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ABSTRACT

Drainage of effluent from different types of industrial units poses a serious threat to the aquatic
flora and fauna. Fish being an inhabitant of the closed aquatic environment, serve as a useful model for
assessing the effect of chemicals mixed in the aquatic environment. In the present study, genotoxic
effect of an effluent from a paper mill located at Kurukshetra was tested in Channa punctatus, a fresh
water fish. The fish were exposed to the effluent for 24, 48, 72 and 96 hours. The remarkable chromosomal
aberrations observed in the treated specimens included centromeric gaps, chromatid break, attenuation,
acentric fragments, pycnosis, polyploidy and chromosomal gaps. The total number of aberrations was
significantly higher in treated specimens as compared to controls. The results of present study clearly
points genotoxic potential of the paper mill effluent on the fish chromosomes. The effluent, therefore,
should be treated before discharged into the water bodies.
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INTRODUCTION

Intensive industrialization has led to the
introduction of a large number of chemicals in the
biosphere, the habitat of all living beings, including
man. The industrial units drain their effluents directly
into the water bodies which pose a serious threat
to the aquatic flora and fauna. The industrial
effluents carry many toxic substances which are
capable of affecting the genetic material of the
organisms, leading to immediate and inherited
mutation. A variety of somatic diseases like cell
death, immunological impairment, ineffective tissue
repair, premature ageing and carcinogenesis may
also be the result of the chemicals in the effluents.
Therefore, it is essential to assess the genotoxic
potential of these effluents.

Effluents from the factories/industries are
introduced into the aquatic environment directly or
as run-off during rainfall. The water bodies thereby
become sinks for chemical residues (Frank and
Logan, 1988; Kushwaha et al., 2003; Steinhagen
et al., 2004). The toxic nature of these chemicals

manifests in a number of ways. Genotoxicity of
pesticides and heavy metals in fishes have been
demonstrated by number of workers (Das and
Nanda, 1986; Sabti et al., 1994; Sabti and Metcalfe,
1995; Rishi and Grewal, 1995; Mathew and
Jahageerdar, 1999; Clarice et al., 2001; Maples and
Bain, 2004). However, till date little has been done
to evaluate genotoxic effect of the paper mill effluent.
The fresh water fish Channa punctatus has proved
to be a very good model for genotoxic studies as it
possesses a small number of chromosomes of
relatively larger size (Rishi and Grewal, 1995).
Therefore, in the present study fish Channa
punctatus has been chosen as a test model to study
the genotoxic effect of effluent emanating from a
paper mill.

MATERIAL AND METHODS

Specimens of fish Channa punctatus
weighing 50- 60 gm. were collected from ponds near
Kurukshetra University and were acclimatized to
laboratory conditions (pH 7.0 - 7.2, temperature 27
- 29C, D.O. 5.97, C.O.D. 65.1,Hardness 73.6,
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Table 1: Frequency of chromosomal aberrations in kidney cells of Channa punctatus induced by effluent from paper mill

Total no. of

Poly- Ps Total no. of

ploidy

AF Py S

A

CG CB

Exposure No. of

(In hrs.)

S.

aberrant values

metaphases

aberrations

metaphase
studied

No.
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2.890*
22779*

12

20
15
11

50
50
50
50

24
48

1.534
0.611

72
96

Control

5.

*Significant at 5% level

Alkalinity 75 and T.D.S. 228.3) in large well aerated
glass aquaria of 100 liter capacity for 15 days prior
to exposure to test chemical. Fishes were fed on
minced goat liver. Every effort was made to provide
optimal condition for fish and no mortality occurred
during conditioning period. The samples of effluent
were collected from Saraswati Paper Mill;
Kurukshetra (Haryana).The composition of collected
effluent was as suspended solids 192. 0 mg/l,
ammonical nitrogen 4.0 mg/l, dissolved solid 1462.
0 mg/l, chlorides160.0 mg/l, sulphides (as SO4)
212.3 mg/l, sodium 29.77%, oil and grease in small
amounts, COD 256.0 mg/l, BOD 73.0 mg/l and pH
8.67.

Five acclimatized specimens in a batch
were placed in aquaria containing undiluted effluent.
Mass mortality was observed within a few hours.
Therefore, specimens in batches of 5 each were
kept in aquaria containing effluent diluted with water
(1:10) for 24, 48, 72 and 96 hours. For a negative
control, one specimen for each duration was kept
under similar conditions but in normal fresh water.
For a positive control, a few specimens were injected
with 0.025% Mitomycin C (MC) @ | ml/ 100 gm.
body weight of fish.

For chromosomal preparation fish kidney
was taken out and suspended in Fish BSS. Then
0.1 % colchicine was added @ 0.01 ml/10 BSS.
The suspension was centrifuged and the pellet was
suspended in 0.56 % KCL for 25-30 minutes. Finally
slides were prepared following the usual hypotonic
- acetic- alcohol, air -drying technique. The data
were analyzed by using Student t- test at 5% level
of significance.

RESULTS

Various types of chromosomal aberrations
viz. centromeric gap, chromatid break, attenuation,
acentric fragment, pycnosis, stickiness, stubbed
arm, precocious separation and polyploidy were
observed in specimens of Channa punctatus
treated with the paper mill effluent( Figs. 1,2,3,4&5).
The total number of aberrations and the total
number of metaphases spread with chromosomal
aberrations were observed to be significantly
(P<0.05) higher in the treated specimens than
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Fig. 1 Somatic metaphase plate of Channa punctatus showing Acentric fragment (AF),

Precocious separation (PS) and Pycnosis (Py).

Fig. 2 Somatic metaphase plate of C. punctatus showing Attenuation (A) and Chromosome
break (SCB).
Fig. 3 Somatic metaphase plate of C. punctatus showing centromeric gap (CG), Precocious
separation (PS) and Chromatid break (CB)

Fig. 4 Somatic metaphase plate of C. punctatus showing Stubbed arms (SA).

Fig. 5 A polyploidy cell.
Fig. 6 Normal metaphase plate of C. punctatus

controls at 24h and 48 h exposure (Table 1).
However, the differences were non - significant
(P>0.05) at 72 h and 96 h exposure. Out of 50
metaphases scored from each treatment, there
were a total of 20 aberrations after 24 h, 15 after
48 h, 11 after 72 hrs and 7 after 96 h of exposure.
The results also indicated a regular decline in
number of aberrations with the increase in duration

of exposure to the effluent.

DISCUSSION
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Fish provide an excellent source of

material for the study of the mutagenic or
carcinogenic potential of water samples as they are
aquatic vertebrate, which can metabolize,
concentrate and store water pollutants. There are
many cytogenetic end points that can be used as

an indication of exposure to genotoxic substances
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in aquatic organisms. Fish chromosomes can act
as an important bio -indicator of the presence of
pollutant in the water. Thus chromosomes studies
in fishes have become increasingly important now
a day, for evaluation of genotoxic potential of
pollutants. Most of the genotoxic work has been
carried out on fishes using various pesticides,
weedicides and herbicides (Plowa et al., 1984; Pino
et al., 1988; Tripathy and Patnaik, 1992; Rishi and
Grewal, 1995; Ali and Ahmad, 1998). The present
results on chromosome aberrations are in
accordance with the observations made by earlier
workers in Anabas (Biswas and Manna, 1989),
Tilapia (Biswas and Manna, 1992), Channa
punctatus (Rishi and Grewal, 1995; Porichha et al.,
1996; Ali and Ahmad 1998; Tolga et al., 2005). So it
has been opined that most of the chemicals and
drugs produce similar aberrations which cannot be
explained by a specific bio- chemical interaction
between the genotoxic agent and the DNA of the
cell of the treated specimen (Manna, 1990).
Bhattacharya and Patnaik (1996) studied the
mutagenic effects of effluents from a paper mill on
the micronuclei of black rat, Rattus rattus and
observed that this effluent is highly genotoxic and
probably sulphur is the major genotoxic element.
Similarly, Yadav and Trivedi (2006) observed that
genotoxic potential of chromium (VI) in Channa
punctatus is increased initially and then decreased
gradually. In the initial stage chromium may damage
the cell and the genetic material may induce more
chromosomal aberrations but later on with increase
in exposure time animals developed a mechanism
by which they accumulate chromium in their body

and the cells in which the chromosomal aberrations
formed, fail to divide and multiply.

The results of present study also confirm
the genotoxic potential of the paper mill effluent on
chromosome of fresh water fish Channa punctatus.
A comparison of average values of chromosomal
aberrations indicates that the treatment during four
consecutive days exhibits a marked increase in
these aberrations over the control values. The
percentage of aberrations was highest in fish treated
for 24 hrs, thereafter the values showed a decrease
with increase in the period of treatment. This may
be due to the fact that the effluent degrades easily.
However, these values never fall below the ones
observed for the control fish. This decrease in
aberrations correlates with the fact that DNA
undergoes repair as the contents of the effluent
degrade. However, the effluent is being regularly
added to the water bodies in the natural environment
and the fish remains continuously in contact with
higher concentration of the chemicals .Thus, there
is a greater risk in nature than observed under the
experimental conditions. Therefore, further studies
are required to arrive at a definite conclusion and
to find out the active principal of genotoxicity of the
paper mill effluent
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