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ABSTRACT

The objective of this study was to determine the quality of the effluent from ponds populated with
bullfrog tadpoles by evaluating the physical, chemical and microbiological parameters of the water.
Samples were collected bi-weekly on the ponds located at the bullfrog culture sector in the
Caunesp. The experimental design was completely randomized with two treatments (inlet and
outlet water) and six repetitions (ponds). There was no difference (P>0.01) among treatments for
conductivity, however, the values varied in different samples according to growth of tadpoles. The
values of temperature, pH, dissolved oxygen and nitrate were higher (P<0.01) in the inlet, while
total phosphorus, ammonia, Escherichia coli, chemical oxygen demand (COD), biochemical oxygen
demand (BODs) and turbidity had increased concentrations in the outlet water, The total
phosphorus and BODs concentrations were higher than permitted by Brazilian environmental
legislation. The management adopted to rear bullfrog tadpoles increased the nutrients in the water,
with the highest concentrations of ammonia and total phosphorus deriving mainly from the
uneaten feed and animal excretion, the latter being the main factor for water eutrophication.
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QUALIDADE DE EFLUENTES DE TANQUES DE GIRINO DE RA-TOURO

RESUMO

O objetivo deste trabalho foi avaliar a qualidade do efluente de tanques de criacdo de girinos de ra-
touro através da analise das variaveis fisicas, quimicas e microbiolégica da agua. As amostras
foram coletadas quinzenalmente nos tanques do setor de ranicultura do Caunesp. O delineamento
experimental utilizado foi inteiramente casualizado, com dois tratamentos (dgua de entrada e saida
dos tanques) e seis repeti¢des (tanques). Nao houve diferenca significativa (P>0,01) entre os
tratamentos para condutividade, entretanto, os valores variaram nas diferentes coletas, conforme o
crescimento dos girinos. Os valores de temperatura, pH, oxigénio dissolvido e nitrato foram
maiores (P<0,01) na agua de entrada, enquanto as concentra¢des de foésforo total, amonia,
Escherichia coli, demanda quimica de oxigénio DQO, demanda bioquimica de oxigénio (DBO:s) e
turbidez tiveram um aumento na dgua de saida. As concentra¢des de fésforo total e DBOs foram
maiores do que o permitido pela legislacdo ambiental brasileira. O manejo realizado na criagdo de
girinos provocou um aumento de nutrientes na agua, sendo que as maiores concentragdes de
amonia e fésforo total foram provenientes, principalmente, da racdo e das excretas dos animais.
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INTRODUCTION

In Brazil, frog culture has been gaining
importance in the national scenario as an
alternative production in the agricultural sector
(FEIX et al., 2006). Bullfrog is an excellent option
for commercial rearing due to its high fecundity,
rapid sexual maturation, large body size and
climate adaptability (GRANT and BOTH, on line).

The successful rearing of tadpoles depends on
the quality and quantity of feed, feed particle size
and composition, and mainly the water quality
used in the culture. These factors have a direct
influence on growth rate of the animals
(SIPAUBA-TAVARES et al., 2008).

Some studies showed that in water containing
large amounts of nitrogenous pollutants, the
development of anuran larvae may be slower
while deformity occurrence rate may be higher
(RUIZ et al., 2010). Frog larvae, since they are
aquatic, they mostly excrete nitrogen waste such
as ammonia (BALINSKY, 1970). This residue
being toxic to the organisms themselves must be
constantly removed from the system.

In shallow ponds, such as those used for this
kind of rearing, the continuous water flow, wind
and rain often cause water circulation and
transform it into a dynamic ecosystem (SIPAUBA-
TAVARES and MORENO, 1994). Therefore,
various factors can influence these systems,
including management and climate.

Already, the impact of the effluent quality on
the receiving water body depends mainly on the
species and density of the cultivated organisms,
feeding management adopted and technological
level of the farm (BOYD, 2000). Effluent pollutants
come mainly from feeding, either directly in the
form of uneaten or leached feeds, animal digesta
and excretory products, or indirectly through
water eutrophication and consequent increased
natural productivity (TACON and FORSTER,
2003).

In order to observe the environmental impacts
caused by rearing management, the present study
aimed to evaluate the water quality of the inlet
(supply) and outlet (effluent) of ponds populated
with bullfrog tadpoles (Lithobates catesbeianus),
through physical, chemical and microbiological
analysis. The results were compared with
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environmental legislation regarding to effluent
quality for aquaculture.

MATERIAL AND METHODS

The study was conducted at the frog culture
sector, in the Aquaculture Center of Unesp,
Jaboticabal, SP (21°15S and 48°19’W) from
November 2008 to January 2009. The experiment
lasted 76 days, until the tadpoles completed
metamorphosis.

The experimental design was completely
randomized (CRD), with two treatments (inlet
and outlet water) and six replicates (ponds) in a
split-plot, with the sub-plots collection over time.
Water samples were collected in the morning at
inlet (supply) and outlet (effluent) of the tadpole
rearing ponds, every fifteen days, totaling six
collections (CO0, C1, C2, C3, C4 and C5).

Six excavated outdoor ponds, lined with
polyethylene were used. Each pond had 1,600 L
capacity, with dimensions of 2.0 x 1.2 x 0.70 m
(length, width and depth), equipped with
individual continuous flow water inlet and outlet
(Figure 1).
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Figure 1. Layout of tadpole ponds (P1 - P6) with
continuous water flow in the bullfrog culture
sector.

The frog culture ponds were supplied with
water from a pond located upstream from the
Frog culture Sector. This pond is used to keep
breeding fish and to receive the effluents from the
parallel ponds and laboratories at Caunesp. The
effluent is launched in natura directly into another
pond downstream from this sector.

Four thousand and eight hundred bullfrog
tadpoles (L. catesbeianus) were used. The tadpoles
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were from the same spawn, in stage 25 of
development (GOSNER, 1960), with an average
initial weight of 0.21 £ 0.01 g and distributed at a
stocking density of 0.5 tadpoles L.

Ponds average flows were 9,504 and 6,912
L day! for inlet and outlet water, respectively.
The inlet and outlet water flow rates were
calculated measuring the time needed to fill a
one-liter recipient, and are expressed in liters

per day.

Tadpoles were fed a commercial diet for
carnivorous fish with 40% crude protein that was
launched on the pond surface. The feed quantity
was adjusted based on the biomass present in the
pond, starting with 9% of total biomass and
decreasing according to the weight of the animals
(LIMA et al., 2003b). The biomass of each pond
was obtained according to biometrics, by
measuring monthly the total weight of 10% of
tadpoles, using a digital electronic balance with
0.01 g precision to determine mean weight (g).

The physico-chemical and microbiological
variables analyzed were temperature, dissolved
oxygen (using a Lutron Dissolved Oxygen Meter),
conductivity, pH (Phtek handset) and turbidity
(Hach turbidimeter).

Total phosphorus (acid hydrolysis method),
ammonia (colorimetric method), nitrate (cadmium
reduction),
(potassium hydroxide solution), chemical oxygen
demand (colorimetric method) and Escherichia coli
(most probable number - MPN) were evaluated

biochemical  oxygen  demand

according to Standard Methods for Examination
of Water and Wastewater (APHA, 2005).

The nutrient load was calculated using the
formula:

C=[N]xQ

which,
C = nutrients load;
[N] = nutrient concentrations; and

Q = flow rate of each treatment.

The results were expressed in grams per day
(g day?).

To verify the normality and homocedasticity
of the data Shapiro-Wilks e Bartlett statistical
tests were applied. The data of the limnological
variables were submitted to variance analysis
(repeated measures ANOVA) and, subsequently,
to Student test at 1% probability, to check
whether there was significant difference between
treatments (inlet and outlet water) for each time
(collection). Polynomial regression analysis was
applied in each treatment to assess the variation
in time. The software utilized was SAS 9.1 (SAS,
2006).

The limnological variables were compared
with standards of effluent quality according to
class II, established in Brazilian environmental
legislation CONAMA N°¢ 357 Resolution
(BRASIL, 2005).

RESULTS

There were no differences (P>0.01) among
treatments for the variable conductivity and there
were differences (P<0.01) for all other variables.
In the sampling periods all variables there
were difference (P<0.01) among time. Thus,
temperature, pH and DO were higher in inlet than
in outlet water, while the opposite was observed
for the other variables (Table 1). The polynomial
effect for the inlet and outlet water indicates the
variation between collections, whereas the higher
order demonstrates a greater time variation
between the samples.

The average daily temperature varied
between 25 to 27°C for both inlet and outlet
water throughout the period and was higher in
the inlet water in last collections, remaining in
the ideal range for growth of organisms. The
variation into collection was high (4° degree) for
both treatments. In this study, weight gain was
9.4 £ 0.01 g, feed conversion 1.1 and survival
rate 69%.

The values of pH showed small variation
among treatments. The decrease observed in the
effluent after collection three can be attributed to
increase of respiration and size of organisms
present in the water (phytoplankton and
tadpoles). The variation into collection was high
(5° degree) for both treatments.
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Table 1. Mean values of the physical, chemical and microbiological variables for treatments (inlet and outlet
water) at different collections. Means followed by the same letters in the column, for each variable, do not
differ by Student 1%. The polynomial effect indicate the variation into the collections (over time).

. Collections (days) Polynomial
1 TR M
Variables 01) 1(16) 2(31) 3(a6) 4(61)  5(76) ean Effect
Temp (C) I 2650° 2688° 27.37° 26770 2560°  27.37° 2675  4°Degree
P O 2657 2670° 2705 2658 2525  2697° 2652  4°Degree
. I 792 737 7700 883 828  7.70° 797 5°Degree
P O 797 735 755 823 7800 748 773 5° Degree
I 6100 714 7500 834 6620 528 6.83 5° Degree
-1
DO (mg L) O 663 7848 6500 7300 470> 492 6.15 5° Degree
I 7768 5200° 6650° 69.00°  6550°  72.00°  66.86°  4°Degree
EC (uS cm)
O 72200 5733 6617° 6683 7383 7283 6803  3°Degree
I 1948 14272 14172 15470  2040° 14425 1637  4°Degree
Turb (NTU) O 1300> 12102 1538 15400  2616° 1795 1643  5° Degree
E. coli I 3917° 1210° 8417 35000 1,026°  1,020° 56925  4°Degree
(MPN100mL7) O 5233 1308 105.67° 338.83% 81452 991.23° 58718  5° Degree
I 0590 083%  121* 059  03% 077 073  5°Degree
-1

TP (mg L) O 058 123 1170 064 1.88  1.24° 112 5° Degree
I 0172 018 023> 034>  03% 0306 027  3°Degree

_ -1
NNHsmgLh) 5 o160 0200 033  039° 082 043 0.40 5° Degree
I 043 037 037 045 058 053 0.45 3° Degree

_ -1
NNOsmgLh) 5 36 037 048" 047 068 058 0.49 5° Degree
I 11002 417 3000 133 3175 1500 403 3° Degree

1
BODs (mg L) O 1233 633 8000 2000 855 467 6.89 5° Degree
I 1567° 1750° 3650° 1650°  23.00°  2650° 2261  5°Degree
1

COD (mg L) O  1750° 11.67° 3350° 2433  5050° 2783 2756  5° Degree

I - inlet water; O - outlet water; TR - treatment; Temp — temperature; DO - dissolved oxygen; EC - electrical conductivity;
Turb - turbidity; E. coli - Escherichia coli; TP - total phosphorus; N-NH3 - ammonia;, N-NOs - nitrate; BODs -
biochemical oxygen demand; COD - chemical oxygen demand.

The dissolved oxygen of the inlet water ponds tadpoles. The variation into collection was high
ranged from 5.28 to 8.34 mg L and of the outlet (5° degree) for both treatments. However, lower
water ponds from 4.70 to 7.30 mg L during the values have been found for the bullfrog grow-out
period, not reaching critical levels for the phase (Table 2).

Table 2. Mean values of six collections of limnological variables of the effluents from bullfrog tadpole and
grow-out ponds.

. . . Bullfrog tadpole pond Bullfrog grow-out pond
Limnological variables (presen;g studl;f) (np= 36) (BORGESgeil., 2012)l:n = 36)

Temperature (°C) 26.52 28.2

pH 7.7 7.2

Dissolved oxygen (mg L-1) 6.15 1.23
Conductivity (pS cm-1) 68 249

Turbidity (NTU) 16 66

Total phosphorus (mg L-1) 1.12 6.09
Ammonia (mg L-1) 0.39 6.94

Nitrate (mg L-1) 0.49 2.37

BODs (mg L-1) 7 74

COD (mg L-1) 28 378

E. coli (MPN 100mL-1) 5.8 x 102 1.1x104

BOD:s - biochemical oxygen demand; COD - chemical oxygen demand.
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Conductivity lowest levels were 52 pS cm!
and 57 pS cm!, and highest 78 pS cm! and 74
pS cm? for inlet and outlet water, respectively,
indicating low presence of organic particles or
salt ions. The higher variation into collection was
in the inlet water (4° degree) compared to the
outlet water (3° degree).

The effluent turbidity values ranged from
12 to 26 NTU, being close to the ones of water
supply, between 14 to 20 NTU and was higher
in the outlet water in last collections. The higher
variation into collection was in the outlet water
(5° degree) compared to the inlet water (4°
degree). The turbidity of the inlet water may be
associated with phytoplankton originated from
pond that supplies the frog culture sector.

The thermotolerant coliforms number had
some peaks both in the inlet water and effluent,
35 to 1,210 MPN 100mL-! and 52 to 1,309
MPN 100mL", respectively, and followed the
same pattern among the two until the collection
three, where there was a significant difference.
After this, the pattern reversed, without
significant differences between the treatments.
The higher variation into collection was in the
outlet water (5° degree) compared to the inlet
water (4° degree).

The total phosphorus concentration in the
outlet was significantly higher (0.58 to 1.88 mg L)
than in the inlet water (0.39 to 1.21 mg L) at
the collections one, four and five. In the
collection 4 a decrease in the temperature was
observed, which may have affected the tadpoles
food consumption, increasing remains and,

consequently, the phosphorus concentrations in
the water. The variation into collection was high
(5° degree) for both treatments.

The same was observed for ammonia
(varying from 0.17 to 0.39 mg L for inlet and 0.16
to 0.82 mg L for outlet water) and nitrate (0.37 to
0.58 mg L for inlet and 0.36 to 0.68 mg L for
outlet water). The higher variation into collection
was in the outlet water (5° degree) compared to
the inlet water (3° degree) for both variables.

The biochemical oxygen demand varied from
1 to 11 mg L in the inlet water and from 2 to
12 mg L7 in the effluent and there was difference
between treatments in collection two, four and five.

The chemical oxygen demand was relatively
low in both treatments (16 to 36 mg L in the
inlet and 12 to 50 mg L1 in the outlet water),
throughout the period, increasing significantly
in the effluent in collection four when it
reached 50.50 mg L-1. The higher variation into
collection was in the outlet water (5° degree)
compared to the inlet water (3° degree) for BOD:s
and the variation into collection was high (5°
degree) for both treatments for COD.

Table 3 shows the mean concentrations of
total phosphorous, ammonia and nitrate (mg L)
present in different phases of bullfrog rearing
and the respective load (g day?). Despite the
relatively low values of ammonia and nitrate
when compared with the load of these nutrients,
they are considered to be representative and
when compared to the grow-out phase, it is
observed that phosphorous is the most
representative between them.

Table 3. Mean concentrations of total phosphorus (TP), ammonia (N-NHs) and nitrate (N-NOs) in different
phases of bullfrog rearing and the load produced per day.

Bullfrog tadpole ponds Bullfrog grow-out ponds

. (present study) (n = 36) (BORGES et al., 2012) (n = 36)

Variables - .

Concentration Concentration Load

(mg L) (g day) (mg L) (g day)
Total P 1.12 6.09 11.57
N-NH3 0.39 6.94 13.19
N-NO; 0.49 2.37 4.50

C = [N] x Q, which: C = nutrients load; [N] = nutrient concentrations; and Q = flow rate

of each treatment.
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In Table 4, were compared the medium values
of the limnological variables of the water supply
and effluent of bullfrog tadpoles ponds during
the experimental period, with the maximum

values allowed by Resolution N° 357 of the
National Environmental Council (CONAMA) of
2005 to freshwater (Class II), for aquaculture and
fishing activity (BRASIL, 2005).

Table 4. Means of biotic and abiotic variables of treatments (inlet and outlet water) over the timer

compared with the values showed in environmental legislation to freshwater class II.

Medium values and standard

CONAMA N° 357/2005

Limnological Variables treatments deviation (BRASIL, 2005)
Inlet Outlet Class II

Temperature (°C) 26.75 £ 0.66 26.52 +0.80 <40

pH 7.97 £0.50 7.73+£0.34 6.0a9.0

DO (mg L1) 6.83+1.14 6.15+1.15 >5.0

EC (uS cm?) 66.86 +14.66 68.03 +10.0 -

Turbidity (NTU) 16.37 £3.16 1643 +4.94 <100

TP (mg L-1) 0.73+£0.38 1.12+0.58 <0.030

Ammonia (mg L) 0.27 +0.08 0.39+0.22 20to7.5<pH<8.0

Nitrate (mg L1) 0.45+0.10 0.49£0.12 <10.0

BODs (mg L) 4.03+3.77 6.89 +£4.55 <5.0

COD (mg L) 22.61+11.84 27.56 £ 6.90 -

E. coli (MPN 100mL-1) 569.3 £ 768.9 587.2 £705 < 1,000

DO - dissolved oxygen; EC - electrical conductivity; TP - total phosphorus; BODs - biochemical oxygen
demand; COD - chemical oxygen demand; E. coli - Escherichia coli.

Only the total phosphorus concentrations,
for inlet and outlet water, and BODs, for outlet
water, were higher than permitted by Brazilian
environmental legislation.

DISCUSSION

The temperature remained around 26°C while
the ideal mean temperature for frog culture is
25°C (FERREIRA et al., 2002). According to LIMA
et al (2003a), water temperature influences directly
tadpole metabolism due to their being
ectothermic, promoting faster growth and weight
gain in ideal thermal conditions.

The performance parameters found in this
study were considered satisfactory for production
(LIMA and AGOSTINHO, 1992). According to the
authors a feed conversion average of 2.0:1.0 and
survival around 70% can be adopted in
commercial frog farms.

SIPAUBA-TAVARES et al. (2007) while
working with sequential ponds for semi-intensive
fish production at Caunesp observed during the
rainy season (summer) a mean conductivity value
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of 46 pS cm™ in the pond that supplies water to the
tadpole rearing ponds and 113 pS cm in the pond
that receives the effluent from the frog culture
ponds. The authors stated that high and low
conductivity values indicate high degree of
decomposition and sharp primary production,
respectively. Since the values found were within
the range reported by the author, they are
considered characteristic of Caunesp ponds and
associated with high production of phytoplankton
organisms associated with the increase of feed in
the water.

The maximum turbidity values for inlet and
outlet water were 20 and 26 NTU, respectively,
which indicated the presence of clays and
colloidal dissolved organic matter (SIPAUBA-
TAVARES, 1994) or a phytoplankton, that serve
for a natural food for the tadpoles.

A Dbiodegradable effluent should have a
COD/BOD ratio lower than five (VALENTE et al.,
1997). In this study, the mean COD/BOD ratio of
the effluent during the period was four, thus
indicating the biodegradability of the resulting
wastewater.
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Biochemical oxygen demand (BODs) was
higher in the pond effluent compared to supply
water and was above permitted by CONAMA
Resolution N° 357/2005 (BRASIL, 2005); however,
this value was about ten times lower than the
grow-out phase (BORGES et al., 2012), showing
that the nutrient load in this stage is smaller and
there is a larger water renewal.

The high values of E. coli can occurred
probably due to rainfall over sampling period,
with average values of 82 mm in November,
279 mm in December and 238 mm in January. It
should also be noted that some E. coli
contamination occurs previously in the pond that
supplies water to the tadpole ponds. There is a
correlation between the high number of fecal
coliform during the warmest and rainiest days
of the year, with the input of allochthonous
organic matter and resuspending of sediment of
the pond loaded with fecal coliform (PIANETTI
et al., 2004).

CASTRO and PINTO (2000) reported pH
values around 7.33, towards the alkaline range,
using the same stocking density (0.5 tadpoles L1).
There is a tendency for lower pH values as the
animals grow, however, in collection three there
was an increase in inlet water pH that may have
influenced the outlet water.

Pond water flow rates provided good
oxygenation of the water, keeping in general,
mean dissolved oxygen values at approximately
6 mg L. Decreasing dissolved oxygen level in the
water is related to both the respiration of the
animals and the decomposition of organic matter
by bacteria. In the case of aquaculture activities,
including frog farming, the organic matter
increase is due primarily to the addition of
artificial feed in the pond owing to need to
increase food according to animal growth.

The inlet water of the tadpole ponds came
from the upstream pond that receives the effluent
from the sequential ponds used to rear fish; and
therefore, entered the ponds with mean total
phosphorus level of 0.73 mg L. The average total
phosphorus (1.12 mg L1) found in the effluent
may also be related to high crude protein content
(40%) of the feed. The inlet and outlet water had
phosphorus concentrations above those permitted
by legislation.

Tadpole feces release high rates of ammonia
and phosphorus into the medium (FLORES-
NAVA and GASCA-LEYVA, 1997). The animals
assimilate approximately 25% of phosphorus
contained in the feed and the remainder is
excreted in the feces (insoluble form) or urine
(soluble form). Therefore, the diet ingredients
should have low phosphorus levels and be easily
digestible (HARDY, 2000) since the nutrients that
are not assimilated either end up in the water as
dissolved nitrogen and phosphorus or are
incorporated into the sediment pond as
particulate matter (Bergheim et al., 1991 apud
HENRY-SILVA and CAMARGO, 2008).

Other studies indicate higher concentrations
of ammonia but water renewal and the effect of
nutrient dilution must be taken into account.
CASTRO and PINTO (2000), using the same
stocking density, feed with 45% crude protein and
20% daily water renewal, found ammonia values
between 0.25 and 0.78 mg L (average 0.54 mg L),
higher than the present study (average 0.39 mg L),
indicating the relationship between feed and
water flow, which promotes dilution and
ammonia nitrification.

SIPAUBA-TAVARES et al. (2008) comparing
treatments with and without feed concluded that
using artificial feed causes an increase of
ammonia and reduction of nitrate levels, the first
being more toxic for the organisms. This was not
observed in the present study, where both had
lower concentrations, probably due to the highest
water renewal rate in the ponds (432%) compared
for the author (5%).

As shown in BORGES et al. (2012) the
fattening phase of bullfrogs have greater load of
ammonia, nitrate and phosphorus. The load is
associated to a nutrient concentration with the
water flow. In the tadpole stage the volume of
water in ponds is greater and the nutrient
concentration is lower, even then the load is lower
than in the growing phase.

CONCLUSIONS

For the conditions of this study, suitable
stocking density, good feed conversion and high
water flow, it can be concluded that the main
problem observed is the high phosphorus load,
since this component is primarily responsible for
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artificial eutrophication of water bodies. Although
pond inlet water already has high phosphorus
concentration, there was still a sizeable increase
under the experiment conditions. It is, therefore,
necessary to remove phosphorus compounds
from the effluent before releasing it to the
environment. Management techniques aiming at
optimizing water use in frog farms should be
adopted and studies to test different methods of
removal of dissolved nutrients should be carried
out to adjust the bullfrog rearing to Brazilian
environmental law.
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