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Drowning is one of the most common causes accidental death worldwide, but its
diagnosis remains a challenging task in forensic pathology. Several authors have sug-
gested that diatom analysis be conducted via an enzymatic digestion method that
uses proteinase K to provide objective evidence for drowning; we employed this
method in our study because of its superior applicability as compared to the conven-
tional disorganization methods. The purpose of this study was to examine the reclaim-
ing ratio of diatoms from experimentally drowned animal organs, which could be influ-
enced by diatom morphology. The authors injected 3 diatoms species (Cyclotella stri-
ata, Navicula incerta, and Pleurosigma angulatum) into a rat’ s airway and compared
the detection rate to investigate the factors that influence the sensitivity of diatom
analysis. The results are as follows: (1) Average reclaiming ratio in the lungs was
81.07 for Navicula incerta, 48.26 for Cyclotella striata, and 5.35 for Pleurosigma angu-
H  #:20134 18 30¢ latum. (2) The detection rates from the closed organs in 15 experimental animals were
A?| 20135 2-:é SZEI' highest in the kidney (73%, 11/15), followed by the heart (67%, 10/15), brain (60%,
HlXH 20134 238 212 9/15), and liver (53%, 8/15). (3) Two Cyclotella striata was detected in the kidney of
0] =22 20118 £ sHRoixycto] x| | POStmortem control group which suggest the possibility of contamination during labo-
22 HOF g S ratory procedure. In conclusion, the authors propose that diatom size could be a sig-
nificant influencing factor for diatom extraction from the organs of drowned bodies;
AKX A=t e e therefore, the results of diatom analysis must be interpreted after considering the
— pniESnlle; . . . . S .
(501 7;59) AN f:rl M o 375 diatom population of the drowning medium at the scene and the possibility of contami-
sty oSt ZrfetRl oSt M ion during the lab d
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Table 1. The Features of Microalgal Species Used for the Study

At} Navicula incerta= 717} 18~23 ymo|™ FoF wiE
AP o w et 5 i Polt}. Pleurosigma
angulatum®] 7] 53~75 mo] il 37k SAFE ] 98
Zhz 5% Btk 72 atx 89 1l U] 22] AASE Al
Fato] 71 U2 904 AA "g )@ golsle] o4 w2
(drowning medium) 2 =831 3, o] &) =u)E A4 w1
205 04 75 B Y3l w HBe ARUHOR §

w8kt A3o] AREE R 3% Al AFHE Table 19]
Qo a1, KOk Fig. 10l AA 8T

Y 1
BE EE

2.4 NB LY A2 Al

ZH3% A58 Sedgwick Rafter chamberel] AH 2k~
£ 0]AE3] A4 1 AU (chamber) Ulell AEo] 4714
UA At EN 1 mE ZAATA HAOE A - AE 7
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FetdnF o ® Artste] AU el 78| 4 3719
Azt Qbel| Q= FE2E Algehed, olyst AxE FA R
2070 o]/ A sto] A Ujell X8t Q= Al E AT

ST AE 9 TAL e R

C =A% MA2 &

A=ZAx WA (mf) = 1

D = A7 Ax}9] 7)o (Sedgwick Rafter chamber depth,
1 mm)

N = A7t Aloke] 2

% 207}2] 9] Sprague—Dawley FHE A& o] AF&-E}9I} 9
o] £A0T AFE 300 + 30 oI QT, AF 300 ¢ F =
2tz Fel el (ZFeE) 0.2 me (conc. 10 m) & 574 W) 5
Arsto] mAAIZITE A3 TA AP 2T OFE o
Z]fsﬂ-g].OﬂJ_ /\184_7-.0_ TZ }—(@)E = o]-Oi /\1] T1Eo0F 1/].
9] Cyclotella striatas 53t Group 1 (n=5), Navicula

9% Group 2 (n=5), Pleurosigma angulatum-=
sol B2 2BS S

ncertas
F913t Group 3 (n=5) .2 B&

Source of strain

Size (um, mean £ SD)

No. Bacillariophyceae Species (KMMCC*, No.) (length / width) Cell count (/m()
1 Centrales Cyclotella striata 832 88 £ 2.7/ - 110,200
2 Pennales Navicula incerta 17 193 £19/44 0.7 258,000
3 Pennales Pleurosigm angulatum 846 68.0 £57/98 £09 100,754

*KMMCC: Korea Marine Microalgae Culture Center
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Fig. 1. Three species of diatoms used for this experiment are
photographed for showing their shape and details (X 400).

a: Cyclotella striata ; b: Navicula incerta ; c: Pleurosigma
angulatum
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1. A&l —Cyclotella striata

Cyclotella striata® 71 =2 Eaf <k 55,100 HAI7} FY 5
Qi S a sy Sl E A e delA o
36,000 74, 2 20,412 A7 FAE 3, Bt 26,589
MA7} AZ= o], Bt 358§ + BFE A= 48.26 £ 4.87%
o]gitt. 5 niE] o] AgelA] A7HE AEE A WA &
HH, AellA F 216 A, A7 F 102 A, ¥He F 76
A, ZHH) S F 20 WARQ L, Bt 3)5E + HFeak= A
2 0.078 = 0.018%, A4 0.037 = 0.009%, ¥ 0.028 =
0.007%°]1.em, 7+ 4 0.007 £ 0.004%= 7ol 713
w2 3 ES YeRh

2. M™ 2 —Navicula incerta
Navicula incerta®] 73-9-ol&= 2F 129,000 7§47} 7| = Y=
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FAEA HlA AEE FF AA 52 Hs A
128,232 Ao H 4 95,448 A 7 AEHR oM, Het
104,575 7/WA7F El=lo], 3t 3]5& £ EF Ak 81.07
* 4.75%0°1%tt. 5 vl o] AFrellA] # o]9]e] Ar|HE 7
Z5 AA NA 5 B, 27elA F 68 A, el F
48 WA, 7+ F 24 A, HollA &= 12 A7 AEE A F
358 £ 2F9x= A 0.011 £ 0.002%, A7 0.007
£ 0.002%, ZFellA 0.004 £ 0.001%, A 0.002 *
0.001%2] 8]&< Bt

3. A& —Pleurosigma angulatum

Pleurosigma angulatum %] A3 oF 50,377 717 ¢]
1277152 YA Felx o] A A 5 He= A
7,440 WANA H 2 240 AAZ £ 2po] S BQIT) HollA F
1 2,694 A7 AEH o] Bt 358 £ 25 9xk=535 £
256%% W2 A5 Btk 11 vk A7)E 2, 5vkE e
AT T A AR AEEHA @ 3 A,
wol| A Zb2F 4 A9 gt ERlstelon, 3% AT &
NN 7HE e 3rEs Bith
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5. A=tz

A}S-oll Cyclotella striata’} 715 W& 2F 55,100 7§47} 5
JE I FRAAE S8l HelA s5E A = 24,600
MAZ, 44.65%2] 315& BT AR Folr o s A,
2 Hol A= 27 A8 HEE A ko, Aol A 2 7iA)
o] 27t AEHo, AP AN 299 TS BoF
At
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oFoxrt.

Pleurosigma angulatum®] 73-%-, ¢F 50,377 7WA|7} 7| =5
FY= R, HellA] 258 A = 9,600 /A=, 19.06%
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A%t
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24 81.07 + 4.75%= 7V A YER AL, Pleurosigma Ytk AA 1552 AT Zo)A] 2 Al9)et 2 dx )
angulatum 5913 (Group 3)-& 5.35 = 2.56% % 7V wgko TZ AEES A, A%o] 73% (11/15), A3 67%
], o] FX= ARE tj T4 9] 345 (19.06%) B} o] v (10/15), ¥ 60% (9/15), 2+ 53% (8/15) & 7] W kA

Cyclotella striata Navicula incerta Pleurosigma angulatum

Fig. 2. Photographs show the diatoms extracted from experimentally drowned rat’ s organs (< 400).
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Table 2. Total Number of Extracted Diatom Cells in Analyzed Organs of Rats

The closed organs

No. Species Lung - - :
Heart Liver Kidney Brain Total
1 Cyclotella striata 24,000 24 =T 36 12 72
2 28,536 30 4 24 24 82
3 20,412 30 - 60 12 102
4 36,000 6 12 24 4 46
5 24,000 12 4 72 24 112
Subtotal uce 102 20 216 76 414
6 Navicula incerta 96,516 16 8 8 4 36
7 128,232 12 - 12 4 28
8 104,640 8 8 24 - 40
9 95,448 8 4 16 4 32
10 98,040 4 4 8 - 16
Subtotal ucC 48 24 68 12 152
1M Pleurosigm angulatum 1,230 - - - 4 4
12 7,440 - 4 - - 4
13 240 - - - - 0
14 3,360 - - 4 - 4
15 1,200 - - - - 0
Subtotal uc 0 4 4 4 12
16 PM- Cyclotella striata 24,600 - — 2 - 2
17 PM- Navicula incerta 76,104 - — - - 0
18 PM- Pleurosigma angulatum 9,600 - - - - 0
19 Negative control (1) - - - - - 0
20 Negative control (2) - - - - - 0
Total ucC 150 48 290 92 580

*U: Uncalculated ; "(=): no diatoms present

Table 3. Reclaming Ratio of Diatoms by Experimental Groups and Organs

Experimental group

Post-mortem control group

Organs  Cyclotella striata Navicula incerta  Pleurosigma angulatum  Cyclotella striata  Navicula incerta  Pleurosigma angulatum
(Ave., %) (Ave., %) (Ave., %) (%) (%) (%)

Lung 48.26 £ 4.87 81.07 £ 4.75 5.35 £ 2.56 44.65 59.00 19.06

Heart 0.037 £ 0.009  0.007 = 0.002 - - - -

Liver 0.007 = 0.004 0.004 £ 0.001 0.002 £ 0.002 - - -

Kidney  0.078 £0.018  0.011 % 0.002 0.002 £ 0.002 - - -

Brain 0.028 £ 0.007  0.002 % 0.001 0.002 = 0.002 - - -
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