Michigan State Police Laboratory Report

STATE OF MICHIGAN
DEPARTMENT OF STATE POLICE

FORENSIC SCIENCE DIVISION
Lansing Laboralary
7320 M. Canal

Lnsging, MI 46013
Phone; (S17) 1128500  Fax: (517) 322-8508

SUPPLEMENTAL REPORT
Laboralory No. : Record Na., 28
Deliverad By ¢ First Class Mail Date Recelved  : July 14, 2011
Agency :  Michigan Dapartmant of Stals Polica Time Recelved @ 8:00 a.m.
9301 Red Arrow Highway Flla Class : 5400-2
Bridgman, Mi 48108 Date Complaled : Movember 16, 2011
Incidant Number :
Subject;
Evidence Recelved:
1 - Sealed Michigan State Police Specimen kil (Tri-Tach) contalni
lbam &#1 1 =190 mL grey top lube with approx. 7 mL bleod s
lbem #2 1 - 10 mL grey top tube with approx. 8 mL biood
Rosulls of Analysis:
Iham #1:
Detecled (quaniified):
THC 3 ngimlL
THC-COOH 10 ngimlL

The sample was screanad by iImmunoassay for & taminas, barbilurates, benzodiazepines, cannabinosds
cocalne metabolites, mathadane and opfates. e G '

Cannabinoid results confirmed by GC/MS, Uncartalnly of measusement for talive resulls is appraximate
7.88% al the 99.7% confidenca loval. y - "

Al the request of the submilfing agency, no futher lesting will be pedormad on the submilted specimens,
ltem #2;
This Hem was nol analyzed,

Samantha. praschomp
Foronek Scantel

Tasdcology Unil

Inslrumantal oulpul and dala, Borary msich e specira data, calbraler and costiol dila sse ease apacific and may nol ba applesbls 1 swey catn,
Tha relevant supporting data upon which the eapesl opition or Ifareos was mess are avallasln for peviewinspsction.




Michigan State Police Laboratory Report

STATE OF MICHIGAN
DEPARTMENT OF STATE POLICE
FORENSIC SCIENCE DIVISION
Lansing Labaestery
7320 N. Cansl Rd
Lansing, Ml 48313
Phoas: (517) 3220000 Fax: (317) 322.5508
SUPPLEMENTAL REPORT
Laboralary Mo, s Record No. 5 2
Defivered By :  Firsl Class Mall Dale Recelved @ July 14, 2011
Agency ¢ Mishigan Deparimend of Stale Polica Time Recelved : £:00 a.m,
8301 Red Arrow Highway Filla Class : b400-2
Bridgman, MI 49108 Dats Completed : November 16, 2011

Incldem Humber
Subject:

Evidence Recelved:

1 - Sealad Mh:hlganﬂm Puolica Spacimen kil (Tri-Tech) containing:

IBmurey 84 A _ AR ral serns b b

Detecled (quantified):

THC 3 na/mL
THC-COOH 10 ng/mL

The sample was screened by immunoassay for amphetamines, barbilurates, benzodiazepines, cannabinoids,
cocalne metabolites, methadone and oplates.

Cannabinoid resulls confirmed by GC/MS, Uncertainly of measurement for quantitative results is approximately
7.88% at the 99.7% confidence level. :

Texicalogy Uit

Inatrormaanal oulput ond data, iyeary match for specira dala, cafisrmior and contrel dats are cese spacilic avd may nol ba sspicable b evory cass,
The relevast auppening dala upon which e gapeit epinkan af Ierencs wes made mn svalable ki reviewinspection.




Michigan State Police Laboratory Report

STATE OF MICHIGAN
DEPARTMENT OF STATE POLICE

FORENSIC SCIENCE DIVISION
Lansing Labeesteey
7330 N, Cansd A
Lansing, M) 48513
Phcas: (517) 3220000  Fax: ($17) 322.5508

SUPPLEMENTAL REPORT
Laberalary Mo. : Record Mo. s R
Defivered By : First Clasa Mall Dale Recelved  :  July 14, 2011
Agency ¢ Mishigan Deparimend of Stale Polica Time Recelved : £:00 a.m,
Bridgman, MI£0108 Dets Complaad :  Mow
kit Nmdoar grman, il :  November 16, 2011
Subject:
Evidence Received:
o 1 Saead Mictlom) S Polen Speces 4 (1-Toch) connb:
Detecled (quantified):
THC 3 na/mL
THC-COOH 10 ng/mL

cocalne metabolites, methadone and oplates.

Cannabinoid resulls confirmed bt GC/MS. Uncertainly

7.88% af the 99.7% confidence leves,

THC = Tetrahydrocannabinol
main psychoactive constituent of the cannabis plant

THC-COOH = Carboxy-THC
metabolite of THC formed after cannabis consumption

GC/MS = Gas Chromatography /

Mass Spectrometry
method to identify the presence of a substance

T\

The sample was screened by immunoassay for amphetamines, barbilurates, benzodiazepines, cannabinoids,

of measurement for quantitative results is approximately

Texicolngy Unit

Inatrormaanal oulput ond data, iyeary match for specira dala, cafisrmior and contrel dats are cese spacilic avd may nol ba sspicable b evory cass,
The relevast supperiing dnln upon which lhe gapeit opinlon of Inderence was made wo svalable b reviewfinspeciion.




SCIENCE




SCIENCE

But don’t worry:
No equations needed



Gas Chromatography

A gas chromatograph is an analytical instru-
ment used for separation and identification of
different components of a mixture of sub-
stances.

Substances are separated by the time it takes
them to pass through a thin, long tube (column),
flushed with a carrier gas. Each substance will
extract at a characteristic time (retention time),
that can be used to identify the substance.

A detector at the end of the column converts
the presence of a substance into an electrical
signal.
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Gas Chromatography

A gas chromatograph is an analytical instru-
ment used for separation and identification of
different components of a mixture of sub-
stances.

Substances are separated by the time it takes
them to pass through a thin, long tube (column),
flushed with a carrier gas. Each substance will
extract at a characteristic time (retention time),
that can be used to identify the substance.

A detector at the end of the column converts
the presence of a substance into an electrical
signal.

inlet
carrier M
R -

gas

detector



Gas Chromatography

A chromatogram is a graph with the detector
response as a function of time. The signal is
higher for larger amounts of a substance.

Detector
Signal 1150000

1040000
960000
880000
800000
720000
640000
560000
480000
400000
320000
240000
160000

80000
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Gas Chromatography — Calibration

To determine the characteristic retention times
samples with known composition are analyzed.

Detector 1800
Signal

1400

1200

1000

800

400

200

Calibration Sample |
n-Propanol 3.87 min |

3.87

4.0 Retention Time (min)



Gas Chromatography — Calibration

To determine the characteristic retention times
samples with known composition are analyzed.

Detector 1800 : : '
Signal Calibration Sample |

1400 |
n-Propanol 3.87 min |
1200 .A

1000
800
400
200

3.87

0 A

Detector 1800 : : .
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1200 n-Propanol 3.87 min |

1000
800
400
200
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4.0 Retention Time (min)



Gas Chromatography — Calibration

To determine the characteristic retention times
samples with known composition are analyzed.

Detector 1800 ) ) .
Signal Calibration Sample |

1992 | Ethanol  2.50 min |

1200 n-Propanol 3.87 min |

1000
800
400
200

An unknown sample can then be compared
with the calibration sample.

3.87

2.50

0 A

Detector 1800
Signal
9N 1400 Unknown Sample

1200
1000

800
400
200

2.5 3.0 3.5 4.0 Retention Time (min)
3.87

2.5 3.0 3.5 4.0 Retention Time (min)



Gas Chromatography —

Quantitative Analysis

To determine the concentration of a substance
of interest (analyte) a measurement relative to
an internal standard with similar chemical struc-
ture is performed.

The area underneath the detector signal (peak)
IS proportional to the amount of the substance.

Detector 1800
Signal

1400

1200

1000

300 Ethanol
(analyte)

400

200

The analyte concentration is measured as the
area ratio between the analyte area and the
internal standard area.

A calibration curve is then used to translate the
the area ratio into a concentration value.

3.87

n-Propanol
(internal standard)

2.50

0 £ o

4.0 Retention Time (min)



Gas Chromatography

Gas Chromatography is used for the Typical unit of interest for ethanol concentration
analysis of alcohol (ethanol) in blood. in blood: 0.01 g /100 ml|

(legal treshold for OWI: 0.08 g / 100 ml)



Gas Chromatography

Gas Chromatography is used for the Typical unit of interest for ethanol concentration
analysis of alcohol (ethanol) in blood. in blood: 0.01 g /100 ml|

(legal treshold for OWI: 0.08 g / 100 ml)

Detecled (quantified):

THC 3 na/mL
THC-COOH 10 ng/mL

The sample was screened by immunoassay for amphetamines, barbilurates, benzodiazepines, cannabinoids,
cocalne metabolites, methadone and oplates.

Cannabinoid resulls confirmed bt GC/MS. Uncertainly of measurement for quantitative results is approximatel
7.88% at the 99.7% confidence levei. . e PRIGXiImaialy




Gas Chromatography

Typical unit of interest for ethanol concentration

Gas Chromatography is used for the
in blood: 0.01 g /2100 ml

analysis of alcohol (ethanol) in blood.

(legal treshold for OWI: 0.08 g / 100 ml)

Detecled (quantified):

THC 3 na/mL
THC-COOH 10 ng/mL

The sample was screened by immunoassay for amphetamines, barbilurates, benzodiazepines, cannabinoids,
cocalne metabolites, methadone and oplates.

Cannabinoid results confirmed by* GC/MS, Uncertainly of measurement for quantitative resulls is approximatel
7.88% at the 99.7% confidence leve:. ke = 5

Typical unit of interest for THC concentration in

For the analysis of THC in blood the
blood: 1 ng/ ml

combination of Gas Chromatography
and Mass Spectrometry (GC/MS) is

used. This concentration is 100,000 times smaller.



What is 0.01 g/ 100 ml ?

Typical unit of interest for ethanol concentration
in blood: 0.01 g/ 100 ml

Half a shot glass of pure alcohol
mixed into a bath tub full of water




Whatis1ng/ml?

Typical unit of interest for THC concentration
in blood: 1 ng / ml

Half a tea spoon of sugar mixed
into a olympic-size swimming pool

HR/ e _....'.'.“1 u"ﬁ TR ER T |




What is 1 atom out of 100 quadrillion atoms?

At the National Superconducting Cyclotron
Laboratory at Michigan State University

it is possible to detect a single atom out of

100 quadrillion atoms (a number with 17 zeros).

Half a tea spoon of sugar mixed
into Lake Erie




Gas Chromatography / Mass Spectrometry (GC/MS)

Gas Chromatography / Mass Spectrometry is »
an analytic method that combines the features
of gas chromatography with mass spectrometry.

After a substance leaves the gas chromato-
graph column, it is bombarded with an electron
beam in an ionizer. The molecules of the sub-
stance will break into smaller pieces.

The weight (or masses) of these smaller pieces
can be used to identify the substance as mol-
ecules break into fragments of a characteristic
mass pattern.

ElectronlBombardment

GC MS

ioniz.




Gas Chromatography / Mass Spectrometry

Mass Spectrometry is like looking at the pieces
of broken china and figuring out what it was.



Gas Chromatography / Mass Spectrometry

Mass Spectrometry

The molecule fragments are analyzed by an
adjustable scanning mass filter.

Only fragments with a specific mass can pass
through the filter at a given time. But the se-
lected mass can be changed very quickly many
times per second (e.g. full scan over a mass
range 40 to 500 within 0.25 seconds).

Molecule fragments are detected by a detector
at the end of the filter.

The weight of molecules is measured in
atomic mass units (amu).

Typical masses (in amu) for single atoms are:

, GC MS Hydrogen: 1
ioniz. filter det. Carbon: 12
Nitrogen: 14

|| /—— Oxygen: 16




Gas Chromatography / Mass Spectrometry

Gas Chromatography (GC)
Selection by retention time through GC column.

Mass Spectrometry (MS)

Selection by mass through adjustable scanning
mass filter.

GC/MS

The measured data is the detector response as
a function of time and selected mass.

A computer records this 3-dimensional data set,
we usually see a 2-dimensional spectrum with a
selecting criteria.

GC MS

ioniz. filter det.

AI—I

Relative Abundance

20 25 a0 3.5 4.0

time (min) - 1?\

...................




Gas Chromatography / Mass Spectrometry

Gas Chromatography / Mass Spectrometry is

generally accepted in the scientific community
as an reliable method for the analysis of small
amounts of substances.

But an expensive instrument itself doesn’t
guarantee a scientifically valid result.



Gas Chromatography / Mass Spectrometry

Gas Chromatography / Mass Spectrometry is

generally accepted in the scientific community
as an reliable method for the analysis of small
amounts of substances.

But an expensive instrument itself doesn’t
guarantee a scientifically valid result.

...If you can’t drive a stick-shift then
this car won’t get you anywhere...




Gas Chromatography / Mass Spectrometry

Multi-step Measurement Process sample—l l—standard
Sample Preparation U
Mix sample + internal standard (isotope labeled \

version of substance)

Solid Phase Extraction extraction

Extraction of substance from blood matrix

Derivatization
Chemical reaction to enhance selectivity and

N

detectability /

GC MS

derivatization

l_ reagent
g |

Gas Chromatography / Mass Spectrometry
Analysis of prepared sample

ioniz.

filter

det.

1

PAN

| I

il

1 day

8 minutes



Michigan State Police Toxicology Lab

You(IT1 a

Toxicology

michstatepolice o Subscribe 28 wvideos ~

Forénsic Science Division

TOXICOLOGY

Science Solving Crime

do Like W  Addto  Share N =3 203 views | sha

Fublished on May &, 2012 by michstatepolice

Forensic Science Division Web Tutorial: Toxicology

2 likes, O dislikes

http://www.youtube.com/watch?v=ZxgzumkTEeQ



Michigan State Police Laboratory Report

STATE OF MICHIGAN

DEPARTMENT OF STATE POLICE
FORENSIC SCIENCE DIVISION
Lonslng Latzestery
7330 M, Cansl Ad
Lansing, M| 48313
Fhcatc (B17) 3220800  Faxc (317) 322-5508
SUPPLEMENTAL REPORT
Laboralary Mo, : Record No. 5 2
Defivered By : Firsl Class Mall Dale Recelved  :  July 14, 2011
Agency : Mishigan Deparimen] of State Police Tima Recelved  © 9:00 a.m,
8301 Red Arrow Highway Filla Class : b400-2
Bridgman, MI 49108 Data Completed  :  Neovember 16, 2011
Incldem Humber
Subject:
Evidence Received:
ialnor : - :&:alu:d Mh:hlganfim Polica Sfe;li;nlut@ifrﬂ-Tuch] containing:
Detecled (quantified):
THC 3 na/mL
THC-COOH 10 ng/mL

T

The sample was screened by immunoassay for amphetamines, barbilurates, benzodiazepines, cannabinoids,

cocalne metabolites, methadone and oplates.

Cannabinoid resulls confirmed bt GC/MS. Uncertainly
71.98% at the 99.7% confidence leves.

of measurement for quantitative results is approximately

Toxicalogy Linit

Inatrormaanal oulput ond data, iyeary match for specira dala, cafisrmior and contrel dats are cese spacilic avd may nol ba sspicable b evory cass,
The relevast auppening dala upon which e gapeit epinkan af Ierencs wes made mn svalable ki reviewinspection.




Michigan State Police Laboratory Report

STATE OF MICHIGAN A single number is not a scientific proof
DEPARTMENT OF STATE POLICE
FORENSIC SCIENCE DIVISION
TR0 Cunis he validity of a scientific analysis can onl
e T e validity _ y y
DTS T be judged by the supporting data.
SUPPLEMENTAL REPORT
Laboralary Mo, s Record No. 5 2
Defivered By : First Class Mall Oele Received  ©  July 14, 2011
Agency ¢ Michigan Dapadiment of State Palice Time Recelved @ $:00am.
83071 Rad Arrow Highway Flla Class : 5400-2
Bridgrnan, MI 48108 Data Completed : MNovember 16, 2011
Incident Mumber
Subject:
Evidence Recolved:
Nt 1= awioe Michionn Oleis Pollos Spacad 14 {Fk-Teck) containing:

Detecled (quantified): ¥/_—_\—/\\

THC 3 na/mL
THC-COOH 10 ng/mL

The sample was screened by immunoassay for amphetamines, barbilurates, benzodiazepines, cannabinoids,
cocalne metabolites, methadone and oplates.

Cannabinoid resulls confirmed by' GC/MS, Uncertainly of measurement for quanlitative results is approximately
7.88% at the 99.7% confidence lever, :

Cha relevani supgorting data upon which tha expert opinion or inference was made are avallabla for rewawﬂnspentlnT)




Supporting Data

Michigan State Police Toxicology
Cannabinoid Report

Procedure for “Quantitative Confirmation for
Marihuana Metabolite in Blood”

Certificates for calibration standards
Maintenance and repair log for instruments

Validation studies to establish detection and
quantification limits

Raw data files from GC / MS instruments




Gas Chromatography / Mass Spectrometry for THC

% D9-THC-COOH
(internal standard)

3
8

The Michigan State Police Toxicology
Cannabinoid Report contains spectra
for two analytes: THC and THC-COOH
(Carboxy-THC, a THC metabolyte).

D9-THC-COOH
(THC-COOH)

Deuterated THC-COOH is used as an
internal standard. This is an isotope-
labeled version of THC-COOH that
doesn’t occur in nature.

Relative Abundance

ikt Sl M 8,

Only four characteristic masses are
analyzed for each analyte or internal
standard.

t'-?nllll

_Nl?lll

30 35 4.0
time (min)

0 25

THC
(analyte)

T




Gas Chromatography / Mass Spectrometry for THC

Full Mass Scan | ar7
mass filter scans through the full
mass range

The abundance of each measured

mass is represented as a bar graph.
The abundance spectrum can be '
used for identification of a substance 1000000 ‘

2000000 460

Abundance

417 |

like a “fingerprint”. 3T2 |
%20 g I‘ 404 445 |
o O u_:_llqu L3133 bl lL 431 447 ||
300 320 340 360 380 400 420 440 460
mass
N . . 377
Selective lon Monitoring 13
. 90
mass filter steps through a small :
number of preselected masses e
e
This mode is more sensitive as more g %3 17
time is spent on a single mass. < 503 460
5 403
€ . 3
303 392
207
o |
: 1 T ! T ] T T ] 1 T I‘[ T LI T
380 400 420 440 460

mass



Gas Chromatography / Mass Spectrometry for THC

Full Mass Scan
mass filter scans through the full
mass range

The abundance of each measured
mass is represented as a bar graph.
The abundance spectrum can be
used for identification of a substance
like a “fingerprint”.

Selective lon Monitoring

mass filter steps through a small
number of preselected masses

This mode is more sensitive as more
time is spent on a single mass.

Abundance

307
e

g @ N ® © o
I?IIII?JIII?
E

I$Illl?llll?llll?ll_l

Relative Abundance

llll?llllh?,llll$lll

-

320

ME N

320

392

THC

46 L
431 aar |

420 440 460

Michigan State Police uses
4 masses for THC analysis

460

T T

— T T T T T T
400

460

mass



Gas Chromatography / Mass Spectrometry for THC

Calibration Total lon Chromatogram
Sample STD3 H

Sample spiked with
THC 25 ng/ml
THC-COOH 100 ng/ml

ok data from MSP M V/JW
taken on 06/20/2011

T T
3.0 3.5 4.0 4.5 5.0 55 6.0 6.5 7.0 7.5 8.0 Retention Time (min)

Extracted lon Chromatogram

3.0 3.5 40 45 5.0 5.5 6.0 6.5 7.0 7.5 8.0 Retention Time (min)



Gas Chromatography / Mass Spectrometry for THC

Calibration Total lon Chromatogram
Sample STD3

Sample spiked with
THC 25 ng/ml
THC-COOH 100 ng/ml

raw data from MSP
taken on 06/20/2011

D9-THC-COOH
THC-COO

4.2 4 3 Retentlon Time (min)

Extracted lon Chromatogram

mass

640
625

E 489
7= v
: A
E /AN

631
498
486
460
417

392
— 377

3.6 3.7 3.8 3.9 4.0 4.1 4.2 4 3 Retentlon Time (min)



Quantitative Analysis of THC

100+ A D9-THC-COOH (internal standard)
. . RT:4.31 R
o] 5|2 |
! T
1 Qlo g
] o) LS
] T §

8 ] of - 417
2 607 =Y
= 2] 40 45 400 500 600
g ] time (min) mass
< 507 || THC (analyte)

2 7 g RT:3.96
m - 3.86 1
5 407
- 3.18 ' g
30 O
4 I g 47
- H > -
20 i j
10- 378 825
] 40 400 500 600
o] time (min) mass
2.0 2.5 3.0 as 4.0 4.5 5.0
Time {min)
N Calculated | RT Area . .

e Amount _ Calibration Curve for THC
D9-THC-COOH-486 N/A 431 |i2s08488 | i D
THC-377 128.364 3.96 ~ [ 15548062 Area Ratio = analyte area
THC-COOH-477 198.251 433 28266727 rea Ratio = standard area

0.
A measurement relative to an internal standard The analyte concentration is 0
with similar or identical chemical structure and measured as the area ratio 0
known concentration allows to compensate for between the analyte area and o2

many variabilities in the measurement process. internal standard area. 0.




Limit of Detection (LOD)

Instrument detection limit (IDL)

Most analytical instruments produce a signal
even when a blank sample without analyte is
analyzed. The instrument detection limit is the
analyte concentration required to produce a
signal that is distinguishable from the noise
level within a particular statistical confidence
limit (in many cases 3 — 5 times the standard
deviation of a blank sample is chosen).

Method detection limit (MDL)

For most applications, there is more to the ana-
lytical method than just analyzing a clean ana-
lyte. Additional steps in an analysis add addi-
tional opportunities for error. Since detection
limits are defined in terms of error, this will
increase the measured detection limit.

Signal

l + Time
Start End

Agilent Technical Note 5990-7651EN:
Signal, Noise, and Detection Limits in
Mass Spectrometry; 2011



Limit of Quantification (LOQ)

Limit of Quantification (LOQ) Signal
The limit of quantification is the limit at which ‘
we can reasonably tell the difference between
two different values of the amount of analyte.

The LOQ is often practically defined simply as
about 5 — 10 times the method detection limit %
(MDL).

+ Time

|
Start End

Agilent Technical Note 5990-7651EN:
Signal, Noise, and Detection Limits in

Limit of Qantification (LOQ)

Mass Spectrometry; 2011

Limit of Detection (LOD)

'WW Statistical Noise




Limit of Detection (LOD) for THC

Michigan State Police Procedure “The LOD for both THC and 11-COOH-THC
“Quantitative Confirmation for has been determined to be approximately 0.5 ng/ml in
Marihuana Metabolite in Blood”: full scan mode, 0.1 ng/ml in SIM mode.

The LOQ for both compounds has been designated to
be 2 ng/ml in full scan mode, 1 ng/ml in SIM mode”.

(SIM stands for selective ion monitoring mode. Confirmatory
cannabinoid analysis is performed in SIM mode)

The Michigan Department of State Police could not
provide any documents to support these numbers.



Limit of Detection (LOD) for THC

Michigan State Police Procedure
“Quantitative Confirmation for
Marihuana Metabolite in Blood”:

“The LOD for both THC and 11-COOH-THC
has been determined to be approximately 0.5 ng/ml in
full scan mode, 0.1 ng/ml in SIM mode.

The LOQ for both compounds has been designated to
be 2 ng/ml in full scan mode, 1 ng/ml in SIM mode”.

___%Diff. Units RT Sample ID |

Amount
6.306 26% ng/imL 4.47.  STD1 1
26.888 8% ng/mL 4. 4?| sTD2
97.475 3% ngimL4.47 STD3
200994 0% ng/mL4.47 STDA4
| NF NAng/imL  0.1NGMLA
NIF' N/A ng/mL} 0.1 NG/MLB |
NIF hHAlngme 0. 1 NGML C
NIF N/Alng/mL 0.1 NG/ML D
NIF N/A'ng/mL {0.1 NG/ML E

N/A ng/mL 0.5 NG/MLA

N/F

NIF:

1.295

N/A ng/mL ‘0.5 NG/ML B

S

_ - .“"'F{. R
E 214T

1.580

N/A ng/mL. 0.5 NG/ML C

N/A ng/mL 0.5 NG/ML D

~ N/Ang/mL 0.5 NGMLE

ng.r'mLid 47 1.0 NG/ML A
ng!mL-d 47 1.0 NG/ML B |
~ 'ng/mL 4.47/1.0 NG/ML C

 1.260
_1.627

ng/mL 4. 4?11 O NG/ML D

~ ng/mL 4.46 1 0 NGML E

Data from a recent study performed by Michigan
State Police in June 2012 shows that the THC
content in control samples spiked with 0.1 ng/ml
and 0.5 ng/ml THC could not be identified.

Samples containing more than 1.0 ng/ml THC are
marked with a measured concentration.

Measured values are up to 60% higher than the
nominal concentration.

The analysis of the study is ongoing.



Gas Chromatography / Mass Spectrometry for THC

Calibration
Sample STD3 P
900000
Sample spiked with 850000
THC 25 ng/ml 800000
THC-COOH 100 ng/ml 750000
700000
raw data from MSP 650000
taken on 06/20/2011 600000
550000
500000
450000
400000
350000
300000
250000 |
200000
150000
Identification criteria: 100000
retention time 0000
mass abundance ratio . s
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Gas Chromatography / Mass Spectrometry for THC

Calibration
Sample STD1

Sample spiked with
THC 1 ng/ml
THC-COOH 5 ng/ml

raw data from MSP
taken on 06/20/2011

Identification criteria:

retention time
mass abundance ratio

950000 :E
900000 ::
850000 :E
800000 :E

750000
700000
650000

600000
550000
500000

450000 =

400000 —E
350000 :g
300000 :E
250000 :E

200000

150000 3

100000 =

50000 3.
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Gas Chromatography / Mass Spectrometry for THC

Calibration
Sample STD1

Sample spiked with
THC 1 ng/ml
THC-COOH 5 ng/ml

raw data from MSP
taken on 06/20/2011

vertical scale x10
only masses for THC

Identification criteria:

retention time
mass abundance ratio

95000

90000

85000

80000

75000

70000

65000

60000

55000

50000

45000

40000

35000

30000

25000

20000 3

15000

10000

5000

-5000

m/z=377
m/z=392

m/z=460

3.6

3.7

3.8

9

4.0

4.1

4.2

Retention Time (min)



Gas Chromatography / Mass Spectrometry for THC

Calibration ol miz=377
Sample STD1 m/z=392
90000
Sample spiked with :ZZZ: m/z=460
THC 1 ng/ml oo
THC-COOH 5 ng/ml
70000
65000
raw data from MSP s000
taken on 06/20/2011
55000
) 50000
vertical scale x10
45000
only masses for THC
40000
35000
30000
25000
20000 3
15000
10000
Identification criteria: 2
retention time °
-5000

mass abundance ratio
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Gas Chromatography / Mass Spectrometry for THC

Calibration ] miz=377
Sample STD1 1 miz=392
Sample spiked with ®03 miz=460

80000

THC 1 ng/ml
THC-COOH 5 ng/ml

75000
70000

65000

raw data from MSP
taken on 06/20/2011

60000
55000

. 50000
vertical scale x10

only masses for THC

45000

40000

35000

30000

25000

20000

15000

10000

5000

Identification criteria:
retention time
mass abundance ratio

-5000
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Gas Chromatography / Mass Spectrometry for THC

Calibration ] miz=377
Sample STD1 1 miz=392
Sample spiked with :ZZZ: m/z=460
THC 1 ng/ml

75000

THC-COOH 5 ng/ml

70000

65000

raw data from MSP
taken on 06/20/2011

60000
55000

. 50000
vertical scale x10

only masses for THC

45000

40000

35000

30000

25000

20000

15000

10000

5000

Identification criteria:
retention time
mass abundance ratio

-5000
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Gas Chromatography / Mass Spectrometry for THC

Calibration
Sample STD1

Sample spiked with
THC 1 ng/ml
THC-COOH 5 ng/ml

raw data from MSP
taken on 06/20/2011

vertical scale x10
only masses for THC

Identification criteria:
retention time
mass abundance ratio

95000

90000

85000

80000

75000

70000

65000

60000

55000

50000

45000

40000

35000

30000

25000

20000 3

15000

10000

5000

0

-5000

m/z=377
m/z=392

m/z=460

\
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T 8e 0 37 ae {3!9' """" a0 a1 a2 43 Retention Time (min)

Only 1 mass clearly identified .LE)
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Limit of Detection (LOD) for THC

Amount Amount %Diff. Units' RT Sample ID
| 5000,  6.306 26% ng/mL4.47,  STD1 |
25.000! 26.888 8% ngimL 4.47, STD2
100.000  97.475 3% ng/mL 4.47  STD3
200000 200994 0% ng/mL 447 STDA
“NA NIF| NA ng.rmL ~ 0.1NG/MLA
N/A NIF' N/A ng/mL 0.1 NG/ML B
~ NIA N/F wmngme 0.1 NG/ML C
NANF N/Ang/mL 0.1 NG/ML D
N/A N/F N/A'ng/mL 0.1 NG/ML E
N/A N/F N/A ng/ml. i0.5 NG/ML A
T NATNF N/A ng/ml 05 NG/ML R
 NA NF _N/Ang/mL  0.5NG/MLC
| NA NI N/A'ng/mL 0.5 NG/ML D
NA NFI NAng/mL  0.5NGMLE|
I (Fi0) Ing/ml|4.47 1.0 NGIML A
1.295' ing/mLi4.47 1.0 NG/ML B’
i ~_|1880] 1.0 ng/ml 'ng/mL 4.47 1.0 NG/ML C |
C o 11.260 _ng/mL 4.4711.0 NG/ML D
. 627 ~ ng/mL 4, 46'1.0 NGIML £
| h.gszﬁ ng/mL 4.47 1.5 NG/ML A
| |2145] ng/mL 4.46 1.5 NG/ML B
i+ J2101 ] 1.5 ng/ml ng/ml 4.46 1.5 NG/ML C
o0y \ng/mL 4.46 1.5 NG/ML D
318 ~ Ing/mLi4.46 1.5 NG/MLE |
%,EEQF _____ ~ 'ng/mL'4.47 2.0 NG/ML A
2141 ‘ng/mL 4. 4?12 ONG/MLB |
2462 | 2.0 ng/ml ng/mL 4.47'2.0 NGML C
2.108 ng/mL 4.46 2.0 NG/ML D
ng/mL 4.46 2.0 NG/ML E |

D i P A (e g U S

Data from a recent study performed by
Michigan State Police in June 2012

Samples containing more than 1.0 ng/ml THC
are marked with a measured concentration.

Measured values are up to 60% higher than
the nominal concentration.

The analysis of the study is ongoing.

In September 2012 Michigan State Police
changed the measurement uncertainty for
THC quantification from 7.98% to 35%.



Procedural Deficiencies

The “Quantitative Confirmation for Marihuana
Metabolite” procedure is optimized for the
measurement of the metabolite COOH-THC
(carboxy-THC) and not for the measurement
of THC. The procedure uses deuterated
COOH-THC as internal standard and not deu-
terated THC.

The procedure states to use 4 different “appro-
priate standards” to mix the calibrators. Only
one concentration for THC (10 ng/ul) is on the
reagent list. The provided certificates is for a
1.013 mg/ml (=1013 ng/ul) THC standard from
Ceriliant. There are no instructions how to
mix the 4 different standard solutions.

The statement in the procedure “The usual as-
sortment of laboratory glassware, reaction ves-
sels, pipettes,...” is not prescriptive enough
and leaves room for error.

4.3.4 Quantitative Confirmation for Marihuana
Metabolite in Blood

4.3.4 Quantitative Confirmation for Marihuana Metabolite in Blood

4.3.4.1 Analyles
1 1=nor-B-Garbonny-S binol [THC
4.3.4.2 General Description of Mathod

LA aptEholne UBnG DOnAIUCIORrDpHanIc
ariydrida (PFPA) and hexafuono-lsopropancl (HFIP). Exiraciion of T THC pamen! and metabolile from the biood matrix is accompilished by
tsing o sold phase axinction (SPE) method thal has boan adapisd fom o Unlled Chamical Technologies [UGT) methad, Sy Wrldwide

4.3.4.3 Equipment and Reagents
* GLMES aquipped with a suitable column for separating THC compounds from ciber deugs and cosxiraciwes (Le. 15 meter DBS capilary

Eiumn],
= ST sinnd ‘SPEII tank, ilpld, vaouum source, and reagents &s specified in e UCT proceduse manual code
'WMMWHWMMHMMWMMWMMMMﬂ

'Iﬁli sinndard: 11-nor-S-carbeony-§ letrafpdeocannabingl-D8, 10 aghul THE and 11-000H-THC standards Sor controls and callraion (ses
* Tha usual assortment of Iabormony GLISEWDND, MECHON VDRSNS, DOERES. FOBEnt Orade CHmICals, YOrBens Snd shakon.
= Desivalizing reagoents: pentaficropropionic snhydride, Aldrich 25.238-T {or equivalent), 1,1,1.3.3, 3-haxaliuere-2-propanol, Aldnch 32,5244 jor

4.3.4.4 Dotalls: UCT Clean Screen or Styre Screen Columns
e S i S S,
Lising ey unhaprisl Eschutard handing lechrigues

4.3.4.4.1 Sample Preparation

* Prepans & standard cunve of 1-200 ngml THC and 11-CO0H-THC from 2 mils blank blocd and 20wl of the apperoprisie standaed:

"5l Anatytn Corcantration Final Concaniration”
1 THC-COOH 0.5 ugimi & ngimi
™E 0.1 ugimi 1 ngmi
] THE-CO0M 2.5 wgmi 25 ngrmil
HE 1 g 10 gt
3 THC-COOH 10 uaghmi 100 rgied
THE 2.5 ugimi 25 ngimi
' THC-COOH 20 gl 200 ng/mi
THC 0 ugimi 100 gl

* Prepans a nogative control wsing 2 mis of blank blood.
* Prreguasre by positive conirols wsing 2 mi blank bicod end 20 ul each of the sppeopriabe standand:

* 5 Analyse Cneaniration Final Cortantration®
Low THC-COOH 1 ughmi 10 ngimi
™HE 0.5 ugiml & gt

High THC-COOH 5 ugimi 50 ngierd




Negative Controls

Negative Controls are used to verify that a
sample without analyte will test negative. In
order to test for possible contamination a nega-
tive control sample needs to be processed ex-
actly like any other unknown sample.

Michigan State Police uses in one analysis
batch about 50 samples labelled ‘BLANK.. and
one sample labelled ‘NEG’.

‘BLANK.. samples do not test for process
contamination. They do not contain an internal
standard and they are not processed identically.

1

| o (5. o A oy O N B B B m o
0 2 3 4

Time {min}
Total lon Chromatogram
Name Calculated | RT Area Height
Amount

D9-THC-COOH-486 N/A NiA N/A NIA

THC-377 NiA N/A NIA NIA

THC-COOH-477 N/A NfA N/A NIA

RT: 0.00-807 S 76 !

1 N E G iR :’HE‘;
TICF: W&
NEG
£70 Js8 810 87s

Name Calculated

RT Area Height
Amount :
D9-THC-COOH-486 MNIA 417 2215716 1406396
THC-377 N/A N/A MNIA NIA
THC-COOH-477 N/A NIA NIA NfA




The Bottom Line

Michigan State Police Procedure “The LOD for both THC and 11-COOH-THC has been

“Quantitative Confirmation for determined to be approximately (...) 0.1 ng/ml (...).
Marihuana Metabolite in Blood”:

The LOQ for both compounds has been designated to
be (...) 1 ng/ml (...)".

The Michigan Department of State Police could not
provide any documents to support these numbers.

The analysis of data provided by Michigan State
Police suggests that the Limit of Detection and the
Limit of Quantification for THC is significantly higher.

In absence of the result of a scientific validation study
it is not known at what concentration level Michigan
State Police can reliably detect the presence of THC.





