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K23 Adulterants and Diluents in Urine Samples After Consumption of Cocaine:  What 
Compounds Are Typically Found by Liquid Chromatography (LC) Combined 
With High-Resolution Tandem Mass Spectrometry (HRMS/MS)?
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Susanne Nussbaumer, PhD, Institute of Forensic Medicine, Buehlstrasse 20, Bern 3012, SWITZERLAND; and Wolfgang Weinmann, 
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After attending this presentation, attendees will understand that in forensic urine samples which test positive for cocaine, in addition 

to metabolites of cocaine, pharmacologically active compounds are usually found.  These compounds were added as adulterants to 

WKH� LOOLFLW� VWUHHW�GUXJ�� �$FTXLVLWLRQ�RI�PDVV� VSHFWUD� LQ�6:$7+��PRGH�RQ�D�4XDGURSROH�7LPH�RI�)OLJKW� �4T7R)�� LQVWUXPHQW�DOORZV�
retrospective searches for adulterants and their metabolites.

This presentation will impact the forensic science community by presenting a rapid and reliable analytical method to detect 

SRWHQWLDOO\�WR[LF�DQG�KD]DUGRXV�DGXOWHUDQWV�LQ�XULQH�VDPSOHV���6LQFH�WKLV�DGGLWLRQDO�IRUHQVLF�WR[LFRORJLFDO�LQIRUPDWLRQ�FDQ�EH�URXWLQHO\�
collected, it can be helpful in expanding police intelligence.

Goals:  Cocaine consumption is observed as a wide-spread phenomenon and in most cases the cocaine abusers also consume a 

considerable amount of adulterants, diluents, or even toxic contaminants without being aware of possible side effects, long-term adverse 

health effects, or acute toxicity. 

,Q�RUGHU� WR�DVVHVV� WKH�H[SRVXUH�RI�FRFDLQH�XVHUV� WR�VXFK�VXEVWDQFHV��DQ�+LJK�3HUIRUPDQFH�/LTXLG�&KURPDWRJUDSK\�4XDGURSROH�
7LPH�RI�)OLJKW��+3/&�4T7R)��PHWKRG�IRU�XULQH�VDPSOHV�ZDV�GHYHORSHG�

Methods:��8ULQH�VDPSOHV�ZHUH�GLOXWHG�ZLWK�D�PL[WXUH�RI�ZDWHU�DFHWRQLWULOH�IRUPLF�DFLG�DPPRQLXP�IRUPDWH�������������������P0��
DQG�WKUHH�LQWHUQDO�VWDQGDUGV�ZHUH�DGGHG��(0(�'
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).  The diluted samples were injected onto a core shell 

FROXPQ��&������[����PP�����XP��DQG�DQDO\]HG�RQ�D�4T7R)�LQVWUXPHQW�ZLWK�W\SLFDO�UXQ�WLPHV�RI����PLQXWHV�IURP�LQMHFWLRQ�WR�LQMHFWLRQ�
Results:��,Q�WKH�SDVW�WZR�\HDUV��PRUH�WKDQ�������XULQH�VDPSOHV��FRPLQJ�IURP�WUDI¿F�FRQWUROV�RU�WUDI¿F�DFFLGHQWV��ZHUH�DQDO\]HG�

E\�/&�FRPELQHG�ZLWK�+506�06�DQG� WKHQ�SURFHVVHG� DJDLQVW� D� KRPH�EXLOW� KLJK�UHVROXWLRQ� OLEUDU\�� �7KLV� OLEUDU\� FXUUHQWO\� FRQWDLQV�
approximately 1,000 spectra which are relevant for drug screening and also includes most of the currently observed adulterants, diluents, 

and contaminants.  All spectra were acquired by the data independent scan mode (sequential windowed acquisition of all theoretical 

PDVV�VSHFWUD��ZKLFK�JHQHUDWHV�D�GLJLWDO�DUFKLYH�RI�HDFK�DFTXLUHG�VDPSOH�� �7KH�VFDQ�SDUDPHWHUV�ZHUH�RSWLPL]HG�LQ�RUGHU�WR�PHHW�WKH�
FRPSOH[LW\�RI�WKHVH�XULQH�VDPSOHV���7KH�IROORZLQJ�SDUDPHWHUV�ZHUH�IRXQG�WR�EH�PRVW�IDYRUDEOH�IRU�VLJQL¿FDQW�OLEUDU\�KLWV���VFDQ�UDQJH�
IURP����WR�����'D��VFDQ�ZLQGRZV�RI����'D��VFDQ�WLPH�RI����PVHF�IRU�HDFK�VFDQ�ZLQGRZ��DQG�FROOLVLRQ�HQHUJ\�RI���H9���H9��FROOLVLRQ�
energy spread).

In most of the acquired samples, if tested positive for cocaine or its metabolites, adulterants and diluents can be observed.  Among 

WKH� W\SLFDO� FRPSRXQGV� DUH� OHYDPLVROH�� SKHQDFHWLQ�� OLGRFDLQH�� DQG� SURFDLQH�� � ,Q� VRPH� FDVHV�� GLOWLD]HP� DQG� EHQ]RFDLQH�ZHUH� IRXQG���
Acquisition of mass spectra in sequential windowed acquisition of all theoretical mass spectra mode also allows retrospective searches 

IRU� DGGLWLRQDO� FRPSRXQGV�� �'XULQJ� WKH� VDPH� SHULRG� DV� WKH� XULQH� VDPSOHV�ZHUH� VFUHHQHG�� ���� FRFDLQH� K\GURFKORULGH� VDPSOHV�ZHUH�
DQDO\]HG�ZLWK�+LJK�3HUIRUPDQFH�/LTXLG�&KURPDWRJUDSK\�'LRGH�$UUD\�'HWHFWLRQ��+3/&�'$'����7KH�IROORZLQJ�DGXOWHUDQWV�ZHUH�IRXQG���
/HYDPLVROH�3KHQDFHWLQ�RWKHUV� ������� /HYDPLVROH�3KHQDFHWLQ� ��������� /HYDPLVROH� RQO\� ��������� /HYDPLVROH�RWKHUV� ���������
3KHQDFHWLQ�RWKHUV���������RWKHUV�RQO\���������3KHQDFHWLQ�RQO\����������DQG�QRQH��������

Conclusions:  A fast and reliable analysis of urine samples for adulterants commonly found in cocaine was developed.  Results 

IURP�XULQH�VDPSOHV�REWDLQHG�ZLWK�WKH�QHZ�PHWKRG�FRQ¿UP�WKH�UHVXOWV�IURP�WKH�DQDO\VLV�RI�FRFDLQH�SRZGHU�VDPSOHV���7KH�DQDO\VLV�RI�WKH�
illicit cocaine hydrochloride samples indicate that the vast majority of the cocaine contains pharmaceutically active adulterants.  These 

DGXOWHUDQWV�DUH�DQ�DGGLWLRQDO�KHDOWK�KD]DUG�IRU�FRFDLQH�FRQVXPHUV�
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