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Abstract

The ammonia toxicity on fish is reported to differ significantly among species. In this study the 96h CL50 for un-ionized ammonia (mgNH3/L) was estimated for two Amazonian fish species, Colossoma macropoum (tambaqui) and Astronotus ocellatus (acará-açu). For each species, the fish were exposed to seven different water ammonia concentration (n=10 with replicates) and a control with ammonia-free water for 96 hours. Temperature (26.8-29.5oC) and pH (7.1-7.4) were kept in relatively constant ranges providing stable NH3 levels in the water, and oxygen levels ranging above 80% saturation (6.15-7.18 mg/L). Conductivity showed marked variation between different treatments according to ammonia concentration. The 96h LC50 of un-ionized ammonia was estimated by using the Trimed Spearman-Karber method, according to Hamilton et al. (1977). In juvenile tambaqui, the 96h LC50 for un-ionized ammonia was 0.69 mgNH3/L (95% confidence limits: 0.64-0.73), while juvenile acará-açu revealed a higher tolerance, with a 96h LC50 of 2.01 (1.92-2.10) mgNH3/L. These findings indicate that both species are highly tolerant to un-ionized ammonia. The present study provides the first available data for the establishment of water quality standards for the rearing of these fish in the Amazon basin.

Introduction

The un-ionized ammonia (NH3) is a normal endogenous end product generated by biochemical reactions involving degradation of proteins and nucleic acids in the body (Verbeeten et al., 1999). This compound is very toxic to aquatic organisms and is usually eliminated by teleost fish through the gills and urine as the main nitrogenous waste (Carter and Brafield, 1992; Wood, 1993). Human impact has also contributed to the increment of ammonia introduced into natural waters, as a result of generalized use of fertilizers and other industrial products, and from organic waste produced during agricultural activities (Randall and Tsui, 2002).

Short-time exposure to high concentrations or even to low ammonia levels for extended periods of time can lead to the establishment of toxic effect on fish. In these animals, as in other vertebrates, the central nervous system is the main targeted organ to be affected by toxic ammonia. Recent evidences show that the primary cause for ammonia toxicity is the depolarization of neurons produced by the ionic form of ammonia (NH4+), which in turn, leads to the excessive activation of NMDA receptor, resulting in ATP depletion. Thus, ammonia-intoxicated fish might experience convulsion and death symptoms (Beamount et al., 2000; Randall and Tsui, 2002). 

High NH3 levels in water are also known to affect the growing (Redner and Stickney, 1978; Miranda-Filho et al., 1995), promoting histopatological alterations in several tissues, especially in the brain (Buckley et al., 1979; Thurston et al., 1986; Wasbrot et al., 1993), increasing cardiovascular and respiratory function (Adams et al., 2001) and loss of reproductive capacity in fish (Russo and Thurston, 1991).

Knowing ammonia toxicity on fish is particularly important when rearing conditions are considered. High densities associated to a rich-protein diet and low water recirculation rates can lead to high ammonia levels in water (Ismiño-Orbe, 1997; Lyytikainen and Jobling, 1998; Verbeeten et al., 1999). The interactions of ammonia with pH and temperature are determinant for the amount and type of each ammonia form in water. More alkaline waters have a higher NH3 proportion, whereas NH4+ predominates in acid waters (Emerson et al., 1975; Piper et al., 1982). It has also been reported that oxygen depletion in water can potentialize the deleterious effects of ammonia on fish (Wasbrot et al., 1991).  

Studies on ammonia toxicity carried out in both cultured marine and freshwater fish indicate that its toxic effects differ significantly among species. These data are usually obtained from the estimation of median lethal concentration of ammonia (LC50, ammonia levels causing the death of 50% of the population). This is considered to be one of the basic experimental procedures for studying ammonia toxicity in fish (Banerjee, 1993). The ammonia sensitivity in fish varies from very sensitive species like trout (O. mykiss) and mullet (M. platanus) to highly tolerant ones like Pimephales promelas larvaes and channel catfish (I. punctatus), wich are resistant to ammonia levels of up to 2.5 mgN-NH3/L in the water (Colt and Tchobanoglous, 1978; Thurston et al., 1986).

The Amazon basin is known for its highly diversified fish fauna and more than 10 species have been introduced into the regional aquaculture. Tambaqui (Colossoma macropomum) is a very promising fish for aquaculture and is currently being farmed in many countries in the Amazon region. Astronotus ocellatus (acará-açu) is also another important fish species for aquaculture. It was introduced in lakes of different Brazilian regions with great success. This species is very resistant to hypoxia as well as anoxia (Muuze et al., 1997) and is also expected to be ammonia tolerant. 

Despite the increase on information and technology in the Amazonian aquaculture, little is know about the effects of ammonia exposure on these two fish species (Isminõ-Orbe, 1997; Isminõ-Orbe et al., 2003). Thus, in order to contribute to development of aquaculture in Amazon, the purpose of this study is to estimate the 96 hours LC50 of un-ionized ammonia of juvenile  tambaqui (Colossoma macropomum) and acará-açu (Astronotus ocellatus) living under culture conditions.

Materials and Methods

Juvenile tambaqui and acará-açu were obtained from Fazenda Litiara, a farm located near Manaus and transported to the Aquaculture Research Coordination at INPA in Manaus, where they were acclimated for at least 30 days before the LC50 experiments were performed. During this period fish were fed twice a day and water was continuously renewed. Feeding was stoped two days prior to experiment.

For the experimental LC50 protocol, ten juvenile tambaqui (weight of 23.2 ( 1g, mean ( SE) and ten juvenile acará-açu (38.8 ( 2g) were transferred to individual 40 liter glass aquarium 48 hours before the beginning of the experiments. Seven groups of fish (with replicates), were exposed to progressively higher concentrations of un-ionized ammonia for 96 hours. Another group (for each species) was kept in water free of ammonia and was considered to be the control. Water pH and temperature were controlled throughout the experimental period at 7.3 ( 0.05 and 28 ( 0.3oC, to ensure constant levels of un-ionized ammonia in water. In all treatments oxygen levels were over 80% saturation (range 6.15-7.18 mg/L). Since the Amazon waters usually have a lower buffer capacity, calcium bicarbonate (CaCO3) was added (12 mg/L) to maintain a constant pH. The predicted NH3 levels were obtained through the dilution of ammonium chloride (Merck, Germany) under pH and temperature conditions previously defined (Table 1), based on calculations by Emerson et al. (1975).

Physical and chemical water parameters were monitored at least 3 times a day throughout the experiments. Temperature, pH, dissolved oxygen and conductivity were measured by using a multiparametric device (WTW 310, Germany). Eventual corrections on pH were done by adding drops of HCl 1N or NaOH 1N into the glass aquaria. Observations on external morphology and  behavior of fish were done for both fish species. The 96h LC50 of un-ionized ammonia was estimated by using the Trimed Spearman-Karber method, according to Hamilton et al. (1977).

Table 1. Un-ionized ammonia concentration relative to the experimental temperature (28oC) and pH (7.3) and the corresponding amount of ammonium chloride (NH4Cl).

	Species
	mgNH3/L (mgNH4Cl/L)

	Colossoma macropomum
	0.36

(77.4)
	0.41

(88.1)
	0.47

(101.0)
	0.54

(116.0)
	0.93

(199.8)
	1.40

(300.8)
	1.86

(399.7)

	Astronotus ocellatus
	0.47

(101.0)
	0.93

(199.8)
	1.40

(300.8)
	1.78

(382.5)
	1.86

(399.7)
	2.37

(509.3)
	2.96

(636.1)


Results

Temperature (26.8-29.5oC) and pH (7.1-7.4) were kept in relatively constant ranges, providing stable NH3 levels in the water. The conductivity, however, showed marked variation between different treatments according to the ammonium chloride concentration used in the experiments. In the highest ammonia levels tested for A. ocellatus, the conductivity reached values around 3000 (S/cm.

No signs of abnormal behavior were observed for tambaqui exposed to control conditions and to 0.36, 0.41 and 0.47 mgNH3/L. Similar results were obtained for juvenile acará-açu when exposed to control conditions and to lesser concentrated treatments (0.47, 0.93 and 1.40 mgNH3/L). For tambaquis exposed to 0.54 mgNH3/L, signs of hyperactivity have been observed after 42 hours and only one fish died shortly before 96 hours of ammonia exposure (Table 2). At concentrations of 0.93, 1.40 and 1.86 mgNH3/L, an inverse correlation was observed between ammonia levels and survival time. Thirty percent of the tambaqui were hyperactive and convulsions started before 24 hours of exposure at 0.93 mgNH3/L; the first death occurred 48 hours after the experiments had been started and at 72 hours all fish were dead. Tambaquis exposed to 1.40 and 1.86 mgNH3/L were all dead 48 and 39 hours after the beginning of the experimental period, respectively (Table 2).

In acará-açu, the first reactions to ammonia intoxication were observed after 15 hours of exposure to 1.78 and 1.86 mgNH3/L, resulting in 10 and 20% of mortality, respectively, at the end of the experimental period (Table 2).

A dose-dependent correlation between the highest ammonia concentration levels and survival time, was found for both acará-açu and tambaqui. Contrary to tambaqui, A. ocellatus showed lowered swimming activity and spasms in response to ammonia intoxication, which was observed only in fish exposed to the highest concentrations of 2.37, 2.96 and 3.55 mgNH3/L after 24, 12 and 7 hours of exposure, respectively. At 48 hours of exposure maximum mortality was observed for these three ammonia experimental concentrations. 

Table 2. Percentage of survival for juvenile tambaqui (C. macropomum) and acará-açu (A. ocellatus) during 96 hours exposure to different un-ionized ammonia concentrations in the water

	Colossoma macropomum
	Astronotus ocellatus

	mgNH3/L
	N
	Survival 

(%)
	MgNH3/L
	N
	Survival

(%)

	Control
	10
	100
	Control
	10
	100

	0.36
	10
	100
	0.47
	10
	100

	0.41
	10
	100
	0.93
	10
	100

	0.47
	10
	100
	1.40
	10
	100

	0.54
	10
	90
	1.78
	10
	90

	0.93
	10
	0
	1.86
	10
	80

	1.40
	10
	0
	2.37
	10
	0

	1.86
	10
	0
	2.96
	10
	0


The estimated 96h LC50 for un-ionized ammonia in juvenile tambaqui was 0.69 mgNH3/L (95% confidence limits: 0.64-0.73), indicating that this species is relatively highly tolerant to un-ionized ammonia. Juvenile acará-açu revealed a higher tolerance when compared to tambaqui, with a 96h LC50 of 2.01 (1.92-2.10) mgNH3/L.

Discussion

The development of aquaculture in Amazon calls for the need of alternative procedures for surpassing some constraints, like waters with poor ion contents and low buffer capacity. In preliminary pilot studies we have noted that the addition of NaOH by itself was not effective to provide a relatively constant pH in the water throughout the experiment; pH values showed wide oscillations in 24 h intervals and concomitantly significant variations on the un-ionized ammonia levels (data not show). The use of calcium bicarbonate in the water seems to be an efficient tool for maintaining stable pH  in ammonia bioassay protocols. 

The estimated 96h LC50 of 0.69 mgNH3/L for tambaqui falls in the range of that related for other fish species. (Buckley, 1978; Hasan and Macintosh, 1986; Thurston et al., 1986; Wajsbrot et al., 1991; Miranda Filho et al., 1995; Person-Le Ruyet et al., 1995). Tambaqui can be considered a relatively highly tolerant freshwater fish at least for acute ammonia exposure. This was recently confirmed by fish which were exposed to sub-lethal and lethal levels of ammonia for 48 hours and recovered from it following 48 hours in ammonia free water (Marcon et al., 2002). Increased plasma urea and glucose levels and subsequent recovery in ammonia-exposed fish returned to normal levels according to the ammonia concentration. These findings indicate that being exposed to ammonia concentrations fish face a stressful condition that can be overcome relatively fast when rearing conditions are back to normal.

Exposure of tambaqui to low ammonia concentrations apparently had no effect on its normal physiological conditions. Similar findings were obtained by Isminõ-Orbe (1997), for juvenile tambaqui exposed to 0.47 mgNH3/L for 60 days, when no effects on growth performance were observed. While this low concentration is provides no toxic effects in tambaqui, it was considered to be the 96h LC50 for the Coho salmon (Buckley, 1978) and the 48h LC50 for the Brazilian catfish, Lophiosilurus alexandri (Cardoso et al., 1996). These authors also found an inverse correlation between survival time and un-ionized ammonia concentrations, suggesting that it is a common pattern for both marine and freshwater fish when exposed to exogenous ammonia.

On the other hand, A. ocellatus seems to be much more tolerant to un-ionized ammonia than tambaqui. This cichlid species is very resistant to hypoxia and anoxia by depressing its metabolism accordingly to oxygen availability, to values below its standard metabolic rate (Muusze et al., 1998). Under ammonia exposure, especially at the highest concentrations, this fish remains lying on the bottom of the aquarium for long time, reducing its ventilatory frequency and opercular movements. These behavioral strategies are similar to those found in fish under deep hypoxia and anoxia conditions (Muusze et al., 1998), indicating that metabolic depression could be activated by fish to overcome acute ammonia toxicity. The decreased ventilatory frequency may also be related to attempts of fish in attenuating the loading of exogenous ammonia into the plasma, which increases the susceptibility of fish to ammonia. High plasma ammonia levels have been reported for many fish species in response of increased exogenous ammonia (Knoph and Olsen, 1994; Person-Le Rouyet et al., 1995; Lemarié et al., 2004), including for tambaqui reared under intensive conditions and accidentally exposed to chronic low ammonia levels in the water (Marcon et al., 1999).

The 96h LC50 of 2.01 mgNH3/L attributed to A. ocellatus suggests that it is one of the most ammonia tolerant freshwater species described in literature. Only two species such as tilapia (Oreochromis aureus), another cichlid,  and channel catfish (I. punctatus) exhibited higher tolerance to un-ionized ammonia than acará-açu. These species present an estimated 96h LC50 ranging from 2.88 to 3.13 mgNH3/L (Daud et al., 1988; Colt and Tchobanoglous, 1976). Tilapia and channel catfish have physiological capabilities, which easily adapt themselves to different environmental conditions (Ottolenghi et al., 1995; Cnaani et al., 2000), just as acará-açu has the ability to withstand hypoxic/anoxic conditions (Muusze et al., 1998) and high environmental ammonia.

The present study provides the first available data pointing out the water ammonia safe limits for these species representing basic information for the establishment of water quality standards for the rearing of these fish in the Amazon basin.
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