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Abstract oal>oiut
Diatoms are an essential part of forensic investigation in drown- L.“Lu\ “)" I35 Lay (8ke 222 ;\_P_“) Ll eldlgdl cols

ing cases. They are used to differentiate between ante-mortem and
post-mortem drowning and to ascertain the site of drowning. How-
ever, to do so it is imperative to perform the diatomological map-
ping of water sources in different regions. The issue of localizing
a drowning site may be resolved with the help of diatomological
monitoring and mapping of the water sources, which generates sub-
stantial references for meeting the ‘criterion of concordance’. The
present study has generated a database of diatom diversity in rela-
tion to different seasons and altitudes.

Water sampling was made from low, mid and high altitudes
during summer and autumn seasons. Important information was
found after a microscopic examination of diatoms in water samples
from different water bodies at different geographical altitudes.

Twenty-seven diatom genera have been observed in the water
samples from the selected localities. The findings of the current
study have exposed the significant effect of seasonal changes and
varied altitudes on occurrence of diatoms. A variety of commonly
occurring site restricted diatoms were identified in the water sam-
ples.

This useful information can be significant while investigating
drowning cases from this particular region when the drowning site

is either questioned or unknown.

Keywords: Forensic Sciences, Diatoms, Drowning, Altitude,
Seasons.
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1. Introduction

Diatoms are microscopic, single-celled algae that have
intricate glass-like outer cell walls partially composed of
silicon. Different species of diatom can be identified based
upon the structure of these walls. Many diatom species are
planktonic, suspended in the water column moving accord-
ing to water currents. Diatoms have been extensively used
over the years to understand ecology, climate and other
aspects related to water bodies. There is also an impor-
tant use of diatoms to answer queries related to drowning
cases i.e. to determine the putative site of drowning and
also to differentiate between ante-mortem and post mortem
drowning. In Ante-mortem drowning, a person is still alive
and immersed in water. In such cases, some water enters
the lung cavity with force and exerts pressure on the lung
walls. Owing to this pressure, lung alveoli get ruptured and
water reaches the blood stream. Till the last heartbeat, wa-
ter keeps on mixing with the blood and during this course
some diatoms (if present in the water), particularly the
smaller ones, are also pushed into the blood circulation
from where they reach the vital organs like the liver, spleen,
kidneys, brain and bone marrow. It is the respiratory pres-
sure which helps diatoms to reach these distant organs. On
the other hand, the chance of diatoms entering in distant vi-
tal organs remains negligible, if the person is already dead
and is thrown into the water (post-mortem immersion). In
certain instances, however, the diatoms can be directed in
the lungs even in the case of post-mortem drowning when,
due to the passive absorption of water, diatoms can reach
the lung cavity without entering further into the body [2].

The diatomological profile of a particular water body
may be taken as reference to compare the diatoms recov-
ered from the drowned body trapped in apprehensive cir-

cumstances of drowning [3-5]. The diagnosis of drowning
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by diatom test should be considered positive only when the
number of diatoms is above the minimal established limit
i.e. 20 diatoms/ 100u1 of pellet obtained by enzymatic di-
gestion of 10 gm of lung sample, and 5 diatoms from other
distant organs. Furthermore, a positive comparison of dia-
toms extracted from a bone marrow sample and reference
water body sample should be achieved to draw a positive
conclusion towards ante-mortem drowning or post-mortem
drowning. This criterion is called ‘Criterion of Concor-
dance’ [3-4]. The diatom test can further be strengthened
by corroborating it with other circumstantial evidences.
Beside the positive aspects of a diatom test, the reliability
and applicability of diatom test is in dispute. Some scien-
tists have found diatoms in the tissues and bone marrow of
living people [25]. This observation needs more research
as few forensic scientists have contributed to this particular
issue [3-5].

Drowning can be defined as death due to full or par-
tial submersion in a fluid. It is a medicolegal inquiry where
both the medical practitioner and forensic expert are in-
volved. During autopsy, the medical practitioner examines
the classical findings present in the freshly drowned bodies
i.e. the signs of drowning such as large amounts of froth
present around nostrils and mouth, and inflated and water
logged lungs etc., which may help to diagnose the case of
drowning. The forensic expert uses this unicellular micro-
organism in diatom test to confirm drowning as a cause
of death [1-2]. Use of diatoms has also been reported in
the localization of a putative site of drowning [8]. Quali-
tative and quantitative diatomological research from dif-
ferent localities can make it possible. Continuous river
monitoring and diatomological mapping (D-maps) of wa-
ter bodies has been a great success [3-4]. These methods
of diatom research characterize water bodies on the basis
of diatom profiles generated following parameters such as
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seasonal changes and water quality. Diatom communities
exist almost everywhere. The communities that live in wa-
ter usually consist of more species than those communi-
ties found in aerial habitats or in soil [9-10]. These fac-
tors are essential for the forensic investigator to solve the
suspected drowning cases [11]. Each lake or pond can de-
velop a distinctive floral community comprised of specific
populations of species. Water bodies with similar physical
and chemical characteristics may develop particular algal
communities by which they may be distinguished. Diatoms
grow in practically all bodies of water, but a few may re-
strict and survive in only particular habitats [10]. It is sci-
entifically proven that the growth of diatoms may be highly
diversified and specific depending upon seasonal (light and
temperature) and other conditions such as salinity, pH and
nutrient contents of water [22]. Beside this, the intra water
bodies studies were conducted to find the exact drowning
site [12]. In conclusion, the distributional patterns of dia-
toms can respond to a multitude of different factors, rang-
ing from bio-geographical to biogeochemical and human
influenced [13-17]. Another problem which might arise
while matching diatomological profiles is due to seasonal
variation. This problem arises when the profile is generated
during a different season than that in which the body was
found. In such cases, it is more useful to compare the dia-
tom species found in various body parts to the diatomologi-
cal profile of water bodies in the same season.

Himachal Pradesh is one of the northern states of In-
dia known for tourism. This hilly state has a channel of
different types of water bodies like lakes, rivers and dams
running at different altitudes. This topographic diversity
and natural beauty attract number of tourists. Some wa-
ter bodies are used for transportation and for recreation.
Therefore, these places become more prone to accidental

drowning during boat capsizing. Cases of suicides and

homicides also take place in these types of water bodies.
An important study confirmed 514 cases of drowning from
Himachal Pradesh from 2006 to 2010 [19]. The literature
survey has not produced any study on diatom flora of water
bodies from Himachal Pradesh, especially in connection to
forensic science. Hence, here we present a comprehensive
and prominent study of diatom distributions from lakes in
Himachal Pradesh. An important and interesting aspect
of this study was to screen diatoms from the water bodies

flowing at different altitudes.

2. Materials and Methods
2.1 Study Areas and Collection of Samples

Eight water bodies namely Renuka lake, Macchial
lake, Gobind Sagar lake, Rewalsar lake, Manikaran, Pon-
doh dam, Prashar lake and Nako lake were chosen from
known heights above sea level to test the variable of of
low, mid and high altitudes. Localities along with relevant
details have been given in Table-1 & Figure-1. Altitude dif-
ference is clear from Table-1. Altitude ranges were fixed
as low altitude (up to 1000 meters), mid altitude (between
1000 to 2000 meters) and high altitude (above 2000 me-

ters) above sea level.
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Figure 1- Study sites of Himachal Pradesh.
-
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Table-1: Relevant details of the selected eight water bodies.

Environment Water Tem-
Temperature perature
Name of Wa- .
Altitude ter body with ggfe:_f District Geographical Si glitizlﬁ(-:::_ (I-nax.) at the (Iflax') at the
Ranges  self-assigned Coordinates Tlm-e of Sam- Tlm.e of Sam-
Code body ters) pling(°C)  pling (°C)
S A S A
Una and
GobindSagar . 31°24°39°N
lake (GBS) freshwater Bl.las- 76°26°0° E 560 36 30 30 26
piur
Renuka lake
Low . 30°36°36’N
range (RNL) freshwater Sirmaur 77°97°30° E 672 25 20 22 19
Macchial Lake . 31°56’17’N
(MCL) freshwater Mandi 76°47°49° E 950 26 25 26 22
Pondoh Dam . 31°40°17°N
(PD) freshwater Mandi 77°04°01° E 1350 20 17 17 15
Mid Rewalsar lake . 31.63389°N
range (RSL) freshwater Mandi 76.83333° E 1360 26 22 30 20
Manikaran- 32.0279°N
Lake (MNK) freshwater  Kullu 77 3480° E 1760 22 19 75 70
Prashar lake . 31.75426°N
(PL) freshwater Mandi 77 10141°E 2730 17 15 10 10
High
range
Nako Lake . 31°52°53.47’N
(NL) freshwater Kinnaur 78°37°38 87°F, 3662 19 15 10 12

S; summer, A; Autumn.
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2.2 Collection and Analysis of Water Samples

500 ml water samples were collected from the surface
of each water body during summer and autumn seasons in
the month of June and September, respectively, in 2014.
Sampling was done from at least three different locations
from the bank (distance 1m, 5m, 10m) of a water body
for standardization and to reduce sampling error. The wa-
ter and environment temperatures (max.) were also noted
down using a digital thermometer during daytime. Five
permanent slides were made for every water sample col-
lected using DPX as mounting medium to check reproduc-
ibility in results. The final pellet was taken onto the micro-
scopic slide, dried at room temperature and covered with
coverslip. The later was fixed with mountant DPX, after
treating a 250 ml water sample with concentrated nitric
acid and later centrifuged at 5000 rpm for 15 minutes. Pho-
tomicrographs of the diatoms were taken with the help of
photo capturing device (Nikon- DS-FI2) and a compound
microscope (with digital camera). Diatoms were identified
on the basis of descriptions in the manual given by Hartley
et al. 1996 [20]. The water samples were analyzed twice
under the same set of experimental conditions to check the
reproducibility of results and their concordance with each
other. A diatomological database was compiled according

to methods available in the literature [8].

3. Results

Seasonal and altitude factors are reflected in the results
of this study. It is important to note that both these factors
have contributed to notable changes in qualitative (types
of species) and quantitative (quantum of species) findings.
These findings have helped to characterize some of the
selected water bodies. Microscopic analysis identified 27
genera of diatoms in the water bodies from all locations.

The photomicrographs of diatoms were given in figures

1-20 (Figure-2). Of this number, three genera namely Na-
vicula (fig. 20), Nitzschia (fig.23) and Pinnularia (fig.19)
were present in water bodies from all sites; therefore they
were marked as commonly occurring diatoms. It was found
that at high level altitude, less number of diatoms were
found because of the adverse environmental conditions
(low temperatures). Most of the diatoms genera belonged

to order pennales as compared to order centrales.

4. Discussion

4.1 Diatoms at Different Altitudes

It is evident from Table-2 that there is a slight but
important disparity in occurrence of diatoms at different
altitudes. Some of the diatoms were specific to altitude.
Diatoms such as Bacillaria (fig.20), Cyclotella (fig.3), Me-
loseria (fig.17), Pleurosigma (fig. 10), Sellophora (fig.19)
and Synedra (fig.21) were exclusively identified at low
altitude levels (up to 1000 meters), while middle range
altitude (between 1000-2000 meters) produced Aulacose-
ria (fig.23), Caloneis (fig.1), Cymatopleura (fig.9), Encyo-
nema (fig.15), Mastogloia, Nedium and Stauroneis diatom
species. Some species of Amphora, Epithermia (fig. 12)
and Surirella (fig.7) were seen at high altitude (above 3000
meters) water samples. Diatoms genera, namely Cocconies
(fig.6), Cymbella (fig.4), Gyrosigma (fig.8), Hantzschia
(fig.2), Gomphoneis (fig.26) and Rhoicosphenia (fig. 16),
were common at more than one altitude range, while Na-
vicula (fig.5), Nitzschia and Pinnularia (fig.14) diatom
species were common and abundantly observed in water
bodies from all altitude ranges (Table-2). The present ob-
servations are in agreement with Nautiyal [23], who stud-
ied the diatom bio-diversity of some Himalayan lotic sys-
tems in the Mandakini region at different altitudes. They
found 200 diatom taxa in the mandakini basin and found

that the species richness and diversity increase gradually
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Meloseria (Gr.17) | Fragilaria
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Figure 2 - Photomicrographs of diatoms at 400X.
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with a decrease in altitude.

4.2 Diatoms at Different Seasons

The seasonal effects on diatom distribution are evident
from Table-3. There is noteworthy effect of seasonal chang-
es on diatom growth in water bodies. Notable observations
pertaining to temperature difference and occurrence of dia-
toms have been recorded. Summer and autumn are two dis-
tinct seasons where change in temperature can be observed.
Table-1 clearly shows that maximum temperature observed
at the time of sampling in summer (June) was 36 °C, while
the lowest was 15 °C in autumn (September). A short rainy
season between these two seasons also brought changes in
the diatom diversity in different water bodies. Details of di-
atoms existing in different seasons and temperatures in se-
lected water bodies can be extracted from Table-3. Renuka

lake is the low altitude water body located in the Sirmaur

Table-2: Effect of altitude on Diatoms composition.

district. This is a religious sacred place having pure water.
Diatoms such as Cymbella (fig.25), Synedra (fig.29), Cy-
clotella (fig. 3), Rhicosphenia (fig.17), Cocconeis (fig.6),
Pleurosigma (fig.11) and Meloseria were observed in both
seasons. Autumn produced highly diverse populations of
diatoms in comparison to summer. Macchial lake is another
low altitude water body situated in the Mandi district. Due
to fishing, its water was found to be contaminated. Both the
seasons produced verities of diatom species comparatively
more than other localities. Fragilaria (fig.18) and Gyrosig-
ma (fig.8) were distinguishing diatoms of this water body.
Gobind Sagar lake is the largest of all water bodies and
is situated at the lowest altitude in the Bilaspur and Una
districts. Water was slightly contaminated due to anthropo-
genic activities here. Bacillaria (fig.26), Cymbella (fig.4)
and Fragilaria (fig.18) were also found here. Rewalsar lake

is the mid altitude water body located in a mountainous

Site-restricted Diatoms at

Diatoms Common at Diatoms Common at

Altitude range Individual Altitude more than one Altitude all Altitudes
Bacillaria Cocconeis
Cyclotella Fragilaria
low altitude Meloseria Cymbella
(Up to 1000 me- ) i
ters) Pleurosigma Gyrosigma
Sellophora Hantzschia
Synedra Rhicosphenia
Aulacoseria
Caloneis Cocconeis Navicula
Mid altitude Cymatopleura Cymbella Nitzschia
(Between 1000- Encyonema Fragilaria Pinnularia
2000 meters) Mastogloia Gomphoneis
Nedium Tabularia
Stauroneis
Amoh Gomphoneis
. . mphora
High altitude . p . Gyrosigma
(Above 2000 Epithermia - i
antzschia
meters) Surirella . .
Rhicosphenia
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Table-3: Distribution of diatoms in selected water bodies during both seasons.

Low Altitude Mid Altitude High Altitude
Diatoms Renuka Macchail Gobind- Rewalsar kall\'/:la:ln(l“;u Pondoh Prashar Nako
Genera Lake Lake Sagar lake rudwara Dam Lake Lake

S A S A S A S A S A S A S A S A

Pinnularia - + - + - + - + + - - + ] + - +
Meloseria - + + - - - - - - - - - - - - -
Nitzschia - + - + - + - + - + - + - + + +

Rhoicosphenia - + - - - - - - - - - . - - + -

Cocconeis - + - - - - - - + + - - - - - -

Pleurosigma - + - - - - - - - - - - - - - -

Fragilaria - - - + - + - - - - - - - - - -

Gyrosigma - - - + - - - - - - - - + - - -
Navicula - + - + + + + + + - + + + + - +
Surirella - - - + - - - - - - - - + - - -

Hantzschia - - - + - - - - - - - - - + -

Synedra + - - + - - - - - - - - - - - .

Sellaphora - - - + - - - - - - - - - - - -
Cyclotella + - - - + + - - - - - - - - - -
Bacillaria - - - - - + - - - - - - - - - -
Cymbella + - + - - + - - - - - + - - - -

Aulacoseria - - - - - - + + - - - - - - _ _

Encyonema - - - - - - - + - - - - - - - -

Tabularia - - - - - - - + - - + - - - - _
Gomphoneis - - - - - - - - - + - - - - - +
Cymatopleura - - - - - - - - - - - + - - - -

Mastogloia - - - - - - - - - - - + - - - -

Stauroneis - - - - - - - - - - - + , ; - .
Nedium - - - - - - - - - - - + - - - -

Amphora - - - - - - - - - - - - - + - -

Epithemia - - - - - - - - - - - - - - - +

Caloneis - - - - - - - - - - + - - - - _

+ (Present) - (Absent) S=Summer A= Autumn

..r'
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area in the Mandi district. This water body was found pol-
luted due to external sources. Aulacoseria (fig.30) was not-
ed as the site-specific diatom found in both seasons. Mani-
karan is mid altitude water body located in the north east of
the Bhuntar district in the Kullu district. The water of this
water body is extremely hot due to high temperatures. Na-
vicula (fig. 35), Pinnularia (fig.19), Cocconeis (fig.21) and
Gomphoneis (fig. 24) were seen here. Pondoh dam is mid
altitude water body located on the Beas river in the Mandi
district. This dam is used for hydroelectric power gen-
eration. Most of the pennate diatoms i.e. Caloneis (fig.1)
were the site-specific diatom in this water body. Prashar
lake is the high-altitude water body located north of the
Mandi district. Amphora was the characteristic diatom of
this water body. Nako lake is another high-altitude water
body located in Pooh, a sub division of Kinnaur district.

Rhicosphenia (fig.32) was found in summer, while dia-

Table-4: Morphometric measurements of diatoms.

toms i.e. Epithermia, Gomphoneis (fig.12) and Nitzschia
(fig.23) were seen in autumn. Epithermia (fig.13) was seen
in this water. Prashar lake and Nako lake are high altitude
water bodies in which the smallest number of diatoms were

observed due to low temperatures.

4.3 Frequency of Occurrence of Diatoms

As usual, the highest abundance of diatoms was record-
ed in autumn due to favourable climatic conditions, where-
as declination in diatom occurrence was observed during
hostile summer conditions. The highest diatoms frequency
i.e. was observed in Macchail lake (11) followed by Pan-
doh Dam (10) and Renuka lake (10). Diatom population
was lowest at Prashar lake. It is evident from Figure-3 that
the frequency of Nitzschia diatom species was highest in
the total population, followed by Pinnularia (fig.14) Other

diatoms such as Navicula (fig.5), Cocconeis (fig. 6) and

Diatom Genera Length (um)  Width (um) Diatom Genera Length (um) Width (um)
Aulacoseria 45.60 502 Meloseria 2744 13.14
Amphora 24.80 19.08 Mastogloia 26.40 748
Bacillaria 62.43 11.29 Navicula 3091 10.05
Cyclotella 16.60 - Nitzschia 36.71 348
Cymbella 186.16 67.90 Nedium 36.06 8.30
Cocconeis 14.92 11.21 Pinnularia 32.84 10.43
Caloneis 98.33 18.65 Pleurosigma 39.88 5.02
Cymatopleura 86.14 18.78 Rhoicosphenia 25.89 1043
Epithemia 35.30 9.88 Surirella 4742 16.99
Encyonema 37.14 9.19 Synedra 895.04 23.54
Fragilaria 32.72 23.33 Sellaphora 33.56 8.30
Gyrosigma 57.40 1141 Stauroneis 8.67 241
Gomphoneis 59.07 16.94
Tabularia 343.13 34.00
Hantzschia 19.79 3.89
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Cyclotella (fig.3) were also major contributors of the popu- 4.4 Morphological and Morphometric Analysis

lation. There were also single species of Caloneis (fig.1), Morphological analysis of diatoms revealed a notice-
Amphora, Nedium, Epithemia (fig.12) and Surirella (fig.7) able shape variation. The shape and size of diatoms also
diatoms. plays a role in drowning. When a diatom is elongated

in shape and small in size, it is more likely to penetrate

o
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into lung tissues and enter into the blood stream [24]. The
shapes of most of the diatoms found in the selected water
bodies were elliptical, rod like and oval in shape. Synedra
(fig.21) and Melosira (fig.17) species were centric diatoms,
whereas Cocconeis (fig.6) was oval shape. Cymatopleura
(fig.9) and Gyrosigma (fig.8) had irregular shapes. De-
tails of photomicrographs of large and small size diatom
are given as figures at 400x magnification. Some impor-
tant morphometric features recorded with the help of a
microscope equipped with a micrometer have been given
in Table-4. Distinguishing dimensions were seen amongst
diatom. Both large such as Synedra (fig.21) and Fragilaria
(fig.22) and small i.e. Cymbella (fig. 25) and Rhoicosphe-
nia (fig.24) etc., were seen distributed in the water bodies

(Figure-4).

5. Conclusion

The findings of the present study revealed the effect of
altitude and seasons on the occurrence of diatoms genera.
The diatoms genera richness increases gradually with de-
crease in altitude; more diversity in diatoms species were
observed in lower altitude waterbodies as compared to high
altitude waterbodies in autumn than the summer. Therefore,
based on these findings it can be safely concluded that alti-
tude along with season have an impact on diatom composi-
tion. This aspect of variation in diatom composition must
be taken into consideration while using the “diatom test”
for investigating drowning cases to avoid false results. It
is apparent from the literature that the influence of altitude
factor on diatom composition in a water body is poorly un-
derstood. Therefore, similar diatomological studies should
be carried out on water bodies at different altitudes across
the globe. The outcome of these studies will not only be
helpful to forensic experts but the interdisplinary nature of

such studies can also be helpful for researchers from the

fields of botany and environmental sciences.
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