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ABSTRACT. When human remains are found, apart from helping explain the cause of death and determining the
extent of any injuries, forensic pathologists are usually requested to determine the identity of the deceased and how
much time has elapsed since his death. In the Czech Republic, the criminal liability for murder is set to a statute of
limitations of 20 years. In our pilot study, tissue samples of human remains from two decedents were radiocarbon
(14C) dated to estimate the date of death. In agreement with published literature, we have confirmed relatively short
carbon turnover time in hair, nail, and bone fat. Therefore these samples are the most appropriate for determining
date of death. Other samples, such as teeth (collagen and carbonate form) and collagen isolated from bone samples,
which exhibit relatively long carbon turnover time, can be used to reduce ambiguity of dating results and to indicate
some interfering influences. Given the possibility of processing multiple sample types, we also propose brief guidelines
for comparing and interpreting the results of individual analyses.
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INTRODUCTION

Nuclear weapons testing has led to a significant increase in atmospheric 14CO2 activity, peaking
in the Northern Hemisphere in 1963 (Meijer et al. 1995; Levin et al. 2010). Following the
signing of the moratorium on atmospheric nuclear weapons tests, the activity has been declining
to this day. Due to this, carbon samples originating after 1955 show an activity that significantly
exceeds the radiocarbon (14C) activity values for samples from all previous periods. The curve
showing the time course of 14C activity is therefore useful for 14C dating of samples since the
period of nuclear testing and can therefore be of considerable use in various environmental
studies, protection of endangered organisms as well as in forensic medicine (Wild et al. 2000
Schmied et al. 2011; Nakamura et al. 2015).

Compared to conventional 14C calibration curves, e.g. IntCal13, SHCal13, 14C bomb peak
dating allows significantly better time resolution (Hogg et al. 2013; Hua et al. 2013; Reimer
et al. 2013). However, the bomb peak has two sides. This can be a disadvantage and can lead to
ambiguity in dating results. The observed (relatively narrow) earlier interval corresponds to the
period of relatively rapid increase in activity during the 1950s and early 1960s, and the later
interval is over a substantially longer period of decrease beginning from 1963 and continuing to
this day. Therefore, without additional data, it is not usually possible to exclude one of the two
time intervals determined by projecting the analysis results on a bomb calibration curve. The
result of bomb peak 14C dating can be unambiguous only rarely in cases of only one type of
tissue; with samples dated to the period of culminating 14C activity†. Eliminating the implica-
tion of ambiguity requires the analysis of at last two samples with a known time gap. For

*Corresponding author. Email: svetlik@ujf.cas.cz.
†For instance, using the LEVIN curve and an activity value of 1.980±0.005 F14C, we obtain a single interval in 1963
(Levin and Kromer 2004; Hammer and Levin 2017).
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instance, to determine unambiguous date of birth, it can be sufficient to compare activities in
tooth enamel from two or more teeth from a given adult individual (Spalding et al. 2005).

If 14C bomb peak dating is used in forensic medicine, it is necessary to determine the time since
the death of the individual. In Czech criminal law, the termination of criminal liability for
murder—the so-called limitation period—is set to 20 years from the death (Act 140/1961 Coll.;
Marquez-Grant and Fibiger 2011; Iscan and Steyn 2013).

When dating skeletal remains, it is first necessary to critically assess the suitability of individual
parts for dating, especially in terms of carbon turnover time‡ in the given tissue type (Nydal
et al. 1971; Hodgins 2009). If the skeletal remains are found in a state of complete skeletaliza-
tion, either bone (fat or collagen) or teeth can be extracted for dating purposes. In bone collagen
from older individuals, continuous carbon replenishment can give rise to complications, as the
collagen carbon turnover time spans decades rather than years, and the resulting activity of 14C
therefore depends on the date of death and age of the individual (Ubelaker et al. 2006; Hodgins
2009). Bone fat is characterized by a relatively short carbon turnover time, of the order of a few
years (Hodgins 2009). However, in bones deposited in soil for decades, it can be tricky to isolate
the carbon fraction corresponding to bone fat of sufficient quality, i.e., free from residual
contamination by extraneous organic matter from the soil. Datable chemical forms of carbon
than can be isolated from teeth include the carbonate form from enamel or dentine and tooth
collagen from dentine (Spalding et al. 2005; Goldberg et al. 2011; Cook and MacKenzie 2014;
Cook et al. 2006, 2015). The abundance of the carbonate form, corresponding to the time of
dental crown foundation, is relatively low in the enamel and therefore only a small quantity of
carbon is available for dating (Cook et al. 2015). Carbonates and collagen in dentine corre-
spond in age to tooth emergence, but some supplementation of these carbon forms during the
subsequent life of the individual cannot be excluded (Alkass et al. 2011). The availability of soft
tissue samples (hair, nails) where only short carbon turnover times can be expected is a sig-
nificant advantage for estimating date of death (Hodgins 2009).

MATERIALS AND METHODS

Anthropological Methods

In the present study, we investigated skeletal remains of two adult decedents, recovered by the
police in different places (one outdoors in a forest, the other indoors in a flat). For both sets of
skeletal remains, detailed documentation and basic demographic evaluation (determination of
sex, age, robustness, height) were carried out. Determination of sex from the bones was made
following Ascadi et al. (1970) and Bruzek (2002). The pelvic and long limb bones were assessed
according to Dibennardo and Taylor (1983). The methods used by Lovejoy (1985), McKern
and Stewart (1957), andMeindl et al. (1985) were followed for estimating age. Where permitted
by their preservation state, metric feature evaluation according toMartin and Saller (1957) was
performed on the skeletal remains. Estimation of height was performed according to the metric
evaluation of the long leg bones by Sjøvold (1990). In order to estimate the time of death,
environmental effects at the location of the body, the extent of autolysis of the remaining soft
tissue, the condition of the medullary cavities of the long limb bones, and the color and surface
structure of the bones were all evaluated. In cases where the time of death could not be clearly
established, an estimation was made based on the circumstances of death for administrative

‡We used the term “carbon turnover time” following the terminology in Wild et al. (2000). Only in the case of bone
collagen, we used “characteristic carbon turnover time,” due to continual remodeling of this type of tissue.

1018 P Handlos et al.

https://doi.org/10.1017/RDC.2018.72 Published online by Cambridge University Press

https://doi.org/10.1017/RDC.2018.72


purposes. This is the procedure for closing cases routinely applied by law enforcement
authorities.

Considering the distribution of findings, our experience indicates that in the Moravian-Silesian
Region (northeast part of the Czech Republic, 1.2 million inhabitants) approximately 5–10
human remains are found every year. Over half of these cases are skeletal remains from World
War II and are usually found during construction work (Handlos et al. 2017). The rest belong
primarily to missing persons. Generally, they are either suicides, the homeless, or people lost in
the mountains. These individuals are usually found on the surface where they have been
exposed to the environment as well as being affected by the local flora and fauna. A small
minority of cases comprise dead persons in flats and other sheltered spaces. In most cases, they
were lonely individuals who were not in contact with their relatives.

Particularly in cases where no soft tissue including cartilage remains on the skeleton, the esti-
mated range for the time of death is quite broad (often in the order of decades), and this is not
precise enough for law enforcement purposes.

Description of Human Remains

In November 2015, human remains belonging to an unknown adult were found in a state of
almost complete skeletalization in the forest near Ostrava in the Czech Republic (Individual I).
Only scraps of autolytic tissues were retained, along with remnants of cartilage and hair.
According to the anthropometric and anthroposcopic analysis of the skeletal remains, we found
that it was an adult male. The body height, determined from long bones according to Sjøvold
(1990), was between 180 and 181 cm. From the findings on teeth, seam obliteration and
arthrotic changes on the spine, we determined the biological age of the deceased to be between
55 and 65 years. The first determination of the time of death, based on a macroscopic assess-
ment of individual bones, was estimated to be within 1–2 years previously. Considering the
other circumstances of the case, the time of death was set at the turn of 2014/2015 for admin-
istrative purposes. Further investigation by the Czech Police did not reveal the identity of the
dead man.

In February 2016, human remains belonging to an adult in a state of particular skeletalization
were found in a block of flats in Ostrava in the Czech Republic (Individual II). Among the soft
tissues, only mummified residues of skin, hair, and nails were retained. According to the
anthropometric and anthroposcopic analysis of the skeletal remains, we found that it was an
adult male. The body height, determined from long bones according to Sjøvold (1990), was
between 172 and 174 cm. From the findings on teeth, seam obliteration and arthrotic changes
on the spine, we determined the biological age of the deceased to be between 55 and 65 years.
The first determination of the time of death, based on a macroscopic assessment of individual
bones, was estimated to be within 2–10 years previously. Considering the other circumstances of
the case, the time of death was set at the turn of 2013/2014 for administrative purposes. Further
investigation by the Czech Police found that the skeletal remains belonged to a man born in
1957 based on genetic examination. His last contact with other tenants of the house was on
Christmas 2013. Since then, the deceased had not been seen or reported missing.

Sample Processing

Samples of bones (about 2 g) were processed by Soxhlet extraction to remove/isolate residual
fractions of fat using chloroform/methanol, 2:1 v/v, following routine described by Folch et al.
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(1957), and Jim et al. (2004). After extraction, the solvent from bone fat was removed by
evaporation under reduced pressure.

Collagen from bones and teeth was subsequently isolated (Longin 1971). The same routine was
applied also for keratin samples: hairs (0.05 g, with a maximum length of 10 cm from hair roots)
and nail (0.04 g from parts close to the nail bed).

To analyze the tooth specimen (first premolar, 0.5 g, Individual II), collagen was isolated from
the dentine as the only possible analyte. Carbonate chemical form from the enamel was not
analyzed as our laboratory has not yet validated the routine for processing these samples.

The pretreated samples were placed into quartz tubes containing prebaked oxidation agent
(CuO) and torch sealed under dynamic vacuum. Samples were combusted for a minimum of
6 hours in a muffle furnace heated to 900°C. The tubes were then cooled, cracked and CO2 was
cryogenically transferred into an assembled Pyrex glass tube reactor with the appropriate
reagents. A subsequent graphitization step was performed in sealed Pyrex tubes using powdered
Zn and Fe (Rinyu et al. 2013, 2015; Orsovszki and Rinyu 2015). The resulting graphites were
torch-sealed below the top of the inner reactor tube (through the wall of outer tube, without
opening) to avoid contamination by atmospheric 14CO2. Outer parts of the reactor were then
removed and the sealed inner tube with graphite was packed for transport. Measurement of
graphite was performed at the MICADAS facility in the Hertelendi Laboratory of the Envir-
onmental Studies (DebA), ATOMKI HAS in Debrecen, Hungary (Kromer et al. 2013; Molnár
et al. 2013a, 2013b; Rinyu et al. 2013).

RESULTS OF 14C ANALYSIS

The measured activities together with the uncertainties were expressed as F14C and interpreted
using the CALIBomb program using the current LEVIN calibration curve for Europe, see
Tables 1 and 2 (Levin and Kromer 2004; Reimer et al. 2004; Reimer and Reimer 2004; Levin
et al. 2010; Hammer and Levin 2017).

Analyses of Hairs and Nail

These samples were analyzed only for Individual II. The nominal F14C values of the observed
activities from this type of specimen were the lowermost and both values agree within uncer-
tainties. These tissues correspond to the shortest carbon turnover times in the human body
(Hodgins 2009).

Table 1 Individual No. I: results of 14C dating.

Sample (fraction) F14C± 1σ
Calibrated age
(years AD)

Intervals of carbon
turnover time*;
mean (years)

KB
(femur, cortical bone, collagen)

1.1531± 0.0050 1957–1958 —
1988–1993 22–27**; 25

TU-A
(femur, fat from spongy bone)

1.0457± 0.0045 1956–1957 —
2006–2015 0–9; 5

TU-B
(femur, fat from spongy bone)

1.0373± 0.0048 1956–1957 —
2009–2015 0–6; 3

*Time to year 2015 (when individual No. I was found).
**Interval of characteristic carbon turnover time for collagen.
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Analyses of Bone Fat

The difference§ between the mean of activities (F14C) in fat (1.0434) and the mean of activities in
nail and hair (1.0354) is statistically significant (Z-test based on the assumption that the
expected values of observations are the same within each group and that the differences of
observations in each group are only due the uncertainties of analyses, p-value 2.1%). It seems,
that the results of 14C analysis in fat samples extracted from spongy parts of bone (TU-A, TU-
B, FT fractions) and cortical bone fraction (AT fraction) showed mean carbon turnover times a
few years.

TU-B activity (Table 1) cannot be considered as outlying value compared to the remaining
three 14C activities (TU-A in Table 1 and AT, FT in Table 2) with their 95% confidence interval.
Z-test comparing this observation with the mean of the remaining three observation does also
not show significant difference (p-value 12%).

Bone Collagen Analyses

The supporting data suggested that the age of both sets of human remains was not more than a
few years old. To compare informative values of bone collagen, the intervals andmean values of
characteristic carbon turnover time were estimated, despite of the knowledge that there is

Table 2 Individual No. II: results of 14C dating.

Sample
(fraction) F14C±1σ

Calibrated
age
(years AD)

Intervals of
carbon
turnover time*;
mean (years)

C
(hair)

1.0330± 0.0033 1955–1957 —
2010–2014 0–4; 2

D
(nails)

1.0378± 0.0048 1955–1957 —
2008–2014 0–6; 3

AT
(clavicula, fat from cortical bone)

1.0439± 0.0025 1956–1957 —
2008–2013 1–6; 3

FT
(femur, fat from spongy bone)

1.0467± 0.0025 1956–1957 —
2007–2013 1–7; 4

BK
(collagen, clavicula, spongy bone, collagen)

1.1265± 0.0025 1957–1959 —
1992–1996 18–22**; 20

FK
(femur, spongy bone, collagen)

1.2008± 0.0027 1959–1962 —
1984–1987 27–30**; 29

AK
(clavicula, cortical bone, collagen)

1.2414± 0.0028 1959–1962 —
1981–1984 30–33**; 32

E
(femur, cortical bone, collagen)

1.2778± 0.0029 1959–1963 —
1979–1982 32–35**; 34

EK
(femur, cortical bone, collagen)

1.2670± 0.0027 1959–1962 —
1980–1982 32–34**; 33

G-2
(dens premolaris primus, dentine)

1.5133± 0.0030 1963–1964 50–51; 51
1970–1972 42–44; 43

*Time to year 2014 (probable/supposed year of death).
**Interval of characteristic carbon turnover time for bone collagen.

§With corresponding value F14C 0.008± 0.003 (1σ uncertainty).
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continuous partial carbon exchange (Geyh 2001). The observed characteristic carbon turnover
times in these cases ranged from 20 to 34 years. This interval referred to Individual II. From
these results, it can be concluded, that the characteristic carbon turnover time due to the varying
rate of carbon exchange in bone collagen differed significantly even within one individual.
Published literature also shows a relatively wide range of characteristic carbon turnover times
for bone collagen (Geyh 2001; Ubelaker et al. 2006; Hodgins 2009; Calcagnile et al. 2013; Cook
and MacKenzie 2014; Cook et al. 2015; Ubelaker and Parra 2011). Moreover, in older indi-
viduals, the rate of bone collagen alteration can be influenced by the use of drugs (Geyh 2001).
As can be seen from Table 2 (Individual II), where more samples of collagen isolated from a
larger set of bones were analyzed, direct use of bone collagen analyses to determine the time of
death by 14C dating did not yield a sufficiently narrow interval useful for legal purposes.

The results of bone collagen analyses reported in Tables 1 and 2 are given for bones where the
extraction process was designed primarily to minimize the possibility of carbon penetration
from the lipid fraction into the isolated collagen (reported as fraction K). Only the bone (col-
lagen, sample E) shown in Table 2 was not pretreated using the extraction procedure. The
results of collagen analyses isolated from the same bone with and without extraction pretreat-
ment (E and EK) agree within uncertainties.

Analyses of Collagen from Tooth Dentine

This sample (Individual II) showed the highest 14C activity in our sample set, and was relatively
close to the maximum of bomb peak calibration. Projection of the analysis results on the
calibration curve (LEVIN) yielded two time intervals. During the earlier interval of 1963–1964,
Individual II would have been 6–7 years old according to the officially verified date of his birth
(1957) and thus we could exclude this interval. The later interval corresponded to an age of 13–
15 years. The lower edge of this interval corresponded approximately to the average age of first
premolar emergence (Ash and Nelson 2003).

DISCUSSION

The samples analyzed in this pilot study can be divided into three groups, which depends on
carbon turnover times and their consequent informational value:

(i) Samples with short carbon turnover times not exceeding just a few years. These periods
were close or even below the level of statistical significance of our observations. This
group includes the bone fat samples and those of hair and nails.

(ii) Samples with mean characteristic carbon turnover times in decades (bone collagen) in
the case of both decedents with the age 55–65 (individual I) and 56 years (Individual II).
However, the characteristic carbon turnover times varied significantly varied also
within a single individual.

(iii) Tissues formed at a particular age with no subsequent significant supplementation. This
is the case of the collagen samples prepared from dental material. It appears that the age
of collagen corresponds approximately to the time of tooth emergence, when massive
dental tissue production can be expected.

Themost accurate result of death by 14C dating can be expected in cases where tissues with short
carbon turnover times are preserved. However, in this case, it may be advisable to base the
interpretation on the analysis of several types of samples with short carbon turnover times (hair,
nails, bone fat) to determine/estimate a more credible time interval of the death. In particular,
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hair and nail samples may be affected by carbon derived from, e.g. cosmetics, and bone fat has a
carbon turnover time of approximately 7 years (Hodgins 2009; Santos et al. 2015). Dietary
changes over the course of an individual’s life, can also lead to a decrease in 14C activity in body
tissues, for example due to the influence of the freshwater reservoir effect or marine reservoir
effect (i.e. freshwater and/or marine fish, which have 14C level lower than that of their con-
temporaneous terrestrial foods, becoming a larger portion of his/her diet). Increased abundance
of marine or freshwater fish in the diet can be indicated by the analysis of stable isotopes 13C and
15N in proteins (Bonsall et al. 2004; Keaveney and Reimer 2012; Cook et al. 2015; Müldner
2015).

As we can see from our results and from the literature, dating of bone collagen alone is not
conclusive for determining the time of death of a given individual because of variable bone
remodeling and usually relatively long mean value of characteristic carbon turnover time (Geyh
2001; Ubelaker et al. 2006; Hodgins 2009; Ubelaker and Parra 2011; Calcagnile et al. 2013;
Cook and MacKenzie 2014; Cook et al. 2015).

By comparing the analyses of samples with longer and shorter carbon turnover times, we can
eliminate ambiguity in dating results using a 14C bomb peak. In following years, the decreasing
14C activity will reach a pre-bomb level. Tissue dating from human remains will therefore yield
two intervals /groups of intervals. The older group will include several partial intervals starting
about 1630 and ending close to 1955. If intervals from the older group cannot be ruled out based
on the state of the remains at the site of detection, analysis of bone collagen from older indi-
viduals (and presence of bomb 14C) will become an important tool for interpreting the results
over the next several decades.

Analysis of collagen from a tooth specimen yielded results that roughly corresponded to the
emergence of that particular tooth (in this case, the first premolar; see above). The time of death
of the individual can then be estimated on the basis of published average age at tooth emergence
(between 11 and 13 years old in this case) and the osteological estimate of the individual’s age.
In spite of the relatively wide intervals (for individuals up to approximately 70 years old, the
estimation interval is less than 10 years, but for older individuals, the interval can be con-
siderably wider), osteological age estimation can reach the limits of usability for legal purposes
(Act 140/1961 Coll.; Marquez-Grant and Fibiger 2011; Iscan and Steyn 2013). Enamel or
dentine carbonate analysis can be a significant advantage given the high probability of tooth
preservation in human remains even in a state of complete skeletalization. The relatively wide
range in the time of death determined by a combination of osteologically determined age and
14C dating of teeth will also allow corroboration of the narrower death interval determined by
analysis of tissue(s) with short carbon turnover time or of bone fat. If the wider interval
(determined using dental samples) does not confirm the result determined by analysis of samples
with short carbon turnover times, it would be necessary to treat the interpretation of the results
with considerable caution.

Likewise, the reliability and accuracy of the final estimation of the death interval can be
improved based on the rate of aspartic acid racemization (D-aspartic acid/L-aspartic acid: D/L
Asp) using bones and teeth. The correlation coefficient between the rate of racemization and
chronological age was relatively high in the sternum, skull, and femur and lower in other types
of bones (Ohtani et al. 2002). Age estimation in teeth could be more problematic. In teeth the
ratio of D/L aspartic acid in dentine varies between the lingual side and vestibular side of the
crown dentine. It may be affected by differences in factors such as temperature, humidity, pH,
tissues metabolic rates (Ohtani 1997; Ohtani and Yamamoto 2003). In an article by Ohtani and
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Yamamoto, the estimated ages were accurate within a range of ±3 years (Ohtani and Yama-
moto 2010). Whereas racemization analysis indicates the chronological age of the individual at
the time of death, 14C analysis gives an estimated year of birth (Alkass et al. 2010).

When the estimations of date of death based on 14C analyses of samples with different carbon
turnover times are established without statistically significant discrepancies, such results have
much higher credibility than that determined by a single tissue analysis, albeit with a relatively
short carbon turnover time. In cases where the discrepancy between death intervals according
tissues with different carbon turnover times was observed, it could indicate a change in diet during
the life of the individual, e.g.: fresh water/marine fish consummation or increased abundance of
food from local sources which was significantly affected by Suess effect (Suess 1955).

Thus we envisage the credible determination of death time using 14C dating, based on a range of
available samples from recovered remains of (not-juvenile) humans, following typical scenar-
ios, recovery of collagen-containing bones is assumed in all cases (Handlos et al. 2017):

A. The remains are in good condition, hair, nails, bone fat, teeth are preserved—the results of
the death-time (time intervals) estimates overlap with no significant differences, the analysis
of stable isotopes in the hair, nails and collagen did not show increased proportions of fish in
the diet;

B. Bone fat and teeth survived in the remains—estimated intervals of the death time are in
agreement;

C. Teeth and bones were found in the remains—only limited possibility of credible 14C dating
results (too wide a time interval of death).

Probably, in all cases, death-time estimation using aspartic acid racemization will improve the
credibility of final death-time estimation. In cases where some significant discrepancies are
found in estimated time intervals some interfering effect is indicated (e.g.: dietary influences,
sample contamination); additional analyses will therefore be necessary to explain the observed
differences, given the availability of sufficient quantity/scale of samples.

Therefore, to achieve the highest credibility in the final determination of the time interval of
death using 14C dating, it is important to try and find residual scalp hair, nails or body hair
during the examination of skeletal remains on site. Late post-mortem changes in these cases are
due to a combination of several factors: atmospheric influences, depth of deposition of human
remains, and presence of specific flora and fauna, etc. (Mann et al. 1990). This was the reason
we designed the pilot study to include two deceased men found under completely different
conditions.

Based on macroscopic assessment of skeletal remains from Individual I, the time of death was
estimated between 1 and 2 years before the remains were found. In this case, partially preserved
soft tissues and cartilage were crucial to determine the time of death which, in light of the
atmospheric effects at the site of the body, allowed the determination within a narrow time
range. 14C dating of two samples of bone fat gave a mean interval of 0–9 years (Table 1). The
observed interval, although carbon turnover time of lipids was close to the statistical sig-
nificance level, confirmed that the skeletal remains were from a person deceased less than 20
years and as such, allowed for criminal prosecution.

Based on anthropological assessment of skeletal remains from Individual II, the time of death
was estimated between 2 and 10 years before the remains were found. A broad time interval was
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determined using the specific conditions prevailing at the site. The body was in a dry and warm
environment with access to necrophagous insects and, in addition to the development of
mummification, soft tissues had almost been completely consumed by larvae, making it
impossible to determine the time of death. 14C dating of hair and nails showed a death interval
of 0–6 years (Table 2). This interval was also in a good agreement with the results of 14C
analyses of bone fat and collagen isolated from dentine (dentine in the combination with age
estimation of Individual II). These results corresponded well with the conclusions of the police
investigation, when the last contact with the deceased took place during Christmas 2013, i.e.
three years before the body was found.

Given the small number of samples derived from only two findings analyzed as part of this pilot
study, several research items can be proposed to improve the future use of 14C analyses for the
determination of the time interval of death.

1. Clarification of the mean characteristic carbon turnover time in the form of bone collagen in
juvenile individuals (Ubelaker and Parra 2011): in this case, the mean characteristic carbon
turnover time cannot be longer than the age of the individual. In these cases, refinement of
this time would contribute to more accurate results for the time of death, especially for
individuals over the age of 10 years;

2. Dependence of the mean characteristic carbon turnover time in bone collagen on the type of
bone: based on our analysis, it seems that different bones of the human body differ
significantly with respect to mean characteristic carbon turnover time. In analyzing
individual bones, especially from older individuals, it would be necessary to identify
trabecular or laminar parts of bones where relatively small variations in the mean
characteristic carbon turnover times can be expected (Barta and Štolc 2007; Calcagnile et al.
2013; Cook et al. 2015). Refinement of this time will allow a more effective use of bone
collagen analysis to estimate the time of death. For this purpose, however, a relatively large
set of samples will need to be analyzed;

3. Isolation of lipids from ancient bones, preserved under suitable condition in soil: this could
be another interesting research topic for dating. Ancient bone lipids, represented mainly by
steroidal fraction with minor appearance of fatty acids, could be found in a sufficient state of
preservation in a porous system of bones (Evershed et al. 1995; Jim et al. 2004; Marzaioli
et al. 2011; Colonese et al. 2015);

4. Implementation and validation of analyses of carbonate carbon patterns from dentine and
enamel samples (Spalding et al. 2005; Buchholz and Spalding 2010; Alkass et al. 2011;
Ubelaker and Parra 2011; Cook and MacKenzie 2014; Cook et al. 2015): comparing the
results of analyses of such samples would help indicate influences on 14C activity together
with assessing the practical usability of dental collagen analyses. Corresponding routines for
processing of carbonate samples have not yet been implemented in our laboratory.

CONCLUSION

The aim of this pilot study was to demonstrate the possibility of dating skeletal remains using a
14C bomb peak for forensic purposes. In the study, tissue samples (bone, nail, hair, and tooth) of
two deceased individuals found in different environments (in terrain and in the interior of an
apartment) were analyzed. The objective was to determine the date of death and age of both
individuals and to compare the results with the findings of anthropological methods.
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Bone collagen analyses confirmed the difficulties in the usability of these samples for direct
determination of the time of death with forensic validity, in contrast to death intervals determined
through the analysis of samples with short carbon turnover times (hair, nails, bone fat) that were
consistent with other data (anthropological methods, information from police). To minimize
ambiguity in the dating results and also to better indicate possible significant interferences, it is
preferable to include samples with long carbon turnover, such as teeth and bone collagen. Because
multiple types of samples were available for our analyses, we also propose a few guidelines for
comparing and interpreting the results of individual analyses. The variable bone remodeling rates
observed in our study and those in the literature indicate a need for comprehensive analysis of
skeletal collagen turnover to improve the utility of recent collagen dating for forensic applications.
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