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New Psychoactive Substances (NPS)-Related Deaths in Taiwan
During the 2012-2016 Period

Yun-Chen Tsao *, Hsiu-Chuan Liu®, Ray H. Liu?, Dong-Liang Lin*

!Department of Forensic Toxicology, Institute of Forensic Medicine, Ministry of
Justice, Taipei, Taiwan; “Department of Justice Sciences, University of Alabama at
Birmingham, Birmingham, AL, USA.

Introduction: The 2014 World Drug Report by the UNODC (United Nations Office
on Drugs and Crime) reported an increased number of detected new psychoactive
substances (NPS) from 251 in July 2012 to 348 in December 2013, while the number
of psychoactive substances controlled on an international level was 234. In recent
years, NPSs have for example been found in instant coffee or milk tea packets in
nightclub and within the party scenes in Taiwan.

Objective: UNODC’s 2016 World Drug Report emphasized that “understanding the
NPS problem in order to address it more effectively requires efforts ... to improve ...
forensic capacity related to NPS detection and ... monitoring systems”. This study
reports the analytical methodologies, trends and toxicological findings of the 204
known NPS-related fatalities in Taiwan during the 2012-2016 period.

Methods: Postmortem blood samples were routinely screened using liquid-liquid
extraction (Toxi-tubes® A), followed by GC/MS, LClion-trap/MS, and LC-QTOF/MS
with automated library search protocols. NPSs were quantified by LC-MS/MS or
GC/MS using deuterated analog internal standards. The LOQ established for the
analysis of these NPSs was 0.010 pg/mL.

Results: Among the 204 cases reviewed, the mean age of the NPS-related fatalities
was 29.0, ranging from 15 to 54, while 162 (79.4%) of these deaths were men and 42
(20.6%) were women. Top ten NPSs detected were: ketamine (n = 149; 29.2%),
PMA/PMMA (n = 117; 22.9%), ethylone (n = 62; 12.2%), methylone (n = 52; 10.2%),
4-chloroamphetamine (n = 41; 8.0%), 4-fluoroamphetamine (n = 31; 6.1%),
5-MeO-MiPT (n = 26; 5.1%), mephedrone (n = 14; 2.7%), butylone (n = 13; 2.5%),
and 25B-NBOMe (n = 5; 1.0%). There was evidence of poly-drug use in 95% of these
NPS-positive cases, including 1 to 5 other drugs. Average NPSs detected per case
increased from 1.9 in 2012 to 4.1 in 2016. Furthermore, these NPSs were ruled as the
cause of death in 156 cases (76%). Mean concentrations of ketamine (n = 140), PMA
(n = 113), PMMA (n = 61), ethylone (n = 60), 4-chloroamphetamine (n = 39),
methylone (n = 36), 4-fluoroamphetamine (n = 30), mephedrone (n = 11), and
butylone (n = 11) were 1.03, 3.24, 2.28, 2.66, 0.59, 5.28, 0.37, 1.84, and 12.17

g/mL, respectively. Fifty (25%) fatalities occurred during or shortly after activities
at a club, party, or rave.

Conclusion: Out of the total numbers (2927, 3003, 3513, 3654, and 3557 in 2012,
2013, 2014, 2015, and 2016 respectively) of forensic postmortem toxicological cases
received and analyzed in our laboratory, NPS-related deaths increased from 0.34% in
2012 to about 2% in 2016. Growing use of NPSs has become a critical public health
concern — given the lack of understanding on these substances’ toxicity, addiction
potential, and withdrawal symptoms. “Greater efforts [are] needed to enhance forensic
capacity and monitoring systems for new psychoactive substances” (UNODC’s 2016
World Drug Report).

Key Words: New Psychoactive Substances, Postmortem toxicology, Fatalitie
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New Psychoactive Substances (NPS)-Related Deaths in Taiwan During the 2012-2016 Period

Yun-Chen Tsao®*, Hsiu-Chuan Liu?, Ray H. LiuZ, Dong-Liang Lin!

Contact: Yun-Chen Tsao
70025@mail.moj.gow.tw

1Department of Forensic Toxicology, Institute of Forensic Medicine, Ministry of Justice, Taipei, Taiwan; 2Department of Criminal Justice, University of Alabama at Birmingham, Birmingham, AL, USA.

Introduction
The 2017 World Drug Report by the UNODC (United
Nations Office on Drugs and Crime) presented that
106 countries and territories reported the
emergence of a cumulative total of 739 NPSs from
2009 and 2016 . And in 2015 alone, almost 500 NPS
were on the market worldwide. The NPS-related
deaths is increasing year by year. In recent years,
NPSs have for example been found in instant coffee
or milk tea packets in nightclub and within the party

scenes in Taiwan.
Methods

Postmortem blood samples were routinely screened
using liquid-liquid extraction (Toxi-tubes® A),
followed by GC/MS, LC/ion-trap/MS, and LC-
QTOF/MS with automated library search protocols.
NPSs were quantified by LC-MS/MS or GC/MS using
deuterated analog internal standards. The LOQ
established for the analysis of these NPSs was 0.010
ug/mL.  This study reports the analytical
methodologies, trends and toxicological findings of
the 204 known NPS-related fatalities in Taiwan
during the 2012-2016 period.

Figure 1. Mixed-NPS products were marketed as powder samples
and hidden in “normal” instant coffee or milk tea packets.
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Figure 2. Age and sex distributions of the 204 fatalities tested
positive for NPS in Taiwan (2012-2016).
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Figure 3. Top 10 NPSs found in 204 postmortem case specimens
(2012-2016).

Results

Among the 204 cases reviewed, the mean age of the
NPS-related fatalities was 29.0, ranging from 15 to 54,
while 162 (79.4%) of these deaths were men and 42
(20.6%) were women. Top ten NPSs detected were:
ketamine (n = 149; 29.2%), PMA/PMMA (n = 117;
22.9%), ethylone (n = 62; 12.2%), methylone (n = 52;
10.2%), 4-chloroamphetamine (n = 41; 8.0%), 4-
fluoroamphetamine (n = 31; 6.1%), 5-MeO-MiPT (n =
26; 5.1%), mephedrone (n = 14; 2.7%), butylone (n =
13; 2.5%), and 25B-NBOMe (n = 5; 1.0%). There was
evidence of poly-drug use in 95% of these NPS-
positive cases, including 1 to 5 other drugs. Average
NPSs detected per case increased from 1.9 in 2012
to 4.1 in 2016. Furthermore, these NPSs were ruled
as the cause of death in 156 cases (76%). Mean
blood concentrations of ketamine (n = 140), PMA (n
= 113), PMMA (n = 61), ethylone (n = 60), 4-
chloroamphetamine (n = 39), methylone (n = 36), 4-
fluoroamphetamine (n = 30), mephedrone (n = 11),
and butylone (n = 11) were 1.03, 3.24, 2.28, 2.66,
0.59, 5.28, 0.37, 1.84, and 12.17 mg/mL, respectively.
Fifty (25%) fatalities occurred during or shortly after
activities at a club, party, or rave.
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Figure 4. Average NPSs detected per case from 2012 to 2016.
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Conclusions

Out of the total numbers (2927, 3003, 3513, 3654,
and 3557 in 2012, 2013, 2014, 2015, and 2016
respectively) of forensic postmortem toxicological
cases received and analyzed in our laboratory, NPS-
related deaths increased from 0.34% in 2012 to
about 2% in 2016. Growing use of NPSs has become
a critical public health concern — given the lack of
understanding on these substances’ toxicity,
addiction potential, and withdrawal symptoms.
“Greater efforts [are] needed to enhance forensic
capacity and monitoring systems for new
psychoactive substances” (UNODC’s 2016 World
Drug Report).

Table 1. § y of blood tration (pug/mL) of NPSs
Ketamine 140 0.01-40.50 1.03 0.191
PMA 113 0.03-39.08 3.24 1.704
PMMA 61 0.01-12.23 2.28 0.802
Ethylone 60 0.03-91.52 2.66 0.573

(59) (0.03-11.36) (1.16)
4-Cl-Amp 39 0.03-5.24 0.59 0.159
Methylone 36 0.01-142.96 5.28 0.519
(35) (0.01-11.79) (1.35)
4-F-Amp 30 0.01-3.13 0.37 0.176
Mephedrone 11 0.21-6.90 1.84 0.957
Butylone 11 0.01-129.95 12.17 0.127
(10) (0.01-2.41) (0.39)
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