
* Presenting Author

General Section - 2015

Copyright 2015 by the AAFS. Unless stated otherwise, noncommercial photocopying of editorial published in this periodical is permitted by AAFS. 
Permission to reprint, publish, or otherwise reproduce such material in any form other than photocopying must be obtained by AAFS. 

588

E2 Differentiation of Human, Animal, and Synthetic Hair by ATR-FTIR 
Spectroscopy

Jeremy M. Manheim*, University at Albany, Sta, Dept of Chemistry, 1400 Washington Avenue, Albany, NY 12222; 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

After attending this presentation, attendees will understand the current problems forensic hair analysis faces and how Attenuated 
7RWDO�5HÀHFWDQFH�)RXULHU�7UDQVIRUP�,QIUDUHG��$75�)7,5��VSHFWURVFRS\�FRPELQHG�ZLWK�FKHPRPHWULFV�SURYLGHV�D�IDVWHU��TXDQWLWDWLYH��
DQG�LQH[SHQVLYH�PHWKRG�IRU�KDLU�LGHQWL¿FDWLRQ�

This presentation will impact the forensic science community by demonstrating a method that is able to quantitatively identify a 
sample of hair as human with no false negative human assignments, using a non-destructive and rapid approach without the need for 
VDPSOH�SUHSDUDWLRQ�RU�VSHFLDOL]DWLRQ�

+DLU�¿EHUV�DUH�XELTXLWRXV�WR�HYHU\�HQYLURQPHQW�DQG�DUH�D�FRPPRQ�IRUP�RI�WUDFH�HYLGHQFH�IRXQG�DW�FULPH�VFHQHV���7KH�SULPDU\�
GLI¿FXOW\�IRUHQVLF�H[DPLQHUV�IDFH�DIWHU�UHWULHYLQJ�D�KDLU�VDPSOH�LV�GHWHUPLQLQJ�LWV�RULJLQ���LI�LW�FDPH�IURP�D�KXPDQ�RU�DQ�DQLPDO�DQG��LI�
human, what is the race, gender, and type of body hair (e.g., head, pubic, underarm, etc.).  Currently, the methodology of microscopic 
examination of potential hair evidence is absent of statistical probability and is inherently subjective.1  In the 2009 National Academy 
of Sciences Report, Strengthening Forensic Science in the United States:  A Path Forward, it was concluded that there are no accepted 
statistics about the frequency with which certain hair characteristics are distributed within a population and that hair comparisons for 
LQGLYLGXDOL]DWLRQ�KDYH�QR�VFLHQWL¿F�VXSSRUW�ZLWKRXW�QXFOHDU�'1$�2  In early 2013, the Federal Bureau of Investigation (FBI) began a 
review of more than 2,000 convictions based on hair evidence.3��2I�WKH�¿UVW�����FDVHV��'1$�DQDO\VLV�UHYHDOHG�WKDW����RI�WKH�FRQYLFWLRQV�
were grounded on faulty hair evidence.3��'HVSLWH�LWV�LQFUHDVLQJ�SRSXODULW\��WKH�SURFHVV�RI�H[WUDFWLQJ�'1$�LV�FRVWO\��GHVWUXFWLYH��WLPH�
consuming, and the majority of times is unsuccessful due to its degradation and absence from the hair.4  A method for determining the 
LGHQWLW\�RI�DQ�XQNQRZQ�¿EHU�TXLFNO\��ZLWK�D�KLJK�GHJUHH�RI�FHUWDLQW\��DQG�HOLPLQDWLQJ�H[DPLQHU�ELDV�ZRXOG�EH�H[WUHPHO\�XVHIXO�DQG�FRVW�
HIIHFWLYH�IRU�WKH�¿HOG�RI�IRUHQVLF�VFLHQFH�

ATR-FTIR spectroscopy is a technique rising in popularity for analytical and biological purposes.  The attributes of ATR-FTIR 
spectroscopy are very attractive for forensics because of its rapid and non-destructive nature, its ease-of-use, and minimal-to-no-sample 
preparation.  An infrared spectrum displays the vibrational characteristics of a sample based on the different absorption frequencies of 
the individual functional groups.5  The advantage of combining ATR-FTIR spectroscopy with chemometrics is its ability to enhance 
WKH�VHOHFWLYLW\�RI�WKH�LQVWUXPHQW�DQG�FUHDWH�FODVVL¿FDWLRQ�PRGHOV�6  With the availability of portable ATR-FTIR instruments, there is the 
SRWHQWLDO�IRU�RQ�¿HOG�DQDO\VLV�RI�WKH�LGHQWL¿FDWLRQ�RI�D�VLQJOH�KDLU�¿EHU�

7KLV�VWXG\�GHPRQVWUDWHV�WKH�DELOLW\�WR�GLVFULPLQDWH�QDWXUDO�KDLU�IURP�D�V\QWKHWLF�¿EHU�DQG�GLIIHUHQWLDWH�KXPDQ�KDLU�IURP�DQLPDO�KDLU�
(i.e., dog and cat hairs) using chemometric modeling of ATR-FTIR spectroscopic data.7��7ZR�3DUWLDO�/HDVW�6TXDUHV�'LVFULPLQDQW�$QDO\VLV�
�3/6'$��PRGHOV�ZHUH�FRQVWUXFWHG���RQH�WR�GLIIHUHQWLDWH�QDWXUDO�KDLU�¿EHUV�IURP�D�V\QWKHWLF�¿EHU��ELQDU\��DQG�WKH�VHFRQG�GLVFULPLQDWLQJ�
KXPDQ�KDLU�IURP�DQLPDO�KDLU��VSHFLHV�VSHFL¿F����+DLU�VDPSOHV�ZHUH�FROOHFWHG�IURP�D�V\QWKHWLF�ZLJ�DQG�D�GLYHUVH�SRSXODWLRQ�RI�KXPDQV��
GRJV��DQG�FDWV���2I�WKH�PDQ\�YDULDEOHV�WKDW�FDQ�LQÀXHQFH�WKH�FKHPLFDO�PDNH�XS�RI�KDLU��EOHDFKLQJ��ZDYLQJ��VWUDLJKWHQLQJ��DQG�H[WHQVLYH�
sunlight exposure), only chemically treated (i.e., dye, bleaching, etc.) hairs were excluded from this study.8  Both models were successful 
LQ�GLIIHUHQWLDWLQJ�WKHVH�FODVVHV��V\QWKHWLF�KDLU�ZDV�FRPSOHWHO\�VHSDUDWHG�IURP�QDWXUDO�KDLU�LQ�WKH�ELQDU\�DSSURDFK�DQG�DOO�KXPDQ�VDPSOHV�
ZHUH�FRUUHFWO\�SUHGLFWHG�DV�KXPDQ�LQ�WKH�VSHFLHV�VSHFL¿F�PRGHO���$Q�H[WHUQDO�YDOLGDWLRQ��XVLQJ�XQWUDLQHG�GRQRUV��UHVXOWHG�LQ�]HUR�IDOVH�
SRVLWLYH�DQG�IDOVH�QHJDWLYH�DVVLJQPHQWV�IRU�WKH�KXPDQ�FODVV��KRZHYHU��RQH�RI�WKH�¿YH�H[WHUQDO�GRJ�VDPSOHV��IURP�D�EUHHG�RI�GRJ�QRW�
DFFRXQWHG�IRU�LQ�WKH�WUDLQLQJ�GDWDVHW��ZDV�PLVFODVVL¿HG�DQG�DOO�VSHFWUD�ZHUH�LQFRUUHFWO\�SUHGLFWHG�DV�FDW��

2YHUDOO��WKLV�GHPRQVWUDWHV�WKH�VLJQL¿FDQFH�RI�WKH�PRGHO¶V�XQLTXH�DELOLW\�WR�TXDQWLWDWLYHO\�LGHQWLI\�D�VDPSOH�RI�KDLU�DV�KXPDQ�ZLWK�
D�KLJK�GHJUHH�RI�FRQ¿GHQFH���0RVW�LPSRUWDQWO\��WKH�PHWKRG�FDQ�EH�FRQGXFWHG�ZLWKRXW�WKH�QHHG�RI�D�WUDLQHG�H[SHUW��LV�QRQ�GHVWUXFWLYH��
UHTXLUHV�QR�VDPSOH�SUHSDUDWLRQ��DQG�UHVXOWV�LQ�UDSLG�LGHQWL¿FDWLRQ��PDNLQJ�LW�RI�DPSOH�LPSRUWDQFH�WR�WKH�¿HOG�RI�IRUHQVLF�VFLHQFH��
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