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B199 From Plants to Projectiles:  New Analytical Approaches to the Utility of Direct 
Analysis in Real Time (DART®) Technology in Forensic Cases

Adam B. Hall, PhD*, Northeastern University, 140 The Fenway, Rm 421, 360 Huntington Avenue, Boston, MA 02115; William Edison, 
MS, Boston University School of Medicine, 72 E Concord Street, Boston, MA 02118; Crystal N. Hart, 93 Watertown Street, Watertown, 
MA 02472; Rachel Underwood, MSFS, Boston Police Department Crime Laboratory, 1 Schroeder Plaza, Boston, MA 02120; Peter J. 
Diaczuk, BS, 445 W 59th Street, New York, NY 10019-2925; Joseph H. LaPointe, BSc, IonSense, Inc, 999 Broadway, Ste 404, Saugus, 
MA 01906; and Brian Musselman, PhD, 999 Broadway, Saugus, MA 

$IWHU� DWWHQGLQJ� WKLV�SUHVHQWDWLRQ�� DWWHQGHHV�ZLOO� EHWWHU�XQGHUVWDQG� WZR�QHZ�DSSOLFDWLRQV�RI�'LUHFW�$QDO\VLV� LQ�5HDO�7LPH�0DVV�
6SHFWURPHWU\��'$57®�06��WHFKQRORJ\�LQ�IRUHQVLF�VFLHQFH�IRU�WKH�FKDUDFWHUL]DWLRQ�RI�WUDFH�HYLGHQFH�RII�WKH�VXUIDFH�RI�VSHQW�SURMHFWLOHV�
DV�ZHOO�DV�WKH�FKDUDFWHUL]DWLRQ�RI�SV\FKRDFWLYH�FRPSRXQGV�IURP�LQWHUHVWLQJ�SODQW�EDVHG�GUXJV�RI�DEXVH�

7KLV�SUHVHQWDWLRQ�ZLOO�LPSDFW�WKH�IRUHQVLF�VFLHQFH�FRPPXQLW\�E\�GHPRQVWUDWLQJ�WKH�DSSOLFDELOLW\�RI�'$57® technology, a rapid, 

DPELHQW�LRQL]DWLRQ�WHFKQLTXH�IRU�UHOHYDQW�HYLGHQWLDU\�PDWHULDOV�LQ�IRUHQVLF�FDVHV�IURP�SODQWV�WR�SURMHFWLOHV�
7KLV�WZR�SDUW�SUHVHQWDWLRQ�ZLOO�DGGUHVV�QHZ�DSSOLFDWLRQ�DUHDV�RI�'$57®�06���QRQ�GHVWUXFWLYH�FKDUDFWHUL]DWLRQ�RI�WUDFH�HYLGHQFH�

IURP�WKH�VXUIDFH�RI�SURMHFWLOHV�DQG�WKH�HYDOXDWLRQ�RI�'$57®�06�DV�D�UDSLG�DQDO\WLFDO�WHFKQLTXH�IRU�WKH�FKDUDFWHUL]DWLRQ�RI�QRQ�WUDGLWLRQDO��
SODQW�EDVHG�GUXJV�RI�DEXVH���7KH�SXUSRVH�RI�WKH�¿UVW�SDUW�RI�WKLV�VWXG\�ZDV�WR�H[DPLQH�WKH�IHDVLELOLW\�RI�WUDFH�PDWHULDO�LGHQWL¿FDWLRQ�
IURP�WKH�VXUIDFH�RI�VSHQW�EXOOHWV�XVLQJ�'$57®.  The goals of the second part of this research were to develop methods for the analysis 

of a wide variety of plant-based drugs of abuse and to apply these methods in an effort to differentiate between multiple strains of seed 

species.

The examination of trace amounts of intermediate target materials collected on the surface of spent projectiles provides crucial 

LQIRUPDWLRQ� IRU� WUDMHFWRU\� UHFRQVWUXFWLRQ�� �'HWHUPLQLQJ� WKH�RULJLQ�RI� DQ�XQNQRZQ�PDWHULDO� DGKHUHG� WR� D� VSHQW� EXOOHW� DOORZV� IRU� WKH�
LGHQWL¿FDWLRQ�RI�LQWHUPHGLDWH�WDUJHWV�WKH�EXOOHW�HLWKHU�FRQWDFWHG�RU�SHQHWUDWHG�GXULQJ�ÀLJKW�� �$OWKRXJK�VLJQL¿FDQW�LQIRUPDWLRQ�FDQ�EH�
obtained, this aspect of trajectory reconstruction is often ignored.  The ability of different bullet types to collect trace materials from 

LQWHUPHGLDWH�WDUJHWV�DQG�WKH�DELOLW\�WR�DVVRFLDWH�WKHVH�PDWHULDOV�WR�WKHLU�RULJLQ�ZDV�H[DPLQHG�XVLQJ�PLFURVFRS\�DQG�'$57®�06���)XOO�
PHWDO�MDFNHW��MDFNHWHG�KROORZ�SRLQW��DQG�OHDG�URXQG�QRVH�EXOOHWV�ZHUH�¿UHG�LQWR�VKHHWV�RI�¿YH�GLIIHUHQW�FRPPRQO\�XVHG�EXLOGLQJ�PDWHULDOV���
$OO�VSHQW�EXOOHWV�ZHUH�H[DPLQHG�DQG�SKRWRJUDSKHG�XVLQJ�D�VWHUHRPLFURVFRSH���7KH�VSHQW�EXOOHWV�ZHUH�WKHQ�H[DPLQHG�XVLQJ�'$57®�06�
WR�GHWHUPLQH�LI�DQ\�LRQ�SUR¿OHV�JHQHUDWHG�IURP�WKH�WUDFH�PDWHULDOV�FRXOG�EH�DVVRFLDWHG�ZLWK�WKRVH�RI�WKH�LQWHUPHGLDWH�WDUJHW�EXLOGLQJ�
PDWHULDOV�WKURXJK�ZKLFK�WKH�EXOOHWV�ZHUH�¿UHG���7KH�FROOHFWLRQ�RI�WUDFH�IURP�DOO�¿YH�W\SHV�RI�EXLOGLQJ�PDWHULDOV�ZDV�KLJKO\�GHSHQGHQW�
RQ�WKH�W\SH�RI�EXOOHW���7KH�WUDFH�PDWHULDOV�FROOHFWHG�SURGXFHG�XQLTXH�DQG�LQWHUSUHWDEOH�LRQ�SUR¿OHV���$GGLWLRQDOO\��06�GDWD�IURP�IRXU�
RI�WKH�¿YH�EXLOGLQJ�PDWHULDOV�WHVWHG�PDWFKHG�WKH�06�GDWD�JHQHUDWHG�IURP�WUDFH�PDWHULDO�FROOHFWHG�RQ�EXOOHWV�IURP�WKH�UHVSHFWLYH�WDUJHW�
materials.

For the second part of this study, 12 different seed species reported to have psychoactive effects on the user were obtained 

DQG� DQDO\]HG�� �0DQ\�SODQW� VSHFLHV� DURXQG� WKH�ZRUOG� DUH� NQRZQ� WR� FRQWDLQ� YDULRXV� SV\FKRDFWLYH� FRPSRXQGV�� �'XH� WR� WKHLU� HIIHFWV�
when consumed, many of these plants are used as a part of religious and ritualistic practices in many different cultures.  As with any 

psychoactive compounds, these plants have the potential to be used in a recreational manner.  In the United States, plant-based drugs of 

abuse, such as marijuana, have become commonly abused substances.  Although the federal government currently regulates marijuana, 

many of the plant materials containing potential drugs of abuse are not regulated and can be purchased legally from various online 

VRXUFHV���3K\VLFDO�H[DPLQDWLRQ�ZDV�SHUIRUPHG��LQ�ZKLFK�DYHUDJH�PHDVXUHPHQWV�ZHUH�REWDLQHG�WR�GHVFULEH�WKH�OHQJWK��ZLGWK��WKLFNQHVV��
DQG�PDVV�RI�HDFK�VHHG�VSHFLHV��IROORZHG�E\�'$57®�06�DQDO\VLV���7KH�VHHGV�ZHUH�SUHSDUHG�IRU�DQDO\VLV�E\�'$57®�06�E\�JULQGLQJ�WR�
KRPRJHQL]H�WKH�VHHG�DQG�HPEHGGLQJ�WKH�SRZGHU�RQWR�4XLFN6WULS™�FDUGV���7R�RSWLPL]H�WKH�PHWKRG�IRU�DQDO\VLV��WKUHH�GLIIHUHQW�'$57® 

carrier gas temperatures were investigated for each sample by considering the signal to noise ratio, ion abundance, and presence of the 

analyte of interest at each source temperature using a single quadrupole mass spectrometer.  The analytes detected were then subjected 

WR�06n�IUDJPHQWDWLRQ�LQ�D�TXDGUXSROH�LRQ�WUDS�PDVV�VSHFWURPHWHU�WR�FRQ¿UP�WKH�LGHQWLW\�RI�WKH�DQDO\WHV�EHLQJ�GHWHFWHG���)UDJPHQWDWLRQ�
SDWWHUQV�ZHUH� WKHQ� FRPSDUHG� WR� NQRZQ� IUDJPHQWDWLRQ� SDWWHUQV� UHSRUWHG�ZLWKLQ� WKH� OLWHUDWXUH�� E\� RWKHU� LRQL]DWLRQ�PHWKRGV� VXFK� DV���
FKHPLFDO�LRQL]DWLRQ��DWPRVSKHULF�SUHVVXUH�FKHPLFDO�LRQL]DWLRQ��DQG�HOHFWURVSUD\�LRQL]DWLRQ�
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