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A b s t r a c t  The p lankton  test (generally,  d ia tom test) is 
one of  the methods  avai lab le  to d iagnose  the cause of  
death of  submerged  bodies .  The  solubi l iza t ion  method  us-  
ing t issue solubi l izer  Soluene-350 was used in this s tudy 
to detect  not  only  d ia toms but  also green algae,  based  on 
the fact  that the solubi l izer  does not  digest  the cell  wal ls  
o f  green a lgae  which  are made  f rom cel lulose.  Detec t ion  
of  green a lgae  f rom organs o f  submerged  cadavers  is very  
informat ive  to de te rmine  drowning  in fresh water,  and 
also in cases where  only  few dia toms are de tec ted  in the 
organs.  

K e y  w o r d s  Drowning • Plankton test • Tissue solubil izer - 
Green  a l g a .  D ia tom 

Introduction 

In forensic  autopsies  the cause  of  death should be deter-  
mined  careful ly  and conclusively .  Diagnos i s  o f  d rowning  
is one o f  the mos t  diff icul t  tasks, and is of ten de te rmined  
by  the detec t ion  of  p lankton  in b lood,  lung, liver,  k idney  
and bone  mar row of  submerged  bodies  [1-8] .  Severa l  in- 
vest igators  have  c la imed  that p lankton  cannot  be used as 
ev idence  of  d rowning  since they can be  found in the or- 
gans of  non -d rowned  cadavers  [9-16] .  However ,  other re- 
searchers  have  r ecogn ized  the s igni f icance  of  the p lankton 
test because  much  more  p lankton  can be found in the or- 
gans o f  d rowned  bodies  than in non-d rowned  corpses  
[2-6,  8]. Fo r  a more  exact  d i sc r imina t ion  be tween  drown-  
ing and non-d rowning  cases,  new techniques should be 
exp lored  to detect  p lankton  more  efficiently.  

P lankton  is usual ly  detected by  the d isorganiza t ion  
method  in which the organs are d iges ted  by  strong acid  at 
h igh tempera ture  to mic roscop ica l ly  ident i fy  the skele ton 
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of  diatoms in the digestion residues. However,  this method 
is hazardous  and the remain ing  acid  often corrodes  the ob- 
jec t ives  of  mic roscopes  [17]. Therefore  other  mic roscop i -  
cal examina t ions  have been repor ted  in which  d ia toms are 
ext rac ted  f rom the organs by t issue solubi l izer  Soluene-  
350 [18, 19], membrane  fi l ter [2, 20], centr i fugat ion in a 
co l lo ida l  s i l ica gradient  [21], ashing [8, 17] or pro te inase  
K diges t ion  [8, 22]. F luorescence  of  ch lorophyl l  has also 
been  ana lyzed  to demonst ra te  phy top lank ton  in the organs 
by  f luorescence  mic roscopy  [23] or spec t rof luorophoto-  
met ry  [24]. In  these methods ,  the solubi l iza t ion  method  
using t issue solubi l izer  is very  s imple  and easy, s ince it 
needs nei ther  special  equipment  nor  techniques [18, 19]. 
In this study, the solubi l iza t ion method  was appl ied  to de- 
tect green algae (Chlorophyceae) as wel l  as d ia toms for  
the d iagnosis  of  d rowning  in fresh water. 

Materials and methods 

Plankton in water from the Yodo River (Moriguchi, Osaka, Japan) 
were concentrated by centrifugation at 3,000 rpm for 5 min, 
washed with Milli-Q quality water (free from plankton) and cen- 
trifuged again. Living plankton in part of the precipitate were fixed 
in 60% ethanol and observed microscopically. The remaining pre- 
cipitate was suspended in an adequate volume of tissue solubilizer 
Soluene-350 (Packard., Meriden, Conn.) in a glass tube. The solu- 
tion was incubated at 50°C for 2 h and subsequently at room tem- 
perature overnight, for 1 week or 1 month. Following centrifuga- 
tion at 3,000 rpm for 60 min, one drop of the precipitate was ex- 
amined microscopically. 

Lung, liver and kidney tissues (20 g each) were extracted from 
2 drowned corpses. Cases 1 : A 26-year-old man found dead in the 
Yodo River was sent for autopsy to our laboratory to confirm the 
cause of death. The corpse was putrefied and no injuries were 
found. The thoracic and abdominal cavities were not exposed to 
the river water, but black mud was found in the trachea. The lungs 
were edematous, and wine-red fluid was found in the thoracic cav- 
ities. The time since death was estimated to be about 2 months. 
Lung, liver and kidney samples were extracted for the plankton 
test. Case 2: An approximately 50-year-old woman was found 
dead in the Yodo River. The skin of the corpse showed adipocere 
formation and the thoracic and abdominal cavities had not been ex- 
posed to the water. Sand was observed in the trachea, and wine-red 
fluid was found in the thoracic cavities. The time since death was 
estimated to be about 3 months. The organs were extracted for the 
plankton test. 
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Organs were also extracted from 2 cadavers where death was 
due to other causes, and these were regarded as controls in this 
study. Control 1: A submerged corpse. Cause of death was not 
drowning but asphyxia. The time since death was estimated to be 
about 1 month. The thoracic and abdominal cavities were not ex- 
posed to river water. Control 2: A traffic accident victim who died 
of cerebral contusion. This cadaver was without water immersion. 

Disposable containers were used for the experiments. The or- 
galas and equipment were carefully washed with Milli-Q quality 
water immediately before the experiments to avoid contamination 
by airborne plankton [9]. Milli-Q quality water was prepared in a 
water purifier Milli-XQ (Millipore, Milford, Mass.). Microscopi- 
cal examination of centrifugation precipitates of Soluene-350 and 
acetone, was carried out to check that the reagents were not conta- 
minated by plankton. 

The organs were cut into small pieces with scissors, and ho- 
mogenized in 5 vols of Milli-Q quality water. Following centrifu- 
gation at 18,000 rpm for 10 min at 4°C, the precipitate was sus- 
pended in 8 vols of Soluene-350 in a glass tube. The solution was 
incubated 50°C for 2 h and subsequently at room temperature 
overnight. Following centrifugation at 3,000 rpm for 60 min, one 
drop of the precipitate was examined microscopically. 

As an alternative method for digestion of the organs, 5 vols of 
acetone was mixed with the homogenate and the mixture was cen- 
trifuged at 3,000 rpm for 5 min at room temperature. The precipi- 
tate was digested by Soluene-350 as described. 
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Fig.1 Staurastrum in the precipitate of water from the Yodo 
River treated with Soluene-350 (× 400) 

Results 

M a n y  types  of  green a lgae  were  found in the r iver  water,  
such as Hydrodictyaceae, Micractiniaceae, OiScystaceae, 
Ueotrichaceae, Desmidiaceae and Zygnemataceae, as well  
as many  types  o f  d ia toms,  such as Coscinodiscaceae, Di- 
atomaceae, Achnanthaceae, Naviculaceae, Melosiraceae, 
Cymbellaceae and Nitzschiaceae. W h e n  the green a lgae  
were  t reated with  Soluene-350 overnight ,  the cel l  wal ls  
could  be detected in the d iges t ion  res idue  (Fig. 1). Al -  
though the d iges t ion  for 1 week  or  more  des t royed  part  of  
the p lankton,  severa l  green a lgae  were  ident i f ied  in the 
res idue  even after d iges t ion  for  1 month.  The  s i l ica  skele-  
ton o f  d ia toms could  be eas i ly  detected f rom all these 
samples .  

W h e n  the homogena tes  o f  the organs were  pre t rea ted  
with acetone,  the prec ip i ta te  fo rmed  by  centr i fugat ion 
(3,000 rpm,  5 min) was more  condensed  than by  centr ifu-  
ga t ion  a lone (18,000 rpm, 10 min)  in the or ig inal  method.  
Therefore  the amount  (8 vols  o f  precipi ta te)  o f  Soluene-  
350 was reduced  in this mod i f i ed  method.  Dia toms  and 
green a lgae  were  also de tec ted  in the organs,  and in par-  
t icular  larger  p lankton  such as Zygnemataceae could stil l  
be detected in the d iges t ion  res idue  by  this method.  Since  
the organs were  suff ic ient ly  so lubi l ized  only  by  Soluene-  
350, ul t rasonic  i r radia t ion  was not  pe r fo rmed  for  further 
d iges t ion  [17, 18]. 

In  Case 1, some p lankton  were  de tec ted  in the organs;  
MeIosira (d ia tom) and Staurastrum (green alga, Fig:  2) 
f rom the lung (10 examples  of  p lankton  per  mic roscope  
slide),  and a f ragment  o f  Navicula (dia tom) f rom the liver. 
In  Case  2, many  d ia tom species  such as Navicula and 
Cymbella, and severa l  green a lgae  such as Staurastrum 
and one species  of  Zygnemataceae (Fig.  3) were  de tec ted  
in the lung (more  than 20 examples  of  p lankton) ,  the di-  
a toms and Zygnemataceae f rom the l iver  (more  than 5 ex- 

Fig. 2 Staurastrum from the lung of the submerged corpse in Case 
1 (x 400) 

Fig. 3 Zygnemataceae from the lung of the submerged corpse in 
Case 2 (x 400) 
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amples  of  p lankton) ,  and the d ia toms f rom the k idney  
(more  than 5 examples  of  plankton) .  Controls  1 and 2: no 
p lankton  was detected in the organs of  the cadavers .  

Discussion 

Soluene-350,  which  consists  of  0.5 M quaternary ammo-  
n ium hydrox ide  in toluene,  is usual ly  used as a so lubi l izer  
for l iquid sc int i l la t ion count ing [25]. This reagent  has 
been  app l ied  to the d ia tom test for the d iagnosis  of  d rown-  
ing, and is es t imated  to be  a very  s imple  and less haz-  
ardous technique [18, 19]. 

It is known  that more  green a lgae  inhabit  r iver  and 
pond  water  than dia toms,  whereas  the lat ter  are more  
c o m m o n l y  found in sea water  [26]. Thus,  the detect ion of  
green algae should be more  informat ive  for the d iagnos is  
of  d rowning  in r ivers  and ponds.  Several  methods  have 
been  repor ted  for  detect ing green algae,  such as a cen-  
t r i fugat ion method  using a co l lo ida l  s i l ica gradient  [21] 
and f luorescence  analysis  of  ch lorophyl l  [23, 24]. As  this 
s tudy demonst ra tes  that Soluene-350 does not  d iges t  cel-  
lulose,  it is also appl icab le  to the detect ion o f  green algae.  

The  Yodo Rive r  is a large r iver  in the Osaka  district ,  
that arises in Biwako  Lake  and f lows into Osaka  Bay. 
Every  year  severa l  submerged  cadavers  are found in the 
r iver  and autops ied  in our  laboratory.  Many  species  of  
green a lgae  and d ia toms are found in the r iver  water. 
W h e n  l iv ing p lankton  were t reated with Soluene-350,  
some green a lgae  were  ident i f iable  by  their  res idual  cell  
wal ls  which  consis t  of  cel lulose.  The  cel l  wal ls  of  green 
a lgae  are thinner  and therefore  less v is ib le  than the shells 
of  d ia toms.  However ,  some species  o f  green a lgae  have 
specif ic  shapes,  and could  be suff icient ly de tec ted  even 
after d iges t ion  for  1 month.  

In case 2, a submerged  cadaver ,  the green a lgae  Zygne- 
mataceae and Staurastrum were detected in the organs,  
s t rongly  suppor t ing that the cause of  death was d rowning  
in the river. In Case 1, only  a few plankton  species  
(Merosira and Staurastrum) were found in the lungs.  The 
fact  that no comple te  p lankton  were found in the l iver  and 
k idney  might  be due to rapid  death  before  penetra t ion o f  
p lankton  into the c i rcula t ion [8, 16]. In this case, it was 
diff icult  to e l iminate  the poss ib i l i ty  of  water  invas ion  into 
the lungs after death.  However ,  the detec t ion  of  green al- 
gae sugges ted  that the cadaver  had been immersed  not  in 
sea water  but  in a r iver  or  pond.  In general ,  a larger  num- 
ber  of  p lankton  (not only  d ia toms but  green algae)  are de- 
tectable  by  this so lubi l izer  method,  which  wil l  ensure 
more  exact  d iagnos is  of  drowning.  

Mi l l i -Q  qual i ty  water  th roughout  the whole  procedure  
was used because  dis t i l led  water  m a y  contain  plankton.  
Use  o f  Mi l l i -Q  water,  reagents ,  containers  and equ ipment  
free f rom plankton  in a c lean labora tory  m a y  avoid  conta-  
mina t ion  by  a i rborne  p lanktons  to some extent,  and in this 
s tudy no p l ank ton  were  found  in the organs  o f  non-  
d rowned  cadavers .  These  were  of  course not controls  in a 
strict sense,  so further examina t ions  on controls  f rom 
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deaths other  than drowning but  with a comparab le  post-  
mor tem t ime o f  water  immers ion  should be required.  

By a modi f ica t ion  of  the pre t rea tment  using acetone,  
large a lgae  such as Zygnemataceae could  be detected in 
the organs. The  reduced  centr i fugat ion force was l ikely  to 
cause less damage  to the cell  wal l  of  green algae, prevent-  
ing the des t ruct ion and loss of  plankton.  
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