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1. Introduction

The diagnostic of drowning is described in the literature as one of the most difficult in the
field of forensic medicine (Piette & De letter, 2006). In fact, the external examination and the
autopsy findings are in most of the cases not specific and the laboratory investigations are
controversially appreciated by the scientific community. The main goal in this field is to
differentiate a death by submersion from a immersion of a body. Death of a victim found in
water should not always be related to drowning (Knight, 1991).

It is important to remind that the death by drowning is defined as a death due to
submersion in a liquid and the mechanism in acute drowning is hypoxemia and irreversible
cerebral anoxia (D.]. Di Maio & V.].M. Di Maio 1989).

2. Physiopathology

Considering the pathophysiology of human drowning, the role of mechanical airways
obstruction and the washing out of alveoli surfactant as well as the shifts of fluid and
electrolytes are still debated. In fact, several phases were described during the drowning
process, first a breath-holding phase, followed by involuntary inspiration, gasping for air
and loss of consciousness. The death is secondary of the development of cerebral hypoxia
leading to irreversible brain damage. The duration of the phases is dependent on
various factors, such as age, previous diseases, breath holding tolerance of the victims
and the temperature of the water. Consciousness is usually lost within 3 minutes of
submersion.

The inhaled water enters the alveolar spaces of the lungs and destroys the surfactant
inducing pulmonary edema with the transudation of protein-rich fluid into the alveolar
spaces. The surfactant washout decreases the lung compliance and ventilation-perfusion
mismatch resulting to an hypoxemia secondary of non oxygenation of blood flowing
through underventilated portions of the lung. A non cardiogenic pulmonary edema will
result with secondary metabolic acidosis. This is the main pathophysiological mechanism of
drowning and the fluid and electrolyte shifts are quite secondary.
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It was stated that fresh water is hypotonic and hyponatremic relative to blood inducing,
after inhalation, a movementt of water from the alveoli into the blood and movement of
sodium from the blood into the alveoli. These changes induce haemodilution, hypervolemia,
hypnonatremia, hyperkalemia and haemolysis (Jeanmonod et al., 1992). As the sea water is
very hypertonic relative to the blood, the water movement goes from blood into the alveoli
and the electrolytes (sodium, chloride, magnesium) from the alveoli into the blood. The
consequences of the sea water drowning should be haemoconcentration, hypovolemia and
hypernatremia. The biochemical tests that proposed to assess the diagnostic of drowning
are based on these fluids and electrolytes shifts. It is during the phases where water is
penetrating from the alveoli into the blood circulation that particles like diatom passing
through the alveolar-capillary interface before reaching internal organs.

A vagal reflex may be also induced by inhalation of water, it will increase peripheral airway
resistance with pulmonary vasoconstriction, decreased lung compliance and reduction of
ventilation - perfusion ratios (Ornato, 1986).

An intense stimulation of nerve endings at the skin, the mucosa of the ear drum, the
pharynx or the larynx by cold water can lead to a cardiac reflex arrest. It was assumed that
10% of the drowned humans die after laryngospasm or breath-holding without actually
aspirating fluid (Ludes & Fornes, 2003). A discussion was also hold about the volumes of
inhalated water and the effect on the circulation. In drowning, the inhalated volume of
water can range, from relatively small to very large. It has been showed that small amount
of water, particularly cold water, may induce vaso vagal reflex or cardiac arrest reflex.
When great amounts of water are inhalated and pass through the alveolar-capillary interface
and enter the circulation, the phenomenon of destruction of surfactant and of the alveoli
architecture leads to asphyxia. During the entering of water into the blood stream, the
diatoms present in the drowning fluid may reach the internal organs.

To establish the diagnosis of drowning it is of particular importance to correlate
informations about the circumstances preceding the death, the past medical history of the
victim if known, the circumstances of the body recovery from the water, the external
examination, the autopsy findings and the results of the complementary analyses
(histologic, biochemical, toxicological analyses and diatom test).

3. Autopsy findings

The majority of the autopsy findings are related to asphyxia and have no specific link to
drowning. The signs of drowning depend on the delay in recovering the body and on the
development of the putrefaction phenomenon which alter the positive signs of drowning.
One of the signs of drowning would be large amounts of froth present around nostrils and
mouth in freshly drowned bodies. This froth is also present in the upper and lower airways.
Froth can also be observed in cases of edema of left ventricular failure but in drowning cases
the volume of froth is generally much more abundant than in other origins.

It is admitted that lung weights are higher in drowning cases but it was shown that normal
weights are possible in the drowning cases after cardiac arrest reflex or vaso vagal reflex.
After water inhalation, the lungs may be over inflated, filling the thoracic cavity, generally
water logged referred to as “emphysema aquosum”. So the surfaces of lungs have a marbled
appearance with dark red areas linked with collapsed alveoli, interspersed with more
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aerated tissues areas. The fluid is trapped in the lower airways and blocks the passive
collapse of the bronchi that normally occurs after death. Subpleural bullae of emphysema,
sometimes hemorrhagic may be found and are related to the rupture of the alveolar walls
(Pounder, 2005). Even if these signs are mostly evocating of drowning, none of them is
pathognomonic of water inhalation.

The body having sunk to the bottom of the site of drowning, will show a pattern of
post mortem injuries such as post-mortem abrasion over the forehead, the prominent points
of the face, the anterior trunk, the backs of the hands and the fronts of the lower legs.
Injuries may also inflicted by passing watercraft in navigable waters by stumbling against
rocks or by animal activities. Accidental or suicidal injuries due to the way the person falls
or enters into the water may also be observed. Post-mortem injuries linked to the way of
recovery of the body using ropes and hooks can also be seen. These kinds of post-mortem
injuries can mimic ante-mortem wounds and the differentiation between ante and post-
mortem injuries is quite difficult because of the lack of the usual criteria of ante-mortem
wounds.

It can also be found sand, silt, seashells and weeds in the airways, lungs, stomach and
duodenum of drowned victims. If this material is fund in abundance within the alveoli, it
can be related to an immersion during life as long as it concerns a freshly drowned body.
This material may also enter the upper airways during the post-mortem immersion period
and it is possible that small quantities may enter the oesophagus and stomach but it is
unlikely that it will reach the alveoli to any significant extent if the post-mortem submersion
is short.

One of the sign of immersion is skin maceration becoming visible after various time interval
depending on the temperature of the immersion water. The skin becomes wrinkled, pale
and sodden like a “washer woman’s skin”. These changes appear at the finger tips, palms,
backs of the hands, and later, the soles. The next step is the detachment of the thick keratin
of hands and feet which pull off in “glove and stoking fashion”. Nails and hair become
loosened after a few days. Other signs of immersion are cutis anserine and post-mortem
distribution of hypostasis. The presence of mud, silt or sand on the body was described but
has no diagnostic value.

4. Complementary investigations

4.1 Histology

The microscopic investigations must be performed on all the organs of non putrefied bodies
in the aim to make the difference between a death by drowning and other causes of death.
The lung examinations can show over-distension of the alveoli, thinning of the alveolar
septa and compression with narrowing of the capillary network (Pounder, 2005).

The modifications in lungs are heterogeneous distributed and multiple sections must be
performed to assess the diagnostic. In fact the microscopic appearance may be entirely
normal in some part of the lungs.

Several staining techniques must be performed such as the staining for elastic fibers (orcein )
and reticulin fibers (Fornes et al., 1988 ; Ludes & Fornes, 2003). The examination of other
organs (brain, heart, liver) shows none specific histological changes indicative of hypoxia
such as acute congestion and swelling of the capillary endothelia.
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4.2 Biological tests
The chemical changes in plasma after drowning were based on the fluid and electrolyte

shifts after the penetration of either sea or fresh water in the alveoli and in the blood stream
(Modell & Davis, 1969). It was proposed the measurement of the specific gravity of blood, of
the concentration of sodium, chloride and potassium. For the electrolytes, the diagnosis of
drowning was based on changes of these electrolytes between the blood samples taken from
the right versus left ventricle (Bray, 1985; Couteselinis & Boukis 1976; Karkola &
Neittaanmaki, 1981). Such electrolyte shifts were described in many other causes of death
and do not provide reliable evidence of drowning.

A special mention must be made for the blood strontium analysis. The toxicological analysis
are performed to show the presence of medicaments or alcohol, taken before death in
suicidal or accidental conditions and to determine the serum level of strontium which is
described as a good parameter of drowning in sea water (Piette & Timperman, 1989). In case
of fresh water drowing, the water concentration of strontium must be higher than the serum
concentration to be a valuable parameter in favour of drowning,.

Authors such as Kane et al. (1996, 2000) and Niibel et al. (1997) proposed the detection by
molecular biology techniques of the 16S rRNA subunits of ribosomal RNA for plankton
detection in tissues samples indicating an active water inhalation and may assess the
diagnostic of drowning. According to these authors, the sequence comparison of the
variable regions of 165 rRNA could provide sufficient information to allow the
discrimination of both close and distant phylogenetic relationships.

Abe et al. (2003) and Suto et al. (2003) proposed the detection of chlorophyll-related genes of
Euglena gracilis and Skeletonema costatum to identify plankton in the victim’s tissues. It is
important to emphasize that these methods give only qualitative results (He et al., 2008) but
the quantitative approach can only be achieved by the diatom test which may also give an
indication of the site of drowning.

In fact, diatoms can be considered as particles present in the submersion water which are
inhalated during drowning and once in the blood stream which reach the closed organs.
Under strict extraction and identification conditions, these particles are good markers of
drowning.

Diatoms are unicellular algae belonging to the class of bacillariophycae which includes more
than 15 000 species living in fresh, brakish or sea water. The skeleton of these algae is called
a frustule which is constituted by two valves fitting together to enclose the cytoplasm
(Ludes & Fornes, 2003) and made of hard silice.

Due to this hard silicaceous skeleton, diatoms can be recovered from putrefied or burnt
tissues by either enzymatic or acid digestion (Ludes et al., 1994). The identification of these
algae is based on the structure of their valves showing different symmetry allowing the
distinction of two main groups namely the centric diatoms and the elongated or pennate
diatoms.

After a long period of time where the use of the diatom test was very controversial due to
false positive results linked to the presence of diatoms in closed organs of non drowned
victims (Foged, 1983; Gylseth & Mowe, 1979; Schellmann & Sperl, 1979; Schneider, 1980,
1990; Schneider & Kolb, 1969), it was stated by several authors that under strict defined
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analytical conditions this test could discriminate between drowning and none drowning
cases (Auer & Mottonen, 1988 ; Neidhard & Greedyke, 1967; Peabody, 1977; Pollanen,
1997,1998; Pollanen et al., 1997). Auer & Mottonen (1988) were one of the first authors to
propose that 20 diatoms per microscope slide obtained from lung samples should be a
sufficient concentration to exclude false positive due to contaminations. We also proposed
qualitative and quantitative criteria for a positive drowning diagnostic with the diatom
test.

For us, an analysis will be considered as positive when at least 20 diatoms are identified per
100 pl of a pellet sediment extracted from a 2 g lung sample and the identification of more
than 5 complete diatoms (with exclusion of fragments) per 100 pl of a pellet sediment
extracted from a 2 g tissue samples such as brain, kidney, liver and bone marrow. Bone
marrow is described as a sanctuary organ and if diatoms reach this tissue, the diagnostic of
drowning could be assessed.

In controlled samples belonging to non drowned victims, we newer find a number of
diatoms above the fixed criteria. When diatoms were found in closed organs of drowned
victims, the results in lung samples were in each case also above the 20 algae per 100 ul
pellet. To assess the diagnostic of drowning, it is of high importance to perform a qualitative
analysis of the found diatoms and the comparison of the diatoms present in the closed
organs and the microflora of the presumed site of drowning,.

In this aim, water samples must be collected at the drowning site (two samples of 100 ml) as
well as algae scraped from stones present in the water.

The samples are disposed in clean containers and the extraction and identification protocols
on water and tissue samples were described by our group (Ludes et al., 1999). All reagents
and glass containers must be checked for the absence of diatoms before use, and
contamination from exogenous diatoms must be avoided by using diatom-free water and by
protecting the organs during autopsy from the clothes of the victims and from the skin
surface.

At each step of the analyses and the identification of diatoms, a potential contamination
must be considered. This test cannot be proposed to assess the diagnostic of drowning in
bathtub or in water containing very few algae, for example in iced water.

If water samples are not available, it is possible to compare the diatoms found in the organs
with data collected in the rivers by a continuous water monitoring which can be set up by,
for example, the Agencies in charge of the survey of water quality.

We set up a continuous water monitoring of the main rivers of our area (Ludes et al., 1996).
Seasonal variations of the concentration of diatoms and the diatom profile are determined at
a given month by the five most frequent species. The relative abundance of each diatom
may also vary along the course of the river. So, the site of drowning may be determined by
comparison between the water microflora with the diatoms found in the lungs. In fact,
diatoms of more than 50 - 60 um in size rarely pass the alveoli-capillary barrier even after
the rupture of the alveoli by the inhalation of water.

The diagnostic of drowning can be achieved when the qualitative analysis shows that the
algae found in the organ belongs to the water microflora and the quantitative criteria are
fulfilled (Hendey, 1973, 1980 ; Ludes et al., 1999).
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5. Conclusion

The diagnostic of drowning may be achieved after having considered all the forensic
investigations performed in those cases, i.e: external examination, autopsy findings,
histological and toxicological analysis, blood strontium determination, biochemical analysis
and diatom test. The diatom test was still considered controversial by the by the literature
but we defined qualitative and quantitative criteria which could exclude false positive
results. It is of particular interest in case of putrefied bodies where the other investigations
have failed.
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