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Toxicology Analytical Method

Idaho State Police
Forensic Services
Toxicology Discipline

Section Three

Blood Toxicology

3,10 SPE Methods for Quantitative GC/MSD Confirmation
3.10.1 Extraction and Quantitation of A’-Tetrahydrocannabinol (A -THC)
and 11-nor-A’-THC-9-COOH (Carboxy-THC) from Bload Empleymg
the United Chemical Technologies (UCT) 200 mg C N SCREEN®
THC Extraction Column 4\

31011  BACKGROUND %)
A’-THC (Figure 1) is the chief psychoactiv \gamnabinoid resulting from
exposure to marijuana. A’-THC has a peakpéod concentration within 5 fo
15 minutes following smoking of a mq 1an alette.3’4'5 This blood
concentration drops rapidly after ces &( 34 The level may fall
to less than SuL within 30 to 60 11 1t 101% onger detection times
have been ui:pon:ed.3 Detect 5%) post smoking A®-

THC has been reported to iTe) Q 0 1 ms * This detection window
was based on a fimit of quan’ tatlﬁ?l nL. The number, duration, and
na v

spacing of puffs, hold olume all impact the degree of
drug exposure and élab Longer detection times have been
observed for frﬁ Ag—THC metabolite, 11-nor-A’~THC-9-
COOH (Carb H&ﬁ. n atlon gradually increases and may plateau
for sevew% 18, O 1e 001 correlation between blood A’-THC and
psyoh ea he A’-THC concentrations begin to decline prior
to th .5 Work continues on models using the relative
an@é&ts of A T@ and Carboxy-THC to assist with establishing recent

g use.
QK Negative behavioral effects reported from exposure to matijuana include
altered time perception, lack of concentration, impaired learning and
memory which can lead to impairment of cognitive and performance tasks.”*

Establishing impairment in an individual is based on evaluation of all

available information in conjunction with the quantitative blood levels,

For additional background refer to analytical method 2.4.4 and provided
references.

Figure I.
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3.10.1.2

3.10.1.3

Toxicology Analytical Method

PRINCIPLE
This procedure outlines the use of the 200mg United Chemical
Technologies (UCT) CLEAN SCREE',N® THC Column for the extraction

from blood of the cannabinoids A’~TTIC and Carboxy-THC. The CLEAN

SCREEN® THC column utilizes a copolymeric sorbent which combines a
cationic exchanger and a hydrophobic functionality (reverse phase) to
interact effectively, physically and chemically, with analytes of interest and
minimally with mte;feimg substances in the blood sample. The cation
exchanger utilizes an anionic sorbent to bind to cations. Additional retention
mechanisms include hydrophobic interactions and polat adSOéﬁ_t)on

For the extraction and quantitation of THC and Cau g&THC deuterated
internal standard is added, blood proteins are preci with Acetonitrile-
10% Methanol and removed via centrifugation, the“supernatant is adjusted
to pH 4.5 with an acetate buffer, and loade ‘Sx’te a pre-conditioned SPE
column. The conditioning creates an envh%&nt which allows for optimal
interaction between the sorbent and thedl interest. The column is
subsequently washed to selectiv mm@ n rix components and

interfering substances from the col %mm is dried to remove
traces of aqueous and organi Ive he column is dry, the
analytes of interest are 16(:%@ fx mn with a solvent mixture.
Following the elutlon he}ﬁ\g‘ the extract is derivatized for
confirmation on a (g qmpped with a mass selective

detector (GC/MSD);'O

&0 'ﬂ

EQUIP IES
3,10.1. AN SCREEN® THC Extraction Column
. 01 laboratory oven

| .3 3 1at1ve concentrator equipped with nitrogen tank,
10.1.34 V01 tex mixer

03%.10.135 Laboratory centrifuge capable of > 3200rpm

Q\

3.10.1.3.6 Vacuum Manifold/ Vacuum pump

3.10.1.3.7 Fixed and adjustable volume single channel air displacement
pipetters, and appropriate tips, capable of accurate and
precise dispensing of volumes indicated.

3.10.1.3.8 16 x 100mm silanized glass tubes

3.10.1.3.9 Serew Cap for 16mm O.D. tubes

3.10.1.3.10  GC/MS Automated Liquid Sample (ALS) vials

3.10.1.3.11  Silanized GC/MS Vial Microinsert

3.10.1.3.12  Gas Chromatograph equipped with a quadrapole mass
selective detector and a nompolar capillary column with a
phase composition comparabie to 100%-
dimethylpolysiloxane or 95%-dimethyl-polysiloxane with
5%-diphenyl.
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3.10.14 REAGENTS

Toxicology Analytical Method

Refer to manual section 5.12 for solution preparation instructions.

3.10.1.4.1
3.10.1.4.2
3.10.1.4.3
3.10.1.44
3.10.1.4.5
3.10.1.4.6
3.10.1.4.7
3.10.1.4.8
3.10.1.4.9
3.10.1.4.10
3.10.1.4.11

3.10.1.5 QUALITY ASSURANCE MATERITAL

3.10.1.5.1

N
S

3.10.1.5.2

(2}{@.1.@9

Deionized/distilled {DI) water
Methanol (Certified ACS Grade)
Hexane (Certified ACS Grade)
Ethyl Acetate (Certified ACS Grade)
Acetonitrile (Certified ACS Grade)
10% Methanol in Acetonitrile
100mM Acetate Buffer (pH 4.5)

100mM TICl S
70:30 Hexane:Ethyl Acetate . 0@
70:30 100mM HCI: Acetonitrile 4\
BSTFA + 1% TMCS %Q\

‘6\0

Calibrator and Control Sohﬁa&?s *
3101511  Sto @nm@?
é‘g ourcﬁj) &&responding calibrator
. conprol { be obtained from a
Qo\\dif@@@v .
<
Y -
XY N\Car HC or A"-THC
\(b b Cényentration: 100ug/mL or Img/mlL
%)

O” ¢
é orking Solutions

O(\ N/ Ing/pL,
O O As appropriate, add 100.0pL 100pg/mL or
@% 10.0ul. Img/mL Stock Solution to =9mL
O Methanol in a 10mL volumetric class A

flask. QS to 10mL.

0.1ng/ul

Add 1.0mL Ing/uL Carboxy-THC and A-
THC working calibration solution to
~8mL Methanol in 10ml, volumetric class
A flask. QS to 10mL. Store remaining
stock solution in ALS vial i freezer.
Working solutions are stable for 6 months
when stored at 4°C.

Internal Standard Solutions

3.10.1.5.2.1 Stock Solutions

A9~THC-D3 or Carboxy-THC-Dys
Concentration: 100pug/mL or Img/mL
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3.10.1.52.2

Toxicology Analytical Method

Working Internal Standard Solution
[Ing/pl]

Add 100uL 100pg/mL or 10uL Img/mL
stock solutions to =9mL Methanol in a
10mL volumetric class A flask. QS to
10mL. Solution is stable for six months
when stored at 4°C,

3.10.1.53 Whole Blood Negative Control
Negative Whole Blood @6
R\
3.10.1.6  PROCEDURE 2
3.10.1.6.1 Initial set-up %
Label extraction tubes, 200n1g AN SCREEN® extraction
columns, and GC/MSD with microinserts for
calibrators, controls and sam@&
3.10.1.6.2 Calibration Standar re ¢ 11
3.10.1.6.2.1 \ dd atwe whole blood to six
Q ex%gc on
310, 1,@@ S@)@ volume of 0.1ng/ul. A°-THC and
él xy-THC mixed calibrator working
\(\ ution as indicated in the following
6(0 O(\ \g/ table.
$\ O Level Desired pL Working
00 @ ng/mL Standard
1 2.5 25
\ 5 S0
Q \OQ 3 10 100
3.10.1.6.2.3 Add the volume of 1ng/uL A’-THC and
Carboxy-THC mixed calibrator working
solution as indicated in the following
table.
Level Desired uL Working
ng/mL. Standard
4 25 25
5 50 50
6 100 100
3.10.1.6.3 Positive Control Sample Preparation
3.10.1.6.3.1 Add 1mL of negative whole blood fo two
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3.10.1.6.4

3.10.1.6.5

3.10.1.6.6

N
S

3 10M6.7
@Q

\BQQ;

Toxicology Analytical Method

extraction tubes.

3.10.1.6.3.2 Add indicated amount of O.Ing/pL
working mixed control solution,

Desired ng/mL uL, Working Control
6 60
3.10.1.6.3.3 Add indicated amount of Ing/uL working
mixed control solution. )
Q;
Desired ng/mL u&@‘tﬁ'ldng Control
60 60

S

Negative Control Sample Preng@g\t%n
Add ImL of negative whoi@(\)od te an exfraction tube.

Case Sample Preparat&xo S)OQ &
ﬁon tube.

Add 1ml of blood la e%

..0110@

ibrators, controls and case samples,
L of internal standard mix.

Internal Star

3101668
XL,

%
§\®. 1 ?\69\\ &%ﬁp tube and vortex tube briefly.

3. %@\/ Allow tubes to stand 15 to 30 minutes for
% sample equilibration.

Pr@n Precipitation

3.10.1.0.7.1 While vortexing, add 2mL 10% methanol
in acetonitrile to case, calibrator and
control samples.

3.10.1.6.7.2 Cap tube and continue vortexing tube for
30 seconds.

3.10.1.6.7.3 Centrifuge @ 3200-3400 1pm for 10
minutes.

3.10.1.6.7.4 Decant organic supernatant into second

labeled tapered bottom centrifuge tube.

3.10.1.6.7.5 Transfer tube to TurboVap and evaporate
under nitrogen @ = <40°C to
approximately ImL. Do not allow extract
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3.10.1.6.8

Toxicology Analytical Method

to go to dryness.

3.10.1.6.7.6 To evaporated extract add 2mL 100mM
acctate buffer (pH 4.5). Vortex briefly to
mix.

3.10.1.6.7.7 If necessary, centrifuge an additional 5

minutes @ 3200-3400 rpm to remove
blood fragments or foam.,

SPE Column Preparation . @6
3101681  Insert labeled 200mg GEEAN SCREEN®
THC exiraction é . in the vacuum

manifold.

*

N\
3.10.1.6.8.2 Add 31111(@ 30 Hexane:Ethyl acetate.

Aspnatg@? . Hg to prevent sorbent
dlY C)O &

3.10.1.6.8.3 @%1 3@ 1anol to the column.
ca in. Hg.

3.10.1. ,gg’ of de;omzed water to the

(@m Aspirate at <3 . Hg.

6(5& 1 6\‘39 é%dd ImL of 100mM HCI and aspirate at <

3 in. Hg.

& Mlact Loading
D buffered blood extract onto column and allow to

Q
Qﬁo 3.10.1.6.10

3.10.1.6.11

3.10.1.6.12

gravity flow or apply minimal vacuum.

Column Wash
3.10.1.6.10.1 Add 2mL of deionized water,
Aspirate at < 3 in, Hg.

3.10.1.6.10.2 Add 2mlI, 100mM 70:30 HCl: Acctonitrile.

Dry Disc
Increase vacuum to =10 in, Hg (=34 kPa) for = 5§ minutes.

Compound Elution

3.10.1.6.12.1 Open vacuum manifold, wipe collection
tips, and insert the collection rack
containing the ‘labeled tapered tip
centrifuge tubes.
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Toxicology Analytical Method

3.10.1.6.12.2 Add 200ul, hexane.
Gravity flow only, Do not allow disc fo
dry.

3.10.1.6.12.3 Add 3ml, 70:30 Hexane:Ethyl Acetate
glution solvent to the columm. Collect
eluate with gravity flow or apply minimal

vacuum.
3.10.1.6.13 Eluate Evaporation
Transfer centrifuge tube to TurboVap. e solvent to
dryness, under a gentle stream of nitrogenats 40°C.
3.10.1.6.14 Derivatization %Q
3.10.1.6.14.1 In fume hood\@)i 40uL each ethyl acetate
and BSTF,A\»@A] TMCS).
3.10.1.6.14.2 Ca& S@Qﬁl%bneﬂy
3.10.1.6.14.3 Q}ace t@s chy bath or oven for

Ols s
3.10.1.6/5@ emé'{ubes from oven and allow to
X\ O o
RNZ
6\'@5 é ransfer derivative to labeled GC/MSD

ALS vial with microinsert.
O(\ O\/

O
3.10.&15\\§Q%D fdon for GC-MS Run

\ﬂ 15.1 Perform an AUTOTUNE and TUNE

Q@\ EVALUATION.
Qﬁo 3.10.1.6.15.2 When tune values are acceptable, program
SEQUENCE TABLE with sample,

calibrator and control information.

3.10.1.6.153 Load ALS vials into quadrant racks as
indicated in the SEQUENCE TABLE.

3.10.1.6.16 GC-MS Calibration Curve
3.10.1.6.16.1 The calibration curve must be established
with a minimum of four data points.

3.10.1.6.16.2 All reported results must be bracketed by
calibrators.
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3.10.1.6.16.3

3.10.1.6.16.4

3.10.1.6.16.5

3.10.1.7

Toxicology Analytical Method

Calibrators should be analyzed in order of
increasing concentration,

The least squares line resulting from the
analysis of the calibrators must have a
coefficient of correlation of 20.98.

If calibration standards are tun in
duplicate, it is not required that duplicate
calibration points are inclu@d as long as
the linearity requiremel‘lt@net.

\)

Q

)
GC and MSD ACQUISITION PARAMETERS
Critical parameters are specified below. Param@e

1s not specified are at the

discretion of the analyst and should be optimg &4 for the particular GC-MSD

instrument. Each laboratory should mai
electronic copy of current and past
the GC-MSD method should be stox

in a-santrally stored printed or

Y| aw 19@. The data supporting
eplrally.

3.10.1.7.1 GC Temperature Pas met@
Injection POI‘Q@\C G(’Qﬁ@
x<Q
3.10.1.7.2
3.10.1.7.3

6%1}'66@1 Velupfe: 1pL (1 stop)

S\\ i€o0si ay: A minimum of 1 second
@) v, ashes (A & B): A minimum of 3 pre-
18€8.

and post-
S
Q10174  MS SIM Parameters
©

Q Analyte Target Ion | Qualifier Ion1 | Qualifier Jon 2

A9-THC 386 371 315

A9-THC-D3 374 306 389

Carboxy-THC 371 473 488

Carboxy-THC-D9 380 482 497

3.10.1.8 REPORTING CRITERIA

3.10.1.8.1

Qualitative Chromatographic Criteria

Acceptable reiention time window established by calibrators

is 4+ 0.2 minute,
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Toxicology Analytical Method

3.10.1.8.2 Qualitative Mass Spectral SIM Criteria
Jon ratios for the analyte and its corresponding internal
standard, established by calibrators for target and qualifier
ions, must not differ by more than +20%.

3.10.1.8.3 Quantitative Mass Spectral and Control Criteria
3.10.1.8.3.1 Quantitative results can be accepted if the
calculated concentration of all calibration
standards and control samples are within

+20% of their respective @ncentlatlonS
and the coefficient of Yae?on (CV%) for
replicates of control gﬂ@p is < 15%.

3.10.1.8.3.2 Quantitation is %clneved through the
plotting of Ilég)talget ion response ratio
versus ﬂ.@ concentration for each

calibr. ata\@ Qﬂ

3.10.1.8.3.3 %lt%@ & for case samples,
I

\Ga ibra atrols will be truncated
ﬁmoses.

3.10.1. 8,3@ ut— or A°-THC and Carboxy-THC is
mL, the lowest calibrator.

range, the sample can cither be
appropriately diluted with DI water for

QQ @ reanalysis or reported as greater than
100ng/mL.

\
\&% &3@ Q/ he concentration exceeds the calibration
€> o

‘\
(6
%)
R
3,10. 1@‘ REPORTING OF RESULTS
3.10.1.9.1 Quantitative Value

Analysis results should be truncated and reported out without
decimal places.

3.10.1.9.2 Uncertainty Value
Based on the current uncertainty assessment, the +/- range
should be included on the analysis report. Refer to method
variation spreadsheet for current uncertainty figure.

3.10.1.10 QUALITY ASSURANCE REQUIREMENTS
3.10.1.10.1  General
3.10.1.10.1.1 Rlood samples are to be stored under
9ofl2 Rev, 6
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3.10.1.11

QK

3.106.1.12

Toxicology Analytical Method

refiigeration after aliquots are removed for
analysis,

3.10.1.10.1.2 Refer to toxicology manual section 5.1 for
pipette calibration options,

3.10.1.10.1.3 Refer to toxicology manual section 5.2 for
balance calibration requirements.

3.10.1.10.1.4 Refer to toxicology manual section 5.8 for
reference  standard  autl@y ication and
additional GC-MSD 4 lity assurance
requirements. ®\

3.10.1,10.2  Per Analysis Run Control Reguitdments
3.10.1.10.2.1 Solvent bl should follow the highest
calibr at{ s each case sample.

ch mples. A control must

3.10.1.10.2.2 gmnuﬁjc)? &?ﬂﬂood controls must be

O\\be é}){ r e@ dditional 10 case samples.

3.10.1.16.3
ANAL ION
3.10.1, acl ntaining original data for controls and standards
\% t: tepared for each analysis run and stored centrally in
\ thé_Jaboratory where the analysis was performed until
archiving.
OQ

3,10.1.11.2 A copy of controls and standards nced not be included in
individual case files. When necessary, a copy of the control
and standard printouts can be prepared from the centrally
stored document.

REFERENCES AND RECOMMENDED READING

3.10.1.12.1  UCT CLEAN SCREEN® Extraction Columns Application
Manual,

3.10.1.12.2  Standard Operating Procedure for Blood SPE Cannabinoids,
Montana Department of Justice Forensic Sciences Division.

3.10,1.12.3  Standard Operating Procedure for Blood SPE THC and
Carboxy-THC GC/MSD Assay, Edmonton, Canada Office of
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Toxicology Analytical Method

the Chief Medical Examiners, 2003.

3.10.1.12.4  Huestis, M.A., Cannabis (Marjjuana) - Effects on Human
Behavior and Performance, Forensic Science Rev. 14(1/2):
16-60, 2002.

3.10.1.12.5 Drummer, O.H., Cannabis, pp. 178-212. in: The Forensic
Pharmacology of Drugs of Abuse, Arnold: London, 2001.

3.10.1.12.6  Bock, Peter., Getting it right - R&D methods for science and
engineering, Academic Press, San Diego, 2001,
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3.10 Manual Solid Phase Extraction (SPE) Methods
3.10.1 Extraction and Quantitation of THC and Carboxy-THC from Blood
Employmg the United Chemical Technologies (UCT) ZO%mg CLEAN

SCREEN THC Extraction Column . g,
A\
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