


15

S. Raja1,2, B. H. Stuart1,2, P. S. Thomas2, C. O’Brien3

1 Centre for Forensic Science, University of Technology, Sydney, Australia
2 �Department of Chemistry and Forensic Sciences, University of Technology, Sydney, Australia
3 Faculty of Science, University of Ontario Institute of Technology, Canada

Pyrolysis gas chromatography 
– mass spectrometry analysis for the estimation of pig 

bone age for forensic application

Abstract: The potential of pyrolysis gas chromatography-mass spectrometry (Py-GCMS) as a 
tool for the estimation of post-mortem age of bones has been investigated. Pig bone 
specimens prepared under controlled burial conditions in soil were studied and the 
post-mortem ages ranged from 3 to 48 months. Notable differences were observed 
in the data produced for younger bone specimens (<1 year) compared to specimens 
of greater post-mortem age (>1 year). Py-GCMS also demonstrates a relationship of 
particular peak ratios with the age of bones. The ratios of peaks in the pyrograms were 
examined and it was demonstrated that the ratios of certain pairs of peaks increase as 
the bone age increases.

Introduction

Bone is a complex composite material consisting of approximately 10% water, 30% 
organic phase and 60% inorganic material. Although the chemistry of archaeological 
bones has been more widely studied, the structures of lesser aged bones such as those 
that are encountered in a forensic context, have not been as well studied. However, 
in a recent study, it was demonstrated that changes to relatively young bones can be 
detected using techniques that examine the decomposition of the organic phase of 
bone [1,2]. Thermogravimetric analysis (TGA) combined with mass spectrometry (MS) 
was used to examine young pig bones and demonstrated that TG-MS is a technique 
sensitive to the age of the bones and the environment in which the bones decomposed.

Pyrolysis gas chromatography – mass spectrometry (Py-GCMS) is established as 
an effective technique for the characterisation of complex organic molecules. This 
technique has the added attraction for forensic practitioners of being a cost-effective 
method that provides good discrimination, involves minimal sample preparation and 
is able to detect very small quantities of material. Py-GCMS is recognised as a useful 
tool in particular areas of forensic analysis, including automotive paints [3], tire trace 
analysis [4,5], adhesives [6,7], lubricants [8] and fingerprints [9]. One study that 
used GCMS to examine the pyrolysis products of animal bone found that the major 
decomposition products are nitriles, pyridines, pyrroles and amides [10].
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In the current study, Py-GCMS was used to pyrolyse the organic phase of the 
bone and compare the pyrolysis products of the bone samples. A series of pig bones 
of different post-mortem ages were studied and changes to the data associated with 
age were investigated.

Materials and methods

Bone samples

Bone specimens with post-mortem ages ranging from 3 months to 7 years were 
obtained from pigs buried for different time periods. All samples were flat rib bones 
from female pigs (Sus scrofa) sourced from the same farm with an identical diet and 
weighing 40-45 kg. The carcasses were buried in soil at 60 cm below the surface for the 
designated amount of time. The average ambient temperature was 25°C and a soil pH 5. 
After exhumation the bones were stored in sealed in plastic bags at 4°C prior to analysis. 

The compact bone specimens were cleaned by scraping of the surface with a scalpel 
to remove fatty bone marrow from the interior and any residues from the exterior of the 
specimens [11]. The bones were mechanically sliced using a Buehler IsoMet low speed 
diamond saw into 2 mm thickness slices. Each sample was dried in a vacuum oven at 
50°C for 2.5 h to remove moisture. The slices were then cut in half using a scalpel. 

Pyrolysis GCMS 

Pyrolysis was carried out using a Shimadzu Furnace Pyrolyser-4a set at 450ºC. The 
pyrolyser was mounted on the split injector of a Shimadzu GC-17A gas chromatograph 
coupled to a Shimadzu GCMS-QP5050A mass spectrometer. The chromatographic 
column used was a J & W Scientific DB-5MS column, 60 m in length with an internal 
diameter of 0.25 mm. Data analysis was performed using Shimadzu Class-5000 software 
and the mass spectra were identified using a NIST62 library database.

Results and discussion

A comparison of the results of replicates of the same sample and different bone 
samples of the same age was carried out in order to determine the reproducibility of 
the pyrograms. The retention times, peak patterns and the compound represented by 
each peak were compared and found to be very similar in each run of same age samples. 

Figure 1 illustrates the pyrogram of a bone sample of age 3 months and shows the 
characteristic pattern observed by the younger bones studied. All pyrograms show a 
large peak at a retention time of 1 min. Prominent peaks are also observed in the 17-
25 min region. In addition, the younger samples have significant peaks in the 29-30 
min region. The peak at 20 min is a single peak in the younger samples. 

A comparison of the peak patterns of the pyrograms of different bone age samples 
demonstrates a difference between the patterns of the younger bones (< 1 year) and 
those of the older bones (> 1 year). Figure 2 shows the pyrogram of bone of age 48 
months and illustrates the pattern difference due to age. The older samples do not 
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have significant peaks in the 29-30 min region. The peak at 20 min is also split into 
two components for samples of greater age. Based on a comparison with the library 
database, the splitting peak appears to represent the presence of two organic compounds, 
pentanal and 1,1,3,4-tetramethylcyclopentane, eluting at very close retention times.

The data were normalised by calculating the ratios of significant peaks and any 
trends were observed. The peaks near 20 min were selected as it showed changes in 
its splitting pattern. The peaks at 19, 22 and 23 min demonstrate observable changes 
in peak heights with relation to age. In each pyrogram, the height of the peak at 19 
min was divided by the height of the peak at 20 min to obtain a peak ratio. Similarly, 
the height of the peak at 22 min was divided by the height of the peak at 23 min to 
obtain a second peak ratio. The peak ratios with their corresponding post-mortem ages 
are presented in Figure 3. This plot demonstrates that there is a relationship between 
peak ratios and age, and as age increases, so do the peak ratios. 

Conclusions

For all samples studied using Py-GCMS, the most prominent peaks occur in the 
17-25 min region. Only the younger samples showed significant peaks in the 29-30 min 
region. A peak at 20 min is a single peak in the younger samples, but shows splitting 
in the older samples. A comparison of particular peak ratios with age demonstrates 
that as post-mortem age increases, so do the peak ratios. 

There is potential for this technique to be used for the estimation of post-mortem age 
of bones. Further work is being carried out to develop the potential of this technique. 
A detailed investigation of the reproduction of the data is being undertaken. Analysis 
involving pattern recognition of the data is being carried out in order to establish a 
simple method of determining forensic bone age.
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Figure 1 – Pyrogram of bone aged 3 months. Figure 2 – Pyrogram of bone aged 48 months.

Figure 3 – Peak height ratios as a function of post-mortem age.




