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Difficulties in assessing, establishing safe concentration limits for
toxic metabolites

Toxicity in aquaculture systems usually refers to the harmful effects of
elevated concentrations of metabolites (carbon dioxide, ammonia, nitrite,
and hydrogen sulfide), algal toxins, heavy metals, and agricultural and
industrial chemicals. Photo by Darryl Jory.
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The dictionary definition of toxicity is “the quality, relative degree, or specific degree of a substance being toxic” and toxic
is further defined as a substance containing a material capable of causing injury or death to living things (being
poisonous). Stress, injury or death to aquatic organisms resulting from adverse water temperature, low dissolved oxygen
concentration, gas supersaturation and suboptimal salinity usually are not referred to by aquaculturists as toxic effects. In
aquaculture, toxicity usually is reserved for harmful effects of elevated concentrations of metabolites (carbon dioxide,
ammonia, nitrite and hydrogen sulfide), algal toxins, heavy metals and agricultural and industrial chemicals.

Toxicity may be expressed by several reactions of organisms to harmful substances. By slowly and methodically
increasing concentrations of potentially toxic substances, a series of responses can be observed. Initially, concentration is
too low to evoke a measurable or observable response. At a higher concentration, animals will exhibit behavioral changes
such as avoidance, increased respiration, coughing (fish have a response similar to coughing to rid gills of foreign
substances), changes in swimming patterns, etc. Increasing concentration of the substance further will cause observable
lesions on gills or other body parts, mucus coating on gills and internal lesions. At a greater toxin concentration, animals
will exhibit erratic behavior such as swimming at the surface and loss of equilibrium.

Assessing lethal concentrations

Although aquatic animals exhibit symptoms of poisoning or toxicity at lower than lethal concentrations of a substance, the
typical endpoint in tests to assess toxicity of a substance is death. In a toxicity test, fish or other aquatic organisms are
exposed to a range of toxin concentrations. Mortality at each toxin concentration is recorded after a certain period and
adjusted for mortality of animals held under identical conditions in a control (no toxin). Toxicity tests may be run for six to
24 hours, several days, or even for the life cycle of the test organism. Toxicity tests usually are conducted for 24 to 96
hours, and the 96-hour toxicity test is likely the most common.

Toxicity may be reported in various ways. The highest concentration causing no mortality may be reported, or alternatively,
the concentration killing a given percentage of the test organisms reported. Most commonly, the concentration that killed
50 percent of test animals is presented (Fig. 1). This concentration is known as the lethal concentration to 50 percent of
test animals or the LC50 at a particular exposure time, i.e., 24-hr LC50, 48-hr LC50, 72-hr LC50, or 96-hr LC50.
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Fig. 1: Graphical estimation of the LC50.
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There are difficulties in assessing LC50 with respect to effects of a toxin in natural waters or in aquaculture. Obviously, it is
desirable not to have either low level mortality or sublethal effects that stress animals and impair normal behavioral and
physiological responses. In aquaculture, stress leads to poor appetite and it weakens immune responses increasing
susceptibility to disease. The LC50 does not provide this information directly.

Some investigators have run toxicity tests at low enough concentrations to determine the lowest concentration a toxin
necessary to cause mortality. Others have used a sublethal but measurable or observable response such as growth rate,
lesions, or behavioral change. Such tests are difficult, time consuming, and expensive to conduct, and few have been
conducted in comparison with the number of short-term LC50 tests that have been published.

Results from long-term LC50 tests often are used to extrapolate the expected maximum concentration of a toxin
permissible without causing any observable effect to a particular species upon continuous exposure. The ratio of the safe
or no-effect concentration from long-term toxicity tests to the LC50 concentration (usually the 96-hour LC50) can be used
to predict a safe concentration of the toxin. For example, if the long-term, no effect concentration of a toxin is 0.01 mg per
liter and the 96-hour LC50 of this toxin is 0.25 mg per liter, the ratio (often called the application factor) is 0.04. An
estimate of the safe concentration of the toxin can be made by multiplying 0.04 by the 96-hour LC50.

Interpreting toxicity test results

The problem with the application factor is that it is not available for many species. Available data often are applied beyond
the species for which they were obtained. The application factor also may vary among toxins. Application factors of 0.05
and 0.01 are probably most commonly used. A larger application factor likely should be used for less toxic substances
and a smaller one for more toxic substances. Use of the application factor may result in poor decisions in some instances,
but it is often the only procedure for use in practical predictions of acceptable toxin concentrations.

Several other issues are related to interpretation of toxicity test results. Toxicity tests are typically run at constant
temperature in water of a particular chemical composition, and with constant pH, near saturation with dissolved oxygen
and fixed concentrations of the toxin. Many toxins increase or decrease in toxicity with respect to water quality, as will be
illustrated for a few examples. Copper and zinc are less toxic in water of high calcium concentration, because calcium ion
interferes with metal uptake. In freshwater, chloride ion lessens nitrite uptake across gills of fish through competition for
absorption sites. The proportion of toxic, un-ionized ammonia in water increases with total ammonia nitrogen, temperature
and pH. Hydrogen sulfide concentration also decreases in relation to total sulfide concentration as pH increases. Elevated
carbon dioxide concentration is more likely to affect aquatic animals when dissolved oxygen concentration is low, because
it lessens the ability of hemoglobin to combine with oxygen.

In aquaculture systems, concentrations of pH, temperature, dissolved oxygen and carbon dioxide fluctuate on a daily
basis. Toxin concentration also is continually changing because of differential rates of release into the water and loss
from the water by detoxification or other means. Exposure time to high concentrations of potential toxins such as carbon
dioxide, ammonia, nitrite, hydrogen sulfide, algal toxins, metals, etc., are continuously changing. There have been few
studies showing how such fluctuations effect the toxicity of substances to aquaculture species.

When a mortality problem or slow growth by a species cannot be explained by the usual causes, managers have complete
water quality analyses conducted. There is a tendency to suspect the cause to be the variable or variables that the
analysis report indicates to be outside what the manager considers the normal range.

The decision on presence of toxic concentrations of substances can sometimes be improved by examination of typical
LC50 values such as presented in Table 1 for toxic metabolites and aid of an application factor. Nevertheless, it often is
virtually impossible to be sure that a problem is associated with a particular variable. This is especially true for algal
toxins. Some laboratories have the capability to measure algal toxins, but there is little information on toxic
concentrations. With toxic pollutants from agricultural and industrial chemicals, knowledge that one or more such
chemicals entered the pond and failure to find evidence of the presence of another toxin often is a strong indicator that the
pollutants caused the observed mortality.

Boyd, Toxicity, Table 1
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96-hour LC50 Estimated safe concentration for extended
(mg/L) exposure (mg/L)
Carbon dioxide, freshwater fish - 20
Carbon dioxide, marine shrimp 60 6
Ammonia, warmwater fish 0.74 -2.88 0.05-0.15
Ammonia, coldwater fish 0.32-0.93 0.015 - 0.045
Ammonia, marine fish 0.64-1.72 0.05-0.15
Ammonia, marine shrimp 0.69 — 2.95 0.05-0.15
Nitrite, warmwater fish 7.1 -140 05-25
Nitrite, coldwater fish 0.24 - 11 0.01-0.5
Nitrite, marine fish - 5-50
Nitrite, marine shrimp 9 -980 0.5-15
Hydrogen sulfide, freshwater species 0.02 - 0.05 0.002
Hydrogen sulfide, marine species 0.05-0.5 0.005

Table 1. Toxicity information on potentially-toxic metabolites in aquaculture systems.

There also is wide variation in the 96-hour LC50 values for individual metals and agricultural and industrial chemicals, and
great variation in toxicity has been found among these chemicals. The 96-hour LC50s for some representative metals
were given as follows: manganese, 16 to 2,400 mg per liter; zinc, 0.43 to 9.2 mg per liter; copper, 0.033 to 1.9 mg per liter.
The 96-hour LC50s reported for different agricultural and industrial chemicals range from less than 1 mg per liter to over
100,000 mg per liter.

Perspectives

In summary, assigning the cause of an observed sublethal or lethal toxic effect to a particular concentration of a known
toxin is not an easy task. Moreover, it is equally difficult to establish safe concentration limits for toxic metabolites in
aquaculture systems for use in assessing measured concentrations.
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