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ABSTRACT

In this work, investigations were carried out withe treatments [control, three doses of lime diadd sludge (60,
120, 240 Mg hd in dry base) and soil corrective plus mineral ilezér] to evaluate the immediate recuperation of a
borrowed area. The application of stabilized alkalisewage sludge acted as an acidity correctideyald the
increase in the organic matter contents (21 to ¢2161°) and available P (44 to 156 mg djnEven with the use of
the highest dose, no increase in the concentratf@? analyzed metals was observed, due to thedowentration

of metals in the sludge. The experiment showedsthat term restoration of degraded area was pdedily using
high rates of sewage sludge without metal contatiuina

Key words: sewage sludge, land reclamation, soil fertilityil shemistry, degraded area

INTRODUTION treatment facilities to avoid the problems, which
come from inadequate alternatives of the final
One of the biggest challenges of the humankind igisposal (Sperling and Andreoli, 2001). Many
to conciliate the present development model witliesearchers have suggested that the agricultural use
the reduction of environment impact and toof sludge is a reliable way to dispose it (Tsutiya,
promote the mitigation of the existing problems.2001; Andreoli et al., 2001). The agricultural
Despite that the impacts originate from theutilization promotes the use of this residue that is
antropic action, the natural resources utilization igich in organic matter and nutrients, and can be
necessary, thus the human occupation, theecycled and returned to the soil as a fertilizer.
industrial activities and the agricultural systemsThe sewage sludge can also be used in the
must be compatible with the ecosystem (FAQdegraded sites with a series of advantages to the
1999; Lima, et al., 2002; Ceccon et al. 2006). establishment and maintenance of the vegetation as
Currently, a very serious problem observed in théhe soils from these sites lack in organic matter,
cities with a wastewater treatment plant, is relategutrients and the biological activity which all can
to the destination of the sludge produced in thée provided by the sewage sludge. The use of
sewage treatment plants. The suitable finasewage sludge in mitigation and re-vegetation of
destination of the sludge is fundamental to théhe degraded soils has been shown to be safe to the
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humans and to the environment (Tsutiya, 2001ha’ in dry matter) and one additional treatment
Sopper, 1993; Andreoli et al., 2001). However, thavhere lime and mineral fertilization was applied in
mixture of sewage sludge with other kinds oforder to supply the necessity of the sowing crop.
residues may add toxic elements, undertaking thEhe experimental area of approximately 2060m
quality of the material and limiting its agricultural received an equivalent of 2.6Mghaf dolomitic
land application (Andreoli et al., 2001). lime filler (percent of effective calcium carbonate
The objective of this study was to evaluate thef 88%) over the whole area to homogenize,
potential of high rates application of sewagédacilitate the sowing and stimulate the vegetation
sludge in the recuperation of degraded site, usingrowth. Then, it was submitted to sub soiling and
the forage crop yield and soil chemical propertieharrowing. After the soil descompaction, the plots,
as the indicator and compare the sewage sludgeeasuring 10x8m, were established, keeping one-
with the mineral fertilizer. meter distance to avoid the contamination during

the sewage application.

Around 30 days before the sowing, the plot related
MATERIALS AND METHODS to the mineral fertilization, was amended with

extra lime application, (15Mg H& in order to
The experiment was performed in an area ofichieve 70% of base saturation. During the
approximately 5 ha used as borrowed area of sa#owing, this treatment received 20kg'he, 110kg
material for the expansion of the Internationaha' P:Os, and 80 and 11040 ha' as urea (45%N),
Airport in Sdo José dos Pinhais. The loss of sosuper phosphate (18%B) and potassium
surface occurred around 1990, with the completehloride  (60%KO), respectively. Sidedress
withdrawal of the topsoil classified as the application of 180kg haN was applied as urea,
anthropogenic soil (at the beginning an Alisoil,according to the recommendations of the
EMBRAPA, 1999) and geologically originated in Fertilization Committee of Soil from the States of
Guabirotuba Formation (EMBRAPA, 1984). After Rio Grande do Sul and Santa Catarina (1989).
10 years of the soil surface loss, the area did ndthe sewage sludge was produced at the Belém
receive mitigation intervention and was almostsewage treatment plant, located at Curitiba city
bare due to the poor soil condition. belonging to SANEPAR Company. The stabilized
The area was located between the coordinat&ewage sludge was produced through the long-term
22J0684582 and UTM 7174198 and 22J0684638eration process and was made hygienic by adding
and UTM 7174195, at an altitude of 908m. ThelO to 20% of its dry weight with CaO and kept for
landscape had a slight undulated to undulated period of 70 days. The estimated sewage sludge
topography of half slope with low possibility of rates were 0, 60, 120 and 240Mg'h@ry base)
natural regeneration. The region’s climate isand corrected according to the humidity
classified as Cfb (KOPPEN), subtropical withoutconcentration (15.3%) and global density average
dry season and annual precipitation between 1,458 0.96g cnf.
and 1,660 mm. In the corresponding period to théhe sewage sludge was applied to the soil surface
development of the activities (January to April ofwith a specific equipment piece for sewage,
2003), the average temperature was 20.9°C ardllowed immediately by the incorporation by
total precipitation of 481mm (SIMEPAR, 2004). sowing. After 31 days, pearl millePénnisetum
The experiment comprised five treatmentsamericanuiwas sowed in the whole experimental
consisting of control (only with liming), three area by homogeneously spreading the seeds and
rates of sewage sludge (57.3, 114.5 and 229.1MRlight incorporation by the disc.

Table 1 -Fertilization parameters of sludge applied to ddgd site.

Lime stabilized N p*? P K el o 3.2
sludge total extractable (total) extractable OM CF:E':I CN C CEC U
g kg* > % gdm® cmobdm® %
10-20% 6.1 5.0 (#®s) /-6 0.67 (KO) 100.7 8.1 9.2 60.6 31.9 85.9

(P20x)
Note: ™ C/N: carbon nitrogen relatioifanalysis according to defined methodology to soil analysisutron citrate of ammonium extractioh,
organic carbon.
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Table 2 -Chemical elements found on sewage sludge apidtetarea.

Ag Ba La Li Sr Al Ca Fe K Mg Mn Na P Ti
mg kg" g kg™
31 415 114 5.1 76 28 59 20 2.0 37 0.6 04 110 0.2

The sewage sludge was analyzed for pH, total Nsample was made composed by all the other
organic matter, humidity, C:N, soluble P andcollected samples, mixed before the sewage sludge
exchangeable K through the methodology ofpplication and one sample composed by each
Lanarv (1982), Naaccording to the methodology experimental unit after the pearl millet harvest.
defined by EMBRAPA (1997), colorimetric The soil samples were analyzed for pH CaCl
organic carbon as described by Raij and Quaggi®,01M, base saturation, exchangeable *3Al
(1983) (Table 1). The total concentration of Cdpotential acidity to pH 7.0 (H+ AlI*®), Cd? Mg™,

Cu, Ni, Zn, Cr, Pb, Hg, Ag, Ba, La, Li, Sr, Al, Ca, K*, CEC, and P (soluble) according to EMBRAPA
Fe, Mg, Mn, Na, P, and Ti was determined(1997), PAVAN et al. (1992) to K and P (Mehlich
through multi acid digestion (chloridric, fluoridric — 1), and organic C for colorimetric as described as
and nitric acids, and perchloric drops) andRaij and Quaggio (1983). For K analysis, the
measured by ICP-OES (Optical Emissionextraction methodology through ammonium
Spectrometer Inductively Coupled Plasmaacetate described by Knudsen et al. (1982) was
Spectrometers) adapted by Fernandes et al. (1999ed. Total contents for Ba, Co, Cr, Fe, La, Li, Mn,
(Table 2; Fig. 1). The soil sample for the chemicaNi, Sr, Ti, Zr, V, Y, Pb, B, Cu, Ni, Zn, Cr, and Hg
analysis was collected from each plot, before thevere determined by multi acid digestion
treatment application and after the pearl mille{hydrochloric, fluoric and nitric acids, and
harvesting. One sample for each plot wapercloric drops) and plasma determination ICP —
collected from 20 points at a depth of 0-0.2m. FOOES (Table 3).

the chemical and mineralogical characterization a

Table 3 -Total content and heavy metals and average corgkatéd to degraded site fertility.

pH +3 + +3 +2 +2 + 1 *2
caCl, Al H™+Al Ca Mg K CEC P C Y clay
cmol, dm3 mgdn® gdmid % g kg
4.10 12.4 204 1.12 0.84 0.13 2247 0.30 145 89 90 4
Al Ca Fe K Mg Mn P Ti Ba Co Cr
g kg™ mg kg"
60.2 0.5 45.0 3.1 3.8 0.3 0.2 11 105.4 105 84.2
Cu La Ni Li Pb Sr V Y Zn Zr
mg kg™
312 24.0 26.0 16.5 80.8 20.4 59.3 4.4 61.8 19.7

Note:™ CEC- cation exchangeable capacity for pH 7.8%: bases saturation related to CEC pH 7,0.

The delineation was used in randomized blockgesults from the sewage sludge shown in Fig. 1
with parcels of 8x10m, with one meter of distancewere compared to the maximum acceptable limits
The statistical evaluation was made through thestablished by state laws (IN-IAP - Proposed
analysis of regression and varian¢gsfen and Normative Instruction of the Ambient Institute of
average comparisoit (key probability of 5%). Parana, 2000,) and the sewage sludge class B from
EPA (Environmental Protection Agency, 1997,
CFR part. 503). The comparative results indicate

RESULTS AND DISCUSSION that the concentration values observed on sewage
sludge represent 2; < 15; 6.3; 13.4; 9.3; 8.9; 21.7%
Sewage Sludge to Hg, Cd, Cr, Cu, Ni, Pb, and Zn respectively, of

The contents of Hg, Cd, Cr, Cu, Ni, Pb, and Zrthe limit established by IN-IAP. With the
were used as the indicators of contamination. Thexception of Zn, the heavy metals level
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represented less than 15% of the maximumaximum limit for heavy metal for sewage sludge
established Ilimit. In relation to EPA, the with predominantly domestic origin.

respective concentrations were 0.6; 3.5; 2.1; 3.IThe amount of heavy metals added by the high
6.7; 8.0 and 7.2%, indicating that the origin of thedoses of sewage sludge did not offer risk of
used material is predominantly domestic with lowcontamination to the soil in the reclamation
contamination. Corroborating with our finding, process studied. The Cd concentration in the
PEGORINI (2002), MIYAZAWA et al. (1996), sludge was below the detection limit of 3mg'kg
BARRIQUELO et al. (2003) and WISNIEWSKI (non-presented data) of the chemical analysis,
et al. (1996) have also found values well below théndicating that the concentration has been below

the established limit.

57 85 3000 4300 420 84 750D
2500
16 ii ﬂ

Hg Cd Cr Cu Ni Pb Zn
‘ O Heavy metals in sewage sludge HELimite Standard IAP  OCFR part 503 (EPA, 1997)

Figure 1 - Concentration of heavy metals (mggresent in the sewage sludge in comparison
with the suggested by in-iap and cfr part 503 (498,7).

Soil quality indicator (Doran, 1996), and one of the
Carbon and organic matter main indicators of the degraded soils mitigation.
The results indicated that there was a proportiondlhe results showed that the use of high rates of
increase between the sewage sludge rates ands@wvage sludge allowed a fast soil recovering as the
concentrations in the soil (Fig. 2). The treatmen€C value obtained after the application was close to
which received the highest sewage sludge ratie value found in the non-degraded areas in the
(240Mg ha) presented a C concentration 2 timesrigin. Almeida (2003) observed a high
bigger than the treatment with mineralimprovement in the biological activity at the same
fertilization, which had the lowest concentrationssite after sewage sludge application.

as it received only addition of culture residue torhese results confirmed the difficulty of a fast
this treatment. It was observed, therefore, that thecrease of C through the mineral fertilization and
application of organic residues favoured thdiming as demonstrated by Favaretto (1996), who
accumulation of this element in the soil asobserved a slow increment of C, limited to the first
observed by Nascimento et al. (2004), Barbossaoil centimeters, indicating that the organic matter
(2000), Berton et al. (1989) and Siengenthaler angkcuperation was a slow continuous process and
Stauffer (1991); the last one working with sewagealependent on the tillage system.

sludge and dairy manure.

These results have high relevance because the

organic matter is one of the most important soil
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| y=12,54+0,053
R2=0,6 R =0,83*
1 SE = square error
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Figure 2 - Level of C in the soil after high rates of sewagealge application.

The sewage sludge application promoted a fadthe application of sewage sludge in order to
mineralization of the organic matter, transformingncrease the P in the soil to such high values must
it into stable composts in the soil maintaining itseltbe done carefully in the areas susceptible to runoff,
for many years Sanches (1981). The high clapecause it might arouse water streams
content and activity (high specific surface) and theontamination, as has been observed in the areas
low concentration of the organic matter at thewhich received large amounts of animal residues
beginning of the experiment probably were soifor a long period of time (Daniel et al., 1998).
properties which should contribute to maintainingThe application equivalent to 1,260mg kg

a large increment of C in the soil. Castro et algenerated an increase of approximately 156mg
(2002) observed higher concentrations of C indm? (240Mg h& of sewage sludge), which meant
locals without soil wastage and fertilization withan increase of approximately 12% at the available
the use of sewage sludge, where there is a hightrm, indicating a high fixation capacityf this

amount of organic matter. element in the soil. The high amount of 2:1 with
hydroxide Al interlayer in this soil might have
Phosphorus large P potential for specific absorption like as

A linear increase in the availability of P wasobserved for McLauhghlin et al. (1981). Thus, the
obtained according to the dose applied as sewagedition of 1mg kg of P through sewage sludge,
sludge (Mehlich 1), changing from fractions of 1elevated the available P in the soil to 0.06 units.
mg P kg' soil to more 26 mg P diwith the usage There was a high P build up, from 200mg P kg
of 60Mg ha" of sewage sludge (Fig. 3b). This more than 1,100mg Kg(Fig. 3a) and like Mehlich
meant that the P availability passed from & extracted, a linear increment was observed for
deficient level to very high values with lower total P as result of sewage sludge rates increment.
sewage sludge rate according to SOILThese increases were very expressive since the
FERTILITY COMMITTEE of the STATES of RS initial content of near 200mg Kgvas compared to
and SC; (1989). Build up P availability has beerthe value observed at the Cerrado region, highly
shown in different conditions by Nascimento et alweathered soils, known as very poor in P (Goedert
(2004), Berton et al. (1989), Silva et al. (1998) andt al., 1986) passing to values higher than 1,000mg
Wisniewski et al. (1996), even with a ratekg™, which was the content of the rich soils of the
application lower to the P added in this study. Theultivated areas from Campos Gerais region (S4,
high rates of sewage sludge applied will probably1994). Increase in total P contents have also been
have as a result a residual effect for many decadesyserved through the long usage of animal
since McCollum (1991) showed P elevation (inresidues as it has a permanence of P in the saill,
sandy soils with a low buffer capacity) to valuesdue to a low mobility (Sharpley et al., 1994). The
between 100 and 120mg dmallowed the corn use of sewage sludge allowed an immediate
production maintenance for 14 years without theorrection of the P deficiency, concentrating the
addition of P through fertilizer. stocks in the soil which permit the supply to the
plants for a long period of time
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Figure 3a- y=0.003x+0.16 R =0.76* ?R0.58. Figure 3b- y=9.44+0.61x R =0.92* ?2R0.86.

Figure 3a, b -P Levels in the soil after high doses applicatibsewage sludge.

Potassium an AlI”® decrease, with an increase in the capacity
The difference between the values extracted by thef the K fixation in the soil, causing a reduction in
two methods was evident (Fig. 4b,c), due to thé¢he K° extraction capacity. Nemeth (1982)
high activity clays participation in charge working with the Brazilian soil, showed that lime
generation. The extraction method withapplication increased the'Kixation in some soils
ammonium acetate showed higher extractiomlue to the decrease in Al and Fe which were
capacity compared with Mehlich I. This has beerblocking the selective sites. The increase of the
associated with the presence of lHvhich has CEC to pH 7.0 (non-presented data) when sewage
approximately the same ionic radium as thg K sludge was applied gave proof for this hypothesis.
being able to substitute it at the sites of highHowever, it was not possible to confirm this fact
energy (Nemeth, 1982). since CEC increment might also been related to
Different from P, the K availability was not the organic C enhancement shown before.
affected or decreased at the extractedesides the time of collection of clay mineral, the
concentrations through Mehlich | methods andsoil samples might, in part, have also affected the
ammonium acetate, respectively. This result wagesults, once these samples were taken at the millet
not expected, due to the quantity of K applieddevelopment period and approximate values near
through the sewage sludge which was quite abovi)0kg of K (non-presented data) were found at the
the usual utilized in the chemical fertilizations.upground parts. Wastage due to leaching might
However, no change in the "Kconcentration have had little influence due to the high CEC in
through the use of sewage sludge has bedhe soil and high fixation capacity. Anjos (1999)
observed in many conditions (Silva et al., 1998pbserved loss because of leaching between 10 and
Wisniewski et al., 1996) utilizing Mehlich | as an 16% of the K applied, in the soil with 6.6cmol
extractor. dm? of CEC after two years.

A reduction in ammonium acetate extracted K The total K content in the soil was reduced at the
could be related to the soil mineral and chemicakeatments which received sewage sludge (Fig.
characteristics, clay presence 2:1 (smectite in modta). A probable explanation could be the addition
parts, vermiculite and mica) and highof basic components which could be decreasing
concentration of AP (Table 1 and Fig. 7). the acid attack of the total extraction.

Probably part of this A might have come from Thus, the use of the lime stabilized sewage sludge
the partial chlorotization of the high activity clayseffects on K were adverse and could not be taken
and could be blocking the internal charge sites ab other soil conditions dBrazil, because of high
the clays 2:1. The pH elevation, through theactivity of clay in high acidity conditions.
application of sewage sludge, could have caused

Braz. arch. biol. technol. v.51 n.4: pp.843-85%y/Aug 2008



Land Reclamation Recovery with the Sewage Sludge Us 849
44 028 18
42
026 16
40
024 /
38 // 14
36 M'g 02 o
2 2 o ~ 5
] 5 s
<5 \;'i 0} } <
H o
08
016
28 E
26 BE: Square 014 SE: Square 06 SE: Square
Brror error error
2 0 60 120 240 %yoe;g - o 0 60 120 240 %bﬁgss o 0 60 120 240 % T;;;SE
treatments (Mg ha™) treatments (Mg ha™) treatments (Mg ha")
Figure. 4a -y = -0.004x+3.58 R=0.67* Figure 4b -y=0.182+0.0002x R=0.35 Figure 4c -y=-0.002x + 1.15 R=0.56*

R*=0.45. R*=0.13. R*=0.32.
Figure 4a,b,c -K levels, K (mehlich) and K (ammonium acetate) in the soil after high doses of

sewage sludge application.

Calcium An elevation at the exchangeable Ca
A linear increase between total Ca and sewageoncentrations was observed according to applied
sludge rate was found. The treatment with theate, having the tendency of stabilization at the
highest rate of sewage sludge (240Mghha higher doses with the values around 13¢rdaf®
provided more Ca than the other treatmentgFig. 5b). The results Berton et al. (1989), were
practically four times the quantity on the treatmensimilar to those of Silva et al. (1998), Nascimento
with 60Mg ha' and being around 8.3 fold superioret al. (2004), Barbosa (2000) and Anjos (1999)
when compared with the control treatment (Figwho found a Ca increment when sewage sludge
5a). was applied.
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“O< Mean
[ +0,95*SE 2 0 60
treatments (Mg ha™)

Ca(gkg)
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ISE: Square error
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+0,95*SE

treatments (Mg ha™)

Figure 5a- y=0.019x +0.5 R=0.78* 2R 0.61 Figure 5b - y =-0.0003%+ 0.113 x + 448 R =0.77* 2R 0.60.

Figure 5a, b - Total and changeable Ca levels in the soil aftgh ldoses of sewage sludge
application.

The exchangeable concentrations of Ca werapplication at the availability of Cain the soil
classified as high in all the treatments due to Ceelated to lime utilization.

addition, not only through the sewage sludge, bufthe high Ca availability in the treatments which
also through the lime in all the treatments. Theeceived the sewage sludge compared to the one
total Ca and exchangeable contents in the soil atith the lime application could be explained by a
the treatment which received the lowest doses déster liberation of calcium hydroxide compared to
sewage sludge (60Mg fawas almost twice as CaCQ from the lime. Though, the utilized lime
bigger as the treatment which received the lime;ould have concentrations of Ca lower than what
showing the highest efficiency of the materialwas expected, for this reason there was no
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expected increase of total Ca and the reduction ebntribution to the treatment with the mineral

Al*® on the treatment. fertilization showed a higher concentration when
compared to the control, probably because of a
Magnesium high quantity of this element was added to the soll

For the total Mg, no statistical variation among thehrough the liming. However, all the treatments
treatments was observed, despite the tendency olftained high concentrations of this element (Fig.
elevation of its concentrations. The Mg®6).

"2 (cmol, dm™®)
®
ca'? + Mg**(cmol, dm™®)

Mg

b 12
10
a
2 SE: Square error SE: Square error

0 60 120 240 >0 Mean
o +0,95*SE
treatments (Mg ha™') treatments (Mg ha™)

0 60 120 240

=O< Mean
40,95"SE

Figure 6a - y =- 0.0002% + 0.092x + 2.61 R=0.91* “R0.82. Figure 6b - y =-0.0005%+ 0.205x + 7.093 R=0.89* ?R 0.8Q

Figure 6a, b -Exchangeable M§ and C&” + Mg*? concentrations in the soil after application of
high doses of sewage sludge.

In disagreement with M@ concentrations, the part export, according to the low uptake of these
study made by Anjos (1999) did not shownutrients by the plants.
statistical differences in relation to the treatment#\ decrease was observed in the Ca:Mg ratio with
with the successive applications of the sewagthe values near 3, almost up to 1 in the treatments
sludge, attributing to the fact that despite thevhich received the sewage sludge. This close ratio
additon of 1,173kg Ha of Mg this could generate nutritional imbalance in the
concentration was not enough to elevate theultivated plants since there was no adequate
concentration of the element. This datarelation between these two elements. At relations
contradicted the ones obtained in the studied soihear 1, Ca absorption decrease might occur which
where high concentration of Mg and the soilimpaired the vegetation growth. The highest Mg
saturation were quickly reached at the doses absorption in relation to Ca was observed at the
120 and 240Mg ha pearl millet in the treatments which received
Like exchangeable Caand Md*, the combined sewage sludge (data not presented), though
value (C&" + Mg™) showed progressive decreasewithout impairing the vegetation growth.
of exchange value with the sewage sludge rate due
to the reduction of the reactions in the soil as @H in CaC} 0.01m and aluminum
result of the pH elevation (Fig. 6a,b). The controlA linear increment of the soil pH in relation to the
treatment presented GaMg*™® concentrations in applied rates was observed, reaching values near
the soil, 3.6 times lower than the treatment whict.4 for 120Mg had of sewage sludge (Fig. 7a),
received the highest dose of sewage sludgealue usually adopted to the main crops of the
(240Mg ha). The soil buffer capacity at pH region. Thence, higher doses than 120 Mg ha
around 5 to 6 has also influence on Mg with aould compromise the future productivity, leading
tendency to the stabilization of this element in théo nutritional imbalance (Andreoli et al., 2001) and
soil with higher doses. micronutrients  deficiency as observed by
Favaretto (1996) also observed better results on Godrigues et al. (1999). At 240Mg haf sewage
and Mg concentrations in the treatments whictsludge, the pH reached maximum value near the
received the sewage sludge in relation to the otheestriction band for the crops development (data
treatments, compensating the loss due to upgroumt shown). The rate of 120Mg ha&ould not be
used as reference to the other tropical soils as the
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soil utilized presented high buffer capacity aswhen Al is held tightly by the organic matter,
proved by the value of 20.4cmalni® of H+AI™,  the KCI 1N extraction solution can only displace it
which in general represented the double valupartially (Hargrove and Thomas, 1981; Ahmad
observed in the tropical soils. and Tan, 1986). However, others extraction
The exchangeable &l showed exponential solutions were able to extract moreAkspecially
reductions due to the sewage sludge ratfrom the soil organic matter and in the soil with
application (Fig. 7b). The Al behaviour was pH about 4.8, which was higher limit for Al
expected as the soil pH was originally very lowextraction by KCI 1.0N (Hargrove and Thomas,
and increased with the sewage sludge applicatiod981; Garcia-Rodeja et al., 2004). Thence, organic
The AI"® concentration reduction might have matter influenced AF reactions in a wide range of
resulted yet from the A} complexation, due to the soil pH.

organic matter (Ernani and Gianello, 1993) and

sewage sludge (Liu and Hue, 1996; Hue, 1992).

75 16

7,0

6.5

6,0

pH CaCl,

55

AI*? (cmol, dm®)

50

45 SE: Square error o = SE: Square error
0 60 120 240 S0k Mean 0 60 120 240 >0c Mean
4,0 T~ +0,95*SE -2 T +0,95*SE
treatments (Mg ha®) treatments (Mg ha™)
Figure 7a- pH=0.0097x + 4.41 R=0.88* 2R 0.77. Figure 7b - Al*®=55%019% R=082* R =0.68.

Figure 7a, b -pH levels CaGl0.01m and AP in the soil after high application doses of sewage
sludge and per millet.

At the treatment which received 120Mg~haf Parameters Related To Heavy Metals

sewage sludge, an A&l concentration of around The usage of high rates of the sewage sludge
1.0cmo} dm® was observed at a 5.6 pH, whichaffected the total concentration of 18 elements
was not expected, as theoretically there should néBa, Co, Cr, Fe, La, Li, Mn, Ni, Sr, Ti, V, Hg, Cu,
be Al present in this form at a pH higher than 4.8B, Zn, Zr, Pb and Y) in the soil but significant
This fact could be explained through a uniqualifferences were observed for only Zn, Ti and B.
repetition of this treatment, which presented thiSome elements such as B, Fe and Zr showed a
element at the soil profile, elevating this way théendency to decrease in the soil after the
treatment average. application of sewage sludge (Table 4), while
Due to high activity of the clay and high *Al others presented increase (Hg, La, Cu, and Pb).
concentrations, the liming was not enough tdPegorini (2002), Nascimento et al. (2004),
neutralize the AP in the treatment which received Miyazama et al. (1996) also did not observe any
mineral fertilization. It would also be important to significant increase in the heavy metals
emphasize that the lime quantities added by theoncentration after sewage sludge application or
sewage sludge to the soil were high enough torban garbage compost in the soil. Even for the
achieve neutral pH. However, this soil pH was noelements  with  significant differences, the
reached, because the soil had a high buffexzoncentrations in the soil were maintained at safe
capacity. The lime stabilized sewage sludgdevels according to IN-IAP, Company of
showed to be a very efficient at the activityEnvironmental Sanitation Technology (2001) and
correction, being able to decrease the lan&nvironment Protection Agency (1983).
reclamation costs with the use of correctives.
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The application of high doses of the sewage sludgef these metals, reducing the waste at the
without industrial contaminants to the scoured sitenvironment in the form of leaching and runoff.

indicated no inconvenience in relation to anThe application advantage was the reduction of
increase in the levels of heavy metals in the soihechanical activities at the site (Sopper, 1993;
(Table 4), with no risk of contamination. It is Miyazawa et al. 1996; Nascimento et al. 2004;
possible that the high quantity of organic matter atlernandez et al. 1991).

this kind of residue, strongly retained the fractions

Table 4 - Total and average content of heavy metals at #wradled site after high doses of sewage sludge
application.

Treatments Hg Ba Co Cr Cu La B Fe Mn
ug kg* mg kg' g kg’
OMg ha' <50 122.63 9.65 43.25 30.50 28.38 121.2 44.0 0.2
Mineral <50 123.75 11.33 42.75 29.50 28.00 174.2 3.04 0.2
60Mg ha' <50 185.75 13.00 43.00 29.25 27.50 158.0 41.0 0.2
120Mg ha' 50.5 121.75 8.65 40.25 31.50 30.00 107.0 38.5 0.2
240Mg ha 150.0 132.00 8.40 42.75 35.50 37.00 60.5 39.8 0.2
Ni Pb Sr \Y Y Zr Li Zn Ti
mg kg"

OMg ha' 16.13 68.88 27.75 67.25 6.86 31.50 16.63 58.88@.85 ab
Mineral 16.25 70.00 25.50 60.00 6.55 31.25 20.00 .5G& 0.92b
60Mg ha' 16.25 68.75 24.00 59.75 6.25 30.75 18.25 59.75@.87 ab
120Mg ha' 15.75 71.00 23.25 57.50 6.58 22.25 17.93  67.00 &%65 ab
240Mg ha 16.25 75.00 27.00 60.25 7.10 18.25 18.00 85.00 I9.55 a

*The concentrations of Ag, Be, Bi, Cd, Sc, Sn and W had beew Itle¢ limit of the laboratory chemical analysis detection.

The concentrations of Ba, Pb, Hg, Ni and Zn in thé&anitation Technology, 2001; Kabata- Pendias and
soil (four months after the sewage sludgePendias, 1992).
application) overcame the elements levels, thougAlthough not the part of the heavy metals
without reaching the alert levels of a soilmonitored by the majority of rules and regulations,
considered to be clean. It would be still importanit would be suitable to say that the Ti
to add that even though Ba was not an elemegbncentration found was inverse to the quantity of
monitored by IN-IAP, it was the element that gotthe sewage sludge applied (Table 4). The
closer more proportionally to the alert level, everexposition of the soils to the effluents or emission
where there was no sewage sludge addition due by the industries might result them contaminated
its natural concentration in the studied soil. Théy this element; however, the Ti applied through
applied sewage sludge had around 415mi§ ¢y the sewage sludge did not make environmental
Ba and this material might raise the risks ofcontamination.
accumulation of this element in the soil and,The total concentrations of Zn presented
consequently, in the food web, as this elemergignificant increase between the treatments in
could be accumulated by the organisms (Comparfynction to the applied sewage sludge. The sewage
of Environmental Sanitation Technology, 2001). sludge addition contributed to an increase of up to
It would also be important to mention that the Hg44.4% at Zn concentrations in relation to the
concentrations in the soil reached values below theontrol. The addition of each mg 'kgof Zn,
detection limit in the laboratory analysis, beingincreased 0.447 units in the soil. The mineral
detected in two treatments, yet, not in allfertilization did not contribute to the addition of
repetitions. The Hg level increase in the soil washis element in the soil as the utilized basic
proportional to the sewage sludge applicatiodertilization without this element in the
(Table 4) and could be rapidly absorbed and bicomposition.
accumulated by the plants and animals at all th€he total content of Zn found in the soil varied
trophic levels (Company of Environmental from 117 to 170kg H§ therefore, was within the
values established by Environmental Protection
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Agency (1983) (Sopper, 1993) and with averagéimeida, W. C. (2003), Andlise da respiragéo
contents in the treatments with the sewage sludgemicrobiana e das populagdes Aleari e Collembola
variation near to the referred concentration level Na recuperacéo de areas degradadas com a utilizagéo
proposed by CETESB, which have been usually 9¢ lodo de esgoto, UFPR, Curitiba, 122p.il. —
found in the soils from Parana State (Santos FiIh%?ésrzs)htagaovdegzsg:ﬁ?oé ., Femandes, F.0m0
1983). According to this, even with a significant Lom o .

; Disposicao do lodo no solo, capitulo 8;Andreoli,
difference between the treatments, there were Noc v | odo de esgotos: tratamento e disposica/fin

|ImltatI0nS regarding Zn at Vel‘y h|gh dOSES Of the C. V. Andreon' M. von Sper"ng' F. Fernandes
sewage sludge in the soil. (Principios do tratamento biolégico de &aguas
residuarias; pp. 319-398, Belo Horizonte: Dep. de
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