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ARAŞTIRMA / RESEARCH ARTICLE
Comparison of Diatoms Which were Obtained from The External Surface 

of The Body and Internal Organs in the Corpses Pulled Out of Water Using 
Colloidal Silica Gradient Centrifuge Method

Sudan Çıkarılmış Cesetlerde Kolloidal Silika Gradyen Santrifüj Metodu 
Kullanılarak Vücudun Dış Yüzeylerinden ve İç Organlardan Elde Edilen 

Diatomların Karşılaştırılması
Çiler Fulya Erkan, Gürsel Çetin*

Abstract
Objective: Diatom analysis is a valuable tool in forensic science, and it is useful in the diagnosis of 

drowning and determination of the drowning site. The basic principle of the “diatom test” in investigation 
of drowning is based on correlation between diatoms are present in the medium where the possible 
drowning took place and inhalation of water causes penetration of diatoms into the alveolar system 
and bloodstream and consequently their deposition into brain, kidneys and other organs, like the bone 
marrow of large bones. There are various extraction methods that are used to isolate diatoms from water 
and tissues. Nitric acid digestion is a worldwide known method for the extraction of diatoms. In this 
study, it was aimed to obtain diatom by using colloidal silica centrifuge method instead of acid method 
besides it was aimed to compare diatom obtained from the external surfaces of body and diatom obtained 
from the internal organs.

Materials and Methods: Therefore, internal organ and body fluid samples that have been obtained 
from 30 corpses which were removed from the water and brought to the Council of Forensic Medicine 
to perform autopsy, were examined and diatom were obtained from samples of 19 cases. Moreover, the 
diatoms that were obtained from the swab samples taken from the outer body surfaces and the diatoms 
obtained from the internal organs were compared. 

Results: When the diatoms which were obtained from tissues from internal organs and body fluids 
were evaluated numerically, it was seen that the diatoms that were obtained lungs were in high numbers 
and it was followed by the pleural liquid, stomach content and pericardial fluid, respectively. The method, 
which is used, it was possible to obtain plankton other than diatom from the tissues.

Conclusion: According to the findings which were obtained swap samples, more diatoms were 
obtained from the nasal swap than the other swap samples. Colloidal Silica Gradient Centrifugation 
Method is more advantageous than traditional Nitric Acid Digestion Method because of that it is non-
toxic, reliable, easy to apply and detecting plankton other than diatoms. 

Keywords: Diatome; Plankton; Percoll.

Öz
Amaç: Diatom analizi, suda boğulma olgularında ölüm nedeninin ve boğulma ortamının tespitinde 

kullanılan çok değerli bir araçtır. Diatom analizinin temel prensibi, boğulma ortamında bulunan 
diatomların, suyun inhalasyonu yolu ile penetrasyonu ve alveollerden genel kan dolaşımına katılarak 
karaciğer, beyin, kemik iliği gibi iç organlara iletilmesi neticesinde bu organlarda tespit edilmesine 
dayanır. Diatomların dokulardan ekstraksiyonu için pek çok farklı yöntem kullanılsa da en yaygın 
olarak kullanılanı dokuların asitle homojenize edilmesi yöntemidir. Bu çalışmada, asit yöntemi yerine, 
Kolloidal Silika Gradyen Santrifüj yöntemi kullanılarak diatom elde edilmesi amaçlanmış ve yöntemin 
avantajları tartışılmıştır.

Gereç ve Yöntem: Bu amaçla, Adli Tıp Kurumu’na otopsisi yapılmak üzere getirilen 30 sudan 
çıkarılan cesetten alınan iç organ ve vücut sıvısı örnekleri incelenmiş ve 19 olguya ait örneklerden 
diatom elde edilmiştir. Ayrıca belirlenen vücut dış yüzeylerinden alınan sürüntü örneklerinden elde 
edilen diatomlar ile iç organlardan elde edilen diatomlar karşılaştırılmıştır.

Bulgular: İç organlara ait dokulardan ve vücut sıvılarından elde edilen diatomlar sayısal olarak 
değerlendirildiğinde en fazla diatomun akciğerden elde edildiği, bunu sırasıyla plevra sıvısı, mide içeriği 
ve perikard sıvısının takip ettiği görülmüştür. 

Sonuç: Elde edilen bulgulara göre, burundan alınan sürüntü örneklerinden, diğer örneklere nazaran 
daha fazla sayıda diatom elde edilmiştir. Kolloidal Silika Gradyen Santrifüj Yönteminin, geleneksel 
Nitrik Asit Yöntemine göre, toksik olmaması, güvenilirliği, uygulama kolaylığı ve asit kullanılmadığı 
için diatom dışındaki planktonun da dokulardan elde edilmesi açısından daha avantajlı olduğu sonucuna 
varılmıştır.

Anahtar Kelimeler: Diatom; Plankton; Percoll.
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1. Introduction
In the corpses pulled out of the water, as in all forensic 

cases, an autopsy must be performed in order to deter-
mine the cause of death. A detailed internal and external 
examination and laboratory methods provide important 
support for differential diagnosis in the evaluation of 
cases where the cause of death is unknown, and decay 
develops in the corpses (1). Diatom analysis is a valuable 
tool in forensic science, and it is useful in the diagnosis 
of drowning and determination of the drowning site (2). 
The basic principle of the “diatom test” in investigation 
of drowning is based on correlation between diatoms are 
present in the medium where the possible drowning took 
place and inhalation of water causes penetration of dia-
toms into the alveolar system and bloodstream and con-
sequently their deposition into brain, kidneys and other 
organs, like the bone marrow of large bones (3). The dia-
tom test, which is considered as a good compromise tool 
to reach the conclusion when considered together with 
the autopsy findings and biochemical findings, is called 
the gold standard (4). Although many different methods 
are used for the extraction of diatoms from tissues, the 
most common method is homogenizing the tissues with 
acids. This method is inexpensive and easy to take how-
ever it takes a long time, the acid to be a toxic substance, 
phytoplankton and zooplankton around the diatom can be 
damaged and causes to the prevention of detection are 
disadvantages of the method. The colloidal silica gradi-
ent centrifugation method used in this study is stated that 
more advantageous because the application time is short, 
and it does not harm the plankton with its toxic effect (5, 
6, 7).

In this study, it was aimed to obtain diatom by using 
colloidal silica centrifuge method instead of acid method 
besides it was aimed to compare diatom obtained from 
the external surfaces of body and diatom obtained from 
the internal organs.

2. Materials and Methods
In this study, between the date June 2014 and August 

2014, 30 corpses pulled out of water, 22 of them from sea 
(salt water) site and 8 of them from freshwater site, has 
been fetched to the “Republic of Turkey, Ministry of Jus-
tice, Forensic Medicine Institute, Morgue Specialization 
Department”, and samples of tissue, body fluid and swap 
were examined. Tissue samples of the lung, liver, brain, 
kidney, bone marrow and samples of gastric fluid, pleural 
fluid, and pericardial fluid, and swab samples were taken 
from the mouth, intranasal, external ear canal, hair, toe, 
fossa axillaris, perineum, and umbilicus were used.

Approximately 1 gr. of tissue samples taken from the 
internal organs with the aid of a disposable scalpel tip 
were placed in 15 ml Falcon tubes. 1 ml distilled water 
was added to homogenize with a homogenizer, after than 
8 ml of Percoll was added.

2 ml samples taken from gastric contents and body 
fluid samples were placed in 15 ml Falcon tubes and then 
8 ml Percoll added.

The tubes were placed in “Beckman Coulter, Allegra 
X-22R” centrifuge. It was centrifuged at 12 ° C, with 
9500 rpm, 6000 rpm, 9500 rpm, and 6000 rpm respec-
tively, with the period in order to 90 min, 15 min, 30 min, 
and 15 min. After each centrifugation, distilled water was 
added to the tube by removing the upper part. After the 
last centrifugation, approximately 1 ml of the remained 
in the bottom of the tube was taken and dripped to the 
slide. It left to dry in its own case. Entellan was dropped 
onto the drying slides and closed with a coverslip. After 
then, prepared preparations were examined in a light mi-
croscope after drying.

The cotton part of the swap has been cut and placed 
in Eppendorf tubes which are sizes 1.5 ml. 1 ml which 
is containing 30% Hydrogen Peroxide was added to the

incubator. It was incubated at 70 ° C for 3 hours. 
Tubes which were taken from the incubator placed in a 
centrifuge. They were centrifugation at 2400 rpm for 5 
minutes. Swaps inside them have been removed. Prepara-
tions were prepared as previously described by dropping 
on the sample slide taken from the bottom of the tube. 
They were examined by microscope.

3. Results
Diatom was detected in 19 of 30 cases. Diatom (+) 

was detected in 14 of 22 cases which were pulled out of 
the sea (salt water). Diatom (+) was detected in 5 of 8 
cases which were pulled out of fresh water. where the 
corpses were removed from the water and the obtained 
plankton is summarized in Table I. 

Figure 1. Lung tissue from the case no. 1, Navicula sp.
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Table 1. Where the corpses were removed from the water and the obtained plankton
Case No. Where the corpses was 

located
Feature of 
water

Obtained plankton

1 Ergene River Freshwater Cymbella sp., Navicula sp., Pennat diatom, Centric diatom, Dinoflagellate 
cyst

2 Üsküdar Pond Freshwater
3 Ergene River Freshwater Pennat diatom
4 Cankurtaran Coast Sea Melosira sp., Pennat diatom
5 Yeşilköy Coast Sea Pennat diatom
6 Akpınar Pond Freshwater
7 Beykoz Coast Sea
8 Uzunköprü Pond Freshwater
9 Şile Coast Sea Pennat diatom
10 Demirköy Pond Freshwater Cymbella sp., Amphora sp., Navicula sp., Gomphonema sp., Pennat diatom
11 Demirköy Pond Freshwater Amphora sp., Diatoma sp., Pennat diatom
12 Kocaali Coast Sea Naviula sp., Centric diatom, Pennat diatom
13 Bolayır Coast Sea Pleurosigma sp., Pennat diatom
14 Yeşilköy Coast Sea
15 Sarıyer Coast Sea
16 Kıyıköy Coast Sea Pennat diatom
17 Kıyıköy Coast Sea Pennat diatom
18 Zekeriyaköy Coast Sea Navicula sp., Pennat diatom
19 Vize Coast Sea Surirella sp., Pennat diatom
20 Kıyıköy Coast Sea
21 Kilyos Coast Sea Amphora sp., Diploneis sp., Pennat diatom
22 Gümüşyaka Coast Sea Prorocentrum micans, Diploneis sp., Synedra sp., Pennat diatom
23 Kısırkaya Coast Sea Pennat diatom
24 Gazi Osmanpaşa Coast Sea
25 Arnavutköy Coast Sea
26 Türkeli Coast Sea Pennat diatom
27 Sapanca River Freshwater Cymbella sp., Pennat diatom
28 Şile Coast Sea
29 Eyüp Coast Sea Pennat diatom, Bdelloid Rotifer
30 Tekirdağ Coast Sea

Cytbella sp., Navicula sp., Amphora sp., Gomphonema sp., Pleurosigma sp., Surirella sp., Diploneis sp., Diatoma sp. of the class 
Fragilariophyceae and Synedra sp., Melosira sp. of the class Coscinodiscophyceae diatoms and Prorocentrum micans plankton of 
the class Dinophyceae were determined and microscope images were shared.

Figure 3. Stomach content from the case no:10, Cymbella sp.Figure 2. Lung tissue from the case no. 4, Melosira sp.
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Figure 4. Lung tissue from the case no:10, Amphora sp.

Figure 5. Intranasal swab from the case no:10, 
Gomphonema sp.

Figure 6. Lung tissue from the case no:11, Diatoma sp.

Figure 7. Renal tissue from the case, no:13, Pleurosigma sp.

Figure 8. Lung tissue from the case no:18, Navicula sp.

Figure 9. Lung tissue from the case no:19, Surirella sp.

Erkan and Çetin / Adli Tıp Bülteni, 2019; 24 (2): 83-92
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Internal organ and body fluid samples of the corpses 
removed from water were examined and how many dia-
toms were detected from which tissue or liquid was sum-
marized in Figure 13.

Figure 10. Intranasal swap from the case no:21, 
Diploneis sp.

Figure 11. Lung tissue from the case no:22, P. micans.

Figure 12. Umbilicus swap which is removed from the 
case, Synedra sp.

Table 2. Diatom numbers obtained from swab samples taken from the outer surfaces of corpses.
No of 
Case

Intra-
oral

Intra-
nasal

External Ear 
Canal

Hair Fossa 
axilarris

Umbilical 
folds

Interphalangeal 
areas of foot

Perineum

10 2 14 - 6 1 - 1 -
12 - - 2 - - - - -
16 - - 1 - - - - -
21 - 5 - - - 1 - -
22 - - - 1 2 - -
23 - - 1 - - - - -
27 - 1 - - - - - -
29 - - - 1 - - - -

Figure 13. Total diatom numbers obtained from internal 
organs in all corpses

Erkan and Çetin / Adli Tıp Bülteni, 2019; 24 (2): 83-92
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The results of the examination of the diatoms obtained 
from the swab samples taken from the outer surfaces of 
the corpses are summarized in Table 2.

The diatoms obtained from the internal organs of the 
bodies and the diatoms obtained from the external sur-
faces of the bodies were compared and the microscope 
images of them were shared in Figure 14-18.

Figure 14. Lung tissue of the case, no: 10, Cymbella sp. and intranasal swap, Cymbella sp.

Figure 15. Lung tissue of the case, no: 10, Amphora sp. and intranasal swap, Amphora sp.

Figure 16. Stomach contents of the case, No:21, Pennat diatom and intranasal swap, Diploneis sp.

Erkan and Çetin / Adli Tıp Bülteni, 2019; 24 (2): 83-92
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Plankton images which are obtained from other than 
diatom the tissue samples of 3 cases other than diatom 
were shared in Figures 19, 20, 21.

4. Discussion
Between June 2014 and August 2014, 30 corpses 

which were pulled out of water taken to autopsy in the 
“Republic of Turkey, Ministry of Justice, Forensic Medi-
cine Institute, Morgue Specialization Department” is in-
cluded in our study.

There were reports that 29 cases of a total of 30 cases 
have declared death was the result of drowning. For the 
case of 1, a report was issued with the forensic investiga-
tion file regarding the cause of death, with the opinion 
that it is appropriate to seek the opinion of the “First Spe-
cialized Board of Forensic Medicine”

Figure 17. Pleural fluid of the case No:23, Pennat diatom and in-ear swap, pennat diatom.

Figure 18. Fossa axilarris swap of the case:10, Pennat diatom and stomach contents of the case no:11, Amphora sp.

Figure 19. Dinoflagellate cyst from lung tissue of the 
case no:1

Erkan and Çetin / Adli Tıp Bülteni, 2019; 24 (2): 83-92
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Figure 20. Prorocentrum micans obtained from the lung tissue of the case no:22

Figure 21. Bdelloid Rotifera obtained from lung tissue 
of case no:29

Yorulmaz (1996), between December 1994 and 
November 1995, has examined 100 cases which were 
proven to drown in water sent to the Republic of Turkey, 
Ministry of Justice, Forensic Medicine Institute, Morgue 
Specialization Department for autopsy process. The re-
searcher has reached the conclusion in 83 of 100 cases 
(83%) diatom (+) and in the remaining 17 cases (17%) 
diatom (-) as a result. In addition to the quantitative ex-
amination, the qualitative determination of diatoms and 
their comparison with the water obtained from the envi-
ronment will support the diagnosis and conclude that the 
forensic examination will be carried one step up from the 
quantitative diatom test (8).

Kumral et al. (2010), records of autopsies performed 
within the period of 5 years covering the period be-
tween 2003 and 2007 in the Forensic Medicine Institute, 
Morgue Specialization Department were retrospectively 

reviewed. In 300 of 433 cases, diatom analysis has re-
sulted as negative (-). The negative rate was found to be 
approximately 70%. In order to evaluate all factors such 
as contamination and intimidation, it has been concluded 
that the use of diatoms in the diagnosis of asphyxiation 
should be reviewed by prospective, controlled studies 
which will evaluate them comparatively with the samples 
belonging to the suffocation environment by using the 
different methods used in diatom analysis (9).

In comparison to the diatom test results, In the corpses 
pulled out of water, according to the diatom positive cas-
es, Ludes and Coste (1996), 40 cases, in 14 cases, diatom 
(+), and in 11 cases, diatom ( + ) were found in both lungs 
and other organs (liver, kidney, or brain). Diatom (-) was 
detected in 15 patients. In another study conducted 
by Auer and Mattenen (1988), only 33 of 107 cases 
were diagnosed as diatom (+) in lung tissue, 62 cases 
were diagnosed as diatom (+) in lung and other organs. 
In 12 cases, no diatoms were found (10).

Cases of drowning in dry water where there was 
not liquid aspiration at all and in the presence of fac-
tors such as heart failure, lung disease, alcohol, which 
have an accelerating effect of death because of the lack 
of liquid aspiration, even if there is enough diatoms in 
the water, insufficient or wrong negative results can be 
obtained (11).

In the case of diatom negative cases, Angelini Rota 
(1960) examined 48 cases and 24.2% of them were 
not detected diatom in the lung and 32.6% of them had 
been diatom (-) in other organs. Similarly, Neidhart and 
Greendyke (1967) reported these values as 17% and 
30.8% respectively. Timperman (1969) found no diatoms 
in 10% of 40 cases in lung tissue. Auer and Mattönen 
(1988) found no diatoms in the lungs and other organs in 
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11.2% of the cases. In a similar study, Ludes and Coste 
reported this rate as 37.5% (10).

Timperman (1969) reported cases known to have died 
as a result of drowning in water which had diatoms in 
other organs in spite of this, the researcher has mentioned 
cases with no diatoms in their liver (12). In this study, 
diatom was detected in only 2 cases of liver tissue. it has 
been observed that the homogenization method used is 
inadequate in making the liver tissue fully homogenized. 
it was thought that if the tissues were fully homogenized 
with the help of automatic homogenizer, better results 
could be obtained. 

In this study, when the diatoms obtained from tissues 
are examined in terms of shape, it was determined that 
almost all of them were composed of pennate diatoms. It 
was concluded that the diatoms in this form were easily 
penetrated into the tissues. Sitthiwong et al. (2011) sup-
port this idea as a result of their work (13).

In the study of Yorulmaz (1996), it was observed that 
the number of negative results in June and July was high. 
Although the number of diatoms in seawater varies from 
shore to shore during the months when water is heated, 
it is stated that the number of diatoms in seawater has 
been reduced to very low or even completely lost (8). In 
this study, it can be explained that the diatom numbers 
obtained from internal organs, body fluids and external 
surfaces are low, and all of the cases are corpses removed 
from the water in June-August.

The most common method used to obtain diatom from 
internal organs, which supports the diagnosis of drown-
ing in water, is the acid treatment of tissues, because of 
the strong effect of acid, it is impossible to detect the 
plankton outside diatom. Terazawa (1980) reported that 
with colloidal silica gradients, plankton can be obtained 
from the lungs of drowned patients, and Percol usage is 
a quick and practical method to obtain plankton from tis-
sues (14). Abe et al. (2003), with the newly developed 
PCR method, they obtained plankton from the tissues and 
blood of aquatic victims using Percol (6). 

In this study, lung tissue samples in the case no:1, 
no:22 and no:29 obtained from Dinoflagellates cyst (Fig-
ure 19), Prorocentrum micans (Figure 20) and Bdelloid 
Rotifer (Figure 21), the method was successful in the tis-
sues of the plankton of the advantage of the method in 
terms of detection and revealed that he has added value 
by showing an extra work. Prorocentrum micans red-
tide, known as the popular name, is a species of plankton, 
which causes characteristic excessive reproductive activ-
ity by turning the sea color red (15).

Diatoms collected in sediment along Geological cy-
cles are found in two different structures. The first is the 

kiesliguhr, which shows itself in the form of mud in the 
form of silicate amorphous masses. The other is diato-
mite, which sometimes finds kilometers in length, with a 
more compact structure, chalk, easily broken and slightly 
attracted to the appearance of White Rock. Both types 
were submerged in geological cycles, but today they have 
landed with tectonic movements. Kieselguhr and diato-
mite are the preferred materials for dampening and re-
moving as they are used for sound and heat insulation. 
Also used in diatomite, beer and swimming pool filters, 
cosmetics industry, toothpaste and even in the construc-
tion of dynamite with kieselguhr (15).

Diatom, which is located in many areas of industry 
as filtration, insulation, filling material and abrasive, is 
known to be used as a building material in ancient Rome 
and Greece. In addition, it is known that the It was also 
used in the dome construction of Hagia Sophia church as 
instructed by Emperor Justinianus to the architects (16).

The reliability of the diatom test in cases of drowning 
in water is discussed in terms of the presence of diatom in 
the body and internal organs as a result of the antemortem 
contamination. However, it can be said that the plank-
ton other than diatom is much more useful in diagnosing 
asphyxiation in water because it is not possible to have 
antemortem contamination (17).

At the same time, two corpses removed from the same 
water environment, case no:10. and 11, diatoms were 
examined, which are obtained from the internal organs 
and external surfaces. From case no: 11 which was the 
outer surface of the swab sample not available, diatoms 
obtained from the stomach and lung and diatoms obtained 
from intra-nose, Inter-toe and Fossa axillaries samples 
from case no:10 was found that they had the same type as 
the diatoms. This is thought to be a good example of the 
appearance of the sway samples taken from the surface to 
represent the suffocation environment (Figure 18).

For the extraction of diatoms in cotton T-shirt soaked 
in water containing diatom, Scott (2014) treated sample 
of t-shirt with HշOշ diluted by 30% and waited 3 hours in 
the hot water bath at 70°C and then centrifuged the solu-
tion at 1200 rpm (18). Since swaps were also cotton mate-
rial, the same method was followed in swaps analysis and 
it was concluded that HշOշ usage was highly appropriate 
in terms of diatom number and variety. 

A large number of diatoms were obtained from the 
looming samples taken from the nose compared to other 
samples. It is thought that the nasal remains more pro-
tected and moister than the other areas. The fact that all 
the victims wore underwear or swimwear was considered 
to be the reason why no diatoms were obtained from the 
perineum samples.
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5. Conclusion
In the corpses extracted from water, one of the tests 

that help to diagnose drowning in water is the Diatom 
test. In this study, diatom was successfully obtained from 
the internal organs of the corpses by using Colloidal Sil-
ica Gradient centrifuge method instead of a conventional 
Nitric Acid Method, which is a common use of the tissues 
to obtain diatoms by dissolving them with acid. The study 
shows the advantages of the method in terms of non-tox-
ic, reliability, ease of application and the availability of 
non-diatom plankton from the tissues.

The diatoms obtained from the swab samples ob-
tained from the external surfaces with the help of Swab 
rods were compared with the diatoms obtained from the 
internal organs and it was concluded that the swab sam-
ples obtained from the nose represent the drowning envi-
ronment in terms of both quantity and variety.

Support Resources: This study was funded by Istan-
bul University with the project number 38022
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