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ABSTRACT: Water quality evaluation through limnologic survey fish culture system in the Paranaíta region
(Mato Grosso, Brazil). Current study evaluates water quality of a fish farm, compares reservoirs
with and without water f low and est imates the consequences of discharging into the
receiving water body. In general, limnological variables were higher in the reservoir without
water flow and presented high concentrations of nutrients during the experimental period.
In the reservoir with continuous water flow the variables were not significantly different
(p>0.05). Significant alterations were observed (p<0.05) during the dry period for ammonia
concentrations at the fish farm outlet, preceding its discharge in the river; nevertheless,
no inf luence on the r iver water quali ty has been reported. This is probably due to the
amount of aquatic plants in the channel which discharges into the river Porto de Areia,
transformed into a wetland. Greatest changes in variables have been reported during the
dry season. Fish farm management has contributed towards a rise in environmental variables,
with modifications in the quality of the effluent.
Key-words: fishponds, water quality, morphometry, effluent.

RESUMO: Avaliação da qualidade da água, através de levantamento limnológico em sistema de piscicul-
tura na região de Paranaíta (Mato Grosso, Brasil). O objetivo deste trabalho foi avaliar a qualidade
da água de um sistema de produção de peixes, comparando as represas de cultivo com e
sem fluxo de água bem como, a inf luência do efluente no corpo de água receptor. De
maneira geral, as variações limnológicas foram maiores na represa com sistema estagna-
do, apresentando elevadas concentrações de nutrientes durante o período de despesca.
Na represa, com fluxo contínuo de água, as alterações não foram estatisticamente relevan-
tes (p>0,05) .  Na saída do sistema de produção, antecedendo sua descarga no r io,  foi
observada alteração significativa (p<0,05) no período de seca em relação a amônia, porém,
não influenciou a qualidade da água do corpo receptor, provavelmente, devido a grande
quantidade de macrófi tas existentes no canal condutor da descarga até o r io Porto de
Areia ,  funcionando como biof i l t ro ( “wet land” ) .  Entretanto,  o fósforo tota l ,  or tofosfato,
alcalinidade e dureza, mesmo que estatisticamente não tenha sido signif icativo (p>0,05)
quanto à alteração da qualidade da água do rio, apresentaram alterações em relação ao
sistema de produção. As maiores alterações nas variáveis estudadas foram observadas
durante o período de seca e o manejo empregado na piscicultura, contribuiu para a eleva-
ção das variáveis ambientais alterando a qualidade do efluente.
Palavras-chave: viveiros, qualidade da água, morfometria, efluente.

Introduction

Fish cul ture has recent ly made great
strides in the region of Paranaíta (Mato Gros-
so,  Braz i l ) ,  wi th  r iver  enr ichment  and
changes in biot ic and abiot ic condit ions.
Obviously, constant control of water quality
in  f ishponds is  needed.  Success of  f ish
culture great ly depends on the choice of
site on which the project may be developed
and on severa l  env i ronmenta l  fac tors ,
especially quantity and quality of water, soil,

topography and cl imate (Boyd & Queiroz,
2004), which must be analyzed prior to its
undertaking.

Needless to say, the type of available
water is one of the most significant factors
to be taken into account in the choice of
the site, which actually determines the fish
population to be stocked. Although water
from rivers, streams and reservoirs are the
most common, the quality and the quantity
of  the ava i lab le  water  is  o f  paramount
importance in fishpond production biomass
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s ince  p ro f i t s  depends  on  them (Boyd ,
2003 ) .  I nadequa te  use  o f  nu t r i en t - r i ch
compounds associated to improper biot ic
and abiotic conditions may cause damage
to  the  env i ronment  and impa i r  f inanc ia l
assets (Mainardes-Pinto & Mercante, 2003).
I n fo rma t ion  on  f i shpond  dynamics
depends  bas ica l l y  on  the  s tudy  o f
in te rac t ions  be tween env i ronmenta l
var iables,  management and f ish species,
wh ich  a re  the  ma in  fac to rs  fo r  the
sus ta inab i l i t y  o f  aquacu l tu re  (S ipaúba -
Tavares & Gaglianone, 1993).

Although in the northern region of the
s ta te  o f  Ma to  Grosso ,  B raz i l ,  da ta  on
specific conditions, such as contamination
o f  wa te r  resources  by  ca t t l e - r a i s ing
ac t i v i t i es ,  r i ve r  s i l t i ng ,  l ack  o f  r i pa r i an
vegeta t ion ,  types of  so i l  cu l ture ,  tour is t
act ivi t ies on f ish angl ing areas (Far ias et
a l . ,  2001 ) ,  po l lu t ion  f rom c i t y  sewage
discharged without any previous treatment
and the enrichment of the receiving body
by bad management, are well-known, there
is also a lack of systematized information
on the water  qual i ty  of  Teles Pires r iver
where the studied f ish farm l ies.  Current
analysis ensures the evaluat ion of water
quality and fish farm system control in the
northern region of the state of Mato Gros-
so at Paranaíta.

Study area
Research  was  deve loped on  the

Pappen  f i sh ing  fa rm,  i n  the  town o f
Paranaíta (9° 32’ 47.5” S; 56° 27’ 51.6” W),
in the extreme north of the state of Mato
Grosso. Water samples were col lected at
seven sampl ing s i tes ,  as  fo l lows:  s i te  1
(P 1 )  l ies  a t  the s tar t  o f  the water  supply
channel ,  protected by r ipar ian vegetat ion
and free from cattle; site 2 (P2) lies on the
main out let of reservoir 2 (R 2) ;  si te 3 (P3 )
l ies in the channel which discharges from
reservoir 2 (P2); site 4 (P4) lies at the outlet
of reservoir  4 (R4) ;  s i te 5 (P5)  l ies on the
river, upstream the discharge from the fish
farm; site 6 (P6) l ies at the end of the fish
fa rm sys tem wh ich  f i l l s  the  tanks  and
receives water from other ponds and other
re fuse  f rom f i sh  p rocess ing ;  the  572m
channe l  con ta ins  aqua t i c  p l an ts  and
discharges residues of fish culture directly
into the river; site 7 (P7)  l ies downstream
from the f ish farm discharging site in the
r iver  w i th  a  depth  rang ing  be tween 0 .7
and 2.4m (Fig. 1) .

Material and methods

Management
The ponds and reservoirs were populated

with cachara (Pseudoplatystoma fasciatum),
tambaqui (Colossoma macropomum), pacu
(Piaractus mesopotamicus), tambacu
(Colossoma macropomum x Piaractus
mesopotamicus), piau (Leporinus obtusidens),
matrinxã (Brycon cephalus), curimba (Prochilodus
lineatus), pintado leopardo jundiá (Leiarius
marmoratus) ,  a t  a  densi ty  of  0 . 15 Kg.m - 3

Continuous water f low comes from water
at the source. Fish were fed a supplementary
diet containing 15% crude protein, at rates
of  3% average l ive weight .  The area ,  in
which product ion system of  aquat ic
organisms l ies also, comprises a 60-head
cattle herd, 70% of which are adult animals
and the others of  di f ferent age brackets.
Cat t le  use water  for  dr ink ing and move
about natural lanes formed by the river Por-
to de Areia.

Physical and chemical data
Water samples were collected at 10 cm,

monthly between April 2004 and February
2005. Al l  samples were col lected, at  the
same site, between 0900 h and 1100 h, with
a 5L Van Dorn bott le. Nitrate, nitr i te, total
phosphorous and or thophosphate were
determined according to Golterman et al .
(1978).  Ammonia, chlorophyll -a ,  a lkal in i ty,
hardness and total suspended solids (TSS)
were determined accord ing to  Koro le f f
(1976), Nush (1980), Mackereth et al. (1978)
and Boyd & Tucker  ( 1992) ,  respect ive ly.
Temperature ,  d issolved oxygen,  pH and
conduct iv i ty were measured in s i tu by a
water  qua l i ty  checker  Sper  Sc ient i f ic
840041 ,  Oakton 35624-10 ,  F - 1000,
respect ive ly .  Data on da i ly  prec ip i ta t ion
were measured by a pluviometer on the fish
farm; day light periods, sunrise and sunset
were also reported.

Morphological characteristics
Transects, approximately parallel to the

length ax is  of  the reservoi r,  were made.
Bathymetric data were first transformed into
a regular ly  spaced gr id  and fur ther
submitted to kriging to create depth contour
l ines through the use of  Global  Posi t ion
System (Garmin –  GPS 76) .  Data were
obtained by CCD sensor (charge-coupled
device )  o f  CBERS-2 (Ch ina -  Braz i l  Ear th
Resources Satel l i te )  of  point /orbi t  168/111
and passage date 14/06/2005, supplied by
the Nat ional Inst i tute of Spat ial  Research
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(INPE) after correct processing of the images;
colored compositions were produced on a
1/100.00 scale.

Statistical analysis
Two-way ANOVA analysis was applied

to physical and chemical variables to com-
pare sites and periods, and the interaction
between them (Fowler et al., 1998).

Results

Physical and chemical data
Lowest dissolved oxygen concentrations

were reported at  s i tes P2 (2.4 mg.L - 1)  and
P4 (2.1 mg.L -1) in November and July; highest
concentrations were reported at P3 (6.8 mg.L-1),
P4 (7.0 mg.L - 1)  and P6 (6.7 mg.L - 1)  in June,
Apri l  and August ,  respect ively. Dissolved
oxygen concentrat ions were not di f ferent
(p<0 .05)  dur ing the exper iment  per iod.
Conductivi ty rates were higher at P4 unt i l
April, varying between 35.2 and 52.3 µS.cm -1;
th is  s i te  was d i f fe rent  (p<0 .05 )  f rom the
others. Lowest rates were observed at P3,
vary ing between 13 .0 and 32.2 µS.cm - 1 .
Difference (p>0.05) in pH was not reported
among sites, varying between 6.0 and 9.2
during the experimental period. Temperature
varied between 25.1ºC and 33.2ºC, with a
s l i g h t  i n c r e a s e  d u r i n g  t h e  d r y  s e a s o n
(Tab. I ;  Fig. 2) .

At the start of the experiment, hardness
was highest at P4, when compared to other
sites, and varied between 25.1 mg.L- 1 (April)
and 26.7 mg.L - 1 ( Ju ly ) .  H ighest  hardness
concentrat ion was observed in November
(39.8 mg.L - 1)  a t  P7.  Alkal in i ty was highest
at the start  of the experiment but tended
to decrease as f rom November.  Al l  s i tes
had an alkalinity concentration peak in May
and June, varying between 44.6 and 61.2
mg.L - 1.  As a rule, alkal ini ty at si te P4 was
h ighes t  than  tha t  a t  the  o the r  s i t es .
H ighes t  TSS  ra tes  were  observed  in
October at si te P4,  or rather, 139.4 mg.L - 1.
Highest values, or rather, 87.6 mg.L - 1 and
71.0 mg.L - 1,  respectively, were reported at
s i tes P5 and P7 ,  dur ing the same month.
As a rule, TSS rates were over 15 mg.L - 1,
albeit similar (p>0.05) for al l  sites (Figs. 2
and 3).

Ammon ia  was  the  mos t  abundan t
ni t rogen compound at  s i tes,  wi th lowest
rate at P7 (between 6.7 and 71.8 µg.L - 1)  and
highest concentrations at P2, with its peak
in  Ju ly  wi th  210 .3  µg.L - 1 .  N i t r i te  was the
leas t  abundan t  and  i t s  h ighes t
concentrat ions occurred at  P2 (7 .0 µg.L - 1)
and P 6  (8 .0  µg.L - 1) .  S i tes  P 1 and P 2  were
dif ferent (p<0.05) dur ing the experimental
per iod.  N i t ra te  concent ra t ions tended to
r i se  as  f rom November  and  ma in ta ined
themse lves  h ighe r  than  the  ammon ia
concentrations at site P5 (Tab. I; Fig. 3).

Table I: The mean, maximum, and minimum (between parenthesis) values of limnological variables, during
the experimental period, in the different sites (P 1-P7)  of the fish farm.

Limnological Variables  

Sites 
pH Temperature 

(0C) 
Ammonia 

(µg.L-1) 
Orthophosphate 

(µg.L-1) 

Total 
Phosphorus 

(µg.L-1) 

 

P1 
6.9 

(6.0 - 7.7) 
30.3 

(28.0 - 33.0) 
46.5 

(10.6 - 73.5) 
4.1 

(3.3 - 22.2) 
11.9 

(1.0 - 46.9) 
 

P2 
7.3 

(6.5 - 8.3) 
31.4 

(29.2 - 33.2) 
105.3 

(15.5 - 375.9) 
7.6 

(5.0 - 19.4) 
23.0 

(8.5 - 60.0) 
 

P3 
7.5 

(6.7 - 8.1) 
32.5 

(28.7 - 33.1) 
39.2 

(3.9 - 73.0) 
1.2 

(2.5 - 5.0) 
13.7 

(3.7 - 60.9) 
 

P4 
7.6 

(6.8 - 9.2) 
32.5 

(27.6 - 33.0) 
48.9 

(7.0 - 135.2) 
44.1 

(3.0 - 143.9) 
91.5 

(18.1 - 300.6) 
 

P5 
7.3 

(6.5 - 8.0) 
27.1 

(25.1 - 33.0) 
34.0 

(11.7 - 68.2) 
1.2 

(2.2 -5 .0) 
9.0 

(1.1 - 24.2) 
 

P6 
7.0 

(6.0 - 7.7) 
31.2 

(25.8 - 32.4) 
87.0 

(42.3 - 275.6) 
3.2 

(3.0 – 9.3) 
21.8 

(8.5 - 131.6) 
 

P7 
7.4 

(6.0 - 8.8) 
28.7 

(25.4 - 33.0) 
30.2 

(6.7 - 71.8) 
2.6 

(2.7 - 9.6) 
41.2 

(4.5 - 355.3) 
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Figure 2:  F luctuat ion of  d issolved oxygen,  conduct iv i ty ,  and to ta l  suspended sol ids (TSS)  a lka l in i ty ,
during the experimental period, in the different sites (P 1-P7)  of the fish farm.
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Figure 3:  Fluctuation of hardness, chlorophyll–a, nitrite, and nitrate during the experimental period, in the
different sites (P 1-P 7)  of the f ish farm.
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Di f ferences (p<0 .05)  for  to ta l
phosphorus  and  o r thophospha te  have
been  repor ted  be tween s i te  P 4  and  the
other  s i tes ,  wi th var ia t ions between 18.1
and 300.6 µg.L-1, and between 3.1 and 143.9
µg.L - 1, respectively. A high concentration in
total phosphorus (355.3 µg.L - 1)  occurred in
site P7.  S igni f icant di f ferences (p<0.05) in
chlorophyll -a between sites P2 and P4 and
sites P5 and P7 were found. Chlorophyll -a
concentrations were similar (p>0.05) at the
other sites during the experimental period.
H ighes t  abundance  o f  ch lo rophy l l -a
occur red   in  Ju ly  a t  s i te  P 1  ( 164 . 1  µg.L - 1 )
(Tab. I ;  Fig. 3) .

During the rainy period, from October
to  Februa ry  (276 .6  mm.month - 1 ) ,  mean
tempera tu re ,  pH ,  conduc t i v i t y ,  n i t r a te ,
ch lorophyl l -a  and TSS rates were higher
than those for the dry period (p>0.05) .  In
the dry  per iod ,  f rom Apr i l  to  September
(72.2 mm.month - 1) , mean rates of variables
such  as  d i sso lved  oxygen ,  a l ka l i n i t y ,
ammon ia ,  o r thophospha te  and  to ta l
phosphorus  were  h ighe r  than  those
registered during the rainy period (p<0.05).
As a rule, during the dry period, variables
under analysis showed r is ing rates when
P 1 (wa te r  supp ly )  i s  compared  to  P 6

(discharge channel). Discharge P6 affected
rece iv ing  body  P 7  i n  ha rdness ,
o r thophospha te  and  to ta l  phosphorus
dur ing  the  ra iny  season  and  in
o r thophospha te  du r ing  the  d ry  season
(p>0 .05 ) .

Morphological characteristics
Figure 1 shows a bathymetric map of

the ent i re  f ish farm.  Reservoi r  R 2 (P 2)
marg ins have topographic  i r regu lar i t ies ;
surface area is 11 .02 ha; maximum depth
4.5 m and minimum depth 1.00 m; volume
20.11x10 2 m3.  R2 has a sl ight ly conic form
and wind effects are more pronounced than
in other compartments. Reservoir R4 (P4)  is
shallow with maximum depth 2.40 m and
minimum 0.50 m; irregular margins, volu-
me 4.58x102 m³. It has riparian vegetation
within the compartment, parallel to the river
Porto de Areia and is protected from winds
coming from this direction. Total area of fish
farm is  64.87 ha,  inc luded tanks and
reservoir. Sites P1, P3 and P6 lie at the supply
and discharge channel, 2,250 m long and
average depth 0.5 m.

Discussion

Low rates of dissolved oxygen and high
concentration of ammonia at P4 in July may
be due to food increase hail ing from high
availability of nutrients from excretion and
gas exchange.  Due to low populat ion
density and when compared to total area
and species volume,  no decrease in
dissolved oxygen in P2 was reported. Low
concentrations of this variable in November
were probably due to less sunshine during
the day in which sampling was taken. Low
f ish s tock dens i ty  in  tanks impai red the
environment from being eutrophic (Souza
et al., 2000).

Increasing r ise of nutr ients from July
to September in P4 may be due to feeding
processes and shift ing of sediment which
occurred on the gradual removal of fish to
popula te other  tanks .  This  fact  caused
avai lab i l i ty  o f  nut r ients  in  the sediment
which s t imula ted the product ion o f
phytoplankton and an increase in
chlorophyll-a. Dissolved nutrients stimulate
the product ion of phytoplankton in tanks
and a substantial increase in organic matter
(El-Shafai et al., 2004).

The removal of f ish from Reservoir 4
(P4) caused an increase in chlorophyll-a and
a gradual  decrease in  phosphorus and
or thophosphate dur ing September  and
October. Data are corroborated by nitrogen
compound index, mainly ammonia, which
decreased dur ing the same per iod.  An
inverse behavior occurred with regard to
the relationship between nitrate and nitrate
in the same period. This is probably due to
the act iv i t ies  o f  n i t r i fy ing bacter ia  tha t
transform the avai lable ni tr i te into ni trate
(Sugita et al., 2005).

H igh TSS,  n i t ra te  and n i t r i te  ra tes
reported at P5 and P7 during the dry period
may have been caused by cattle that drink
from the river water and eventually excrete
and urinate in the whereabouts. In fact, there
is  an area used for  cat t le  dr ink ing and
movement upstream the above-mentioned
sampled uni ts .  Decrease in  ra tes of  the
above variables has been reported as from
October, owing to rainfal l increase which,
as a consequence,  produced a greater
d issolv ing ra te of  the compost .  As f rom
October increasing nitrate rates at P2 coin-
cide with nitr i te and ammonia oscil lations
which may be explained by ration feeding
and cont ro l  o f  R 2.  N i t r i te  ra tes in  P 1 a re
di f ferent  f rom those in  P 2,  s ince i t  is  a
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supply reservoir .  High ammonia and total
phosphorus concentrations at P6 have been
reported since they receive the overf low
of  the ent i re  f ish cu l ture system, which
comprises the fish processing site. Actually
P7 (river) is not significantly affected by P6,
upstream P7, although the former lies in a
572m channel with slight meanderings and
dense aquat ic  vegeta t ion .  I t  may be
accountable for  the re tent ion or  the
absorption of organic and inorganic materi-
al. Cultivated river beds maintain the water
quality by removal and retention of nutrients,
by the processing of organic material and
chemical residues and by the reduction of
sediment discharge in the receiving bodies
(Hussar et al., 2005).

Increas ing ra tes of  envi ronmenta l
variables from P1 to P6,  mainly during the
dry period, may be associated to the low
dissolution discharge owing to less rainfall
a t  th is  t ime,  o f  the year  and a lso to
fingerling activit ies and fishing processing
upstream P6.

Accord ing to  Colosso e t  a l .  (2003) ,
concent ra t ion of  so lub le  phosphorus in
water of effluents increases during the first
hours after feed and decreases after 4 or 6
hours. Rates at P2 may be due to feeding,
since samplings were undertaken at the first
evening hours and ration-taking during the
morning period.

Conductivity in P3 showed mean rates
which were lower than those in P2 and P1.
Conductivity was affected by large amounts
of macrophytes in the channel that conducts
water from P2 to P3, caused by the removal
of  ions f rom the water.  Accord ing to
Chern icharo (2001 ) ,  when water  f lows
through the substratum, vegetation impairs
the water course, diminishes the speed of
f low towards the rece iv ing body and
precip i ta tes the sediment  and the
suspended part icles.

Low a lka l in i ty  and pH in  P 1 may be
related to the fact  that  the reservoir  has
been bui l t  for  the water  supply system.
Further, no chemical or organic treatment
has been g iven to the water  dur ing the
period under analysis. In the Amazon region
water for fish culture has low concentration
of dissolved salts (Araújo-Lima & Goulding,
1997;  Brandão et  a l . ,  2004) .  Wi th  the
except ion of  P 4,  the h ighest  ra te  o f  the
above variable in all sections of the system
refers to P7,  which may be associated to
the fact that 5 tons of fish were slaughtered
the day previous to water sampling. This

event  may have made the ra tes of  the
variables different.

Hardness variat ions at P 1 and P4 may
be explained by the specif ic i t ies of each
system or rather P1 is the supply source and
has natura l  character is t ics ,  whereas the
funct ion of P4 is the product ion of water
organisms which receive previous treatment
before being p laced.  In  the case of  P 7

(downst ream) ,  on the other  hand,  mean
hardness rates have been affected by direct
control  of the f ish cul ture under analysis
and by that of the river (P5 - upstream).

Hardness,  conduct iv i ty and alkal in i ty
oscillation patterns may be attributed to soil
l iming dur ing the in i t ia l  per iod,  wi th
subsequent  decrease of  ra tes in  P 4.
Moreover, water in P4 merely functions for
level  maintenance to compensate losses
through infiltration and evaporation. Highest
TSS rates were obtained during fish removal
when sediment revolving occurred with a
subsequent increase in TSS concentration
in the water.

Chlorophyll-a variation at P2 and P4 may
be expla ined by indexes of  n i t rogen
compounds during the period. A decrease
in chlorophyll-a production associated with
a decrease of  n i t rogen compounds has
been reported. Similar f indings have been
reported by Sipaúba-Tavares et al .  (2003)
who registered high rates of physical and
chemical variables, with the exception of
chlorophyl l -a and ni t rogen compounds in
ponds covered by the macrophyte Salvinia
sp. Low rates in the sampled points of the
river may be due to lower concentrations
of  nut r ients  in  lo t ic  env i ronments when
compared to those in production systems
of aquatic organisms. In continuous water
f low envi ronments nut r ients  are car r ied
away and,  consequent ly ,  phytoplankton
densi ty ,  mani fested by low chlorophyl l -a
concent ra t ion ,  d imin ishes (Souza et  a l . ,
2000) .

Henry-Silva & Camargo (2006), showed
that pond ef f luent qual i ty improved af ter
t rea tment  wi th  aquat ic  p lant ,  wi th
decreasing of phosphorus and nitrogen.

The fact that water passes through a
vegetat ion-covered channel wi th posi t ive
effects in fish culture water discharge. Mean
rates of some variables in P7 (downstream)
were s imi lar  to  those in  the r iver  (P 5 -
upst ream) ,  wi th  the except ion of
or thophosphate ,  to ta l  phosphorus ,
a lka l in i ty ,  hardness and conduct iv i ty.
Changes were not significant (p>0.05).
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Sipaúba-Tavares & Boyd (2005) verified
that kind of vegetation growing in and along
the edges of shallow ditch, provide some
degree of aquaculture eff luent treatments.

The use of  aquat ic  p lants  to  t rea t
aquacul ture  e f f luents  va luable  an
appropr ia te technology wi th re la t ive low
cost, and the wetlands are dynamic systems
unless human in tervent ion ar rests  these
processes (Shutes, 2001).

Dry  and ra iny per iods showed that
highest changes in the quality of system’s
discharge occurred in the months with less
rainfall. However, rates are within the limits
(TP=0.05 mg.L - 1; Ammonia = 2.0 mg.L - 1) laid
by CONAMA (2005) Resolution 357, typifying
as c lass 2 the ef f luent  wi th the above
variables.

However, in every system fish hauling
pract ice br ings about  h igh l imnolog ica l
var iab les ,  making mandatory the use of
adequate cont ro l  pract ices .  A l though
eff luents are within the establ ished legal
patterns, probable changes in the river may
be re la ted to d ischarges f rom the f ish
cul ture system wi th the consequent  and
progressive worsening of water quality of
the receiv ing body.  S ince pol lut ion level
caused by fish culture is closely linked to
tank cont ro l ,  food and f ish process ing
system,  adequate pract ices in  system
cont ro l  wi l l  compr ise a ra t iona l  water
management and an improvement in the
qual i ty of eff luents, especial ly during the
dry period when discharge is at its lowest
and, consequently, the self-purifying factor
of the receiving body is on the decline.
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