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A study of postmortem interval (PMI) using fouling characteristics
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ABSTRACT

One of the most important estimations in forensic studies of marine criminal evidence is the postmortem interval
(PMI). Here we analyzed the time estimation relevance using biofouling process. To this end, four different material
panels (pvc, SUS, wood, and cloth), all in the same size 10 x 10 cm?, were immersed in sea area at a depth of 1.5
m. Fouling patterns of the mussels Mytilus galloprovincialis were investigated every month and the new panels
were immersed. Based on ASTM methods, the fouling mussels were measured for shell length and populations.
As a result, we found that there was a significant difference in the density and growth of the mussels depending on
the dumping time (F = 56.609, p = .000). Therefore, these findings can be feasible for use in marine scientific
investigations such as PMI, finding criminal, and crime details.
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Fig. 1. Experimental area and sampled mussel Mytilus galloprovincialis, in in Sokcho coastal area,

AzEolgt ¥4l 34 v|&aAE, xR, = & 7}
A e Aol FARBl AHAE olF= s on|ghtd
(Evan, 1981). 272 ofulgt FxE0] A a2kl
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Fig. 2. Drawing of panel set,
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Fig. 3. Water temperature in Sokcho coastal area,
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Table 1, Mytilus galloprovincialis populations in panels immersed at different times

Immersion materi

Occurrence at different times (Population 100 cm™®)

time als Apr. May Jun. Jul. Aug. Sep. Oct. Now. Dec.
PVC 46+17 220+128 834+376 1106+302 111.0+79 1784+ 199 169.0 =240 1582 + 19.1 143.0 + 199
SUS 0 230+126 824 +138 1044+ 100 1084 + 20.8 157.6 +22.9 1532 £ 209 142.0 + 17.5 1354 + 328
Jan Wood 0 88+08 97.8+261 909+268 1196+98 1486+ 414 1438 £ 37.5 1258 + 26.3 116.6 + 30.7
Cloth 0 52+08 754+269 994+ 181 1054 + 166 132.0 + 444 124.6 + 435 1132 + 394 106.0 £ 35.2
PVC 0 70+ 27 562 +40 559+70 684+232 1674+251 1722+ 242 163.0 + 14.0 1522 + 1565
SUS 0 26.6 + 188 87.6+21.5 785+ 183 1360+ 439 2044 + 689 201.0 £ 66.7 186.2 + 57.5 1682 + 49.7
reb. Wood 0 0 1148 + 255 851 +214 1564 +6.2 1740+ 10.6 1688 + 131 167.0+ 84 1570+ 119
Cloth 0 242+ 139 8&.8+139 1163+ 332 1260+ 20.8 1394 + 267 1354 + 21.0 1326 + 244 1184 + 235
PVC 0 0 0 138+33 192+50 164+18 1562+43 120+24 100+29
SUS 0 0 0 9.0+ 30 144+43 204+83 196+87 204+83 190+83
M eed 0 0 0 124451 140422 24+32 20+19 2B4+32 24+34
Cloth 0 0 0 9.0+ 25 176 £32 294 +140 264+102 258=+10.7 244+ 100
PVC 0 0 0 0 52+41 182 +£38 128+24 11.0+25 102+22
SUS 0 0 0 0 70+ 33 136+54 11.2+37 9.8 + 2.8 88+ 28
Ao Wood 0 0 1.0+ 00 1.0+ 0.0 26+ 17 80=+39 70+ 37 6.6 + 3.8 62 +35
Cloth 0 0 3.8+ 05 20+07 38+ 11 176 +36 170+29 148+27 132+29
PVC 0 0 0 0 0 1.0+£0.3 1.0+ 0.6 10+ 04 1.0+ 04
SUS 0 0 0 0 0 26+ 21 2.4+ 07 20+ 17 2.2+ 06
May
Wood 0 0 0 0 0 12+ 04 14+ 05 14+ 05 1.4+ 05
Cloth 0 0 0 0 0 26+ 21 2.2+ 22 28+ 19 20+ 17

Polyvinyl chloride (PVC), Stainless steel (SUS)

- 14



IS
i
K%

v T Akl AR HAd T o1drE s A
Ak sidel M el FA7h sk, eddE AR @
QoM Algsl H27E EdekA] skt 147 2 AA|

Ao 75 59H BAA R AT FA|7F 2AAYsG e,
999712 78l 12997HA] AAS7E FA = i) 397
499 ARG Hde Ay 6dErE EAAcR FHHG S
™, 9997} S7bska 129974 frAE Sk 5E A A g
o] 79 9d e E3ln 129274 AT} A=
ok aAE wlaeMe 19 AAFE sfdnt H]-ﬁ’- P& o
pves} sus7t wood$} cloth Bu} 24 50| =& 7oz 1}

o, Ffz 2 AAFE 28 A F 5 9ol &
913k SUSeA 204.4+68.9 population 100cm-2 ©]%lom,
7P A2 A 590l AA|ste] 94 &<l PVC s de]
A AN EelEgla Aol =z ok sidE glglch

Fig. 4. Comparison of the population mean fouling in different
panels in September (P ( 0,05, ANOVA, Tukey-HSD),

A 4ol

24.36 + 1.86C YeRT} (Fig. 3).

F7beha 99 E] th: ol A% ngle

29o] HA F2OoF 942 + 1.29C oM, 84 Hu 2 L 399 AA] = 119

(Table 1).

AR AZPE AFd T2)e] 2 SANME 2] # &
A|Zbo] 2= Aol Srfske Aoz yepyith Y 7o)
313t pveell A 34.89 + 4.36 mm
F UElton, 997bA] Zo| A sk 129714 e A%

o

Table 2. Mytilus galloprovincialis growth length in panels immersed at different times

Immersion materi

Shell length at different times (mm)

time als Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
PVC 3.06 £ 0.09 4.46 + 1.44 12.55 + 1.34 21.41 + 5.74 20.39 + 1.45 16.56 + 3.37 15.76 + 2.98 16.61 + 3.68 17.55 + 2.83
SUS 0 2.55 + 0.31 9.63 = 1.70 23.36 + 2.79 21.46 + 1.13 27.63 + 3.87 26.66 + 4.15 27.12 + 3.11 28.32 + 2.61
Jan. Wood 0 4.20 + 0.65 10.91 + 2.62 17.20 + 2.43 19.62 £ 0.96 17.09 + 3.18 18.68 + 1.32 18.12 + 3.23 18.61 + 2.26
Cloth 0 3.07 £ 0.73 11.35 + 0.59 19.51 + 1.92 23.33 + 2.60 25.29 + 3.07 25.06 + 3.34 25.78 + 3.10 24.82 + 4.73
PVC 0 2.88 £ 0.95 892 + 0.98 24.55 + 2.85 26.62 + 1.12 32.15 + 4.19 32.22 + 3.55 31.76 + 3.40 31.65 + 3.15
SUS 0 2.16 + 0.24 9.45 + 1.63 25.38 + 6.23 27.63 + 1.40 29.69 + 3.00 29.49 + 2.42 30.09 + 1.75 29.40 + 2.44
Feb. Wood 0 0 8.46 £ 0.92 21.98 £ 1.15 25.92 + 1.86 24.84 + 1.32 24.55 + 1.64 25.18 = 1.29 25.08 + 1.57
Cloth 0 2.37 £ 0.25 855 + 1.03 21.38 + 3.35 17.56 + 0.85 26.31 + 3.46 28.08 + 3.05 27.57 + 3.62 27.47 + 3.25
PVC 0 0 0 13.02 £ 0.37 19.29 + 6.57 35.24 + 4.35 35.12 + 3.87 34.89 + 4.36 34.56 + 4.19
Mar. SUS 0 0 0 13.17 £ 0.41 14.05 + 1.49 32.71 + 6.39 33.31 + 6.67 32.35 + 6.57 32.36 + 6.22
Wood 0 0 0 13.24 £ 0.27 7.44 + 0.89 32.19 + 5.79 32.86 + 5.41 33.49 + 4.84 32.37 + 5.43
Cloth 0 0 0 12.54 £ 0.71 10.33 + 2.34 27.17 + 2.14 27.43 + 2.02 27.67 + 2.04 27.96 + 2.34
PVC 0 0 0 0 17.23 + 3.80 29.36 + 1.61 29.55 + 1.39 28.57 + 0.95 27.20 + 1.97
SUS 0 0 0 0 13.01 £ 2.91 19.15 + 1.38 19.03 + 1.39 20.14 + 1.31 20.21 + 1.80
Apr. Wood 0 0 6.52+0.00 17.0 £ 0.71 20.00 + 3.10 31.26 + 2.20 31.67 + 2.10 32.93 + 1.88 31.90 + 2.52
Cloth 0 0 2.86£1.63 10.13 £ 2.80 10.16 + 0.92 26.26 + 4.49 26.05 + 4.85 26.13 + 4.44 25.59 + 5.09
PVC 0 0 0 0 0 21.33 + 1.40 21.33 + 1.40 21.62 + 1.87 21.11 + 0.95
SUS 0 0 0 0 0 12.48 £ 1.92 12.62 + 2.16 12.48 £ 0.91 12.04 + 1.95
May Wood 0 0 0 0 0 12.48 + 5.74 12.28 + 6.05 11.99 + 5.09 11.55 + 5.11
Cloth 0 0 0 0 0 20.20 + 5.92 22.58 + 8.80 19.54 + 5.59 20.45 + 5.67

Polyvinyl chloride (PVC), Stainless steel (SUS)
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Table 3, Results of two-way ANOVA of population mean on immersion time and different materials in September

Source df SS MS F D
Immersion time 4 530355.000 132588.750 231.890 .000°
materials 3 3359.535 1119.845 1.959 127
Immersion timexmaterials 12 13676.899 1139.742 1.993 .036"

*p { 0.05: significant effect by 2-way ANOVA, R? = 0,907
Table 4, Results of two-way ANOVA of mean length on immersion time and different materials in September

Source df SS MS F D
Immersion time 4 3406.723 851.681 56.609 .000*
materials 3 379.253 132.418 8.801 .000*
Immersion timexmaterials 12 1881.010 156.751 10.419 .000*

*p { 0.05: significant effect by 2-way ANOVA, R?=0.794

<+ 34 skl 1299l Fald HAi Aol 5€e HAgh
wooddA] 11.55 + 5.11 mmo. & et} (Table 2).
24 SAAS 2 54 vl $E 54 A7)7E

NAG 7o) =2 Aoz eyt (Fig. 5).
Agsl] T2 2 Al Higk AA A7) (F = 56.609, p =
.000) ¢} HAFF (F = 8.801, p = .000) ol we} 25

, AAAZY el v Feadast w3
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de] 75 PVCrF 7P gl AAsa, TP A2 aAlE F = 10.419, p = .0002.2 FAH 22 {23 A77} eyt
cloth ¢l Aoz yephygr} 143 2o A x|& sl do] 34, 4 t} (Table 4).

4, 540 H]EH 33ke] =AY AT} avl o] Al e,

aoge R 34, 44 59 27 YeP (Fig. 4).

s e X““ 7HxﬂT°ﬂ gk AAA7] (F = 231.890, p

=.000) + +oJ3HA vepyton, x| A7)e} Sl E Rl whe
AsALE3} w3 F = 1.993, p = .036°2% FAFSRE
2Jgt A#7} et} (Table 3).
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:«\E 20 | °|ff? . a + &3 (Order Mytiloida), &% (Family Mytilldae)
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g, cziE §98 $AFL BEF (Yoo 1992; Daguin
January  February  March May and Borsa 2000). =4 A et =7t W x3}q E 3}

Immersion time

Fig 5. Comparison of the mean Mytilus galloprovincialis length in
different panels in September (P ( 0,05, ANOVA, Tukey-HSD),
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