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A b s t r a c t  A n  adul t  male  was found dead beneath  a poo l  
o f  sewage  in the pump room of  a f ish market .  Au topsy  re- 
vea led  the cause o f  death to be suffocat ion after  aspirat ing 
sewage  into the respi ra tory  tract. Since  hydrogen  sulf ide 
gas was de tec ted  in the a tmosphere  at the scene o f  the ac- 
cident,  gas  po i son ing  was suspected  and tox ico logica l  
analysis  of  sulf ides in body  t issues was per formed.  The 
concentra t ions  of  sulf ides in the blood,  lung and k idney  
were  0.95 gmol /ml ,  0.22 and 0.38 Bmol/g,  respect ively.  
These  values  were  r emarkab ly  h igher  than those in previ-  
ously  repor ted  cases  involv ing  exposure  to hydrogen  sul- 
f ide gas. Therefore ,  oral  intake of  sulf ides was a s sumed  
and the dis t r ibut ion of  sulf ides in t issues fo l lowing  oral  
adminis t ra t ion  of  sod ium sulf ide solut ion was examined  
by  means  of  an imal  exper iments  using rats. The  concen-  
t rat ion of  sulf ides in the b lood  f rom rats fo l lowing  oral  in- 
take was much  h igher  than that seen fo l lowing  gas expo-  
sure. Based  on these results,  we conc luded  that the v ic t im 
had been  exposed  to hydrogen  sulf ide gas and had then 
co l lapse  into a pool  of  sewage  conta in ing sulfides.  The  
sulf ides  which  were  dis t r ibuted throughout  the body  tis- 
sues had  main ly  issued f rom the a l imenta ry  tract  pr ior  to 
death by  drowning.  

K e y  w o r d s  Tox ico logy  • Drowning  • Sulf ides  • Human  
t issue • Dis t r ibut ion  

Introduction 

Al though  several  po i son ing  cases due to hydrogen  sulf ide 
have been  repor ted  f rom the aspect  of  c l in ical  med ic ine  or  
industr ia l  hyg iene  [1-3] ,  as far as we know, only  a few pa-  
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pers  have ment ioned  the concentra t ion o f  sulf ides in the 
body  t issues in cadavers  f rom the aspect  of  forensic  med-  
icine [4-8] .  Moreover ,  no inves t igat ion has been repor ted  
concern ing  the dis t r ibut ion o f  sulf ides fo l lowing  oral ad- 
ministrat ion.  

In this paper,  we repor t  a fatal  case involv ing  inges ted  
sulfides,  and present  an evaluat ion  of  sulf ide dis t r ibut ion 
in t issues based  on animal  exper iments .  

Case report and autopsy findings 

A 37-year-old man and his colleague entered an underground 
pump room to repair a drainage pump in a fish market (Fig. 1). 
When the man loosened a check valve on the pump, both gas and 
sewage gushed out. Because his colleague smelled hydrogen sul- 
fide gas, he told the victim to leave the room and left to fetch a 
ventilator, When he returned, the victim was lying in a prone posi- 
tion with his face beneath the surface of a pool of sewage which 
covered the floor to a depth of about 50 cm. After the room had 
been ventilated, the victim was taken to hospital in an ambulance, 
in which he vomited about 800 ml of gastric contents. Intensive 
cardiopulmonary resuscitation including gastric lavage was per- 
formed in the hospital, but this proved to be in vain. 

At the time of the inspection of the scene, it was noted that the 
concentration of hydrogen sulfide gas was 123 ppm in the atmo- 
sphere and that a stop valve between the pump and the sewage 
tank was rusted and had been left open. 

A forensic autopsy was carried out 24 hours after the accident 
in order to diagnose the cause of death. The cadaver was kept at 
0 ° C until autopsy to prevent the postmortem production of sulfides. 
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Fig. 1 Schematic diagram of the underground pump room 
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There were no injuries or wounds to the body. In addition, no 
findings of histopathological significance were observed, which 
could have brought about the victim's sudden death. However, ca. 
200 ml of fluid was found in the stomach with the obnoxious 
odor of bad eggs, with minute bubbles in the bronchi and tra- 
cheae. Findings associated with acute death, such as petechiae be- 
neath the mucosa, congestion of organs and dark red non-coagu- 
lated blood in the heart were also found. Microscopically, many 
plankton were observed in the samples obtained from the lung, 
liver and kidney. Blood and solid tissues were collected and stored 
at -20°C until toxiological analyses. Urine could not be obtained 
from the cadaver. 

Materials and methods 

Animal experiments 

Four adult male Wistar rats weighing about 300 g were anes- 
thetized with ether and administered 1 ml of 10% Na2S solution 
orally, which was the minimum lethal dose known from prelimi- 
nary experiments. All the rats died by poisoning within 5 min after 
the administration. The tissue samples including whole blood were 
collected immediately after death and stored at -20 ° C until analy- 
sis. All the animal experiments, including preliminary ones, were 
carried out under the control of the Guideline for Animal Experi- 
ment in the Faculty of Medicine, Kyushu University and the Law 
(No. 105) and Notification (No. 6) of the Government. 

Analytical procedure for sulfides 

Since sulfides are easily oxydized or volatilized by the means of 
homogenization [9, 10l, we had developed a new method to 
analyse sulfides in the slices of frozen samples, using extractive 
alkylation technique [11]. The procedures are described in brief. 

A 0.5 ml volume of 20 mM pentafluorobenzyl bromide solu- 
tion in toluene and 2.0 ml of ethyl acetate containing 10 gM 1,3,5- 
tribromobenzene (TBB) as internal standard were placed in a 10- 
ml glass-stoppered test tube with 0.8 ml of 5 mM tetradecyldi- 
methylbenzylammonium chloride solution in oxygen-free water 
saturated with sodium tetraborate. To this mixture was added 0.2 
ml (or g) of test sample, and the preparation was stirred vigorously 
for 1 min at room temperature. About 0. l g of potassium dihydro- 
genphosphate was added as a buffer to stop excessive alkylation by 
tissue protein. The preparation was stirred vigorously for 10 s, and 
then centrifuged at 2500 rpm for 10 min. Using the extractive alkyl- 
ation technique, bis(pentafluorobenzyl) sulfide (BPFBS) was de- 
rived from sulfide. 

The apparatus used to analyse BPFBS and TBB was a Shi- 
madzu GC-14AE gas chromatograph equipped with a Ni 63 electron 
capture detector, controlled with a Shimadzu C-R5A model Chro- 
matopac computer. The column was a glass tube of 2.1 m x 3 mm 
I.D. packed with 5% Apiezon grease L on Uniport HP, 60-80 
mesh. The column temperature was maintained at 220°C and the 
injection port and detector at 270 ° C. Nitrogen was used as the car- 
rier gas at a flow rate of 30 ml/min. The lower detection limit for 
sulfide was 0.3 nmol/ml (or g). 

Results and discussion 

Based on the autopsy findings,  the cause of death of the 
victim was diagnosed as suffocation after aspirating 
sewage into the respiratory tract. Since hydrogen sulfide 
gas was detected in the atmosphere at the scene, toxico- 
logical analysis focusing on sulfides was carried out. We 
did not determine the sulfide concentrat ion in the gastric 
contents collected at autopsy, because from the case his- 
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Table 1 Sulfide concentrations in tissues in autopsied individuals 
(gmol/ml or ~tmol/g) 

Our case Case reported by 
Kimura et al. [8] 

A B C 

Blood 0.95 0.02 0.01 N.D. 
Lung 0.22 0.02 0.01 0.01 
Brain 0.08 0.01 0.03 0.01 
Liver 0.08 0.05 0.04 0.04 
Kidney 0.38 0.03 0.05 0.01 

Muscle 
abdominal 0.11 N.A. N.A. N.A. 
femoral 0.14 N.A. N.A, N.A. 

N.A.: Not analysed. N.D.: Below lower detection limit (< 0.3 
nmol/ml or nmol/g) 

tory it appeared that the sulfide concentrat ion in gastric 
contents at the t ime of autopsy was not equatable to the 
concentrat ion at the time of drowning.  

As shown in Table 1, the concentrat ions of sulfides in 
the blood, lung and kidney in this case were extremely 
high when compared to the concentrat ions in cases where 
drowning has occurred fol lowing exposure to hydrogen 
sulfide gas. In the report by Kimura  et al. [8], our extrac- 
tion procedure was used for analysis, so we selected the 
report for the comparison of sulfide concentrations.  We 
previously reported the postmortem generation of hydro- 
gen sulfide in cadavers [12], but the possibili ty of increas- 
ing sulfide concentrat ions after death in this case was re- 
futed on the basis of having handled the cadaver and sam- 
ples according to the correct procedure. 

We, therefore, considered the feasibility of oral intake of 
sewage containing sulfides, followed by distribution of 
sulfides from the al imentary tract throughout the whole 
body. To verify this hypothesis, sulfides were adminis-  
tered orally to rats and sulfide concentrat ions in tissues 
were determined. 

The results are shown in Table 2, together with our pre- 
vious data obtained from animal  experiments relating to 
the exposure to hydrogen sulfide gas [12]. The sulfide 
concentrat ion in the blood fol lowing oral intake was 0.32 
~xmol/ml, which was about 32 times higher than that fol- 
lowing gas exposure. Sulfide concentrat ions in the other 
tissues were about the same, whatever the method of ad- 
ministration. 

According to our experimental  results, the remarkably 
high sulfide concentrat ion in the vic t im's  blood suppos- 
edly s temmed from the oral intake of sewage containing 
sulfides. Since the sulfide concentrat ions in the rat lungs 
fol lowing oral administrat ion were similar to those fol- 
lowing gas exposure, we consider the rather high sulfide 
concentrat ion in the v ic t im's  lungs to have been due to as- 
piration of the sewage. 

In this case, it seems that the high sulfide concentrat ion 
in the blood derived from the al imentary tract rather than 
the respiratory tract, because the sulfide concentrat ion in 
the blood was higher than that in the lungs. The reason 
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Table 2 Sulfide concentra- 
tions in rats following oral in- 
take of sulfides and exposure 
to hydrogen sulfide gas. 
(gmol/ml or ~tmol/g, n = 4) 

Lower detection limit: 
0.3 nmol/ml (or nmol/g) 

Blood 
Lung 
Brain 
Liver 
Kidney 

Muscle 
abdominal 
femoral 

Oral intake Gas exposure 

No. 1 No. 2 No. 3 No. 4 Mean + S.D. Mean + S.D. 

0.23 0.68 0.13 0.22 0.32 + 0.25 0.01 _+ 0.00 
0.01 0.01 0.01 0.02 0.01 5:0.01 0.02 ± 0.01 
0.02 0.04 0.05 0.01 0.03 ___ 0.02 0.01 +_ 0.00 
0.04 0.04 0.09 0.17 0.08 5:0.06 0.05 _+ 0.01 
0.02 0.02 0.04 0.07 0.04 5:0.04 0.04 + 0.04 

0.00 0.03 0.04 0.06 0.03 + 0.03 0.01 + 0.01 
0.00 0.00 0.00 0.01 0.01 __+ 0.00 0.01 + 0.00 

why a high concentrat ion of sulfides was detected in the 
v ic t im's  k idney needs to be further investigated, although 
it may  have resulted from the fact that the kidneys serve 
as an excreting organ of sulfides. 

F rom the f indings of the autopsy and experimental  re- 
sults, it was considered that the vict im had been exposed 
to hydrogen sulfide gas, and had then suffocated to death 
by aspiration of sewage containing sulfides and that the 
sulfides had become distributed main ly  from the a l imen-  
tary tract into the body fol lowed by the cessation of circu- 
lation. 

In conclusion,  a case l inked to ingested sulfides is re- 
ported. The results obtained from autopsy findings,  toxi- 
cological  analysis and animal  experiments  led to the fol- 
lowing conclusion:  the vict im swallowed sewage contain-  
ing sulfides into the al imentary tract and the sulfides were 
then distributed throughout  the whole body unti l  death oc- 
curred by drowning.  
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