should not be exposed to Mn anytime [78].

Due to the substitution of Pb by Mn in gasoline, reference [79], researching the cultivation of
beans and oats in soil next to roads, found not only Mn concentrations significantly higher in
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organic soil but also higher accumulation found in fruits and stems, suggesting that the
addition of MMT to gasoline can be the cause for this increase in exchangeable Mn in organic
soils.

According to the Agency for Toxic Substances and Disease Registry [55], Mn is the 140"
substance on the Priority List of Hazardous Substances.

5. Case studies: Contaminated fertilizers in Brazilian crops

Based on information obtained from seizures made in Brazilian seaports, related to the entry
of loads of industrial waste with the presence of toxic metals for use as source of micronutrients
in fertilizers [6], three studies were conducted to evaluate the possibility of soil and plants
contamination using different sources and Zn levels, since this is main micronutrient applied
in the Brazilian agricultural crops. All studies were conducted at the State University of West
Parana - Brazil, being one for soybean [2], one for the wheat crop [4] and the last one for the
corn crop [5].

In the work done with the soybean crop [2], an experiment was conducted in 2007, in Palotina-
PR, with coordinates 24° 18' S and 53° 55' W (Figure 2) in a soil classified as Hapludox (RED).
It were used four different fertilizers for the Zn supply sold in Brazil, in three doses (0.0; 0.9
and 1.8 kg ha™). The results of this study demonstrated the presence of toxic metals (Cd, Pb
and Cr) in the soybean leaf tissue (Table 5) at levels above of the tolerable in agricultural crops
[27]. We also observed the occurrence of these three metals in the soil after harvest (Table 6),
which compared to the Brazilian legislation, that establishes the maximum concentrations of
contaminants in soils [28], classify the obtained values as above the maximum allowed for the
soil be agriculturable (IV - Agricultural area) in the case of Cd. For Pb and Cr the values
obtained in the study were below of the prevention value (PV), which is the maximum
allowable value of the contaminant in soil to that it is able to sustain its biological processes.

The work done with the wheat crop [4] was conducted on the residual fertilization of the work
with the soybean crop, since the concentrations of the metals Cd, Pb and Cr in the soil of the
experiment were significant, especially in the case of Cd. The results of this study showed no
accumulation of Cd in the leaves of wheat at the level of detection by the analytical method
(flame atomic absorption spectrometry - FAAS), however, we found concentrations of Pb and
Cr. For Pb the maximum concentration found was under the tolerable limit, and for the Cr,
the maximum concentration found was above the tolerable level for crops [27]. One of the main
conclusions of this work was the occurrence of availability of Cr and Pb to wheat plants with
fertilization performed in previous crop (soybean), demonstrating the persistence of contam-
inants in soil and their occurrence in more than one crop agriculture.

The work conducted with maize crop was conducted in Mercedes, Parana State-Brazil, with
geographic coordinates of 24° 25" S and 54° 15" W (Figure 3) in a Rhodic Eutrudox. The
fertilization of this experiment was performed with eight different sources of Zn in four
different doses (0.0;2.0; 4.0 and 6.0 kg ha™). In the chemical analysis performed in the fertilizers
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Figure 2. Local where the experiment involving fertilization with Zn in soybean and wheat culture were performed
(80]

used in the work, it was observed that one of the sources presented 11039.46 mg of Pb kg™,
being the maximum limit permitted by Brazilian law (NI 27/06) [37] 10000.00 mg of Pb kg™
(Table 3). However, as previously mentioned in the section 3, the NI 27/06 tolerates the
presence of contaminants up to 30% of the maximum permitted value, in this way, the fertilizer

would not be considered as irregular, and can be freely traded.
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Figure 3. Local where the experiment involving fertilization with Zn in corn crop was performed [80]
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Regarding the leaf concentration of Cd, Pb and Cr (Table 5), it was observed that only the Pb
concentrations was found at detectable levels by the used method (FAAS), where the leaf
content of Pb in corn plants can be considered inside the tolerable limits [27]. For the soil, it
was observed the occurrence of Cd, Pb and Cr (Table 6), so that the concentrations of Cd were
below the maximum allowable limit so that the soil is agriculturable (IV - Agricultural area),
and the Pb and Cr were below the PV, which is the maximum allowable value of the contam-
inant in the soil, to that it be able to sustain its biological processes.

Agricultural crop Tolerable foliar
Metal *kkk
Soybean* Wheat** Corn*** level
cd (mg kg™ 0.73 ND ND 0.05a 0.50
Pb (mg kg™) 25.53 1.95 8.67 0.50a 10.00
Cr (mg kg™) 3.36 9.28 ND 2.00

ND - not detected by the method used (FAAS) with a quantification limit of 0.01 mg L"; * - results from reference [2]; **
- results from reference [4]; *** - results from reference [5]; **** - Tolerable foliar level according to reference [27].

Table 5. Foliar levels of Cd, Pb and Cr in experiments conducted with mineral fertilizers to supply Zn in different crops
in Brazil

. Classification of the metal value in
Agricultural crop

Metal the soil*
Soybean* Corn** PV IV — Agricultural area
Cd (mg dm-) 5.52 2.52 1.30 3.00
Pb (mg dm-3) 24.25 51.48 72.00 180.00
Cr (mg dm?) 22.19 18.43 75.00 150.00

* - results from reference [2]; ** - results from reference [5]; *** - Classification of the metal value in the soil according to
reference [28]; PV—Prevention Value; IV — Investigation Value for agricultural area.

Table 6. Levels of toxic metals Cd, Pb and Cr in soil after cultivation of various crops fertilized with Zn in Brazil

Based on the results obtained in the three presented studies it can be inferred that the presence
of metal contaminants in fertilizers is real and should be studied more carefully by regulatory
authorities in Brazil. The foliar and soil levels of the metals Cd, Pb and Cr found cause concern
from the environmental point of view, due the possibility of entry of these contaminants in the
food chain, either by consumption of contaminated materials or pollution of water resources
from contaminants in the soil. It should be noted that the values presented in these works were
obtained with only one fertilization, so that with successive fertilizations may occur a greater
availability of these contaminants to the environment.
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It is worth affirm also that the laws related to the presence of contaminants [37], and levels of
toxic heavy metals allowed in Brazilian soils [28], are being severely questioned by Brazilian
researchers and government agencies. Among the key questions are the lack of criteria for
determining and monitoring the presence of contaminants in fertilizers, passivity with the
addition of toxic metals in brazilians soils by the minimum quality and lack of discussion with
researchers and entities responsible for the drafting of legislation.

It should furthermore be highlighted that before approval of Resolution No. 420 of CONAMA
[28], there was serious questioning on the part of Brazilian authorities and researchers in
relation to the criteria used for its formulation by means of Proceeding 02000.002955/2004-69
[81-83], thus confirming the need for more societal discussion (especially among the special-
ized technical and scientific segments in a multidisciplinary manner) before this is submitted
for approval of possible resolution. The resolution, moreover, violates the Brazilian Federal
Constitution with respect to the “preservation, improvement and recovery of the environ-
mental quality favorable to life”” because it permits the introduction of contaminants in the soil
up to the maximum limit permitted by the resolution, thus allowing the use of contaminated
fertilizers and soil conditioners in agriculture until they reach and exceed these values and
thereby degrade environmental quality. Therefore, the need for more in-depth field studies in
relation to environmental legislation before it is drafted and approved becomes clear. These
studies must be undertaken together with environmental regulatory bodies and research
entities in the country. Based on the results obtained in this study, it is evident that some of
the Zn fertilizer sold by sources in Brazil significantly affect the quantity of Cd, Pb, and Cr in
soil. If their use is continued, there may be contamination of soil, surface and underground
waters, plants, animals, and humans, leading to severe damage to health as well as the
environment. This fact raises concern because according to references [84-86], even low levels
of heavy metals in soil may be available to plants, an effect that is difficult to ascertain because
the symptoms they case occur only over the long term, thus increasing even more the hazards
associated with the use of contaminated materials in agricultural activities.

In a review about the environmental risks of adding phosphate fertilizers contaminated with
trace elements in long-term, reference [87] warn about the possibility of increasing concentra-
tions of As, Cd and Pb in agricultural soils using contaminated fertilizers. The authors also
emphasize that to prevent the entry of potentially toxic elements in agriculture, it is necessary
a strict control on the sources of macro and micronutrients used in agriculture. This demon-
strates the importance and need for further studies related to the use of fertilizers contaminated
with toxic metals in crops and the environmental impacts that these sources of nutrients can
cause.

6. Sustainable strategies for soil remediation

The introduction of toxic chemicals by man in various environmental compartments (soil,
water and atmosphere), the of controlled or uncontrolled elimination of wastes (accidental
spills, mining processes and smelting of metallic ores, fertilizer application, sewage sludge and
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pig manure in agricultural soils) puts the ability to self-cleaning of contaminated ecosystems
in doubt. Consequently, the pollutants that accumulate toxic metals are of concern in relation
to human exposure of ecosystems and the potential impact [88].

Today there are several techniques for soil decontamination. It is worth mentioning that the
choice of one or other technique, among other factors, also depends on the characteristics of
the contaminant in question, between the different techniques is possible enumerate:

1. Thermal treatment: Use of heat to remove, stabilize or destroy the contaminants;

2. Physical treatment: Physical processes used to separate toxic substances from the envi-
ronment;

3. Chemical treatment: Uses chemical reactions to remove, destroy or modify toxic substan-
ces;

4. Biological treatment: Makes use of natural metabolic means, such a microorganisms and
other biological agents to remove, destroy or modify the contaminants;

5. Stabilization / solidification: This step the contaminants are stabilized chemically and / or
modified to reduce the potential for contamination.

These technologies can in many cases be applied “in situ”, i.e., at the site of origin of the
contamination, or “ex situ” outside the place of contamination, which results in the removal
and transport of the contaminated soil.

Among the physical-chemical treatments, these mostly are based on soil washing. These
methods are based on the technological principle of the transfer of a contaminant from the soil
for a liquid or gaseous phase. The main products are treated soil and the contaminants
concentrated. The specific process of treatment depends on the type of contaminant, in
particular as regards the type of connection established with the soil particles.

It is observed by the description above, that such treatments become process more expensive
the decontamination because are many cases in which the soil treatment requires the removal
of several layers of the same and specific treatment in laboratories.

Thus, many approaches have been developed, evaluated and performed to deal with soil
pollution. Current technologies for decontamination soil are often expensive and of high
energy consumption, and in many cases, the soil cannot be reused after treatment [89]. Thus,
several studies have been developed to promote proper techniques and low cost of remediation
in order to prevent the spread of these contaminants in the food chain [88, 90].

As an alternative, an ecological approach technology that involves the use of plants to clean
up or remediate soils contaminated with toxic metals, called phytoremediation, has been
developed and encouraged by the fact of being a simple and inexpensive option for remedia-
tion of contaminated soils [90-92].

Phytoremediation can be divided into phytoextraction (hiperacumulation) phytostabilization,
rhizofiltration, fitotransformation and fitovolatilization (Figure 4).
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Phytorremediation

Phytoextraction Phytostabilisation Rhizofiltration Phytovolatilization Phytotransformation
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of the plant precipitation in the absorption in the Hg and As)
- root zone roots (roots only).

Figure 4. Types and characteristics of phytoremediation [92,93]

However for the phytoremediation to be effective it depends on the selection of plant species,
preferably hyperaccumulators, which are able to grow in soils of low fertility, and degraded
by the presence of contaminants [94].

In studies carried out in Iran using Euphorbia macroclada and Centaurea virgata, demonstrate
that the sampled species not only were able to grow in soils highly contaminated by metals,
as well as were capable of accumulating high concentrations of Zn, Mn, Cu, Pb and Fe, in this
way these plants can be classified as hyperaccumulators, in other words, have adequate
potential for phytoremediation of contaminated soils [95].

However, the metal accumulation by the plants is only efficient after the contaminant be
removed from the soil, for example, by harvesting the plant matter. If most of the toxic metals
are located on the shoots, the harvest can be performed using traditional farming methods. In
general, it is necessary to harvest the plants before the fall of the leaves, or before his death
and decomposition, so that contaminants do not disperse or return to the soil.

After harvesting, the biomass must be processed for extraction and recollection of the majority
of metals. Alternatively, the volume and the weight of the biomass can be reduced by thermal
processes, physical, chemical or microbial. In the case of burning plant, for example, the energy
produced represents an economic value of the process and the ash may be treated as an ore,
which may still be extracted the metallic contaminant (especially if the ashes are enriched in
one or two metals).

Even Brazil showing great potential species for bioremediation and phytoremediation, the
recovery of contaminated areas, due to the great biodiversity and climate, favoring biological
processes in pollution treatment, knowledge about these species of plants and microbial
communities in phytoremediation potential are still scarce [96].

In research carried out by reference [97], it was reported that some plants were able to
remediate soils contaminated with metals such as Brassica juncea for phytoextraction of Cd and
Cr®, Cu, Ni and Pb, Avena sativa for Zn, Pisum sativum L. and Zea mays L. for removal of Pb.

However, from an economic point of view, the use of these species of accumulator plants
generally do not generate financial returns to the farmers, because these plants only remove
the contaminant from the soil, being later discarded after the remediation. Thus if the farmer
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in question require to decontaminate a particular area, the phytoremediation only would
generate costs, especially with seeds, agricultural machinery, irrigation, etc.

Nevertheless, currently there is a widespread idea that the species used for phytoremediation
of soil can also generate economic gains beyond decontamination. The use of oil crops, for
example, Crambe abyssinica H., Moringa oleifera L. and Jatropha curcas, in which the product
marketing is not consumed as food, but as biofuel (biodiesel), is a possibility to decrease the
cost of recovery of the contaminated area. Thus the fact that the plant has accumulated large
amounts of heavy metal will have little influence on the end product of the culture, generating
profit for the property.

Moreover, oil crops like C. abyssinica, M. oleifera and ]. curcas, have been the subject of
research in the removal of toxic metals such as Cd, Pb, Cr and water through the adsorp-
tion process, in which the pie their seeds are used as adsorbent [98-101]. The results of these
studies demonstrated great potential for removal of these metals, and that these adsorb-
ents are obtained at minimal charges, because they are wastes generated by the extraction
of vegetable oil.

Thus, the use of cultures for vegetable oil production and recovery of contaminated areas can
be an interesting alternative, which will generate the money from oil production and recovery /
stabilization of the contaminated area with the development of these cultures, preventing them
be lost through leaching or soil surface runoff and reach the groundwater and surface water
and groundwater. However, more researches are still needed In order to evaluate this
possibility, focusing on the development of oil-producing plants and cycles of addition of the
adsorbent material and the biodegradability thereof. Between this and other issues to which
scientific research is driven, many studies still need to be developed so that, in one way or
another, the quest for sustainability will one day be achieved.

7. Conclusion

Based on information existing in the Brazilian and international literature, we can make some
important observations:

The fertilization of plants is one of the major reasons of the increase in food production across
the globe. Consequently, the use of fertilizers in agricultural crops is extremely high and
growing, however, for the maintenance of this production capacity, we should be very careful
with the fertilizers sources that are being used in agriculture.

The presence of toxic metals in fertilizers has been reported in the major food producing
countries, like United States, China and Brazil. This demonstrates that this issue deserves
further detailed studies of long-term about the successive addition and the effects of these
contaminants to crops, soil, supply chain and the wider environment. Thus, the institutions of
research and supervision, have to evaluate the products that are used for the manufacture of
fertilizers on the market, as this is an activity that generate large amounts of money and that
will always be a target of people with questionable character.
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The current legislation, not only in Brazil, but internationally, with respect to the use of wastes
as sources of nutrients, presence of contaminants in fertilizers and presence of toxic metals in
soil, need higher accompaniments and answers for some of the community questions, because
the legislation must ensure that the agricultural soils are not being degraded and becoming
unproductive. In Brazil, it is strongly recommended that the laws must be harder and restric-
tive, until we have reliable and conclusive results related to the addition of contaminated
fertilizer in long-term. In this case, it should be emphasized that these laws should be devel-
oped based on results from institutional researches and reliable groups, without the influence
of political and industrial groups. Meanwhile, the damage caused by man in air, soil and
waters, must be repaired, by remediation methods (such as phytoremediation) aiming not only
the decontamination, but also ensuring a small profit, as an incentive to the farmer.

Brazil is considered as one of the countries with largest biodiversity and most promising in
food production for the globe, however, for that prediction become a reality, it is very
important that the productive areas are not degraded. The technologies developed by our
civilization provide ways to avoid the degradation of our environment, but often they are not
used because they prevent higher industrial profits, this should not occur, because the balance
of the ecosystem and the quality of human life should be above of any monetary profit.
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