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ADIPOCERE FORMATION IN A RIVER ENVIRONMENT

Abstract: Adipocere is a late post-mortem decomposition product that consists of a mixture
of fatty acids. The rate of formation of adipocere in a river water environment has
been monitored. Adipocere formed from pig adipose tissue has been analysed using
gas chromatography — mass spectrometry (GCMS) in order to determine the fatty acid
composition, and hence, the degree of formation in the different environments. The
study shows that the rate at which adipocere forms depends on the type of aqueous
environment.

Introduction

Adipocere is a grey-white waxy substance that may be observed late post-mortem.
The appearance of adipocere is of interest as it may slow the decomposition process or
preserve human remains. Adipocere is observed in bodies found in aqueous environments
and it is often noted that a moist environment is conducive to the formation of
adipocere [1-4]. However, little work has been reported on the characterisation of
adipocere formed in aqueous environments. An understanding of the composition
of the adipocere formed can provide an indication of the extent of formation of
this decomposition product and, thus, the effect of the aqueous environment on its
formation.

Adipocere is mainly composed of a mixture of fatty acids, predominantly palmitic
and stearic acids, as well as hydroxy fatty acids and salts of fatty acids [5-9]. Adipocere
initially results from the conversion of adipose tissue into unsaturated fatty acids
and then into saturated fatty acids. Previous studies have involved the analysis of the
composition of adipocere formed in soil environments and demonstrated that the
formation may be monitored by analysing the fatty acid composition of adipocere [10-
14]. Gas chromatography — mass spectrometry (GCMS) has been utilised to identify
the fatty acids present in adipocere. More recently, a modified GCMS method has
been successfully employed to analyse samples formed in aqueous environments [15].

In the present study, an investigation into the formation of adipocere in pig tissue
in a river environment has been carried out. GCMS was employed to determine the
fatty acid composition, and hence, the degree of formation of each adipocere sample.

19



Materials and methods

Adipose tissue from pigs (Sus scrofa) was obtained from a retail butcher. A 10 cm
x 10 cm piece of tissue collected from the abdominal region containing muscle and
skin was used for each experiment.

For the laboratory model studies, 5L high density polyethylene sealed containers were
used. The containers were acid-washed with 5 % v/v nitric acid, rinsed with distilled
water and air dried. A basket of low density polyethylene was constructed to contain the
adipose tissue and was suspended from the lid of the container to surround the tissue by
solution. Three replicates of each set-up were prepared and stored at 20°C. 1 g of pig faecal
material was smeared onto the skin surface of the tissue to ensure the necessary bacteria to
promote putrefaction. Samples of pig adipocere were collected from random sections of
the tissue over a period of 18 months at 3 monthly intervals. The collected samples were
placed in sealed specimen containers, homogenised and stored at —18°C until analysis.

The field study site was a freshwater river located in Laggan, New South Wales,
Australia. The sampling containers were similar to the model adipocere containers, but
holes of approximately 0.5 cm in diameter were inserted throughout the surface and
weight added to maintain submersion. The containers were covered in netting to exclude
animals and the containers were secured to posts on the riverbank (Figures 1 and 2). Five
repeats were created, which were spaced at regular intervals at the site. The containers
were placed in the deepest parts of the river to ensure the containers were submerged for
the entire sampling period. Samples were collected from the field trial over 18 months at
3 monthly intervals. The river laboratory model used water obtained from the field site.

For analysis, 5Smg of each adipocere sample was placed in 5 ml hexane, sonicated
for two 10 min sessions and centrifuged (2500 rpm, 5 min). The supernatant was
aspirated and frozen until analysis. The samples were analysed using GCMS according
to the procedure detailed by Notter ez a/. [15]. The fatty acids examined were myristic,
palmirtoleic, palmitic, linoleic, oleic, stearic and 10-hydroxy stearic acids.

Results and discussion

In order to observe any trends in the data, the ratios of the concentrations of the
unsaturated (palmitoleic, linoleic, oleic acids) to saturated (myristic, palmitic, stearic,
10-hydroxy stearic acids) fatty acids were determined for each sample using GCMS.
From such a ratio, an estimation of the stage of formation of adipocere can be made.
An earlier investigation divided the process of adipocere formation into three stages
based on the average % of saturated fatty acids present: early (40-60%), intermediate
(70-90%) and advanced (>90%) [16]. The estimated unsaturated / saturated facty acid
concentration ratio for each stage used in this study was: early (1.17), intermediate
(0.15) and advanced (0.05).

Figure 3 shows the fatty acid ratios for each collected specimen at the different
sampling intervals. Inspection of the control values shows that the fatty acid ratio
decreases with time and even at 3 months, the adipocere is in an intermediate stage
of formation. A comparison of the control values with those of the model river system
reveals that the decrease in ratio occurs earlier in the river water used, indicating that
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adipocere is forming faster in the river water. The pig tissue placed in the field shows
an even lower fatty acid ratio value at each sampling time than those determined for
both the control and the model river systems. Thus, the adipocere formed by the pig
adipose tissue forms faster in the field compared to the laboratory model systems.

As adipocere forms more readily in the river water, either in the laboratory model
or in the field, there is the possibility that certain species contained in the river water
may be responsible for the more advanced formation. Although a detailed chemical
analysis of the river water used for these experiments is yet to be undertaken, such
analyses should provide some insight into the mechanism of adipocere formation in
river water. Other work carried out in our laboratory on model systems involving the
presence of different cationic species and the modification of pH have indicated that
these factors affect the rate of adipocere formation. The details of these studies will
be reported in upcoming publications.

The notable increase in adipocere in the flowing river system compared to the still
laboratory model system is significant. A possible explanation for the rate difference
could be the removal of other decomposition products (e.g. glycerol) by the flowing
environment. Such an action may disrupt other decomposition processes and so may
allow the process of adipocere formation to more readily occur.

Conclusions

A study has been made of the rate of formation of adipocere for pig adipose tissue
in river water environments. It has been demonstrated that adipocere forms faster in
river water, in both model and field studies, compared to a control in distilled water.
The natural flowing river system is also responsible for a more rapid formation of this
decomposition product. Further work is being undertaken into the species present
in the river water that may be responsible for the increased formation rate, as well as
into the significance of the movement of the water.
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Figure 1 — Field study container. Figure 2 — Placement of field study containers.
sampling time / months ~ control model river field river
3 0.15 0.14 0.04
6 0.15 0.07 0.03
9 0.05 0.01 0.01
12 0.06 0.01 0.03
15 0.05 0.01 0.01
18 0.03 0.00 0.01

Figure 3 — Unsaturated / saturated fatty acid
concentration ratios for pig adipocere.
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