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ABSTRACT. Because the agricultural use of tannery sludge may cause increased risks to soils,
composting is recognized as one of the most suitable alternative for tannery sludge recycling. Experiments
were conducted under field conditions to evaluate the effects of composted tannery sludge (CTS) on the
soil microbial biomass and trace elements after two years of consecutive applications. The following five
treatments were used: 0 (without CTS application), 5, 10, 20 and 40 ton ha™ of CTS (dry basis). Soil
samples were collected at 60 days after the CTS application at 0-20 cm depth. The CTS application
promoted changes in the soil microbial biomass C (SMB-C) and N (SMB-N). In the first year, significant
increases in the SMB-C and SMB-N were observed with the application of 10 ton ha™. Furthermore, CTS
application increased the Cr content in the soil after two years of application.
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Biomassa microbiana do solo apos dois anos de aplicagoes sucessivas de lodo de curtume

compostado

RESUMO. O uso agricola do lodo de curtume pode aumentar os riscos para os solos. Assim, a
compostagem ¢ reconhecida como um dos mais adequados métodos para reciclagem do lodo de curtume.
Experimentos foram conduzidos em condigdes de campo para avaliar os efeitos do lodo de curtume
compostado (LCC) sobre a biomassa microbiana do solo ¢ o contetddo de elementos trago apés dois anos de
aplicagdes sucessivas. Cinco tratamentos foram usados: 0 (sem LCC), 5, 10, 20 e 40 t ha' de LCC (base
seca). As amostras de solo foram coletadas 60 dias ap6s a aplicacio de LCC, a 0-20 cm. A aplicagio de LCC
promoveu mudangas na biomassa microbiana do solo (BMS). No primeiro ano, significantes aumentos no
C e N da BMS foram observados com a aplicagio de 10 t ha'. A aplicagio de LCC aumentou o conteido

de Cr no solo apés dois anos de aplicagio.

Palavras-chave: compostagem, residuo industrial, microrganismos do solo.

Introduction

The tannery industry occupies an important
place in the Brazilian economy with assets of 21
billion dollars per year (SILVA et al, 2010).
However, this industry releases 1 million tons of
tannery sludge annually, of which 3% is solid waste
(SANTOS et al., 2011). However, there are no
established methods for tannery sludge disposal in
Brazil, and landfilling is commonly used.
Alternatively, the application to soil has been
suggested as a suitable method (SINGH;
AGRAWAL, 2008). However, both methods have a
series of associated economic, social and
environmental problems. Therefore, it is necessary
to develop news methods for tannery sludge
recycling as an alternative to landfilling and soil
application.

Tannery sludge is usually high in organic
matter, chemical nutrients and trace elements,
mainly chromium (Cr). In particular, due to the
likelihood of food chain contamination and risks
to human health, it is the occurrence of trace
elements, such as Cr, Cd, Ni and Pb, in tannery
sludge that causes serious concern (GUPTA,;
SINHA, 2007; SILVA et al, 2010; SINGH;
AGRAWAL, 2008). Therefore, composting has
been suggested as an alternative method for
tannery sludge recycling before its application to
the soil (SILVA et al.,, 2010; SANTOS et al.,
2011). Indeed, this method has been used to
process industrial sludge of different origin,
including the textile (ARAUJO; MONTEIRO,
2006; ARAUJO et al. 2007) and tannery industries
(SANTOS et al., 2011).
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However, the knowledge of the effects of
composted tannery sludge (CTS) on the soil
microbial biomass and accumulation of trace
elements is important to maintain  the
environmental quality of the soil. The soil microbial
biomass (SMB), the living component of the soil
organic matter (SOM) (JENKINSON; LADD,
1981), is considered an early and sensitive indicator
of soil stress caused by wastes (ARAUJO;
MONTEIRO, 2006).

Previous studies regarding the eftects of
composted wastes, such as textile (ARAUJO;
MONTEIRO, 2006; ARAUJO et al. 2007) and
tannery (SANTOS et al.,, 2011) sludge, on the
SMB have been conducted under controlled
laboratory conditions. Santos et al. (2011)
evaluated the effects of CTS on the SMB in a
short-term study using a pot experiment with soil
and reported no negative effects on the microbial
biomass and activity. However, the same authors
suggested that field studies are necessary to
demonstrate the effects of CTS on the SMB after
years of applications.

Therefore, the aim of this study was to
evaluate the effects of two years of composted
tannery sludge amendment on the soil microbial
biomass. Our hypothesis is that, after two
consecutive years, the applications of composted
tannery sludge may promote strong effects on the
soil microbial biomass as a result of the
accumulation of this waste.

Material and methods

The tannery sludge was collected from the
wastewater treatment plant of a tannery located at
Teresina city, Piaui State, Brazil. The compost was
produced with tannery sludge and structuring
materials (sugarcane straw and cattle manure) mixed
at a ratio 1:1:3 (sludge: sugarcane: cattle manure).
The composting process was performed using the
aerated-pile method for 85 days. The size of the pile
was 2 m long by 1 m wide by 1.5 m high. The pile
was turned twice a week during the first 30 days and
was turned twice a month during the remainder of
the composting process. The temperature of the
compost was approximately 70°C during the first
month and decreased and remained at approximately
30°C until the end of the process. At the end of the
composting process, twenty subsamples
randomly collected from the CTS to produce a
composite sample. The N, P and K contents were
evaluated using  Kjeldahl, colorimetry and
photometry methods, respectively. The other
elements and trace elements (Cr, Cd, Ni and Pb)

were
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were evaluated by spectrophotometry with atomic
absorption (USEPA, 1996). The
presented in Table 1.

results are

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

Properties  CTS (2009) CTS (2010) Limits of heavy metal permitted’
pH 7.8 72 -
C,.(gkg") 187.5 1953 .
N (gkg™) 128 1.39 -
P (gkg") 402 3.83 -
K (gkg™) 325 351 -
Ca (gkg™) 9533 84.28 -
Mg (gkg™) 6.80 5.71 -
Cu (mgkg™) 17.80 19.51 1500
Fe (mg kg 5171 4932 -
Mn (mgkg™) 1848 1958 -
Zn (mgkg™) 141.67 128.31 2800
Mo (mg kg™ 9.28 14.87 -
Ni (mg kg 21.92 28,61 420
Cd (mgkg’) 287 3.93 39
Cr (mgkg") 2255 2581 1000
Pb (mgkg™) 42.67 38.54 300

"Brasil (2006).

The experiment was performed under field
conditions at the “Long-Term Experimental Field”
of the Agricultural Science Center, Teresina, Piauf
State (05°05'S; 42°48'W, 75 m). The regional climate
is dry tropical (Kdppen), and it is characterized by
two distinct seasons, a rainy summer and dry winter,
with an annual average temperatures of 30°C and a
rainfall level of 1,200 mm. The rainy season extends
from January to April during which 90% of the total
annual rainfall occurs. The soil is classified as fluvic
Neossol of the following composition at a 0-20 cm
depth: clay, 10%; silt, 28% and sand, 62%. The average
values of the soil chemical properties (0-20 cm depth)
before the installation of experiment were as
follows: pH — 6.7, available P — 8.04 mg kg™
exchangeable K — 0.06 cmol. kg'; Ca — 1.76 cmol_ kg™
and Mg — 0.37 cmol_kg™".

The experiments were conducted in 2009 and
2010 using five treatments: 0 (without CTS), 5, 10,
20 and 40 ton ha”' of CTS (dry basis). The
experiment was arranged in a completely
randomized design with four replications. The plots
were marked out (20 m? each with 12 m? of useful
area for the soil and plant sampling) and included
rows spaced 1.0 m apart.

In each year, the CTS was applied ten days
before the sowing of cowpea (Vigna unguiculata). The
CTS was spread on the soil surface with
incorporation into the 20 cm layer using a harrow.
The cowpea plants were grown at a density of
5 plants m™ (approx. 62,000 plants ha™). Two
months after the CTS amendment, the cowpea was
harvested and five soil samples at the 0-20 cm depth
were randomly collected from each plot using a soil
auger and then pooled.
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The soil microbial biomass C (SMB-C) and N
(SMB-N) were determined according to Vance
et al. (1987) with the 0.5 M K,SO, extraction of the
organic C and total N from the fumigated and
unfumigated soils. The ¢CO, was calculated as the
ratio of the basal respiration to the SMB-C.
Fluorescein diacetate (FDA) hydrolysis was
measured according to Schnurer and Rosswall
(1982). The dehydrogenase (DHA) activity was
determined using the method described by Casida
et al. (1964), as based on the spectrophotometric
determination  of  the  triphenyltetrazolium
formazan released by 5 g of soil after 24h
incubation at 35°C.

The soil pH (1:2.5 soil:water), P, K and Mg were
evaluated in accordance with Tedesco et al. (1995).
The soil organic C (SOC) was determined using the
Walkey-Black method. The Cr, Cd, Ni and Pb
contents were analyzed according to USEPA (1996)
after the digestion of the soil with HNO;, HCI and
H,0O,. The soil extracts were analyzed for Cr, Cd,
Ni and Pb wusing absorption
spectrophotometry. As the digestion method does
not promote the complete dissolution of the soil
minerals and the Cr, Cd, Ni and Pb contents do not
show the total values, these values were considered
the pseudo-total content (ANDRADE et al., 2009).

The data were subjected to an analysis of
variance (ANOVA) and the means were compared
using the Student’s test (5% level) and regression
analyses.

atomic

Results and discussion

The chemical properties of the CTS used during
the two years showed a high amount of organic
matter and Cr, Cd, Ni and Pb contents. Because the
CTS was found to be rich in organic matter, its
application increased the SOC content in both years
(Figure 1).

20

~ 15
b *
=
of)
~—
ST ¢ #2009
Q 'Y y=02255+9,697
v R2=0,84*(2009) 2010

. y=0211x+10,948

R2=0,73%(2010)
(]
0 10 20 30 140

CTS (ton ha)

Figure 1. Soil organic C (SOC) in soil after two years of CTS
amendment. ns - no significant; * - significant p < 0.05.
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The increase in the SOC content after the
application of CTS is a direct response to the high
organic matter content in the waste, as reported by
Gupta and Sinha (2007) who found an increase in
the SOC after the application of tannery sludge to
soils in India. This increase in the SOC is
important for tropical soils that are naturally poor
in organic matter (MELO et al., 2007). In addition,
an increase in the SOC stimulates the soil
microbial biomass and may regulate the availability
of the soil trace elements (KARACA, 2004,
PARTELLI et al., 2012).

Similarly, the CTS was found to be rich in trace
elements, particularly Cr; thus, after two years, the
application of CTS increased the Cr pseudo-total
content (Figure 2). In contrast, the application of the
CTS did not increase the Cd, Ni and Pb pseudo-
total contents in the soil. The soil Cr contents were
found to be higher at the highest rates of application,
showing a linear response. In addition, the increase
was more prominent in the second year of
application.

The increase of the Cr content in the soil after
the CTS amendment is due to the high
concentration of Cr in the composted waste.
Cavallet and Selbach (2008) also found an increase
in the Cr content of the soil from Rio Grande do
Sul after the application of tannery sludge rich in Cr.
Although the Cr content in the CTS was higher
than the values permitted by CONAMA (BRASIL,
2006), this element was probably in its trivalent
form, and therefore more stable and with a low
solubility =~ and ~ mobility ~ (ALCANTARA;
CAMARGO, 2001). Furthermore, Cr is in the
insoluble form of Cr(OH); at pH values above 5.0,
as found in the CTS and soil (AQUINO NETO;
CAMARGO, 2000), thus reducing its
potential.

Conversely, the values of Cr, Cd, Ni and Pb
found in the soil after two years were below those
permitted by USEPA (1996) for trace elements in
soil, which are 1530, 20, 230 and 180 mg kg™ for Cr,
Cd, Ni and Pb, respectively.

The CTS promoted significant changes in the

toxic

soil microbial biomass only in the first year,
whereby the waste promoted an increase in the
SMB-C and SMB-N contents with the application
of 10 ton ha™' (Figure 3). Above this rate, the CTS
amendment decreased the SMB-C and SMB-N.
In the second year, we did not find differences in the
SMB-C and SMB-N with regard to the rate of
amendment.
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Figure 2. Pseudo total content of Cr (a), Cd (b), Ni (c) and Pb (d) in soil after two years of TSC amendment. ns — no significant;

* - significant p < 0.05.
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Figure 3. Soil microbial biomass C (SMB-C) (a) and N (SMB-N) (b) in soil after two years of CTS amendment. ns — no significant,

* - significant p < 0.05.

In the first year, the application of 10 ton ha™
CTS increased the SMB-C and SMB-N due to
growth of the soil microorganisms as a direct
response to the available C and nutrients in the
waste and the raw materials (straw and cattle

manure) used in the composting process. These
results agree with previous studies using sewage
(SELIVANOVSKAYA et al, 2001), textile
(ARAUJO et al., 2007) and tannery (SANTOS et al.,
2011) sludge composts, with the authors finding an
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increase in the soil microbial biomass with the
application of these wastes and in soils managed
using organic agriculture (PARTELLI et al., 2012).

However, the high rates of CTS application
(20 and 40 ton ha™) decreased the SMB-C and
SMB-N due, probably due to the higher
concentration of Cr in the soil, suggesting possible
toxic effects on the soil microbial biomass of CTS
applied at high rates.

In the second year, similar values were found
for the SMB-C and SMB-N at all of the rates,
indicating a possible adaptation of the soil
microbial biomass to the elements present in the
CTS. In addition, except for the Cr content, there
were no increases in the Pb, Cd and Ni contents
in the soil after two years of CTS application.
This result suggests that the increases in the Cr
content were insufficient to cause negative effects
on the soil microbial biomass, as reported by
Sullivan et al. (2006) and Souza et al. (2009) after
applications of sewage sludge for two years. These
authors suggested an adaptation of the soil
microbial by the permanent application of these
wastes.

The FDA hydrolysis and DHA activity results
showed similar responses to the soil microbial
biomass, with changes only in the first year.
However, the FDA hydrolysis and DHA activity
decreased linearly after the CTS application in the
first year, showing significant differences from the
unamended soil only at 20 and 40 ton ha' CTS
(Figure 4). In the second year, the enzymes activities
were not affected by the CTS application.

The soil enzymatic activities are indicators of the
natural and anthropogenic disturbances occurring in
the soil ecosystem (SANTOS et al, 2011). FDA
hydrolysis and DHA activity decreased after the
application of 20 and 40 ton ha™ CTS, probably due
to the increased Cr content in the soil. According to
Barajas-Aceves et al. (2007), the increase in trace
elements, mainly Cr, in the soil may reduce the
DHA activity.

The results of the enzyme analyses demonstrated
a similar behavior those observed for the soil
microbial biomass. However, the soil microbial
biomass showed a positive quadratic response,
whereas the enzyme activities had a negative linear
response as the CTS rates were increased. These
findings indicate that the CTS did not negatively
affect the size of the microbial biomass but its
activity, as measured by the enzyme activity.
Studying the effect of Cr on the soil microbial
biomass and activity, Shi et al. (2002) found that the
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soil microbial activity decreased after Cr application,
though the soil microbial biomass was not affected.
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Figure 4. Fluorescein diacetate hydrolysis (FDA) (a) and
dehydrogenase activity (DHA) (b) in soil after two years of CTS
amendment. ns — no significant, * - significant p < 0.05.

In the second year of our study, the similar
values for these enzymes suggest neither negative
nor positive effects of the CTS on the soil enzymes,
probably due to a possible adaptation of the soil
microorganism to the CTS or Cr content. Jezierska-
Tys and Frac (2006) did not observe negative or
positive effects on the DHA activity after
applications of sewage sludge with low levels of
heavy metals.

In the first year, the metabolic quotient (¢CO,)
increased when the CTS rates increased (Figure 5),
and the highest gCO, values were found in the soils
that had been amended with 20 and 40 ton ha™.
In contrast, the lowest values were observed with
the applications of 0, 5 and 10 ton ha™. In the second
year, the qCO, values did not vary between the
treatments.
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Figure 5. Soil respiratory quotient (qCO?2) in soil after two years
of CTS amendment. ns — no significant, * - significant p < 0.05.

The results of the gCO, showed that the ¢CO,
decreased when the soil microbial
increased; this occurred after the application of
10 ton ha! CTS, thus the soil microbial biomass was
efficient in its C at this rate. In contrast, the ¢CO,
increased when soil microbial biomass decreased, as
observed after the applications of 20 and 40 ton ha™'
CTS. In this case, the soil microbial biomass
directed its C pool to support cell integrity and
maintenance (MOSCATELLI et al., 2007),
suggesting a stress on the soil microbial community.
The respiration rate per unit of soil microbial
biomass, or respiratory quotient (¢CO,), is a variable
that is used to indicate stress in the soil environment
(FERNANDES et al., 2005). Thus, the CTS rates
above 10 ton ha™' caused stress to the system. These
results are accordance with Fernandes et al. (2005)
and Aragjo and Monteiro (2007) who found higher
gCO, values for soils with high sewage and textile
sludge rates.

biomass

Conclusion

The application of 10 ton ha” of composted
tannery sludge increased the microbial biomass,
organic C and Cr contents in the soil, whereas there
was a decrease in the soil microbial biomass at rates
above 10 ton ha”. However, the application of the
composted tannery sludge, at all rates, decreased the
soil microbial activity, as measured by the enzyme
activity.
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