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B122 Detection of Organic Components of Gunshot Residue (GSR) of Carbon SEM 
Stubs by Raman Spectroscopy

Karyn Crawford*, 1616 Spring Valley Drive, Apt 28, Huntington, WV 25704; Lawrence E. Wayne, BS, Forensic Analytical Laboratories, 
Inc, 3777 Depot Road, Ste 409, Hayward, CA 94545; Jacobus Swanepoel, 3777 Depot Road, Ste 403, Hayward, CA 94545; and Lauren 
L. Richards-Waugh, PhD, Marshall University, 1401 Forensic Science Drive, Huntington, WV 25701

After attending this presentation, attendees will better understand the analysis of organic components of GSR by Raman spectroscopy 

and the increased probative value of the data produced.  Attendees will further understand initial efforts at development of an analytical 

SURWRFRO�ZKLFK�FDQ�LGHQWLI\�ERWK�RUJDQLF�DQG�LQRUJDQLF�FRPSRQHQWV�RI�*65�XVLQJ�D�VWDQGDUG�����PP�6FDQQLQJ�(OHFWURQ�0LFURVFRS\�
�6(0��VWXE�ZLWK�FDUERQ�DGKHVLYH�WDE�

This presentation will impact the forensic science community by demonstrating the applicability of Raman spectroscopy to an 

DQDO\VLV�VFKHPH�ZKLFK�FXUUHQWO\�UHOLHV�RQ�6FDQQLQJ�(OHFWURQ�0LFURVFRS\�ZLWK�(QHUJ\�'LVSHUVLYH�;�UD\�6SHFWURPHWU\��6(0�('6��WR�
LGHQWLI\�LQGLYLGXDO�SDUWLFOHV�KDYLQJ�D�VSHFL¿F�PRUSKRORJ\�DQG�HOHPHQWDO�FRPSRVLWLRQ�

&XUUHQW�PHWKRGV�RI�*65�DQDO\VLV�FRQFHQWUDWH�RQ�LGHQWL¿FDWLRQ�RI�WKH�LQRUJDQLF�FRPSRQHQWV�RI�DPPXQLWLRQ�SULPHUV���6LQJOH�SDUWLFOHV�
with morphology indicative of formation in a high heat environment and containing the elements lead, barium, and antimony are 

FRQVLGHUHG�FKDUDFWHULVWLF�RI�*65���6(0�('6�LV�WKH�ZLGHO\�DFFHSWHG�PHWKRG�WR�GHWHUPLQH�ERWK�HOHPHQWDO�FRPSRVLWLRQ�DQG�PRUSKRORJ\���
Although this is a very effective method, the probative value of inorganic GSR analysis is limited.  Not only are there limitations on 

WKH�VDPSOH�FRQWDLQLQJ�WKUHH�FRPSRQHQW�SDUWLFOHV��EXW�FXUUHQW�DQG�IXWXUH�IRUPXODWLRQV�RI�³JUHHQ´�OHDG�IUHH�DPPXQLWLRQ�ZLOO�OHDG�WR�DQ�
increasing probability of false negatives.

7KH�RUJDQLF�FRPSRQHQW�RI�WKH�*65�KDV�QRW�EHHQ�XWLOL]HG�GXULQJ�DQDO\VLV�WKXV�IDU���&KURPDWRJUDSK\�ZLWK�PDVV�VSHFWURPHWU\�KDV�
been proposed as a way to identify the components of these organic compounds, but at the expense of the sample.  There would be 

no way to identify if the inorganic components are present after this examination.  With recent advancements in Raman spectroscopy 

technology, new techniques are able to be developed.

7KLV�VWXG\�LQWURGXFHV�HDUO\�UHVHDUFK�LQWR�WKH�DELOLW\�WR�GHWHFW�DQG�FKDUDFWHUL]H�RUJDQLF�UHVLGXHV�GHSRVLWHG�RQ�WKH�VWDQGDUG�����PP�
6(0�VWXEV��ZKLOH�VWLOO�DOORZLQJ�IRU�VXEVHTXHQW�WUDGLWLRQDO�6(0�('6�DQDO\VLV��

3UHYLRXVO\�SXEOLVKHG�UHVXOWV�RI�WKH�YLDELOLW\�RI�RUJDQLF�*65�DQDO\VLV�E\�5DPDQ�VSHFWURVFRS\�ZHUH�UHSURGXFHG�E\�¿ULQJ�VHYHUDO�
W\SHV�RI�DPPXQLWLRQ�DW�VKRUW�UDQJH�LQWR�FORWK�WDUJHWV�DQG�FRQ¿UPLQJ�WKH�SUHVHQFH�RI�SDUWLFOHV�RI�SDUWLDOO\�FRPEXVWHG�SURSHOODQW���7KH�
VSHFWUD� RI� WKH� XQ¿UHG� SURSHOODQW�ZHUH� FRPSDUHG� WR� WKH� SDUWLDOO\� EXUQW� SURSHOODQW� SLFNHG� RII� RI� WKH� IDEULF� DQG�ZHUH� FRPSDUHG� DQG�
REVHUYHG�WR�EH�FRQVLVWHQW���7R�H[SDQG�WKH�VFRSH�RI�WKH�LQLWLDO�DQDO\VLV������PP�6(0�VWXEV�ZLWK�DGKHVLYH�FDUERQ�WDEV�ZHUH�PRXQWHG�WKUHH�
inches on either side of the cloth target.  Spectra consistent with results from unburnt propellant were able to be obtained by targeting 

individual particles on the surface of the carbon tab.  Positive results show that it is possible to identify organic GSR components even 

LQ�WKH�SUHVHQFH�RI�EURDG��GRPLQDQW�FDUERQ�'�EDQG�DW������FP-1 and G band at 1,582cm-1.  By using this non-contact and non-destructive 

DSSURDFK��WKH�*65�VWXE�LV�DYDLODEOH�WR�EH�XVHG�IRU�VXEVHTXHQW�DQDO\VLV�RQ�WKH�6(0�('6��
7KH�QH[W�SKDVH�LQ�WKH�UHVHDUFK�LQYROYHG�D�PRUH�UHDOLVWLF�FROOHFWLRQ�VFHQDULR���$IWHU�HDFK�WHVW�¿ULQJ��WKH�VKRRWHU¶V�KDQGV�ZHUH�VDPSOHG�

with individual GSR stubs in accordance with normal collection of inorganic GSR.  Initial manual scans detected a small number of 

particles consistent with organic components of the propellant of the discharged ammunition.  Although the initial number of particles 

GHWHFWHG�ZDV�VPDOO��WKH�¿QGLQJV�DUH�FRQVLGHUHG�DQ�LPSRUWDQW�SURRI�RI�FRQFHSW�WKDW�RUJDQLF�SRUWLRQV�RI�*65�FDQ�EH�GHWHFWHG�RQ�VDPSOHV�
using existing collection protocols.

)XWXUH�DUHDV�WR�EH�UHVHDUFKHG�DUH�WKH�RSWLPL]DWLRQ�RI�LQVWUXPHQW�SDUDPHWHUV�WR�EH�DEOH�WR�DFFXUDWHO\�GHWHFW�RUJDQLF�*65�SDUWLFOHV��
FRUUHFWO\�FKDUDFWHUL]H�DQG�FODVVLI\�SDUWLFOHV�E\�SURSHOODQW�W\SH��DQG�LPSOHPHQW�WKH�XVH�RI�VRIWZDUH�PDSSLQJ�IHDWXUHV�WR�VHW�XS�DQ�DXWRPDWHG�
UXQ�VLPLODU�WR�WKH�LQRUJDQLF�*65�DQDO\VLV�E\�6(0��

7KLV�VWXG\�LQGLFDWHV�WKDW�LW�LV�SRVVLEOH�WR�GHWHFW�RUJDQLF�FRPSRQHQWV�RI�*65�RQ�D�VWDQGDUG�����PP�6(0�VWXE�ZLWK�DGKHVLYH�FDUERQ�
tab using already existing collection techniques.  Since organic GSR shows far more variation both by manufacturer and even by 

individual types of ammunition by the same manufacturer, it may be possible to identify differing types of propellants, greatly increasing 

the probative power of GSR analysis.
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