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ABSTRACT

The present study aims to detect morphological abnormalities in Zygnema sp. because this test
species have high adaptive capacity in unfavourable environmental stress. This alga is inhabited at
the suburban bank of river Ganga, West Bengal, India. The study was done at experimental sites,
downstream at Khardah near sewage water mixing area was compared with upstream control site
Kalyani as no sewage water discharge. External and internal abnormal morphology such as
undulating or wavy and extra outgrowth on cell wall, sometimes bending inwardly and outwardly as
external deformities while internal anomalies such as pigment loss, nucleus was in circular,
rectangular, oval and amoeboid shapes, also vacuolated and trilobed, broom like chloroplasts and
central part of the thallas dried in between two segments. It was observed that this test species was
surviving and well adapted with above mentioned deformities. The present preliminary study with
Zygnema sp. can be utilized for in situ and ex situ indicator species for riverine biomonitoring.
Further research may be relevant to know both tolerant and sensitive algae species inhabited at the
river Ganga bank alongwith biochemical and genetic parameters. The present work is suggesting
that other inhabiting algae and this adaptive test species can be used for bioremediation of
pollutants.

1. INTRODUCTION

Biomonitoring with special reference to morphological abnormalities in algae is a suitable
tool to detect water quality for aquatic ecosystem (Singh and Rai, 1990; Pandey et al., 2014). It was
previously established that water pollution monitoring by analysis of physico-chemical properties of
particular waterbodies especially in lotic ecosystem (Agarwal et al., 1976; Mitra, 1982;
Venkateswarlu and Reddy, 1985; Sahu et al., 1994; Diwedi, 2010; Singh, 2010; Kumar and
Bhushan, 2012). And also these characteristics were used to know the level of water pollution
increasing and/or decreasing by inorganic metals and organic compounds by regulatory authorities
as routine checkup but biomonitoring especially morphological changes in algal species as potent
tool, few works have been reported in different waterbodies as in situ and/or ex situ conditions
(Ahluwalia et al., 1989; Sabeena, and Fatma, 1999; Prygielet al., 1999; Gémez and Licursi, 2003;
Cattaneo et al., 2004; Tapia, 2008; Falasco et al., 2009a; Falasco et al., 2009b; Diwedi, 2010; Singh
and Chaudhary, 2011; Morin et al., 2012; Rimet, 2012, Pandey et al., 2014).

Generally algae are producers in an aquatic ecosystem and pollutants accumulated in them
that may reach to higher trophic level through food chain easily. These species may show tolerant
with elevated levels of accumulation of pollutants and also sensitive to pollutants are showing
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morphological anomalies (Falasco et al., 2009a; Falasco et al., 2009b; Diwedi, 2010; Morin et al.,
2012; Rimet, 2012, Pandey et al., 2014). It was documented that several types of algae species are
inhabiting at the bank of river Ganga (Indian Institute of Technology Report, 2012) but no work has
been attempted the biomonitoring with special reference to morphological alterations as indicator
algae species (Zygnema sp.) at the bank of river Ganga, West Bengal while few works on algae
have been reported on river Ganga bank at Indian part and other riverine ecosystem (Rai, 1978;
Jindal and Sharma, 2011; Singh and Chaudhary, 2011; Chalotra et al., 2013; Halder, 2015) in
relation to sensitive and tolerant species.

The present study aims to know particular types of algae Zygnema sp. inhabited at Ganga
river bank and assessment of morphological anomalies as biomonitoring tool for sewage wastewater
mixing area compared with non-sewage mixing area at the suburban bank of river Ganga, West
Bengal, India.

2. MATERIALS AND METHODS

Study area

The study was carried out at experimental sites, downstream at Khardah (Latitude = 22° 43’ N and
Longitude = 88° 21’ E), as the area exhibits a major sewage water outfall in the river was compared
with upstream control site Kalyani (Latitude = 22°59’ N and Longitude = 88.°24" E) as no sewage
water discharge. Both sites are located in the Ganga river basin in West Bengal, which is meeting at
the Bay of Bengal.

Sample collection and morphological study

The study was carried out in the above mentioned experimental site and at control site during low
tide conditions, in the bank of the river Ganga. The study was done in duplicate in one week
interval. The study was based on presence and abundance of algae especially Zygnema sp. in
relation sewage wastewater discharge area at the bank of Ganga river compared to control area (no
sewage discharge area).The test species were collected by hand-picking followed by preservation in
glass vial containing 5% formalin solution. These vials were brought to the laboratory and slides
were prepared in iodine solution and mounted in 10% glycerin followed by the method of Chalotra
et al. (2013). The inhabited test species was identified and observed morphological abnormalities
such as cell wall (external changes) and chloroplast (internal changes) deformities under brightfield
microscope at 20x, 40x and 100x (oil immersion) magnifications (Olympus).

3. RESULTS

The present results clearly indicated that Zygnema sp. has showed several external and
internal morphological anomalies in the experimental site as sewage discharged and mixing area
when compared to control site as non-sewage discharged area. There were two types of deformities
observed under brightfield microscope of different magnifications.

The external features as cell wall of Zygnema sp. was observed without any outgrowth
alongwith continuous segments in control samples (Fig. 1 and 1a) while in experimental area, the
cell wall showed undulating or wavy structure alongwith some thick layering and outgrowth of
thread like structure (Fig. 2a, 2b, 2¢ and 2d). It was also noted that cell wall bend inwardly and
outwardly (Fig. 2e). In Fig. 2f, the whole cell between two segments and also many threads like
outgrowths from that segment were also dried.

In case of internal abnormal morphology, it was observed that the proximal and distal end of
all the segment have pigment loss (Fig. 3a) and different shapes viz. circular, rectangular, oval and
amoeboid shapes of nucleus were observed (Fig. 3b). The enlarged view of two types of
abnormalities were depicted in Fig. 3c and d. In Fig 3d, the vacuolated nucleus, cell dried in
between two segments (Fig. 3e) was also observed. The trilobed nucleus within each segment (Fig.
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3f) and vacuoles were showed in between segments (Fig. 3g). The broom like chloroplasts were
observed in distal position of each segment (Fig. 3h).

Fig. 2a and b. Different external morphological abnormalities in Zygnema sp. (40x)
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Fig. 2c. External morphological abnormalities in Zygnema sp. (100x)

Fig. 2d. External morphological abnormalities in Zygnema sp. (100x)

Fig. 2e. Different external morphological abnormalities in Zygnema sp. (40x)
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Fig. 2f. External morphological abnormalities in Zygnema sp. (40x)
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Fig. 3a and b. Different internal morphological abnormalities in Zygnema sp. (40x)
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Fig. 3¢ and d. Different internal morphological abnormalities in Zygnema sp. (100x)
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Fig. 3e, f, g. Different internal morphological abonormalities in Zygnema sp. (40x)

Fig. 3h. Internal morphological abnormalities in Zygnema sp. (100x)
4. DISCUSSION

The present study revealed that the abnormal morphological features in algae can be a suitable
tool to detect water quality for lentic and lotic ecosystem before studying physico-chemical
parameters. The inorganic and organic water pollution monitoring by analysis of physico-chemical
parameters of waterbodies is a continuous effort to know water quality criteria by regulatory
authorities and recommended different treatment facilities. Less attention has been found on
biomonitoring in algal species as potent tool at the bank of river Ganga, West Bengal, scattered
biomonitoring works on Ganga river, different parts of India and other rivers have been supported
the present research (Rai, 1978; Ahluwalia et al., 1989; Sabeena, and Fatma, 1999; Prygielet al.,
1999; Gomez and Licursi, 2003; Cattaneo et al., 2004; Tapia, 2008; Falasco et al., 2009a; Falasco et
al., 2009b; Diwedi, 2010; Singh and Chaudhary, 2011; Morin et al., 2012; Rimet, 2012, Pandey et
al., 2014) to know sensitive and tolerant indicator algae. Besides these previous studies, it was also
known that the test organism has alter their morphological features during winter and spring for the
reproduction (Chalotra et al., 2013). This is a preliminary observation and the test species were
collected near final sewage mixing area (Khardah) compared to non-sewage mixing area (Kalyani).
It is suggesting to know the pollution load by analysis of physico-chemical parameters in the
particular area and correlate with the present study of biomonitoring of other sensitive as well as
tolerant algae species (Rai, 1978).

Generally Zygnema sp. is survived with stress resistant conditions such as temperature, heat,
desiccation etc. and other environmental conditions viz. salt stress, UV irradiation (Pichrtov et al.,
2014) and the present study indicated that the test species may be adapted in stress conditions (Rai
and Gaur, 2001; Singh and Chaudhary, 2011) because the river water is mixed with pollutants in
many parts of India.
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It was documented that several types of algae species are inhabiting at the bank of river
Ganga (Indian Institute of Technology Report, 2012) but no work has been attempted the
biomonitoring with special reference to morphological alterations as indicator algae species
(Zygnema sp.) at the bank of river Ganga designated suburban area of West Bengal. According to
Ahluwalia et al. (1989), the growth retardation of green algae Scemedesmus sp. has been
documented. It was also reported that heavy metals altered the morphology of algae due to heavy
metal pollution and algae can be used as pollution indicator in riverine ecosystem (Pandey et al.,
2014, Halder, 2015). Future research may be relevant in relation to physico-chemical properties of
water of this particular zone alongwith biomonitoring study at biochemical and gene levels.

5. CONCLUSION

The biomonitoring with special reference to know morphological alterations in algae species
is a suitable tool for the inorganic, organic and sometimes both pollution load in lotic and lentic
ecosystem. It is well supported by many researchers that algae species are suitable indicators of
pollutants (Vyasand Kumar, 1968; Rai, 1978; Ahluwalia et al., 1989; Jindal and Sharma, 2011;
Halder, 2015). Moreover, it was reported that the water of river Ganga is mixed with pollutants by
domestic wastewater, industrial effluent, agricultural runoff etc. in different parts of India
(Ahluwalia et al., 1989; Singh and Chaudhary, 2011) and documented alarming load of pollution in
West Bengal (Roy et al., 2014). The present preliminary study with Zygnema sp. can be utilized for
in situ and ex situ adaptive species for riverine biomonitoring (Vyas and Kumar, 1968; Halder,
2015). Further research may be relevant to know both tolerant and sensitive algae species inhabited
at the river Ganga bank alongwith physico-chemical parameters of water. The present work is
suggesting that inhabiting and this adaptive algae species can be used for bioremediation of
pollutants.
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