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The goal of this presentation is to provide an update on the external validation of Schwarcz et al.’s method of measuring citrate 
content of bone to indicate PMI.

This presentation will impact the forensic science community by addressing the potential of Schwarcz et al.’s citrate content of bone 
method as a predictor of PMI.  In addition, its use as an initial sorting tool for ancient versus more recent remains will be discussed.

The PMI of skeletonized remains is a crucial piece of information that can help establish the time dimension in criminal cases.  
Unfortunately, the accurate and reliable determination of PMI from bone continues to evade forensic investigators despite concerted 
efforts over past decades to use qualitative and quantitative methods.  Qualitative methods have come under greater scrutiny, since the 
publication of the 2009 National Academy of Sciences Report, Strengthening Forensic Science in the United States – A Path Forward.1  
The numerous quantitative methods (e.g., luminol, radionuclide, carbon-14 bomb spike, and DNA) that have been developed lack the 
accuracy and/or precision required for reliable PMI estimation.2-5

A relatively new PMI method based on the analysis of citrate content of bone was developed by Schwarcz et al.6  The researchers 
report that the citrate content of bone decreases with an increase in PMI and that the rate does not depend significantly on storage 
conditions.6  Kanz et al. performed an external validation study of this method on cemetery-derived bones with PMIs ranging from ~27 
years to 52 years.7  Their results suggested that the “accuracy of PMI determination was unsatisfactorily low;” nevertheless, the method 
may show promise for classifying samples as recent or historic.7  The main objective of this research was to also externally validate the 
citrate content PMI method and optimize where needed.

More than 50 samples from the University of Tennessee, Knoxville’s Forensic Anthropological Research Center and the Onondaga 
County Medical Examiner’s Office were analyzed in this research.  The bone samples were prepared using the procedures utilized 
by Schwarcz et al. with slight modifications to improve method performance.  The citrate content (wt%) of each bone sample was 
determined by an Ultraviolet/Visible spectrometry (UV/Vis) enzyme assay and by High-Performance Liquid Chromatography (HPLC).

Initial studies focused on the assessment of method accuracy, precision, detection limit, and spike recovery.  The accuracy for both 
methods was within ±5 relative error and the precision was less than 2% relative standard deviation.  The limit of quantification was 
~0.017wt% citrate for both techniques, which is similar to the value reported by Kanz et al.  The method reporting limit, which is a more 
realistic value for PMI determination, was found to be ~0.1wt% citrate for both techniques.  A bone sample with a PMI of 173 years 
was analyzed in order to test the detection limit of the methods and resulted in a citrate value of 0.169 (±0.006) wt % for HPLC and 
just below the method reporting limit for the UV/Vis assay.  Spike recoveries performed for all samples averaged in the range on 95% 
to 105%.  Studies were also performed to establish a baseline citrate content in remains of recently deceased persons (PMI=2 years or 
less).  The baseline was determined to be 1.21 (±0.03) wt% by HPLC and 1.19 (±0.04) wt% by UV/Vis assay.  This value is statistically 
different than the value (2.0 (±0.1) wt%) stated by Schwarcz et al.; however, it is similar to theoretical and experimental values found 
in the literature.8-10  Preliminary results from analyzing samples with PMI greater than two years suggest that the theoretical correlation 
between citrate content of bone and PMI is much weaker than reported by Schwarcz et al., although it is similar to the results of Kanz et 
al.  Despite these findings, this method may still serve as a technique to sort ancient from more recent skeletal cases after further, similar 
validation studies have been conducted.
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