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ABSTRACT. This study determined whether high levels of total ammonia nitrogen (TAN) as NH,* are
harmful to the growth performance of Nile tilapia juveniles. Fingerlings (0.31 = 0.04 g) were assigned to 30
polyethylene 100-L tanks in a roofed room for 12 rearing weeks. There were increasing levels of TAN by
increased NH,CI application rates (0.0; 0.25 and 0.50 g tank™ week™) at three conditions of water pH (acidic,
6.2 £ 0.5; neutral, 7.2 + 0.8 and alkaline, 8.8 * 0.3). The application of HCI to acidic tanks caused 100% of’
TAN to be converted into NH,*. The poorest growth performance results were observed for the alkaline tanks
subjected to the highest application of NH,CI. In acidic tanks, fish survival has dropped in those tanks under the
highest application rate of NH,CI. Tilapia growth was lower in neutral tanks when the NH,CI application rate
increased to 0.50 g tank™ week ™. It was concluded that waterborne ionized ammonia (NH,*) is indirectly toxic to
tilapia due to the harmful metabolites derived from it, such as nitrite and chloramines as well as due to water
acidification.
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Elevados niveis de nitrogénio amoniacal total como NH," sao estressantes e danosos ao
crescimento de juvenis de tilapia nil6tica

RESUMO. O objetivo do presente trabalho foi determinar se niveis elevados de nitrogénio amoniacal total
(NAT) como NH,* sio prejudiciais a0 desempenho produtivo de juvenis de tildpia do Nilo. Os alevinos (0.31 =
0.04 g) foram distribuidos em 30 tanques de polietileno de 100 L, localizados em sala coberta, sendo mantidos
nesse sisterna durante doze semanas. Estabeleceram-se niveis crescentes de NAT na dgua pela aplicacio de taxas
crescentes de NH,CI (0,0; 0,25 e 0,50 g tanque™ semana™), em trés condigdes de pH da dgua (4cido, 6,2 = 0,5;
neutro, 7,2 *+ 0,8 e alcalino, 8,8 = 0,3). A aplicagio de HCI nos tanques dcidos fez com que 100% do NAT
estivesse na forma de NH,*. Os piores resultados de desempenho produtivo foram observados nos tanques
alcalinos submetidos 4 maior taxa de aplicagio de NH,Cl. Nos tanques 4cidos, a sobrevivéncia dos peixes caiu
naqueles tanques submetidos a2 maior taxa de aplicagio de NH,CI. O crescimento das tildpias foi pior nos tanques
neutros quando a aplicagio de NH,Cl foi elevada para 0,50 g tanque™ semana™. Concluiu-se que NH,* é
indiretamente tSxico para tilipia por produzir metabdlitos téxicos, tais como nitritos e cloraminas, assim como
por acidificar a dgua de cultivo.

Palavras-chave: amonia nio ionizada, amonia ionizada, piscicultura, qualidade de dgua.

Introduction

Ammonia arises in water as an end product of the
protein catabolism by living organisms. The total
ammonia nitrogen (TAN) comprises two distinct
forms: NH; or non-ionized ammonia and NH," or
ionized ammonia. Only the NH; form goes freely
through fish gills and it is therefore considered the
TAN’s most toxic form. Lemarié et al. (2004), citing
Haywood (1983), stated that NHj; is 300 - 400 times
more toxic than NH,* to fish. The pH and
temperature of water are the main factors that affect the

proportion between NH; and NH," (PARRA;
YUFERA, 1999).

Excretion of ammonia to the water by fish is
carried out mainly through their gills by simple
diffusion as NH,. Therefore,
concentrations of NHj; in water can interfere with
NH; excretion by fish and cause toxicity. Hence,
the ideal water quality for an efficient NH;
excretion is low TAN and low pH (< 8). Under
those conditions the concentrations of NH; in
water are very low, which ensure a rapid diffusion
of blood NH; to water. Typically, low water pH

increased
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occurs at night in fish ponds, making that daytime
as the most suitable for NH; excretion by fish.
Contrarily, the regularly higher values of water
pH and temperature in the afternoons lessen the
NH,; excretion by fish. Consequently, afternoon
is the most critical period of the day for NH,
toxicity (HARGREAVES; KUCUK, 2001).

Besides the passive diffusion of NHj; to water, there
is also the active excretion of NH," as an additional
excretion pathway in fishes. Nevertheless, the NH,*
excretion is a less-efficient process than the NH;
excretion and it depends on the concentration of Na*
ions in water (CARNEIRO et al, 2009). As a
consequence, ammonia tends to increase in fish blood
during the afternoons (WOOD, 1993; ZIMMER et al.,
2010).

Despite its safer status, it is speculated that
high levels of NH,* in water could also impair
fish growth. Willingham et al. (1979) have already
pointed out that regardless of the lower toxicity of
NH,* to fish compared with NH;, the
concentrations of the former compound in water
are usually well above those observed for the
Consequently,  those
concluded, NH," can also cause considerable
toxicity to fish and other aquatic animals. The aim
of this study was to determine whether high levels
of TAN as NH,* are stressful and harmful to the
growth performance of Nile tilapia juveniles.

latter  one. authors

Material and methods

One thousand male-reversed Nile tilapia,
Oreochromis niloticus, fingerlings were obtained
from DNOCS - Departamento Nacional de Obras
Contra as Secas (Pentecoste, Ceard State, Brazil)
and transported by road to the LCTA — Laboratério
de Ciéncia e Tecnologia Aquicola (Fortaleza, Ceari
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State, Brazil). After acclimation, fish (0.31 = 0.04 g)
were assigned to 30 round polyethylene 100-L tanks
in a roofed room. The fish culture was carried out
in clear water, without plankton. The culture
tanks were served by mechanical aeration for 24h
provided by one 2.5 hp blower. At the onset, three
tilapia fingerlings were stocked in each tank for
twelve rearing weeks.

Opver the entire experiment, fish fed a commercial
extruded 55%-CP diet split into four meals at 8 and 11
am.; 1 and 4 p.m. The daily feeding rate was fixed at
10% of the stocked biomass. There was no water
exchange throughout the culture. New water was
added just to replenish the water lost by evaporation or
samplings. Tap water was used to fill up the tanks.

Eight different experimental groups
established in the present work by the application of
three rates of analytical grade NH,Cl (0.00; 0.25 and
0.50 g tank' week) at three levels of water pH

were

(moderately acidic, neutral and moderately alkaline;
Table 1).

Out of the possible combinations between
those two factors (ammonia and pH), only the
crossing between none application of NH,CI and
neutral pH of water was not accomplished due to
unavailability of tanks. There were increasing
levels of total ammonia nitrogen (TAN) at each
condition of water pH (acidic, 6.2 * 0.5; neutral,
72 = 0.8 and alkaline, 8.8 = 0.3). Under those
different values of water pH, the increasing levels
of TAN brought about different concentrations of
non-ionized ammonia (NHs; 0.00 - 0.15 mg L") and
ionized ammonia in water (NH,; 0.15 - 2.52 mg L'
Table 1).

There were four repetitions for the acidic and
alkaline tanks and three repetitions for the neutral
tanks.

Table 1. Concentrations of total ammonia nitrogen (TAN), non-ionized ammonia (NH;) and ionized ammonia (NH,*; mg L') in Nile
tilapia 100-L indoor tanks over 12 weeks (mean * S.D.; n = 4 or 3). Tanks were subjected to different rates of analytical grade NH,Cl
and values of pH. Acidic, neutral and alkaline pH of water were 6.2 = 0.5; 7.2 = 0.8 and 8.8 + (.3, respectively. The water temperature of

28°C was used in the calculations of NHj; concentrations.

NH,Cl application rate . pH of water!
(g tank™" week™) Variable Acidic Neutral Alkaline
TAN 1.17 £ 0.15 =3 0.21 = 0.09
0.00 NH, -2 - 0.06 = 0.03
NH,* 1.17 £0.154 - 0.15 = 0.06
% TAN as NH,* 100.0 - 714
TAN 2.16 £ 0.07 0.67 = 0.02 0.37 = 0.10
025 NH, - 0.01 = 0.001 0.12 = 0.03
o NH,* 2.16 £ 0.07 0.66 = 0.02 0.26 = 0.07
% TAN as NH,* 100.0 98.5 703
TAN 252 +0.15 1.47 £0.27 0.49 = 0.05
0.50 NH, - 0.02 = 0.003 0.15 = 0.02
-~ NH,* 252 +0.15 1.45 £ 0.27 0.34 = 0.03
% TAN as NH,* 100.0 98.6 69.4

"The pH of supply water was handled with HCI (acidic), NaOH (alkaline) or none (neutral); *There is an insignificant concentration of NH; when the pH of water is lower than 7

(BOYD, 1979); *Not done; *Calculated as the difference between TAN and NH;.
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A 10.8 N HCI solution was directly applied
into the culture tanks to lower their pH to the
desired value (6.2). The pH lowering was
monitored in situ with a portable pH-meter.
Besides, the acidic solution was supplied slowly to
allow fish adaptation. The same procedure was
done in the alkaline tanks at which a 1 M NaOH
solution was applied to their water to reach a
water pH near 9.2. In the neutral tanks, no
product was applied to the tank water, and pH
remained unchanged. At each two-day interval,
the pH of water of all tanks were recorded and
adjusted if they were far from the designed values
of 6.2 (acidic tanks) and 9.2 (alkaline tanks).
Despite our best effort, the average pH of water in
the alkaline tanks was 8.8 * 0.3 and not 9.2, as
initially desired.

Depending on the treatment, analytical grade
NH,CI was applied to the culture tanks. In the
0.0-g NH,CI tanks, no addition of NH,CI was
made over the entire experimental period. In the
0.25 and 0.50-g NH,Cl tanks, there were
applications of 0.25 and 0.50 g NH,CI tank™
week! from the beginning until the end,
respectively.

Water quality and growth performance were
observed in the present study. Daily, at 8 a.m. and 4
p-m., the water temperature, pH and electrical
conductivity (EC) were recorded in each tank using
portable equipments. Fortnightly, water samples
were taken from all tanks to perform the analyses of
free CO, (sodium carbonate titration), dissolved
oxygen (Winkler’s method), nitrite (diazotization
method) and reactive phosphorus (molybdenum
blue method), following the guidelines presented by
APHA (1999). Total ammonia nitrogen in water
samples were determined weekly by the indophenol
method (BOYD, 1979).

The following growth performance variables
were monitored and calculated out of the
experimental treatments: fish survival, final body
weight, specific growth rate [(In final body weight —
In initial body weight)/days of rearing] x 100 and
fish yield.

Water quality and growth performance variables
analyzed by one-way ANOVA. The
significantly  different compared
pairwise with the Tukey’s test. The assumptions of
normal distribution and homogeneity of variances
were checked before analysis. Percentage and ratio
data were analyzed using arcsine-transformed data.
All ANOVA analyses were carried out at 5% level of
significance using SigmaStat for Windows 2.0
(Jandel Statistics).

were

means were

477

Results and discussion

As expected, the different application rates of
NH,CI carried out in the present work have
produced increasing levels of TAN in the tank
water. On the other hand, there was a surprisingly
drop of TAN in the alkaline tanks for a same
application rate of NH,CI (Table 1). For that, the
following explanation is proposed. At alkaline
waters, the proportion of TAN as non-ionized
gaseous ammonia (NHj;) increases when compared
to neutral or acidic waters (BOYD, 1979; DIANA
et al.,, 1997). In the present work, all experimental
tanks were continuously served by mechanical
aeration supplied by one 2.5-hp blower connected to
silicon hoses and air stones. Therefore, it is
speculated that gaseous NH; was partially released
from the alkaline tanks to the atmosphere due to the
mechanical aeration of the water, lowering thus the
concentrations of TAN in those tanks. This is
considered an important finding because it might
have practical applications to the water quality
management of fish ponds. In fish ponds, a greater
proportion of toxic but gaseous NHj in water occurs
in the afternoon due to the higher pH and
temperature of water (BOYD, 1998). Hence,
afternoon seems to be the most suitable period to
remove gaseous NH; from fish ponds through
mechanical aeration of water. The amount of
gaseous NHj lost to atmosphere can be even higher
by the conversion of NH,* into NHj as the pH of
water increases as CO, is simultaneously released to
the air by aeration (TREASURER, 2010).

The application of HCI to acidic tanks caused
100% of TAN to be in the form of NH,* (Table 1).
Moreover, very little NH; was observed in neutral
tanks (< 0.02 mg L™"). Hence, acidification of water
is a possible management to control NH; toxicity in
fish tanks. However, Boyd and Tucker (1998) have
recommended it only for emergencies.

As expected, the highest concentrations of NH;
were found in the alkaline tanks (0.06 - 0.15 mg L™).
Pillay (1992), Boyd and Tucker (1998), and El-Shafai
et al. (2004) have proposed that NHj; levels below
0.1 mg L' are safe for aquaculture. Salmonid
aquaculture, in particular, has even narrower safety
limits for NHj, lower than 0.01 mg L' (PERSON-LE
RUYET et al., 1997). Therefore, only the two higher
application rates of NH,CI (0.25 and 0.50 mg L") in
the alkaline tanks exceeded the 0.1 mg L™ critical NH,
level in the present work (Table 1). Consequently,
poor results of fish growth performance would be
expected only for those treatments.

Values of average water temperature in the
experimental tanks were 26.5 = 0.6°C and 26.9 *
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0.8°C at 8 am. and 4 p.m., respectively. The
minimum and maximum temperatures observed
over the experiment were 22.9°C and 27.9°C,
respectively. The average concentration of dissolved
oxygen in water was 6.5 = 1.4 mg L' (82%
saturation) and no significant differences were
observed between the tanks for those variables (p >
0.05).

There was a decrease in the total alkalinity of
water in the alkaline tanks as the NH,CI application
rate was increased from 0.0 to 0.5 g tank” week™
(Figure 1). Toxic chloramines (NH,CI) can be
produced in water by the reaction between non-
ionized ammonia and hypochlorous acid (NH; +
HCIO — NH,CI + H,O). Next, the increase of
chloramines leads to water acidification through the
following reaction: 2NH,C1 + HOCI - N, + 3H*
+ 3CI' + H,0O (WAN et al., 2000). Therefore, it is
supposed that besides NH; there was also toxic
NH,Cl in the alkaline tanks subjected to the highest
application rate of NH,Cl. Additionally, the
nitrification process itself also acidifies the water
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(NH,* + 1% O, » NO, + 2 H'+ H,0;
HARGREAVES, 1998).

Alkaline tanks presented significantly higher EC
than neutral and acidic tanks due to the Na* and
OH" input by the NaOH application in the first
tanks. Besides that, the EC readings in the acidic
tanks were significantly higher than those in neutral
tanks due to the H" and CI input by the HCI
application in the first tanks. The application rate of
NH,CI in water had not significantly affected the
EC regardless the water pH (acidic, neutral or
alkaline; Figure 1). In general, all tanks presented
EC wvalues below the upper limit suitable for
aquaculture of 1000 uS cm™ (BOYD; TUCKER
1998). The EC of water, specifically by its Na*
concentration, can affect ammonia excretion by fish
because ionized ammonia (NH,*) can be actively
excreted by fish in the exchange for Na*
(HARGREAVES; KUCUK 2001). Therefore,
waters with higher salinities (EC) make easier the
ammonia excretion by fish.
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Figure 1. Water quality of 100-L tanks, for Nile tilapia rearing, subjected to different concentrations of total ammonia nitrogen and water
pH over 12 weeks (three fish per tank). Acidic, neutral and alkaline pH of water were 6.2 = 0.5; 7.2 * (.8 and 8.8 *+ 0.3, respectively.
Each symbol represents the average of three (neutral pH) or four (acidic and alkaline pH) repetitions. For a same application rate of
NH,CI, means not sharing a same letter are statistically different by Tukey's test (upright comparisons; p < 0.05).
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At the NH,CI application rates of 0.0 and 0.25
g tank™ week™, the concentrations of nitrite in
water were significantly higher in alkaline than in
acidic or neutral tanks. However, at the highest
NH,CI application rate (0.5 g tank™ week), no
significant differences were detected between all
tanks for nitrite (Figure 1). Probably, the higher
pH of water in alkaline tanks (8.8 = 0.3) when
compared to those for the neutral (7.2 = 0.8) and
acidic (6.2 = 0.5) tanks have favored the bacterial
nitrification process, which has produced more
nitrite from ammonia (SINHA;
ANNACHHATRE, 2007). In acidic and neutral
tanks, the concentrations of nitrite in water have
increased when more NH,CI was applied to the
tanks (Figure 1). As ammonia is the precursor of
nitrite, it is expected more nitrite when there is
more ammonia in water. Again the higher total
alkalinity in alkaline tanks has probably aided the
conversion of nitrite into nitrate by Nitrobacter that
not allowed the increase of nitrite in those tanks.

At the application rate of 0.25 g NH,CI tank’
week™,  fish in the alkaline tanks was

survival
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significantly lower than in acidic and neutral tanks
(Figure 2; p < 0.05). In the 0.25-g NH,CI alkaline
tanks, there was 0.12 * 0.03 mg NH; L' while in the
0.25-g NH,Cl acidic and neutral tanks there were none
or just 0.01 = 0.001 mg NH; L', respectively.
Moreover, there was significantly more toxic nitrite in
the alkaline tanks. In the acidic tanks, fish survival has
dropped only in those tanks subjected to the highest
NH,CI application. In the acidic tanks, as TAN
increased at the higher NH,CI application rate, the
concentrations of nitrite in water have increased
accordingly (Figure 1). Hence, the probable cause of
fish mortality at the 0.5-g NH,CI acidic tanks was
nitrite toxicity. No fish mortalities were registered in
the neutral tanks despite the NH,CI application rate
had been performed (0.25 or 0.50 g tank week;
Figure 2). This result suggests that there is an
interaction between the water pH and nitrite in regards
to nitrite toxicity to fish. It seems that a nitrite level
toxic to fish in an acidic pH can be harmless in a
neutral pH. Probably, those two stressors, low pH of
water and high nitrite, have acted synergistically to
aftect fish survival.
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Figure 2. Growth performance of Nile tilapia juveniles stocked in 100-L tanks subjected to different concentrations of total ammonia
nitrogen and water pH over 12 weeks (three fish per tank). Acidic, neutral and alkaline pH of water were 6.2 *+ 0.5; 7.2 = 0.8 and 8.8 %
0.3, respectively. Initial body weight = 0.31 %= 0.04 g. Each symbol represents the average of three (neutral pH) or four (acidic and
alkaline pH) repetitions. For a same pH and application rate of NH,Cl, means not sharing a same letter are statistically different by

Tukey's test (upright comparisons; p < 0.05).
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Although there was much more TAN in the 0.0-
g NH,Cl acidic tanks (1.17 = 0.15 mg L") than in
the 0.0-g NH,Cl alkaline tanks (0.21 = 0.09 mg L"),
the concentrations of non-ionized ammonia (NH;)
were higher in the latter tanks (0.0 versus 0.06 =+
0.03 mg L, respectively; Table 1). However, that
value (0.06 mg TAN L) is still below the critical 0.1
mg NH; L' level for aquaculture (BOYD;
TUCKER, 1998). As a consequence, no significant
differences for fish growth performance were
observed between the 0.0-g NH,Cl acidic tanks and
the 0.0-g NH,CI alkaline tanks (Figure 2). On the
other hand, the nitrite level in the 0.0-g NH,CIl
alkaline tanks was significantly higher than in the
0.0-g NH,CI acidic tanks (Figure 1). Possibly higher
levels of total alkalinity and/or EC (Na™¥) in the first
tanks have somehow protected fish against nitrite
toxicity. Some works have shown that increased
salinity of water is capable to minimize the toxic
effects of NH; and nitrite on fishes (SAMPAIO
et al., 2002; WEIRICH; RICHE, 2006a and b).
Tomasso et al. (1980) and Twitchen and Eddy
(1994) have observed that channel catfish and
rainbow trout exposed to high levels of NH,
increased their Na* efflux to the water. As
previously said, the concentrations of NHj; in water
exceeded the critical level of 0.1 mg L only in
alkaline tanks for the NH,CI application rates of
0.25 or 0.50 g tank™ week™' (Table 1). Consequently,
those tanks have shown significantly lower final
body weight, SGR and yield of fish than acidic and
neutral tanks (Figure 2). Wilkie and Wood (1996)
have stated that fish present increased plasma and
tissue ammonia in alkaline environments.

The final body weight and yield of fish in the
0.25-g NH,CIl neutral tanks were significantly
higher than for the 0.25-g NH,CI acidic tanks
(Figure 2; p < 0.05). This result suggests that a
harmless value of water pH to fish in a low-TAN
environment could be deleterious in a high-
ammonia environment and vice-versa. However, no
significant differences were verified for tilapia
growth performance between the 0.5-g NH,CI
neutral tanks and the 0.5-g NH,CI acidic tanks.
Except for survival, tilapia growth was lower in the
neutral tanks when the NH,CI application rate was
increased to 0.50 g tank' week”. This was due
probably to nitrite toxicity, which has increased in
neutral tanks when more NH,Cl was applied.

Conclusion

As well as non-ionized ammonia (NH,), ionized
ammonia (NH,") can also be harmful to fish due to
the toxic metabolites derived from it, such as nitrite

Silva et al.

and chloramines, and through water acidification.
Furthermore, a high but harmless level of NH,*
will be converted into a high and harmful NH; level
when the pH of water rises. In fish ponds, increase
of water pH is routinely observed in the late
afternoons, day after day. Therefore, fish farmers
should be aware not only about the NHj level of the
water but also on the TAN level (NH; + NH,").

Acknowledgements

The authors would like to thank the DNOCS
(Pentecoste, Ceara State, Brazil) for kindly donating
Nile tilapia juveniles and the staff of the LCTA for
technical assistance during the experiment.

References

APHA-American Public Health Association. Standard
methods for the examination of water and waste
water. 20th ed. New York: American Public Health
Association, 1999.

BOYD, C. E. Ammonia. In. BOYD, C. E. (Ed.). Water
quality in warmwater fish ponds. Auburn: Auburn
University, 1979. p. 220-223.

BOYD, C. E;; TUCKER, C. S. Pond aquaculture water
quality management. New York: Springer, 1998.
CARNEIRO, P. C. F.; SWAROFSKY, E. C.; SOUZA, D. P.
E.; CESAR, T. M. R;; BAGLIOLI, B.; BALDISSEROTTO,
B. Ammonia-, Sodium Chloride-, and Calcium Sulfate-
induced Changes in the Stress Responses of Jundia, Rhamdia
quelen, Juveniles. Journal of the World Aquaculture
Society, v. 40, n. 6, p. 810-817, 2009.

DIANA, J. S.; SZYPER, J. P.; BALTERSON, T. R.; BOYD,
C. E.; PIEDRAHITA, R. H. Water quality in ponds, In:
EGNA, H. S; BOYD, C. E. (Ed.). Dynamics of pond
aquaculture. New York: CRC Press, 1997. p. 53-71.
EL-SHAFAL S. A,; EL-GOHARY, F. A; NASR, F. A
VAN DER STEEN, N. P.; GIJZEN, H. J. Chronic
ammonia toxicity to duckweed-fed tilapia (Oreochromis
niloticus). Aquaculture, v. 232, n. 1-4, p. 117-127, 2004.
HARGREAVES, J. A. Nitrogen biogeochemistry of
aquaculture ponds (review). Aquaculture, v. 166, n. 3-4,
p. 181-212, 1998.

HARGREAVES, J. A.; KUCUK, S. Effects of diel un-ionized
ammonia fluctuation on juvenile hybrid striped bass, channel
catfish, and blue tilapia. Aquaculture, v. 195, n. 1-2, p. 163-
181, 2001.

HAYWOOD, G. P. Ammonia toxicity in teleost fish: a
review. Canadian Technical Report of Fisheries and
Aquatic Sciences, v. 1177, p. 1-35, 1983.

LEMARIE, G.; DOSDAT, A; COVES, D.; DUTTO, G
GASSET, E.; PERSON-LE RUYET, J. Effect of chronic
ammonia exposure on growth of European seabass
(Dicentrarchus labrax) juveniles. Aquaculture, v. 229, n. 1-4,
p. 479-491, 2004.

PARRA, G.; YUFERA, M. Tolerance response to ammonia
and nitrite exposure in larvae of two marine fish species

Acta Scientiarum. Biological Sciences

Maringa, v. 35, n. 4, p. 475-481, Oct.-Dec., 2013



Toxicity of NH," to tilapia

(gilthead seabream Sparus aurata L. and Senegal sole Solea
senegalensis Kaup). Aquaculture Research, v. 30, n. 11/12,
p- 857-863, 1999.

PERSON-LE RUYET, J.; GALLAND, R.; LE ROUX, A;
CHARTOIS, H. Chronic ammonia toxicity in juvenile
turbot (Scophthalmus maximus). Aquaculture, v. 154,
n. 2, p. 155-171, 1997.

PILLAY, T. V. R. Aquaculture and the environment.
1st ed. Cambridege: University Press, 1992.

SAMPAIO, L. A; WASIELESKY, W.; MIRANDA-
FILHO, K. C. Effect of salinity on acute toxicity of
ammonia and nitrite to juvenile Mugil platanus. Bulletin
of Environmental Contamination and Toxicology,
v. 68, n. 5, p. 668-674, 2002.

SINHA, B.; ANNACHHATRE, A. P. Partial
nitrification-operational parameters and microorganisms
involved. Reviews in Environmental Science and
Biotechnology, v. 6, n. 4, p. 285-313, 2007.
TOMASSO, J. R.; GOUDIE, C. A;; SIMCO, B. A;; DAVIS,
K. B. Effects of environmental pH and calcium on ammonia
toxicity in channel catfish. Transactions of the American
Fisheries Society, v. 109, n. 2, p. 229-234, 1980.
TREASURER, J. W. Remediation of ammonia accumulation
during live transport of juvenile cod, Gadus morhua L., and the
effects of fast period on ammonia levels and water quality.
Aquaculture, v. 308, n. 3-4, p. 190-195, 2010.
TWITCHEN, 1. D.; EDDY, F. B. Effects of ammonia on
sodium balance in juvenile rainbow trout Oncorhiynchus mykiss
Walbaum. Aquatic Toxicology, v. 30, n. 1, p. 27-45, 1994.
WAN, M. T.; WATTS, R. G.; CHENG, W. Acute toxicity of
inorganic chloramines to Daphnia magna in two types of
dilution  water. Bulletin  of  Environmental
Contamination and Toxicology, v. 65, n. 2, p. 147-152,
2000.

WEIRICH, C. R.; RICHE, M. Acute tolerance of juvenile
Florida pompano, Trachinotus carolinus L., to ammonia and

481

nitrite at various salinities. Aquaculture Research, v. 37,
n. 9, p. 855-861, 2006a
WEIRICH, C. R.; RICHE, M. Tolerance of juvenile black
sea bass Centropristis striata to acute ammonia and nitrite
exposure at various salinities. Fisheries Science, v. 72,
n. 5, p. 915-921, 2006b.

WILKIE, M. P.; WOOD, C. M. The adaptations of fish to
extremely alkaline
Biochemistry and Physiology — Part B: Biochemistry
and Molecular Biology, v. 113B, n. 4, p. 665-673, 1996.
WILLINGHAM, W. T.; COLT, J. E; FAVA, J. A;
HILLABY, B. A; HO, C. L.; KATZ, M.; RUSSO, R. C;
SWANSON, D. L.; THURSTON, R. V. Ammonia. In:
THURSTON, R. V. (Ed.). A review of the EPA red
book: quality criteria for water. Bethesda: American
Fisheries Society, 1979. p. 6-18.

WOOD, C. M. Ammonia and urea metabolism and
excretion. In: EVANS, D. H. (Ed.). The physiology of
fishes. Boca Raton: CRC Press, 1993. p. 379-425.

ZIMMER, A. M.; NAWATA, C. M;; WOOD, C. M.
Physiological and molecular analysis of the interactive effects
of feeding and high environmental ammonia on branchial
ammonia excretion and Na* uptake in freshwater rainbow
trout. Journal of Comparative Physiology B -
Biochemical Systemic and Environmental Physiology,
v. 180, n. 8, p. 1191-1204, 2010.

environments. Comparative

Received on May 18, 2012.
Accepted on May 21, 2013.

License information: This is an open-access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Acta Scientiarum. Biological Sciences

Maring4, v. 35, n. 4, p. 475-481, Oct.-Dec., 2013



