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D29 Error and Uncertainty in Toxicology and Drug Analysis — Terminology Matters

Suzanne Bell, PhD*, West Virginia University, Oglebay Hall, Rm 208, 1600 University Avenue, Morgantown, WV 26506-6121

$IWHU�DWWHQGLQJ�WKLV�SUHVHQWDWLRQ��DWWHQGHHV�ZLOO�XQGHUVWDQG�WKH�NH\�GLIIHUHQFHV�LQ�WKH�WHUPV�³HUURU´�DQG�³XQFHUWDLQW\´�DV�DSSOLHG�LQ�
IRUHQVLF�VFLHQFH���7KH�HPSKDVLV�ZLOO�EH�RQ�TXDQWLWDWLYH�PHWKRGV�XVHG�LQ�IRUHQVLF�WR[LFRORJ\�DQG�VHL]HG�GUXJ�DQDO\VLV��EXW�WKH�FRQFHSWV�
DUH�JHQHUDOL]DEOH�WR�DQ\�TXDQWLWDWLYH�PHDVXUHPHQW�

7KLV�SUHVHQWDWLRQ�ZLOO�LPSDFW�WKH�IRUHQVLF�VFLHQFH�FRPPXQLW\�E\�FODULI\LQJ�WKH�GH¿QLWLRQV�DQG�SURSHU�XVH�RI�WKHVH�WZR�WHUPV��³HUURU´�
DQG�³XQFHUWDLQW\´��ZKLFK�DUH�XVHG�WR�GHVFULEH�WKH�XWLOLW\�DQG�UHOLDELOLW\�RI�TXDQWLWDWLYH�IRUHQVLF�GDWD�

,W�LV�FRPPRQ�IRU�WKH�WHUP�³HUURU´�WR�EH�XVHG�LQWHUFKDQJHDEO\�ZLWK�³XQFHUWDLQW\�´��)RU�LQIRUPDO�FRQYHUVDWLRQ�WKLV�LV�KDUPOHVV��LQ�
forensic science this usage is misleading and potentially dangerous.  The two terms are not synonymous and describe two fundamentally 

different properties associated with any quantitative measurement.  While neither error nor uncertainty can be eliminated from any 

measurement process, it is possible to provide reasonable and defensible estimates of both quantities.  Error is related to accuracy (how 

FORVH�LV�D�JLYHQ�YDOXH�WR�D�WUXH�YDOXH"��ZKLOH�XQFHUWDLQW\�LV�UHODWHG�WR�SUHFLVLRQ��KRZ�UHSURGXFLEOH�LV�D�JLYHQ�UHVXOW"����$Q�HVWLPDWH�RI�
uncertainty does not imply doubt or a poor measurement process.  Rather, an uncertainty estimate improves the utility and reliability 

of any measurement.  It is critical that forensic practitioners use these terms properly and convey the differences between these two 

ZRUGV� WR� VWDNHKROGHUV� LQ� MXGLFLDO� SURFHHGLQJV�� �7KLV� SUHVHQWDWLRQ�ZLOO� FODULI\� WKH� WHUPLQRORJ\� DQG� RIIHU� VXJJHVWLRQV� IRU� H[SODLQLQJ�
and presenting the differences to law enforcement and triers-of-fact.  The emphasis will be on quantitative measurements obtained in 

IRUHQVLF�FKHPLVWU\��EXW�WKH�FRQFHSWV�DUH�JHQHUDOL]DEOH�WR�DQ\�TXDQWLWDWLYH�PHDVXUHPHQW��
2QH�RI�WKH�FKDOOHQJHV�LQ�WKH�IRUHQVLF�FRQWH[W�LV�GH¿QLQJ�ZKDW�PHDVXUHPHQWV�DUH�TXDQWLWDWLYH���7KLV�SUHVHQWDWLRQ�ZLOO�WRXFK�RQ�WKLV�

issue.  For example, with searchable databases, a quantity is produced that expresses the closeness of agreement between a questioned 

DQG�NQRZQ�H[KLELW���7KRXJKWV�WR�FRQVLGHU�IRU�VXFK�PHWULFV�ZLOO�EH�LQWURGXFHG���
³(UURU´�LQ�D�TXDQWLWDWLYH�PHDVXUHPHQW�UHIHUV�WR�WKH�GLIIHUHQFH�EHWZHHQ�WKH�UHSRUWHG�PHDVXUHG�YDOXH�DQG�WKH�WUXH�YDOXH�1-4  Given 

WKDW�WKH�WUXH�YDOXH�RI�DQ\�PHDVXUHPHQW�LV�LQKHUHQWO\�XQNQRZDEOH��HUURU�LV�HVWLPDWHG�XVLQJ�UHIHUHQFH�PDWHULDOV���,GHDOO\��HUURU�YDOXHV�DUH�
REWDLQHG�IURP�D�VRXUFH�VXFK�DV�WKH�1DWLRQDO�,QVWLWXWH�RI�6WDQGDUGV�DQG�7HFKQRORJ\��1,67���H[DPSOHV�DUH�FHUWL¿HG�ZHLJKWV�DQG�VWDQGDUG�
UHIHUHQFH�PDWHULDOV�VXFK�DV�HWKDQRO�LQ�ZDWHU���8QFHUWDLQW\�LV�GH¿QHG�DV�WKH�UDQJH�LQ�ZKLFK�WKH�WUXH�YDOXH�LV�H[SHFWHG�WR�OLH���8QFHUWDLQW\�
LV�UHSRUWHG�DORQJ�ZLWK�D�SUREDELOLW\��XVXDOO\�VWDWHG�DV�D�FRQ¿GHQFH�OHYHO�� �%RWK�RI�WKHVH�FRQFHSWV�ZLOO�EH�GH¿QHG�DQG�FODUL¿HG�XVLQJ�
H[DPSOHV�IURP�VHL]HG�GUXJ�DQDO\VLV��UHSRUWLQJ�WKH�ZHLJKW�RI�DQ�H[KLELW��DQG�IRUHQVLF�WR[LFRORJ\��EORRG�DOFRKRO�DQDO\VLV�DQG�SRVWPRUWHP�
drug concentration levels).  Suggestions will be provided to illustrate how these concepts can be conveyed to judges and juries using 

everyday examples. 

References:
1. Standard practices for method validation in forensic toxicology. 6FLHQWL¿F�:RUNLQJ�*URXS�IRU�)RUHQVLF�7R[LFRORJ\������������
2. 5R]HW�(��0DULQL�5'��=LHPRQV�(��'HZH�:��5XGD]�6��%RXODQJHU�%��HW�DO��7RWDO�HUURU�DQG�XQFHUWDLQW\��)ULHQGV�RU�IRHV"�Trac-

Trends in Analytical Chemistry���5HYLHZ��������0D\���������������
3. :DOODFH�-��3UR¿FLHQF\�7HVWLQJ�DV�D�%DVLV�IRU�(VWLPDWLQJ�8QFHUWDLQW\�RI�0HDVXUHPHQW��$SSOLFDWLRQ�WR�)RUHQVLF�$OFRKRO�DQG�

Toxicology Quantitations. Journal of Forensic Sciences���$UWLFOH��������0D\��������������
4. -&*0�� -&*0�����������(YDOXDWLRQ� RI�PHDVXUHPHQW� GDWD� �*80������ZLWK�PLQRU� FRUUHFWLRQV�� JCGM: Joint Committee 

for Guides in Metrology��������XSGDWHG������������FLWHG���$YDLODEOH�IURP��KWWS���ZZZ�LVR�RUJ�VLWHV�-&*0�*80�-&*0����
&������H�KWPO�&������H�KWPO"FVQXPEHU ������

Error, Uncertainty, Metrology


