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Abstract 

Background Forensic diatomology is a rapidly progressing domain that involves the examination of microscopic 
algae known as diatoms for forensic purposes. Diatoms are microscopic, single-celled, eukaryotic algae that exist 
in diverse aquatic environments such as rivers, lakes, ponds, and oceans. They are characterized by their rigid cell wall 
made up of silica, which is a unique morphological character, making them useful for forensic investigations.

Main body Diatoms are a type of unicellular microscopic algae that belong to the class Bacillariophyta. They are one 
of the most common phytoplankton found in all aquatic environments, including marine and freshwater habitats. 
Diatoms have proven to be valuable evidence in various forensic investigations, particularly in cases involving drown-
ing or bodies recovered from aquatic environments.

Conclusion This comprehensive review provides an in-depth analysis of the principles, methodologies, applications, 
and challenges associated with the field of forensic diatomology. It emphasizes the importance of diatoms as trace 
evidence and discusses their potential to establish critical associations between the victim and the surroundings. 
This review also explores some recent advancements in diatom analysis techniques, including molecular approaches 
and automated identification methods. Finally, the paper outlines future directions for research and underlines 
the necessity for standardized protocols and interdisciplinary collaborations to enhance the reliability and validity 
of forensic diatomology.
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Background
Diatomology is a branch of study that involves the 
examination and analysis of diatoms for various practi-
cal applications (Rabiee et  al. 2021) like environmental 
monitoring (Smol and Stoermer 2010) water resource 
management (Tiwari and Marella 2019), palaeoclima-
tology, bioindication (Lobo et  al. 2016), and forensic 

sciences (Verma 2013; Levkov et al. 2017a). Diatoms are 
microscopic, single-celled, eukaryotic algae that exist in 
diverse aquatic environments such as rivers, lakes, ponds, 
and oceans. They are characterized by their rigid cell 
wall made up of silica, which is a unique morphological 
character, making them useful for forensic investigations 
(Hofmann 1878; Verma et al. 2020).

Forensic diatomology focuses mainly on assessing 
and interpreting diatoms identified in different types 
of evidence like lung tissues, internal organs, and bone 
marrow, particularly in cases involving drowning or 
bodies recovered from aquatic environments. In such 
situations, the diatoms may get ingested or inhaled by 
the person before or during water immersion. Their 
existence and distribution throughout various body 
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tissues and fluids can provide valuable information for 
determining the circumstances surrounding the death 
or the location of immersion of the deceased individual.

Diatoms were first observed in 1777, but it was not 
until 1783 that the French Naturalist, Jean Baptiste 
Lamarck, formally recognized and described their 
existence. Subsequently, in 1896, Hofman, a renowned 
professor of Forensic Medicine in Vienna, was the first 
to detect and identify the diatoms in pulmonary fluid. 
He elaborated on their significance and relevance in 
asphyxia-related drowning deaths (Porawski 1966). 
In the early nineteenth century, initial research con-
cerning the identification and analysis of diatoms in 
forensic investigations (Timperman 1972; Karkola 
and Neittaanmäki 1981; Pollanen 1998; Andresen 
and Edlund 2001; Hu et al. 2013; Marshall et al. 2023) 
began. Rudolf von Hösslin, an Austrian scientist, was 
the first to propose the application of diatoms in foren-
sics in 1913. Throughout the mid-twentieth century, 
forensic diatomology made significant advancements in 
terms of methodology and techniques (Uitdehaag et al. 
2010; Scott et al. 2014). To extract and analyze the dia-
toms from different types of biological samples, such 
as lung tissues (Horton 2007), bone marrow (Lunetta 
2016; Levkov et  al. 2017a), and from clothing (Zhou 
et al. 2020), scientists developed a variety of extraction 
and analysis techniques, which included techniques like 
chemical digestion, filtration, and microscopic exami-
nation. Since the 1970s, forensic diatomology has been 
acknowledged as a valuable tool for criminal investiga-
tions. The development of standardized protocols and 
guidelines for diatom analysis helped in establishing it 
as a legitimate forensic discipline. The standardization 
of diatom analysis has become the method of choice 
for investigating cases involving suspicious drownings 
(Zgłobicka et al. 2021; Wagner et al. 2022; Arumugham 
et al. 2023). Recent advances in DNA technology have 
also had an impact on forensic diatomology (Tantana-
sarit et al. 2013; Rai et al. 2022).

Researchers have explored the possibility of extract-
ing diatom DNA from samples to improve the accu-
racy and reliability of diatom analysis. This may provide 
additional information regarding the origin and source 
of diatoms, thereby facilitating the identification of a 
specific body of water where a victim may have been 
submerged.

Researchers are exploring the use of advanced imaging 
techniques, such as scanning electron microscopy (Fields 
et al. 2014), to strengthen diatom identification and clas-
sification. In addition, research is being carried out to 
improve the understanding of ecology and the distribu-
tion of diatoms, which can contribute to making forensic 
findings more accurate.

Main text
Diatoms: morphology and ecology
Diatoms are a type of unicellular microscopic algae that 
belong to the class Bacillariophyta. They are one of the 
most common phytoplankton found in all aquatic envi-
ronments, including marine and freshwater habitats. 
Diatoms have a unique cell structure characterized by a 
rigid cell wall made of silica, known as a frustule, which 
exhibits intricate patterns and markings. The frustule 
consists of two overlapping halves, often referred to as 
valves, which fit together like a pillbox or petri dish. Dia-
toms being photosynthetic organisms play a significant 
role in primary production and the global carbon cycle 
(d’Ippolito et al. 2015). They can readily take up and store 
large amounts of nutrients, such as silver (Reid et  al. 
1995; Desianti et al. 2019), silica, and essential elements 
like nitrogen, phosphorus, and hydrogen within their cell 
walls. They can also store notable amounts of fatty acids 
and lipids which can be extracted and converted to bio-
fuels (Martin et al. 2011; Pajunen et al. 2020; Dahiya et al. 
2022).

Due to their siliceous cell wall, they remain well pre-
served as fossils and serve as an indicator of past environ-
mental conditions and climate (Rivera et al. 2019). Apart 
from being highly sensitive to changes in environmental 
conditions, including water quality, nutrient levels, and 
pollution, they are often used as bioindicators to assess 
the ecological health and water quality of aquatic ecosys-
tems (Medley and Clements 1998; Garrido et  al. 2016; 
Gogoi et al. 2019). Diatoms are also sensitive to physico-
chemical parameters like temperature, pH, and TDS such 
that these factors affect the diversity of diatoms by alter-
ing their growth (Farrugia and Ludes 2011; Armstrong 
and Erskine 2018). Higher loads of heavy metals may 
affect the diatoms by reducing their growth and altering 
their biochemical compositions (Piette and Letter 2006; 
Armstrong and Erskine 2018).

Role of diatoms in forensic investigations
Drowning refers to the state of respiratory impairment 
and asphyxiation resulting from complete submersion or 
immersion in liquid. This condition arises when the air-
way becomes filled with water or any other fluid, prevent-
ing the normal exchange of oxygen and carbon dioxide in 
the lungs (Auer and Möttönen 1988; Leth and Madsen 
2017; Levkov et al. 2017b). This oxygen deprivation ulti-
mately leads to asphyxia, respiratory failure, and poten-
tially cardiac arrest. The seriousness of this situation is 
highlighted by the substantial worldwide consequences, 
leading to approximately 320,000 deaths every year 
making it the third most common cause of death, thus 
increasing the necessity of employing appropriate meth-
odologies to conduct meticulous forensic investigations. 
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Diatoms, being ubiquitously present in almost all aquatic 
environments, play a critical role in forensic diatomol-
ogy. When an individual is submerged in a water body, 
the diatoms present in the surrounding environment 
can inadvertently be ingested or inhaled. These diatoms 
are then dispersed throughout various body tissues and 
fluids and even into the bone tissues through the blood-
stream. The presence of these diatoms therein can serve 
as a determinant of whether the submersion was before 
or after the death, hence giving insights into the timeline 
of the victim immersion.

The drowning incidents are classified into primary 
drowning and secondary drowning. Primary drown-
ing, also known as typical/wet drowning is further cat-
egorized into freshwater, where ventricular fibrillation is 
the mechanism of death and saltwater drowning, where 
pulmonary oedema leads to fatality (Taylor et  al. 2007; 
Levin et al. 2017). On the other hand, secondary drown-
ing, also referred to as atypical drowning, refers to the 
death occurring within 30 min to several days after sub-
mersion and artificial respiration. In these cases, victims 
often succumb to conditions like pulmonary oedema, 
acidosis, or pneumonitis due to microbial infection. Sec-
ondary drowning is subdivided into dry drowning, where 
no water enters the gastrointestinal or respiratory tract, 
leading to mechanisms of death such as cardiac arrest, 
vagal reflex, and circulatory collapse.

Diatom analysis forms a keystone for differentiat-
ing primary and secondary drowning cases. In primary 
drowning, diatoms are typically detected in significant 
quantities within the respiratory system due to water 
inhalation and the subsequent movement of water and 
diatoms into the lungs which can be identified through 
specialized microscopic techniques. Conversely, in sec-
ondary drowning, the lack of significant diatoms in the 
lungs aligns with the absence of actual water intake and 
also coincides with the cessation of blood circulation due 
to an individual’s pre-existing deceased state.

Drowning holds significant medico-legal implica-
tions, particularly in homicide cases. When a person is 
found dead due to drowning, it’s essential to carefully 
investigate the cause and manner of death. The forensic 
pathologist’s primary task is to establish that drowning 
was indeed the cause of death while ruling out alter-
native causes. In cases of suspected homicide, scene 
investigation is critical, as it can yield evidence such as 
signs of struggle, witness statements, and the absence 
of reasonable explanations for the victim’s presence in 
the water. Autopsy findings play a pivotal role in deter-
mining whether trauma, injury, or pre-existing medical 
conditions may suggest foul play. Toxicology tests are 
conducted to detect the presence of drugs or alcohol that 
could have impaired the victim’s judgment. Moreover, 

physical injuries indicative of a struggle or resistance 
may raise suspicion of a homicidal drowning. Expert 
testimony, collaboration among forensic specialists, and 
meticulous evidence collection are key in determining 
the true nature of the drowning incident and its potential 
criminal aspect, aiding the justice system in holding indi-
viduals accountable when warranted.

Careful examination of diatom concentrations and dis-
tribution patterns in various tissues and fluids can thus 
yield essential information to distinguish between these 
two categories of drowning incidents. While investigat-
ing drowning cases, many post (Ludes et al. 1994; Yange 
et  al. 1999; Singh et  al. 2006; Wagner et  al. 2022)-mor-
tem methods like CT scanning, MRI scanning, toxicol-
ogy, biomarker analysis, and VR simulation are useful to 
gather evidence and make informed conclusions about 
the cause of death. Among all these techniques, diatoms 
serve as excellent biomarkers and play a key role in deter-
mining the real cause of death (Yange et al. 1999; Singh 
et al. 2006; Rácz et al. 2016; Wagner et al. 2022). By exam-
ining the diatom evidence present in different body tis-
sues or fluids, forensic investigators can determine if a 
person was alive or dead at the time of water immersion 
and potentially identify the location of immersion as well 
(Figs. 1 and 2, Table 1).

Methods for sample collection and analysis
To identify the accurate reason for death and the crime 
location, it is necessary to perform appropriate sampling 
and analysis with minimum human errors.

Sample collection
The first step for diatom testing is sample collec-
tion (Harding et al. 2007). In the case of drowning, dia-
toms existing in the water surrounding the victim at the 
scene of crime might be present in body tissues, clothing 
(Zhou et al. 2020), and even footwear (Bailet et al. 2020) 
of the victim. Hence, it is very much necessary to thor-
oughly examine the site and collect the samples appro-
priately to avoid contamination. The reference water 
samples from or around the crime scene must also be 
collected from multiple sites to account for any possible 
spatial or temporal variation errors.

Filtration
For washing diatoms from the water samples, a mem-
brane filter of pore size 0.45 µm or 1.0 µm is used com-
monly. This filter has the property of retaining diatoms 
and allowing only non-diatomaceous substances and 
other debris to pass through.
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Fig. 1 Pennates

Fig. 2 Centrales
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Extraction methods
For samples containing solid particles or sediments, 
several extraction methods can be used to extract and 
obtain diatoms. Extraction and analysis of diatom colo-
nies from body tissues like the heart, liver, bone marrow, 
and lungs can be taken as evidence while investigation. 
As mentioned earlier, there is a significant difference 
in the amount of diatom in post-mortem and antemor-
tem drowning. The diatoms retrieved from body tissues, 
along with analyzed diatom colonies in the water bodies, 
can be compared to uncover the accurate place of drown-
ing. Many extraction techniques are being employed 
which include acid digestion method, enzymatic diges-
tion, ultrasonic radiation method, Soluene-350 method, 
and physical methods like simple centrifugation or gradi-
ent centrifugation methods are also used (Hamsher et al. 
2011; Dahiya et al. 2022).

• Acid digestion method: This method involves treating 
the sample with acids like a mixture of hydrochloric 
acid and nitric acid, to dissolve organic matter and 
non-diatomaceous substances. Diatoms can then be 
isolated through filtration and centrifugation.

• Ashing method: Dry ashing refers to the use of a muf-
fle furnace capable of maintaining temperatures of 
500–600 °C for several hours. Inorganic matter, water 
and volatiles are vaporized, and organic substances 
are burned in the presence of oxygen and converted 
to  CO2 and oxides of nitrogen.

• Enzyme digestion method: For this method, a buffer 
solution containing Tris–HCl (pH 8.0), EDTA, and 
sodium chloride is prepared and added to the sam-
ple for maintaining ionic strength and pH. Thereafter, 
proteinase-K enzyme is added (0.1–1 mg/ml) and the 
sample is incubated for a few hours or overnight. A 
protease inhibitor is added to stop the activity of the 

enzyme and then the processed sample is centrifuged 
to isolate the diatoms.

• Oxidation methods: Here, the sample is treated with 
strong oxidizing agents such as hydrogen peroxide 
 (H2O2) or a mixture of hydrogen peroxide and sul-
furic acid  (H2SO4). The strong acidic medium helps 
in breaking down the organic matter while diatoms 
remain unaffected due to their siliceous coat. Diatom 
then can be separated by filtration or centrifugation.

• Density separation method: This extraction technique 
utilizes the different density properties of diatoms and 
other particles in the sample by using a density gra-
dient medium like sodium poly-tungstate or ludox. 
Diatoms can also be separated from other materials 
based on their buoyancy or sedimentation rate.

• Microscopy and micromanipulation: For some appli-
cations, microscopic manipulation and manual pick-
ing of diatoms using fine tools under a microscope 
might be needed. This method allows for precise 
selection and identification of diatom species. This 
method is not only time-consuming but also requires 
expertise for collecting diatoms.

Among all these methods, acid digestion with nitric 
acid (HNO3) is prominently used for extracting diatoms 
from body tissues as it completely digests non-diatoma-
ceous matter (Levkov et al. 2017b; Bailet et al. 2020; De 
Carvalho et al. 2020; Mushtaq et al. 2022).

Leaving diatom frustules remaining unaffected. Heated 
hydrogen peroxide  (H2O2) is found to be more efficient in 
terms of reduction of sediment, extraction of the material, 
and preservation of diatoms, proving to be a feasible alter-
native to conventional approaches with acids in terms of 
costs and operator safety. Sometimes, even simpler meth-
ods like sieving might be used where the pore size of the 
sieves may range between 20 and 100 µm as per the size of 

Table 1 Characteristic properties to distinguish between ante-mortem (true) drowning and post-mortem (false) drowning (Pérez-
Burillo et al. 2021; Hamsher et al. 2011; Bailet et al. 2020)

* Data might vary according to different regions
** Other types of ante mortem drowning where diatoms may not enter even lung cavities, due to laryngeal spasm and glottis spasm which prevent the flooding of the 
lungs with water. Here, the victims die due to fatal cerebral hypoxia caused by ’suffocation’

Characteristic properties Ante-mortem drowning Post-mortem drowning

Definition *Drowning while conscious *Drowning after death

Cause of deaths Suicidal or accidental Homicidal

Incidents from all drowning  cases* 80% 20%

Lungs Tears in alveoli may be observed No tears in the alveoli

Diatom test Positive, except in the case of dry  drowning** Negative, except if water enters 
the lungs by passive absorption

Diatom presence in the lungs 20 diatom frustules per 100 ml of the residue obtained by enzymatic 
digestion from 10 g of lung tissue more than 5 diatom frustules

Absent or fewer

Diatom presence in another internal organ Per 10 g of sediment from other internal organs Absent
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interested diatoms. In cases of periphyton samples, where 
diatoms are present in submerged rocks and vegetation, 
surface scraping using a brush, blade, or scapula is use-
ful. If the vast majority of diatoms found in the recently 
gathered material are identified as lifeless cells (frustules 
without chloroplasts), it is advisable to discard the sample 
since conducting additional analysis will not provide an 
accurate representation of the current water quality at the 
specific sampling location (Yange et al. 1999).

Decalcification is solely required when samples are to 
be treated with nitric or sulfuric acid, as these acids react 
with calcium, resulting in the formation of an insoluble 
precipitate. This step can be skipped if it is known that 
the sample does not originate from a location containing 
calcareous rock in the catchment area or while employ-
ing the hot HCl and  KMnO4 technique. Each of these 
processes involves specific combinations of chemical rea-
gents and variable temperatures to facilitate the efficient 
extraction of diatoms from the samples (Taylor et  al. 
2007; Levin et al. 2017).

Challenges and limitations
Diatoms are typically collected from lungs, but the 
detection and preservation of diatoms can depend 
upon factors like the duration between death and sam-
ple collection, the condition of the body and quality, and 
quantity of the sample itself as diatoms might tend to 
degenerate over time due to enzymatic activities, autoly-
sis of cells, bacterial growth, and exposure to body fluids 
(Levkov et al. 2017c; Zhou et al. 2020).

Diatom identification and interpretation completely 
rely upon comparing the obtained samples with refer-
ence databases. These reference databases are formed 
using forensic limnology techniques but due to limited 
resources and databases, many regions do not have a 
diatom archive at all or are bound to specific localities. 
Also, factors like pollution (Farrugia and Ludes 2011), 
microorganism grazing, turbulence, light availability, 
and the chemical constitution of water may alter the dia-
tom species richness  (Martín, De Los Reyes Fernández 
2012). Variations due to the abovementioned factors lead 
to difficulty in finding the accurate association between 
the obtained sample and the location of the crime scene. 
Diatoms can be transferred to secondary locations and 
can persist on objects. This makes it even more difficult 
to find whether the diatoms collected from the body or 
belongings of the victim are from the actual crime scene 
or any other environment.

Contamination is one of the major problems while 
using biological markers and systems for any purpose, 
as it could mislead the researchers and the law. False 
positives refer to a case where the testing incorrectly 
identifies the presence of diatoms when they are absent. 

Samples could be contaminated via multiple sources, 
like sample collection site itself, laboratory contamina-
tion, cross-sample contamination, airborne contamina-
tion, sample storage unit contamination, and reagent 
contamination. False positives are generally a result of 
contamination, but cross-reactivity (between multiple 
diatom samples) and human errors (methodological or 
interpretation errors) can also lead to inaccurate results 
(Horton 2007; Verma 2013; Scott et al. 2014).

Advancements in diatom testing through emerging 
technology
Molecular approaches for species identification
As species identification and interpretation through tra-
ditional methods (i.e., direct observation of morphol-
ogy) is relatively difficult and requires a lot of expertise 
as well as time, molecular methods are more useful and 
efficient in diatom testing. These methods involve the use 
of DNA-based methodologies to identify and differenti-
ate between diatom species.

Some commonly used molecular methods in diatom 
testing:

Species DNA barcoding This method involves sequenc-
ing a short section of DNA from a standardized region 
of the genome to identify and distinguish species. The 
commonly used DNA barcode marker for diatoms is in 
the ribosomal DNA (rDNA) region, specifically the small 
subunit (SSU) or the 18S rDNA gene. This gene region 
is highly conserved across diatoms but contains variable 
regions that can be used to distinguish between different 
species. To conduct this method, DNA is extracted from 
diatom samples and amplified using polymerase chain 
reaction (PCR) techniques. The amplified DNA is then 
sequenced and compared to existing reference databases 
to identify the species. Some diatom species have simi-
lar or identical DNA codes, making it difficult to identify 
species using this technique alone. Also, DNA barcoding 
may not capture the full extent of diatom diversity since 
it relies on specific gene markers that might not represent 
the entire genome.

Next Generation Sequencing (NGS) NGS platforms 
allow for high throughput sequencing of DNA sam-
ples, as it can generate millions to billions of short 
DNA sequence reads in a single sequencing run. Most 
NGS platforms produce relatively short DNA sequence 
reads, typically ranging from 50 to 600 base pairs in 
length. These short reads are then aligned to a reference 
genome or assembled de novo to reconstruct the original 
genetic sequences. Moreover, whole genome synthesis 
(WGS), RNA sequencing, exome sequencing, nucleotide 
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sequencing, and epigenetic analysis can also be per-
formed through NGS platforms.

Fluorescence in situ hybridization (FISH) This is a molec-
ular technique that allows the detection and visualization 
of specific nucleic acid sequences in diatom samples. Spe-
cial oligonucleotide probes (tags) are designed to target a 
specific nucleic acid sequence that is to be visualized. This 
probe is complementary to the specific sequence and is 
labeled with a fluorescent dye for visualization. The probes 
are added to the diatom samples and incubated under con-
trolled conditions for the probes to bind to their comple-
mentary sequences. The excess and unbound probes can 
be washed off and the prepared sample is ready to be visu-
alized under a fluorescence microscope.

Metabarcoding or environmental DNA (e‑DNA) barcod‑
ing Metabarcoding is a special molecular technique, 
used to identify and interpret multiple species present 
in an environment by evaluating complex mixtures like 
samples from soil, water, or communities of insects or 
bacteria. Metabarcoding uses massively parallel sequenc-
ing of complex bulk samples at once, through high-
throughput sequencing. While species DNA barcoding is 
specific and limited to a single organism, metabarcoding 
allows for the simultaneous identification of many taxa 
within the same sample. Hence, metabarcoding is proven 
to be quick and efficient to study the biodiversity of an 
ecosystem or to interpret the composition of a microbial 
system. Moreover, it also provides valuable information 
related to species interactions, ecological patterns, and 
overall health of the  ecosystem. (Timperman 1972; Smol 
and Stoermer 2010; Lobo et al. 2016).

Automated diatom identification software
The traditional diatom identification techniques are 
based on manual microscopic examination, which is very 
a tedious task  (Venkataramanan et  al. 2023). Advance-
ments in computer vision and image analysis have led to 
the development of automated methods that use com-
puter algorithms and machine learning to identify and 
classify diatoms.

The simplest protocol to use this method is described 
below:

• A database is prepared by acquiring images of dia-
toms from various views and angles using a micro-
scope, equipped with a digital camera or other 
image-capturing systems.

• These images are then processed to enhance their 
quality. Operations like denoising, image resizing, 
and contrast enhancement are done for the same.

• Various parameters like morphological and textural 
features are examined and extracted from these 
images for the characterization of diatoms.

• For classification, machine learning algorithms are 
applied, which are based on the extracted features.

Hence, the advancement of an artificial intelligence-
based system capable of automatically identifying and 
classifying diatoms would significantly enhance the sci-
entific rigor and objectivity of forensic diatom testing 
(Vinayak, Gautam 2019; Dahiya et al. 2022).

Future prospects
There are many areas and prospects in which the true 
potential of diatoms is yet to be explored. Due to their 
distinct morphological characteristics, immense diver-
sity and abundance, environmental sensitivity, photo-
synthetic efficiency, and higher genetic manipulability, 
diatoms have immense applications in several fields like 
environmental monitoring, climate change research, 
paleolimnology, paleoenvironmental studies, bio-moni-
toring, biofuel production, nanotechnology, drug delivery 
systems, wastewater treatment are all yet to be developed 
using diatoms.

To ensure that the true potential of diatoms is com-
pletely exploited and the accuracy is enhanced in diatom 
testing, the following steps could be taken:

➢ Establishing standardized protocols in diatom 
testing, factors like quality control, comparabil-
ity, and consistency could be ensured while col-
lecting and interpreting data. Furthermore, in the 
long run, methodological advancements, trend 
analysis, collaboration, and long-term monitor-
ing would be much easier and ultimately, it would 
enhance our knowledge of aquatic ecosystems 
such that we would be able to make informed 
decisions related to environmental protection and 
conservation.
➢ Collaboration between different fields of research 
in diatomology would lead to tremendous develop-
ment by incorporating diatom analysis into fields like 
forensic anthropology, forensic botany, forensic ento-
mology, and forensic limnology, additional evidence 
is provided, establishing vital connections between 
crime scenes, victims, suspects, and the surrounding 
environment.

This collaborative utilization of diatom analysis across 
multiple forensic disciplines strengthens the overall 
forensic investigation process, fostering a holistic com-
prehension of intricate forensic scenarios.
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Discussion
Forensic diatomology is a specialized field dealing with 
the study of diatoms. Their application is observed in 
many fields apart from forensics. Methods currently used 
are time-consuming, sometimes resulting in damage, 
variability in efficiency, and lack of standardization. To 
counter these problems, new methods are being devel-
oped around the world. Forensic diatomology continues 
to evolve as new techniques and technologies emerge.

The risk of contamination is a major problem faced in 
diatom testing leading to false results. Some steps could 
be taken to minimize false testing results, like implement-
ing rigorous quality control and validation procedures 
and identifying and preventing potential sources of con-
tamination during sample handling. Also, participation 
in inter-laboratory proficiency testing for comparison 
can bring improvement. Providing continuous educa-
tion and training to analysts enhances their skills and 
encourages peer review and collaboration for knowledge 
exchange. Continuous conduct of internal and external 
checks assures quality and helps identify weaknesses.

Molecular methods for identifying diatom species are 
much more efficient and accurate than existing methods 
which are completely dependent on direct observation 
and comparison. Among several other methods, DNA 
barcoding appears to be the future of molecular diatom 
identification as multiple extensive DNA databases for 
diatoms already exist and the overall protocol for this 
method is standardized. This method also has a more tar-
geted approach towards specific gene regions and hence, 
making the comparison process much easier. However, 
DNA degradation and contamination are major draw-
backs of molecular methods. Automation can decrease 
the chance of contamination and increase the efficiency 
of molecular methods.

Further, artificial intelligence in diatom analysis can 
also revolutionize the field of forensic diatomology. AI 
can be trained to identify diatom species from micro-
scopic images with high accuracy and speed. Deep learn-
ing algorithms can recognize complex diatom features 
and patterns, streamlining the identification process. It 
can efficiently process and analyze large datasets of dia-
tom samples, enabling researchers to identify trends, pat-
terns, and correlations that might not be easily detectable 
through manual methods, and it can also aid in detecting 
and flagging potential contamination in diatom samples. 
AI can further be applied to predict diatom distributions 
and changes in aquatic ecosystems based on environ-
mental factors, aiding in environmental impact assess-
ments and pollution monitoring. But proper training 
datasets, algorithm validation, and interpretability of AI-
driven results are critical factors that need to be carefully 

addressed to ensure the reliability and ethical use of AI in 
forensic diatomology and environmental studies.

However, integrating molecular techniques with tradi-
tional morphological identification methods can surely 
make great advancements in the future. The combination 
of diatom analysis with various forensic methodologies 
allows for a multidisciplinary approach that strength-
ens investigative capabilities and enables more thorough 
forensic evaluations. As extraction techniques and ana-
lytical methods continue to improve, the role of diatoms 
as valuable forensic evidence is likely to expand further, 
contributing to the resolution of criminal cases, and 
advancing our understanding of ecosystems and their 
interactions with human activities.

Conclusions
Forensic diatomology has emerged as a powerful and 
reliable tool in cases involving bodies found in aquatic 
environments or suspected drownings. The present 
review highlights the main principles, methodologies, 
and applications used nowadays by forensic practition-
ers, researchers, and scientists to have an easy under-
standing of the potential and significance of diatoms in 
the field of forensic science. These diatoms have proven 
to be extremely useful as supporting evidence in case of 
drowning-related deaths because of their diverse ecologi-
cal distribution. The methods employed to extract, iden-
tify, and characterize these diatom species from collected 
forensic samples are elaborately mentioned in this review. 
The recent advancements made in this domain include 
developments in imaging and analytical techniques. Fur-
ther, new approaches are introduced which are based on 
automated identification algorithms and machine learn-
ing. In conclusion, this study not only combines the cur-
rent state of forensic diatomology but also underlines its 
immense potential as a valuable forensic tool. By promot-
ing the use of diatoms as reliable and objective evidence, 
the field is contributing to the advancement of forensic 
science as a whole. With its positive trajectory, forensic 
diatomology is poised to drive advancements in foren-
sic science, ultimately serving justice and upholding the 
principles of truth for society as a whole.
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