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There are several diagnostic findings required for confirming a postmortem
diagnosis of drowning. However, postmortem diagnosis of drowning remains
challenging for forensic pathologists. In previous reports, several biochemical
tests using various body fluids have been studied for their potential use in the
postmortem diagnosis of drowning. In this study, the concentration of sodium
and chloride was tested in various postmortem body fluids (vitreous humor,
sphenoid sinus fluid, pleural fluid, cerebrospinal fluid, etc.) and their results were
interpreted for their potential use in postmortem diagnosis of drowning. We
examined 67 autopsy cases (freshwater drowning, 12 cases; seawater drowning,
16 cases; control group, 39 cases). The sodium and chloride concentration in the
vitreous humor, sphenoid sinus fluid, and pleural fluid significantly correlated
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(Fig. 14). 35~ oA ZelolA wRelH o] 4 ojee |
5 At 2 A R AR A4 o] 23} v w st
EAZCE Fon|stA =% (47 P=0. 001 P<0.001), &

5 AL SHE|9F thRTE AboolA] HA l T3t ol &
HolA| gkth(P=0.372) (Fig. 1B). E3, =499 YE
2 A4 o]29 2 dg Al FE A F4 Akt o
Zo| Hls) FAHCE FouletA =9t (242 P<0.001,
P<0.001), @4 At 8¢}t tiRE Atolol A= §23t 1o
& Ho|A] gt (P=0.613) (Fig. 1C).
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Table 1. Basic characteristics of drowning cases

Case No.  Sex Age (yr) Water imDmuLar:;ii(c))?w ((); 9

1 Female 81 Bathtub water 5

2 Male 49 Lake water 1

3 Male 61 Farm waterway 6

4 Male 28 Reservoir 1

5 Male 25 River 10

6 Female Puddle 2

7 Female Puddle 2

8 Male 52 Reservoir 168

9 Male 82 Farm waterway 48
10 Male 56 Stream 48
11 Male 31 River 48
12 Male 27 Bathtub water 0.25
13 Male 27 Seawater 13
14 Male 59 Seawater 7
15 Female 64 Seawater 6
16 Male Unknown  Seawater Unknown
17 Male 75 Seawater 12
18 Male 77 Seawater 2
19 Male 66 Seawater 2
20 Male 65 Seawater 8
21 Female 77 Seawater 144
22 Male 30 Seawater 120
23 Male 20 Seawater 120
24 Male 52 Seawater 144
25 Male 62 Seawater 18
26 Male 55 Seawater 0.2
27 Male 74 Seawater 24
28 Male 24 Seawater 7
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glom, UEET g4 ol B UEFY g4 o2 §2
7tz 7 86.9£20.1 mmol/L, 80.9£20.3 mmol/L, 167.8
+32.2 mmol/Lo|§{th. 4 At oA UHlE ¢ A4

Table 2. Basic characteristics of control cases

CaseNo.  Sex Age (yr) Cause of death
1 Male 57 Acute myocardial infarction
2 Male 67 Acute myocardial infarction
3 Male 56 Head trauma
4 Male 45 Pneumonia
5 Male 57 Ischemic heart disease
6 Female 67 Carbon monoxide intoxication
7 Female 41 Sudden cardiac death
8 Female 50 Multiple trauma
9 Male 33 Stab wounds
10 Male 18 Sudden cardiac death
1 Male 44 Hypertrophic cardiomyopathy
12 Male 38 Zolpidem intoxication
13 Male 66 Ischemic heart disease
14 Male 42 Ischemic heart disease
15 Male 33 Hanging
16 Male 45 Ischemic heart disease
17 Male 44 Hypertrophic cardiomyopathy
18 Female 81 Ligature strangulation
19 Male 65 Glyphosate intoxication
20 Male 68 Ischemic heart disease
21 Female 50 Ischemic heart disease
22 Male 50 Fire death
23 Female 47 Myocarditis
24 Male 42 Fire death
25 Male 58 Carbon monoxide intoxication
26 Female 57 Cervical trauma
27 Male 88 Manual strangulation
28 Female 55 Head trauma
29 Female 43 Acute alcohol intoxication
30 Male 81 Fire death
31 Male 47 Aortic dissection
32 Male 18 Sudden cardiac death
33 Male 60 Acute myocardial infarction
34 Male 67 Ischemic heart disease
35 Male 69 Ischemic heart disease
36 Male 60 Ischemic heart disease
37 Male 51 Chocking
38 Male 58 Renal failure
39 Female 35 Hanging
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Fig. 1. Box plots of the concentration of electrolytes (A, Na, sodium;
B, Cl, chloride; C, sum of sodium and chloride) in the vitreous humor
of the three groups (freshwater drowning, seawater drowning, and
control groups). Among the three groups, the concentration of
electrolytes in the vitreous humor of the seawater drowning group
was significantly higher than that of the freshwater drowning and
control groups.
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Fig. 2. Box plots of the concentration of electrolytes (A, Na, sodium;
100 - B, Cl, chloride; C, sum of sodium and chloride) in the sphenoid sinus
fluid of the three groups (freshwater drowning, seawater drowning,
and control groups). Among the three groups, the concentration of
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Fig. 3. Concentration of electrolytes (A, Na, sodium; B, Cl, chloride) is significantly correlated between in the vitreous humor and sphenoid sinus
fluid (A, r=0.696, P<0.001; B, r=0.759, P<0.001).
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Table 3. Correlation between the duration of immersion and ion concentration

Vitreous humor

Sphenoid sinus

Freshwater Seawater Freshwater Seawater
Sodium Chloride Sodium Chloride Sodium Chloride Sodium Chloride
Pearson r —0.7469 -0.1337 0.6692 0.6895 -0.5156 0.3314 —0.9383 0.2702
P-value 0.0208 0.7317 0.0173 0.0131 0.1045 0.3195 0.2884 0.4820
R squared 0.5578 0.0179 0.4478 0.4755 0.2658 0.1098 0.1586 0.0730
Pleural fluid_Na Pleural fluid_Cl
P<0.001 P=0.002
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Fig. 4. Box plots of the concentration of electrolytes (A, Na, sodium;
e —

100 - B, Cl, chloride; C, sum of sodium and chloride) in the pleural fluid
of the two groups (freshwater and seawater drowning group). The
concentration of electrolytes in the pleural fluid was significantly

1 1
different between the 2 groups.
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L, 180.5+22.0 mmol/L, 357.0+44.9 mmol/Lo|T}. &
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Fig. 5. The concentration of electrolytes (A, Na, sodium; B, Cl, chloride) is significantly correlated between the pleural fluid and sphenoid sinus

fluid (A, r=0.831, P<0.001; B, r=0.729, P=0.003).
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