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ABSTRACT 

Many factors affect aquatic decomposition and the accuracy of Post-mortem Submersion Interval 

(PMSI) estimations but have not been researched thoroughly. The extent of decomposition in bodies 

recovered from water is measured using visual decomposition scoring systems (DSS). The applicability 

of the Heaton, van Daalen and Reh DSS is limited because they were developed with predominantly 

pale-skinned individuals in temperate climates. This PhD aimed to (1) determine the effect of water 

temperature, hardness, salinity, and current on decomposition rate in human analogues, (2) compare the 

effectiveness and suitability of these DSS for assessing decomposition changes in human 

analogues/human remains and estimating PMSI in dark-skinned individuals. 

Laboratory studies, where 660 mice decomposed for 35 days, were conducted to investigate the effect 

of salinity, hardness and current on decomposition rate. To augment the laboratory results with larger 

human analogues, 35 pigs were decomposed for 70 days in water of varied salinity. To evaluate the 

accuracy of the DSS in PMSI estimation of human cases, the Heaton, van Daalen and Reh DSS to assess 

the extent of decomposition visible in pictures of drowning victims from the Netherlands, U.K., and 

South Africa and compared with known PMSI. A ódrowning databaseô of data from global drowning 

cases cited in scientific literature and media was collated to understand worldwide drowning 

demographics. 

This research demonstrated that temperature, salinity, hardness, and current significantly affected the 

decomposition rate of human analogues (p<0.05) and has shown for the first time that discolouration 

changes can be misleading in dark skin-toned individuals when using the DSS, and these DSS are 

inaccurate for estimating the PMSI of dark and pale-skinned bodies in advanced decomposition states 

or recovered in winter. Recommendations for applying the DSS to dark-skinned individuals have been 

made to improve the estimation of PMSI. Therefore, temperature, salinity, current, and hardness levels 

should be considered when estimating the PMSI of bodies recovered from marine environments, and 

more global studies should be conducted to improve the suitability of these DSS in assessing 

decomposition and estimating PMSI in darker-skin-toned individuals. 
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DISCRETION WARNING  

The content of this thesis is intended for readers of a forensic background and contains graphic 

decomposition images of animals and humans that may be disturbing to readers. Viewer discretion is 

advised.
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1 INTRODUCTION  

1.1 Drowning, Aquatic Decomposition and Decomposition Scoring Systems 

Drowning occurs when a body is immersed in water or other liquid until there is no access by air to the 

lungs due to the blockage of the airways by the fluid (Byard, 2017; Szpilman & Morgan, 2021). 

Drowning is a common cause of death; annually, over 200,000 people die by drowning worldwide 

(Reijnen et al., 2018; Yorulmaz et al., 2003). Due to this phenomenon, there is an increased need to 

understand the process of drowning and aquatic decomposition (Heaton et al., 2010). Therefore, more 

studies are being conducted to investigate the factors affecting aquatic decomposition and improve the 

estimation of Post-mortem Submersion Interval [PMSI] (Byard, 2018; Mateus & Vieira, 2014; Reijnen 

et al., 2018; van Daalen et al., 2017). Death by drowning in various water environments occurs because 

of recreational accidents, natural and transport disasters, suicide, and homicide (Byard, 2017; 

Papadodima et al., 2010).  

In the United Kingdom, the Human Tissue Act (2004) was designed for the regulation of all activities 

involving the post-mortem examination and retention of human tissue, organs, or bodies, with consistent 

emphasis on the need for fully informed consent; this Tissue Act prevents the use of human remains for 

decomposition studies (Human Tissue Authority, 2004; Pringle et al., 2010). Due to these ethical 

restrictions on the use of human bodies for research, particularly in the U.K., these accidents, case 

studies, and the use of human analogues in empirical studies serve as a source of vital information for 

estimating PMSI for forensic sciences and help with the location of drowned victims (Mateus & Vieira, 

2014). 

Like decomposition in air and soil, the decomposition process and rate in water are complex, but the 

rate of aquatic decomposition differs from terrestrial decomposition due to a range of different factors; 

however, these factors have not been researched thoroughly (Reijnen et al., 2018; Saukko & Knight, 

2015). These factors include the cooler temperatures experienced in aquatic environs, tidal fluctuations, 

the absence of insects, water currents, turbulence in the water, water salinity, and the presence of 

microorganisms and scavengers in water (Campobasso et al., 2001; Di Maio & Di Maio, 2001; 

Humphreys et al., 2013; Kahana et al., 1999; Rodriguez, 1997). There is little existing research on 

decomposition in water or PMSI estimation methods, especially compared to the amount of literature 

about decomposition and Post-mortem Interval (PMI) estimation on land or other terrestrial 

environments. Therefore, further research is required to understand better the water conditions and 

factors affecting the aquatic decomposition process to help improve the estimation methods of PMSI. 

The interval between immersion/death and the recovery of human remains from a body of water is 

known as Post-mortem Submersion Interval (Humphreys et al., 2013). Accurately estimating the PMSI 

in drowning cases plays an essential role in reconstructing the events around death, excluding suspects, 

and identifying unknown human remains (Moffatt et al., 2016; van Daalen et al., 2017). Various 
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methods have been formulated to give estimations of the PMSI of bodies recovered from the water, and 

these methods have been adaptations of the techniques for estimating PMI on land/in terrestrial 

environments. One of the methods involves indicating the presence of microorganisms such as bacteria, 

protozoans, algae, and fungi on the bodies recovered from water (Benbow et al., 2015; Lang et al., 

2016; Zimmerman & Wallace, 2008). Another set of methods involves adapting the Total Body Score 

(TBS) system developed by Megyesi et al. (2005) for bodies decomposing on land for those recovered 

from water.  

Various researchers have modified this TBS scoring system into different Decomposition Scoring 

Systems (DSS), such as the Total Aquatic Decomposition Score (TADS), which scores the extent of 

decomposition in bodies recovered from water (Heaton et al., 2010; Van Daalen et al., 2017). These 

DSS are based on visual assessments of the external and internal observations of the decomposition 

changes visible on the head, neck, trunk, and limbs (Heaton et al., 2010; Reijnen et al., 2018; Van 

Daalen et al., 2017). These decomposition features assessed include anatomical changes such as 

disarticulation, bone exposure and skeletonization, but the majority of these observable changes are 

discolouration changes such as livor mortis (purple), marbling (red or pink), washerwomanôs hand 

(white or pale) and the greenish colour observed during putrefaction stage of decomposition because of 

bacterial activities (Heaton et al., 2010; Van Daalen et al., 2017). These changes are assessed, scored, 

and recorded as TADS; this, along with the Accumulated Degree Days (ADD), is then used to estimate 

the PMSI (Mateus & Vieira, 2014). ADD represents the accumulation of heat energy needed for 

biological and chemical reactions in soft tissues for decomposition (Palazzo et al., 2020). ADD is 

calculated by adding the average daily temperatures exposed to the decomposing body (Humphreys et 

al., 2013).  

Most studies on aquatic decomposition have been carried out in regions such as Europe, Australia, and 

the USA. The conventional methods for PMSI estimation and the available DSS were developed from 

these studies (Byard, 2017; Heaton et al., 2010; Humphreys et al., 2013; Reijnen et al., 2018). Some 

common DSS formulated from these aquatic decomposition studies include Heaton et al. (2010), van 

Daalen et al. (2017) DSS and the Reh (1967) table. These existing DSS are limited because they have 

been developed from studies carried out in countries with temperate climates and individuals with 

predominantly pale skin and are rarely implemented in cases with darker skin tone victims. This means 

that the existing DSS and PMSI estimation methods may apply only to cases with comparable temperate 

climates and waterways but most often apply to individuals with pale skin tones. This leaves a gap in 

knowledge and uncertainty on whether these methods could be helpful in cases of drowning or body 

deposition in water environments in regions such as Africa, Asia, the Caribbean, or with darker skin-

toned individuals. Therefore, there is a potential for investigations and PMSI estimations of cases 

involving individuals with darker skin tones to be compromised. 
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1.2 Research Questions 

The following are key questions that focus on the gaps in knowledge of this research and need to be 

answered to ensure the aims of this research will be met. 

1. Will each water condition studied statistically significantly affect the decomposition rate and PMSI 

estimation of human analogues? 

2. Will changing salinity concentration statistically significantly affect the decomposition rate and 

PMSI estimation of human analogues? 

3. Will the adapted Heaton and van Daalen DSS be suitable and effective for assessing the extent of 

decomposition in human analogues such as mice and pigs? 

4. Will there be a statistically significant difference in the TADS of the human analogues when 

comparing the adapted Heaton and van Daalen DSS scores of each analogue? 

5. Will there be a statistically significant difference in the TADS of the human cases when comparing 

the Heaton and van Daalen DSS scores of each case? 

6. Can this research improve the suitability of the existing DSS for assessing decomposition changes 

in individuals with darker skin tones other than the reference individuals? 

7. Can the DSS be adapted regionally (regardless of the skin tone of the victim) because of the varying 

climates compared to Europe? 

8. Can this research improve the accuracy and precision of the available PMSI estimation methods? 

 

1.3 Research Outline 

The research was divided into four broad parts: Laboratory Studies on Water Conditions, Field Studies 

on Salinity Concentration, Comparative Human Image Analysis and Drowning Case Database. Further 

details on these four broad parts are given below. The research was divided into these sections because 

each part of the study had a specific human analogue or data on which experiments and analyses were 

conducted (See explanations below). This thesis will present each sub-components with its introduction, 

methodology, results, and discussion sections. 

1.3.1 Laboratory Studies on Water Conditions 

Before the commencement of the laboratory studies, a pilot study1 was conducted. The pilot study was 

designed to have two purposes. Firstly, to test if the Heaton and van Daalen DSS could be adapted (a-

TADS) and be suitable for assessing the extent of decomposition in human analogues such as mice. 

Secondly, to help provide the experience, skills, and practice of procedures essential and necessary for 

further empirical aquatic decomposition studies. These procedures included assessing the extent of 

decomposition with the scoring systems, preparing a standard set-up for aquatic decomposition studies, 

cleaning or discarding biological wastes, and other aspects that would later help in the laboratory and 

field studies. 

1 Undertaken at the University of Huddersfield before transfer to the University of Central Lancashire in the first year of study. 
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The laboratory experiments were designed to investigate the effect of water temperature, salinity, 

hardness, current, total dissolved solids (TDS), pH and skin tone on the decomposition rate of human 

analogues (mice- Mus musculus) in a laboratory setting. Mice were chosen for these experiments 

because of their small size, cost-effectiveness in purchase and storage, and the potential to study large 

numbers at once. Therefore, large-scale mice experiments were carried out, giving the laboratory studies 

a high statistical power. 

1.3.2 Field Studies on Salinity Concentration 

These studies mirrored the laboratory experiments and investigated water salinity's effect on porcine 

human analogues' decomposition rate. Promising results were obtained from the laboratory studies 

investigating salinity's effect on mice's decomposition rate; hence, studies investigating the effect of 

salinity on larger human analoguesô decomposition rates were needed for comparisons. The studies 

were conducted using pigs (Sus scrofa domesticus) at the TRACES Animal Taphonomy Facility at the 

University of Central Lancashire in an outdoor setting.  

1.3.3 Comparative Human Image Analysis 

Due to ethical restrictions on using human bodies in research in the U.K., a retrospective analysis was 

conducted on pictures of drowned victims from forensic cases obtained from the U.K., Netherlands, 

and South Africa. A retrospective study was chosen because of the time constraints of the study and 

solved closed cases were the best option for such a study. A prospective study would have taken longer 

than the allocated time for the PhD research, and primarily only open cases with many missing data that 

were still sub judice would have been available.  

Where possible, the autopsy records and photographs of human drowning victims from the U.K., 

Netherlands, and South Africa were assessed to evaluate the extent of decomposition using Heaton et 

al. (2010), van Daalen et al. (2017) and Reh (1967) scoring systems against the known PMSI in a variety 

of water conditions. Temperature data from each location and the decomposition scores were used to 

estimate the PMSI. This estimated PMSI was compared to the stated PMSI in the case files to see if 

there was a significant difference between the estimated PMSI based on the DSS and the known PMSI 

values. This analysis also aimed to improve the suitability of the DSS for assessing decomposition 

changes in individuals with dark skin tones. 

1.3.4 Drowning Case Database 

In addition, data from drowning incidents and cases published in the literature and news media to date 

were collated into an Excel spreadsheet file and referred to as a "Drowning Case Database", comprising 

age, sex/gender, temperature (body, water and ambient), known PMSI, and other essential information 

about each drowning case. This database serves as a reference for drowning cases, can help determine 

if there is a correlation between any data obtained (especially the water conditions) and the PMSI, 

provide insights or establish any trends in the frequency of drowning, demographics, levels of risk, 
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make meaningful comparisons across various locations and where possible, suggest prevention and 

intervention steps for drowning occurrences. 

 

1.4 Aims and Objectives 

1.4.1 Aims 

This research had three broad aims: 

1. To investigate the impact of varying concentrations or levels of water temperature, salinity, hardness, 

pH, TDS, skin tone and current on the decomposition rate of human analogues (mice and pigs). 

H1 = There is a significant difference in the decomposition rate of a human analogue exposed to varying 

concentrations or levels of the water conditions listed above. 

H0 = There is no significant difference in the decomposition rate of a human analogue exposed to 

varying concentrations or levels of the water conditions listed above. 

 

2. To investigate if the Heaton et al. (2010) and van Daalen et al. (2017) DSS could be adapted, suitable 

and effective for assessing the extent of decomposition in mice and pigs.  

H1 = There is a significant difference in the TADS of the pigs when comparing the Heaton and van 

Daalen DSS. 

H0 = There is no significant difference in the TADS of the pigs when comparing the Heaton and van 

Daalen DSS. 

 

3. To investigate if  the Heaton et al. (2010) and van Daalen et al. (2017) DSS are suitable to achieve 

accurate PMSI estimates for drowning cases from regions or cases involving individuals with dark skin 

tones. 

H1 = There is a significant difference between the estimated PMSIs and case note PMSIs when applying 

the Heaton et al. (2010) and van Daalen et al. (2017) DSS to drowning cases involving dark skin tone 

victims. 

H0 = There is no significant difference between the estimated PMSIs and case note PMSIs when 

applying the Heaton et al. (2010) and van Daalen et al. (2017) DSS to drowning cases involving dark 

skin tone victims. 
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1.4.2 Objectives 

1. To carry out laboratory and field studies using mice and pigs to investigate the effect of varying levels 

of the following conditions: a) temperature, b) salinity, c) hardness, d) pH, e) TDS, f) skin tone, and g) 

current, on the rate of aquatic decomposition. By carrying out these experiments and investigating the 

impact of each condition, this study will further understand the processes of aquatic decomposition 

under these different factors and water conditions and improve and validate the current DSS and PMSI 

estimation methods. 

2. To statistically compare if there is a significant difference in the TADS when using the adapted 

Heaton and van Daalen DSS for assessing the extent of decomposition in the human analogues for 

laboratory and field studies. This will validate whether the DSS are suitable for scoring decomposition 

changes in human analogues.  

3. To compare case files, pictures and autopsy reports of human bodies recovered from water regions 

in the U.K., Netherlands, and South Africa. The comparative study was conducted by analysing the 

images obtained from these countries; Heaton and van Daalen's DSS were used to assess the degree of 

decomposition in these pictures. Temperature data of each country and the decomposition scores 

formulated were used to estimate the PMSI; this estimated PMSI were compared to the stated PMSI in 

the case files to see if there was a significant difference between both PMSI values. This will help 

determine if there are similarities between the animal analogues and the human cases and if the cases 

show the same variations with water conditions. This analysis also aimed to improve the suitability of 

the DSS for assessing decomposition changes in individuals with dark skin tones. 

4. To create a "Drowning Case Database" that stores details such as age, sex, temperature (body, water 

and ambient), estimated PMSI, and other essential information about drowning cases published 

worldwide. It will serve as a reference for drowning cases and help determine if there is a correlation 

between any data obtained and the PMSI. 
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2 EXISTING RESEARCH INTO AQUATIC DECOMPOSITION  

The process of aquatic decomposition is complex and is affected by various factors (Reijnen et al., 

2018; Saukko & Knight, 2015). To investigate the process of aquatic decomposition and the influencing 

factors, it is necessary to understand the context of taphonomy, decomposition process in terrestrial 

environments, and the process of drowning and to look at existing research into aquatic decomposition. 

2.1 Taphonomy 

In scientific disciplines such as archaeology, palaeontology, palaeobiology, anthropology, zoology, 

geology, and forensic science, "Taphonomy" has different definitions (Lyman, 2010). Taphonomy, as 

a word, originated from two Greek words; "tophos", meaning "burial", and "nomos", meaning "law" 

(Schotsmans et al., 2017). In 1935, a Russian palaeontologist, Ivan Antonovich Efremov, defined 

Taphonomy as "the study of the transition of organisms from the biosphere to the lithosphere" (Turner 

et al., 2013). In a forensic context, Taphonomy can be broadly defined as the use of models, analyses, 

and approaches to study the diverse factors and conditions of an organism's decomposition (Haglund & 

Sorg, 1997; Verheggen et al., 2017).  

Forensic taphonomy aims to provide accurate estimations of post-mortem interval (PMI), give vivid 

reconstructions of the events of death and decomposition, aid the judicial system in death cases, provide 

more understanding of the products of decomposition, aid in identifying unknown human remains, and 

to investigate the factors that affect human decomposition (Roberts et al., 2017; Schotsmans et al., 

2017). Therefore, taphonomy plays an essential role in reconstructing the circumstances linked to 

decomposition, from the moment death occurs until after the point of skeletonization (Schotsmans et 

al., 2017). 

2.2 Terrestrial Decomposition 

Decomposition is a multidimensional and natural process associated with physical, biological, and 

chemical changes that involve the degradation of an organism's biological macromolecules into smaller 

organic units (Perrault et al., 2015). Terrestrial decomposition occurs on land or in the air, while aquatic 

decomposition occurs in bodies of water. The factors affecting the decomposition process in aquatic 

environments have not been researched thoroughly, but the limited knowledge of aquatic decomposition 

has been acquired through adaptations of factors related to terrestrial decomposition. For example, 

decomposition scoring systems such as the TADS system used to assess the extent of decomposition of 

bodies recovered from water was adapted from the TBS system created by Megyesi et al. (2005) for 

bodies decomposing on land (Heaton et al., 2010; van Daalen et al., 2017). Therefore, an in-depth 

understanding of the process and stages of terrestrial decomposition is essential for investigating the 

process of aquatic decomposition and the factors that influence it. 
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2.2.1 Stages and Chemistry of Terrestrial Decomposition 

The physical processes of terrestrial decomposition are broadly understood and can even be categorised 

into ordinal parts, but there is limited knowledge about the underlying chemistry of the terrestrial 

decomposition process (Iqbal et al., 2017). Terrestrial decomposition is a continuous and intricate 

process; although it can be categorised into stages based on gross observations, classifying it into stages 

is subjective (Matuszewski et al., 2010). Depending on the geography, organism and weather 

conditions, the stages of terrestrial decomposition may vary from 1ï9 stages (Goff, 2009); still, it is 

mainly classified into five distinct stages, which include Fresh, Bloat, Active decay, Advanced decay 

and Skeletonization (Dekeirsschieter et al., 2009). 

2.2.1.1 Fresh Stage 

The fresh stage usually begins immediately after death and lasts three or four days in a temperate climate 

(Shrestha et al., 2022). In the winter months, it can last for more than seven days (Shrestha et al., 2022). 

This stage is mainly initiated by the actions of biological factors such as reactive oxygen species, 

bacteria, enzymes, fungi, microorganisms, or scavengers (Boumba et al., 2008; Paczkowski & Schütz, 

2011). The intrinsic activities of these biological factors lead to biochemical changes such as autolysis, 

putrefaction, and liquefaction (Forbes et al., 2017). The fresh stage includes a chemical reaction known 

as autolysis and includes physical changes such as rigor mortis, algor mortis, livor mortis, and tache 

noire (Goff, 2009; Shrestha et al., 2022).  

The process through which body cells and organs undergo self-digestion and degradation by the activity 

of intracellular enzymes is known as autolysis (Di Maio & Di Maio, 2001). Autolysis begins about 4 

minutes after death (Rosier et al., 2014). After death, a compromise in the integrity of the cell membrane 

occurs due to a lack of supply of oxygen, a decrease in cytoplasmic pH and the presence of aerobic 

microorganisms; this reduction in cell membrane integrity initiates the release of lysosomes and 

enzyme-containing organelles (Tsokos, 2005). Autolysis is said to first occur in the pancreas due to the 

release of proteolytic and hydrolytic enzymes that digest the organ (Hamilton & Green, 2017). Autolysis 

also occurs rapidly in other organs, such as the liver, spleen, lungs, kidneys, stomach, and brain, which 

are rich in hydrolytic enzymes. Proteins, carbohydrates, and fats are broken down by these organs' 

enzymes, like proteases, amylases, and lipases (Zhou & Byard, 2011). The products of autolysis serve 

as nutrients for microorganisms in the body and this initiates putrefaction (Mayer, 2012). 

The onset of algor mortis occurs immediately after death. Algor mortis is the body's cooling process 

after death due to its inability to regulate its internal temperature through homeostatic regulation and 

heat loss to the environment (Goff, 2009; Shrestha et al., 2022). During algor mortis, the internal body 

temperature reduces until the ambient temperature is reached; this process can last up to 18 to 20 hours 

(Fisher, 2007). Exposure to sunlight, weather conditions, clothing, and body size can affect the rate of 

body cooling (Henssge & Madea, 2004; Shrestha et al., 2022). 
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Livor mortis is the gravitational pooling of blood in the lower dependent areas, both externally in the 

skin capillaries and venules and in the internal organs resulting in the red-blue-purple discolouration of 

the skin after death (Hayman & Oxenham, 2016; Simmons & Cross, 2013). The mechanism of livor 

mortis is complex; the onset usually occurs within 30 minutes to 3 hours after death, and the pooling 

patterns of the blood being formed in this process become evident and fixed at about 12 hours after 

death (Byard, 2020; Shrestha et al., 2022). An example of livor mortis in a body is illustrated in Figure 

2.1 below. The red-purple discolouration in this body can be observed on the back, the part of the body 

pressed against the surface it is placed upon. 

 

Figure 2.1: Livor Mortis in a cadaver (Goff, 2009). 

 

Rigor mortis is a post-mortem chemical change characterised by the stiffening of muscles in the body 

due to the depletion and lack of production of Adenosine Triphosphate [ATP] (Shrestha et al., 2022). 

After death, oxygen supply stops and aerobic respiration in the muscle cells is halted; this leads to the 

depletion of ATP needed to break down the covalent bond formed between myosin and actin fibres 

(Anders et al., 2013). This bond and the build-up of lactic acid cause muscle contraction and rigour 

(Goff, 2009). The onset of rigor mortis occurs approximately 2 hours after death; it is initially observed 

in the facial muscles and spreads to other muscles in the body between 6 to 8 hours after death (Anders 

et al., 2013). The duration of rigor mortis can last up to 84 hours before the muscles start to relax (Goff, 

2009). The covalent bonds formed between the myosin and actin fibres are broken down at this phase 

by proteolysis, and the rigor in the muscles is lost with relaxation starting in the facial muscles and 

spreading to the limbs and other body parts (Shrestha et al., 2022). An example of rigor mortis occurring 

in the limbs of a body can be seen in Figure 2.2, with the right arm pointing upwards and the left arm 

bent while the body is in a supine position. 
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Figure 2.2: Presence of rigor mortis in the upper limbs of a cadaver (Goff, 2009). 

 

Tache noire is the drying and black discolouration of the cornea when the eye remains open and exposed 

after death (Goff, 2009). An example of a tache noire can be seen below in Figure 2.3. 

 

Figure 2.3: Pictorial representation of Tache Noire in a body because of drying (Goff, 2009). 

 

Oviposition or the entry of insects into body orifices to deposit eggs can also occur during the fresh 

stage (Verheggen et al., 2017). An example of insects entering the body through the nasal openings of 

a corpse can be seen in Figure 2.4. These colonies of insects are attracted to a cadaver because of a wide 

range of compounds known as volatile organic compounds (VOCs); these compounds are responsible 

for the smell emanating from a decomposing body (Verheggen et al., 2017). Figure 2.5 is a picture of a 
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decomposing body in the fresh stage of decomposition, while Table 2.1 shows the breakdown of the 

characteristics of some of the insect activities and the type of smell for each stage of decomposition,  

 

Figure 2.4: Blowflies trying to enter the body orifices (Rodriguez & Bass, 1985). 

  

 

Figure 2.5: Fresh stage of decomposition in a human cadaver (Rodriguez & Bass, 1985). 
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Table 2.1: The stages of decomposition along with the odour and insect activity (Verheggen et al., 2017). 

 Stage Description Insect Activity Odour Evolution 

E
a

rl
y
 D

e
c
o
m

p
o

s
it
io

n 

Fresh -First hours following death 

-Onset of autolysis 

-Rigor mortis, livor mortis, algor 

mortis 

Initial attraction of flies to 

carcass and oviposition in body 

orifices 

Minimal perceived odor 

Bloat -Onset of putrefaction 

-Gas accumulation due to 

microorganisms and macromolecule 

breakdown 

 

-Continued attraction and 

oviposition 

-Development of fly larvae and 

initial larval masses found 

 

-Strong perceived odor 

-Odour typically 

perceived as containing 

sulfur compounds, 

methane, and ammonia 

L
a

te
 D

e
c
o
m

p
o

s
it
io

n 

Active 

Decay 

-Deflation of the body 

-High rate of tissue removal by 

microorganisms, insect activity, and 

macromolecule breakdown 

Active consumption of tissue by 

matured insect larvae 

 

Strong and complex 

odor comprising a wide 

array of compounds 

Advanced 

Decay 

-Reduction in moisture 

-Some remaining tissue typically in 

torso region 

-Reduced insect activity and 

migration of fly larvae 

-Colonization by beetles 

 

Reduction in perceived 

odor but still complex 

and present 

Dry/Remains -Hair, cartilage, and bone remain 

-Mineral degradation 

-Minimal fly and beetle activity 

-Regular assemblage re-

established 

-Reduced odor 

-Perceived odor mostly 

from surrounding soil 
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2.2.1.2 Bloat Stage 

The bloat stage begins approximately two days after death and can last up to 2 weeks (Shrestha et al., 

2022). The onset of the bloat stage is characterised by putrefaction, which leads to the accumulation of 

gases in the body, primarily observed in the abdomen as slight inflation or bloat (Dekeirsschieter et al., 

2009). Putrefaction begins approximately 48ï72 hours after death (Rosier et al., 2014). Due to the 

reduction in oxygen levels in the body after death, the process of putrefaction is mainly stimulated by 

anaerobic bacteria that result in the breakdown and liquefaction of soft tissues (Janaway et al., 2009). 

The degradative action of anaerobic bacteria in the respiratory and digestive tracts leads to the build-up 

of gases; this causes bloating, which is observed mainly in the abdomen (Zhou & Byard, 2011).  

Green discolouration of the abdomen is one of the first physical signs of putrefaction (Janaway et al., 

2009). It is caused by the release of hydrogen sulphide from sulphur-containing amino acids, which 

then combine with haemoglobin to create sulfhaemoglobin (Goff, 2009; Rosier et al., 2014). The spread 

of the green sulfhaemoglobin through the capillaries creates a dark dendritic or mosaic pattern just under 

the skin surface, known as ñmarblingò (Goff, 2009). Marbling is typically observed on the abdominal 

region, neck, and limbs, and an example of this can be seen in Figure 2.6. 

 

Figure 2.6: Evidence of marbling on a cadaver (Goff, 2009). 
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These putrefactive reactions involving anaerobic bacteria in the body lead to the breakdown of the soft 

tissues and the accumulation of gases that cause a foul smell [Table 2.1] (Swann et al., 2010). The smell 

produced by the decomposition process at this stage is said to be that of gases such as hydrogen sulphide, 

methane, carbon dioxide, and ammonia (Irish et al., 2019). The production and release of these gases 

from the body attract blowflies (Calliphoridae), leading to significant masses of maggots (Swann et al., 

2010; Verheggen et al., 2017). 

Due to the metabolic reactions occurring during the putrefaction process in this decomposition stage, 

the body temperature increases and can significantly rise above the ambient temperature (Goff, 2009). 

As gases accumulate, body fluids and the by-products of the putrefactive reactions get released through 

the body orifices and other openings because of the internal pressure built up in the body; this process 

is known as liquefaction (Goff, 2009; Swann et al., 2010). Liquefaction leads to a reduction in the bloat, 

and it marks the end of the bloat stage. An example of a body in the bloat stage can be seen in Figure 

2.7; the abdominal region and genitals of the body are bloated due to the build-up of gases produced 

during putrefaction.  

 

Figure 2.7: Bloat stage of decomposition in a human cadaver (Rodriguez & Bass, 1985). 
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2.2.1.3 Active Decay and Advanced Decay Stage 

The decay stages can start about four days after death or as late as ten days after death and can last for 

up to 6 months (Shrestha et al., 2022). Splitting the Active decay and Advanced decay stages into start 

and end points is mainly subjective, but the liquefaction process and the feeding on the cadavers by the 

maggot masses can be referred to as the start points (Goff, 2009). Liquefaction reduces the body's 

bloated state and causes the appearance of a caved abdomen and a loose appearance of skin due to the 

release of accumulated gases in the bloat phase (Shrestha et al., 2022).  

In these stages, the body decomposes further, with the skin sloughing off and the breakdown of soft 

tissues and internal organs, leaving the muscles, tendons, cartilage, and bones exposed (Goff, 2009; 

Shrestha et al., 2022). The skin sloughs off due to the release of hydrolytic enzymes (during autolysis) 

between the dermis and epidermis, resulting in the loosening and slippage of the epidermis; vesicles or 

blisters are initially observed, but over time the nails, hairs and large areas of the skin slough off 

(Simmons & Cross, 2013). Active and Advanced decay are the stages with the most pungent odour; the 

skin becomes dark, there is evidence of tissue decomposition, and reduced moisture content as the body 

deflates (Gennard, 2012; Vass et al., 2004; Verheggen et al., 2017). A reduction in the moisture content 

of the decomposing body, especially in dry climates or a location with high temperatures, can lead to 

mummification (Goff, 2009; Shrestha et al., 2022). Large body sections become desiccated with a 

leathery appearance, and bacterial and insect activities are inhibited, thus preserving the body (Goff, 

2009). An example of a mummified body can be seen in Figure 2.8, the tissues have been desiccated, 

and the body looks preserved. 

 

Figure 2.8: Picture of a mummified body (Rodriguez & Bass, 1985). 

 

Figure 2.9 is an example of a body in the active decay stage; the presence of a caved abdomen due to 

the release of accumulated gases can be observed on the body. 
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Figure 2.9: A body with a caved abdomen during the active decay stage (Rodriguez & Bass, 1985). 

 

Figure 2.10 is an example of a body in the advanced decay stage. There is evidence of bone exposure, 

a dark discolouration of the skin, and some soft tissue drying up. 

 
Figure 2.10: Advanced decay stage of decomposition in a human cadaver (Rodriguez & Bass, 1985). 
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2.2.1.4 Skeletonization 

This stage can start as early as two months after death or as late as nine months and last for years with 

no fixed endpoint (Shrestha et al., 2022). In this stage, disarticulation of bones occurs, and only the 

bones, teeth, cartilages, some soft tissues, and hairs remain (Goff, 2009; Verheggen et al., 2017). 

Skeletonization is tagged ñcompleteò when all soft tissue has been decomposed and tagged ñpartialò 

when there is still the presence of soft tissue (Dent et al., 2004). Chemical factors such as insects, 

bacteria and acidic environments can cause the fracture and decalcification of bones leading to the 

disarticulation and wearing of bones (Pinheiro, 2006). Other factors contributing to the disarticulation 

and scattering of human remains during the skeletonization stage include scavengers and rain (Moraitis 

& Spiliopoulou, 2010). The sequence of disarticulation of the bones could vary for different cadavers, 

but most times, it occurs from the distal to the proximal parts of the body; the bones of the hands, wrists, 

feet, and ankles disarticulate first, followed by the knee joints, mandible, and cranium while the 

vertebrates tend to disarticulate last (Cameron & Oxenham, 2012; Ellingham et al., 2017; Haglund, 

1993). Figure 2.11 is an example of a disarticulated skull. 

 

Figure 2.11: A cadaver's skull that has reached the skeletonization stage of decomposition (Goff, 2009). 
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Figure 2.12 illustrates the first four stages of terrestrial decomposition as observed in a pig. 

 

Figure 2.12: The first four stages of decomposition, as observed in the carrion of a pig (Dekeirsschieter et al., 2012). 
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Figure 2.13 is an illustration of the summary of the decomposition process; products of the self-

digesting chemical process known as autolysis are further broken down by the process of putrefaction, 

leading to the production of gases. Putrefactive products are released from the body through 

liquefaction, further disintegration of the remains occurs, and the decomposition process continues till 

the skeletal stage is reached (Dent et al., 2004). 

 

Figure 2.13: Overview of the chemistry of terrestrial decomposition (Dent et al., 2004). 
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2.2.2 Accumulated Degree Days 

The rate of decomposition of a body is affected by the temperature of the surrounding environment; the 

higher the temperature, the faster the decomposition rate (Champaneri, 2006). Hence, the 

decomposition process depends on temperature and time (Megyesi et al., 2005). ADD represents the 

accumulation of heat energy needed for biological and chemical reactions in soft tissues for 

decomposition (Palazzo et al., 2020). ADD is calculated by adding the average daily temperatures 

exposed to the decomposing body (Humphreys et al., 2013). ADD is a construct of chronological time 

and temperature. There is no difference in the decomposition rate (temperature-time) when the ADD is 

compared against the extent of decomposition (Heaton et al., 2010). To put in context, a body exposed 

to a temperature of 30  for 4 days will have the same decomposition rate as a body exposed to 4  

for 30 days; both bodies have an ADD of 120. 

 

2.2.3 Estimating Post-mortem Interval  

Estimating the PMI of a discovered body is an essential process in forensic science but is possibly the 

most challenging part of identifying human remains (Simmons, 2017; Wescott, 2018). PMI estimation 

aids in missing person cases, identification of human remains, reconstruction of the events around death 

and finding the cause (Cockle & Bell, 2015; Simmons, 2017). Shortly after death, physical observations 

such as rigor mortis, livor mortis, algor mortis, body temperature, the excitability of muscles and the 

concentration of potassium ions in the eyes can be used to predict the PMI of a body (Henssge & Madea, 

2004; Madea et al., 2014; Warther et al., 2012; Zilg et al., 2015). These methods are only valid for short 

PMI durations and early stages of decomposition, approximately up to 72 hours after death (Gelderman 

et al., 2018). The use of entomology, determination of ATP levels in body organs, colonisation by 

bacteria and the presence of volatile fatty acids in soil samples around a cadaver are examples of PMI 

estimation methods that can be used for cases at later decomposition stages (Charabidze et al., 2013; 

Dash & Das, 2020; Fancher et al., 2017; Hauther et al., 2015; Mao et al., 2013). As the extent of 

terrestrial decomposition increases, the complexity of estimating the PMI increases; therefore, Henssge 

& Madea (2007) suggested that PMI estimation methods should be precise and quantitative and consider 

the factors affecting terrestrial decomposition.  

2.2.3.1 Mortis Triad 

Rigor mortis, livor mortis, and algor mortis are the three physical changes commonly used for PMI 

estimation in the early phase of the decomposition process (Saukko & Knight, 2015; Shrestha et al., 

2022). The onset of rigor mortis is approximately two to four hours after death; it fully develops after 

about twelve hours and can be observed for about three days before it disappears (Bonzon et al., 2015; 

Madea et al., 2017). The PMI of bodies found with rigor mortis can be estimated to be in this range of 

time intervals. The onset of livor mortis usually occurs within 30 minutes to 3 hours after death, and 

the pooling patterns of the blood being formed in this process become evident and fixed at about 12 
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hours after death (Byard, 2020; Shrestha et al., 2022). A body found with livor mortis can be estimated 

to have been dead for a minimum of approximately 12 hours (Shrestha et al., 2022). During algor mortis, 

the internal body temperature reduces until the ambient temperature is reached; this process can last up 

to 18 to 20 hours (Fisher, 2007). When a body is found with its temperature equal to the ambient 

temperature, it can be assumed to have a PMI of approximately 20-24 hours; algor mortis is the most 

accurate method of estimating PMI in the early phases of the decomposition process, but it is an 

intensive and cumbersome process that requires knowledge and experience before being applied due to 

the temperature differences between the body surroundings at different times (Shrestha et al., 2022). 

2.2.3.2 Vitreous Potassium Concentration 

In antemortem states, there is a high concentration of potassium ions (~150 mmol/L) in the cells, but 

after death, potassium ions leak out of the cells into the extracellular fluid through diffusion 

(Dominiczak & Woodward, 2007). There are few cells in the vitreous of the eyes, and the potassium 

concentration of the vitreous and extracellular fluid are similar; therefore, there is a post-mortem rise in 

the potassium levels in the vitreous like that occurring in extracellular fluids (Tumram et al., 2011). 

This increase in potassium ions in the vitreous has been used as a method for PMI estimation over the 

past decade (Zilg et al., 2015). Various studies have proposed different numerical equations for PMI 

estimation with potassium concentration in the vitreous, which are listed in Table 2.2 below. Table 2.2 

includes the authors, the proposed equations, the study's sample size and the maximum PMI estimate 

from each study. 

Table 2.2: List of equations developed for PMI estimation through potassium ions in the vitreous (Zilg et al., 2015). 

Authors (year) Equation (h) n Max PMI 

(h) 

Comments 

Adelson et al. (1963) [4] PMI = 5.88 [K+]-31.53 209 21 - 

Sturner and Gantner (1963) [3] PMI = 7.14 [K+]-39.1 125 104 - 

Hanson et al. (1966) [5] PMI = 5.88 [K+]-47.1 203 310 - 

Coe (1969) [29] PMI = 6.15 [K+]-38.1 145 100 A separate equation was provided for a PMI 

< 6h 

Stephens and Richards (1987) [10] PMI = 4.20 [K+]-26.65 1427 35 Outliers, drownings, SIDS, electrolyte 

imbalances, and temperature extremes were 

excluded 

Madea et al. (1989) [11] PMI = 5.26 [K+]-30.9 107 130 Cases involving elevated urea and 

prolonged agony were excluded 

James et al. (1997) [14] PMI = 4.32 [K+]-18.35 100 80 Also included hypoxanthine 

Munoz et al. (2001) [15] PMI = 3.92 [K+]-19.04 133 40 Only non-hospital cases were examined, 

there was a change in variables 

Zhou et al. (2007) [18] PMI = 5.88 [K+]-32.71 62 27 - 

Jashnani et al. (2010) [19] PMI = 1.076 [K+]-2.81 120 50 Mostly includes cases involving sepsis or 

tuberculosis 

Bortolotti et al. (2011) [30] PMI = 5.77 [K+]-13.28 164 110 - 

Mihailovic et al. (2012) [43] PMI = 2.749 [K+]-11.98 32 30 Repetitive sampling 

Siddamsetty et al. (2013) [37] PMI = 4.701 [K+]-29.06 210 170 - 

Present study 
ὖὓὍ

ÌÎὓ ὅ Ⱦὓ ὑ

ὒ ά ά Ὕ
 

462 409 No cases were excluded. The proposed 

equation includes temperature and 

decedent age. 
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2.2.3.3 Idiomuscular contraction 

After death, some muscles contract due to an exterior mechanical stimulation of the muscle; this local 

contraction of the muscle is known as idiomuscular contraction, and it has been used as a method for 

PMI estimation (Henssge & Madea, 2004). A limited number of studies have been published on this 

technique, and the available literature or studies are in German; therefore, it is challenging to estimate 

a maximum post-mortem time limit for idiomuscular contraction to occur though most studies estimate 

a maximum of 13 hours (Henssge & Madea, 2007; Warther et al., 2012). Warther et al. (2012) studied 

270 corpses and confirmed that an estimate of 13 hours post-mortem is the maximum limit for 

idiomuscular contraction. Figure 2.14 shows the mechanical stimulation of the upper arm muscles and 

the contraction response experienced. 

  
(a)- stimulation of the biceps. (b)- idiomuscular contraction response. 

Figure 2.14: Mechanical stimulation with a steel chisel and the contraction response (Warther et al., 2012). 

 

2.2.3.4 Entomology 

Entomological analysis of the presence of insects on human cadavers has been a highly useful practice 

for PMI estimation in the early and late post-mortem phase for over two decades (Lei et al., 2019; Villet 

& Amendt, 2011). Forensic entomologists use two approaches for estimating PMI; based on insect 

development and succession (Shrestha et al., 2022). The insect development approach utilises the 

presence and estimates of the ages or stages of immature insects retrieved from a cadaver and its 

surroundings, using this vital information as the minimum estimate of the PMI (Amendt et al., 2011). 

The succession approach mainly investigates different crucial occurrences such as the duration 

successive insect species colonise a cadaver, the stage of decomposition at which this colonisation 

occurs, the pre-appearance interval (PAI) and the presence interval (PI) of insect family succession on 
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a cadaver (Mañas-Jordá et al., 2018; Matuszewski, 2021). These data are essential for PMI estimation 

in the late decomposition phase as the PAI of the insect could be longer than the duration for the 

development of the insect; therefore, to estimate PMI accurately, it may be necessary to combine insect 

age with the PAI (Bajerlein et al., 2018). The PAI of insects can also validate estimates of maximum 

PMI in cases where insect evidence is absent on a cadaver (Wells, 2019). Due to the variation of insect 

development and succession across geographical locations, it is essential to cross-reference data from 

different locations when estimating PMI through entomology analysis (Owings et al., 2014). A variety 

of families of insects have been used in PMI estimation using the insect development and succession 

approaches; these include the Calliphoridae, Staphylinidae, Silphidae, Sarcophagidae, Dermestidae, 

Cleridae, Nitidulidae, Fanniidae, Muscidae, Histeridae, and Pteromalidae families (Matuszewski, 

2021). 

2.2.3.5 Microbiome Analysis 

Microbes are comprised of a large community of single-celled bacteria, eukaryotes, viruses, and fungi; 

these microbes could be intrinsic to a cadaver or from the surrounding environment of the cadaver and 

are essential in PMI estimation because cadaver decomposition can be utilised for a predictable 

succession of microbes that reflects the different stages and duration of decomposition (Metcalf, 2019). 

DNA samples of these microbial communities are sequenced using various sequencing techniques to 

understand the succession and changes of these microbes over the course of the decomposition process 

(Iancu et al., 2018; Tozzo et al., 2022). Various studies have investigated the succession and changes 

of the microbial community associated with different human body parts such as the skin (Hyde et al., 

2015), digestive tract (DeBruyn & Hauther, 2017; Hauther et al., 2015), oral, eyes, nose, and ear orifices 

(Johnson et al., 2016; Pechal et al., 2018), internal organs (Javan et al., 2016), bones (Damann et al., 

2015), and soils around a cadaver (Cobaugh et al., 2015; Finley et al., 2016). The Adserias-Garriga et 

al. (2017) study sequenced DNA obtained from three human cadavers through oral swabs and found 

that Firmicutes and Actinobacteria were the predominant species in the fresh stage, Tenericutes were 

predominant in the bloat stage of decomposition while a different community of Firmicutes were the 

highest occurring phylum during the advanced decay stage.   

2.2.3.6 Nomograms 

The use of temperature and the cooling of a body, most especially in the fresh stage or early post-

mortem, has been utilised as a PMI estimation method for many years, dating over a century (Henssge 

& Madea, 2004). Biological reactions and processes, such as post-mortem heat production and 

hypothermia or a fever occurring antemortem, have negligible effects on the cooling of a body (Henssge 

& Madea, 2004). Henssge (1988) developed a nomogram method to predict the PMI of bodies in early 

post-mortem with rectal temperature. This nomogram is easy and quick to use and can be used on the 

crime scene to estimate the PMI. This nomogram method considered the body weight, rectal 

temperature, ambient temperature, and corrective factors used to consider the presence and effect of 
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clothing on a body or when the body is found in water. An example of the nomogram can be seen in 

Figure 2.15 below. The left and right scales on the nomogram represent the rectal and ambient 

temperatures, respectively, while the scale at the bottom represents the body weight. The top arch 

represents the corrective factors, while the other arches represent the estimated PMI values in hours. 

 

Figure 2.15: Schematic of the Nomogram developed for PMI estimation in early post-mortem (Henssge, 1988). 
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Table 2.3 lists the corrective factors used in the nomogram method. The corrective factors consider if a 

body is naked or clothed (thin or thick layers), still or moving, and submerged. The corrective factor is 

multiplied by the body weight to obtain a corrected weight.  

Table 2.3: Corrective factors in the nomogram method (Henssge, 1992). 

Dry 

Clothing/covering 

In air  Corrective 

factor 

Wet through 

Clothing/covering 

Wet body surface 

In air  In water 

  0.35 Naked  Flowing 

  0.5 Naked  Still 

  0.7 Naked Moving  

  0.7 1-2 thin layers Moving  

Naked Moving 0.75    

1-2 thin layers Moving 0.9 2 or more thicker Moving  

Naked Still 1.0    

1-2 thin layers Still 1.1 2 thicker layers Still  

2-3 thin layers  1.2 More than 2 thicker 

layers 

Still  

1-2 thicker layers Moving or 1.2    

3-4 thin layers still 1.3    

More thin/thicker 

layers 

Without 

influence 

1.4    

  -    

Thick bed spread 

plus clothing 

combined 

 1.8    

  2.4    
 

 

Figure 2.16 is an application of the nomogram method. This nomogram was for a 70 kg body with a 

rectal temperature of 27 , fully clothed in 3ï4 thin layers and found on land with an ambient 

temperature of 15 . The following steps were taken to estimate the PMI using the nomogram: 

¶ The corrective factor of 1.3 for 3ï4 thin layers of clothing (obtained from Table 2.3) was multiplied 

by the body weight of 70 kg to obtain a corrected weight of 90 kg.  

¶ A line is drawn from 27  on the rectal temperature scale to 15  on the ambient temperature scale. 

¶ This line drawn between the two scales intersects with a line that extends from the top of the rectal 

temperature scale. 

¶ A second line is drawn from the middle of the circle (beside the bottom of the rectal temperature 

scale) to pass through the intersection and the arch for the corrective factors (at the 2.8 range). 

¶ The corrected body weight of 90 kg is traced from the weight scale till it intersects with this second 

line drawn. A value of 17 hours was obtained at this intersection. 

¶ Because the second line passes through the corrective factor arch at the 2.8 range, then the estimated 

PMI is: 17 hours ± 2.8 hours. 
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Figure 2.16: An application of the nomogram method (Henssge & Madea, 2004). 
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The application of this nomogram method to bodies recovered from water has some limitations. Firstly, 

it considers the weight and rectal temperature of a body and the ambient temperature, but other factors 

such as water flow, salinity, movement of surrounding air, water depth, humidity, insect activity when 

a body floats and scavenging by an aquatic organism are not considered in this method (Noor et al., 

2018). These factors not considered affect the decomposition rate of a body; therefore, this method 

could give false PMI estimates. In addition, two bodies that have the same weight but different 

compositions, such as body fat, water content, body hair, and stature, will undergo body cooling at 

different rates (Byard, 2020). Considering just the body weight, the nomogram method implies that the 

two bodies will cool at the same rate; this limitation will lead to inaccurate PMI estimates with up to 

approximately 7-hour differences when using the nomogram method (Wilk et al., 2020). Finally, this 

nomogram method is invasive and requires entry into the rectum of the cadaver; this could lead to cross-

contamination of the body or the destruction of other evidence that can be obtained internally (Wilk et 

al., 2020). 

2.2.3.7 Aerobic and Anaerobic Conditions 

To estimate the PMI of bodies decomposing in aerobic (bodies found above ground) and anaerobic 

(buried bodies) conditions, Vass (2011) developed two formulae that consider the extent of soft tissue 

decomposition, temperature, adipocere, an ADD constant, humidity and moisture, compared to the TBS 

system that only considered temperature. These formulae were developed using data obtained over a 

span of 20 years (~1991ï2011) from the University of Tennesseeôs Anthropology Research Facility. 

This facility focuses on various decomposition experiments on human remains.  

The formula for bodies found above ground is shown below. 

ὖὓὍ
ρςψυ 

ὨὩὧέάὴέίὭὸὭέὲ
ρππ

πȢπρπσὸὩάὴὩὶὥὸόὶὩὬόάὭὨὭὸώ
 

 

Where: 

1285: a constant representing ADD value at which the release of volatile fatty acids from soft tissue 

ends. 

Decomposition: a percentage of the extent of decomposition that has occurred. 

0.0103: a constant representing the moisture effect on decomposition rates. 

Temperature: ambient temperature of the location of the body. 

Humidity: average humidity value of the location of the body. 
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The formula for bodies found above ground is shown below. 

ὖὓὍ
ρςψυ

ὨὩὧέάὴέίὭὸὭέὲ
ρππ

τȢφ ὥὨὭὴέὧὩὶὩ

πȢπρπσὸὩάὴὩὶὥὸόὶὩίέὭὰ άέὭίὸόὶὩ
 

 

Where: 

1285: a constant representing ADD value at which the release of volatile fatty acids from soft tissue 

ends. 

Decomposition: a percentage of the extent of decomposition that has occurred. 

4.6: a constant representing a reduced decomposition rate because of reduced oxygen levels. 

Adipocere: a multiplier constant for the contribution of the estimated percentage adipocere formed. 

0.0103: a constant representing the moisture effect on decomposition rates. 

Temperature: ambient temperature of the burial site of the body. 

Soil moisture: a percentage representing the soil moisture of the burial site. 

 

These formulae have been applied to real-life cases worldwide and have had success. The formula for 

bodies found above ground was applied to the case of a partly clothed 42-year-old man found outdoors 

and died of strangulation (Vass, 2011). Data on temperature, humidity, and the percentage of 

decomposition were obtained and substituted into the formula to calculate the PMI. A value of 63.8 

days was obtained with the formula. After an extensive investigation, it was discovered that the man 

was killed 65 days before the day the corpse was found.  

The formula for buried bodies was applied to the case of a fully clothed woman that was found in a 

shallow grave. Necessary data on soil moisture, temperature, and percentage of decomposition was 

obtained and substituted into the formula. A value of 6628 days which is approximately 18.2 years, was 

obtained. DNA tests indicated that the identified victim had gone missing 18 years ago. These cases 

demonstrate that these formulae have promising potential in accurately estimating the PMI of bodies 

found on land or buried, and more studies need to be conducted using these formulae. The Vass (2011) 

study suggests that the accuracy of these formulae can be evaluated and improved by applying these 

formulae to more cases from many locations worldwide that undergo different weather and 

environmental conditions. 
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2.2.3.8 TBS System 

The most frequently used PMI estimation method for cases at later decomposition stages is the Total 

Body Score (TBS) system developed by Megyesi et al. (2005); it was adapted from the Galloway et al. 

(1989) and Vass et al. (1992) studies. Further details on the TBS system and its flaws are explained 

later in this thesis (See Section 3.2). Physical decomposition changes in the head, trunk and limbs are 

observed and scored to assign a TBS for the body. Megyesi et al. (2005) formulated a regression 

equation for the TBS system that can be used to extrapolate the ADD of the body with a standard error. 

The TBS is substituted into the regression equation formulated to calculate the ADD. The regression 

equation formulated by Megyesi et al. (2005) is displayed below: 

Log10ADD = 0.002 (TBS*TBS) + 1.81 ± 388.16 

The average daily temperatures are then added retrospectively till the ADD value is reached to estimate 

the PMI (Simmons, 2017).  
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2.3 Drowning 

Drowning is a process that occurs when a body is immersed in water or other liquid until there is no 

access by air to the lungs due to the blockage of the airways by the fluid (Byard, 2017; Szpilman & 

Morgan, 2021). Drowning has three possible outcomes: fatal, nonfatal, and nonfatal, with permanent 

injuries or neurological impairment (Beerman et al., 2018). One of the top ten causes of death for those 

under 25 years is drowning, which is especially common in low- and middle-income nations (Franklin 

et al., 2020). Globally, drowning results in about 1000 fatalities daily and many more cases with lifetime 

morbidity (Tipton & Montgomery, 2022).  

Due to ethical restrictions on the use of human bodies for research, particularly in the U.K., drowning 

cases serve as a source of vital information for aquatic decomposition, estimating PMSI for forensic 

sciences and helping with the location of drowned victims (Mateus & Vieira, 2014). Therefore, 

reviewing the existing research and studies on drowning is essential. Tipton & Montgomery (2022) 

conducted an extensive review of reports, websites and literature that focused on the duration and 

subjective experience of drowning, along with inputs from two medical experts on their experiences 

with drowning casualties. From their study, they were able to divide the events of drowning into the 

following six sequences: (i) Struggle to keep the airway clear of the water, (ii) Initial submersion and 

breath-holding, (iii) Aspiration of water, (iv) Unconsciousness, (v) Cardio-respiratory arrest, and (vi) 

Death. To understand the drowning process and contribute to forensic investigations of drowning and 

aquatic decomposition, the physiological mechanisms associated with these events and sequences of 

drowning need to be explored. 

 

2.3.1 Physiology of Drowning 

The exact mechanism of the process and pathophysiology of drowning is complex and has only been 

speculatively addressed over the years (Bierens et al., 2002; Layon et al., 2009; Szpilman et al., 2012). 

Drowning physiology has been split into two broad distinct events: immersion; when the upper airway 

is above water, and submersion; when the upper airway is underwater (van der Ploeg et al., 2010). The 

physiology of immersion is stipulated to include processes such as integrated cardiorespiratory reactions 

to skin and body temperature changes, cold shock, physical incapacitation, and hypovolemia, while 

submersion includes fear of drowning, diving response, autonomic conflict, airway reflexes, water 

aspiration, swallowing, emesis, and body electrolyte disorders (Bierens et al., 2016). 

2.3.1.1 Immersion 

The phrase for water temperatures at which heat production and heat loss are equal is ñthermoneutralò; 

water temperature thermoneutrality is approximately 35  (Bierens et al., 2016; Schmid et al., 2009). 

Asides from rare occurrences of hot water cases (Nishiyama et al., 2011; Suzuki et al., 2017; Suzuki et 

al., 2019), most drownings occur below this thermoneutral point, and the first process of drowning is 
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the ñskin coolingò or cold shock response of the body (Bierens et al., 2016). Cold shock peaks in the 

first 30 seconds of immersion; it is initiated by nociceptors in the skin between water temperatures of 

10ï25  and diminishes during the next 2ï3 minutes of immersion (Campero et al., 1996; McKemy, 

2005; Tipton et al., 1991). At the onset of cold shock, the following conscious reaction is to prevent 

water from entering the mouth and airways by holding oneôs breath and spitting water out, but this 

response lasts for approximately a minute until it is overcome by cold shock (Szpilman et al., 2012; 

Tipton & Golden, 2014). 

2.3.1.2 Submersion 

Towards the end of immersion, a person holds their breath or spits water out of their mouth to prevent 

water from entering the mouth and airways, but water gets aspirated into the airways, and mild irritation 

of the laryngeal mucosa leads to coughing, a protective reflex response known as laryngeal closure 

reflex to prevent the entry of water (Bierens et al., 2016; Szpilman et al., 2012). Other protective 

reflexes experienced by the airways to prevent water aspiration include the pharyngoglottal, 

esophagoglottal and aerodigestive reflexes (Dua et al., 2011). In some cases, laryngospasm occurs, but 

it is rapidly terminated by hypoxia in the brain, aspiration of water continues in the airways, vomiting 

could also occur, and hypoxemia rapidly leads to unconsciousness and apnoea (Ertekin, 2011; Jean, 

2001; Lang, 2009; Matsuo & Palmer, 2008; Miller, 2008; Salomez & Vincent, 2004; Steele & Miller , 

2010).  

These autonomic changes in the respiratory system result in fatal arrhythmias such as tachycardia, 

bradycardia, pulseless electrical states, and asystole (Grmec et al., 2009). Figure 2.17 shows how the 

autonomic changes and responses during drowning cause arrhythmias. The immersion phase of 

drowning initiates two autonomic responses; the diving response, which is an oxygen-conserving 

response that occurs when a drowning victim tries to hold their breath, and the cold shock response 

initiated by the receptors in the skin (Bierens et al., 2016; Shattock & Tipton, 2012).  

The diving and cold shock response activate the parasympathetic and sympathetic nervous systems, 

respectively; the parasympathetic stimulation leads to bradycardia, and the sympathetic stimulation 

leads to tachycardia (Shattock & Tipton, 2012; Tipton et al., 2010). In the presence of underlying health 

factors such as atherosclerosis, ischemic heart disease, channelopathies, and other cardiac diseases or 

conditions, bradycardia and tachycardia may be the actual cause of death in the drowning process 

(Shattock & Tipton, 2012). The fatal drowning process usually occurs in seconds to a few minutes; 

however, in rare circumstances, such as hypothermia or drowning in ice water, the drowning process 

can last for an hour (Tipton & Golden, 2011). 
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Figure 2.17: Autonomic changes leading to arrhythmias (Shattock & Tipton, 2012). 

 

2.3.2 Diagnosis of Drowning and its Difficulties 

The investigation and diagnosis of suspected drowning deaths, most especially unwitnessed cases, is a 

complex process that calls for ruling out other potential causes of death and is backed up by thorough 

autopsies, scene investigations, and detailed histories (Byard, 2015; Stephenson et al., 2019). Also, it 

is imperative to acknowledge that not every individual whose body is pulled from the water has drowned 

(Raux et al., 2014). Some might have been deposited in the water post-mortem. Many factors affect the 

diagnosis of drowning, particularly environmental factors, delayed body retrieval, comorbidities, 

animal predation and the lack of pathological findings (Stephenson et al., 2019). Various techniques for 

diagnosing drowning and the limitations of the techniques are discussed below. 
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2.3.2.1 Presence of Pathological Features 

When a body drowns, some pathological changes may be observed on the skin; though these features 

are not established changes that ascertain drowning has occurred, they could act as a means of drowning 

diagnosis (Byard, 2013). These observable features include skin slippage of the hands and feet, also 

known as washerwomanôs hands, tongue protrusion, scratches, and lacerations on the limbs from 

dragging and struggles to stay afloat, and mud, debris, and foam around the facial orifices (Alexander 

& Jentzen, 2011; Bernitz et al., 2019; Byard, 2017; Lunetta, 2016). Figure 2.18 shows examples of the 

ñwasherwomanôs footò feature occurring on a foot whose sole has a wrinkled surface. Figure 2.18 also 

shows the feature of skin and nails sloughing off from a toe. 

 

Figure 2.18: A-Washerwoman's Foot; B-Skin and nail slough off in the toes (Stephenson et al., 2019). 

 

The presence of fluid or foam in the airway passages, paranasal sinuses, middle ear, nasal pharynx, 

oropharynx, trachea, and stomach (Wydler's sign) has been used as a standard diagnostic tool for 

drowning (Byard, 2017; Stephenson et al., 2019; Vander Plaetsen et al., 2015; Wardak et al., 2014). 

However, fluid or foam is neither always present nor unique to drowning. Reijnen et al. (2019) 

suggested that fluid could enter the airways post-mortem and cause foam formation. Therefore, the 

presence of foam is not always exclusive to drowning. Also, the foam may be present in the airways in 

head trauma or opiate overdose cases (Stephenson et al., 2019; Wardak et al., 2014).  

Over time, the foam could get degraded because of environmental factors; therefore, in cases of longer 

PMSI, there will be a lesser chance of foam in the airways (Reijnen et al., 2017). In addition, causes of 

death such as poisoning, cardiovascular issues and burning could lead to fluids in the sinuses 

(Kawasumi et al., 2013). Therefore, fluids in the sinuses cannot be regarded as an exclusive fatal 
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drowning diagnosis (Lunetta, 2016; Vander Plaetsen et al., 2015). Figure 2.19 is an example of foam 

released outside the body through the nasal airway passage due to pulmonary oedema. 

 

Figure 2.19: Foam released from nasal airways due to pulmonary oedema (Stephenson et al., 2019). 

 

2.3.2.2 Spleen Size 

A reduction in the size of the spleen has been used as a diagnostic tool for drowning over the years, but 

caution must be taken in this process because spleen size reduction could be caused by hypoxia and 

reduced blood pressure (Palmiere et al., 2019; Stephenson et al., 2019; Wardak et al., 2014). 

 

2.3.2.3 Weight of the Lungs 

Water aspiration could lead to pleural effusions, emphysema aquosum, and pulmonary oedema during 

drowning (Alexander & Jentzen, 2011; Byard, 2017; Wardak et al., 2014). Emphysema aquosum is the 

hyperinflated or hyperextended state of the lungs due to water logging; it makes the lungs meet in the 

midline of the chest region, thus covering the heart (Stephenson et al., 2019). Figure 2.20 is an example 

of lungs with emphysema aquosum; from the picture, it is difficult to see the heart because the 
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hyperextended lungs have covered it up. Therefore, increased weight and size of the lung have been 

adapted to diagnose drowning (Sugimura et al., 2010; Tse et al., 2018). The weight of the lungs of 

drowned victims has been compared to that of victims of other causes of death, and the lungs of drowned 

victims have been proven to weigh more significantly (Hadley & Fowler, 2003; Zhu et al., 2003). 

However, using lung weight as a diagnostic tool has its constraints because an increased lung weight 

can be observed in other conditions asides from drowning, and the weight of the lungs can reduce over 

a longer PMSI (Tse et al., 2018a; Tse et al., 2018b). Lunetta (2016) stated that the lung weight method 

of drowning diagnosis has no significant diagnostic value, but Tse et al. (2018a) suggested that using a 

lung-heart weight ratio will be of more significance in drowning diagnosis. 

 

Figure 2.20: Picture of emphysema aquosum of the lungs in drowning (Stephenson et al., 2019). 
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2.3.2.4 Post-mortem Computed Imaging 

Post-mortem forensic imaging devices such as Magnetic Resonance Imaging (MMR), Computed 

Tomography Angiography (CTA), and Computed Tomography (CT) have been widely used in the 

diagnosis of drowning by assessing morphologic features of internal organs that suggest drowning has 

occurred (Chen, 2017; Hyodoh et al., 2016; Raux et al., 2014; van Hoyweghen et al., 2014). Figure 

2.21 is a CT scan of various organs of a 34-year-old woman who drowned and had her body submerged 

for approximately 24 hours; the arrowheads in the picture indicate the positions in the organs filled with 

fluid due to drowning. 

 

Figure 2.21: Computed tomography scans of A-sphenoidal sinus; B-lungs; C-trachea; D-bronchi; E-stomach (Wang et al., 2020). 
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These imaging devices are minimally invasive to non-invasive, and the CT has been useful for 

visualising anatomically difficult-to-access body parts like the paranasal sinuses (Kawasumi et al., 

2012). A significant limitation of using CT imaging successfully is the need for an extensive 

understanding of the features of drowning pathology (Christe et al., 2008). Wang et al. (2020) suggested 

that the combination of CT and an endoscopic autopsy could be used in the successful diagnosis of 

drowning and yield more comprehensive morphological findings while retaining minimal invasiveness. 

2.3.2.5 Diatoms 

Diatoms are single-celled algae found in both fresh and seawater; during the process of drowning, they 

move into the lungs during antemortem violent aspiration of water and can diffuse from the lungs into 

other closed organs through the systemic circulation (Stephenson et al., 2019; Xiao et al., 2021). 

Detecting diatoms in the lungs or other closed organs in a body has been commonly used as a diagnostic 

tool for supporting evidence of drowning (Fucci et al., 2017; Ludes et al., 2013). Aside from the lungs, 

detecting diatoms in the bone marrow also suggests that aspiration of water occurred antemortem 

(Krstic et al., 2002). During the diagnosis of drowning, the presence of diatoms in the body could be a 

false positive case because diatoms have been found in the organs of humans who have died from other 

causes (Fucci et al., 2017). Diatoms could gain access to the body antemortem via gastroenteric 

absorption when diatom-containing food such as seafood are ingested or through inhalation of inert 

chemical materials, while the presence of diatoms in only other organs asides the lungs could be used 

to exclude drowning as a cause of death (Lunetta et al., 2013). 

The use of diatoms has successfully pinpointed the point-of-entry or downing site of a body that has 

drifted in the water by comparing the diatoms found in the body with that of the water suspected to be 

the point-of-entry (Saukko & Knight, 2015; Stephenson et al., 2019). Determining a drowning site with 

diatom testing is possible because some diatom species are unique to specific water types or 

environments and can be presented as evidence to confirm a drowning location or link suspects to a 

crime scene because these diatoms are not easily concealed (Zhou et al., 2020). Diatoms cannot thrive 

in the human body and are therefore embedded in the water from the drowning site (Carballeira et al., 

2018).  

Ludes et al. (1999) analysed diatom profiles extracted from the lungs of 20 bodies recovered from 

known drowning sites and 20 from unknown (water where the bodies were found immersed at the time 

the body was recovered, which may not be the actual drowning site). Results indicated that there was a 

70% correlation between the diatom types in the lungs and the unknown site, while there was a 100% 

correlation between the diatom types found in the lungs and the known drowning site; the 30% that 

showed no correlation between the lungs and the unknown drowning site could be a difference between 

the actual drowning site and the site of recovery (Ludes et al., 1999). Carballeira et al. (2018) studied 

rats submerged in four different freshwater sources for 15 days. Their study concluded that organs that 
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have open access to the outside of the body, such as the lungs and stomach, have a higher potential for 

identifying a drowning site through the diatoms found in them compared to the kidney, bone marrow, 

heart, and spleen; they were able to identify diatom species specific to each freshwater source on the 

rats submerged (Carballeira et al., 2018). 

The traditional method for diatom detection is known as the acid digestion method (Zhou et al., 2020). 

A diatom cell wall structure comprises frustules, a hydrated silicon dioxide cell wall that is not easily 

destroyed (Rana & Manhas, 2018). To separate diatoms from organ tissues, the tissue is dissolved in a 

strong acid solution such as hydrogen peroxide, nitric acid, hydrochloric acid, Proteinase K, and sulfuric 

acid (Bortolotti et al., 2011; DiGiancamillo et al., 2011; Kakizaki et al., 2019; Ming et al., 2007; Scott 

et al., 2014). After digestion, the products are centrifuged until the components are separated, and a 

visual assessment of the diatoms is conducted using a microscope. Care must be taken when carrying 

out the acid digestion process because excessive digestion could lead to digested diatoms, and the visual 

examinations with the microscope will indicate false negative results (Zhou et al., 2020). Figure 2.22 

illustrates the steps taken during the acid digestion method; digestion, centrifugation, and microscopy, 

while Figure 2.23 is an example of what diatoms look like under a 400x magnification of light 

microscopy. 

 

Figure 2.22: Beaker, hot plate, centrifuge, and microscope used in acid digestion (Zhou et al., 2020). 
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Figure 2.23: Different diatom under 400x magnification light microscopy (Zhou et al., 2019). 

 

However, the use of conventional diatom testing in diagnosing forensic drowning cases has had its 

constraints and has been criticised since its introduction as a diagnostic tool (Byard, 2015). The diatom 

test is laborious, time intensive, and an air pollutant (Xiao et al., 2021). There have been arguments 

about the validity, sensitivity, and reliability of the test since diatoms may be present in the tissues of 

bodies that did not drown or may not be present in those that did (Hürlimann et al., 2000; Lunetta et al., 

2013; Xiao et al., 2021). It has been noted that antemortem and post-mortem environmental 

contamination, which can happen during the submersion phase by diatom penetration through wounds, 

from resuscitation, or during the sampling procedure, has a detrimental impact on the usefulness of 

diatom testing (Di Giancamillo et al., 2010; Sonoda et al., 2022).  

Zhao et al. (2013) created a novel diatom test technique utilising membrane filtration, microwave 

digestion, and scanning electron microscopy. Further studies have been conducted to improve the 

reliability and sensitivity of diatom testing (Kakizaki et al., 2015; Zhao et al., 2017). It has been 

suggested that to increase the reliability and accuracy of the diatom testing processes, diatom tests 

should be combined with polymerase chain reaction [PCR] (Rácz et al., 2016; Rutty et al., 2016). The 

Xiao et al. (2021) study attained high specificity for drowning diagnosis by combining a multiplex PCR 

and capillary electrophoresis (CE) to detect genes of drowning-related diatoms, cyanobacteria, and 

Aeromonas species.  
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2.3.3 Body Displacement in Water 

In forensic analyses related to downing, due to the complex nature and reaction of the aquatic system 

with the body, difficulties may arise when trying to determine the point of entry and displacement 

trajectory, which in turn affect the estimation of PMSI for that body (Mateus et al., 2013). When a body 

drowns, it drifts away from its point of entry into the water horizontally or vertically; the direction of 

displacement depends on several factors (Dickson et al., 2011; Ellingham et al., 2017). In the Blanco 

PampēӢn & López-Abajo RodrēӢguez (2001) study, the death investigation records of nine bodies 

recovered from the sea indicated that the bodies drifted as far as 220ï420 km within 3 to 26 days, with 

one of the bodies drifting as far as 380 km in 3 days. 

The specific gravity, the density of a body and the density of the water it is submerged in influence the 

vertical displacement of the body; the average density of the human body is 0.98 gcm-3, while that of 

seawater is 1.024 gcm-3 (Mateus et al., 2013; Simmons & Heaton, 2013). This similarity in the densities 

of the human body and water indicates that a slight change in the density would considerably affect the 

body's buoyancy because less dense bodies have a higher chance of floating (Ellingham et al., 2017). 

Also, a body will most likely float because of increased buoyancy from putrefactive gas production 

during bloating (Reisdorf et al., 2012). 

A body will remain sunken due to factors such as the current, gravitational force of the water on the 

body, frictional forces, and substrate (Ellingham et al., 2017; Mateus et al., 2013; Simmons & Heaton, 

2013). In cases where a body sinks, frictional forces are increased by a body being snagged within rocks 

and debris, and there is insufficient water current at greater depths, lesser horizontal displacement will  

occur because the drag forces of the body will not be able to overcome the gravitational and frictional 

forces exerted by the water (Mateus et al., 2013). When buoyancy increases due to bloat or air trapped 

in clothing, a body resurfaces, and substantial horizontal displacement can occur because of the 

increased surface current and reduced frictional and gravitational force on the body (Anderson, 2009; 

Ellingham et al., 2017; Mateus et al., 2013). 

Bodies submerged in water may be displaced for a distance, creating body marks, disarticulation of 

body parts and bones, and injuries, while a body that is immobile in water could be preserved due to 

less impact from objects (Humphreys et al., 2013; Palmer, 2020; Stuart & Ueland, 2017). The remains 

may get caught on transport vessels, rocks, and plants underwater, creating abrasions that may be 

difficult to distinguish as post-mortem or antemortem trauma on the bones and body (OôBrien, 1997; 

Stuart & Ueland, 2017). These body displacement processes in water lead to skin sloughing off, soft 

tissue decomposition, and exposure of underlying muscles, tendons, cartilages, ligaments, and bones, 

and over time they are disposed to sequential disarticulation; in most cases, this starts with hand and 

wrist bones, feet, and ankles, followed by the arm and leg bones (Haglund & Sorg, 2002). The mandible 
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also gets detached from the skull, while the ribs, vertebrae and pelvic bones tend to disarticulate last 

(Stuart & Ueland, 2017). 

Figure 2.24 is a schematic of the forces acting on a body during horizontal and vertical displacement. 

In part A of the picture, the process of vertical displacement is illustrated; a body with a lower specific 

gravity or density floats to the top of the box while a body with higher specific gravity or density sinks 

to the bottom. In part B, the forces responsible for both horizontal and vertical displacement are 

illustrated. Friction forces (such as a body being snagged within rocks and debris) and drag forces (such 

as current) act in opposite directions; if the current is higher than the frictional force, the body would 

be displaced horizontally, and if the drag forces are higher than the current, the body would be 

immobile. Part C illustrates the phases of movements a body undergoes when deposited in water; a 

body sinks when deposited in water and resurfaces at the top during the bloating stage of decomposition. 

During this phase, a substantial amount of horizontal displacement can occur; after the bloating stage, 

the body sinks again due to a reduced level of buoyancy (Ellingham et al., 2017; Mateus et al., 2013). 

 

Figure 2.24: Schematics of the forces during horizontal and vertical displacement. a- specific gravity; b- forces 

acting on the body; c-phases of movement (Mateus et al., 2013). 

 

The movement and behaviour of cadavers in bodies of water, most especially disarticulation, can have 

implications for their search and recovery from aquatic environments (Haglund, 1993). 
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2.3.4 Detection, Recovery, and Identification of Drowned Bodies 

The entire procedure and process of detecting, recovering, and identifying drowned human remains is 

complex and requires thorough planning, training, and experience (Ellingham et al., 2017). These 

processes can be hindered due to poor visibility, the difficulty of preserving body parts and the lack of 

prior knowledge of that specific underwater environment (Becker et al., 2013; Winskog, 2012). 

Traditional methods for detecting drowned bodies include search dogs, divers and draining the water 

body (Parker et al., 2010; Schultz et al., 2013).  

Water search dogs detect human remains submerged in water by picking up the scent of the body or 

other materials that float to the surface when released from the body (Erskine & Armstrong, 2021; 

Osterkamp, 2011). Smell or scent is detected more on water surfaces; therefore, when using search 

dogs, it is recommended to place the dogs on electric boats (they do not release fumes or gases) when 

patrolling the water (Rebmann et al., 2000). Divers also make use of hand-held solar units when 

searching for bodies under water (Healy et al., 2015); the solar units produce acoustic energy that is fed 

back off a target, which can be the submerged body, as a sound signal, thereby creating a change in the 

audio signals based on the distance to the body (Erskine & Armstrong, 2021).  

In cases where the location of the body is unknown, sonar exploration of the water beds and waterproof 

coloured video cameras can be used to detect the body (Dumser & Türkay, 2008; Ellingham et al., 

2017). Different devices used for terrestrial searches have also been applied to the search for submerged 

bodies (Ruffell et al., 2017). These devices map out the seabed and underwater environs; they include 

Compressed High-Intensity Radar Pulse [CHIRP] (Plets et al., 2009; Vos et al., 2012), Ground 

Penetrating Radar [GPR] (Ruffell, 2006; Schultz et al., 2013), Side-Scan Sonar (Healy et al., 2015), 

magnetometry (Parker et al., 2010), and seismic reflection and refraction (Ruffell et al., 2017). 

Remotely Operated Vehicles (ROV) are commonly equipped with cameras to aid in the detection of a 

body, while the ROVs could have robotic arms to recover remains (Dumser & Türkay, 2008). Figure 

2.25 is an example of the ROVs used in the recovery of a submerged body, while Figure 2.26 is a picture 

of a ROV used in combination with a robotic arm; the robotic arm is used to hold when being lifted 

from underwater. For optimal recovery, remains are placed in distinctive bags, preferably made of vinyl-

coated polyester; this will help with the identification process and draining of water after recovery 

(Winskog, 2012). During recovery, disarticulated body parts and intact bodies are placed in metal cages 

or baskets, with the entire body gripped at the lower limbs, shoulders, and waist regions by robotic arms 

(Schuliar & Perich, 2012; Winskog, 2012). Figure 2.27 shows a metal cage where intact submerged 

bodies are placed for recovery. 
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Figure 2.25: A Remotely Operated Vehicle in use (Ellingham et al., 2017). 

  

 

Figure 2.26: ROV equipped with a robotic arm (Ellingham et al., 2017). 
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Figure 2.27: A metal cage used to recover submerged remains (Ellingham et al., 2017). 

 

Depending on the available antemortem information, dental records and DNA analysis are the most 

common and standard procedures for identifying drowned remains (Butler, 2005; Holmlund et al., 

2008; Fredericks et al., 2013; Winskog, 2012). DNA has been successfully extracted and used to 

identify human remains submerged for up to 35 years (Goodwin et al., 2003). Tattoos, piercings, scars, 

and other visual identifiers have also been used for identifying submerged remains, but DNA samples, 

dental records and fingerprints are mainly used as the primary identifiers (Ellingham et al., 2017). 
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2.4 Aquatic Decomposition 

2.4.1 Process and Chemistry of Aquatic Decomposition 

The decomposition chemistry in aquatic environments is similar to terrestrial environments, with a few 

distinguishable differences (Saukko & Knight, 2015). The differences between the two sets of 

decomposition are mainly physical markers that are evident at different intervals in only aquatic 

environs (Heaton et al., 2010); they include degloving, "washerwomanôs handò (Figure 2.28), and 

adipocere (Benbow et al., 2015; Ubelaker & Zarenko, 2011). The decomposition process continues as 

soon as a dead body is immersed in water, but the decomposition rate is much slower than terrestrial 

decomposition (Haglund & Sorg, 2002).  

 

Figure 2.28: Pictorial examples of washerwomanôs hand and degloving (van Daalen et al., 2017). 

 

Depending on differing factors, a body immersed in water either sinks or floats (Hobischak & Anderson, 

2002). Air in the lungs, clothing, body fat, decomposition gases and density of the water are the factors 

that affect a bodyôs buoyancy, determining whether a body floats or sinks (Stuart & Ueland, 2017). 

Every 10 m of water exerts an extra 1 atm of pressure on a body; hence, the deeper a body is placed in 

water, the lower its chances of floating (Higgs & Pokines, 2013). A higher density of water is 

experienced in seawater than freshwater due to the high mineral and salt content in the sea; thus, a body 

will most likely stay afloat in seawater (Stuart & Ueland, 2017).  

Within minutes of immersion, there is a shortage of blood flow to the body extremities because of the 

vasoconstriction of the blood vessels (Stuart & Ueland, 2017). This response in a prolonged state of 

immersion causes the wrinkling and shrinking of the skin of the limbs due to the loss of blood volume; 

this phenomenon is known as the washerwomanôs hands (Saukko & Knight, 2015). Another skin 

change observed within minutes of immersion is ñCutis anserina or goose pimplesò; it is caused by the 

erector pilli muscles (Di Maio & Di Maio, 2001). As the period of immersion increases, the skin 
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covering the hands and legs slips off (degloving), and skin slippage may occur in other body parts 

(Hobischak & Anderson, 2002).  

Although rigor mortis and livor mortis are frequently found in bodies retrieved from water, the onset 

and duration of these post-mortem features are affected by water temperature, current, body position, 

and amount of muscle and organ activity before death (Karhunen et al., 2008). Discolouration of the 

skin occurs in both terrestrial and aquatic decompositions, but the discolouration of the teeth and gums 

is unique to aquatic decomposition; once considered to be an indication of drowning, the pink 

discolouration of the teeth and gums is likely caused by lividity in these tissues happening when the 

body is in a prone position (Sakuma et al., 2015).  

Vascular marbling, discolouration of the skin, autolysis and putrefaction also occur during aquatic 

decomposition at a slower rate due to the low/reduced insect and maggot activity, lower temperature 

and restriction of other factors that speed up decomposition (Higgs & Pokines, 2013; Karhunen et al., 

2008). Due to the reduction in oxygen levels in the body after death, the process of putrefaction is 

mainly stimulated by anaerobic bacteria that result in the breakdown and liquefaction of soft tissues 

(Janaway et al., 2009). The degradative action of anaerobic bacteria in the respiratory and digestive 

tracts leads to the build-up of gases; this causes bloating, which is observed mainly in the abdomen 

(Zhou & Byard, 2011).  

The products of the metabolic reactions that occur during autolysis and putrefaction are responsible for 

the discolouration of the skin (Hamilton & Green, 2017; Mayer, 2012; Zhou & Byard, 2011). The green 

discolouration of the abdomen caused by the release of hydrogen sulphide from sulphur-containing 

amino acids, which then combine with haemoglobin to create sulfhaemoglobin, is one of the first 

physical signs of putrefaction (Goff, 2009; Rosier et al., 2014). Also, as decomposition progresses, 

there is evidence of tissue decomposition and reduced moisture; hence the skin becomes dark (Gennard, 

2012; Vass et al., 2004; Verheggen et al., 2017). Due to a reduced possibility of insect colonisation on 

a body in water, there is little to no maggot mass during putrefaction; therefore, the decomposition rate 

of soft tissue is significantly reduced in aquatic decomposition compared to terrestrial decomposition 

(Higgs & Pokines, 2013). 

The skin sloughs off due to the release of hydrolytic enzymes (during autolysis) between the dermis 

and epidermis, resulting in loosening and slippage of the epidermis; vesicles or blisters are initially 

observed, but over time the nails, hairs and large areas of the skin slough off (Simmons & Cross, 2013). 

As skin sloughs off and soft tissues decompose, underlying muscles, tendons, cartilages, ligaments, and 

bones become exposed, and over time they are disposed to sequential disarticulation; in most cases, 

starting with hand and wrist bones, feet, and ankles, followed by the arm and leg bones (Haglund & 

Sorg, 2002). The mandible also gets detached from the skull, while the ribs, vertebrae and pelvic bones 

tend to disarticulate last (Stuart & Ueland, 2017).  
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Figure 2.29 is an example of the accumulation of gases in the abdominal region due to putrefaction, 

while vascular marbling and discolouration of the skin are observed in Figures 2.29ï2.30. 

 

Figure 2.29: Example of vascular marbling on a body (Gelderman et al., 2018). 

 

 

Figure 2.30: Pictorial illustration of discolouration of the limbs of a body (Gelderman et al., 2018). 
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In certain wet, anaerobic circumstances, a fatty acid complex known as ñadipocereò can form on 

remains recovered from aquatic environments. Adipocere is a grey-white, greasy substance often found 

on bodies recovered from aquatic or damp environments (Lucas et al., 2002; Pfeiffer et al., 1998). The 

presence of adipocere on human remains has been said to slow down the decomposition process and 

preserve remains (Stuart & Ueland, 2017).  

Adipocere is a complex of fatty acids; it is produced through the hydrolysis and hydrogenation of 

triglycerides by the actions of lipases and anaerobic bacteria to form saturated and unsaturated fatty 

acids (Fiedler et al., 2009; O'Brien & Kuehner, 2007). The primary saturated fatty acids include stearic, 

palmitic, and myristic acids, while the unsaturated fatty acids include palmitoleic, oleic and linoleic 

acids; these fatty acids can be further broken down by anaerobes like Clostridium perfringens, through 

metabolic reactions such as hydrolysis or hydrogenation (Stuart et al., 2016). 

 

Figure 2.31: The process of adipocere formation (Forbes et al., 2005). 
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Figure 2.31 above illustrates the process of adipocere formation; as adipose tissues in the body 

decompose, they release triglycerides. The triglycerides are broken down into unsaturated fatty acids 

through the process of hydrolysis. Hydrogen ions are added to the unsaturated fatty acids through the 

process of hydrogenation to form saturated fatty acids; a combination of these fatty acids forms the 

complex known as adipocere (Forbes et al., 2005). Figure 2.32 illustrates triglycerides' hydrolysis 

process when broken down into glycerol and three fatty acids. 

 

Figure 2.32: An illustration of a hydrolysis reaction during adipocere formation (Moses, 2012). 

 

Adipocere has been observed on bodies recovered from different environmental conditions (Nushida et 

al., 2008; Stuart et al., 2016; Widya et al., 2012); therefore, various conditions affect the formation of 

adipocere, but a combination of optimal conditions is necessary for adipocere to form (OôBrien, 1997). 

The conditions that affect the production of adipocere include moisture content, temperature, humidity, 

and pH (Widya et al., 2012). A Stuart et al. (2016) study investigated adipocere formation in various 

model aquatic environments such as seawater, river, and chlorinated water for 18 months. The study 

suggested that adipocere formation is significantly inhibited in a saline environment because of reduced 

microbiological activity, while it was enhanced in the river and chlorinated environment due to bacteria. 

The enhanced adipocere formation observed in the chlorinated environment was unexpected because 

hypochlorous acid, which is typically found in chlorinated water, is known for reducing bacterial 

activities, but the formation of chlorohydrin through the hydrolysis reaction between hypochlorous acid 

and unsaturated fatty acids could have been responsible for the formation of adipocere observed in the 

chlorinated environment (Spickett, 2007; Stuart et al., 2016) 
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Adipocere can last centuries on a body, depending on the conditions of the environment (Fiedler et al., 

2009; Fründ & Schoenen, 2009). The presence of adipocere in a body slows down the process of 

decomposition; in most cases, it can keep the body preserved by restricting the air to the surface of the 

body, minimising bacterial activity, and keeping the body moist (Boyle et al., 1997; Stuart, 2013; 

Ueland et al., 2013). This could eventually lead to an inaccurate estimation of PMSI (Stuart et al., 

2016). To improve PMSI estimation for a body with adipocere, Widya et al. (2012) conducted a study 

on wild rabbits submerged for two months to investigate the early formation of adipocere in relation to 

ADD; results indicated that adipocere formation was most likely to have occurred at an ADD of 630. 

In the absence of insects, the decomposition rate of bodies is not affected by body size or fat (Simmons 

et al., 2010). Therefore, Widya et al. (2012) suggested that the results of their study can be applied to 

larger-sized remains; remains with adipocere should have a minimum PMSI of 630 ADD when 

estimating the PMSI. Figure 2.33 is an example of adipocere formation on a cadaver; some facial 

features are preserved due to the presence of adipocere. 

 

Figure 2.33: Presence of adipocere on recovered remains (Karhunen et al., 2008). 

 

 



51 

 

2.4.2 Stages of Aquatic Decomposition 

Classifying aquatic decomposition into stages is synonymous with terrestrial decomposition; it relies 

on grouping the stages based on visual and physical modifications of the decomposing body at different 

intervals during decomposition (Merritt & Wallace, 2010). The stages of aquatic decomposition were 

initially divided into six categories: Submerged fresh, Early floating, Floating decay, Bloated 

deterioration, Floating remains, and Sunken remains (Stuart & Ueland, 2017). After further studies 

(Haefner et al., 2004; Hobischak & Anderson, 2002), it was then reduced to 5 stages of decomposition; 

Fresh Submerged, Early Floating, Early Floating Decay, Advanced Floating Decay, and Sunken 

Remains. Details on each stage of aquatic decomposition are summarised in Table 2.4.  

Table 2.4: Stages of aquatic decomposition (Stuart & Ueland, 2017). 

Stage Summary of details of each stage 

Fresh submerged The body remains sunken and has a fresh look with barely any signs of 

decomposition except the washerwomanôs hands, goose pimples and pink 

discolouration. Rigor, algor and livor mortis could also occur in this stage 

for a shorter duration than terrestrial decomposition. 

Early floating The body resurfaces as bloating occurs due to the release of gases during 

putrefaction, skin discolouration (green/purple/pink/brown), marbling, 

and slippage occur. Due to the body resurfacing, insect and maggot 

activity is primarily observed in this stage, along with animal predation 

features or marks.  

Early floating decay Bloating still occurs, skin slippage and sloughing, loss of muscle mass, 

decomposition and disarticulation of soft tissues become apparent, 

discolouration darkens towards a greenish-blue or grey colour, and 

adipocere may occur on the body. 

Advanced floating decay Decay becomes more apparent; the skeleton becomes exposed due to 

extensive loss of soft tissues, and the disarticulation of the bones begins. 

Continuous liquefaction causes the bloating to reduce, the skin becomes 

dry and darker (discolouration can be brown or black), and the body 

begins to sink. 

Sunken remains At this stage, disarticulation is complete and only bones, nails and hairs 

remain; the remains also sink. 
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Figures 2.34ï2.36 show some physical changes that occur during the aquatic decomposition stages. 

 

Figure 2.34: Bloated face of a body recovered from water (Kahana et al., 1999). 

 

 

Figure 2.35: Exposure of the skeleton during the Advanced floating decay stage (Van Daalen et al., 2017). 
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Figure 2.36: Example of the disintegration of soft tissue during the Early floating decay stage (Kahana et al., 1999). 

 

2.5 Water Parameters Affecting Aquatic Decomposition 

2.5.1 Temperature 

Temperature is the most crucial factor affecting the rate of both aquatic and terrestrial decomposition 

(De Donno et al., 2014; Zhou & Byard, 2011). Water temperature's influence on the decomposition rate 

has been noted as far back as 56 years ago (Reh, 1967). van ôt Hoffôs law states that the rate of chemical 

reactions increases by two or three folds with every 10  rise in temperature; this law links temperature 

and the decomposition process because enzymatic, biological, and chemical reactions occur during the 

decomposition process (Vass, 2011). 

Like on land, the higher the water temperature, the faster the decomposition rate (Champaneri, 2006). 

This is because bacteria and other microorganism activities are increased at elevated temperatures (Vij, 

2014); the increase in temperature provides an optimum environment for decomposition (Carter et al., 

2015; Iancu et al., 2015). The autolysis rate increases at a higher temperature  (Tsokos, 2005). The cold 

temperature levels experienced during winter months immensely retard the decomposition rate of a 

body because of the inhibition of the biological activities of enzymes, bacteria, and insects (Forbes et 

al., 2014). At low temperatures, the eggs laid by insects have little to no appropriate conditions needed 

to survive; therefore, insect colonisation and activity in decomposing bodies are immensely reduced 
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(Carter & Tibbett, 2008). The Roberts & Dabbs (2015) study that investigated the differences in the 

decomposition rates of frozen and never frozen pigs indicated that decomposing occurs at a slower rate 

in frozen pigs. 

ADD represents the accumulation of heat energy needed for biological and chemical reactions in soft 

tissues for decomposition (Palazzo et al., 2020). Like terrestrial decomposition, the ADD in aquatic 

decomposition is calculated by adding the average daily temperatures exposed to the decomposing body 

(Humphreys et al., 2013). When calculating Accumulated Degree Days (ADD) in the winter months, 

temperatures below zero degrees are counted as 0  (Alfsdotter & Petaros, 2021). Temperature also 

affects other factors that directly affect the rate of decomposition. For example, as the depth of water 

increases, the temperature reduces, thereby reducing the decomposition rate (Stuart & Ueland, 2017). 

Also, the level of adipocere formation depends on the temperature and moisture content of the 

environment in which the body is discovered (Humphreys et al., 2013; Widya et al., 2012). The process 

of gas formation and bloating, which will, in turn, make the body float, is affected by temperature; gas 

formation is reduced at cold temperatures (Stuart & Ueland, 2017).  

 

2.5.2 Salinity 

The salt content of a body of water influences the aquatic decomposition rate (Christensen & Myers, 

2011; Reijnen et al., 2018). The salt concentrations of freshwater, brackish water and seawater are 

approximately 0.5 ppt, 20ppt and 35 ppt, respectively (Duncan Seraphin et al., 2014). Different types 

of bacteria are essential in the decomposition process, but in the presence of high salt concentration, 

bacterial activities become immensely reduced (De Donno et al., 2014; Rodriguez, 1997). This is 

supported by the fact that brine (salt solution) is commonly used to preserve and prevent organic 

substance decay (Barat et al., 2005). Hence the reason why decomposition is slower in seawater (high 

salt content) compared to freshwater (low salt content) like lakes and rivers (Boyle et al., 1997).  

In freshwater environments, water moves into the lungs by the process of osmosis, resulting in increased 

blood volume and dilution; this causes haemolysis, and the body organs are damaged, thus, speeding 

up the process of decomposition (Stuart & Ueland, 2017). It is believed that when a body is submerged 

in high-saline water, the process of osmosis occurs; there is a loss of water from cells and bacterial cells 

in the body (Stuart & Ueland, 2017). This causes osmotic shock, leading to death or decelerating 

bacterial cell growth (Davidson et al., 2012). Also, the presence of salt can limit the solubility of oxygen 

and enzyme activities in microbial cells, thus reducing the growth rate of the cells (Shelef & Seiter, 

2005). The loss of water can also cause blood thickening (fermentation), which reduces the oxygen 

conditions necessary for the growth of bacteria (Stuart & Ueland, 2017). All these processes tend to 

preserve the submerged body and reduce the decomposition rate.  
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2.5.3 Depth 

The depth of the water in which a body is placed influences other factors that directly affect the 

decomposition process (Reijnen et al., 2018). It has been suggested that sunlight does not penetrate 

beyond 2 metres deep in water (Heaton et al., 2010); therefore, as the depth increases, the temperature 

reduces, thus slowing down the process of decomposition. At depths greater than 200 metres, the body 

becomes predominantly scavenged rather than decomposed due to the presence of aquatic invertebrates 

and animals at greater depths (Anderson & Bell, 2017; Anderson & Hobischak, 2004). In deep water 

(approximately > 61 m), submerged bodies do not bloat due to the increased pressure of the water, 

which reduces the gas volume in the soft tissues of the body; therefore, there is a lower chance of the 

body floating to the surface (Teather, 2013).  

During drowning, as a body goes deeper into the water, there is an increased pressure gradient between 

the air in the lungs and the surrounding tissues, most especially the pulmonary blood vessels (Weenink 

& Wingelaar, 2021). This increased pressure gradient leads to the leakage of body fluids from the 

pulmonary vessels into the lungs; this process is said to be one of the possible mechanisms in immersion 

pulmonary oedema (Wilmshurst, 2019). This pulmonary oedema causes damage and injuries to the 

lungs and the surrounding vessels, thus, speeding up the process of decomposition (Stuart & Ueland, 

2017). 

 

2.5.4 Water Flow 

Factors like water current, turbulence and tide that affect the degree of water flow in aquatic ecosystems 

significantly affect the decomposition rate (Haglund & Sorg, 2002). Water current is the movement of 

water in a specific direction caused by several forces acting upon the water; these factors include wind, 

the volume of water flowing, cabbeling stream gradient, riverbed topography, temperature, coriolis 

effect, and salinity difference (National Geographic Society, 2022; National Oceanic and Atmospheric 

Administration, 2021; Rahmstorf, 2003). Water current does not directly affect the decomposition rate, 

but it has a mechanical effect on submerged bodies; the water current creates other occurrences that 

directly affect the decomposition process (Caruso, 2016). A body deposited in water may be dragged 

for a distance, creating disarticulation and marks or discolouration that can be mistaken for 

decomposition changes or injuries, while a body that is immobile in water may be more preserved due 

to less impact from other objects (Humphreys et al., 2013; Palmer, 2020; Stuart & Ueland, 2017).  

The remains or clothing may get caught on transport vessels, rocks, sea plant branches and other objects 

in the water, creating abrasions and lacerations that may be difficult to distinguish as post-mortem or 

antemortem trauma on the bones and body (OôBrien, 1997; Stuart & Ueland, 2017). These occurrences 

lead to the exposure and damage of soft tissues, causing an accelerated decomposition rate (Heaton et 

al., 2010; Teather, 2013). Also, the fast flow of water could lead to the removal of the products of 
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decomposition from the surrounding environment of the body, thus affecting microbial activity 

(Haglund & Sorg, 2002).  

Fast-moving water bodies and areas with concentrated flows frequently experience turbulence, which 

may impact decomposition (Haglund & Sorg, 2002). There is limited literature on studies that have 

noticed the significance of turbulence and fast currents on decomposition changes in some forensic 

drowning cases (Haefner et al., 2004; Heaton et al., 2010; Reijnen et al., 2018; van Daalen et al., 2017). 

The Haefner et al. (2004) study suggested that decomposition was faster in ñriffleò environments with 

a faster flow than in water environments with a slower flow. However, decomposition changes in these 

studies, such as abrasion and disarticulation, likely relate to differences in turbulence, not the differences 

in the flow rate of the water body (Palmer, 2020). Water flow without turbulence, also known as laminar 

flow, will not have such decomposition changes on the body. Laminar flow is believed to primarily 

impact decomposition by washing away decomposition fluids and tissue as it breaks loose (Stuart & 

Ueland, 2017). The Palmer (2020) study demonstrated that the decomposition rate of rabbits placed in 

nonflowing water (canal) occurred at a significantly slower rate than rabbits placed in flowing water 

(river); this is probably because an effect of water flow is skin sloughing and the disarticulation of bones 

and muscles. 

 

2.5.5 Aquatic Organisms 

Like the terrestrial ecosystem, the presence of organisms in the aquatic environment will affect the 

decomposition rate (Martlin et al., 2022). These organisms speed up the decomposition rate by feeding 

on the exposed soft tissues of the decomposing bodies, exposing the scavenged parts to other agents of 

decomposition (Stuart & Ueland, 2017). Bacteria, protozoa, fungi, and algae are microorganisms 

involved in the microbial activities of the process of aquatic decomposition (Lang et al., 2016).  

Insects and crustaceans are invertebrates that contribute to aquatic decomposition, while vertebrates 

mainly include fish in the respective water environment (Anderson & Bell, 2017). The presence of these 

organisms or their scavenging activities on decomposing bodies can also be a valuable tool in PMSI 

estimation (Benbow et al., 2015; Ribéreau-Gayon et al., 2018). As stated earlier, insects play crucial 

roles in the decomposition process, but due to a body of water preventing the access of insects to a 

submerged body, the influence of insects on the decomposition process is reduced (Wang et al., 2022). 

Insects mainly gain access to bodies undergoing aquatic decomposition during the bloat stage of 

decomposition, in which the body resurfaces to the top of the water (Merritt & Wallace, 2010). In cases 

where bodies are submerged in shallow water, ditches and inland water, insects can colonise the bodies, 

but only the exposed areas.  

In maritime environments worldwide, shark trauma is common and results in several fatalities annually 

(Stock et al., 2017). Examples of sharks that have been involved in different human cases of drowning 
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include the grey reef shark (Carcharhinus amblyrhynchos), tiger shark (Galeocerdo cuvier) and white 

shark (Carcharodon carcharias) discovered in Hawaiian waters (Ribéreau-Gayon et al., 2018). A 

smaller species of shark involved in shark trauma, though less documented, is the cookiecutter shark 

(Isistius spp.), also found in Hawaiian waters (Ribéreau-Gayon et al., 2016). The feeding patterns of 

these sharks and the shark bites can lead to the loss of body parts and hasten the decomposition process, 

while seawater can erode or even conceal the borders of the bitemarks (Ribéreau-Gayon et al., 2016; 

Stock et al., 2017).  

The Anderson & Bell (2014; 2017) studies placed pigs under surveillance in the Saanich Inlet and Strait 

of Georgia in British Columbia to investigate the nature of the marine decomposition process of these 

pigs. A wide range of aquatic organisms was scavenging on the pigs at different study intervals. The 

organism spotted on the pigs include Three Spot Shrimp (Pandalus platyceros), Squat Lobster (Munida 

quadrispina), Dungeness crab (Metacarcinus magister), amphipods (Orchomenella obtusa), herring, 

dogfish, slender sole, Tanner crab (Chionectes tanneri), Arrow worms (Sagitta elegans), Sunflower Sea 

star (Pycnopodia helianthoides) and Ruby octopus (Octopus rubescens). Figure 2.37 below is an 

example of squat lobsters feeding on one of the pigs in the Anderson & Bell (2014) study. 

 

Figure 2.37: Picture of a Squat lobster feeding on a pig underwater (Anderson & Bell, 2014). 
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The Ribéreau-Gayon et al. (2016) study showed that cookiecutter shark bites on victims changed injury 

patterns and made it difficult to reconstruct what happened at the point of submersion. Figure 2.38 is 

an example of the different shapes, colours, and sizes of the bite mark the cookiecutter sharks left on 

submerged bodies. Bite marks made it challenging to differentiate between perimortem and post-

mortem injuries than on fresher tissues, thereby complicating the reconstruction of the events leading 

to death and PMSI estimation (Best & Photopoulou, 2016; Ribéreau-Gayon et al., 2016). The 

Selachimorpha species of sharks, galatheae and crabs are other aquatic organisms that have been 

documented to feed on human remains recovered from water (Ellingham et al., 2017). 

 

Figure 2.38: Various shapes and sizes of extensive lesions [a-female victim b-male victim] (Ribéreau-Gayon et al., 2016). 

 

  

(a)-Cranium (b)-Femur 

Figure 2.39: Examples of the Galatheae scavenging marks left on bones (Ellingham et al., 2017). 
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Schuliar et al. (2014) conducted a study by carrying out a post-mortem examination of 154 victims 

recovered from the Atlantic Ocean after the Air France disaster; they found signs of scavenging by 

Galatheae and amphipods. Figure 2.39 above is an example of the pictorial representations of the 

predation signs of Galatheae feeding on the bones of victims recovered from the air crash. Figures 2.40ï

2.41 are other examples of scavenging marks on bones by crabs and sharks. 

 

Figure 2.40: Crab feeding on a bone (Ellingham et al., 2017). 

 

 

Figure 2.41: Evidence of predation by Shark [Selachimorpha] (Ellingham et al., 2017). 
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2.5.6 Body Coverings 

The presence of body coverings affects the rate of aquatic decomposition (De Donno et al., 2014; Notter 

& Stuart, 2011). The rate of putrefaction is delayed in a well-covered body because decomposition 

agents such as insects and microorganisms have limited access to the body, and the reduced level of 

oxygen affects microbial activities (Pakosh & Rogers, 2009; Stuart & Ueland, 2017). Card et al. (2015) 

reported that dipteran species colonization was delayed in pigs because of the presence of clothing. 

Figure 2.42 shows examples of body parts that are preserved due to the presence of clothing on the 

bodies prior to when the pictures were taken; the head and neck regions of the body that were exposed 

exhibit extensive decomposition features such as bone exposure while the trunk regions of the body that 

were covered with clothing materials look preserved. 

  

Figure 2.42: Bodies exhibiting extensive decomposition in the cervico-cephalic and mandible regions, but the trunk looks preserved 

due to the prior presence of clothing (Ellingham et al., 2017). 

 

In contrast, Matuszewski et al. (2014) argue that the presence of clothing on a decomposing body has 

a negligible effect on the decomposition rate, but the mass of the body has a more significant effect on 

the decomposition rate; smaller pigs had a faster active decay rate while larger pigs had a longer duration 

of the active decay stage. The Matuszewski et al. (2014) study suggests that putrefaction takes longer 

to complete in larger carcasses. The Voss et al. (2011) study revealed that colonisation by dipteran 

larval masses lasted for a longer duration on clothed pigs. The Voss et al. (2011) study also suggested 

that clothed pigs have longer wet decay stages; hence insects that thrive in wet conditions will be 

attracted to these clothed pigs (Kelly et al., 2009).  

The presence of body coverings slows down the cooling of a body by keeping it warm and humid; this 

condition is essential for insect diversity, feeding, abundance and protection from predators and 
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unfavourable environmental conditions (Campobasso et al., 2001; Mashaly et al., 2019). However, 

some researchers contend that clothing is only marginally significant for insect succession on carrion 

(Matuszewski et al., 2016). Also, the types of coverings on the body have differing effects on the 

decomposition process. Thick coverings can insulate a body from the environment and speed up the 

formation of adipocere on the body (Notter & Stuart, 2011; Vij, 2014). Natural fibre coverings are more 

water-absorbent than synthetic fibre coverings; therefore, they accelerate the formation of adipocere 

(Notter & Stuart, 2011).  

The effect of clothing on the decomposition rate was accounted for in the nomogram method developed 

by Henssge (1988) [See Section 2.2.3.6]. Henssge (1988) formulated constants referred to as corrective 

factors. These corrective factors consider if a body is naked or clothed (thin or thick layers), still or 

moving, and submerged (Figure 2.18). The corrective factor is multiplied by the body weight to obtain 

a corrected weight used in estimating the time since death. 

Table 2.5 is a summary showing factors that accelerate and retard aquatic decomposition. 

Table 2.5: Summary of conditions that affect the decomposition rate. 

Speed Up Slow Down 

Factors Process Factors Process 

Temperature The higher the temperature, the faster the 

chemical, enzymatic and biological 

reactions during decomposition. 

Temperature Low temperatures reduce or inhibit the 

reactions needed for decomposition and 

reduce the survival of insect eggs. 

Current Fast-flowing water can lead to 

disarticulation and the dragging of a body 

against submerged objectsðthese 

damages to the body speed up 

decomposition. 

Salinity Higher salinity concentrations reduce 

bacterial activity, thereby slowing down 

the decomposition process. 

Organisms Aquatic organisms feed on submerged 

bodies, thus exposing soft tissues. These 

speed up the decomposition of the body. 

Depth There is no sunlight penetration at 

deeper depths, and temperature levels 

are reduced. This low temperature slows 

down the decomposition process. 

  Clothing Clothing can prevent insect colonisation 

of a body; it can also keep the body 

warm and preserved  
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2.6 Water Profile of Water Bodies in the U.K. 

This chapter of the PhD research has focused on related subjects on aquatic decomposition extensively; 

the process of drowning, stages and description of aquatic decomposition and the water conditions that 

affect the decomposition rate. This PhD research was conducted in the U.K., it is reasonable to 

understand the water profile of water bodies in the U.K. before the results of this research are produced. 

Understanding the water profile of water bodies in the U.K. helps to provide further context and 

justification for the study and to see if the results of this research can be comparable with real-life 

scenarios that occur in the U.K. Table 2.6 below shows the breakdown of the water profile of seas and 

rivers in the U.K. These data were collated from various studies such as Banks & Boyce (2023), Dye et 

al. (2020), Findlay et al. (2022), Jiang et al. (2022) and Jonkers & Sharkey (2016). 

Table 2.6: Water profile of seas and rivers in the U.K. 

Water Conditions Water Body 

Sea Rivers 

Salinity (ppt) 33ï35 ~1.0 

pH 7.5ï8.5 7ï8.5 

Conductivity (mS/cm) 35ï40 < 1.0 

Mean Annual Temperature ( ) 6ï20  10ï15 
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3 PMSI AND DECOMPOSITION SCORING SYSTEMS 

3.1 Methods of Estimation of PMSI 

As stated earlier, the interval between immersion/death and the recovery of human remains from a body 

of water is known as Post-mortem Submersion Interval (Humphreys et al., 2013). Different methods 

have been adapted from techniques for estimating Post-mortem intervals in terrestrial environments to 

aid in estimating the PMSI of bodies recovered from aquatic ecosystems (Reijnen et al., 2018). The 

most frequently used PMSI estimation strategy is to count the days between when the victim was last 

known to be alive and when the body was recovered (Hobischak & Anderson, 1999). This approach 

will only be valid in water death cases with a known time of disappearance or the time the drowning 

occurred and a known time of recovery (Anderson, 2008). Multiple estimation methods have also been 

developed for cases where the time of death or immersion is unknown, but a problem encountered in 

these methods is the variability of environmental conditions across water bodies (Humphreys et al., 

2013). 

3.1.1 Weighing Decomposition 

In developing PMSI estimation methods, past studies have weighed human analogue carrions before 

and after submersion to determine the amount of decomposition that has occurred (Anderson & 

Hobischak, 2004; Humphreys et al., 2013; Zimmerman & Wallace, 2008). The Zimmerman & Wallace 

(2008) study investigated decomposition rate as a function of weight loss in stillborn piglets submerged 

in a pond for fifteen days by weighing the piglets on the sampling days. Their study indicated a 

statistically significantly greater weight loss in the piglets during the early floating stage and the 

advanced floating decay stage of decomposition. This method had limitations because, to avoid 

contamination, it required the researcher either to start the experiment with many submerged samples 

and remove one at each sampling interval or by surfacing a subject, weighing it, and then resubmerging 

it (Celata, 2015; Humphreys et al., 2013). Another limitation is that water absorption and bloating 

contribute to the mass increase, and this increase in mass is contrary to the amount of decomposition 

that has occurred in terms of weight loss (Humphreys et al., 2013). 

3.1.2 Microbial Community Assembly (MCA)  

Microorganisms have shown the potential for successional colonisation of submerged remains; the 

microorganisms include bacteria, algae, protozoa, and fungi (Davis & Goff, 2000; Lang et al., 2016; 

Zimmerman & Wallace, 2008). Numerous studies have been carried out to investigate the use of these 

microorganisms in estimating PMSI, and they have shown promising forensic value (Benbow et al., 

2015; Casamatta & Verb, 2000; Haefner et al., 2004; He et al., 2019). 

Dickson et al. (2011) conducted a study to investigate marine bacterial succession; they found that 

bacterial families such as Firmicutes, -Proteobacteria, Actinobacteria, Fusobacteria and 

Bacteroidetes colonised the submerged remains in succession. Dickson et al. (2011) also suggested that 
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if microbes are to be exploited for forensic reasons, various microbial community successional patterns 

in different seasons should be considered. Benbow et al. (2015) conducted a study in a freshwater 

stream during the summer and found that Proteobacteria predominated early in the decomposition 

process, but Firmicutes became the dominant communities after 21 days. 

MCA profiles and variability in these studies may have crucial forensic context for better understanding 

the PMSI estimation of drowned bodies and provide additional compelling biological evidence that 

microbial profiles are distinct among weeks and community changes are consistent among replicate 

carcasses (Kaszubinski et al., 2020). 

3.1.3 Entomological Methods 

Entomological approaches have been proposed as potential determinants of PMSI estimation; this 

involves the successional colonisation of submerged remains by insects or invertebrates (Keiper et al., 

1997; Merritt & Wallace, 2010; Wallace et al., 2008). Keiper et al. (1997) suggested that the colonising 

Midge larvae (Diptera: Chironomidae) can be a forensic tool for estimating the PMSI of carcasses in 

woodland streams. Hobischak & Anderson (2002) also proposed that in pond and stream habitats, the 

successional colonisation by species like caddisfly, blowflies, carrion beetles (Silphidae), nymphal 

mayflies and stoneflies can be used as PMSI determinants. Barnacles are another example of 

invertebrates used as entomological evidence in PMSI estimation. In a case report, Magni et al. (2015) 

estimated the PMSI of a discovered floating body to be 65 days by evaluating the presence of barnacles 

Lepas anatifera L. (Crustacea: Cirripedia: Pedunculata) attached to the garments on the body (Figure 

3.1). 

  

Figure 3.1: Photograph of Barnacles attached to the shoe and garment on a recovered body (Magni et al., 2015). 
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3.1.4 Decomposition Scoring Systems 

Lastly, another standard PMSI estimation method involves the use of Decomposition Scoring systems 

(DSS) that visually measure the extent of decomposition in a body; these DSS scores are then used in 

combination with the ADD of the recovered bodies to estimate the PMSI of the body (Reijnen et al., 

2018). Further research is being conducted to validate and improve these methods of PMSI estimation. 

Some of the standard aquatic DSS are comprised of the Total Aquatic Decomposition Score (TADS) 

system; observations in the head and neck (Facial Aquatic Decompositional Score [FADS]), trunks 

(Body Aquatic Decompositional Score [BADS]) and limbs (Limb Aquatic Decompositional Score 

[LADS]) of each body are noted, scored, and added to give a final TADS value.  

The TADS value represents the extent of decomposition of the whole body (van Daalen et al., 2017). 

The most common DSS used for measuring the extent of decomposition in bodies recovered from water 

were created by Heaton et al. (2010), van Daalen et al. (2017) and Reh (1967). The Decomposition 

Scoring Systems (DSS) used for aquatic decomposition are adaptations of the Megyesi et al. (2005) 

Total Body Score (TBS) system that was developed for bodies undergoing terrestrial decomposition. 

Like the TBS, these DSS assesses the sequential internal and external changes in the body's soft tissues 

as decomposition processes progress (Hobischak & Anderson, 2002).  

 

3.2 Megyesi et al. (2005) TBS 

3.2.1 Description 

Accurately estimating the PMI is essential in reconstructing the events around death, excluding 

suspects, and identifying unknown human remains (Gelderman et al., 2018). Various forensic fields 

commonly apply gross observations of the decomposition of soft tissues to estimate the PMI or PMSI 

of a body because decomposition is a continuous process that can be quantified and split into stages in 

relation to time and temperature (Gelderman et al., 2018; Myburgh et al., 2013; Parks, 2010).  

To quantify the decomposition process, Megyesi et al. (2005) developed a visual and quantitative 

scoring system that assessed the physical changes observed in the head/neck, trunk and limbs of a body 

and related them to ADD in terms of the temperature of the body or environment (Table 3.1). These 

physical changes observed using the TBS system were modified into different stages that are predicted 

to be frequently sequential; these stages include fresh, early decomposition, advanced decomposition, 

and skeletonization.  

Photographs of 68 human remains were assessed and scored using the TBS system. This scoring system 

assessed changes ranging from a fresh appearance to skeletonization, which denotes complete 

decomposition; it also assessed discolouration changes of the skin, skin sloughing off and disarticulating 

body parts.  
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Table 3.1: Descriptive stages of decomposition for the TBS system (Megyesi et al., 2005). 

A Categories and stages of decomposition for the head and neck. 

A. Fresh 

(1pt) 1. Fresh, no discoloration 

B. Early decomposition 

(2pts) 1. Pink-white appearance with skin slippage and some hair loss. 

(3pts) 2. Gray to green discoloration: some flesh still relatively fresh. 

(4pts) 3. Discoloration and/or brownish shades particularly at edges, drying of nose, ears and lips. 

(5pts) 4. Purging of decomposition fluids out of eyes, ears, nose, mouth, some bloating of neck and face may be present. 

(6pts) 5. Brown to black discoloration of flesh. 

C. Advanced decomposition 

(7pts) 1. Caving in of the flesh and tissues of eyes and throat. 

(8pts) 2. Moist decomposition with bone exposure less than one half that of the area being scored. 

(9pts) 3. Mummification with bone exposure less than one half that of the area being scored. 

D. Skeletonization 

(10pts) 1. Bone exposure of more than half of the area being scored with greasy substances and decomposed tissue. 

(11pts) (11pts) 2. Bone exposure of more than half the area being scored with desiccated or mummified tissue. 

(12pts) (12pts) 3. Bones largely dry, but retaining some grease. 

(13pts) (13pts) 4. Dry bone. 
 

 

B Categories and stages of decomposition for the trunk. 

A. Fresh 

(1pt) 1. Fresh, no discoloration. 

B. Early decomposition 

(2pts) 1. Pink-white appearance with skin slippage and marbling present. 

(3pts). 2. Gray to green discoloration: some flesh relatively fresh 

(4pts) 3. Bloating with green discoloration and purging of decompositional fluids. 

(5pts) 4. Postbloating following release of the abdominal gases, with discoloration changing from green to black. 

C. Advanced decomposition 

(6pts) 1. Decomposition of tissue producing sagging of flesh; caving in of the abdominal cavity. 

(7pts) 2. Moist decomposition with bone exposure less than one half that of the area being scored. 

(8pts) 3. Mummification with bone exposure of less than one half that of the area being scored. 

D. Skeletonization 

(9pts) 1. Bones with decomposed tissue, sometimes with body fluids and grease still present. 

(10pts) 2. Bones with desiccated or mummified tissue covering less than one half of the area being scored. 

(11pts) 3. Bones largely dry, but retaining some grease. 
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(12pts) 4. Dry bone. 
 

 

C Categories and stages of decomposition for the limbs. 

A. Fresh 

(1pt) 1. Fresh, no discoloration 

B. Early decomposition 

(2pts) 1. Pink-white appearance with skin slippage of hands and/or feet. 

(3pts). 2. Gray to green discoloration; marbling; some flesh still relatively fresh. 

(4pts) 3. Discoloration and/or brownish shades particularly at edges, drying of fingers, toes, and other extremities. 

(5pts) 4. Brown to black discoloration, skin having a leathery appearance. 

C. Advanced decomposition 

(6pts) 1. Moist decomposition with bone exposure less than one half that of the area being scored. 

(7pts) 2. Mummification with bone exposure of less than one half that of the area being scored. 

D. Skeletonization 

(8pts) 1. Bone exposure over one half the area being scored, some decomposed tissue and body fluids remaining. 

(9pts) 2. Bones largely dry, but retaining some grease. 

(10pts) 3. Dry bone. 
 

 

To obtain a TBS for a body, the scores of the head, trunk and limbs were added together; for example, 

if a body is scored as follows: head and neck = 3 points, trunk = 5 points, and limbs = 8 points, then the 

TBS would be 3 + 5 + 8 = 16. Pictorial depictions of the TBS of 16 are illustrated in Figure 3.2. 

   

Head=3; discolouration with the skin still fresh Trunk=5; bloating &  black discolouration Limbs=8; bone exposure with some tissue left 
 

Figure 3.2: Pictorial depictions of a TBS of 16 (Pictures from Palazzo et al., 2021; van Daalen et al., 2017). 
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Megyesi et al. (2005) formulated a regression equation for the TBS system that can be used to 

extrapolate the ADD of the body with a standard error. The TBS is substituted into the regression 

equation formulated to calculate the ADD. The regression equation formulated by Megyesi et al. (2005) 

is displayed below: 

Log10ADD = 0.002 (TBS*TBS) + 1.81 ± 388.16 

This can be further expressed as: 

ADD = 10(0.002z TBSz TBS+1.81) ± 388.16 

Using the example of a body with a TBS of 16, the ADD will be calculated as: 

ADD = 10(0.002z 16z 16+1.81) ± 388.16 

ADD = 10(0.512+1.81) ± 388.16 

ADD = 10(2.322) ± 388.16 

ADD = 209.89 ± 388.16 

The PMI is then inferred by retrospectively adding up the average daily temperatures from when the 

body was found until the extrapolated ADD is reached. 

3.2.2 Limitations  

Although the TBS system is one of the fundamental quantitative methods used in PMI estimation, it has 

flaws and limitations. The TBS system was created using 68 human remains. The study's sample size 

was small, which could decrease the study's confidence level, reliability, and statistical power and 

increase the margin of error and bias in the study (Faber & Fonseca, 2014). Vague terms such as ñbone 

exposure of more than half of the area being exposedò and ñsome flesh relatively freshò, along with the 

various skin colour changes listed in descriptions of these scoring systems, add to the subjectivity and 

inconsistency of these DSS (Gelderman et al., 2018; Nawrocka et al., 2016). 

In addition, photographs of the human remains were used and not the actual bodies; some important 

decomposition changes might have been missed out in the pictures, which might have affected the 

descriptions of the DSS. The human remains used in this study were found in various locations that 

might have affected the decomposition rates significantly. 11 out of the 68 remains were found indoors: 

houses (3), apartments (3), residential trailer (2), condominium (1), cabin (1), and abandoned building 

(1). The remaining 57 cases were found outdoors (fields, ditches, and woods) exposed to sunlight in a 

variety of ways: full sun (13), shaded areas (15), and a mix of sun and shade (29). 

Using the example above of a body with a TBS of 16, the calculated ADD was 209.89 ± 388.16. This 

answer indicates that the lower confidence interval of the ADD is a negative value, 209.89 ï 288.16 = 



69 

 

ï178.27; this negative ADD makes it impossible to estimate PMSI. Moffatt et al. (2016) reviewed the 

Megyesi et al. (2005) TBS study and formula, pinpointed some flaws, and developed an improved 

equation for TBS and ADD. The first flaw Moffatt et al. (2016) highlighted in the TBS system was that 

the ADD, which is an independent (explanatory) variable, was switched to a dependent (response) 

variable; the formula predicted ADD from TBS.  

The second flaw involved rounding up the regression slope value (0.002) from the formula to one 

significant number; this overestimates the ADD by 150%. Moffatt et al. (2016) excluded indoor cases, 

cases with an ADD above 3000, and cases with their PMI estimated through entomological methods 

from the Megyesi et al. (2005) TBS study and were left with 15 cases out of 68. These 15 cases were 

used to develop an Ordinary Least Squares (OLS) linear regression model that had a better line of fit 

(r2 = 0.91) and narrower confidence interval when compared to the Megyesi et al. (2005) model (r2 = 

0.84). The model Moffatt et al. (2016) created is shown below: 

TBSsurf = (125 × Log10ADD ï 212)0.625 

Smith et al. (2022) reviewed the Moffatt et al. (2016) article that highlighted the flaws of the TBS 

system. Their study found that the Moffatt et al. (2016) approach had some flaws. It reduced the 

Megyesi et al. (2005) TBS study sample size from 68 to 15, making the ADD calculation more 

challenging and the TBS system less useful or applicable in practical applications. Smith et al. (2022) 

suggested an ADD estimation interval model using the formula below: 

ADD 95% PI = 10(0.00155×TBS×TBS) +1.81 ẗ 10±2.00×0.201 

The Smith et al. (2022) model eliminates the estimation of uncertainty error and is a simpler model that 

can be applied to practical cases when compared to the Moffatt et al. (2016) and Megyesi et al. (2005) 

models. 

 

 

 

 

 

 

 



70 

 

3.3 Heaton et al. (2010) DSS 

3.3.1 Description 

Heaton DSS was derived from a study on 187 human remains recovered from freshwater in the U.K. It 

assesses the extent of decomposition by scoring decomposition changes observed in the face, head, 

neck, trunk, and limbs (Table 3.2). For PMSI estimation, the DSS uses a regression equation that 

extrapolates the ADD from the TADS calculated when assessing the extent of decomposition in the 

body. The PMSI is inferred by retrospectively adding up the average daily temperatures from when the 

body was found until the extrapolated ADD is reached (Heaton et al., 2010).  

Table 3.2: Descriptive stages of decomposition for the Heaton et al. (2010) DSS. 

Descriptive stages for decomposition observed in the face and the assigned facial aquatic decompositional score (FADS). 

FADS Description 

1 No visible changes. 

2 Slight pink discoloration, darkened lips, goose pimpling. 

3 Reddening of face and neck, marbling visible on face. Possible early signs of animal activity ùpredationð

concentrated on the ears, nose, and lips. 

4 Bloating of the face, green discoloration, skin beginning to slough off. 

5 Head hair beginning to slough offðmostly at the front. Brain softening and becoming liquefied. Tissue becoming 

exposed on face and neck. Green ù black discoloration. 

6 Bone becoming exposedðconcentrated over the orbital, frontal, and parietal regions. Some on the mandible and 

maxilla. Early adipocere formation. 

7 More extensive skeletonization on the cranium. Disarticulation of the mandible. 

8 Complete disarticulation of the skull from torso. Extensive adipocere formation. 

 

Descriptive stages for decomposition observed on the torso and the assigned body aquatic decompositional score (BADS). 

BADS Description 

1 No visible changes. 

2 Slight pink discoloration, goose pimpling. 

3 Yellow ù green discoloration of abdomen and upper chest. Marbling. Internal organs beginning to decompose ù 

autolysis. 

4 Dark green discoloration of abdomen, mild bloating of abdomen, initial skin slippage. 

5 Green ù purple discoloration, extensive abdominal bloatingðtense to touch, swollen scrotum in males, exposure of 

underlying fat and tissues. 

6 Black discoloration, bloating becoming softer, initial exposure of internal organs and bones. 

7 Further loss of tissues and organs, more bone exposed, initial adipocere formation. 

8 Complete skeletonization and disarticulation. 
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Descriptive stages for decomposition observed in the limbs and the assigned limb aquatic decompositional score (LADS). 

LADS Description 

1 No visible changes. 

2 Mild wrinkling of skin on hands and ù or feet. Possible goose pimpling. 

3 Skin on palms of hands and ù or soles of feet becoming white, wrinkled, and thickened. Slight pink discoloration 

of arms and legs. 

4 Skin on palms of hands and ù or soles of feet becoming soggy and loose. Marbling of the limbsðpredominantly on 

upper arms and legs. 

5 Skin on hands ù feet starting to slough off. Yellow ù green to green ù black discoloration on arms and ù or legs. Initial 

skin slippage on arms and ù or legs. 

6 Degloving of hands and ù or feetðexposing large areas of underlying muscles and tendons. Patchy sloughing of 

skin on arms and ù or legs. 

7 Exposure of bones of hands and ù or feet. Muscles, tendons, and small areas of bone exposed in lower arms and ù or 

legs. 

8 Bones of hands and ù or feet beginning to disarticulate. Bones of upper arms and ù or legs becoming exposed. 

9 Complete skeletonization and disarticulation of limbs. 
 

 

Using the Table 3.2, a victim with darkened lips and reddening of the face and neck will get a FAD 

score of 3, a BAD score of 5 when a purple discolouration and extensive abdominal bloating is observed 

in the trunk and a LAD score of 5 when the skin on the hands show green/black discolouration, and 

they start to slough off. Pictorial depictions of these FAD, BAD, and LAD scores are illustrated in 

Figure 3.3. These scores total a TADS of 13. This TADS is then substituted into the regression equation 

formulated by Heaton et al. (2010) to calculate the ADD: 

TADS = -3.706 + 7.778 log10ADD 

13 = -3.706 + 7.778 log10ADD 

Therefore, ADD = ρπ
ẗ

ẗ  

ADD = 140.6 

The PMSI is inferred by retrospectively adding up the average daily temperatures from when the body 

was found until ADD of 140.6 is reached. 
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(a) FADS = 3; reddening of the face and neck (b) LADS = 5; discoloured skin on hand sloughs off 

 

(c) BADS = 5; purple discolouration and abdominal bloating in the trunk 
 

Figure 3.3: Pictorial depiction of a TAD score of 13 (Pictures from Caruso, 2016; Palazzo et al., 2021). 

 

3.3.2 Limitation s 

Photographs of the human remains were used and not the actual bodies; some vital decomposition 

changes might have been missed in the pictures, which might have affected the descriptions of the DSS. 

The bodies used in developing this DSS were recovered from the rivers Mersey and Clyde; there could 

be a gap in knowledge on whether this scoring system will be suitable for bodies recovered from 

seawater sources. Heaton et al. (2010) suggested that this DSS is unsuitable for estimating PMSI for 

cases where the presence of adipocere is found, and cases where the ADD value is less than 10. Vague 

terms such as ñmild wrinkling of hands or feetò, ñmore bone exposedò, and ñsmall area of bone 

exposedò, along with the various skin colour changes listed in descriptions of this scoring system, add 

to the subjectivity of this DSS (Gelderman et al., 2018; Nawrocka et al., 2016). 
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3.4 van Daalen et al. (2017) DSS 

3.4.1 Description 

The van Daalen DSS was created from a study on 38 human remains recovered from the North Sea 

borders in the Netherlands. Like the Heaton DSS, it also assesses the extent of decomposition by scoring 

decomposition changes observed in the face, head, neck, trunk, and limbs (Table 3.3). A summation of 

the FADS, BADS and LADS to give the TAD score is also conducted when using the van Daalen DSS, 

but the PMSI is predicted from the TADS using a prediction model and not the ADD. 

Table 3.3: Descriptive stages of decomposition for the van Daalen et al. (2017) DSS. 

Facial Aquatic Decomposition Score 

FADS Description 

1 1.1 No visible changes 

2 2.1 Marbling and/or 

2.2 Skin slippage and/or 

2.3 Hair sloughs off 

3 3.1 Bloating of eyelids and/or 

3.2 Bloating of lips 

4 4.1 Gray, matte discoloration of the skin with a crumbly surface 

5 5.1 Partial skeletonization 

6 6.1 Complete skeletonization 
 

Body Aquatic Decomposition Score 

BADS Description 

1 1.1 No visible changes 

2 2.1 Marbling of upper trunk and/or 

2.2 Marbling of lower trunk and/or 

2.2 Skin slippage and/or 

2.3 Hair sloughs off 

3 3.1 Bloating of abdomen and/or 

3.2 Bloating of genitals 

4 4.1 Gray, matte discoloration of the skin with a crumbly surface 

5 5.1 Partial skeletonization 

6 6.1 Complete skeletonization 
 

Limbs Aquatic Decomposition Score 

LADS Description 

1 1.1 No visible changes 

2 2.1 Wrinkling and/or white discoloration of the skin of hands and/or feet 
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3 3.1 Marbling and/or 

3.2 Skin slippage and/or 

3.3 Hair sloughs off and/or 

3.4 Degloving and/or 

3.5 Absence of nails 

4 4.1 Gray, matte discoloration of the skin with a crumbly surface 

4.2 Partial and/or gross skeletonization of the distal part of the limbs (hands and/or feet) 

4.3 Partial skeletonization of the more proximal parts of the limbs (arms and/or legs) 

5 5.1 Partial skeletonization 

6 6.1 Complete skeletonization 
 

 

3.4.2 Limitations  

The DSS was created using 38 human remains. The study's sample size was small, which could decrease 

the study's confidence level, reliability, and statistical power and increase the margin of error and bias 

in the study (Faber & Fonseca, 2014). In addition, photographs of the human remains were used and 

not the actual bodies; some vital decomposition changes might have been missed in the pictures, which 

might have affected the descriptions of the DSS. The remains used were recovered from the North Sea; 

there could be a gap in knowledge on whether this scoring system will be suitable for bodies recovered 

from freshwater sources.  

Some fundamental decomposition changes were missed in the descriptions of this DSS; for example, 

the DSS only considered grey and white skin discolouration changes with no mention of the colour 

changes expected in livor mortis, marbling, and putrefaction. There was also no mention of other 

decomposition changes or features such as adipocere formation, animal activity or predation, the 

disarticulation of body parts, and the initial exposure of soft tissues, organs, and bones. Vague terms 

such as ñgrey, matte discolouration of the skin with a crumbly surfaceò and ñpartial skeletonizationò 

listed in descriptions of this scoring system add to the subjectivity and inconsistency of this DSS 

(Gelderman et al., 2018; Nawrocka et al., 2016). 
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3.5 Reh DSS 

3.5.1 Description 

In the 1960s, a German forensic pathologist created a table (Figure 3.4) for PMSI estimation by 

considering actual water temperature and the external or internal physical changes in bodies immersed 

in water (Reh et al., 1977). The Reh DSS was derived from a study on 277 human remains recovered 

from the Rhine and Rhine harbour, running waters, lakes, and pools in Germany (Madea, 2015). There 

are similarities between the Reh DSS and the other two DSS; the Reh DSS also considers physical signs 

of decomposition on a body. In contrast, the Reh DSS does not consider decomposition scores or ADD 

but considers the average water temperatures for each month and the water temperature (taken at 

approximately 0.5ï1 m below the water surface) of the place and time of recovery.  

 

Figure 3.4: Decomposition changes and estimated monthly PMSI figures for the Reh DSS (Madea, 2015). 

 

Unlike the Heaton and van Daalen DSS, the estimated PMSI of a body using the Reh DSS is not 

extrapolated from an equation. Still, every sign of decomposition is correlated with a minimum time in 

which this sign can develop. When estimating PMSI, the more the putrefaction signs are considered, 

the more reliable the Reh DSS becomes (Madea, 2015). The duration of immersion for the last 

decomposition change is considered the minimum PMSI, while the maximum PMSI can be estimated 

by considering the putrefaction changes that have not yet occurred in the body. For estimating the 
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minimum PMSI, the average temperature closest to the actual water temperature at the point of recovery 

is considered, not the water temperature of the month (Reh, 1969). Using the Reh table in Figure 3.4 

for PMSI estimation, a body found in July exhibiting marbling, degloving and nail loss; the minimum 

PMSI is estimated to be three days.  

3.5.2 Limitation s 

Due to climate changes in the last 40 years, there has been an increase in the water temperature of the 

river Rhine; therefore, for cases with water temperatures over 20 , there is a decrease in the reliability 

of the Reh table (Madea & Doberentz, 2010). Further studies are required to investigate the correlation 

between these higher temperatures and the decomposition rate (Doberentz & Madea, 2010). In addition, 

vague phrases such as ñdiscolouration of the bodyò in the descriptions of this scoring system are not 

specific for the colour changes expected in a body at different stages of decomposition; hence it adds 

to the subjectivity of this DSS (Gelderman et al., 2018; Nawrocka et al., 2016). 

 

3.6 Heaton vs van Daalen DSS 

Both scoring systems have similar scoring descriptions; these descriptions include skin discolouration, 

marbling, bloating, skin slippage, hair slough off and skeletonization. The differences between both 

systems are listed in Table 3.4. 

Table 3.4: Differences between the Heaton et al. (2010) & van Daalen et al. (2017) DSS. 

Heaton et al. (2010) van Daalen et al. (2017) 

A minimum TAD score of 3 and a maximum of 25. A minimum TAD score of 3 and a maximum of 

18. 

FADS and BADS have a maximum score of 8, while 

LADS has a maximum of 9. 

FADS, BADS and LADS all have a maximum 

score of 6. 

It puts more colours into consideration when referring to 

discolouration. The colours include pink, yellow, red, 

black, green, white, and purple. 

Only considered grey and white colours. 

It includes the presence of adipocere on bodies. No mention of adipocere formation. 

There is mention of the possibility of animal activity or 

predation on the face. 

Animal activity or predation is not noted. 

The disarticulation of body parts as skeletonization 

occurs is mentioned. 

No mention of the disarticulation of body parts. 

The initial exposure of soft tissues, organs and bones is 

mentioned. 

No mention of the initial exposure of soft tissues, 

organs, and bones. 

No mention of the absence of nails. The absence of nails is mentioned. 
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3.7 Limitations of Scoring Systems in General 

Although these DSS and TBS systems have been validated over the years and passed as reliable, they 

have a few limitations (Dabbs et al., 2016). In some cases, a cadaver could exhibit features 

representative of more than one stage, especially when decomposition is advanced; this could lead to 

lesser accuracy of the scores given when using the scoring systems (Nawrocka et al., 2016). Also, when 

scoring limbs, both pairs of the legs and arms could have different decomposition changes leading to 

difficult ies in assigning a score; it has been suggested that each limb is scored, and an average score of 

the four limbs is calculated as the final score (Dabbs et al., 2016). The scoring systems are visual charts 

assessing physical changes observed in bodies; therefore, they are subjective and depend on the 

observerôs perception. Vague terms such as ñheavy maggot activityò, ñpartial skeletonizationò, ñbone 

exposureò, and ñsome flesh relatively freshò, along with the various skin colour changes listed in 

descriptions of these scoring systems, add to the subjectivity and inconsistency of these DSS 

(Gelderman et al., 2018; Nawrocka et al., 2016). 
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4 SKIN COLOUR  AND DECOMPOSITION  

Human skin colour is an external feature that is highly significant in medical, anthropological, genetic, 

and forensic science fields (Walsh et al., 2017). In forensic science, skin tone or colour assessment is 

essential in recreating the events that lead to the death of a victim, age estimation of wounds, scars, and 

bruises, forensic DNA phenotyping, PMSI estimation and decomposition changes (Chen et al., 2021; 

Hayman & Oxenham, 2016; Heaton et al., 2010; Scafide et al., 2013; van Daalen et al., 2017). The vital 

roles of skin colour and tone in decomposition and PMSI estimation will be further highlighted in this 

chapter and other parts of this thesis. 

4.1 Physical Structure of the Skin 

The skin is the largest human organ, representing approximately 10% of the body mass for adults, with 

a surface area range of 2ï25 m2; it is the outermost physical interface between the body and its external 

environment, acting as the first line of defence, controlling what enters and leaves the body (Boxberger 

et al., 2021; Gallo, 2017; Ng & Lau, 2015). The skin is comprised of a complex nexus of cells, microbes 

and matrix elements providing varying functions such as the protection of the body against infectious 

agents or UV radiation, sensation and synthesis of vitamin D, thermoregulation, and prevention of 

dehydration (Lima & Reis, 2018; Prausnitz et al., 2012). The skin consists of three primary layers: the 

hypodermis, dermis, and epidermis (Figure 4.1).  



79 

 

 

Figure 4.1: Skin Structure. (a) Schematic representation (b) Characteristics of the skin layers (Moniz et al., 2020). 

The hypodermis, the innermost layer, also called the subcutaneous layer, consists of adipose cells, 

lymphatic and blood vessels placed below the dermis and between the skin, muscles, and bones, but the 

thickness of this layer differs over various body parts (Joodaki & Panzer, 2018). This layer can be absent 

in some thin skin like the eyelid (Moniz et al., 2020). The hypodermis aids insulation, mechanical 

integrity and support, and conductance of the vascular and neural signals of the skin and constitutes 

about 10% of the body mass (Alkilani  et al., 2015; Joodaki & Panzer, 2018; Ng & Lau, 2015). Other 

suggestions state that the hypodermis is a connective tissue and is not strictly a layer of the skin (Betts 

et al., 2013).  

The dermis is a moderately dense integrated fibrous layer comprised of collagen, elastin, reticulin fibres 

and a matrix of sweat glands, hair follicles, sebaceous glands, sensory nerve endings, nails, lymphatic 

vessels, macrophages, dermal dendritic cells, blood capillaries, fibroblasts, and mast cells (Joodaki & 

Panzer, 2018; Moniz et al., 2020). The components of this layer have numerous functions such as being 

a thermal barrier, protection from physical injury, energy storage, providing flexibility, elasticity, 

tensile strength, various mechanical behaviours of the skin at small stresses or strains and the recoiling 

mechanism after deformation (Joodaki & Panzer, 2018; Laurent et al., 2007; Lima & Reis, 2018; Moniz 

et al., 2020). 

The epidermis is the outermost layer of the skin, approximately 75ï150 mm in thickness, and acts as 

the barrier between the human body and the external environment (Chanda, 2018). It is a stratified 
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keratinised epithelium of four sub-layers: stratum spinosum, stratum basale, stratum granulosum, and 

stratum corneum (Moniz et al., 2020; Roger et al., 2019). The stratum basale of the epidermis comprises 

various cells: keratinocytes, corneocytes, melanocytes, Merkel, and Langerhans cells (Figure 4.1b); it 

is one cell thick, and the melanocytes form about 10% of the cells present in the stratum basale (Venus 

et al., 2010). The melanocytes play essential roles in determining skin colour (Jothishankar & Stein, 

2019), and these roles will be discussed further in the next section.  

In the stratum spinosum, keratinocytes originating from the stratum basale, form a layer attached by 

desmosomes; these form the ñspines or pricklesò observed under a microscope (Agarwal & 

Krishnamurthy, 2022). The stratum granulosum comprises keratinocytes containing dense, ovoid-

shaped, lipid-rich keratohyalin granules that release lipids into the intercellular parts of the skin layers, 

aid barrier function and cohesion within the outer stratum corneum layer (Venus et al., 2010). The three 

inner layers of the epidermis form the ñviable epidermisò, which is considerably hydrophilic (Forster et 

al., 2009).  

There is a fifth sub-layer of the epidermis, known as the stratum lucidum, mainly referred to as a lower 

part of the stratum corneum; it is found in the sole of the foot or the palms of the hand and accounts for 

the thickness of these body parts (Moniz et al., 2020). The stratum corneum is the outermost layer of 

the epidermis comprised of about 20 layers of dead anucleate keratinocytes known as corneocytes; it is 

the protective layer of the skin that regulates water loss and prevents oxidative and mechanical stress 

(Moniz et al., 2020; Ng & Lau, 2015; Venus et al., 2010). The stratum corneum contains 10% water 

and is lipophilic in contrast to the viable epidermis (Forster et al., 2009). Figure 4.2 below is a picture 

of the layers and components of the skin and their respective functions. 
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Figure 4.2: Schematic view of the cross-section of the skin layers (Venus et al., 2010). 

 

 

 

 

4.2 Skin Colour and Tone 

4.2.1 Determinants of Skin Colour 

Different factors influence skin colour in humans: genetics, melanosome, melanin content, UV 

exposure, and the presence of additional chromophore types in the skin (Taylor, 2002). The differences 

in the combination of four chromophores: melanin, haemoglobin, carotenoids, and oxyhaemoglobin, 

impact the perception of human skin colour (Jothishankar & Stein, 2019). The combination of the four 










































































































































































































































































































































































































































































