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Abstract

Diatoms are photosynthetic microorganisms that play important role in forensic diatomology in the diagnosis of drowning
deaths. In the present study, the Diatomological profile of Powai lake was prepared for medico-legal purposes using
the Shannon-Wiener index. Powai lake (19.1266° N, 72.9062° E) is a large artificial lake situated in a northern suburb of
Mumbai. Diatoms sampling was conducted in February 2017 from this lake. This study aimed to identify the various genera
of diatoms and to determine the relative abundance, generic counting, and diversity index of diatoms for the medico-legal
purposes. Littoral benthic diatoms of five locations were sampled from this lake. Diatoms slides were prepared by scraping
the rock surface with an area of 3x3 cm, diluting in 50 ml distilled water, and identification under the microscope with 1000
magnification. Identification of 17 genera of diatoms was done using the web-based visual guide ‘Diatoms of the United States’.
Diatoms belong to both the orders Centrales and Pennales. The pH of the lake water was found to be 7.64 i.e. slightly alkaline
and the temperature was 27°C. Water quality parameters showed a fairly good value for the growth of diatoms.

Samples were dominated by class Bacillariophyceae, which included 9 genera followed by Coscinodiscophyceae, with 6 genera,
and Fragilariophyceae, with 2 genera. Generic counts of diatoms were obtained by using the ‘Neubauer’ Counting chamber.
The Shannon-Wiener diversity index (H') ranges from 1.042 in Epipelic to 0.454 in Emerged Epiphytic diatoms. The purpose
of this study was to prepare a diatomological profile of diatoms at discrete depths for medico-legal purposes.
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al. [4] estimated that the photosynthetic activity of diatoms
produces between 20 and 40% of the earth’s oxygen (0,).
The peculiar features of diatoms are the silica cell wall called

Introduction

Diatoms are photosynthetic single eukaryotic cells found

in all aquatic habitats around the world [1]. Its body length
ranges from 1mm to 500 mm. and has a role in the food chain
as a producer [2]. Diatoms have around 200,000 species with
distinguished characteristics, which are found throughout
the marine, brackish, and freshwater [3]. Spaulding, et
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frustules, unique photosynthetic pigments, and specific
storage products such as oil and chrysolaminarin [5]. The
silica cell wall helps them to prevent decay so as to maintain
their shape [6]. It contains a large amount of brittle but hard
silica which is hydrated (Si02.H20) and noncrystalline [7].
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Diatoms are divided into two groups, namely centric
and pennate, which are further divided into three
classes namely: Coscinodiscophyceae (centric diatoms),
Fragillariophyceae (araphid diatoms) and Bacillariophyceae
(raphid diatoms) [8]. Freshwater bodies typically consist
of lentic (particularly lakes and wetlands) and lotic waters
(including streams and rivers), which are often dominated
respectively by planktonic algae and benthic species [9].
Diatoms in India have been studied since the nineteenth
century. Many researchers from India and other countries
have studied marine, freshwater and fossil diatoms of the
Indian subcontinent. The Indian subcontinent accounts for
approximately 7000 diatom taxa from freshwater, brackish,
marine environment, and fossils [10]. Epilithic diatoms
are usually the most prevalent and diverse algal group
in running waters. They could be used as indicators for
heavily polluted sites where fish and macro-invertebrates
are entirely absent or less diverse [11]. Therefore,
epilithic diatoms are the most potent bioindicators for the
assessment of human impact and examination of pollution
gradient [12-15]. Diatom-based indices are essential tools
for the assessment of environmental conditions in aquatic
systems, particularly in temperate and sub-tropical climates
[16-18]. Several diatom-based indices have been developed
and successfully applied worldwide, especially indicative of
eutrophication and organic pollution in the temperate region
[15,19,20]. Eutrophication is a major water quality challenge
that diminishes the ability of urban ponds to provide these
services [21-23]. Regular water quality monitoring is an
essential step toward formulating conservation strategies
for urban lakes [24,25]. Biomonitoring is reliable and
economical means of water quality monitoring [26,27].
Phytoplankton due to their small size and ability to provide
a strong response to environmental changes are being
routinely used for biomonitoring, especially for the trophic
state of the water [28,29].

Diatoms also play an important role in the diagnosis of
death due to drowning [30,31]. Tracing the exact place of
drowning in a medico-legal investigation can be possible
if the diatomological profile of that water body is available
[32]. The database obtained from diatomological maps can
be helpful in the diagnosis of suspected drowning cases of
a particular water body [33] and this database is a reliable
indicator if seasonal and site-specific diatom database is
available for a particular water body [34]. Characterization
of the temporal and spatial distribution of diatoms from the
main site of drowning provides important evidence of the
location of a particular site of drowning [35]. Thus, empirical
data is generated to develop evidence-based forensic ecology,
demonstrating some of the spatial and temporal factors
which can contribute to or limit the transfer of evidence [36].
Dividing water bodies based on classifying diatom species
and establishing the diatom species distribution in different
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water bodies have certain research value and application
prospects in diatom testing for drowning [37].

Data from Powai Lake of different microhabitats have
been utilized to create diatomological distribution maps,
which can be utilized for the characterization of different
microhabitats based on the Shannon-Weiner index.

Materials and Methods

Diatoms sampling was conducted on February 2017
during daytime from Powai Lake, Mumbai, India (19.1266°
N, 72.9062° E). The pH of the lake water was found to be 7.64
i.e. slightly alkaline and the temperature was 27°C.

Sample collections were made from different habitats
namely: Planktonic, Epipelic, Epilithic, and Epiphytic (Figure
1). The planktonic diatoms were collected in a labeled air-
tight bottle, from the undisturbed photic layer of water. For
a sampling of Epipelic diatoms, water along with sediments
showing visible diatom growth was carefully pipetted in
order to reduce contamination with soil particles. A thick
layer of Epilithic diatoms (mucoid appearance) present on
cobbles was carefully brushed in a tray and the water was
transferred to a labeled air-tight bottle. Epiphytic diatoms
were collected from the plant Sagittaria graminae (Grassy
arrowhead). The submerged and emerged parts of this
plant showing slimy growth on its surface were separately
collected and then cut into smaller pieces of approximately
15cm. Plant pieces along with the lake water were transferred
in a labeled sampling bag. The bag was shaken vigorously for
a few minutes to dislodge the diatoms from the plant into the
water. The plant parts were discarded from the bag and the
water was transferred to a labeled air-tight bottle.

Figure 1: Aulacoseira observed under Light microscope
(Olympus CX41).

Digestion and Cleaning of Diatoms

The water sample (approximately 1 ml) from the bottom
ofthebottle was collected usinga dropperand was transferred
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in vials of 1.5 ml. The sample was then digested by adding 4
drops of concentrated nitric acid and incubated overnight at
room temperature. The samples were then vortexed (Cyclo
Mixer CM 101) and centrifuged (Multi-Spin MSC-6000-
Biosan) at 3000 rpm for 5 minutes. The supernatant was
discarded and the pellets were washed with distilled water
to remove excess acid from it. The washing step was followed
several times till the pellet appeared greyish-white in color.
The supernatant was decanted and the pellet was used for
further examination.

Preservation and Identification of Diatoms

The cleaned diatoms were preserved in 4% formalin
added with glycerin. The sediments were taken on slides
and examined under a compound microscope (Olympus
CX41; Model: CX41RF) (magnification up to 100X). Slides
were fully scanned with help of a Light microscope (Olympus
CX41) using a 100X oil immersion lens and representative
photomicrographs of the diatom were captured using a
digital camera (Olympus E-330). The Genera of observed
diatoms were identified using the web-based visual guide
‘Diatoms of the United States’ [38].

Results and Discussion

In the current investigation, more than 17 genera were
identified belonging to orders Centrales and Pennales.
Samples were collected from five different habitats, namely:
Planktonic, Epilithic, Submerged Epiphytic, Emerged
Epiphytic, and Epipelic, and observed under a light
microscope at 100X. Identification was done using the web-
based visual guide ‘Diatoms of the United States’ [38].

Out of 17 Diatom genera identified, 9 genera belong
to the class Bacillariophyceae, 6 genera to the class
Coscinodiscophyceae and 2 genera belong to the class
Fragilariophyceae. Three different sampling stations of
Powai Lake revealed the occurrence of four groups of
Phytoplankton (Cyanophyceae (69.6%), Euglenophyceae
(18.08%), Chlorophyceae (8.95%) and Bacillariophyceae
(3.2%) [39]. The diatom genera across various microhabitats
in order of their abundance were: Diatoma (293), Cocconeis
(275), Aulacoseira (227), Stenopterobia (89), Discostella (88),
Hippodonta (84), Navicula (72), Cyclotella (61), Surirella
(46), Nitzschia (21), Stephanocyclus (15), Frustulia (12),
Pleurosira (10), Pinnularia (10), Melosira (7), Tabularia (4)
and Gomphoneis (4). In the planktonic sample, Stenopterobia
(34) was found to be dominant followed by Aulacoseira (29)
and Diatoma (23). In the Epilithic sample, Diatoma (164)
was found to be abundant followed by Aulacoseira (78),
Discostella (66), and Navicular (38). Cocconeis (126, 128) and
Aulacoseira (58, 32) were abundant in Submerged Epiphytic
and Emerged Epiphytic Sample respectively. Diatoma (70),
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Surirella (41), and Aulacoseira (30) were abundant in the
Epipelic sample. Other genera were either moderately
present or rare or absent. The dominance of Cyanophyceae
groups followed by Euglenophyceae and low desmid
population clearly states the eutrophic condition of the lake
[39] (Figures 2-17).

Figure 2: Cocconelis.

Figure 3: Cyclotella.

Figure 4: Diatoma.
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Figure 5: Discostella.
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Figure 9: Melosira.

Figure 6: Frustulia.

Figure 10: Navicula.

Figure 7: Gomphoneis.

Figure 11: Nitzschia.

Figure 8: Hippodonta
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Figure 12: Nitzschia.
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Figure 13: Pleurosira.

Figure 14: Pinnularia.

Figure 15: Stenopterobia.

Figure 16: Stephanocyclus.

4 Y

Figure 17: Surirella.

Figure 18: Stephanocyclus.

o J

Shannon-Wiener indices are a widely used tool to
measure biodiversity and ecological health of the habitat.
Eutrophication reduces diversity [40]. According to the
Shanon Wiener Index, the Epipelic sample was the most
diverse in diatom Genera among the five samples. This was
followed by Epilithic, Planktonic, and Submerged Epiphytic
samples. The Emerged Epiphytic sample showed the least
diversity. The diversity index for the planktonic sample
was 0.79, the Epilithic sample was 0.802, the Submerged
Epiphytic sample was 0.753, Emerged Epiphytic sample was
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0.454, and for the Epipelic sample was 1.042. When the value
of Shannon-Wiener indices is greater than 3 it indicates clean
water, 1 to 3 is an indicator of a moderate level of pollution
whereas less than 1 is considered a heavily polluted water
body [41,42]. Powai Lake is considered to be one of the
most eutrophicated lakes. The degree of eutrophication was
slightly higher in summer as compared to other seasons in
most of the lakes. The degree of eutrophication was lower
in the monsoon season. Yin, et al. [43,44] have reported
similar seasonal fluctuations in eutrophication levels due to

International Journal of Forensic Sciences

the dilution and flushing of nutrients due to monsoon rains.
As reported by Vishal, et al. [45] Shannon diversity indices
of all the lakes ranged between 0.98 (Powai lake) to 2.51
(MNP pond) indicating low to mid-level of pollution. They
also found lowest Shannon values were from Powai Lake in
all the seasons (0.9 in monsoon, 1.13 in winter and 1.11 in
summer). This indicates the strong negative correlation (r =
-0.721) between Shannon diversity indices and TSI (Charts
1-6).

the Five Microhabitat.

Column Chart 1: Ecological Profile of Diatoms of Powai Lake (X-Axis: Diatoms Genera and Y- Axis: Count of Diatoms Across

Column Chart 2: Planktonic Sample (X-axis: Diatoms
Genera and Y- axis: Count of diatoms).
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Column Chart 3: Epilithic Sample (X-axis: Diatoms Genera

and Y- axis: Count of Diatoms).
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Column Chart 4: Submerged Epiphytic Sample (X-Axis:
Diatoms Genera and Y- Axis: Count of Diatoms).
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Column Chart 5: Emerged Epiphytic Sample (X-Axis:
Diatoms Genera and Y- Axis: Count of Diatoms).
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Column Chart 6: Diatom Genera Observed in Epipelic Sample (X-Axis: Diatoms Genera and Y- Axis: Count of Diatoms).

CLASS GENERA SHAPE PLANKTONIUC EPILITHIC S. EPIPHYTIC| E. PIPHYTIC | EPIPELIC

C. Aulacoseira Circular 29 78 58 32 30

B. Cocconeis Elliptical 126 128 18

C. Cyclotella Circular 26 6 14 10

F. Diatoma Elliptical 23 164 26 10 70

C. Discostella Circular 6 66 4 12

B.. Frustulia Lanceolate 4 8

B. Gomphoneis Clavate 4

B. | Hippodonta Ii}:f:oli;cte 3 30 31 20

Bhandari D, et al. Diatomological Profile at Discrete Depths of Powai Lake, Mumbai for Medico-Legal
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C. Melosira Circular 7
B. Navicula Lanceolate 4 38 23
B. Nitzschia Lanceolate 6 15
C. Pleurosira Circular 10
B. Pinnularia | Rectangular 3
B. Stenopterobia | Lanceolate 34 10 32 8
C. |[Stephanocyclus| Circular 2 7 6
B. Surirella Heteropolar 41
F. Tabularia Lanceolate 1 3
Total 113 434 310 192 269
C= Coscinodiscophyceae ABUNDANT MODERATE ABSENT
B=BACILLARIOPHYCEAE
F= FRAGILARIOPHYCEAE

Table 1: Diatom (Class, Genera And Shape) Observed in Different Ecological Samples.

The creation of a database of diatom in the present study
can show the potential site of microhabitat based on Shannon
diversity indices (Table 1). It also showed that diatoms
showed variability in different microhabitats, which can be
used as markers in the diagnosis of drowning deaths. This
database can be used for the rigorous comparison of diatom
species with the tissue samples of the drowned victims.
Daman, 2011 in his study advocated that changes in algal/
diatom diversity could be used in similar microhabitats to
approximate the amount of time a recovered body was in the
water. A study conducted by Kulas, et al. advocated that in
a multi-microhabitat diatom diversity and community, the
structure can be used as a reliable tool for bio-monitoring
assessment. The benthic ecology of various microhabitats
can be applied to forensicinvestigations, provide suggestions
for future benthic research, and help bridge the gap between
benthic science and the applied aspects of forensic sciences
[46].

Diagnosis of drowning is one of the challenging areas
in the field of forensics. Diatom test does play a significant
role in the diagnosis of death due to drowning. The study
provides a database about the diatom diversity of Powai lake
that may be of value in forensic investigations [47-52].

Conclusion

In the present study, diatomological database has been
generated from the Powai Lake, Mumbai from the different
microhabitats. Water samples were collected from Planktonic,
Epipelic, Epilithic, and Epiphytic microhabitats. Diatoms
were isolated from the samples using Nitric Acid Digestion
method. Ecological profiling of diatoms from Powai Lake,
Mumbai was carried out. 17 diatoms Genera were identified.
The diatoms identified belonged to the following Class:
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Bacillariophyceae (613), Coscinodiscophyceae (408), and
Fragilariophyceae (297). The diatom genera identified from
Powai lake in order of their abundance was: Diatoma (293),
Cocconeis (275), Aulacoseira (227), Stenopterobia (89),
Discostella (88), Hippodonta (84), Navicula (72), Cyclotella
(61), Surirella (46), Nitzschia (21), Stephanocyclus (15),
Frustulia (12), Pleurosira (10), Pinnularia (10), Melosira (7),
Tabularia (4) and Gomphoneis (4). The database in our study
is useful to forensic professionals in solving drowning cases
and locating the putative site of drowning. This database
may also possibly be used to find the correlation of diatoms
with the tissue samples with the help of the Shannon-Wiener
index. However, this facet needs to be explored further and
more studies need to be carried out in this direction.
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