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ABSTRACT

The recovery of a corpse from water raises an array of questions with no adequate
answer, despite all signs that drowning cases could offer. This required other ancillary
investigations such as; biochemical changes in different body fluids. Objectives: This work
aimed at studying biochemical and electrolyte changes to differentiate true drowning from
postmortem submersion in fresh and seawater using an experimental drowning
model. Methods: Five groups of 8 adult male albino rats each were used, including
anesthetically mechanically euthanized rats without exposure to submersion (as a control
group), Group IlI: postmortem-submersion (PS) in freshwater, Group IlI: PS in saltwater,
Group IV: truly drowned death (TDD) in freshwater, Group V: TDD in
saltwater. Results: Certain markers significantly increased in the TDD of the saltwater
compared to that of the freshwater group, such as sodium (Na), chloride (CI), magnesium
(Mg), calcium (Ca), tumor necrosis factor-o (TNF-a), creatine phosphokinase (CPK),
triglycerides, total protein, albumin, strontium (Sr) and cardiac troponin (pericardial fluid and
peripheral blood). The summation of Na+, K+, CI levels, and Sr concentration significantly
increased in TDD of the saltwater group compared to the other groups. On the other hand,
some parameters like blood urea nitrogen (BUN), creatinine (Cr), atrial natriuretic peptide
(ANP), and surfactant-associated protein (ASP-A) significantly increased in the TDD of the
freshwater compared to those of the saltwater group. Conclusion: Serum electrolytes and
biomarkers could serve as adjunct parameters in confirming drowning and differentiating
between freshwater and saltwater drowning as well.

Key Words: drowning; electrolytes; freshwater; saltwater; strontium; postmortem
submersion

INTRODUCTION
According to the World Health
Organization (WHO), drowning is defined

Drowning is claimed to be the third
foremost reason for death and is
responsible for seven percent of injury-

as the development of defacement in the
respiratory process following submersion
or immersion in fluid (Piegari et al.,
2019).

linked mortalities. It remains one of the
gravest public health concerns where; a
total of 360,000 drowning victims during
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2015 were recorded by the WHO,
excluding victims of natural disasters such
as floods, transportation accidents, and
deliberate cases either suicidal or
homicidal. (Layon et al., 2009;World
Health Organization, 2017). Egypt has a
high incidence of drowning cases because
it possesses the Red and Mediterranean
seas and the River Nile that represent very
long coastlines surrounding and passing
through it (Lin et al, 2015).

Though the mechanisms of drowning
and its related injuries had been presented
comprehensively in numerous
publications, its identification is still the
most  challenging task in forensic
pathology because cadavers retrieved from
an aguatic can or cannot have
drowned (McEwen and Gerdin,
2016). Systematic  autopsy and PM
investigations are crucial to distinguish
lesions that may verify or revoke
drowning as a cause of death. However,
PM examination can yield many typical
external gross signs and microstructural
findings, unluckily,

they are non-specific. Supplementary
data such as victims' clinical history, crime
scene investigation, witnesses, and
physical evidence, are commonly looked
for by the forensic examiners to anticipate
PM findings and ancillary test results in
such situations (Hyodoh et al., 2016).

Identification of drowning in fresh- or
saltwater yet remains questionable and
doubtable. The movement of the drowned
bodies in the water could obscure the
distinction between both types.Verdict
cases of drowning by depending only on
pulmonary pathology are frequently
demanding since the characteristic edema
and congestion are not specific (Van
Beeck et al., 2005). Autopsy of cadavers
found underwater represents a significant
percent of medico-legal applications. Yet,
the basic query concerning the actual
cause of death could not be solved (Piette
and Els, 2006).

The biochemical profile emerging
from true drowning can be differentiated
from PM immersion, thanks to

multifactorial events such as asphyxia,
muscle spasm, pulmonary abnormalities,
and voluminous water swallowing. These
cascades of incidences cause changes of
biochemical parameters that could serve as
markers for typical drowning
death (Agoro et al., 2021). In forensic
practice, there is an urgent need for
developing an easy, quick, consistent, and
confident technique to ascertain the
genuine cause of death when a body is
retrieved from water (Xiong et al.,
2021). So, this study aimed to differentiate
between true drowning and PMsubmersion
in fresh and saltwater depending on the
analysis of certain electrolytes and
biochemical markers and evaluate their
discriminant capacity individually and
jointly.

MATERIALS AND METHODS

Study Design

The study comprised five groups;
each of eight adult male albino rats as
follows:

e Group |I: the control
group.

e Group IlI: postmortem-
submersion (PS) in freshwater.

e Group IlIl: PS in
saltwater.

e Group IV: truly drowned
death (TDD) in freshwater.

e Group V: TDD in
saltwater.

All experimental procedures
involving animals stringently followed the
Animal Welfare research and the Ethics of
Animal Use in the Research Committee of
Zagazig University, Egypt. Forty adult
male Albino rats; (180-220 G of weight)
were Kkept in cages at controlled
conditions: (21-24°C temperature, 50-60%
relative humidity, and 12-hour darkness
(light-darkness cycle). Animals feed on
standard rat chow.

Group, | was only mechanically
euthanized under anesthesia. The PS
groups were submerged after scarification.
Rats of both groups IV and V were
drowned inside a box filled with water
from the Nile River (freshwater drowning)
or filled with water from the
Mediterranean Sea (saltwater drowning).

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 22 (4), December 2022



Mostafa et al.

65

Time passed since the start of the
drowning process till the confirmed death
was recorded. At autopsy, blood samples
from dead rats were collected from the
heart and great vessels, centrifuged
immediately, and kept at -20°C (Elalfy et
al., 2019; Agoro et al., 2021).

Methods

e Serum electrolytes (Na, k, Cl, and
Mg) were measured (Barnett et al., 1973;
Tietz, 1976a; 1976b; 1983).

e Biochemical markers (albumin,
total protein, creatinine (Cr), creatinine
phosphokinase (CPK), and triglyceride)
were measured (Dumas et al., 1971; letz
1976; Yatzidis 1987; Fassati and
Prencipe, 1982). Blood urea
nitrogen (BUN) was estimated with a
urease-glutamate dehydrogenase technique
(Maeda et al., 2009).

e Serum Tumor Necrosis Factor-o
(TNF-a) was analyzed with (ELISA)
(Assay Kit Co, Calif) (Rui et al., 2009).

e Quantitative assays of surfactant-
associated protein (ASP-A) levels were
assayed quantitatively in serum samples
that were collected from left and right
ventricular blood of all animal groups. An
automated enzyme immunoassay System
(ELSIA-F300) with Kits enclosing two
anti-SP-A monoclonal antibodies (SP-A
Test F Kokusai; International Reagents
Corporation, Kyoto, Japan)  was
used (Hino et al., 1994; Zhu et al., 2002).

e Strontium  (Sr) levels were
estimated in the serum of rats and the
water medium by Zeeman AAS (AAnalyst
600) Perkin-Elmer instrument. The
sensitivity, detection limit, and linear
range was 0.36, 4.6, and 10-40ug/l,
respectively (Azparren et al.,, 1994;
Pérez-Carceles et al., 2012).

e Cardiac Troponin-1: pericardial
fluid (PCF) and peripheral blood samples
were collected and centrifuged for serum
extraction. Cardiac troponin assay was

measured by immunoassay, with the
“Troponin T hs STAT” assay (Ref.
5092728190, Roche Diagnostics®) (Zribi
etal., 2021).

e Also, serum Atrial Natriuretic
Peptide (ANP) was measured (Lorente et
al., 1989).

Statistical analysis

Data was collected and presented as
mean + standard deviation. Data was
analyzed using a computer program (SPSS
Inc, 2007) version 16.0. A significant
difference was calculated with Kruskal—
Wallis test, followed by the Post-hoc test
for  multiple  comparisons  between
different groups. P-values <0.05 were
considered  significant  while  values
<0.01 and <0.001 were highly significant.

RESULTS

Tables(1 and 2)summarized the
serum changes in electrolyte and
biochemical parameters of studied rats.
Table (3) showed the changes in cardiac
troponin levels in both pericardial fluid
and peripheral blood. Comparing TDD in
the saltwater with that of the freshwater
group, there were significant increases in
the following parameters Na (mEqg/l), K
(mEg/l), Chloride (mEg/l), Mg (mg/dl), Ca
(mg/dl), TNF-a(ng/L), CPK (mcg/L),
Triglycerides (mg/dL), total protein
(g/dL), albumin (g/dL), and cardiac
troponin (ng/ml) peripheral and central in
(both pericardial fluid and peripheral
blood). In addition, Na+, K+, and CI
(mEg/L) and Sr(ug/L) levels were
significantly increased in the TDD in
saltwater compared to other studied
groups. On the other hand, TDD of the
freshwater showed a significant increase in
BUN (mg/dl), Cr (mg/dl), ANP (pg/ml),
and A SP-A (Ug/ml)as compared to the
saltwater group.
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Table 1. Electrolytes and biochemical changes of the serum in different studied groups.

Na (mEqg/l)
K (mEg/l)

Chloride (mEg/l)
SUMNa+K+Cl

(mEg/L)*
Mg (mg/dl)
Ca (mg/dl)
BUN (mg/dl)
Cr (mg/dl)
TNF-a( ng/L)

CPK (mcg/L)

Triglycerides (mg/dL)
Total protein (g/dL)

Control
(Group I)

135.4+31.22P
87.6 + 19.5%P
99.3 + 21.6%P
322.3+24.13P

1.7+ 0.6%P
8.6+2.78P
7.4+2.13P
0.74 +0.23P
13.2 + 3.43P

498.2+93.230
91.2+22.32P
8.4+1.5%b
3.9+ 1.12P

PS in fresh
water
(Group 11)
138.1+32.12b
89.6 + 18.830
99.8+20.02P
327.5421.92b

2.1+0.720
8.3 £1.8%0
7.6+2.230
0.94+0.320
12.9 +3.12P

499.4+91.58b
93.5+23.32P
8.7+1.6%0
3.8+ 0.92P

PS in salt
water
(Group 111)
137.3+30.32b
87.6 + 19.2ab
100.3+19.12b
325.2423.72b

1.9 +0.8P
9.1 £2.43b
8.3+2.13P
0.82+0.23P
13.0 +£ 2.92P

497.9+94.23b
92.7+21.52P
8.3+1.3%P
3.9+1.28P

TDD in
fresh water
(Group 1V)
109.1 £16.8°
66.1 +£11.2°
80.1 +13.3¢
255.3+ 12.6°

45 +1.6°
10.9 £2.1°
17.4 +4.1°
2.8 +0.9°
11.3+1.4°

402.6+62.1°
68.3+17.1°
6.7+0.9°
2.8+ 0.6°

TDD in salt
water
(Group V)
178.8 £39.9
190.1+ 35.3
176.5 +£28.1
545.4+ 30.6

21.9+7.3
19.0 £5.6
12.0+3.1
1.2+04

255+6.2

599.8+99.3
124.7+31.6
9.9+1.8
49+1.38

p

<0.001*
<0.001*
<0.001*
<0.001*

<0.001*
<0.001*
<0.001*
<0.001*
<0.001*

<0.001*
<0.001*
<0.001*
<0.001*

Albumin (g/dL)

* Values of SUMNa+K+Cl are the summation of mean electrolyte concentrations.
Values are expressed as mean + standard deviation (SD) of n = 8 animals/group
n=number of rats p=0.000 means highly significant

a: P<0.05, compared with GrouplV

b: P<0.05, compared with GroupV

c: P<0.01, compared with GroupV

Table 2. Serum changes of strontium, atrial natriuretic peptide, and surfactant-associated
protein changes of the serum in different studied groups

Control PS in fresh PSin salt TDDinfresh TDDinsalt p
(Group I)  water water water water
(Group 1) (Group I11)  (Group IV) (Group V)
Strontium ug/L 24.5+148 2794223 28.2+21.8  256.9+569.3 341617314
Atrial Natriuretic 147.1+42.5 145.8+39.9 147.3+41.2  358.4 +96.8 190.3 £67.2
Peptide (pg/ml)
Surfactant-associated 0.276+£0.02 0.259+0.01 0.268+0.02  0.739+0.04 0.491+0.03

protein (A SP-A) Ug/ml

Values are expressed as mean + standard deviation (SD) of n = 8 animals/group
n=number of rats p=0.000 means highly significant

a: P<0.05, compared with GrouplV

b: P<0.05, compared with GroupV

c: P<0.01, compared with GroupV

<0.001*
<0.001*

<0.001*

Table 3.Cardiac troponin level in pericardial fluid and peripheral blood rats indifferent studied

groups.
Cardiac troponin Control PSinfresh  PSinsaltwater TDD in fresh TDD in salt p
(ng/ml) (Group I)  water water water

(Group 1) (Group I111) (Group 1V) (Group V)
Pericardial fluid 10.68+2.9  10.79+2.8 11.09+£3.1 13.93+4.1 17.91+4.7
Peripheral blood 0.357£0.01 0.357+0.01  0.357+0.01 0.594+0.02 0.851+0.02

Values are expressed as mean + standard deviation (SD) of n = 8 animals/group
n= number of rats p=0.000 means highly significant
a: P<0.05, compared with GrouplV
b: P<0.05, compared with GroupV
c: P<0.01, compared with GroupV
DISCUSSION
The mystery of determining sure
drowning death has remained a major
drawback in forensic medico-legal fields,

and there is no precise body marker to
define  drowning. So, incorporating
different investigations is significant for

<0.001*
<0.001*
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confirming  the actual cause  of
death (Yajima et al., 2013).

Various mechanisms expound on the
distorted physiological processes that occur
due to drowning. The victim is confronted
initially with a lack of oxygen and asphyxia
as a result of being submerged in water.
Alterations that happen include emphysema
aquosum and external froth. Blood
encounters numerous physical, chemical,
and biochemical alterations such as
electrolyte imbalance and entry of
exogenous substances into the circulation.
Insufficiency of accurate morphological
alterations in drowned victims raises the
need for evaluation via biochemical
landmarks (Paulis and Hasan, 2018).

The present study aimed to represent
and analyze the electrolytes and
biochemical alterations to distinguish
between drowning death and PM
submersion in fresh and seawater. Certain
elements significantly increased in rats’
serum of TDD in salt- compared to
freshwater, such as Na, Cl, Mg, Ca in
addition to TNF-a, CPK, triglycerides, total
protein, albumin, and cardiac troponin
(pericardial fluid and peripheral blood). On
the other hand, some parameters like BUN,
Cr, surfactant-associated protein, and ANP

were significantly increased in TDD in
fresh- compared to saltwater.

The summation of Na+, K+, Cl, and Sr
levels significantly rose in TDD in
saltwater compared to the other groups.
This is considered one of the most
significant findings in the current study.
These results agreed with several previous
studies investigating electrolyte changes in
drowning victims. Studies noted that serum
levels of Na, Cl, Mg, and Ca rose in
saltwater and decreased in freshwater
drowning (Zhu et al., 2003; 2005).

On the other hand, other studies
reported trivial dissimilarity in blood and
CSF regarding Na and K content in
freshwater drowning and other causes of
death. This inconsistency may be ascribed
to delayed PM examination (1-4
days) (Rammer and Gerdin, 1976).

In the current study, we measured the
addition of Na, k, and Cl which
was consistent with Yajima and colleagues

(2013), who stated that using SUM of Na+,
K+, and Cl was a preferable diagnostic
method when compared to detecting Na+
levels alone or the summation of Na+ and
Cl- levels only.

In the same context, Marella and
other researchers (2019) observed higher
levels of Ca and Ma in blood inside the
heart and peripheral blood of victims
drowned in the sea-as compared to
freshwater drowning. Furthermore, they
found a high Mg/Ca ratio in pericardial
fluid in cases of saltwater drowning.

Pulmonary SP-A is considered a
potential indicator for death explication due
to hypoxia, mainly drowning. Many
experimental studies have reported some
surfactant phospholipids as good indicators
for differentiating between true and PM
drowning and distinguishing between salt-
and freshwater drowning (Zhu et al.,,
2002). Other  studies  showed  that
pulmonary surfactant decomposed in
freshwater but undergone dilution or
washing off in saltwater; this could explain
our results regarding pulmonary SP-A.
However, it may be increased in both blood
and tissues, not only in drowned cases but
also in other victims of asphyxia fatalities,
but to a minimal and insignificant degree.
Therefore, higher SP-A levels can be a
valuable marker for drowning
diagnosis (Lorente et al., 1990a; Maeda et
al., 2003).

One of the most prominent markers of
water aspiration is strontium (Sr), a metal
found in a liquid medium rich in it. It is
used mainly in differentiation between salt
water and fresh water because it is
significantly higher in saltwater. Sr is not
used alone for the diagnosis of death from
drowning. However, it is not present in the
same concentration in different rivers.
Several researchers assessed its diagnostic
efficacy in conjunction with other serum
biochemical markers as a beneficial tool in
saltwater drowning diagnosis (Azparren et
al., 2003). Along with our findings, Pe"rez-
Ca’rceles and colleagues
(2012) discovered  that  drowning is
associated with higher Sr blood levels than
any other cause of death. Also, they
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reported that it is present at an elevated
concentration in the sea compared to
freshwater.

Atrial natriuretic peptide (ANP) was
first experimentally described in a study
performed in the year 1990. In parallel with
our results, this study found higher blood
levels of ANP, especially in freshwater
drowning. As a fact, ANP is characterized
by its stability in the first eight hours
following death. Furthermore, ANP was
released  physiologically in human
volunteers during head-out immersion in
water, as well as in all circumstances of
hypervolemia (Lorente et al., 1990b;
Piette and Els, 2006).

In the present study, the significant
difference that existed between fresh- and
saltwater drowning groups can be referred
to the various physio-chemical effects of
the drowning boundary, as highlighted
by Keil and colleagues
(2014). Also, Saukko and Knight
(2004), explained that in freshwater, a large
amount of liquid crosses the alveolar
membrane and into the circulation,
resulting in hemolysis that could liberate K,
leading to myocardial anoxia,
hypervolemia, K excess, and Na deficit.
Anoxia and excess K lead to ventricular
fibrillation and death. Conversely in the sea
(salt) water drowning, marked hypertonicity
of inhaled water causes loss of fluid from
the circulation and into the lungs, giving
rise to fulminating pulmonary edema with
increased blood viscosity leading to
circulatory shock and cardiac standstill or
asystole, a process that requires 8-12 min to
occur (hematocrit and plasma Na level
rise).

Moreover, the current study showed
significant  differences  between true
drowning and PM submersion groups. This
could be attributed to the hypoxia that
occurred in both types of drowning, causing
depression of the myocardium associated
with severe pulmonary dysfunction. Most
of these sequels are due to vasoconstriction
of pulmonary blood vessels, changes in
pulmonary capillary permeability, and
associated inflammation, all of which
further contribute to pulmonary edema
(Xiong et al, 2021).

Death by drowning is a major
impediment for forensic scientists, not only
because of the difficulty in making a
conclusive diagnosis for the cause of death
but also because it is difficult to assess the
circumstances surrounding death. The main
difficulty lies in detecting whether the
victim died due to drowning, especially in
the absence of the morphological signs of
drowning or when the body is discovered in
a late stage of putrefaction or moved away
from water resources (Legaz et al., 2021).

CONCLUSIONS

One of the most challenging and
problematic cases in forensic practice is
death by drowning. This mandates the
development of a more simple and reliable
method. The present study suggested the
usefulness of conjugation of serum
electrolytes and biomarkers for
differentiation between true drowning and
PM submersion and, also, between fresh-
and saltwater drowning.

RECOMMENDATIONS

The present study was conducted in a
very early PM time. More studies will be
required to convey the biochemical
alterations for delayed PM intervals. Also,
the correlation between biochemical
alterations of the serum and CSF and
vitreous, along with the consequences of
longer-time submersion, entails further
study.

REFERENCES

Agoro, E. Y. S, |Ikimi, C. G.
andEdidiong, T. (2021): The use of
vitreous renal chemistries in the
discrimination of postmortem fresh
water drowning. Toxicology Research
and Application. 5:
2397847321997523.

Azparren, J.E., Fernandez-Rodriguez, A.
and Vallejo, G. (2003): Diagnosing
death by drowning in fresh water using
blood strontium as an indicator.
Forensic Science
International. 137(1):55-59.

Azparren, J., De la Rosa, I. and Sancho,
M. (1994): Biventricular measurement
of blood strontium in real cases of
drowning. Forensic Science
International. 69(2):139-148.

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 22 (4), December 2022



Mostafa et al.

69

Barnett, R.N., Skodon, S.B. and
Goldberg, M.H. (1973): Performance
of  "kits" used for clinical
chemicalanalysis of calcium in serum.
Am J Clin Pathol. 59(6):836-845.

Dumas, B.T., Watson, W.A. and Biggs,
H.G. (1971): Albumin standards and
the measurement of serum albumin
with bromcresol green. Clin Chim
Acta 31(1): 87-96.

Elalfy, M. M., Ragheb, H. H., Sleem, F.
R. and Hamed, M. F. (2019):
Biochemical Markers and Pathological
Features of Postmortem Time Interval
Distinguishing Freshwater and
Saltwater Drowning Induced Death in
Albino Rats. Biomedical Journal of
Scientific & Technical
Research. 20(1):14713-14720.

Fassati, P. and Prencipe, L. (1982):
Serum triglycerides determined
calorimetrically with an enzyme that
produce hydrogen peroxide. Clin
Chem 28 (10): 2077-2080.

Hyodoh, H., Terashima, R., Rokukawa,
M., Shimizu, J., Okazaki, S., Mizuo,
K. and Watanabe, S. (2016):
Experimental drowning lung images
on postmortem CT-Difference
between sea water and fresh
water. Legal Medicine. 19:11-15.

Hino, S., Itoh, K., Hasegawa, R., Hosoda,
K., Honda, Y., Abe, S., Kuroki, Y.
and Akino, T.(1994): Establishment
of the sensitive assay for pulmonary
surfactant protein A. lgaku To
Yakugaku.32:827-836.

letz, N.W (1976): Fundamentals of clinical
chemistry.Cpk, W.B. Saunders Co.,
Philadelphia pp: 940-941.

Keil, W., Lunetta, P., Vann, R. and
Madea, B. (2014).: Injuries due to
asphyxiation and drowning. Handbook
of forensic medicine. 367-450.

Layon, A. J., Modell, J. H., Warner, D. S.
and Warner, M. A. (2009):
Drowning: update 2009. The Journal
of the American Society of
Anesthesiologists, 110(6):1390-1401.

Legaz, 1., Barrera-Pérez, E., Prieto-
Bonete, G., Pérez-Martinez, C.,
Sibén, A., Maurandi-Lépez, A. and
Pérez-Carceles, M. D. (2021): Trace
elements in forensic human lung: A

new approach to the diagnosis of
seawater  drowning.A  preliminary
study. Forensic Science
International. 323:110815.

Lin, C. Y., Wang, Y. F., Lu, T. H. and
Kawach, 1. (2015): Unintentional
drowning mortality, by age and body
of water: an analysis of 60 countries.
Injury prevention. 21(el):e43-e50.

Lorente, J. A., Hernandez-Cueto, C.,
Villanueva, E. and Luna, J. D.
(1990a): The usefulness of lung
surfactant phospholipids (LSPs) in the
diagnosis of drowning. Journal of
Forensic Science. 35(6):1367-1372.

Lorente, J. A., Villanueva, E.,
Hernandez-Cueto, C. and Luna, J.
D. (1990b).: Plasmatic levels of atrial
natriuretic peptide (ANP) in drowning.
A pilot study. Forensic  Science
international. 44(1):69-75.

Lorente, J. A., Hernandez-Cueto, C. and
Villanueva, E. (1989): Postmortem
stability of the rat atrial natriuretic
peptide in  blood and atrial
tissue. Revista Espanola de
Fisiologia. 45(2):127-130.

Maeda, H., Fujita, M. Q., Zhu, B. L.,
Ishida, K., Quan, L., Oritani, S. and
Taniguchi, M. (2003): Pulmonary
surfactant-associated protein A as a
marker of respiratory distress in
forensic pathology: assessment of the
immunohistochemical and biochemical
findings. Legal Medicine. 5:5318-
S321.

Maeda, H., Zhu, B.L., Ishikawa, T.,
Quan, L., Michiue, T., Bessho, Y.,
Okazaki, S., Kamikodai, Y., Tsuda,
K., Komatsu, A. and Azuma,
Y.(2009): Analysis of postmortem
biochemical findings with regard to the
lung weight in drowning. Legal
Medicine. 1:11:5269-72.

Marella, G. L., Feola, A., Marsella, L. T.,
Mauriello, S., Giugliano, P. and
Arcudi, G.1.(2019): Diagnosis of
drowning, an everlasting challenge in
forensic medicine: review of the
literature and proposal of a diagnostic
algorithm. Acta Med. 35:900-9109.

McEwen, B.J. and Gerdin, J.(2016):
Veterinary forensic pathology:

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 22 (4), December 2022



Mostafa et al.

70

drowning and bodies recovered from
water. Veterinary Pathology.
53(5):1049-1056.

Paulis, M. G. and Hasan, E. I. (2018).:
Electrolytes and biochemical changes
in cerebrospinal fluid in drowning:
experimental rabbit model. The
American  journal of  Forensic
Medicine and Pathology. 39(3): 236-
241.

Pérez-Céarceles, M. D., Del Pozo, S,
Sibon, A., Noguera, J. A., Osuna, E.,
Vizcaya, M. A. and Luna, A. (2012):
Serum  biochemical markers in
drowning: diagnostic efficacy of
Strontium and other trace
elements. Forensic Science
International. 214(1-3):159-166.

Piegari, G., De Biase, D., d'Aquino, 1.,
Prisco, F., Fico, R., llsami, R. and
Paciello, O. (2019): Diagnosis of
drowning and the value of the diatom
test in veterinary forensic
pathology. Frontiers in  veterinary
science. 6:404.

Piette, M. H. and Els, A. (2006):
Drowning :still a difficult autopsy
diagnosis. Forensic Science
International. 163(1-2):1-9.

Rammer, L. and Gerdin, B.(1976):
Dilution of blood in fresh water
drowning. Post-mortem determination
of osmolarity and electrolytes in blood,
cerebrospinal  fluid and vitreous
humor. Forensic Sci. 8: 229-234.

Rui, M., Duan, Y. Y., Wang, H. L.,
Zhang, X. H. and Wang, Y. (2009):
Differences between seawater-and
freshwater-induced lung
injuries. Zhongguo wei zhong bing ji
jiu yi xue = Chinese critical care
medicine = Zhongguo weizhongbing
jijiuyixue. 21(7):416-420.

Saukko, P. and Kbnight, B.(2004): The
pathology of wounds. Kbnight's
Forensic Pathology. 3rd Ed. London:
Edward Arnold Ltd., CRC Press 136-
173. Tietz, N.W. (1976a):
Fundamentals of clinical chemistry,
chloride, W.B Saunders,
Philadephiapp: 897.

Tietz, N.W. (1976b): Fundamentals of
clinical ~ chemistry,potassium, W.B
Saunders, Philadephiapp: 874.

Tietz, N.W. (1983): Clinical guide to
laboratory  tests, sodium, W.B
Saunders, Philadephiapp: 384.

World Health Organization

[Internet]. Geneva: World Health
Organization; (c2017): Drowning fact
sheet; 2017. May [cited 2017 Dec 1].
Availablefrom: http://www.who.int/me
diacentre/factsheets/fs347/en/. [Google
Scholar]
Xiong, H., Wang, Q., Zhao, M,
Zheng, Z., Zhu, S., Zhu, Y. and Li,
J. (2021): Drowning and postmortem
immersion identification using
attenuated  total  reflection-Fourier
transform  infrared  spectroscopy.
Microchemical Journal. 167:106310.

Van Beeck, E. F., Branche, C. M.,
Szpilman, D., Modell, J. H. and
Bierens, J. J. (2005): A new definition
of drowning: towards documentation
and prevention of a global public
health problem. Bulletin of the World
Health Organization. 83:853-856.

Yajima, D., Saito, H., Sato, K.,
Hayakawa, M. and Iwase, H. (2013):
Diagnosis of drowning by summation
of sodium, potassium and chloride ion
levels in pleural effusion:
differentiating between fresh water and
sea water drowning and application to
bathtub  deaths. Forensic ~ Science
International. 233(1-3):167-173.

Yatzidis, H.L (1987): A colorimetric
method for detection of total protein. J
Clinical Chemistry Journal. 23: 908.

Zhu, B. L., Ishida, K., Taniguchi, M.,
Quan, L., Oritani, S., Tsuda, K. and
Maeda, H.  (2003): Possible
postmortem  serum  markers for
differentiation between fresh-,
saltwater drowning and acute cardiac
death:a  preliminary investigation.
Legal Medicine. 5: S298-S301.

Zhu, B. L., Ishikawa, T., Quan, L., Li, D.
R., Zhao, D., Michiue, T. and
Maeda, H. (2005): Evaluation of
postmortem  serum  calcium and

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 22 (4), December 2022


http://www.who.int/mediacentre/factsheets/fs347/en/
http://www.who.int/mediacentre/factsheets/fs347/en/
https://scholar.google.com/scholar_lookup?title=World+Health+Organization%5bInternet%5d.&publication_year=2017&
https://scholar.google.com/scholar_lookup?title=World+Health+Organization%5bInternet%5d.&publication_year=2017&

Mostafa et al. 71

magnesium levels in relation to the
causes of death in  forensic
autopsy. Forensic Science
International. 155(1):18-23.

Zhu, B.L., Ishida, K., Quan, L., Li, D.R,,
Taniguchi, M., Fujita, M.Q., Maeda,
H. and Tsuji T.(2002): Pulmonary
immunohistochemistry and  serum
levels of a surfactant-associated
protein A in fatal drowning. Legal
Medicine. 4(1):1-6.

Zribi, M., Ennouri, H., Turki, M., Amar,
W. B., Grati, M. A.,, Hammami, Z.
and Maatoug, S. (2021).: Diagnostic
value of high-sensitivity troponin T in
postmortem diagnosis of sudden
cardiac death. Journal of Forensic and
Legal Medicine. 78:102127.

Egypt J. Forensic Sci. Appli. Toxicol. Vol 22 (4), December 2022



Mostafa et al. 72

(sl padldl

Qe B sl a8 ) ) g g A gaad) dilianl) cf i) Al
2 Chaadl) aa) s sdadlall g dpded) Sliall B (5 4l (e ALl Bl
& ) Ghall Jlaa
1opall oo daa ¢lag) Fa 9 feaddl danca 3l 8L 41 e Ldla 1 dhaadaad) 4
2cileliall Gaba s Al 5 aaiaall cadad 4SS & gand) 5 oo Al bl oLl
30 gl calil) i Adnae 3 B 51 daala - 5l ) 4

VAN S (e ae I e ¢ A Ala) (50 ALY (e el elall (e Al Jlim) i
saclusall Clla gadll ) daladl 38 e 0 8 5 @oall OV Gadis e Ja )
138 Chagy Adbaal) awall Bl g & 2,0 sdll 5 Al sl il il Jie 5 AYI
Sinll oA Gu Daall dal e 2l gdll 5 A sl ol il Al ja ) Jeal
o gmoadll 3 Al Zisai aladiuly sl el Adall oliall & Bl axy seidly
sban O )5S 8 e (sSH 4o gaae IS ) G Cle sana (ued aladial
Ol LSiSae aas Il gl e alaie W) A (Aaglall V) e senal )il
) ¢ Al obuall (85 sere A () 8 (A0 de ganall Yo parll el o0
da gl (Al Ao senall ) cAallall sluall (8 5 ) saie Aine (o)) 8 (R de sanall
AHle Llade)sim oy (el de senall ) cddall sluall 848 jle Lalai dpe ]
e gana 8 laa 48l il gl b 5 JSG) YA sy ) ) Asdll olud)
sl ¢ o pall Jie ¢ Apdall slaall 8 G e Csally L jlie die Aallal oLyl
AN O gaall ¢ Gty KU JUS i 8 ¢ (Wl o)l HAS dale ¢ p sandlSI) ¢ o il
g salill Jilu) (S Cpigrs il asiig il ¢ Cpasal¥) ¢ JSU Gl
AN g sislly agasall o IS & sane By Lyl Bad 8 5 (sl
G e Gisall de sane 8 Alian) AV Cld B3l ) o sadi g i) <l sl SIS
oans 5l Baa b AV culall e 5 6 AY) Gle ganall A5l Aadl) ol
¢asdgaall Haall ) agall s ¢ oy S ¢ anll AL sl Gaa gy Jie YA
Al dadall obyall (8 U8 adiall ) il (8 S S5 mhandly o el (4550
5 el Gy () a2 Gus Le g e el sl (8 U e dnall) el
ASE A saclae dalgaliad o Sy Al all sl 8 dediiina) 4y gall Q) il

Aallall obyall sl dadall obyall 8 3 a1 (e Spaaill Liadl 5 38510 o€ (3 )

Egypt J. Forensic Sci. Appli. Toxicol. Vol 22 (4), December 2022



