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INTRODUCTION

T
he forensic technique of diatom analysis is specific and uncommon but is a necessary
and important diagnostic due to the complexities involved in determining death by
drowning (Jian et al., 2019; Piette & De Letter, 2006). As Yukawa et al. (2013) note,

diatom analysis is often considered to be “the gold standard” (p. 1) amongst the many
laboratory tests to conclude death by drowning. Over 150,000 diatom species (unicellular
algae) exist which can be found wherever sufficient light exists to support photosynthesis in
most natural water bodies (Hendey, 1973). Diatoms preserve well, occur in high numbers, are
detectible in almost all environments, and are environmentally specific (Horton et al., 2006;
Pollanen et al., 1997). The main principle is that diatoms are present in the medium where
drowning occurred and they will therefore also be present in body tissues (Horton et al., 2006;
Krstic et al., 2002; Pollanen, 1998).

Diatom frustules, the subject of analysis, have hard box-like silica skeletons which are resistant
to acid digestion and are almost indestructible, being soluble only in strong acid solutions
(Fucci et al., 2015; Hendey, 1973; Seo et al., 2013), making post-mortem analysis possible
(Pollanen et al., 1997). Diatom analysis allows forensic pathologists to determine the specific
medium which the victim drowned in (e.g. fresh water, sea water, or lake water) because
different diatom frustules can be found where environmental conditions differ due to narrow
tolerances for temperature, light, salt content, environmental pollution, and pH levels (Levin
et al., 2017; Tavassi et al., 2008). Thus, different species will be found in different bodies of
water around the world (Auer,1991; Coelho et al.,2016; Ludes,2013; Peabody,1977).Different
species will also be present at different depths due to varying photosynthesis abilities (Auer,
1991).

Diatoms can be recovered from fresh, decomposed, and burnt tissues (Fucci et al., 2015)
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because prior to drowning, the victim would still have a beating
heart which would allow diatoms to travel throughout the body via
the circulatory system (Ago et al., 2011). Combining the inhalation
of water and a beating heart allow diatoms to pass into the
bloodstream as part of the oxygen exchange process (Rohn &
Frade, 2006). As part of this process, diatoms then penetrate the
lungs when water is inhaled, become lodged in alveoli, and can also
be carried to internal organs such as the kidneys, heart, brain, and
bone marrow (Ago et al., 2011; Antonenko & Ferris, 1987; Horton
et al., 2006; Krstic et al., 2000; Pollanen et al., 1997). Thus, it is
unlikely diatoms would be found in the internal organs or bone
marrow of bodies disposed of in water post-mortem (Krstic et al.,
2002). This makes diatom analysis helpful in determining whether
a victim drowned or was disposed of in water post-mortem
(Gruspier & Pollanen, 2000). In rare cases however individuals
suffer rapid heart failure prior to drowning preventing circulation
of diatoms and their entrance into internal organs (Antonenko &
Ferris, 1987; Piette & De Letter, 2006).

Diatom analysis however remains controversial because diatoms
can be found in tissues of people who died of causes other than
drowning due to the widespread distribution of diatoms through
the environment in soil, food, and air (Lucci et al., 2008). Diatoms
can also implant passively into the lungs, stomach contents, and
upper airways leading to unreliable analyses (Ago et al., 2011;
Coelho et al., 2016). Diatom analysis remains in use however,
because the diagnosis of drowning is highly complex (Ludes et al.,
1999; Stephensen et al., 2019; Timperman, 1972), and other signs
of drowning can in many cases can be insignificant or non-existent
and may dissipate after death (Badu et al., 2015). Diatom analysis
was recently used in a United Kingdom animal cruelty case which
determined that an owner drowned their dog in a canal (BBC News,
2019; Johnson, 2019). As opinions on its usefulness remains
controversial (Yukawa et al., 2013), it is important to evaluate the
technique in greater detail.

Through evaluation of older and more recent literature, this paper
aims to review the strengths and weaknesses of diatom analysis and
determine whether it can still be considered a reliable technique in
analysing possible cases of death by drowning. Much of the older
literature on diatom analysis has been included as it is
foundational to the evolution of the technique. Literature for this
paper was collected through library resources at Simon Fraser
University and additional online searches for related peer-reviewed
literature. As reliability of analysis remains controversial amongst
the scientific community (Carballeira et al., 2018), and testing
historically laborious (Zhou et al., 2020), it is important to analyse
the literature to determine whether the development of new
techniques has increased the reliability. It will be seen in the
literature that although weaknesses still exist,modern research and
laboratory techniques have strengthened the reliability of diatom
analysis showing that it should still be considered a strong forensic
tool.

DISCUSSION

Strengths
Coelho et al. (2016), note the scientific principle of environmental
specificity establishes the validity of diatom analysis. As specific
diatom species are found in different water bodies, the presence of
diatoms in the deep tissues or bone marrow of victims can lead to
a definitive diagnosis of death by drowning (Auer, 1991; Pollanen,

1998). The diatoms present in bone marrow and other tissues can
be compared to samples taken from the medium to determine an
approximate drowning site to see if similar diatom species are
present (Auer, 1991; Hürlimann et al., 2000; Pollanen, 1998).
Environmental specificity makes diatom analysis a good indicator
to use in suspicious death investigation when drowning is not
suspected, because diatoms present in the bone marrow will match
those found in the body of water where the victim was found
(Pollanen et al., 1997).

When diatoms are present in high quantities, it is possible to pin-
point the exact location where drowning took place (Peabody,
1977), but only if the drowning area is localized such as in a pond
or a ditch (Auer, 1991). It is possible however to approximate the
location due to environmental specificity (Auer, 1991); diatoms
would need to be sampled from surrounding areas and waterbodies
if the exact location is unknown (Coelho et al., 2016).

Determining which diatom species are present in body tissues can
also help establish the potential drowning location and the time of
death due to seasonal variability. The prevalence of diatoms in
waterbodies also varies seasonally (Hendey, 1973; Pollanen et al.,
1997). Diatom blooms (when concentrations are highest) follow
seasonal patterns with diatom concentrations spiking in April
before decreasing throughout the summer and occurring in lower
numbers through the winter months (Pollanen et al., 1997).
Seasonal variability can be used to scientifically determine an
approximate time of death as the diatom density in bone marrow
would reflect water concentrations at the time of death (Hürlimann
et al., 2000). As the success of diatom analysis is correlated with
diatom concentrations in the environment,diatom analysis is most
successful in summer months and least successful in winter months
when concentrations are low (Pollanen at al., 1997).

The presence of even a few diatoms in organs other than the lungs
can be a reliable indicator of death by drowning (Hendey, 1973).
Peabody (1977) suggested that their discovery in bone marrow is an
even better indicator. This is supported by Auer (1991), who
specifies that analysis of diatoms found in bone marrow is the only
definitive way to diagnose death by drowning in decomposed
bodies. This is because diatoms can enter internal organs during
the body decomposition process sometimes making analysis
unreliable (Coelho et al., 2016; (Pollanen et al., 1997). Diatom
analysis may be the only way to determine death by drowning after
attempted resuscitation or post-mortem mutilation (Timperman,
1972). Lungs are excluded from analysis if the chest has been torn
open and lungs have contacted water.Hendey (1973) and Pollanen
et al. (1997), suggest that analysis of bone marrow from intact long
bones like the femur are preferred. The absence of diatoms does
not eliminate drowning as the cause of death, as it is possible that
drowning may have occurred in water containing few or no diatoms
(Pachar & Cameron, 1993; Peabody, 1977).

To solve this issue, minimum quantitative thresholds have been
established and more research has been done regarding diatom
density in different body tissues. Pachar and Cameron, (1993),
established minimum thresholds for diatoms within a victim’s
organs and tissues to diagnose death by drowning, only making
positive diagnoses when a significant difference existed between
the number of diatoms in the lungs and those in closed organs such
as bone marrows. In a study by Ago et al. (2011), drowning patterns
were assessed based on diatom density in the drowning medium
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suggesting that diatom concentrations will be the highest in the
lungs and will decrease as the diatoms circulate into deeper organs
such as the bone marrow. The higher the diatom concentration is
in the drowning medium, the greater the likelihood of positive
results (Ago et al., 2011; Antonenko & Ferris ,1987).

Weaknesses
Although there are many strengths with the diatom analysis
technique, it is highly important to also discuss the various
weaknesses. Diatoms can be introduced into the body through
regular activities such as breathing,eating or drinking small diatom
cells (Krstic et al., 2002). If exposure to materials containing
diatoms occurs, the victim’s organs cannot be used as evidence of
drowning due to the pre-exposure (Taylor, 1994). Issues arise as
marine diatoms can be well preserved in limestone, become
aerosolized, and then inhaled, allowing them to enter the
bloodstream (Moshkovitz et al., 1983). The lungs therefore are not
good organs to analyse due to potential contamination (Horton et
al., 2006; Pachar & Cameron, 1993). Inhalation however may be
negligible (Antonenko & Ferris, 1987), as the body can naturally
eliminate some foreign particles and prevent them from entering
the organs (Pachar & Cameron, 1993). Thus further research is
needed to analyse potential diatom build up in organs (Law &
Jayaprakash, 2007).

Issues may arise however when victims are found in drowning
mediums they were previously exposed to. Taylor (1994) notes a
specific case where a victim was discovered in a body of water that
they swam in every day for 15 years.Due to prior exposure, forensic
scientists were unable to distinguish whether the victim last
entered the water body alive or was environmentally predisposed to
the same diatom species (Taylor, 1994). Further, little consensus
exists regarding whether diatoms are accurate indicators of death
by drowning, as diatoms can be found in swimmers or fishermen
who were previously exposed to diatoms (Diaz-Palma et al., 2009).
Thus, analysts must remain prudent in analysing victim records for
previous diatom exposure events (Antonenko & Ferris, 1987).
Lab contamination can also impact findings in non-drowned
victims as diatoms may be present in water used to wash lab
instruments (Pollanen et al., 1997). Diatoms from instruments
could mix with the bone marrow solution resulting in false
positives (Pollanen et al., 1997). Lunetta et al. (2013) suggest that
flasks and equipment be cleaned every 24 hours using sodium
hydroxide and that old flasks with minor irregularities be replaced
to prevent contamination, arguing that contamination is not an
impediment once proper controls are implemented.
Contamination however remains inevitable (Ago et al., 2011)
although it can be mitigated through environmental specificity
(Pollanen et al., 1997).

Diagnosing death by drowning is difficult in a body that has been
severely dismembered or fragmented due to environmental
exposure (Lunetta et al., 2013; Peabody, 1980). During
decomposition, diatoms can passively enter soft tissues and organs
(Hendey, 1973; Krstic et al., 2002),making the presence of diatoms
in the lungs and stomach of potential cases of drowning
inconclusive (Ago et al., 2011; Coelho et al., 2016). Large
lacerations can also allow diatoms passive entry into the body,
impacting the reliability of analysis (Hendey, 1973). As previously
noted, diatoms can also passively enter airways through other
means even when a victim did not drown (Bortolotti et al., 2011).
Experts must therefore proceed with caution when interpreting

diatom results from a decomposing body (Lunetta et al., 2013).
Diatoms however are found in much higher concentrations in the
bodies of drowning victims than of those disposed of in water post-
mortem (Lunetta et al., 2013), and modern research techniques
have been created to distinguish between true and false positives
(Shen et al., 2019).

Rapid death can also prevent diatoms from circulating through the
blood stream for a variety of reasons (Antonenko & Ferris, 1987;
Piette & De Letter, 2006). Therefore, in some cases, other
investigative methods must be used. Further, although finding high
diatom concentrations may indicate voluntary water inhalation
(Auer, 1991), lungs are not always a good organ for analysis as
diatoms can passively enter them (Ago et al., 2011; Coelho et al.,
2016; Pachar & Cameron, 1993; Timperman, 1972). In some cases,
diatoms may only be found in the lungs and not other body tissues,
meaning it would not be possible to definitively diagnose drowning
as the cause of death (Bortolotti et al., 2011; Pollanen et al., 1997).

Horton et al. (2006) also suggest that it may be difficult to conclude
if a death was a homicide or a natural drowning, as similar diatom
species can be found in different water sources. For example, if a
body was found in a lake that the city used for its water supply, it
would be impossible to conclude whether the individual drowned
in the lake or in a bathtub as the diatom species in either
waterbody would not be distinct.Further,due to the low occurrence
of positive tests, the likelihood of a false positive is relatively small
as well, however this rate can be reduced through quantitative
analysis (Ludes et al., 1999; Ludes, 2013; Lunetta et al., 2013;
Pollanen et al, 1997). The establishment of a minimum threshold
can help distinguish deaths by drowning due to much higher
concentrations of diatoms often found in drowning victims (Shen
et al., 2019). As Shen et al. (2019) found, significant statistical
differences exist between false-positives and true cases of drowning
lessening their impacts on analysis.

The main disadvantage of the diatom test however, is its sensitivity
(Pollanen, 1998). The study by Pollanen et al. (1997) only obtained
a positive result in 30% of freshwater drownings, meaning that
diatom frustules will not be detectible in the majority of cases. As
can be seen by the cited literature however, much of the original
foundational analysis was completed in the 1970’s, 80’s, and 90’s. It
is therefore important to analyse the impact that modern
techniques have had on diatom analysis as a technique to
determine cause of death.Liu et al. (2020) note that the substantial
technological changes in recent decades have led to the
development of new techniques that have increased the accuracy
and reliability of diatom analysis. These methods, as Carballeira et
al. (2018) note, have helped further validate it in the forensic
sciences.

Impact of modern research advances
Although the weaknesses of diatom analysis are significant, it can
be seen that modern research from 2013 to present shows that the
reliability of diatom analyses can improve with new techniques and
that controversies surrounding it have been reduced.

Many digestion techniques have been developed to separate the
diatoms from organs.

Analysis can be completed with a much higher sensitivity using
modern microwave digestion techniques, vacuum filtration, and
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high-resolution electronic microscopy (Hu et al., 2013). Fucci et al.
(2015) also found that using hydrogen peroxide led to the discovery
of nine new diatom species compared to the traditional
hydrochloric acid method. Zhao et al. (2017) developed a new
microwave digestion technique using scanning electron microscopy
which led to a 97% positive test rate when evaluating closed organs
(liver and kidneys). This was a was an approximate 70% increase
from the 27% positive test rate from Pollanen et al. (1997), showing
that reliability of diatom analysis has increased substantially with
the development of new techniques which produce more accurate
and reliable results.

Researchers have also found ways to reduce issues surrounding
false positive results which is the greatest threat to diatom analysis
reliability (Shen et al., 2019). Shen et al. (2019) found that
statistical differences in diatom concentrations in bodily tissues
existed between cases of true drowning and false positive results.
Although diatoms can be found in victims who did not drown due
to passive entry, the number of diatoms found in all organs are
significantly greater in cases where victims were known to have
drowned (Shen et al., 2019). This new method developed by Shen
et al. (2019) shows that parameters can be set to allow forensic
pathologists to distinguish between true and false positive cases
and to better determine when false positive results emerge.
Research by Li et al. (2019) further highlights the use of the ratio of
diatom concentration in the lung tissues to the diatom
concentration of the drowning medium to increase reliability.

To reduce the impact of contamination, Seo et al. (2013), used
DNA-binding properties to isolate the diatoms from the heart
blood sample after chemical digestion, which allowed for the
separation of diatoms from other impurities, easing detection of
diatoms. Seo et al. (2014) also developed a technique using silica-
coated magnetic beads to separate diatoms from contaminants
which showed significant improvements over previous methods.
Zhou et al. (2019) also discovered that artificial intelligence (AI)
could be used to automatically identify diatoms on a slide which
increases the efficiency of analysis. As diatom analysis remains
“time consuming and burdensome” (Zhou et al., 2019, p. 1), the
discovery of the reliable use of AI as a rapid and objective method
is encouraging to the forensic sciences. Zhou et al. (2019) note that
additional research is still necessary to further explore the use of
AI. Kakizaki et al. (2019) also worked to develop a new diatom
digestion method using papain – a vegetable enzyme from papaya
– instead of the more laborious and hazardous traditional acid-
digestion method.They noted that this method was promising and
that additional development should be undertaken. These studies
show that additional research can further refine diatom analysis
methods so external factors no longer present grave impediments.

CONCLUSIONS

Although the reliability of diatom analysis has been questioned due
to the prevalence of false positive results and past issues with
sensitivity in low diatom concentrations, it can be seen that
modern research and laboratory techniques have addressed many
of the existing concerns (Shen et al., 2019). Modern research has
helped strengthen diatom analysis and it remains an important
and necessary forensic tool, as diagnosing death by drowning can
be highly complex. Along with its existing strengths, which include
the presence of diatoms in almost every drowning medium,
environmental specificity, seasonal variability, and significant

quantitative differences between drowned and non-drowned
victims, the reliability of diatom analysis continues to increase due
to the use of modern research techniques and additional research.
Since the foundational research of the 1970’s and 80’s, many
significant developments have improved the reliability of diatom
analysis and reduced many of its grave weaknesses including the
ability to better distinguish between true positive and false positive
results. As diatom analysis remains one of the only definitive ways
to determine death by drowning due to the lack of alternative
methods, the literature shows that additional refinement and
research can continue to improve the technique, making analysis
easier, less hazardous, and less time consuming, so that forensic
pathologists continue to have this tool at their disposal and that its
important role in forensic sciences can continue.

The author would like to thank Dr Jodie Warren “for their guidance

during the planning and initial research stages of this review”.

REFERENCES

[1] Ago, K., Hayashi, T., Ago, M., & Ogata, M. (2011). The number of diatoms
recovered from the lungs and other organs in drowning deaths in bathwater.
Legal Medicine, 13, 186–190.

[2] Antonenko, N.E., Ferris, J.A.J. (1987). Diatom analysis in the determination of
death by drowning. Canadian Society of Forensic Science Journal, 20(1), 1-11.

[3] Antonenko, N.E. (1987). Diatom analysis lives on. Canadian Society of Forensic
Science Journal, 20(4). [Editorial]. 101-102.

[4] Auer, A. (1991). Qualitative diatom analysis as a tool to diagnose drowning. The
American Journal of Forensic Medicine and Pathology, 12(3), 213-218.

[5] Badu, I. K., Girela, E., Beltran, C. M., Ruz-Caracuel, I., & Jimena, I. (2015). Diatoms
in forensic analysis: A practical approach in rats. Medicine, Science, and the Law,
55(3), 228-235. doi: 10. 1177/0025802414538791

[6] BBC News. (2019, November 20). RSPCA forensic testing kit leads to Nantwich
dog owner's conviction. Retrieved from: https://www.bbc.com/news/uk-england-
stoke-staffordshire-50489102

[7] Bortolotti, F., Del Balzo, G., Calza, R., Valerio, F., & Tagliaro, F. (2011). Testing the
specificity of the diatom test: Search for false-positives. Medicine, Science and The
Law, 51(1_suppl), 7-10. doi: 10.1258/msl.2010.010057

[8] Carballeira, R., Vieirra, D.N., Febrero-Bande, M., & Munoz-Barus, J.I. (2018). A
valid method to determine the site of drowning. International Journal of Legal
Medicine, 132, 487-497.

[9] Coelho, S., Ramos, P., Ribeiro, C., Marques, J., & Santos, A. (2016). Contribution
to the determination of the place of death by drowning – A study of diatoms'
biodiversity in Douro river estuary. Journal of Forensic and Legal Medicine, 41, 58-
64. doi:10.1016/j.jflm.2016.04.007

[10] Díaz-Palma, P., Alucema, A., Hayashida, G., & Maidana, N. (2009). Development
and standardization of a microalgae test for determining deaths by drowning.
Forensic Science International, 184(1-3), 37-41. doi: 10.1016/
j.forsciint.2008.11.015

[11] Fucci, N., Pascali, V., Puccinelli, C., Marcheggiani, S., Mancini, L., & Marchetti, D.
(2015). Evaluation of two methods for the use of diatoms in drowning cases.
Forensic Science, Medicine, and Pathology, 11(4), 601-605. doi: 10.1007/s12024-
015-9708-2

[12] Gruspier, K.L., & Pollanen, M.S. (2000). Limbs found in water: investigation using
anthropological analysis and the diatom test. Forensic Science International, 112,
1-9.

[13] Hendey, N. (1973). The diagnostic value of diatoms in cases of drowning.
Medicine, Science and The Law, 13(1), 23-34. doi:
10.1177/002580247301300103

[14] Horton, B. P., Boreham, S., & Hillier, C. (2006). The development and application
of a diatom-based quantitative reconstruction technique in forensic science.
Journal of Forensic Sciences, 51(3), 643-650. doi:10.1111/j.1556-
40292006.00120.x

[15] Hu, S., Liu, C., Wen, J., Dai, W., Wang, S., Su, H., & Zhao, J. (2013). Detection of
diatoms in water and tissues by combination of microwave digestion, vacuum
filtration and scanning electron microscopy. Forensic Science International, 226(1-
3), e48-e51. doi: 10.1016/j.forsciint.2013.01.010

[16] Hürlimann, J., Feer, P., Elber, F., Niederberger, K., Dirnhofer, R., & Wyler, D.
(2000). Diatom detection in the diagnosis of death by drowning. International
Journal of Legal Medicine, 114(1-2), 6-14. doi: 10.1007/s004149900122

[17] Jian, J., Wan, L., Shao, Y., Zou, D., Huang, P., Wang, Z. … & Chen, Y. (2019).
Postmortem chest computed tomography for the diagnosis of drowning: a
feasibility study. Forensic Sciences Research. Doi:



FORENSIC SCIENCE 15CJUR MAY 2021 | VOL 6(1)

10.1080/20961790.2018.1557386
[18] Johnson, J. (2019, November 19). RSPCA use CSI-style bone marrow test for first

time to prove dog owner drowned pet, court hears. The Telegraph. Retrieved from:
https://www.telegraph.co.uk/news/2019/11/19/rspca-use-csi-style-bone-
marrow-test-first-time-prove-dog-owner/

[19] Kakizaki, E., Sonoda, A., Shinkawa, N., & Yukawa, N. (2019). A new enzymatic
method for extracting diatoms from organs of suspected drowning cases using
papain: Optimal digestion and first practical application. Forensic Science
International, 297, 204-216.

[20] Krstic, S., Duma, A., Janevska, B., Levkov, Z., Nikolova, K., & Noveska, M. (2002).
Diatoms in forensic expertise of drowning—a Macedonian experience. Forensic
Science International, 127(3), 198-203. doi: 10.1016/s0379-0738(02)00125-1

[21] Law, Y.Y., & Jayaprakash, P. (2007). Prevalence of diatom frustules in non-
vegetarian foodstuffs and its implications in interpreting identification of diatom
frustules in drowning cases. Forensic Science International, 170(1), 1-7.
doi:10.1016/j.forsciint.2006.08.020

[22] Levin, E.A., Morgan, R.M., Scott, K.R., & Hones, V.J. (2017). The transfer of
diatoms from freshwater to footwear materials: An experimental study
assessing transfer, persistence, and extraction methods for forensic
reconstruction. Science and Justice, 57, 349-360.

[23] Li, Z., Wu, B., Cheng, X., Wu, Y., Zhang, P., Shi, H. … & Zhao, J. (2019).
Evaluation of L/D ratio in a water-related case for the differentiation between
drowning and postmortem immersion. Forensic Science International: Synergy, 1,
68-70. doi:10.1016/j.fsisyn.2019.04.001

[24] Liu, M., Zhao, Y., Sun, Y., Li, Y., Wu, P., Zhou, S., & Ren, L. (2020). Comparative
study on diatom morphology and molecular identification in drowning cases.
Forensic Science International, 317, 110552–110552. https://doi.org/10.1016/
j.forsciint.2020.110552

[25] Lucci, A., Campobasso, C., Cirnelli, A., & Lorenzini, G. (2008). A promising
microbiological test for the diagnosis of drowning. Forensic Science International,
182(1-3), 20-26. doi:10.1016/j.forsciint.2008.09.004

[26] Ludes, B., Coste, M., North, N., Doray, S., Tracqui, A., & Kintz, P. (1999). Diatom
analysis in victim's tissues as an indicator of the site of drowning. International
Journal of Legal Medicine, 112(3), 163-166. doi: 10.1007/s004140050224

[27] Ludes, B. (2013). Immersion Deaths. Encylopedia Of Forensic Science, Second
Edition, 33-38. doi: http://dx.doi.org/10.1016/B978-0-12-382165-2.00160-4

[28] Lunetta, P., Miettinen, A., Spilling, K., & Sajantila, A. (2013). False-positive diatom
test: A real challenge? A post-mortem study using standardized protocols. Legal
Medicine, 15(5), 229-234. doi: 10.1016/j.legalmed.2013.03.002

[29] Moshkovitz, S., Ehrlich, A., & Soudry, D. (1983). Siliceous microfossils of the
Upper Cretaceous Mishash Formation, Central Negev, Israel. Cretaceous
Research, 4(2), 173-194. doi: 10.1016/0195-6671(83)90048-4

[30] Pachar, J., & Cameron, J. (1993). The Diagnosis of Drowning by Quantitative and
Qualitative Diatom Analysis. Medicine, Science and The Law, 33(4), 291-299. doi:
10.1177/002580249303300404

[31] Peabody, A. (1977). Diatoms in Forensic Science. Journal of the Forensic Science
Society, 17(2-3), 81-87. doi: 10.1016/s0015-7368(77)71130-2

[32] Peabody, A. (1980). Diatoms and Drowning—A Review. Medicine, Science and
The Law, 20(4), 254-261. doi: 10.1177/002580248002000406

[33] Piette, M., & De Letter, E. (2006). Drowning: Still a difficult autopsy diagnosis.
Forensic Science International, 163(1-2), 1-9. doi: 10.1016/j.forsciint.2004.10.027

[34] Pollanen M.S., Cheung, C., & Chiasson, D.A. (1997). The diagnostic value of the
diatom test for drowning, I. Utility: A retrospective analysis of 771 cases of
drowning in Ontario, Canada. Journal of Forensic Sciences 1997;42(2), 281-285.

[35] Pollanen, M.S. (1998). Diatoms and homicide. Forensic Science International, 91,
29-34.

[36] Rohn, E. J, & Frade, P. D. (2006). The role of diatoms in medicolegal
investigations I: The history, contemporary science, and application of the
diatom test for drowning. Forensic Examiner, 15(3), 10.

[37] Seo, Y., Sato, S., Kuroki, K., & Kishida, T. (2013). A simple DNA co-precipitation
method for the detection of diatoms in heart blood. Forensic Science
International, 232(1-3), 154- 159. doi: 10.1016/j.forsciint.2013.07.016

[38] Seo, Y., Ichida, D., Sato, S., Kuroki, K., & Kishida, T. (2014). An improved method
for the Diatom Test utilizing DNA Binding ability of Silica. Journal of Forensic
Sciences, 59(3), 779-784. doi: 10.1111/1556-4029.12390

[39] Shen, X., Liu, Y., Xiao, C., Zheng, C., Huang, J., Shi, H. … Zhao, J. (2019). Analysis
of false-positive results of diatom test in the diagnosis of drowning—would not
be an impediment. International Journal of Legal Medicine. 133, 1819-1824.

[40] Stephensen, L., Van den Heuvel, C., & Byard, R. W. (2019). The persistent
problem of drowning – A difficult diagnosis with inconclusive tests. Journal of
Forensic and Legal Medicine, 66, 79-85.

[41] Tavassi, M., Barinova, S., & Glassman, H. (2008). Algal communities in the
polluted lower Jordan River, Israel. Israel Journal of Plant Sciences, 56(1), 111-
119. doi:10.1560/ijps.56.1-2.111

[42] Taylor, J. (1994). 3. Diatoms and Drowning — A Cautionary Case Note.
Medicine, Science and The Law, 34(1), 78-79. doi:
10.1177/002580249403400113

[43] Timperman, J. (1972). The diagnosis of drowning. A review. Forensic Science
International, 1, 397-409.

[44] Yukawa N., Kakizaki E., Kozawa S. (2013) Diatom and Laboratory Tests to Support
a Conclusion of Death by Drowning. In: Rutty G. (eds) Essentials of Autopsy Practice.
Springer, London.

[45] Zhao, J., Liu, C., Bardeesi, A., Wu, Y., Ma, Y., & Hu, S. et al. (2017). The Diagnostic
Value of Quantitative Assessment of Diatom Test for Drowning: An Analysis of
128 Water-related Death Cases using Microwave Digestion-Vacuum Filtration-
Automated Scanning Electron Microscopy. Journal of Forensic Sciences, 62(6),
1638-1642. doi:10.1111/1556-4029.13455

[46] Zhou, U., Cao, Y., Huang, J., Deng, K., Ma, K., Zhang, T. … & Huang, P. (2020).
Research advances in forensic diatom testing. Forensic Sciences Research, 5(2),
98-105. doi:10.1080/20961790.2020.1718901

[47] Zhou, Y., Huang, J., Deng, K., Zhang, J., Qin, Z., Wang, Z. … & Huang, P. (2019).
Digital whole-slide image analysis for automated diatom test in forensic cases of
drowning using a convolutional neural network algorithm. Forensic Science
International, 302. doi:10.1016/j.forsciint.2019.109922


