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ABSTRACT

In this study, an experiment under controlled ctiods was carried out to determine the effectsexfoadary-
treated sewage effluent (STSE) application onrssidgen concentrations (mineral and total), totalrbon and soil
pH. The soil and STSE used were collected at I9&s, Paulo State, Brazil. A completely randomizesigtewas
used, in completed factorial 4x11 (weekly applmatiates of 0, 100, 150 and 200 mL STSE per kgasud, eleven
soil incubation periods from 0 to 10 weeks) withrfoeplicates. The STSE was applied simulating comsurface
irrigation. Seven days after each incubation periashmonium and nitrate contents were determineditiddally,
pH and total carbon and nitrogen contents were meadin the soil after 10 weeks. STSE applicatmmdased the
nitrogen content (total and mineral — mainly asraii¢é) and soil pH. For the total carbon content differences
were observed.
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INTRODUCTION volume of the nutrient rich effluents (mostly N) is
the discharge to surface waters causing serious
Treated sewage effluent (TSE) generated ignvironmental damages such as eutrophication
stabilization pond systems and, still representing €Cameron et al, 1997). However, the need to
kind of wastewater, can be defined as the “usegreserve existing water resources has led to a re-
water of a community or industry that presentgvaluation of this practice (Bouwer and Chaney,
inorganic solids and organic matter in suspensioh974; Bond, 1998; Toze, 2006). Various studies in
or dissolved” (Pescod, 1992). In the Northwesterarid and humid regions have shown the land
Region of S&o Paulo State, there are 198pplication of treated sewage effluents as water
stabilization pond systems operating by theand/or nutrient source for the irrigation of
‘Companhia de Saneamento Béasico do Estado d@gricultural crops and a complementary treatment
Sdo Paulo’ (Sabesp), which are producingnethod may represent a sustainable alternative to
annually about 46.9 million frof TSE (Fonseca, the discharge to waterbodies (Feigin et 2991;
2001). The common practice to cope with this higlBouwer and Chaney, 1974; Pescod, 1992).
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However, in Brazil the utilization of treated MATERIAL AND METHODS

sewage effluent for agricultural irrigation is still a

recent practice (Fonseca et al., 2005a). Soil and effluent characterization

Nitrogen represents the nutrient found in largekgj| samples were collected from the 0-20 cm
congentratipns in TSE, occurring predominantly agayer of a dystrophic red latosol (Typic
NH,"-N, with variable proportions of organic Haplyustox), sandy clay loam, in a fallow area at
nitrogen (ON). According to Feigin et al. (1991),the city of Lins (22°21'S, 49°50'W), S&o Paulo
the normal C/N ratio in TSE averages about 5 bugtate (SP), Brazil. The soil samples were air dried,
can be lower than 1 (Bouwer and Chaney, 1974}jeved at 2 mm and submitted to chemical and
The organic carbon and nitrogen in the TSEyhysical analyses, according to methods described
probably originate mainly from dead algaepy” Rajj et al. (2001) and EMBRAPA (1997),
material, whose decompostion products are add9ré/spectively. The initial soil results showed the
as carbohydrates to the fresh organic mattgp|iowing values: pH (CaG) = 5.2; TC = 13.6 and
fraction of the soil (Snow et al., 1999). Theyn = 1.2 g kg; P = 4.1 mg kg; H+AI, Ca, Mg
understanding of effluent-N transformationgng K = 30.1, 15.1, 5.5 and 2.3 mmdig?,
processes in soil in the NEN dynamics respectively; water retention capacity = 250 mL
represents key factors for the sustainablgqy? of sojl:'sand, silt and clay = 780, 60 and 160 g
management of TSE (Bond, 1998). In agroyg? respectively.

ecosystems irrigated with TSE, excessivesNO  The STSE used in the experiment was collected
concentrations in soils may lead to the risk Ohfter sewage treatmerih a stabilization pond
groundwater contamination, affecting the watekystem (three anaerobic ponds + three facultative
quality for human consumption (Bouwer, 2000).50nds) operated by the Sabesp, municipal district
The excess NON in potable water (and in f00ds) of |jns, SP. Information about the treatment

may lead  to infant mortality process is given in Fonseca et al. (2005a). The
(methaemoglobinaemia, known as blue bab¥nemical analysis of the STSE showed the
syndrome) resulting from a reduction of N@o following results: pH = 7.8; EC (electrical

NO; by microorganisms in child’s stomach and inconductivity) = 0.84 dS h alkalinity (as CaCe),
the rumen of animals. In the blood, N®@inds to  Tc TN, ON, NH*-N, NO,-N and total-P = 362,

hemoglobin that prevents binding of oxygen fors7 2 49,0, 4.8 427, 1.5 and 6.4 mg, L
the transport to the cells (Stevenson, 1986). respectively; the C/N ratio was 1.2. Alkalinity was
However, the loss of NON by denitrification can  getermined by titrationwith 0.025 mol L[*
lead to undesirable N-outputs from soils e.g. in th%ulphuric acid solution. Total-P content was
form of gases (NQ N;O), which are known 10 measured by the molecular absorption
increase  the greenhouse effect. NOS gpectroscopy ~(MAS) after  nitric-perchloric
characterized as a chgmlcal reactive gas thﬁ?gestion. The determinations of pH, EC, TC, TN,
regulates the production of ozone in thegn NH*N and NQ-N were performed
troposphere and represents a basic condition f%lrccording to the methods suggested by Kiehl
acid rain and BD contributes to the degradation of(1985). The STSE used in the experiment was

the stratosphere (Hall and Matson, 1999gzen at -20°C immediately after sampling and
Therefore, the effects of TSE application on Nyefrosted before soil incubation.

dynamics, especially in tropical Brazilian soils

requires detailed information. Experimental design and chemical analysis of

The objective of the present study was tGnpe 5oijl

determine the effects on mineral-N (WHN + A" completely randomized design was used in

NO;-N), total nitrogen (TN), total carbon (TC) completed factorial 4x11 (four application rates of

concentrations and soil pH after secondary-treateg§rse and eleven soil incubation periodgith

sewage effluent (STSE) application duringg, replicates. The weekly application rates

dlﬁer'e'nt incubation periods under Contm”edconsisted of 0 (control), 100 (E100), 150 (E150)

conditions. and 200 mL (E200) STSE Rgsoil. Eleven
incubation periods (0, 7, 14, 21, 28, 35, 42, 49, 56,
63 and 70 days) without lixiviation were
considered. The different effluent volumes were
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divided in three application portions during eachlhe variables which showed significant F test
incubation period. The effluent was uniformly (P<0.05) were submitted to mean comparisons by
distributed to the soil surface by means of aukey test (P<0.05). Subsequently, principal
dispenser simulating common surface irrigationcomponent analyses (PCA) (maximum likelihood)
Following the effluent application scheme overwere carried out using the parameters,NN +
time the soil samples of the control, E100, E150NOs-N.

and E200 incubated during 70 days received (OFhe pH values, TN and TC concentrations (after
1000, 1500 and 2000 mL STSE per kg of soil70 days of incubation) were also submitted to
respectively. These STSE rates were equivalent Bmnalyses of variance. Significant data (F test,
an irrigation amount of 0, 274, 411 and 548 mnP<0.05) were fit to linear or quadratic models for
that corresponded to application rates of (i) 0, 134he evaluation of the accumulation rates following
201 and 268 kg ha of TN, respectively, STSE incubation. All the statistical analyses were
considering a bulk density of 1.37 Mg®in the 0- carried out using the SAS program, version 8.02
20 cm layer; or (i) 0, 49, 73.5 and 98 mg TN per(SAS System, 1999).

kg of soil, respectively.

Each experimental unit consisted of an

unperforated 250 mL plastic pot, filled with 100 gRESULTS AND DISCUSSION

of sieved air-dried soil. This soil amount was

based on a biosolid incubation method suggestadineral nitrogen

by CETESB (1999) for evaluating the potentialNinety percent of the STSE nitrogen was
availability of the biosolid-N fraction in soil, composed of mineral forms, predominantly as
which has modified slightly. For example, in orderNH,"-N that generally represented the N form
to avoid anaerobic conditions in the experimentalisually contained in STSE (Bouwer and Chaney,
units after the different STSE application volumes1974; Feigin et al., 1991; Pescod, 1992). The
the evaporation process was accelerated in MH,-N/TN ratio of STSE has been used as an
forced air oven using a temperature of 31°C (indication method for N availability (Feigin et al.,
2°C). Twice a day the pots were weighed and thggg4). In the facultative stabilization ponds, two
calculated evaporated water was replaced with thenvironments were distinguished: an anaerobic (at
deionized water (control) or STSE (E100, E15M©epth) and an aerobic (at the surface). As the O
and E200). During the experimental period, soilkvailable in the effluent was not sufficient for the
humidity was maintained at 70% of the soil watelcomplete oxidation of NH-N to NO;-N,
retention capacity. ammonium constituted the predominant N form in
At the end of each incubation period (seven daySTSE. Although nitrification in soil could proceed
after the last STSE application), the soil samplegithin hours NH" could also be electrostatically
were collected and homogenized manually for thedsorbed to the cation exchange complex that
chemical analyses. Subsequently, the mineral-N ehight delay the microbial transformation
the humid soil samples was extracted by a 1.0 m@rocesses (Hook, 1981). The highest ,NN

L™ KCI solution in a 1:10 (m:v) soil:solution ratio, concentrations were observed after 7 days of
according to a modified method of Mulvaneyincubation, especially at E200 (Table 1). The
(1996). NH™-N and NQ-N were determined |owest concentrations were found after 49 days of
using conductivity and colorimetric methods,incubation after STSE application (Table 1).
respectively, by means of MAS in a continuousn the control, NH'-N concentrations increased in
flow injection analysis system, according tothe first week (7 days), followed by a decrease
Ruzicka and Hansen (1975). In the soil samplesver the experimental period, however, showing
incubated during 70 days, pH was measured igenerally higher values compared to the treated
0.01 mol L' calcium chloride solution, as soils (Table 1). There were no effects of STSE
proposed by Raij et al. (2001). TN and TCapplication rates on the NHN concentrations at
contents were determined, according to NelsoB6 and 70 days of incubation (Table 1). For the

and Sommers (1996). other incubation periods, the application rates of
STSE influenced the NN concentrations
Statistical analysis (Table 1). In the incubation periods of 0, 7 and 14

The NH,-N, NO;-N and mineral-N (N&-N + days, the NE-N concentrations generally
NOs-N) were submitted to analyses of varianceincreased with increasing STSE application rates
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(Table 1), showing the importance of STSE as period and showed a distinct rise in the incubation
source of NH'-N in agro-systems (Hook, 1981). periods of 63 and 70 days (Table 1 and Fig. 1).
In the other incubation periods (except 63 days)The accumulation of NON in all the treatments
NH,"-N concentrations normally decreased aftemdicated the adequate soil humidity and aeration
the use of higher levels of STSE (Table 1), whicltonditions for the mineralization and nitrification.
was attributed to a temporary immobilization ofThe soil mineral-N concentrations increased in all
NH,*-N in the soil favored by STSE as well as toincubation periods due to increasing STSE
nitrification process (Fig. 1). After the applicationapplication rates (Table 1). Higher mineral-N
of STSE, the N@-N concentrations in the soil concentrations were found in the later incubation
increased continuously along the experimentgberiods (63 and 70 days) (Table 1 and Fig. 1).

Table 1 - Concentrations of NA-N, NO;-N and mineral-N (NH-N + NO;-N) after weekly application of
secondary-treated sewage effluent (STSE) with egidin rates of 0 (control), 100 (E100), 150 (E16®00 mL
kg soil (E200) during an incubation period of 70 days

Incubation period (day)

7 14 21 28 35 42 49 56 63 70 Mean

Treatment

NH,"-N (mg kg') *
Control 123 378 315 190 208 274 146 122 145 20.8 13.1  204%
Ac Bb Ca Ca Ba Da Da Da

Dc T Da Chbc

E100 16.8 424 26.7 171 153 13.1 8.6°° 43% 132°% 234 138%% 17.7°
Cb Aab Bc Cab Ch Ch Bab

E150 16.1 411 252 157 150 147 8.7°® 43% 137°% 2508 13.0% 17.5°
Cb Abc Bc Cab Ch Ch

E200 289 452 354 148 171 154 9.3 45° 141% 187 13.0 19.72
Ca Aa Ba Dc

Deb DEb Deb EFa

Mean 185 416 297 167 17.° 177 103 6.3° 1398 220° 13.2F
D A B D D

NO5-N (mg kg) *

Control 152 125 129 344 309 292 382 490 56.2 55.5 58.4 33.4¢
Db Ch Cc Cc Cc Bc ABd ABd Ac

E100 0.5°% 2.4% 245 477 512 569 629 702 73.8%°¢ 0921 947 52.4°
Fa Ea Eb Deb CDb BCb Ac Ab

E150 1.1%% 1.1% 236 452 454 546 60.6 889 826 1104 1155 57.2°
Fa Ea DEb CDb Cb Ba Bb Ab Aa

E200 0.3% 46% 236 512 589 645 80.6 91.3 93.8% 1256 1169 64.7%
Fa Ea Da Ca Ba Aa Aa

DEa

Mean 0.9 2.3°¢ 2%.2 4@.6 46.65 5%.3 6(C).6 7;1.9 76.62 959" 964"

Mineral-N (mg kg) *
Control 138 390 444 534 516 566 528 612 70.7 76.2 715 53,7
Fb Eb Bc Ad Ad Ac

DEb BCDb CDc BCc BCDc

E100 17.3 447 513 648 665 701 715 744 86.9% 1155 1085 70,1°
Fb Eab Eb Da CDb CDb CDb Cb Ac Ab

E150 17.2 422 487 609 604 693 692 932 963 1354 1284 747°
Fb Eb Eb Cda Db Cb CDb Ba Bb Ab Aa

E200 29.1 498 590 66.0 76.0 799 899 958 107.9 1443 1299 843
Fa Fa Ea Da Da Ca Aa Ba

Ha Ga

Mean 194 439 509 613 63.67 690 709 811 90.5° 117.9 109.6
H G F E D A B

E

*Coefficients of variation for NiH-N, NOs-N and mineral-N were 9.8, 7.8 and 5.5%, respectively.
"Mean values in the lines (incubation periods) with same caplitatdeand mean values in the columns (treatments) with sarakéletters were
not significantly different by Tukey test (P<0.05).
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Figure 1 - Soil concentrationsn( = 4 + standard deviation) of NN (a), NQ'-N (b) and
mineral-N (NH"-N + NO;-N) (c) after weekly application of secondary-tesht
sewage effluent (STSE) with application rates dd {B100), 150 (E150) e 200 mL
kg™ soil (E200) during 11 incubation periods. In orderobtain only the effect of
STSE application rates to soil, the values at thietrol were subtracted from the
values observed at E100, E150 and E200
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The increase of mineral-Ns expected to be been reported. Also, the microbial N
influenced by the following factors (i) immobilization should be considered because: (i)
predominance of the effluent-N in mineral form;most of the effluent-N occurred as NHN that

(i) mineralization of the effluent organic N represented the preferred microbial inorganic-N
fraction, consisting predominantly of dead algadStevenson, 1986); (ii) after STSE application to
with fast decomposition rates (Snow et al., 1999)the soil, TN concentrations increased (Fig. 3a),
(i) maintenance of ideal conditions for compared to approximately constant TC
mineralization of organic matter, as humidityconcentrations (Fig. 3b). All these mechanisms
(Myers et al., 1982), temperature (Artiola andmentioned above might be responsible for the loss
Pepper, 1992), resupply of ,O(Stanford and Of N after STSE application.

Smith, 1972); (iv) low C/N ratio of the STSE.

The transformation of NE-N to NO;-N was fast  Total nitrogen, total carbon and soil acidity

(Fig. 1) and showed a partial positive correlation (As shown in Fig. 3a, soil TN concentrations
= 0.89") between mineral-N and NGN. The increased with the increasing rates of applied
PCA indicated that the treatments with highSTSE. Increases of TN concentrations due to TSE
amounts of STSE were primarily positively @pplication to the soil were also observed by Quin
correlated with the high concentrations of N@  and Woods (1978) and Friedel et al. (2000) in field
(Fig. 2). On the other hand, NEN were inversely €xperiments on different soils receiving TSE over
related to concentrations of NHN (Fig. 2). The several years.

potential of STSE to increase soil N Although the largest part of the effluent-N was
concentrations has been reported in various studi€@mposed of mineral forms (NHN and NQ-N),

on different agro-systems (Hook, 1981; Feigin efibout 10% of the effluent-N was found in organic-
al., 1991; Bond, 1998). N forms. The organic material of the STSE
In the present study, the quantification of theconsisted predominantly of dead algae with fast
losses of effluent-N due to volatilization anddecomposition rates (Snow et al., 1999), which
denitrification was not carried out. Neverthelessshowed that STSE application to soil provided not
the differences in N©N and mineral-N soil only N in different forms, but also organic carbon.
concentrations between E150 and E200 werdowever, the C amount added through STSE
lower in the later incubation periods (63 and 7@pplication did not change the soil TC (Fig. 3b).
days) (Table 1 and Fig. 1). It could be Suggeste@n the other hand, several studies have reported
that N losses by volatilization and denitrificationincreases (Quin and Woods, 1978; Friedel et al.,
were higher in the later periods, mainly at E2002000) or decreases (Polglase et al., 1995; Falkiner
The volatilization of NH-N in acid soils irrigated and Smith, 1997) of TC in soils after TSE
with the alkaline effluent was a well-known factapplication over several years. However, the
(Smith et al., 1996) and might have also occurre@resent study was not conducted over a long
in this study. Denitrification processes have beeferiod since the objective was to introduce an
found to be dependent on the effluent organic @Iternative for the evaluation of the STSE potential
concentration (Bouwer and Chaney, 19740N soil mineral-N in short term, in order to use it
Schipper et al., 1996), the available C in soiRs N-source for agro-systems.

(Feigin et al., 1991) and, the irrigation effect on

soil resulting in decrease of,@Polglase et al.,

1995). In this context, a two fold (Schipper et al.,

1996) to fifty fold increases (Friedel et al., 2000)

of denitrification rates in TSE irrigated soils have
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Figure 2 - Presentation of principal component analysis casid the effects of weekly
application of secondary-treated sewage effluens@hNH,"-N (representing 21%
of total variance) and soil NGN (representing 79% of total variance) using
application rates of 0 (control), 100 (E100), 1&1%0) and 200 mL per kg of soil
(E200) during 11 incubation periods (0, 7, 14, 2&, 35, 42, 49, 56, 63 and 70
days). Each point represents the mean of fouraatels. Incubation periods plotted

in black, red, green and blue colors correspondotatrol, E100, E150 and E200,
respectively

In the control, soil pH (Fig. 3c) was slightly lower application to the soil caused pH increases (Fig.
(pH=4.8) after 70 days of STSE incubation3c) and disagreed with Bouwer and ldelovitch
compared to pH in the beginning of the(1987), who stated that TSE irrigation did not
experiment (pH=5.2). This suggested thasignificantly affect soil pH due to the high saill

temperature, humidity and aeration conditionduffer capacity. Also, several other studies
were adequate for soil C mineralization (Stanfordeported slight increases (smaller than one unit) of
and Smith, 1972) and thus, resulting in thesoil pH in different agro-systems irrigated with

production of CQ@ H,O, organic acids, inorganic TSE (Quin and Woods, 1978; Stewart et al., 1990;
compounds (Stevenson, 1986) accompanied by Schipper et al., 1996; Falkiner and Smith, 1997;
release of H resulting in a decrease of soil pHFonseca et al., 2005b).

(Bolan et al., 1991). On the other hand, STSE
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Figure 3 - Total nitrogen (TN) (a), total carbon (TC) (b), apti (c) after application of
secondary-treated sewage effluent (STSE) consgi¢hia total amount (1000, 1500
and 2000 mL STSE Kgsoil) of the applied STSE over ten weeks. Eachtpoi
represents the mean of four replicates. ** Sigaificat 1% of probability

In the present study, the increases of soil pH aft€Falkiner and Smith, 1997); (iii) increase of
STSE application could be attributed to: (i) highdenitrification (Friedel et al., 2000), consuming
effluent pH (Stewart et al., 1990); (ii) addition of one mol of H for each mol denitrified N©

exchangeable cations and alkalinity by effluen{Bolan et al., 1991); (iv) addition of organic

Brazilian Archives of Biology and Technology



Nitrogen Forms, pH and Total Carbon in a Soil Iratal with Treated Sewage Effluent 751

residues to the soil followed by decarboxilationBolan, N. S.; Hedley, M. J. and White, R. E. (1991)
and desamination (organic anions and aminoacids)Processes of soil acidification during nitrogenlicye
processes consuming protons (Yan et al., 1996);With emphasis on legume based pasturéant Soil
(vi) interaction of these factors associated with low 134, 53-63.

CEC of the soil (Stevenson, 1986) Bond, W. J. (1998), Effluent irrigation — an
' ) environmental challenge for soil sciengeist. J. Soil

Res, 36, 543-555.
Bouwer, H. (2000), Groundwater problems caused by
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RESUMO Is soil an appropriate dumping ground for our ws®te

Aust. J. Soil Res35, 995-1035.
A colocacado dos efluentes de esgotos no solgompanhia Estadual de Tecnologia de Saneamento
apesar de ser uma pratica comum em diversosAmbiental (1999)Aplicacdo de lodos de sistemas de
paises, como meio de proteger os cursos d'agua dratamento biologico em areas agricolas — critérios
fornecer nutrientes aos agrossistemas, tem sidaPara projeto e operacdo: manual tecnid@ETESB,
pouco estudada no Brasil. Objetivou-se neste S&o Paulo. , »
trabalho avaliar, em condicdes controladas, oEmpresa Brasileira de Pesquisa Agropecuaria (1997),

: Py Manual de métodos de andlise de sof® ed.
efeitos da aplicacdo de efluente do tratamentoEMBRAPA_Solos’ Rio de Janeiro,

secundario de esgoto nas concentragoes deyinar 'R A and Smith, C. J. (1997), Changesaih
nitrogénio (mineral e total), carbono total @ No pH chemistry in effluent-irrigatedPinus radiata and

do solo. O efluente e o solo foram oriundos de Eucalyptus grandisAust. J. Soil Res35, 131-147.

Lins (SP). Foi empregado delineamentoreigin, A.; Ravina, I. and Shalhevet, J. (1991),
experimental inteiramente casualizado, em fatorial Irrigation with treated sewage effluent: management
completo 4x11 (aplicacdo semanal de 0, 100, 150for environmental protection Springer-Verlag,

e 200 mL de efluente por kg de solo; e onze Berlin. S .
periodos de incubac&o do solo — 0 a 10 semanak§igin, A.; Vaisman, |. and Bielorai, H. (1984),ipr
com quatro repeticées. O efluente foi aplicado no irrigation of cotton with treated municipal efflusn

solo simulando-se a irrigacdo por superficie. Seteg'gzl_gg'gm availability in soil.J. Environ. Qual.13

dias apos a~ult|ma ”.“ga‘ia‘? for‘f"m determinadas T:%nseca, A. F. (2001), Disponibilidade de nitrogéni
concentracdes de nitrogénio mineral e, para 0 solO,jeracses nas caracteristicas quimicas do sol e d
incubado por 10 semanas, tambem foi determinadomilho pela aplicacio de efluente de esgoto tratado.
0 pH e os teores totais de carbono e nitrogénio. OpDissertacdo de Mestrado, Escola Superior de
incremento da dose de efluente aumentou asAgricultura Luiz de Queiroz, Universidade de S&o
concentracdes de nitrogénio (total e mineral — Paulo, Piracicaba.

principalmente nitrato) e o pH do solo, mas o teoronseca, A. FMelfi, A. J. and Montes, C. R. (2005a),

de carbono total ndo foi influenciado pelos Maize growth and changes in soil fertility after
irrigation with treated sewage effluent. I. Plamy d

tratamentos. . N
matter yield and soil nitrogen and phosphorus
availability. Commun. Soil Sci. Plant An&6, 1965-
1981.
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