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B183 Inferring Bloodstain Age With a Mobile Spectrometer for Forensic Crime Scene 
Investigation

Nichole Sutton, BS*, 2014 Horizon Court, Apt 204, Woodbridge, VA 22025; Michael Harradon, BS, Massachusetts Institute of 
Technology, 233 Massachuesetts Avenue, Cambridge, MA 02139; Paul C. D’Angio, PhD, Booz Allen Hamilton, 3811 N Fairfax Drive, 
Ste 600, Arlington, VA 22203; Michelle R. Mendonca, MFS, 825 New Hampshire Avenue, NW, Apt 413, Washington, DC 20037; Kristen 
L. O’Connor, PhD, Booz Allen Hamilton, 3811 N Fairfax Drive, Ste 600, Arlington, VA 22203; Zigurts K. Majumdar, PhD, Booz Allen 
Hamilton, 3811 N Fairfax Drive, Ste 600, Arlington, VA 22203; and Daniele S. Podini, PhD*, Department of Forensic Science, 2100 
Foxhall Road, NW, Washington, DC 20007

After attending this presentation, attendees will better understand the evaluation of aging bloodstains using optical spectrometry 

WR�GHYHORS�DQ�DSSOLFDWLRQ�IRU�D�VPDUWSKRQH�OLNH�GHYLFH�FDSDEOH�RI�SUHGLFWLQJ�WKH�DJH�RI�D�EORRGVWDLQ�EDVHG�RQ�D�SLFWXUH�FDSWXUHG�ZLWK�D�
FDPHUD�SKRQH���'DWD�REWDLQHG�IURP�DQ�2FHDQ�2SWLFV® spectrometer was compared to data obtained with a portable mobile spectrometer 

to determine the mobile device’s ability to quantify bloodstain age.

This presentation will impact the forensic science community by providing preliminary data for the development of a tool for crime 

VFHQH�LQYHVWLJDWRUV�ZKR�QHHG�¿HOG�UHDG\��KDQG�KHOG�IRUHQVLF�VROXWLRQV�WR�DOORZ�WKHP�WR�SURFHVV��SUHVFUHHQ��WULDJH��DQG�DQDO\]H�IRUHQVLF�
HYLGHQFH�LQ�WKH�¿HOG�

7KH�DSSOLFDWLRQ�LV�EDVHG�RQ�WKH�SULQFLSOH�RI�UHÀHFWLYH�VSHFWURVFRS\���6SHFWUDO�UHÀHFWDQFH�RI�D�EORRGVWDLQ�FKDQJHV�RYHU�WLPH��DV�WKH�
EORRG�LWVHOI�XQGHUJRHV�FKDQJHV�LQ�LWV�FKHPLFDO�FRPSRVLWLRQ�ZKLOH�H[SRVHG�WR�WKH�HQYLURQPHQW���%\�DQDO\]LQJ�KRZ�WKH�VSHFWURVFRS\�GDWD�
FKDQJHV�DV�EORRG�DJHV��WKH�GDWD�PD\�EH�FKDUDFWHUL]HG�LQ�RUGHU�WR�FUHDWH�D�VPDUWSKRQH�DSSOLFDWLRQ���7KH�VPDUWSKRQH�DSSOLFDWLRQ�ZRXOG�EH�
XVHG�WRJHWKHU�ZLWK�D�PRGXODU�DWWDFKPHQW�XVHG�WR�UHFRUG�WKH�VSHFWUDO�UHÀHFWDQFH�DQG�DQDO\]H�WKH�GDWD�WR�SUHGLFW�WKH�DJH�RI�WKH�EORRGVWDLQ���
6SHFWURVFRSLF�PHDVXUHPHQWV�RI�EORRGVWDLQV�RI�YDU\LQJ�DJHV�IURP�]HUR�KRXUV�WR�������KRXUV�ZHUH�WDNHQ�ZLWK�WZR�GLIIHUHQW�GHYLFHV�������
a commercially available, laboratory-grade spectrometer (Ocean Optics®��XVLQJ�LWV�UHVSHFWLYH�DQDO\VLV�VRIWZDUH��DQG������D�VPDUWSKRQH�
with an attached module that uses the camera to acquire a dispersed optical spectrum.  The devices were set up adjacent to one another 

DQG�PHDVXUHPHQWV�RI�RQH�VDPSOH�DW�D�WLPH�ZHUH�WDNHQ�E\�HDFK�GHYLFH���6DPSOHV�FRQVLVWHG�RI�EORRGVWDLQV��DSSUR[LPDWHO\�����FHQWLPHWHUV�
LQ�GLDPHWHU���7KH�VDPSOHV�ZHUH�FROOHFWHG�IURP�D�VLQJOH�LQGLYLGXDO�YLD�D�ODQFHW�SULFN�RQ�D�¿QJHU��,QVWLWXWLRQDO�5HYLHZ�%RDUG�DSSURYHG�
SURFHGXUH����2QFH�WKH�¿QJHU�ZDV�SULFNHG��LW�ZDV�WRXFKHG�GLUHFWO\�WR�D�VTXDUH�RI�ZKLWH�FRWWRQ�FORWK�XQWLO�WKH�����FHQWLPHWHU�GLDPHWHU�ZDV�
obtained.  The samples were then placed, ten at a time, on a rotating platform that moved under the two collecting devices.  The platform, 

DFFRPSDQLHG�ZLWK�D�/LJKW�(PLWWLQJ�'LRGH��/('��OLJKW�VRXUFH��RSHUDWHG�RQ�D�WLPHU�VR�WKDW�VSHFWUD�GDWD�FRXOG�EH�FROOHFWHG�RQ�HDFK�VDPSOH�
DW�VSHFL¿F�WLPH�LQWHUYDOV���$�EODQN�ZKLWH�FORWK�ZDV�LQFOXGHG�WR�QRUPDOL]H�WKH�UHÀHFWDQFH�GDWD���7KH�SODWIRUP�URWDWHG�RQH�VDPSOH�DW�D�WLPH��
SDXVHG�IRU����VHFRQGV�DW�WKH�QHZ�ORFDWLRQ��D�PHDVXUHPHQW�ZDV�WDNHQ�E\�ERWK�GHYLFHV��DQG�URWDWHG�RQFH�DJDLQ���$W����VHFRQGV�LQWR�WKH�
SDXVH��WKH�/('�OLJKW�WXUQHG�RQ��HDFK�GHYLFH�WRRN�D�PHDVXUHPHQW��DQG�WKH�OLJKW�WXUQHG�RII�EHIRUH�WKH�SODWIRUP�URWDWHG�DJDLQ���7KLV�ZDV�
GRQH�IRU�WZR�FRPSOHWH�URWDWLRQV�RI�HDFK�VDPSOH�VHW���7KLV�DOORZHG�HDFK�RI�WKH�WHQ�VDPSOHV�WR�EH�PHDVXUHG�HYHU\�¿YH�PLQXWHV�

Analysis of the data has resulted in the development of a method that allows for the prediction of the age of a bloodstain based 

on the spectroscopic measurements with an inference error that increases with the age of the stain.  Based on prior studies and on data 

generated in this project, an algorithm was developed that can process data in real-time on a smartphone.  Results suggest that the 

processing algorithms are promising for use in crime scene analysis to distinguish samples of differing age.  Preliminary results are based 

RQ�����VSHFWUD��IRU�ZKLFK�FRQ¿GHQFH�LQWHUYDOV�DW�����RU�JUHDWHU�ZHUH�FDOFXODWHG��EDVHG�RQ�WKH�W�GLVWULEXWLRQ��WR�GHWHUPLQH�LI�VDPSOHV�
of varying age could be reliably distinguished when assuming a constant temperature and humidity over the measurement conditions.  

7KH�IROORZLQJ�VWDWHPHQWV�FDQ�EH�PDGH�ZLWK�D�����FRQ¿GHQFH�LQWHUYDO�IURP�FXUUHQW�GDWD���D�EORRGVWDLQ������KRXUV�ROG�FDQ�EH�LGHQWL¿HG�
DV�\RXQJHU�WKDQ�D�!����KRXU�ROG�VWDLQ��D������KRXU�ROG�VWDLQ�FDQ�EH�LGHQWL¿HG�DV�\RXQJHU�WKDQ�D�!���KRXU�ROG�VWDLQ��D�VWDLQ�����KRXUV�
ROG�FDQ�EH�LGHQWL¿HG�DV�\RXQJHU�WKDQ�D�VWDLQ�!���GD\V�ROG���7KH�DOJRULWKPV�DUH�EHLQJ�UH¿QHG�WR�LQFUHDVH�DFFXUDF\�DQG�WR�SURYLGH�JUHDWHU�
robustness against variations in temperature and humidity.  Accuracy in predicting the absolute age of the bloodstain will be discussed 

XVLQJ�PRUH�GDWD�SRLQWV���)XUWKHU�DQDO\VLV�DQG�GHYHORSPHQW�ZLOO�HQDEOH�WKH�SURGXFWLRQ�RI�D�¿HOG�UHDG\�VPDUWSKRQH�DSSOLFDWLRQ�WKDW�FDQ�
TXLFNO\�KHOS�SULRULWL]H�VDPSOH�FROOHFWLRQ�DQG�SURFHVVLQJ��UHVXOWLQJ�LQ�LQFUHDVHG�HI¿FLHQF\�DW�WKH�FULPH�VFHQH�
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