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ABSTRACT

Selenium occurs in soluble forms like selenate. In humans it is a trace element nutrient which functions as co-factor
for reduction of antioxidant enzymes. Besides, it also plays a role in the functioning of thyroid. However, it is toxic in
large doses. Information on the acute biological effects of the element is limited to birds and mammals. In the
present study an attempt has been made to study the effects of selenium on fresh water fish L. thermalis. The results
of acute toxicity studies are discussed. The findings are supported by histological changes in gills.
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INTRODUCTION

Selenium is an essential micronutrient for living organisms. It is a component of the unusual amino acids selenocysteine
and selenomethionine. In humans, selenium is a trace element nutrient which functions as cofactor for reduction of
antioxidant enzymes such as glutathione peroxidases and thioredoxin reductase. It also plays a role in the functioning of the
thyroid gland by participating as a cofactor for thyroid hormone deiodinases. Dietary selenium comes from nuts, cereals,
meat, fish, and eggs.

Although selenium is an essential trace element it is toxic if taken in excess. Information on the acute biological effects of
this elements is generally limited to birds and mammals, although its effects on fish have been reported by a few scientists
(Eillis et. al., 1937; Weir and Hine, 1970; Huckabee and Griffith, 1974; Niimi and Laham, 1975; Takahiko Sato et. al.,
1980; Hilton et. al., 1980; Aziz and Chambon, 1981; Ward et. al., 1981 Sorensen et. al., 1982 a, 1982 b, 1983 a, 1983b,
1984; Sorensen and Bauer, 1984; Ates, B. et. al.,2008; Ohlendorf, H.M. et. al., 2011; Yeganeh, S. et. al., 2016; Naderi, M.
et. al., 2018b; Ziaei-Nejad, S. et. al., 2021; Pan, B. et. al.,2022).

The overall format of the present study consist of toxicity tests exposing groups of test organisms to selenium in discrete
solutions. The test was conducted at lethal or acute concentrations. The response chosen for the acute toxicity experiments
was percent mortality. In acute toxicity tests, methodology given by Sprague (1973) and static bioassay method
standardized by APHA (1975) was followed.

An attempt has been made in the present study to evaluate the intensity of the damage caused to the different organs of fish
subjected to acute concentration of selenium. The organ taken for the histopathological study was gills which were in
intimate contact with polluted water.

MATERIALS AND METHODS

The test fish were regularly brought from the local supplier and acclimatized for about a two weeks period before being
used for tests. During acclimatization they were fed on dried Tubifex worms once a day at a fixed time (9 am). They were
maintained in sufficiently large aquaria of 90 x 45 x 45 cms size so as to prevent overcrowding. Aged tap water was used to
maintain the fish. It was aerated continuously and water was changed after every two days. The apparently healthy and
diseased free fish from the stock were selected for the toxicological studies.

Preliminary small scale pilot tests were performed to determine the range of concentrations for the pollutant. This helped to
determine the concentrations to be selected for the final test. The range of concentrations were selected in such a way that
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they resulted in 0-100% mortality of the fish tested from 24 to 96 hrs. of exposure. Experiments were performed in
triplicate. Control test without pollutant was simultaneously performed exactly under analogous conditions.

At the end of 96 hrs, the fish from control and different experimental groups were scarified. The gills and liver were
immediately fixed in aqueous Bouin’s fluid. The fixed tissues were reactively processed and paraffin of 5 to 8 microns were
cut and stained with hematoxylin and alcoholic eosin.

Observation:

Table 1 Table 2
%mortality of L. thermalis when exposed LC,¢, LCspand LCg,4 values for
to various concentrations of Selenium. L. thermalis exposed to Selenium.
Exposure Period Selenium
Con_centr Lethal Exposure period
(atu::) 24hrs. | 48hrs. | 72hrs. | 96hrs. concentrati | 24 |48hrs.| 72hrs. | 96 hrs.
PP ons of hrs.
0ppm | 00% 00% 00% 10% Selenium
15 ppm 10% 10% 40% 60%
20ppm | 20% | 20% | 60% | 80% LCy | 2o | 1125 1 2075 ) 699
25ppm | 30% 30% 80% 90% PP PP PP PP
30 ppm 50% 60% 100% -
40 ppm 80% 100% - - LC 3175 | 26.25 17.75 13.75
%0 ppm | ppm | ppm ppm
Control 00% 00% 00% 00% Lc 4450 | 3550 | 2475 | 22.25
> ppm | ppm | ppm ppm

The fish were exposed to the different concentration and mortality was observed after 24, 48, 72, and 96 hours. The tests
were started in the morning. The fish were considered dead when there were no respiratory and other movements and
showed no response to prodding with a glass rod. Dead fish were removed and examined for morphological changes. No
mortality was recorded in control tank during experimental period.

(B) (€)
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(D) (E)

(A)- Microphotograph showing the structure of normal gill of L.thermalis.

(B)- Microphotograph showing the structure of gill of L.thermalis exposed to 10 ppm Se.
(C)- Microphotograph showing the structure of gill of L.thermalis exposed to 15 ppm Se.
(D)- Microphotograph showing the structure of gill of L.thermalis exposed to 20 ppm Se.
(E)- Microphotograph showing the structure of gill of L.thermalis exposed to 25 ppm Se

When compared with the gills of control fish, with the gills of fishes subjected to selenium treatment showed pronounced
histopathological changes. In experimental fishes, marked degenerative changes were noticed in the epithelial cells, pillar
cells, blood cells, cartilage cells and blood capillaries. In different regions of gill filaments debris of damaged cartilage cells
and blood cells were observed. Occlusion of interlamellar spaces was comparatively lesser with less accumulation of
mucous. The epithelial lining of the secondary lamellae showed stripping away from the pillar cells.

RESULTS AND DISCUSSION

The results of toxicity for selenium is represented in Table 2.2 to 2.4. Table 2.3 indicates the LCsy values for selenium
which are 31.75, 26.25, 17.5 and 13.75 ppm for 24 hrs, 48 hrs, 72 hrs and 96 hrs respectively.

Observations on the fish L. thermalis, when exposed to toxicity tests of selenium revealed increased in toxicity with
increase in concentration and exposure period. Observations on survival of L. thermalis is influenced by duration of
exposure period and concentration of the toxicant. Increase in mortality rate was observed with increase in concentration of
the toxicant and exposure period.

In the present investigation, histopathological changes observed in the gills exposed to selenium can be attributed to
irritation followed by injuries to the cells since gills are in direct contact with the toxic medium, they are the organs which
are first affected by the lethal and sub-lethal toxic concentrations of many substances (Ellis, 1937; Lloyd, 1960; Crandall
and Goodnight, 1963; Baker, 1969; Skidmore and Tovell, 1972; Bilinski and Jones, 1973; Hinton et. al., 1973; Gupta and
Rajbanshi, 1979; Srivastava and Srivastava, 1979).

Lethal concentrations of selenium produced severe histopathological changes in the gills of L. thermalis. The gill filaments
were seen to be covered by thick mucus film, the fusion of epithelial layers of adjacent gill filaments, hemorrhage &
degeneration or complete disruption of cellular and tissue components of gills were some of the changes observed
following lethal treatment of selenium. This damage implicated on the gills result in a fall in the capacity of the gills for
gaseous exchange.

CONCLUSION

In Sum, it can be concluded that, when the L.thermalis was exposed to lethal concentrations of Selenium, it affects general
physiological status of the organisms. This is reflected by alteration in oxygen consumption. Further it can be concluded
that the metal under investigation also damage vital organs of the body like gills which obstacle in the process of
respiration. Leading to the death of the fish which is an ultimate effect of any toxicant.

Metals are quite resistance to biodegradation and persist in the environment for long time. It is therefore, necessary to
develop proper sites for land disposal of metal waste after suitable treatment. A scientifically designed treatment, storage
and disposal Facility (TSDF) would require heavy investment. Regulatory agencies should encourage industry to develop
such infrastructure on co-operative basis for proper management of their wastes.
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In order to bridge the gap between availability and demand of certain metals like zinc, lead in the cadmium, mercury,
selenium, chromium, etc. in the country. There is a need to encourage their reuse, recovery and recycling. Laws should be
made to allow imports of wastes containing over 60 percent of residue of above mentioned heavy metals by such importers
who have environmentally sound technology to recycle metals and disposal facility for leftover residue. Imports of rest of
metal wastes should be strictly prohibited.

Industry based on metals including metal processing and recycling itself is largely concentrated in small scale and medium
scale sector. Due to lack of modernization in this sector serious threat is caused to environment and sustainable
development. Technocrats and decision makers play important role to cope up this problem. There is an urgent need for
standard setting process. Social cultural, economic and nutritional status of our population should be taken into
consideration while setting standards.
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