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An important factor in assessing the potential danger of a
pesticide to higher organisms is the rate of natural decrease of
the compound (HERZEL et al. 1976); the longer a pesticide persists
in the environment, the more likely it is to be toxic. 1In vitro
studies have shown that pesticides which persist are taken up by
cells to a greater extent than pesticides which do not persist
(MURIKAMI & FUKAMI 1978). The pesticide carbaryl readily hydrol-
izes to l-naphthol in model ecosystems (KARINEN et al. 1967) and
in cell culture medium (SHEA & BERRY 1983). The l-naphthol has
been observed to undergo no further breakdown, thus persisting,
in cell culture medium for at least 48 h (SHEA & BERRY 1983) as
well as no further breakdown in seawater over 24 h, if not exposed
to sunlight (STEWART et al. 1967).

Previous studies have shown l-naphthol to be more toxic than
its parent compound, carbaryl, to several species of mollusks
(BUTLER et al. 1968; STEWART et al. 1967) and to several species
of fish (STEWART et al. 1967; TILAK et al. 1979). A recent study
has shown l-naphthol to be as toxic as carbaryl to protozoal cul-
tures (WEBER et al. 1982), and an in vitro study has shown l-naph-
thol to be at least twice as toxic as carbaryl to goldfish-derived
cell cultures (SHEA & BERRY 1983). This report presents an exten-
sion of this in vifro work by examining the relative toxicities
of carbaryl and 1-naphthol to goldfish (Carassius auratus) and the
common «illifish (Fundulus heteroclitus).

MATERIALS AND METHODS

Technical grade carbaryl (99.07% pure) and technical grade 1-
naphthol (99.7% pure) were obtained as gifts from the Union Carbide
Corp. (Wilmington, DE). Compounds were initially dissoloved in
100% ethanol then dispensed at 1, 5, or 10 parts per million (ppm)
into glass aguaria containing 15 L of dechlorinated water for gold-
fish, or half-strength artificial seawater for killifish. The
maximum concentration of ethanol in the water was 0.0001%, which
was also included in control aquaria, and was harmless to the fish.
On separate occaisions, ten fish were introduced into each aguarium
30 minutes after dispersal of the compounds. The aguaria were aer-
ated but not filtered, and food was withhzld for the duration of
the study (10 days).
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RESULTS AND DISCUSSION

1-naphthol was observed to be more toxic than carbaryl to
both goldfish and killifish (Figure 1). Goldfish exposed to 1 ppm
carbaryl had no observed mortality, as did the control fish. Two
goldfish had died by day 10 in 5 ppm carbaryl, and 4 goldfish had
died in 10 ppm carbaryl by day 10. In contrast, 10 ppm l-naphthol
resulted in the death of all goldfish within 2 days, 5 ppm 1-naph-
thol resulted in the death of all goldfish within 5 days, and a
total of 3 goldfish died by day 10 in 1 ppm l-naphthol (Figure 1).
No control mortality was observed in goldfish.

Killifish were unaffectad by 1 and 5 ppm carbaryl, and 10 ppm
carbaryl resulted in the death of a total of 4 killifish by day 10
(Figure 1). Killifish exposed to 10 ppm l-naphthol all died with-
in 2 days, 5 ppm l-naphthol resulted in the death of 4 killifish
by day 10, and no killifish died in 1 ppm l-naphthel or in control
conditions (Figure 1).

Along with the observed increase in mortality of l-naphthol
over carbaryl, l1-naphthol was obsz2rved to induce neurclogical
trauma in both goldfish and killifish. Following 4 h exposure to
10 ppm l-naphthol, all fish exhibited tremors, erratic swimming,
darting, and an increased frequency of opercular beats. Within 24
h all fish exposed to 5 ppm l-naphthol exhibited the same symptoms,
and by day 6 all goldfish exposed to 1 ppm l-naphthol were exhib-
iting these symptoms. Killifish were not observed to demonstrate
any morbidity in 1 ppm l-naphthol. All surviving fish, both gold-
fish and killifish, continued to exhibit neurclogical symptoms
until the termination of the study at day 10. In contrast, there
was no observed morbidity or neurological trauma in either gold-
fish or killifish at any of the concentrations of carbaryl.

As this is a static toxicity test under laboratory conditions,
the toxic concentrations of these compounds are somewhat artificial
and extrapolation to the environment would not necessarily repre-
sent a true assessment of the possible dangers of carbaryl and 1-
naphthol. However, the relative toxicities of carbaryl and 1l-naph-
thol can be compared. In goldfish, l-naphthol is approximately 5
times more toxic than carbaryl on day 10 and in killifish, l-naph-
thnl ia twice as toxic as carbaryl (Figure 1). Furthermore, all
surviving fish exposed to 1-naphthol exhibited neurclogical trauma,
whereas no neurological trauma was observed in fish exposed to
carbaryl. The observed increase in toxicity and the induction of
neurclogical trauma may be related to in vitro studies suggesting
1-naphthol, but not carbaryl, was taken up by goldfish-derived
cell cultures (SHEA & BERRY 1983). If the cellular uptake is sim-
ilar in vivo, then the relatively slow rate of hydrolysis of carb-
arylunder non-alkaline conditions (KARINEN et al. 1967; STEWART et
al. 1967) may allow fish, exposed to carbaryl, to metabolize and/
or tolerate the gradual increse in l-naphthol.

Previous studies have shown l-naphthol to be more toxic than
carbaryl to several species of molluscs (Mytilus endulis, Crasso-
strea gigans, and Clinocardium nuttallii) (BUTLER et al. 1968;
STEWART et al. 1967) and several species of fish (Cymatogaster
aggregata, Parophrys vetulus, Gasterosteus aculeatus, and Labeo
rohita) (TILAK et al. 1979; STEWART et al. 1967). In addition
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Figure 1: Effect of carbaryl and l-naphthol on goldfish and
killifish. Numbers along curves represent parts per million of
each compound. C = control. Note the differences between the
number of fish surviving in carbaryl versus those surviving in
l-naphthol.
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l-naphthol was shown to be as toxic as carbaryl to protozoal cult-
ures (WEBER et al. 1982). Based on these previous studies, the
results presented here, and the report of detection of both carb-
aryl and l-naphthol in agquatic systems adjacent to treated areas
(OSMAN & BELAL 1980), it may be suggested that l-naphthol may be
responsible for a significant portion of the effects observed as

a result of application of carbaryl.
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