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Copper compound pesticides are used in agriculture worldwide due to
their fungicide and algaecide properties. Studies on the toxic effect of
copper on aquatic biota have mainly focused on fish and
macroinvertebrates (Johnson and Finley 1980, Reardon and Harrel
1990, Nussey et al. 1996 and Lombardi et al. 2000), and toxicity to
amphibians has been investigated in some recent studies (Grillitsch and
Linder 2000).

Amphibians are very useful in environmental assessment programs due
to their natural characteristics of living in both aquatic and terrestrial
habitats (Greenhouse 1976 and Beiswenger 1988). Therefore, it is
important to determine their sensitivities to a variety of toxic substances
to provide technical information for their use in the bio-management of
poliutants in environmental programs. Moreover, frog aquaculture has
increased over the last few years, especially with the cultivation of the
bullfrog Rana catesbeiana, and the use of pesticides in agriculture may
pose a risk to such commercial activity, since good water quality is
required for spawning and growing frogs.

The aim of this study was to determine the acute toxicity of copper to
tadpoles of the bullfrog R. catesbeiana using a bioassay carried out with
the fungicide copper oxychloride.

MATERIAL AND METHODS

Tadpoles of Rana catesbeiana (1.55 + 0.047 g) were purchased from a
commercial frog culture located in Natal - Brazil. They were transported
to a bioassay laboratory and acclimatized for 48 hr in a 100-L glass
aquarium. Commercial dry pellets with 40% protein content were
supplied during this period as tadpole feed.

Reconstituted standard water was used for acclimatizing tadpoles and
conducting tests. It was prepared according to standard published
methods (APHA et al. 1998), which describe the preparation of soft
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water by adding required salts (NaHCO3, CaS04.2H,0, MgSO4 and KCI)
to deionized fresh water. The air temperature inside the laboratory was
maintained at 23°C, and the photoperiod was a 12-h L:D cycle.

The fungicide used in this study was copper oxychloride (Cuprogarb
500™ - wettable powder with 99% purity), purchased from Oxiquimica
Ind. e Com. Ltda. Stock solutions were prepared by dissolving a
measured quantity of active ingredient (500 g of copper/kg) in distilled
water. A series of five nominal concentrations of Cu™ (toxic range
determined by preliminary tests: 2.0, 4.0, 8.0, 16.0 and 32.0 mg L") was
prepared by adding a measured volume from the stock solution to test
containers. One container was kept as the unexposed control group.
Test containers were set up by placing 1 L of test solution in 2-L glass
beakers. Each beaker was covered with a plastic film to prevent
evaporation. Air pumps and individual stone air diffusers provided for
aeration. Ten tadpoles were randomly distributed into each test
container. No food was supplied during the experiment.

The bioassay was carried out with three simultaneous replicates
according to the static method, i.e. with no replacement of solution
during the 96 hr of exposure. Dissolved oxygen (mg L"), temperature
(°C), pH and electric conductivity (uS cm™) were recorded individually in
each test container at exposure times of 24, 48, 72 and 96 hr, and the
total ammonia (mg L) was determined by standard methods (APHA et
al. 1998) only at the end of the experiment.

Mortalities were recorded at 24, 48, 72 and 96 hr of exposure and the
dead organisms were removed regularly from the test solutions. The
criterion for death was established as the total lack of movement,
determined when tadpoles fail to respond to gentle touching with a glass
rod. The median lethal concentrations (LCso) were estimated by use of
the Gwbasic 3.10 software, according to the statistical method “Trimmed
Spearman Karber” (Hamilton et al. 1977). The safe concentration level
of copper was estimated by the quotient of LCsoen/ 100, according to
the same methods used in earlier studies for establishing safe
concentrations for crustaceans (Natarajan et al. 1992; Lombardi et al.
2000).

At the end of the test, all tadpoles were grouped by concentration and
reserved for analysis of copper bioaccumulation. The whole body of the
tadpoles was used in the measurements of copper bioaccumulation,
since their small size did not allow for individual analysis of the different
parts of the body. Samples were dried and digested in a 2.5-mL mixture
of (2:1) nitric acid (64%) and perchloric acid (96%), according to the
adapted method reported by Sarruge and Haag (1974). All samples
were analyzed on a GBC 932 AAS. The standard was Merck agueous
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copper metal (99.99%), and the lower limit of detection was 0.01 ng/g
dry weight. The natural concentration of copper (estimated from the
control group) was subtracted from the test groups for the determination
of only the accumulated copper contents.

RESULTS AND DISCUSSION

The physical and chemical parameters analyzed during the bioassays
showed no differences among the range of 5 concentrations, nor
between concentration ranges and control groups. Therefore, it was
possible to calculate the respective averages for these parameters:
temperature (23.71 = 0.35 °C), pH (7.28 + 0.08), electric conductivity
(0.15 + 0.05 mS cm'™"), and dissolved oxygen (6.70 + 0.42 mg L, with
94.83 +1.34% of saturation). All of these parameters were in accordance
to the acceptable levels reported by Culley (1991) for the maintenance
of tadpoles of R. Catesbeiana under culture conditions. The total
ammonia was 6.23 + 1.77 mg L™, which corresponds to 0.11 mg L™ of
un-ionized ammonia (NHs-N). It may be considered high according to
Schuytema and Nebecker (1999) that found out safe levels of 0.03 to
0.18 mg L' of NHs-N to some species of amphibians. In addition, APHA
et al. (1998) reccomend the maintenance of NHs-N under 0.02 mg L™
bioassays.

The reason for this high concentration of ammonia in the present
bioassay may be attributed to the static method used for carrying out the
test, which allowed the increase of ammonia during the 96 hr of
exposure time, since there was no replacement of the test solution
during this period. Nevertheless, it does not seem to have interfered in
the evaluation of copper toxicity, since the control group did not show
any mortality, even when submitted to such a high ammonia level. Our
laboratory reported similar findings for the acute toxicity test for copper
carried out with postlarvae of the freshwater prawn Macrobrachium
rosenbergii (Lombardi et al. 2000). It was shown that although copper
toxicity was not altered during the 96-hr static test, a test design with
regular renewal of the test solution would be better suited for carrying
out bioassays, provided that solution replacement can prevent the
possibility of interference due to ammonia toxicity.

Mortalities above 50% were registered only after 72 hr of testlng The
LCso values determined for copper were 13.45 and 2.83 mg L™ at 72
and 96 hr of exposure respectively. Lower LCso.gens for copper (0.05 and
0.06 mg L") were observed to freshwater prawns on experiments
carried out with the same fungicide as in the present study (copper
oxychloride) (Lombardi et al. 2000). it is difficuit to explain any difference
in copper sensitivity among aquatic organisms, since the studies that
are available in the literature are not standardized in terms of species,
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Figure 1. Copper bioaccumulation in R. catesbeiana during 96 hr of
copper oxychloride exposure

organism size, chemical formulation of toxicants, physical and chemical
parameters of water, etc.

Published reports indicate that most of the studies on copper toxicity
have been carried out with copper sulfate. This may explain the different
levels of copper sensitivity among some aquatic vertebrates, especially
between those reported to fish and that determined in the present study.
Lower LCso.95n Values were reported by Johnson and Finley (1980) to a
few species of fish: 0.14 mg L to Salmo gairdneri, 0.84 mg L to
Pimephales promelas, 0.89 mg L to Lepomis macrochirus, and 1.38
mg L™ to Carassius auratus. On the other hand, Reardon and Harrel
(1990), and Nussey et al. (1996) found copper LCsp values of 2.68 —
7.88 mg L™ to Morone saxatilis and 2.61 —2.78 mg L' to Oreochromis
mossambicus, respectively, values which are very similar to that
determined to R. catesbeiana in the present study. The findings reported
here are not at variance with earlier preliminary studies from our
laboratory, where similar LCsp06ny Were determined to larger tadpoles of
R. catesbeiana (Ferreira et al. 2000). It seems that tadpoles of different
sizes may not express different sensitivities to copper.

The analysis of copper in the bodies of tadpoles showed a
bioaccumulation pattern directly proportional to the toxic concentration.
Copper accumulation in the tadpoles increases with the rise in
concentrations of copper in the experimental habitat (Figure 1).
However, there is no information about saturation point and
detoxification process in copper bioaccumulation. Thus, further studies
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on acute and chronic exposures to copper are warranted to clarify this
point.

A safe concentration level of copper for R. catesbeiana was determined
to be 0.03 mg L, which is slightly higher than the 0.02 mg L™ value
reported by the Brazilian Environmental Agency (CONAMA, 1986) as
the safe limit for protecting aquatic life.
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