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E31 Discrimination of Human and Animal Blood Traces Via Raman Spectroscopy

Kyle C. Doty, BS*, 2165 Robinwood Avenue, Schenectady, NY 12306; Gregory McLaughlin, MS, 100 Manning Boulevard, Albany, NY 
12203; and Igor K. Lednev, PhD*, 1400 Washington Avenue, Albany, NY 12222

$IWHU�DWWHQGLQJ�WKLV�SUHVHQWDWLRQ��DWWHQGHHV�ZLOO�EHFRPH�NQRZOHGJHDEOH�DERXW�KRZ�5DPDQ�VSHFWURVFRS\�FRXSOHG�ZLWK�FKHPRPHWULFV�
FDQ�EH�XVHG�WR�DQDO\]H��DFFXUDWHO\�LGHQWLI\��DQG�GLVFULPLQDWH�EHWZHHQ�EORRGVWDLQV�IURP�KXPDQV�DQG����VSHFLHV�RI�DQLPDOV�

This presentation will impact the forensic science community by introducing a unique method for non-destructive bloodstain 
DQDO\VLV�DQG�FRQ¿UPDWRU\�LGHQWL¿FDWLRQ��ZLWK�D�VWDWLVWLFDO�OHYHO�RI�FRQ¿GHQFH��ZKLFK�FRXOG�SRWHQWLDOO\�EH�SHUIRUPHG�DW�WKH�FULPH�VFHQH�

7KH�LGHQWL¿FDWLRQ�RI�D�ERG\�ÀXLG�VWDLQ�LV�DQ�LPSRUWDQW�DQG�QHFHVVDU\�DVSHFW�RI�PDQ\�IRUHQVLF�LQYHVWLJDWLRQV���9DULRXV�SUHVXPSWLYH�
WHVWV�DUH�FXUUHQWO\�XVHG�IRU�LGHQWLI\LQJ�D�VWDLQ�DV�EORRG��KRZHYHU��WKHVH�WHVWV�DUH�PRVW�FRPPRQO\�R[LGDWLRQ�UHGXFWLRQ�DVVD\V��ZKLFK�XVH�
KD]DUGRXV�FKHPLFDOV�DQG�DUH�GHVWUXFWLYH�� �&RPPRQ�FRQ¿UPDWRU\�EORRG�WHVWV�DUH�PLFURFU\VWDO�DVVD\V��H�J�� �7HLFKPDQQ�RU�7DND\DPD�
assays).  The Ouchterlony test, or similar immunochromatographic assays, can be employed to determine if the blood is non-human.  It is 
XOWLPDWHO\�SUHIHUDEOH�WR�FRQ¿UP�WKH�SUHVHQFH�RI�EORRG�DQG�WKH�VSHFLHV�RI�RULJLQ�EHIRUH�IRUHQVLF�'1$�SUR¿OLQJ��EXW�WKLV�FDQ�EH�SUDFWLFDOO\�
problematic.

,I�D�'1$�SUR¿OH� LV�QRW�H[WUDFWHG� IURP� WKH�VDPSOH�� WKHQ� WKH�VXVSHFWHG�EORRG� LV�XVXDOO\�SUHVXPHG� WR�EH�QRQ�KXPDQ�DQG� IXUWKHU�
FKDUDFWHUL]DWLRQ�RPLWWHG���7KLV�LV�DQ�HUURQHRXV�WHVWLQJ�VFKHPH�SULPDULO\�EHFDXVH�WKHUH�LV�D�ODFN�RI�FRQ¿GHQFH�WKDW�WKH�VDPSOH�LV�LQ�IDFW�
blood, and of human origin, due to potential false positives.  This approach could also be detrimental for crime labs since time and money 
would be wasted on non-human or non-blood samples.  Since the amount of suspected blood evidence may be miniscule, it needs to be 
SUHVHUYHG�DQG�DQDO\]HG�HI¿FLHQWO\���7KHUHIRUH��D�QRQ�GHVWUXFWLYH�PHWKRG�WR�FRPSHWHQWO\�LGHQWLI\�KXPDQ�EORRG�ZRXOG�EH�KLJKO\�YDOXDEOH���
5DPDQ�VSHFWURVFRS\�LV�D�WHFKQLTXH�WKDW�KDV�WKH�SRWHQWLDO�DV�ERWK�D�QRQ�GHVWUXFWLYH�FRQ¿UPDWRU\�LGHQWL¿FDWLRQ�IRU�EORRG�DQG�DV�D�VSHFLHV�
of origin assay.

Raman spectroscopy has been proven as an effective and versatile analytical technique for a variety of forensic applications, 
LQFOXGLQJ� LGHQWL¿FDWLRQ�RI� OLSVWLFNV�� GUXJV�� H[SORVLYHV�� SDLQWV�� DQG�¿EHUV�� �5DPDQ� DQDO\VLV� RIWHQ� UHTXLUHV� QR� VDPSOH� SUHSDUDWLRQ�� LV�
W\SLFDOO\�QRQ�GHVWUXFWLYH��DQG�KDV�WKH�DELOLW\�WR�DQDO\]H�PLFURVFRSLF�DPRXQWV�RI�VDPSOH���7KLV�WHFKQLTXH�LV�EDVHG�RQ�WKH�GHWHFWLRQ�RI�OLJKW�
that is inelastically scattered by a sample upon irradiation from a monochromatic light source.  A Raman spectrum contains numerous 
GLVWLQFWLYH�EDQGV�ZKLFK�FRUUHVSRQG�WR�VSHFL¿F�PROHFXODU�YLEUDWLRQDO�PRGHV���)RU�EORRG�LQ�SDUWLFXODU��5DPDQ�VSHFWUD�SURYLGH�ULFK�GHWDLO�
and has been targeted in previous forensic studies.  Popularity of Raman spectroscopy has been growing in forensic science especially 
due to reduced cost of instrumentation, including portable instruments, and its numerous possible applications.

7KLV�VWXG\�KDV�DQDO\]HG�EORRG�IURP�WZHOYH�GLIIHUHQW�VSHFLHV��LQFOXGLQJ�KXPDQ���)RU�IRUHQVLF�UHOHYDQFH��WKH�DQLPDO��QRQ�KXPDQ��
VDPSOHV�ZHUH�VHOHFWHG�WR�UHSUHVHQW�WKUHH�JURXSV�������DQLPDOV�WKDW�DUH�EUHG�IRU�GRPHVWLFDWLRQ��FDW��GRJ��KRUVH�������WKRVH�FRQVXPHG�DV�
IRRG��FKLFNHQ��FRZ��SLJ��UDEELW���DQG������WKRVH�LQWHJUDWHG�ZLWK�KXPDQ�H[LVWHQFH��PRXVH��UDW��RSRVVXP��UDFFRRQ����$QDO\]LQJ�D�YDULHW\�
of animals’ blood enhances the forensic practicality of the study and adds more certainty to model predictions.  To account for the 
FRPSOH[LW\�RI�WKH�GDWDVHW��3DUWLDO�/HDVW�6TXDUHV�'LVFULPLQDQW�$QDO\VLV��3/6'$��FODVVL¿FDWLRQ�PRGHOV�ZHUH�XWLOL]HG���7KH�¿UVW�3/6'$�
model differentiated between human and animal blood spectra in a binary fashion (human vs. animal).1� �7KH�VHFRQG�3/6'$�PRGHO�
was used to differentiate between human blood spectra and those from each species of animal surveyed.2  To validate both models, 
FODVVL¿FDWLRQ�SUHGLFWLRQV�ZHUH�PDGH�IRU�D�VHW�RI�LQWHUQDO�DQG�H[WHUQDO�XQNQRZQ�VDPSOHV���7KH�FRQVWUXFWHG�PRGHOV�H[KLELWHG�D�JUHDW�DELOLW\�
WR�GLVFULPLQDWH�KXPDQ�IURP�DQLPDO�EORRG�� �7KLV�VWXG\�GHPRQVWUDWHG�D�FRPSUHKHQVLYH�DQG�UREXVW�PHWKRG�IRU�DQDO\]LQJ�D�VXVSHFWHG�
EORRGVWDLQ�WR�LGHQWLI\�KXPDQ�RULJLQ���7KH�JRDO�RI�WKH�DQDO\WLFDO�DSSURDFK�LV�WR�EH�XVHG�IRU�WKH�UDSLG�DQG�QRQ�GHVWUXFWLYH�LGHQWL¿FDWLRQ�
DQG�FKDUDFWHUL]DWLRQ�RI�D�EORRGVWDLQ�DW�D�FULPH�VFHQH�

7KLV� SURMHFW� ZDV� VXSSRUWHG� E\�$ZDUG�1R�� �����'1�%;�.���� DZDUGHG� E\� WKH�1DWLRQDO� ,QVWLWXWH� RI� -XVWLFH�� 2I¿FH� RI� -XVWLFH�
3URJUDPV��8�6��'HSDUWPHQW�RI�-XVWLFH���7KH�RSLQLRQV��¿QGLQJV��DQG�FRQFOXVLRQV�RU�UHFRPPHQGDWLRQV�H[SUHVVHG�LQ�WKLV�SXEOLFDWLRQ�DUH�
WKRVH�RI�WKH�DXWKRUV�DQG�GR�QRW�QHFHVVDULO\�UHÀHFW�WKRVH�RI�WKH�'HSDUWPHQW�RI�-XVWLFH�
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