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ABSTRACT. Current research aimed to collect  information about the risk of wastewaters from
swine and poultry abattoirs on the quality of rivers in  of São Paulo state, Brazil, in periods of dry
and rainy seasons in the region. Water collected sites:  supply, different sites in the slaughtering
flowchart, affluents and effluents of treatment systems and three sites of the receiving water body
(emission locus, 100 m upstream and 100 m downstream) were analyzed. Measurements included
nitrate, nitrite, total kjeldahl nitrogen (TKN) and potassium. Results showed that supply waters
of the abattoirs complied with Rule 518 of the Health Ministry, (BRAZIL, 2004) in nitrate, nitrite and
TKN. According to CONAMA (2005) and Decree 8486 (São Paulo, 1976), waters of the three sites
in the receiving water body in the two types of abattoirs belonged to Classes II and III with regard
to nitrate and nitrite concentrations. Such results were not observed on TKN concentrations.
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CONCENTRAÇÕES DE NITRATO, NITRITO, NITROGÊNIO TOTAL KJELDAHL E POTÁSSIO EM
EFLUENTES DE ABATEDOUROS DE AVES E DE SUÍNOS

RESUMO. Este trabalho almejou obter informações dos riscos das águas residuárias, de abatedouros
suinícolas e avícolas, na qualidade dos rios no Estado de São Paulo, Brasil,  em períodos de maior
e menor incidência de chuvas na região. Logo, as águas dos seguintes pontos foram analisadas:
abastecimento, diferentes pontos do fluxograma de abate, afluentes e efluentes dos sistemas de
tratamento e três pontos do corpo receptor (no seu ponto de emissão, 100 m à montante e 100 m à
jusante). As mensurações efetuadas foram: nitrato, nitrito, nitrogênio total kjeldahl (NTK) e po-
tássio. Os resultados reportaram que as águas de abastecimento dos estabelecimentos estavam em
acordo com a Portaria 518 do Ministério da Saúde, (BRASIL, 2004) em termos de nitrato, nitrito e
NTK. As águas dos três pontos do corpo receptor, nos dois tipos de abatedouros, segundo o
CONAMA (2005) e o Decreto 8468 (SÃO PAULO, 1976), enquadraram-se nas Classes II e III, em
relação às concentrações de nitrato, nitrito; todavia, este fato não foi observado para as concentra-
ções de NTK.

Palavras-chave: abatedouros, água residual, macro-nutrientes, nitrato, potássio
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INTRODUCTION

Many researchers, such as BASSOI et al. (1990),
BENKA-COKER e OJIOR (1995) and NIETO et al. (2000)
have been focusing their attention on discharges of
wastewater into surface water and the damaging
changes which are affecting the ecology of water
systems.

Abattoir effluents increase levels of nitrogen,
phosphorus, solids and biochemical oxygen demand
in receiving water bodies and leave them potentially
eutrophized. On the other hand, aerobic
microorganisms cause the nitrification of nitrogen
and transform it into nitrate and nitrite, its reduced
forms (FORMAN et al., 1985; BRUNING-FANN et al., 1994;
PIVELLI, 1998; RODRIGUEZ-MARTINEZ et al., 2002).

Nitrate in the water may cause
metahemoglobinemia and the formation of
cancerigenous nitrosamines and nitrosamides in
consumers (FORMAN et al., 1985; FERREIRA, 2001).
Nitrite in water may trigger metahemoglobinemia,
regardless of the age bracket, since its effect is
quicker and more acute than that of nitrate (BATA-
LHA e PARLATORE, 1993). Based on this, the limit rates
to ammonium nitrogen for Class II receiving bodies
(the  most  numerous in Brazil) are 0.5 mg.L-1

(CONAMA, 2005). On the other hand, the limit
concentration of ammonium nitrogen for effluents
defined by CONAMA (2005) and by Decree 8468 (SÃO

PAULO, 1976) are respectively 5 mg.L-1.

Food industries have to manage increasing
amounts of effluents and simultaneously compare
the criteria of environmental conscience with the
costs of waste treatment. At the same time, they have
to make profits without damaging its image. The
consumer, more conscious on environmental
problems, will surely choose the ecological concern
as one of the main parameters to be taken into
account in his/her preference at the supermarket.

Current research aims at defining the levels of
the potential pollutant of water and wastewater in
poultry and swine abattoirs, during the dry and
rainy seasons, in  São Paulo state, Brazil. Studies
among the points of the slaughterhouses�s line and
the periods of the year were done.

MATERIALS AND METHODS

A) Characterization of abattoirs

Seven poultry and swine abattoirs in São Paulo
state, Brazil, were analyzed. Four poultry abattoirs
were under  inspection of the State Inspection Service
(SISP) and three under the Federal Inspection Service
(SIF). With regards to the swine abattoirs, four were
under SIF and three under SISP.

B) Characterization of sampling sites, collection
and transport of samples

Water sampling sites in poultry abattoirs were
supply, scald tank, plucking tank, evisceration,
carcass cleaning, pre-cooling tanks, cooling tanks,
cleaning of premises, affluent and effluent of the
treatment  system,  emission  effluent  in  the river
as well as, 100 m  upstream  the  emission  site  and
100 m downstream the emission site.

Water sampling sites in swine abattoirs were
supply, scald tank, carcass cleaning, cleaning of
premises, affluent and effluent of treatment systems,
emission effluent in the river and 100 m upstream
the emission site and 100 m downstream the
emission site.

Collection procedures occurred on working days,
in the morning, between the months of May and
September 2003 (dry period) and between January
and March 2004 (rainy period).

Supply waters from the two types of abattoir,
were collected according to American Public Health
Association/APHA (1998) and at each sampling site,
of the two abattoirs, were placed in two 1000 mL
sterilized  polyethylene  flasks.  Determination of
100 m upstream and downstream from the emission
of effluents in the river was done by measuring
yards.

Samples were transported in isothermal boxes
with ice to the Biomass Labs of the Department of
Rural Engineering and Lab of Water and Food
Analysis of the Department of Preventive Vet
Medicine and Animal Reproduction of the Faculty
of Agricultural and Vet Science (UNESP) at
Jaboticabal, SP, Brazil.
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C) Lab analysis

Nitrate (NO
3
-N) rates were obtained by

cadmium-reducing 8039 method, described in the
spectrophotometer handbook DR-2010 (HACH, 1998).
Nitrite (NO

2
-N) rates were obtained by ferrous

sulfate 8507 method, described in the
spectrophotometer handbook DR-2010 (HACH, 1998).
Results were equivalent to those described by APHA
methodology (1998).

Determination of total kjeldahl nitrogen (TKN)
was first undertaken by a 23130-18 Digesdahl
digestor (HACH, 1999), with a single total digestion
of organic matter composed of sulfuric acid and
hydrogen peroxide. Second, Nessler method (8075)
was used according to spectrophotometer handbook
DR-2010 (HACH, 1998) and equivalent to that
described by APHA handbook (1998). The readings
were done in a spectrophotometer.

Potassium concentrations were measured in
extracts from Digesdahl digestor 23130-18 (HACH,
1999). Readings were done in a 932 AA Atomic
Absorption Spectrophotometer  GBC.

D) Analysis of results

Analysis of results were done by Tukey�s Test at
5% level of significance with the PROC
UNIVARIATE of the Statistical Analysis System,
version 8,02 (SAS, 1996) and descriptions by STEEL e
TORRIE (1960). For these statistical analysis it was used
the proceeds PROC GLM.

RESULTS AND DISCUSSION

Tables 1 and 2 show mean concentrations of to-
tal kjeldahl nitrogen (TKN), nitrate, nitrite and
potassium in the supply water, slaughtering
flowchart site, affluents and effluents of treatment
systems and at the sites of the receiving water bodies,
respectively in poultry and swine abattoirs, during
the dry and rainy seasons.

JOHNS (1995), FRANSEN et al. (1998), RAJESHWARI et
al. (2000), SALMINEN et al. (2001), SALMINEN e RINTALA

(2002) and MANIOS et al. (2003) agree that
approximately 90% of total nitrogen in the waters is
in the form of ammonium nitrogen.

According to Law 518 of the Health Ministry

(BRASIL, 2004) and to RIISPOA (BRASIL, 1997), which
respectively determined maximum rates of 1.5 mg.L-

1 and 5.0 mg.L-1 of ammonium nitrogen for water
used for human consumption and for industries of
animal products, it may be said that values in supply
waters of the two types of abattoir (Tables 1 and 2)
under analysis are within the procedures regulated
by RIISPOA (BRASIL, 1997) only.

When supply water of the two types of abattoir
is dealt with, nitrate and nitrite concentrations,
during the dry and rainy periods, matched with
maximum values 10 mg.L -1 and 1 mg.L -1,
respectively, in compliance with Law 518 of the
Health Ministry (BRASIL, 2004).

Concentrations of TKN (supply site and three
sites of the receiving water body), potassium
(supply, scalding, plucking, 100 m upstream and 100
m downstream from effluent emissions), nitrite
(scalding, plucking, affluent and effluent of
treatment systems and 100 m upstream) and nitrate
(effluent of treatment systems, 100 m upstream and
100 m downstream) in water from poultry abattoirs
during the rainy and dry seasons showed significant
differences (p<0.05) when compared to other
sampling sites (Table 1).

Statistic differences (p<0.05) occurred in TKN
concentrations (supply and the three sites of the
receiving water body), nitrite (slaughtering flow,
affluent and effluents of treatment system), nitrate
(affluents and effluents of treatment system) and
potassium (100 m upstream and 100 m downstream)
in swine abattoirs during the dry and rainy seasons
with other sampling sites (Table 2).

It has also been reported, especially on statistical
information, that wastewaters of the entire
slaughtering line of both types of abattoirs have high
polluting factors when TKN and nitrate
concentrations in wastewater samples of the two
types of abattoir are taken into account. On the other
hand, with regard to nitrite and potassium rates in
poultry abattoirs during the dry and rainy seasons,
the highest pollutant rates in wastewater were found
in the scalding and plucking tanks, followed by
water from evisceration, cleaning of carcass, pre-
cooling and cooling tanks, and cleaning of premises.

In the swine slaughtering line, water from carcass
and premise cleaning, followed by water from scald
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tank, mostly contributed, in nitrite terms, towards
water pollution. In the case of potassium, the three
stages in the slaughtering line were non-
differentiating (p>0.05) pollutant agents.

TKN, nitrate and potassium results in affluents
and effluents of the treatment systems of poultry
and swine abattoirs under analysis were similar to
those reported by COUILLARD et al. (1989), Benka-
COKER e OJIOR (1995), JOHNS (1995), KELLER et al. (1997),
DEL POZO et al. (2000), RAJESHWARI  et al. (2000), MASSE

e MASSE (2001), SALMNEN et al. (2001), CAIXETA et al.
(2002), RODRIGUES-MARTINEZ et al. (2002), SALMINEN  e
RINTALA (2002), DEL POZO e DIEZ (2003) and TORKIAN

et al. (2003).

Abattoir wastes are generally defined as a
difficult substrate for anaerobic treatment due to
their typically high rates of proteins and lipids
(RAJESHWARI et al., 2000; FRANSEN et al., 1998; SALMINEN

et al, 2001; SALMINEN e RINTALA, 2002; MANIOS et al,
2003). Stabilization ponds in most countries are the
main types of aerobic biological treatments for
abattoir affluents although other technologies such
as biological filters and activated sludge systems
exist (JOHNS, 1995).

High level anaerobic treatment systems, such as
UASB and fixed-bed reactors, are less common for
abattoir wastes, due to the high levels of oil and
suspended matter in the affluent, jeopardizing its
performance and efficiency (RAJESHWARI et al., 2000;
FRANSEN et al., 1996; SALMINEN e RINTALA, 2002; MANIOS

et al., 2003). However, RODRIGUEZ-MARTINEZ et al.
(2002) state that anaerobic systems are highly used
in the treatment of abattoir wastewaters since they
provide high BOD reductions at a low cost, when
compared to aerobic systems. Further, they produce
a lesser quantity of highly stabilized sludge which
may easily be dehydrated. Moreover, methane-rich
gas produced may be employed as an energy source.

Although several physical, chemical and
biological technologies have been developed to re-
move nutrients, the removal of nitrogen by
nitrification biological processes has been enhanced
(SALMINEN e RINTALA, 2002).

Denitrification of oxidized nitrogen and
methanogenic degradation occur simultaneously in
anaerobic processes, although both processes are
limited by the availability of biodegradable matter.

Organic matter in nitrification is chiefly the
immediate biodegradable fraction, especially for
abattoir wastewater, since most COD should be
previously hydrolyzed. Consequently, COD
concentrations, limited by denitrification, may reach
high rates, as up to 500 mg.L-1 (DEL POZO e DIEZ, 2003).

Treatment systems for poultry abattoir effluents
had the following decreasing rates: 8.2% (dry season)
for total nitrogen; 63.4% (dry season) and 85.4%
(rainy season) for nitrate and 93.0% (dry season) and
56.6% (rainy season) for nitrite.

In swine abattoirs, decrease amounted to 0.9%
(rainy period) for total nitrogen; 90.4% (dry period)
and 92.3% (rainy period) for nitrate and 84.4% (dry
period) and 82.9% (rainy period) for nitrite.

High concentrations of TKN and low reduction
rates of this element in the treatment systems of the
two types of abattoir agree with research by SALMINEN

et al. (2001) and CAIXETA et al. (2002). These authors
state that in the aerobic degradation of organic
matter, the removal of organic nitrogen occurs
coupled to an increase in ammonium nitrogen
concentrations and to the maintenance of alkalinity.
This fact causes moderate acidity which reduces
significant nitrogen losses caused by the
volatilization of ammonia during treatment.

There are no laws in Brazil on maximum nitrogen
rates in the effluent at the emission site. However,
the European Community rules that over 80%
removal rates should be reached or 15 mg.L-1

concentrations (FATTA  et al., 2003). Poultry and swine
abattoir effluents failed to reach maximum limits of
TKN.

TKN at the three sites of the receiving water body
of the effluents of the wastewater treatment systems
in the two types of abattoir was extremely higher
than maximum concentrations of 0.5 mg. L -1,
according to Decree 8468 (SÃO PAULO, 1976) for
Class II and III waters, and 1 mg. L-1 ruled by
CONAMA (2005) for Class III water body.

Nitrate and nitrite concentrations in receiving
water bodies (site of effluent emission; 100 m
upstream; 100 m downstream) which received
effluents of the treatment systems of poultry and
swine abattoirs, during the dry and rainy periods,
complied with Resolution 357 of CONAMA (2005) and
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to Decree 8468 (SÃO PAULO, 1976), or rather, they
were below maximum values of 10 mg NO

3
-N. L-1

and 1 mg NO
2
-N. L-1 for Class II and III waters.

Low nitrate concentrations in the samples
downstream the emission site during the rainy
season show the river�s dilution and self-cleansing
ability. TNK irregular concentrations (above
maximum values) in waters 100 m upstream from
the emission site of the effluents of the two types of
abattoir may be related to other pollution sources,
specific or not, and regardless of the abattoirs. It
should be emphasized that high concentrations of
potassium, reported in current research, corroborate
results by FRANK et al. (1991), BRUNING-FANN et al.
(1994) and BARROS (2002). Through logistic models,
these researchers revealed a positive association
between nitrate values, over 10 mg.L-1, and an
increase in potassium levels.

Since potassium (together with nitrogen) is also
required as a nutrient in most biological processes,
its contribution towards eutrophization and
flowering of aquatic environments is very high.
Several species which produce fatal toxins to living
beings, including humans, may be found.

CONCLUSIONS

The wastewaters of the entire slaughtering line,
of both types of abattoirs, have high polluting factors
when TKN, nitrate and nitrite concentrations are
taken into account. In the case of potassium, the three
stages in the swine slaughtering line didn�t show
contribution to the polluting; but, in the poultry
slaughtering line, there was a contribution for the
environmental impact.

TNK irregular concentrations in the receiving
water body 100 m upstream from the effluent
emission site of the two types of abattoir showed
other sources of pollution, which may be specific or
not, and regardless of the abattoirs� effluents.
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