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ABSTRACT. The study aimed to evaluate the phytoavailability of heavy metals (Cr, Cd, Ni and Pb)
concentrations in leaves and grains, and yield of cowpea (Vigna unguiculata L) grown in soil amended with
composted tannery sludge (CTS) for two consecutive years. The experiments were carried out in 2009 and
2010 in soil amended with CTS at 0, 5, 10, 20, and 40 Mg ha™. The CTS amendment rates applied were
above 10 Mg ha™, increased Cr concentrations in cowpea leaves. There were not increases in the heavy
metals concentrations in cowpea grains after two years. In 2009, the application of CTS amendment did
not promote increase in plant yield. However, in 2010, CTS amendment at 10 and 20 Mg ha™ increased
cowpea yield. The amendment of composted tannery sludge linearly increased linearly the concentration of
Cr in the leaves of cowpea after two years. Composted tannery sludge promoted increases in cowpea yield.
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Metais pesados e produtividade de caupi cultivado sob aplicagoes de lodo de curtume
compostado

RESUMO. O estudo objetivou avaliar a fitodisponibilidade de metais pesados (Cr, Cd, Ni e Pb) em folhas
e grios, ¢ produtividade em caupi (Vigna unguiculata L) em solo apés a adigio de lodo de curtume
compostado (LCC) por dois anos consecutivos. Os experimentos foram realizados em 2009 e 2010 em solo
com adigio de LCC a doses de 0, 5, 10, 20 e 40 Mg ha™. A adigio de LCC em doses acima de 10 Mg ha™,
por dois anos consecutivos, aumentou a concentragio de Cr nas folhas do caupi. Nao houve aumento na
concentragio de metais no grio de caupi ap6s dois anos de aplicagio. Em 2009, a aplicagio de LCC nio
aumentou a produtividade da planta. Entretanto, em 2010, o LCC nas doses de 10 e 20 Mg ha™ aumentou a
produtividade do caupi. A aplicagio de lodo de curtume compostado aumentou linearmente a concentragio
de Cr nas folhas do caupi apés dois anos. O lodo de curtume compostado promoveu aumento na

produtividade de grios.

Palavras-chave: Vigna unguiculata, residuo orginico, elementos trago.

Introduction

Tannery industries occupy an important place in
the Brazilian economy with assets of 21 billion
dollars per year (SILVA et al., 2010). However, these
industries annually release 1 million tons of tannery
sludge, 3% of which are solids (SANTOS
et al, 2011). In Brazil, there is no established
method for tannery sludge disposal, and landfilling
is commonly used as a current method.
Alternatively, land application has been suggested as
a suitable method (COSTA et al., 2007). However,
both methods bring a series of economic, social and
environmental problems. Therefore, it is necessary
to find new methods for tannery sludge recycling as
alternative to landfilling and land application.

In Brazil, the agricultural use of tannery sludge
has been studied in several crops (ARAUJO
et al., 2006; MELO et al, 2007; SILVA et al., 2006;
TEIXEIRA et al., 2006). These studies focused on
untreated tannery sludge and reported that the main
problem is chromium (Cr) content in the sludge.
For example, Silva et al. (2006) evaluated tannery
sludge as an organic fertilizer for maize crops and
observed lower plant growth compared to cattle
manure amendment, mainly due to the high
quantity of Cr in tannery sludge. However, Teixeira
et al. (2006) found increases in cowpea biomass after
tannery sludge amendment with results similar to
those observed with chemical fertilization.

Heavy metals are usually present in tannery
sludge, particularly trivalent chromium (Cr’*).
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Once present in soil, air or water, whether by
natural occurrence or by sludge amendment, this
heavy metal can enter the food chain. When it
reaches high concentration in plants, chromium can
cause toxicity problems, such as decreases in plant
yield and diseases in animals or humans
(GONCALVES ]JR. et al, 2011). Alternatively,
composting has been suggested as a suitable method
for tannery sludge treatment before agricultural use
(SANTOS et al., 2011; SILVA et al., 2010). This
method has been used to process sludge of different

origins, such as sewage sludge (BERNAL
et al, 1998) and textile sludge (ARAUJO

et al., 2007; ARAUJO; MONTEIRO, 2006).

However, consecutive amendments with
composted wastes may promote the concentration
of heavy metals in soils and plants (MCBRIDE
et al., 2004), and heavy metals may cause negative or
positive effects on plant growth and yield. Some
studies reported positive, negative or neutral plant
responses to heavy metal accumulation in soil
(MARTINS et al.,, 2003; MERLINO et al., 2010;
SANTOS et al, 2011). In plants, heavy metal
accumulation varies between different parts of the
plant or among different plant species. In maize, Zn
accumulates in the leaves, while Cr and Pb
accumulate in the grains and shoots, respectively
(PIERRISNARD, 1996). The cowpea 1is an
important crop in Northeast Brazil, and there are no
studies evaluating heavy metal accumulation in plant
tissues due to composted tannery sludge
amendment. Therefore, the aim of this study was to
evaluate the phytoavailability of Cr, Cd, Ni and Pb
in leaves and grains and the yield of cowpea (Vigna
unguiculata) after two years of composted tannery
sludge amendment.

Material and methods

The experiments were carried out under field
conditions at the ‘Long-Term Experimental Field” at
the Agricultural Science Center, Teresina, Piauf
State (05° 05' S; 42° 48' W, 75 m). The regional
climate is dry tropical (Koéppen), and it is
characterized by two distinct seasons, rainy summer
and dry winter, with annual average temperatures of
30°C and rainfall of 1,200 mm. The rainy season
extends from January to April when 90% of total
annual rainfall occurs. The soil is classified as Fluvic
Neosol (10% clay, 28% silt and 62% sand). The
values of chemical properties (EMBRAPA, 1997) in
the 0-20 cm depth were as follows: pH (water) — 6.7;
organic matter — 122 g kg'; P — 8.04 mg dm?;
exchangeable K — 0.06 cmol. dm™; Ca — 1.76 cmol. dm?;
Mg — 0.37 cmol, dm™; CTC - 3.92 cmol. dm?;
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Cr - 0.6 mg kg''; Ni — 0.04 mg kg''; Cd — 0.07 mg
kg'; Pb —0.94 mg kg'. The Cr, Ni, Cd and Pb levels
were determined according to Usepa (1996). The
physical properties are (EMBRAPA, 1997): soil
density — 1.81 kg dm?; particles density —
2.62 kg dm™; soil porosity — 0.29 m®> m™. The soil is
composed basically of caulinite and ilite and shows
the presence of quartz.

The composted tannery sludge (CTS) was
produced from tannery sludge mixed with sugarcane
straw and cattle manure (ratio 1:3:1; v:viv). The
composting process was carried out using the
aerated-pile method for 85 days (USDA, 1980). The
size of pile was 2 m long, 1 m wide and 1.5 m high.
The pile was turned twice a week during the first 30
days. Afterwards, it was turned twice a month for 55
more days. At the end of the composting process,
twenty subsamples were randomly collected from
the CTS to produce a composite sample. N, P and K
content were evaluated by Kjeldahl, colorimetry and
photometry, respectively. The other trace elements
(trivalent Cr, Cd, Ni and Pb) were evaluated by
spectrophotometry ~ with ~ atomic  absorption
according to Usepa (1996). The CTS basic
characterization data are presented in Table 1.

Table 1. Chemical properties of composted tannery sludge
(CTS).

Propertics CTS CTS Limits of heavy metal
(2009) (2010) permitted’

pH 7.8 7.2 -

Co(gkg™) 187.5 195.3 -

N (gkg") 1.28 1.39 -

P (gkg") 4.02 3.83 -

K (gkg" 3.25 3.51 -

Ca(gkg") 95.33 84.28 -

Mg (gkg™") 6.80 5.71 -

S (gkg™) 9.39 8.43 -

Cu (mgkg™) 17.80 19.51 4300

Fe (mgkg") 5171 4932 -

Mn (mg kg™ 1848 1958 -

Zn (mgkg") 141.67 128.31 7500

Mo (mg kg™ 9.28 14.87 -

Ni (mg kg™ 21.92 28.61 420

Cd (mgkg™) 2.87 3.93 85

Cr (mgkg") 2255 2581 3000

Pb (mgkg") 42.67 38.54 75

'Usepa (1999).

The experiments were conducted in 2009 and
2010 with six treatments: 0 (no CTS), 5, 10, 20 and
40 ton ha™ of CTS (dry basis). The experiment was
arranged in a completely randomized block design
with four replications. The plots were marked
(20 m? each and 12 m? of useful area for soil and
plant sampling), including rows spaced 1.0 m apart.

Each year, the CTS was applied ten days before
cowpea (Vigna unguiculata) sowing. It was spread on
the soil surface and incorporated into the 20 cm
layer with a harrow. Cowpeas were grown at a
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density of 5 plants m™ (approximately 62,000 plants
ha™). The data were collected 40 (flowering period)
and 60 (harvest) days after plant emergence in both
years. The leaves were collected from ten plants
inside the plots. Plant yield was evaluated by
sampling ten plants inside the plots, and grains were
dried for 13% of humidity. In the first sampling, the
Cr, Cd, Ni and Pb contents in leaves were
evaluated. In the second sampling (60 days), the Cr,
Cd, Ni and Pb in grains and the plant yield were
evaluated. The Cr, Cd, Ni and Pb analyses in leaves
and grains were performed according to methods
described in Usepa (1986).

The data were subjected to the analysis of
variance (ANOVA) and F test (5%). When F was
significant, the data were adjusted to regression
analyses as functions of rates of CTS amendment
(SAS, 1996).

Results and discussion

The CTS enriched in heavy metals (Table 1),
especially Cr, increased Cr concentration in soil
(Figure 1). However, the Cr concentration values
observed in the soil were below the limits permitted
for agricultural soils according to Conama (2006)
and Cetesb (2001), which are 150 and 300 mg kg™,
respectively. In addition, due to the low solubility of
Cr in neutral or alkaline soils (SANTOS
et al., 2011), only a small proportion of Cr is
bio-available. This fact suggests that in agricultural
soils with a neutral pH that are treated with tannery
sludge relatively high in Cr, toxicity will rarely be
observed (ALLOWAY, 1990).

my=1465+0723x

30 R2=0.98%
75
2 0
[=2]
g 15 2009
5 4y =2929+0102%
10 R#=0.94% 2010
0

0 10 20 30 40
Rates of CTS (ton ha™)

Figure 1. Pseudo total Cr concentration in the soil under
different rates of composted tannery sludge - CTS in 2009 and
2010. *-5% significance.

In the case of Cd, Ni and Pb in soil, CTS
amendment did not promote significant (p < 0.05)
increases in their concentrations. In this case, the
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average Cd, Ni and Pb concentrations in soil found
after two years of CTS amendment were 0.07, 1.68
and 2.4 mg kg™, respectively. These concentrations
are below the limits proposed by Conama (2006)
and Cetesb (2001) for agricultural soils.

CTS amendment promoted a linear and
significant increase in Cr concentration in cowpea
leaves in 2009 and 2010 (Figure 2). Additionally,
increases occurred between the first and second year
for all CTS amendment rates. The values of Cr
concentration in leaves found after two years of
CTS amendment ranged between 0.09 and 4.08 mg
kg for 0 and 40 ton ha™' CTS, respectively.
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Figure 2. Total Cr concentration in cowpea leaves cultivated
under different rates of composted tannery sludge - CTS in 2009
and 2010. *-5% significance.

These increases in Cr concentrations are related
to the high Cr concentration in the CTS (Table 1).
Aquino Neto and Camargo (2000) also observed an
increase in Cr concentration in lettuce leaves after
application of tannery sludge as a direct response to
the increase in tannery sludge rates. Thus, for some
crops, Cr is translocated from the roots to the top
parts of the plant and is influenced by plant species,
although Cr is usually retained in the plant root
system (DUDKA et al., 1991; PIOTROWSKA
et al,, 1991). For example, in soybean, Castilhos
et al. (2001) observed that the increase in the Cr
concentration in the plant root promoted an increase
of Cr in the leaves. In cowpea, there is no
information about Cr uptake after tannery sludge
amendment, although some studies found a
decrease in the plant dry weight as a direct response
of tannery sludge with high Cr content (SANTOS
et al., 2011; TEIXEIRA et al., 2006). After two years,
the Cr concentrations in cowpea leaf tissue
remained within the range considered normal, with
levels ranging from 0.03 to 14 mg kg
(KABATA-PENDIAS; PENDIAS, 2001).
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CTS amendment did not promote significant
(p < 0.05) increases in the Ni, Cd and Pb
concentrations in cowpea leaves due to the low Ni,
Cd and Pb concentrations in CTS. The average Ni
value found in cowpea leaves was 1.70 mg kg'. This
value is within the normal limits for plant tissue,
which range from 0.1 to 5 mg kg' (ADRIANO,
1986). The average values of Cd and Pb were 0.54
and 3.8 mg kg'', respectively. These values are below
the limits proposed by Kabata-Pendias and Pendias
(2001), which range from 0.1 to 2.4 and 0.2 to 20 mg
kg™ for Cd and Pb, respectively. These results are in
accordance with Souza et al. (2005), which did not
find significant effects of tannery sludge on Ni, Cd
and Pb concentrations in maize leaves.

There were no significant (p < 0.05) increases in
Cr, Ni, Cd and Pb concentrations in cowpea grains
after two years of CTS amendment. According to
Mortvedt (2001), some plants can absorb significant
amounts of Cr, Ni, Cd and Pb, but these heavy
metals generally are not translocated to grains.
Leaves usually present higher heavy metal contents
than seeds, nuts and fruits (OLIVEIRA et al., 2005).
In an experiment with maize, these authors
observed that after five years of sewage sludge
amendment, the Cd, Zn, Cu and Ni contents were
higher in leaves than in grains. The average Cr
concentration in grains found after two years of
CTS amendment was 1.42 mg kg™'. These results are
in accordance with Anjos and Mattiazzo (2000) for
Cr in grains of maize sowed in soils amended with
sewage sludge for three years. These authors found
values of Cr in grains varying between 1.27 and
1.85 mg kg'. In the case of Pb, the average
concentration in grains was 2.1 mg kg'. Rangel
et al. (2006) found values for Pb ranging from 2.3 to
3.3 mg kg in grains of maize after three years of
sewage sludge amendment. However, the values of
Pb concentrations in grains found by these authors
and in our experiment are below the limit for grain
proposed by Kabata-Pendias and Pendias (2001),
which is 8.0 mg kg™'. The average concentrations of
Cd and Ni were 0.16 and 2.35 mg kg, respectively.
These values for Cd and Ni concentrations in grains
are below the limits proposed by Kabata-Pendias
and Pendias (2001), which are 1.2 and 4.5 mg kg
for Cd and Ni, respectively.

In the first year, there were no differences
between treatments for cowpea yield (Figure 3),
where the average of yield was 1.43 ton ha™, because
the soil presented sufficient content of plant
nutrients before installing the experiment. In
addition, there was most likely no Cr toxicity when
the CTS was applied the first time.

Goncalves et al.
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Figure 3. Cowpea yield cultivated under different rates of
composted tannery sludge - CTS in 2009 and 2010. *-5%
significance; ns — non-significant.

In the second year, there was a quadratic
response of plant yield after CTS amendment.
According to the equation of regression, the
estimated maximum plant yield was 2,720 kg ha™' for
an estimated CTS rate of 22 ton ha'. This yield is
almost two times higher than that found for control
soil (0 ton ha™ CTS). Additionally, this plant yield is
higher than reported by Ferreira et al. (2008) and
Gualter et al. (2008) using chemical fertilization. It
means that CTS has the potential to increase cowpea
yield and may be an alternative for chemical
fertilization. This quadratic response for plant yield
conflicts with reports from Higgins (1994), which
evaluated rates of sewage sludge during four years
and found a linear response in maize. During high
rates of CTS, the Cr content in soil likely may have
had a toxic effect on cowpea, which most likely
presents a lower tolerance to metals than maize.

Conclusion

Amendment with composted tannery sludge
linearly increased the concentration of Cr in the
leaves of cowpea after two years.

There were no changes in the concentrations of
Cr, Cd, Ni and Pb in cowpea grains after two years
of composted tannery sludge amendment.

After two years of amendment, composted
tannery sludge promoted increases in cowpea yield.

Acknowledgements

The authors are thankful to ‘Curtume Europa’
for providing the tannery sludge used in the
composting. This research was funded by ‘Conselho
Nacional de Desenvolvimento Cientifico e
Tecnoldgico' (CNPq) and ‘Coordenagio de
Aperfeicoamento de Pessoal de Nivel Superior’

Acta Scientiarum. Agronomy

Maringa, v. 36, n. 4, p. 443-448, Oct.-Dec., 2014



Heavy metals and yield of cowpea

(CAPES). A.S.F Aratjo and W.J. Melo are supported
by a personal grant from CNPq-Brazil.

References

ADRIANO, D. C. Trace elements in the terrestrial
environment. New York: Springer-Verlag, 1986.
ALLOWAY, B. J. Heavy metals in soils. New York:
John Wiley and Sons, 1990.

ANJOS, A. R. M,; MATTIAZO, M. E. Metais pesados
em plantas de milho cultivadas em Latossolos
repetidamente  tratados com  biossélido.  Scientia
Agricola, v. 57, n. 4, p. 769-776, 2000.

AQUINO NETO, V.; CAMARGO, O. A. Crescimento ¢
actmulo de crémio em alface cultivada em dois latossolos
tratados com CrCl; e residuos de curtume. Revista
Brasileira de Ciéncia do Solo, v. 24, n. 1, p. 225-235,
2000.

ARAUJO, A. S. F,; MONTEIRO, R. T. R. Microbial
biomass and activity in a Brazilian soil plus untreated and
composted textile sludge. Chemosphere, v. 64, n. 6,
p- 1043-1046, 2006.

ARAUJO, A. S. F.,; CARVALHO, A.]. S.; SANTOS, E. J.
S.; CARVALHO, E. M. S;; SANTOS, V. B. Growth and
nodulation of Leucaena and Prosopis seedlings in soil plus
tannery sludge. Caatinga, v. 19, n. 1, p. 20-24, 2006.
ARAUJO, A. S. F.; MONTEIRO, R. T. R.; CARVALHO
E. M. S. Effect of composted textile sludge on growth,
nodulation and nitrogen fixation of soybean and cowpea.
Bioresource Technology, v. 97, n. 6, p. 1028-1032,
2007.

BERNAL, M. P.; NAVARRO, A. F; SANCHEZ-
MONEDERO, M. A; ROIG, A; CEGARRA, ].
Influence of sewage sludge compost stability andmaturity
on carbon and nitrogen mineralization in soil. Soil
Biology and Biochemistry, v. 30, n. 3, p. 305-313, 1998.
CASTILHOS, D. D.; COSTA, C. N.; PASSIANOTO,
C. C; LIMA, A. C. R; LIMA, C. R. L; MULLER, V.
Adi¢io de cromo hexavalente no crescimento, nodulacio e
absor¢io de nutrientes em soja. Ciéncia Rural, v. 31,
n. 6, p. 969-972, 2001.

CETESB-Companhia de Tecnologia de Saneamento
Ambiental. Relatério de estabelecimento de valores

orientadores para solos e agua subterraneas do
Estado de Sao Paulo. Sio Paulo: Cetesb, 2001.

CONAMA-Conselho Nacional do Meio Ambiente.
Resolugio n.° 375 de 29 de agosto de 2006. Diario
Oficial da Uniao, Brasilia, 30 de agosto de 2006, Se¢io
1, p. 141-146.

COSTA, S.; ZOCCHE, ]J. J.; SOUZA, Z. P. Absor¢io de
metais pesados (Zn e Pb) por Axonopus obtusifolius (Raddi) em
dreas degradadas pela mineragio de carvio, SC, Brasil
Revista Brasileira de Biociéncias, v. 5, n. 6, p. 795-797,
2007.

DUDKA, S.; PIOTROWSKA, M.; GALCZYNSKA, B.;
BOLIBRZUCH E. Trace metal concentrations in oat
(Avena sativa L.) and maize (Zea mays L.) grown in soil
with sewage sludge. Putawy, v. 277, n. 1, p. 5-18, 1991.

447

EMBRAPA-Empresa Brasileira de Pesquisa Agropecudria.
Manual de métodos de anilises de solo. 2. ed. Rio de
Janeiro: Ministério da Agricultura ¢ do Abastecimento,
1997.

FERREIRA, T. X,; ARAUJO, A. S. F.; SANTOS, V. B;
CAMPOS, F. L. Inoculagio e adubagio nitrogenada sobre
a nodulagio e a produtividade de grios de feijio-caupi.
Ciéncia Rural, v. 38, n. 6, p. 2037-2041, 2008.
GONCALVES JR.,, A. C.; NACKE, H.; SCHWANTES,
D.; NAVA, 1. A;; STREY, L. Phytoavailability of toxic
heavy metals and productivity in wheat cultivated under
residual effect of fertilization in soybean culture. Water
Air Soil Pollution, v. 220, n. 2, p. 205-211, 2011.
GUALTER, R. M; LEITE, L. E. C.; ARAUJO, A. S. E.;
ALCANTARA, R. M. C. M.; COSTA, D. B. Inoculagio e
adubagio mineral em feijio-caupi: efeitos na nodulagio,
crescimento e produtividade de grios. Scientia Agraria,
v. 9, n. 3, p. 469-474, 2008.

HIGGINS, A. J. Land application of sewage sludge with
regard to cropping systems and pollution potencial. Journal
of Environmental Quality, v. 13, n. 3, p. 441-448, 1994.
KABATA-PENDIAS, A.; PENDIAS, H. Trace elements
in soil and plants. 3rd ed. Florida: CRC Press, 2001.
LEFEVRE, 1, MARCHAL, G.; CORREAL, E;
ZANUZZI, A.; LUTTS, S. Variation in response to heavy
metals during vegetative growth in Dorycnium pentaphyllum
Scop. Plant Growth Regulation, v. 59, n. 1, p. 1-11,
2009.

MARTINS, A. L. C.; BATAGLIA, O. C.; CAMARGO,
O. A;; CANTARELLA, H. Produgio de grios ¢ absor¢io
de Cu, Fe, Mn ¢ Zn pelo milho em solo adubado com
lodo de esgoto, com e sem calcirio. Revista Brasileira de
Ciéncia do Solo, v. 27, n. 3, p. 563-574, 2003.
MCBRIDE, M. B.; RICHARDS, B. K.; STEENHUIS, T.
Biovailability and crop uptake of trace elements in soil
columns amended with sewage sludge products. Plant
and Soil, v. 262, n. 1, p. 71-84, 2004.

MELO, W. J.; AGUIAR, P. S;; MELO, G. M. P.; MELO,
V. P. Nickel in a tropical soil treated with sewage sludge
and cropped with maize in a long-term field study. Soil
Biology and Biochemistry, v. 39, n. 7, p. 1341-1347,
2007.

MERLINO, L. C. S.; MELO, W. J.; MACEDO, F. G.;
GUEDES, A. C. T. P.; RIBEIRO, M. H.; MELO, V. P.;
MELO, G. M. P. Birio, cidmio, cromo e chumbo em
plantas de milho e em latossolo apés onze aplicagoes

anuais de lodo de esgoto. Revista Brasileira de Ciéncia
do Solo, v. 34, n. 10, p. 2031-2039, 2010.

MORTVEDT, ]J. J. Fertilizers and fertilization:
Technology and  production of fertilizers  with
micronutrients - presence of toxic eclements. In:

FERREIRA, M. E.; CRUZ, C. P.; RAIJ, B. V.; ABREU,
C. A. (Ed.). Micronutrients and toxic elements in
agriculture. Jaboticabal: CNPg/Fapesp/Potatés, 2001.

OLIVEIRA, K. W.; MELO, W. J.; PEREIRA, G. T.; MELO,
V. P; MELO, G. M. P. Heavy metals in oxisols amended
with biosolids and cropped with maize in a long-term
experiment. Scientia Agricola, v. 62, n. 4, p. 381-388, 2005.

Acta Scientiarum. Agronomy

Maring4, v. 36, n. 4, p. 443-448, Oct.-Dec., 2014



448

PIERRISNARD, F. Impact de l'amendement des
boues residuaires de la ville de Marseille sur des sols
a vocation agricole: comportement du Cd, Cr, Cu,
Ni, Pb, Zn, des hydrocarbures et des composes
polaires. Marseille: Universite d'Aix-Marseille 3, Aix-en-
Provence, 1996.

PIOTROWSKA, M.; DUTKA, S.; GALCZYNSKA, B.
Trace metal concentrations in white clover (Trifolium
repens L.) cultivated in soil with sewage sludge. Putawy,
v.277,n. 1, p. 19-31, 1991.

RANGEL, O. J. P.; SILVA, C. A; BETTIOL, W.;
DYNIA, J. F. Efeito de aplicagoes de lodos de esgoto sobre
os teores de metais pesados em folhas e grios de milho.
Revista Brasileira de Ciéncia do Solo, v. 30, n. 4,
p. 583-594, 2006.

SANTOS, J. A; NUNES, L. A. P. L; MELO, W. J;
ARAUJO, A. S. F. Tannery sludge compost amendment rates
on soil microbial biomass in two different soils. European
Journal of Soil Biology, v. 47, n. 1, p. 146-151, 2011.

SAS-Institute Inc. User’s guide: version 6.12. Cary: SAS,
1996.

SILVA, C. A; RANGEL, O. J. P.; DYNIA, J. F;
BETTIOL, W.; MANZATTO, C. V. Disponibilidade de
metais pesados para milho cultivado em Latossolo
sucessivamente tratado com lodos de esgoto. Revista
Brasileira de Ciéncia do Solo, v. 30, n. 2, p. 353-364,
2006.

SILVA, J. D. C.; LEAL, T. T. B.; ARAUJO, A. S. F;
ARAUJO, R. M.; GOMES, R. L. F.; MELO, W. J;
SINGH, R. P. Effect of difterent tannery sludge compost
amendment rates on growth, biomass accumulation and

Goncalves et al.

yield  responses of Capsicum plants. Waste
Management, v. 30, n. 10, p. 1976-1980, 2010.
SOUZA, E. R. B;; BORGES, J. D.; LEANDRO, W. M.;
OLIVEIRA, J. P.; OLIVEIRA, I. P.; XIMENES, P. A;
CARNEIRO, M. F.; BARROS, R. G. Teores de metais
toxicos nas folhas de plantas de milho fertilizadas com
lodo de curtume. Pesquisa Agropecuaria Tropical,
v.35,n. 1, p. 117-122, 2005.

TEIXEIRA, K. R. G.; GONCALVES FILHO, L. A. R,
CARVALHO, E. M. S.; ARAUJO, A. S. E.; SANTOS, V.
B. Efeito do lodo de curtume sobre fertilidade do solo,
nodulagio e rendimento de matéria seca em caupi.
Ciéncia e Agrotecnologia, v. 30, n. 5, p. 1071-1076,
2006.

USDA-United States Department of Agriculture.
Manual for composting of sewage sludge by the
beltsville aerated-pile method. Washington, D.C.:
USDA-EPA, 1980.

USEPA-United States Environmental Protection Agency.
Method 3050B - Acid digestion of sediments, sludges
and soils. Washington, D.C.: Usepa, 1996.

USEPA-United States Environmental Protection Agency.

Test method for evaluating solid wastes. Washington,
D.C.: Usepa, 1986.

Received on July 30, 2012.
Accepted on November 5, 2012.

License information: This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Acta Scientiarum. Agronomy

Maringa, v. 36, n. 4, p. 443-448, Oct.-Dec., 2014



