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Abstract

Water quality and maintaining water condition are important factors that have been pointed out as one of the causes for the high fish mortality occurring on ornamental fish exported from the state of Amazonas. Short-term (96 h) laboratory tests were conducted with Paracheirodon axelrodi, in order to determine the acid and alkaline lethal pH (LC50), lower and higher LT50 for temperature, higher LC50 for total ammonia and nitrite. According to the findings, cardinal tetra presents a high tolerance limit to pH (acid pH=2.9 and alkaline pH=8.8), high temperature (33.3 oC) and total ammonia (23.7 mg/L). However, temperatures below 19.6 oC and nitrite concentrations above 1.1 mg/L may compromise its survival especially during the shipment abroad.

Introduction

The trade of ornamental fish in Amazonas State is one of the most profitable and sustainable extractive activities, comprising nearly 90% of all fish export in Brazil (Chao et al., 2001). Most of these fish are come from the middle Rio Negro basin flooded forests, generating around US$ 3 million, that is, 2% of the Manaus free port industry exports. Even though it represents a small portion of all exports undertaken by the Amazon State, it still comprises over 65% of the local economy in the municipality of Barcelos, involving 80% of the 16,107 residents directly or indirectly (Prang, 2001). However in the last few years, the State exporters have recorded a drop of between 40 and 50% on the sale of these fish. Several factors have contributed for this market loss, among them the culture of better quality species, the high mortality rate of fish caught in the wild, and the exported fish low quality. From 30 to 70% of the fish captured in the Amazon perish between the time of capture and the arrival at the final consumer. According to Waichman et al. (2001), maintaining a stable water quality condition is a very important factor and its lack may represent one of the main causes for the high fish mortality rates.

The purpose of this paper was defining a water quality standard for cardinal tetra, Paracheirodon axelrodi, establishing the lethal levels of the acid and alkaline pH, high and low temperatures, ammonia and nitrite in the water. The cardinal tetra is the most requested Amazonian ornamental fish in the world market, dominating the fish exports from Brazil, and representing 80% of all fish exported annually from the Amazon State. 

Material and Methods

Cardinal tetra (0.07 ± 0.002 g) were collected from forest streams (igarapés) of the middle Rio Negro basin in the municipality of Barcelos, Amazonas State. Fish were transported to the laboratory where they were kept in 500 L holding tanks supplied with aerated water, constant temperature (25o ± 1oC) and regularly fed with a commercial diet for at least 4 weeks prior to experiments. Bioassay experiments to establish tolerance limits to pH, temperature, ammonia and nitrite were performed in four 40 L test chambers equipped with an air compressor and a thermostat bath. Twenty-four hours prior to the experiments, four groups of ten fish (10 per replicate) were transferred to test chambers where the water quality was preserved. For each test parameter, the experiments were conducted for over 96 h, in which fish mortality was observed and water physical and chemical parameters were evaluated. 

To test the pH, the water was adjusted with HCl diluted solution for acid pHs and Tris and NaOH for alkaline pHs, that was introduced into the thermostatized bath to be mixed and later distributed in the test chambers. In order to reach the desired pH, the basic or acid solution was added to the bath at 1 h intervals. The tested pHs were: control (6.0), acid (2.6, 3.1, 3.6, 4.3, 4.7, 5.2 and 5.6) and alkaline (6.5, 7.2, 7.4, 7.8, 8.4, 8.8 and 9.3. During all the experiment, the water pH was monitored every 3 h by a digital pH-meter WTW model pH330i.

For the test with temperatures, a series of progressively higher and lower water temperatures was achieved by a programmable thermostat bath (Mod. BTD 770 - São Carlos, SP, Brazil), which controlled the gradual rising or lowering of the temperature to its desired point. The tested temperatures were: control (25 oC), high (25, 27, 29, 31, 33, 35 ( 1 oC) and low (21, 19, 17 and 15 ( 1 oC). 

To test total ammonia, the water pH was first set to 7.6 ( 0.12 using NaOH and/or Tris, which after being diluted from 1 to 2 g/L, it was added to the thermostized bath where it was mixed and distributed evenly to all test chambers. Then, a pre-established NH4Cl quantity was diluted and added to the bath for being distributed to the chambers. The cardinal tetra were exposed to six concentrations such as 0.9, 1.4, 8.5, 13.1, 18.6, 23.7 and 35.6 mg/L yielding 0; 0.022; 0.032, 0.19, 0.23, 0.31, 0.44 and 0.85 mg/L NH3 (unionized ammonia). Test chamber ammonia concentration was determines daily and the water pH was monitored constantly. Nitrite tolerance tests were performed adding the sodium nitrite solution (NaNO2) to obtain four concentrations (0.5; 1.0; 1.5 and 2.0 mg/L NO2-). 

Regardless the tolerance test performed the water quality variables were measured for each test chamber. Dissolved O2, pH, temperature and electric conductivity were measured twice daily and water samples were collected for total ammonia and nitrite analysis. Dissolved oxygen and water temperature were determined through a YSI-55, model 55/12 digital oxygenometer; pH measured with a WTW model D-812, electrode (WTW) type E 50 pH 0...14 – 5... +80o C digital pH-meter; electric conductivity by using a WTW model LF-92 digital apparatus. Water samples were collected and determined by the calorimetric method according to Boyd & Tucker, (1992) for the analysis of total ammonia (NH3 + NH4+) and nitrite (NO2-) concentrations.

Water quality data are reported as mean ± SD. The mean values of different test chambers were compared by using the ANOVA variance analysis. The differences were considered to be significant at p<0.05 using the Tukey test. The 96 h pH (acid and alkaline), temperature (high and low), ammonia and nitrite concentrations LC50 were estimated according to the trimmed Spearman-Karber method (Hamilton et al., 1977).

Results and Discussion

We observed water quality uniformity among the replicates of each tested variables (pH, temperature, ammonia and nitrite) with no significant difference between physical and chemical parameter values (Table 1). 

The 96-h LC50 (lethal concentration to 50% of a population) to acid and alkaline pH, low and high temperature, total ammonia and nitrite concentrations to cardinal tetra are presented in Table 2.The toxicity action and physiology effects of low and high pH on fish have been widely studied and reviewed by many authors (Wood, 1991; Affonso 2002). During our study, the pH tests with cardinal tetra showed 100% survival up to pH 4.0 and below to pH 8.5. The 96-h LC50 to acid and alkaline pH was calculated as 2.9 and 8.8 respectively, indicating that cardinal tetra is highly tolerant to acid and alkaline pHs. The high tolerance of that species to low pHs is to be expected once the pHs are very acid (±3.5) in its natural environment (black water streams) (Walker, 2001).

Temperature can influence fishes in multiple ways, among these; it can act as a lethal factor when its effect is to destroy the integrity of the organism (Currie et al., 1998). In the present study, the LC50 of cardinal tetra to low and high temperatures was 19.6 and 33.7 oC respectively. The findings showed that fish mortality increased at temperatures below 19 oC and reached a total mortality index at 15 oC (Table 2. The tests with high temperatures (25 to 35 oC), showed fish survival is 100% at 29 and 31 oC, being lethal above 35º. These findings corroborate those obtained by Waichman et al., (2001) on the evaluation of the water quality used for transportation of ornamental fish, whose capture and fishing grounds temperatures fluctuated from 29 to 31 oC for the cardinal tetra. According to those authors, these findings suggest that the highest lethal temperatures (LC50 =33.7 oC) to the cardinal tetra restrict the species to high temperatures on account of its inability in tolerating low temperatures.

Table 1. Water quality parameters during bioassay experiments to establish tolerance limits to pH, temperature, total ammonia and nitrite concentrations to cardinal tetra. Means ( SD 


	Tolerance

	Parameter


	Acid

 pH
	AlkalinepH
	Low temp.
	High Temp.
	Ammonia
	Nitrite

	O2(mg/L)
	7.8±0.3
	8.0±0.4
	7.9±0.7
	6.3±0.5
	6.2±0.5
	8.2±0.6

	Temp. (oC)
	25±0.7
	25±0.7
	-
	-
	25.2±0.6
	25±0.8

	pH
	-
	-
	6.6±0.3
	6.6±0.5
	7.6(0.12
	6.7±0.3

	Condutivity

(µS/cm)
	31.7±16
	279±74
	8.1±0.3
	8.2±0.2
	100 (9.7
	8.0±0.3

	Ammonia (mg/L)
	0.9±0.0
	0.05±0
	0.026±0
	0.02±0
	-
	0.026±0

	Nitrite (mg/L)
	0.08±0
	0.04±0
	0.038±0
	0.04±0
	0.008±0
	-


Table 2. Lethal concentrations (LC50) to acid and alkaline pH, low and high temperature, total ammonia and nitrite to cardinal tetra. 


	Tolerance

	
	Acid

 pH
	Alkaline

pH
	Low temp.
	High Temp.
	Ammonia
	Nitrite

	LC50
	2.9
	8.8
	19.6. (oC)
	33.7 (oC)
	23.7 mg/L
	1.1 mg/L


Ammonia and urea are the two main nitrogenous products excreted by teleostei fish, with ammonia usually representing 75-90% of the nitrogenous excretion (Handy & Poxton, 1993). The acute and chronic toxicities of ammonia have been extensively reviewed for freshwater fish (Saiki et al., 1999; Wang & Walsh, 2000). High levels of ammonia cause stress and produce harmful physiological response such as osmoregulatory dysfunction, kidneys and branchial epithelium damages (Meade, 1985). The findings obtained in the experiments indicated 100% survival of the fishes in 96-h exposure to the control and 0.9-mg/L total ammonia, while 98, 88, 85, 62, 30; and 25% of the fishes survived to 1.4, 8.5; 13.1, 18.6, 23.7 and 35.6 mg/L total ammonia (or 0; 0.022; 0.032, 0.19, 0.23, 0.31, 0.44 and 0.85 mg/L NH3) respectively. Lethal ammonia concentration (LC50) for cardinal tetra was calculated to be 23.7 mg/L NH4+NH3 or 0.36 mg/L NH3. Comparing with literature results (Lemarié et al., 2004), these data indicate that cardinal tetra may be considered to be a species highly tolerant to ammonia, which certainly facilitates its survival, especially during transport from Barcelos to Manaus, when the total ammonia concentrations are very high (< 12 mg/L; Waichman et al., 2001).

The toxicity of nitrite to fishes has received much attention in recent years, but little in formations is available about the susceptibility of tropical fish to nitrite (Moraes et al., 1998, Martinez and Souza, 2002; Costa et al., 2004). At elevated concentrations, nitrite impedes the oxygen carrying capacity of blood by oxidation of haemoglobin (Hb) to methaemoglobin (metHb), which is unable to bind oxygen and at acute concentrations decreases markedly the oxygen carrying capacity of blood (Jensen, 1995). Its determination for the cardinal tetra would be a useful tool to define the environmental quality and handling standards during shipment. In our tests with nitrite, all fish survived for 96 h of being exposed to the control, while 93, 60 and 35% of fish survived to 0.5, 1.0 and 1.5 mg/L NO2-, respectively. Total fish mortality was observed at 2 mg/L NO2-. The 96 h LC50 was calculated as 1.1 mg/L, indicating the high sensitivity of this species to nitrite. 

In conclusion, findings from our study suggest that low temperatures (< 19 oC) and high nitrite concentrations (> 1.1 mg/L) may compromise the cardinal tetra ornamental fish survival, especially during the export process and/or wholesale fish importers. 
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