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Abstract: The acute toxicity of Mn and Cu against Tilapia guineensis and Tympanotonus fuscatus and the sub-lethal effects of the
metals on weight changes were investigated in laboratory experiments employing standard bioassay techniques. Based on 96 hr
LC50 values, copper was more toxic than manganese to either test animal by several orders of magnitude. Against either test metal,
T. guineensis was remarkably more susceptible than T. fuscatus. At sub-lethal concentrations, particularly the two highest
concentrations tested (0.016 and 0.03 mg Cu L-1, 23.0 and 46.0 mg Mn l-1), both metals adversely affected the test species by
bringing about reduced weight gains or weight loss in exposed animals compared to untreated controls at the end of the test periods.
The implications of these findings for ecosystem viability and management are discussed.
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Introduction

Materials and Methods

There is usually considerable concern on the
occurrence of heavy metals in the environment due to their
persistence and the generally low toxicity thresholds of many
species. In an attempt to address the associated environmental
problems, several studies on the generation and discharge of
heavy metals from industrial processes, environmental fate,
distribution, acute and chronic biological effects of these metals
have been carried out in many countries of the world (Chye Eng et al., 1987; Earnshaw et al., 1987; Flos et al., 1987;
Khangarot et al., 1987; Clements et al., 1990; Jindal and
Verma, 1990; Ayodele et al., 1991; Chen et al., 1991; Bryan
and Langston, 1992; Ortego and Benson, 1992; Oyewo and
Don-Pedro, 2002).
The usual concentrations at which most heavy metals
occur in natural aquatic systems are seldom high enough to
bring about acute toxicity. However, sub-lethal concentrations
that usually prevail in these water bodies are known to cause
adverse biological effects manifesting as subtle physiological,
biochemical, anatomical or behavioural changes in the exposed
organisms (Poulsen et al., 1982; Flos et al., 1987; Bryan and
Langston, 1992). Such changes can be employed as early
warning signals showing up as negative responses of impacted
species at concentrations below acute toxicity thresholds.
Therefore, for practical environmental management
considerations, knowledge of the harmful effects such as
weight loss and others associated with various sub-lethal
concentrations may be even more important ecologically.

Semi - static bioassay technique: All bioassays were
conducted following standard semi – static procedures with the
observance of all necessary traditions and precautions
(Sprague, 1973; FAO/SIDA, 1983, APHA-AWWA-WPCF, 1980).
Appropriate modifications were made where necessary (Oyewo
and Don-Pedro, 2002).
The experimental concentrations were based on the
logarithmic bisection of the intervals while the dilution water was
aerated to saturation ab initio. All the tests were replicated and
had appropriate controls. The LC50 values and associated
parameters were derived using appropriate computer
programmes.
Based on the results obtained in the acute studies and
employing a similar methodology, the test animals were
exposed to sub-lethal concentrations (fractions of the respective
LC50 values) of the test metals so as to assess their effects on
weight changes at these concentrations.
Animals in each batch of treatment were harvested at
predetermined time intervals of 7, 14, 21 and 28 days after
commencement of tests. At the end of any test period, the
animals were taken out and weighed. Weight changes were
used to evaluate the possible chronic effects based on the
assumption that such changes are a reflection of the animals’
general physiological state.
Test animals: The two test animals are common residents of
the shores of the Lagos lagoon system – a large multiple usage
amenity of immense value and were: Tilapia guineensis (Pisces;
Cichlidae, Total Length 65 + 4mm) and Tympanotonus fuscatus
(Mollusca; Gastropoda, shell length 43 + 4mm). After collection,
they were transported to the laboratory and acclimatized to a
temperature regime of 22-24.5 ºC and salinity of 15 psu.

This study was designed to determine the acute
toxicity of manganese and copper against T. guineensis and
Tympanotonus fuscatus as well as the sub-lethal effects of the
metals on weight changes in the animals.
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Fig. 1: Weight changes in T. guineensis exposed to sub-lethal concentrations of copper and manganese over a 28 day period.
before use in bioassays.
Both test animals were collected from the Ikoyi
Experimental Fish Farm of the Nigerian Institute for
Oceanography and Marine Research which was protected, with
only limited and controlled connection with the open Lagos
lagoon system. The animals were of known history. Such
animals are usually preferred for toxicological bioassays rather

than animals collected from the wild which may have acquired
increased tolerance to pollutants over years of exposure
(Sprague, 1973; Le Blanc, 1982; Callahan and Weiss, 1983).
Test chemicals: The heavy metals salts used in this study
were: manganese as MnSO4 and copper as CuSo4.5H2O. Both
were of analar grade quality and were chosen because they are
in the list of the commonest metals from the results of an earlier
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and related chemical survey of industrial effluents, Lagos
lagoon waters and sediments for heavy metals (Oyewo and
Don-Pedro, 2002).
Assessment of quantal response: The observed quantal
response was death, manifested as cessation of body
movement, failure to respond to prodding and failure to
protrude foot during a defined observation period in untreated
dilution water.
Mortality and related responses were assessed while
the test media were renewed every 24 hr.
Statistics: Toxicological dose-response data involving quantal
responses were analysed by probit analysis (Finney, 1971)
based on a computer programme written by Ge Le Pattourel,
Imperial College London as adopted by Don-Pedro (1996).
Analysis of variance (ANOVA) and t-test were used
to compare several treatment means in appropriately designed
experiments to evaluate weight changes. Further analysis was
carried out only where there was a significant difference at the
5% (p<0.05) level (taken as minimum requirement), and this
involved comparing pairs of means, for example individual
means with controls or themselves based on least significant
differences (LSD) at 0.10, 0.05, 0.01 and 0.001 levels of
significance. This was accomplished using appropriate
computer software.
Results
Acute toxicity: On the basis of 96 hr LC50, Cu with values of
0.16 and 8.84 mg/l against T. guineensis and T. fuscatus was
significantly more toxic than manganese by 1,446 and 951
orders of magnitude respectively. Relative to T. fuscatus, T.
guineensis was 36 and 55 times more susceptible to Mn and
Cu respectively (Table 1 and 2).
Weight changes:
Tilapia guineensis and manganese: All the sub-lethal
concentrations investigated brought about increase in
percentage body weight of T. guineensis in the first 21 days
suggesting a stimulatory effect on growth. After this period
however, significant reductions in weight gain of the fingerlings
compared to untreated control was observed under the
treatments with the two highest sub-lethal concentrations (23.0
and 46.0mg l-1) Table 3.
Both the stimulatory and retardatory effects of the
sub-lethal concentrations on weight change were dosage
dependent. Overall, whereas in the untreated control
fingerlings, there was 4% increase in total percentage body
weight gain over the 28 day observation period, the fingerlings
exposed to sub-lethal concentrations of 0.23, 2.30, 23.0 and
46.0mg l-1 recorded body weight increases of 3.57%, 3.51%,
3.01% and 1.98% respectively (Table 3).
Tilapia guineensis and copper: With the exception of a few
discrepancies, the three lowest sub-lethal concentrations of
copper (0.00016, 0.0016 and 0.016mg Cu l-1) induced
increases in % body weight changes of fingerlings that were
similar to those of untreated controls in pattern and amount
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over the 28 day observation period (Fig. 1). On the other hand,
the highest sub-lethal concentration (0.03mg Cu l-1) brought
about consistent and dosage dependent reductions in % body
weight changes from the 14th to the 28th day (Fig. 1).
Overall, the fingerlings exposed to sub-lethal
concentrations of copper at 0.00016, 0.0016 and 0.03 mg l-1 for
28 days recorded body weight increases of 4.11%, 3.69%,
2.59% and 0.22% respectively compared to the controls where
the body weight increase was 3.89% (Table 3). With animals
exposed to the lowest sub-lethal concentration of 0.00016 mg
Cu l-1 with a safety margins of 1000, there was a higher increase
in body weight (4.11%) relative to controls (3.89%). At all other
sub-lethal concentrations with extrapolated safety margins
ranging from 100 to 5, the observed weight changes were lower
than those of untreated control animals (Table 3).
Tympanotonus fuscatus (Periwinkles) and manganese:
Under the test conditions, the three highest sub-lethal
concentrations brought about highly significant reductions in
percentage body weight at the end of the test period (Table 4).
Overall, whereas there was a 2.33% increase in body
weight of untreated control periwinkles, weight changes of
1.24%, 1.26% 1.68% and 1.32% were observed in periwinkles
exposed to sub-lethal concentrations of 8.409, 84.10, 840.0 and
1680mg l-1 respectively after 28 days of exposure.
Tympanotonus fuscatus (Periwinkles) and copper:
Observed changes in percentage body weight of T. fuscatus
exposed to all the sub-lethal concentrations showed
recognisable and significant departures from that of the
untreated control animals, the overall trend in percentage weight
change being consistently lower and negative at the higher sublethal concentrations when compared to untreated controls
where % body weight change increased steadily throughout the
period of observation. (Table 4, Fig. 2).
Overall, whereas untreated control periwinkles had
3.34% increase in body weight at the end of the test period, the
percentage weight changes in the sub-lethal concentrations of
0.0088, 0.088, 0.88 and 1.80 mg l-1, after the same exposure
periods were 2.55%, 1.69%, -1.75% and -2.60% respectively
(Table 4); tending to show that all the sub-lethal test
concentrations with computed safety margins ranging between
1000 and 5 had observable negative effects manifested as
reduced % increase or loss of body weight. (Fig.2, Table 4).
Discussion
Acute toxicity: The results of this study established the relative
toxicity of Mn and Cu against two local pelagic and benthic
species. Cu was evidently the more toxic metal while T.
guineensis was the more susceptible to either metal by varying
orders of magnitude.
This observed differential toxicity as well as relative
susceptibility has been reported by earlier workers in different
countries of the world (Bryan, 1976; Giuseppe Cognetti, 1982;
Krishnakuma et al., 1986; Khangarot et al., 1987; Torres et al.,
1987; Solbe, 1988; Mackie, 1989; Chen et al., 1991; Oyewo
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Fig. 2: Weight changes in T. fuscatus exposed to sub-lethal concentrations of copper and manganese over a 28 day period.
and Don-Pedro, 2002), and has always been attributed to
differences in the chemistry and mechanisms of action of the
different metals. Other reasons include; nature of the cuticle or
body covering with respect to penetrability, metabolic

transformation capacities, optimal physico-chemical conditions,
excretory capacity and the rate of elimination of the by-products
of metabolism, availability and sensitivity of site of action; body
size, age and life cycle stage as well as ecology with particular
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reference to location and activity coefficient and possibly,
behavioural attributes (Don-Pedro 1996). These attributes vary
considerably between different metals and animals. Thus,
differential toxicity or susceptibility was expected.
The practical implications of the relative toxicity
established in this work include the fact that Cu is potentially
more hazardous and should be a target metal for appropriate
limitations, guidelines and standards. Furthermore, its low
toxicity threshold implies that it is very harzadous with a high
potential for biological damage. However, although Mn is less
hazardous from the point of view of having relatively lower
acute toxicity levels against the test animals, there is still
concern about its continued entry into the environment since
metals are generally non-degradable and persistent.
The differential susceptibility established in this and
related works provides useful management data for the Lagos
lagoon and similar ecotypes in Nigeria and elsewhere: The
more sensitive species can serve as indicator organisms that
can be employed in the early detection of heavy metal pollution
since they respond at low contamination levels thereby serving
as early warning signals.
Generally, in toxicity testing, results of laboratory
tests can not be directly extrapolated to predict field toxicity
situations accurately in terms of levels of response as different
from ranking level. There is however a regular attempt to
correlate results of laboratory toxicity tests with field toxicity in
order to explain observations in the wild (Baron, 1995). In spite
of their limitations however, results of laboratory test could
serve as fair indications of field situations and have been
variously used to understand or complement complex field
studies. It was thus interesting to note, that in the water
column, the mean concentrations of each of the test metals
(Mn = 26 µg l-1, Cu = 8.0 µg l-1) measured in the Lagos lagoon
in an earlier related study (Oyewo and Don-Pedro, 2002) were
lower than the 96 hr LC50 values derived for each of the metals
against either test animal by a margin of 20 to 126000 folds.
The mean concentration of Mn in Lagos lagoon sediments
(274.4 µg g-1) in the earlier study was of a similar magnitude to
the 96 hr LC50 values for T. guineensis. With Cu, the mean
sediment concentration of 2.02 (µg g-1 measured in the earlier
study was also higher than the derived 96 hr LC50 values
against T. guineensis by 13 times but lower than the derived 96
hr LC50 value for T. fuscatus by about four orders of magnitude.
Although sediment toxicity was not determined in this study, it
has been reported elsewhere (Long et al., 1995a; Long et al.,
1995b). It can therefore be concluded, that the concentration of
occurrence of the test metals in the Lagos lagoon water column
were in most cases lower than the derived 96 hr LC50 values
while the sediment values were in a few cases of a similar
magnitude or in many cases, exceeded values at which the
metals were found to be acutely toxic under laboratory
conditions to the test animal species.
However, there is little doubt that the investigated
metals at their present levels of occurrence in the Lagos lagoon
are potentially harmful to the physiological well being of the
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indigenous organisms and may already be causing ecological
damage. This conjecture has been given experimental credibility
by data collected in this work which showed that sub-lethal
concentration of test metals namely, Mn and Cu measuring
between l/l000th and l/5th of the derived 96 hr LC50 values of
the metals against the respective animals species brought about
significant weight reduction of up to 3.35 and 7.4% in T.
guineensis and T. fuscatus respectively when exposed for
periods ranging between 7 and 28 days. Additionally, exposure
of T. guineensis and T. fuscatus to Cu at 0.0088mg l-l (l/l000 of
the 96 hr LC50) which is close to the mean value of 0.008 mg l-l
measured in the lagoon waters in the related earlier study
(Oyewo and Don-Pedro, 2002) resulted in significant reductions
in percentage body weight gain compared to control animals
after exposure for 28 days in the present study.
The apparent stimulatory effect on weight changes
observed at some concentrations may mean that the test metals
are essential at such concentrations and are only inhibitory
above certain concentration thresholds: manganese and copper
are known to be essential for marine plants and are probably so
for the test animals as well at certain concentrations. Statistical
comparisons among various treatment means revealed that in
all cases, sub-lethal concentrations brought about statistically
significant reductions in weight gains or weight loss in exposed
animals except in the case of manganese against T. fuscatus.
In view of the experimental fact presented and
discussed above as well as the connection between the levels
of heavy metals present in the wild and the recorded LC50
values, a possible relationship between the level of occurrence
in the field and the levels at which the metals are potentially
damaging causing either mortality or weight reduction in
laboratory studies has been established. It can thus be
concluded, that field concentration measured in the foregoing
earlier study especially in the sediments (Mn = 274 µg g-1, Cu =
2.02 (µg g-1) which were only 12 and 126 times higher than the
respective 96 hr LC50 values of each metal when tested in the
laboratory against T. fuscatus, will likely be exerting significant
biological damage on the lagoon fauna especially species less
tolerant than periwinkles. Organisms with impaired viability will
be more susceptible to the negative impacts of other
environmental stresses to which they may not otherwise readily
succumb. Thus, exposure of organisms even at such sub-lethal
concentrations could be a threat to biodiversity conservation.
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