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Idaho State Police Forensic Services Toxicology Discipline Analytical Method

Section Four

Analysis of Alcohol and Common Volatile Solvents

4.1 Quantitative Analysis for Ethanol and Qualitative Analysis for Other
Volatiles in Blood, Vitreous Humor and Urine by Dual Column Headspace
Gas Chromatography
-
@J
411  BACKGROUND NG

Humans have consumed fermented beverages such a er and wine since
prehistoric times.® Ethanol abuse is often manifest in déwiig under the influence
(DUI), a problem that plagues every country, Th@]ational Highway Traffic
Safety Administration (NHTSA) reported that thefproportion of driver involved
in fatal crashes who had a BAC 0f 0.08 or abo®, ecre@ged from 35% in 1982 to
20% in 1997 and leveled off therea (37‘ Ct@e in aleohol laws and
demographic changes are thought to b resp@ 1@1‘ this positive trend,
Chronic alcoholism also contribyt 0 @ano@ ated deaths. Ethanol

consumed on a regular basis can @ﬁ o tindey. nent of alcoholic hepatitis
which can progress into cirrhosQ et re death.>®" Chronic excessive
ith serious neurologic and mental

ingestion of ethanol is directly as Chate
'y loss, sleep disturbances and

psychoses.” Alcohol i@ i Ve%jz high percentage of domestic disputes
many of which resultin inj nd/¢rdéath.

disorders such as bral,]{é ma@, 1
X R
Notwithstandi@? c @?o
ssifl etﬁé a
mb thaO

lic perception that ethanol is stimulatory,
iral Nervous System Depressant. Ethanol is a
psychoacti similar in most respects to sedative-hypnotic
compo€$15.4 The ﬁrs@ental processes to be affected are those that depend on
tra and previous experience.” The individual’s memory, concentration, and
@ t are dulled and subsequently lost. The person may become overly

ethanol is

Q confident and exhibit uncontrolled mood swings and/or emotional outbursts.”

The effects of ethanol and other central nervous system depressants are additive,
resulting in more sedation and a greater degree of impairment in driving ability.*

Ethanol is rapidly and completely absorbed from the stomach, small intestine
and colon. The mechanism of absorption is a simple diffusion process, that is,
alcohol moves from a region of higher concentration to a region of lower
concentration.”*®  Alcohol is soluble in both water and fat, a property that
facilitates its diffusion through biological membranes,* The major amount of
absorption takes place in the small intestine due to its large surface area, good
blood supply and thin walled membrane. The time from the last drink to peak
concentrations can range between 30 and 90 minutes, depending upon the
individual’s stomach contents.*” Alcohol absorption is slowed by the presence
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Idaho State Police Forensic Services Toxicology Discipline Analytical Method

of food in the stomach., The time period required for gastric emptying is a
prime factor that contributes to the wide variety of absorption rates of ingested
ethanol observed in different individuals and under different conditions.>’
Hence, the extent of absorption in the stomach and small intestine is a function
of the amount of ethanol at that site, the vascularity of the site and the surface
area in contact with the blood supply.®> Other factors that affect the absorption
of ethanol include the type of beverage, the alcohol content, the rate of
COI’lSUlTlpthl‘l and any disease state that affects normal gastric function or blood
flow.”

body, Within the blood system there can be significant rences between
arterial and venous blood depending upon the absof’
individual.® In the absorptive phase, the arterial bl thanol concentration
exceeds the venous blood ethanol concentration, ~Ahalysis of venous blood
therefore, underestimates the brain alcohol con@} ration of the individual at
this point. When absorption is complete t is liftle difference in ethanol
concentration between arterial and venou @o 2 Q
O

Ninety to ninety-eight percent of etha@l is
reacting with the cofactor nicotin

by alcohol dehydrogenase to e
upon by aldehyde dehyd ase t tm (acgtic acid which goes on to form
carbon dioxide and water, uz; Ti@mount of ethanol oxidized per unit

1 xidized in the liver by

time is roughly pr opo ht and probably to liver weight. The
remaining (unoxidi mted unchanged in urine, expired air,
saliva and sweat V@ag nnatmn rate of ethanol is 0.015 g/dL/hour

from men al{b &Q}, or women.” In addition to gender, chronic
tlo %

abuse, pre certain genetic factors can also influence the
ehmmat%ﬁ)at
OQ aoohel o ddehyde 0
\ defyydrogenase Jl dehydrogenase -JL
Q g — o ———> 0y + H0

elhangl acelaldshyde oatic Zoid carbon dioxide + wator

Figure 1. Metabolism of Ethanol.

Other commonly encountered alcohols such as methanol and isopropanol
pxoduce central nervous system (CNS) depressant effects but vary significantly
in the degree. Methanol (wood alcohol) causes relatively little intoxication
compared to ethanol®® Its harmful affects are due to the direct result of its
metabolism to formaldehyde (embalming fluid) and subsequently to formic
acid. These metabolites lead to the destructzon of neural cells, particularly the
optic nerve, which can result in blindness.*® The formic acid leads to metabolic
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c

acidosis. Isopropanol (rubbing alcohol) is more toxic than ethanol with more
prominent gastritis that includes pain, nausea, vomiting and hemorrhage.“
Isopropanol is metabolized to acetone.

Toluene and acetone are commonly encountered in subjects that intentionally
inhale (“huff”) products including paint and contact adhesives to achieve effects
akin to those of ethanol. The principal metabolite of toluene is benzoic acid.
Chronic abuse of toluene and/or acetone can lead to organ and CNS problems
that may result in permanent damage.” Elevated endogenous acetone may be
detected in the blood and urine of a diabetic or fasting individual. Acetone is
metabolized to acetate and formate,

9
The analysis of ethanol and other volatiles in samples of blodd, vitreous humor
and urine is accomplished with a gas chromatograph( ) which uses a
headspace analyzer for sample introduction, An aliqu sample is placed into

a headspace vial along with an aqueous 1-propapol™internal standard. The
sample vials are then sealed and heated in a hea@ace analyzer. As described

in Henry's Law, in a closed container a gi\g{l temperature, a direct
(proportional) relationship exists between am@l of a volatile substance
dissolved in a liquid and the amount of'tie vo S iﬁ(ance in the headspace

jected into the GC in a
te out the components of
ties. Separated components
are detected by a flame ioni . The qualitative identification
of ethanol and other \?jg} l@ is based on the retention time
determined, relative &paf@ internal standard, for each of the
columns. This me%? s for a quantitative determination for
ethanol.  The %ﬁ is based on a minimum of a three-point
calibration ¢ s& peak area ratio between ethanol and the 1-

propanol in %Q‘ dCQ
\\

vapor above the solution. An aliguot @f the wapor
dual column configuration. The G\,
the solution as a function of t

’BQ method describes the Idaho State Police Forensic Services (ISP-FS)
ocedure for the analysis of blood, vitreous humor or urine for the presence of
voiatlle compounds. This method provides for the quantitative analysis of
ethanol as well as the qualitative analysis of methanol, acetaldehyde, acetone,
isopropanol, toluene and related compounds, via a headspace sampling gas
chromatographic method. The oven temperature program for Gas
Chromatograph must provide for baseline separation of volatile compounds of
interest as indicated by analysis of multicomponent mixtures, IDAPA 11.03.01
(Rules Governing Alcohol Testing) requires that blood ethanol results (BAC)
for legal purposes (in living subjects) be reported in units of grams of alcohol
per one hundred (100) cubic centimeters of whole blood.® For this reason,
setum is not an appropriate sample under TDAPA 11.03.01. If serum is
analyzed a qualifier advising that the sample does not comply with IDAPA
11.03.01 must be placed on the analysis report. Urine analysis is allowed under
IDAPA 11.03.01 but due to the questionable validity of obtained results, a
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qualifier must be added to the analysis report. ® Utrine ethano! result (UAC)
issues include correlation with blood alcohol (UAC/BAC ratio) and endegenous
production of ethanol, *!

413 EQUIPMENT

4.1.3.1  Agilent 7890A Gas Chromatograph (GC) configured with a Flame
Ionization Detector (FID) (Figure 2).

o
Figure Z% i r@wph
4132  Agilent G1888 Headspa&&an@@t (F@@ ).

QK Figure 3. Headspace Analyzer

4133  Columns
4.1.3.3.1 Restek Rtx®-BAC1 (#18003: 30 meter X 0.32mm inner
diameter (ID), 1.8um film thickness (FT) or equivaient
column}
4,133.2  Restek Rtx®-BAC2 (#18002: 30 meter X 0.32mm ID,
1.2 pm FT or equivalent column}
4.1.3.4  Headspace (HS) vials and Closures
4.1.3.5  Hand Crimper or Bench Top Crimper
4.1.3.6  Semi-Automatic Dilutor/Pipetter equipped with sample and reagent
syringes capable of dispensing 250uL and 2000uL, respectively,
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4.1.4

4.1.5

REAGENTS

When available, a certificate of analysis should be obtained and centrally
stored.

4.1.4.1  Distilled/Deionized water (free fiom volatiles of interest)
4.1.42  1-Propanol/n-Propanol (299%)

4.1.43  Acetone (299%)

4,144  Acetaldehyde (299%)

4.14.5  Isopropanol/2-Propanol (399%)

4.1.46  Methanol (299%)

4.1.4.7  Toluene (299%) (%]
4148  Ammonium Sulfate (Certified ACS Grade) ‘\O®

&

QUALITY ASSURANCE MATERIAL %
4,1.5.1  Ethanol Aqueous Reference Material ‘\Q
4.1.5.1.1  Aqueous ethanol l'efer material used to establish
the calibration abl ot to prepare ethanol

aqueous contro E ined through Cerilliant,
EM Science, ]% or a@ riate vendor,

1ce {vendor or lot number)
ed for a particular calibrator
muq@e dif@éﬂt that used to prepatre a particular
ous samples. For instance, if a
QDOS cofitrol is prepared from a particular lot
1 lution, either a different lot number from
Qse\'nllla r another vendor should be used to prepare a
C)Q) O@%mL calibrator.

4.1.5. 2\% than m%ﬁcomnonent Whole Blood Reference Material
4,1.5.2.1 ole blood containing ethanol, with or without other
Q volatiles of interest, used to prepare matrix controls can
KO be obtained through BIORAD or other appropriate

Q vendor.

4.1.52.2 A minimum of two ethanol whole blood control levels
must be available, each falling within the following

41,512  Whene e&ssﬂ{@ th
of 1‘e&nce er

ranges:
Level Ethanol Range (g/100mL)
I - Low 0.04 - 0.09
2 - High 0.13-0.40

41523 A whole blood control containing ethanol with other
volatiles can serve as a multicomponent control if the
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GC oven temperature program provides for baseline
separation of all components.

4153  Multicomponent Volatile Aqueous Solutions
Multicomponent solutions may be purchased or prepared as
indicated below.
4,1.53.1 Commercially Obtained Multicomponent Solution
4.1.5.3.1.1 Solution may include acetone, ethanol,
methanol and isopropanol reference
materials and/other cmn%lonly abused
volatiles, (%)
.\0
4.1.53.1.2  When the solutio &ntains quantitative
amounts of v s other than ethanol,
this metho@ utilizes/analyzes them

quahtatweﬂ'g

4.1.5.3.1.3 \&h@\ th ﬁ:tlcomponent solution

taing'q e amounts of ethanol,

0@» may' si cously serve as an
\\ o0l control if the GC oven
O pet program provides for

<
x<Q

4.1.5.3.2 @r%) ')@Volatile Solution

4, 1@ K Add approximately 200mL of DI water
‘(\ to a 250mL volumetric flask, Add one
&

S
O(\ O\, or more of the following volatiles, as

\Qs\\base@} separation of all components.

$\ 0 () needed for the qualitative identification
@ of volatiles:

Q@ O Compound Volume

OQ Acelaldehyde 100pL,
QQ Acetone 100uL.
Ethanol 100uL

Ethyl Acetate 100puL.

Methanol 500uL

Isopropanol 500uL

Toluene 50pL

QS to 250-mL. Record preparation on
reagent log. Solution is stable for 1 year
when stored under refrigeration,

4.1.5.3.2.2  Additional volatiles of interest may be
added to the mixed volatile solution.
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The GC oven temperature conditions
must provide for baseline separation
from other components in the mixture.

4,1.5.4  Internal Standard Solution
0.03g/dL 1-propanol in 1.0M Ammonium Sulfate

41541  Add approximately 800mL of DI water to a 1L
volumetric flask, Add 132,14g (NH4),S804 and mix to
dissolve. Add 375uL I-propancl. QS to 1L with
distilled water. @6

.\O

4.1.5.42  Record preparation on reagent lo “éolution is stable for
1 month when stored at ?& temperature. Other
volumes of internal stan@ may be prepared as
needed.

Q(\

O\
41.6 SAFETY CONCERNS Q

Blood samples must be plocessed an@chemic c ed according to safety
guidelines in the Idaho Slafe szc vices Health and Safety

Manual. Q

®/"‘q

4 é O

417  QUALITY ASSURA@@ 3,90
4.1.7.1 Genelal \\ Q/

4.1.7. (§\ $ @he laboratory blood or viireous humor

re to be stored under refrigeration. Urine

S\ (\0 @s can be either refrigerated or frozen, Urine

0 @ les must be frozen for long-term storage,

4.1.7.1.2 ~ The syringes on the Pipetter/Dilutor must be checked
OQ for accuracy and precision, Refer to toxicology manual
QK section 5.1 for pipette intermediate check and
calibration requirements and options,
4.1.7.1.3  Refer to toxicology manual section 5.2 for balance
intermediate check and calibration requirements,

Note: Balances properly monitored by drug discipline
analysts fulfills quality assurance requirements,
Additional check need not be performed.

4.1.7.1.4  Refer to manufacturer manuals for recommended
instrument maintenance and troubleshooting measures.

7 of 25 Rev, 8, Issued: 08-20-2008
4.1- AG GC-HS Revision 8.doc
Issuing Authority: Quality Manager







Idaho State Police

Forensic Services

Toxicology Discipline Analytical Method

%

4.1.7.2

@Q

\

4.1.7.1.5

Current source and lot number of controls and reference
material must be maintained on spreadsheet forms,

Calibration Curve/Table Requirements

4.1.7.2.1

4.1.7.2.2

4.1.72.3

4.1.7.2.4

A minimum of three ethanol aqueous reference

solutions must be used to establish a calibration curve.

4,1.7.2.1.1  The minimum low calibrator may be
either 0.020, 0.025 or 0.05g/100mL.

4.1.7.2.1.2  The highest calibrator 1%/ be either a
0.40 or 0. SOg/lOOmL @

4.1.7.2.1.3  All sample and coitr 1values must have
a calibrator gr than or equal to their
mean value, Q

Ethanol calibrators @ﬁﬁld ¢ analyzed in order of

increasing conce&@w OQ &

The least squatos llllu\esu@from the analysis of the
ethanol & have a coefficient of

conel
et ﬁ@latm may have more than one

4 1 n the sequence table, on the Update RF
column select "replace" from the pull-

é(b O(\ \/ down for each of the first set of

‘\

4.1.7.2.5

4.1.7.2.6

calibrators. If a second set of calibrators

QQ @ is run, select "average".

Regardless of whether calibration reference materials

are run singularly or in duplicate, if one or more of the

replicates are not usable the remaining data can be used

to establish the response factor provided:

v' There is a minimum of three remaining distinct
points.

v" Regression requirements are met,

A calibration curve/table is valid for 14 days provided
all values for required controls fall within acceptable
ranges and the same preparation of internal standard
solution used for the calibration run is available.
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4.1.7.2.7  Once established, analysts not involved in establishing
the calibration curve/table may use the established
calibration.

4.1.7.2.8  An analysis run may include case samples prepared by
more than one analyst.

4,1.7.3 Per Analysis Run Control Requirements
41,731 Calibration Run
4.1.7.3.1.1 An internal standard blank should follow
the last (highest) ethano ibrator,

4,1.7.3.1.2 A water blank m@té‘e included in each
calibration run

analysig xin 1 t include either a high
or 1 lo trol in duplicate before
ceed %dmonal samples.
0@
4.1.7.3.1.40\\ Fo@é n consisting of more than
Q 20 vials), a minimum of one
00(91 aqueous control must be run

(O\\@ b\ é[ )each additional 10 samples (20
Q s

A\

&

% 3@ A blood or aqueous control containing
Q) N/ ethanol, with or without other volatile
%O substances, meets the "per run"

requirement.

N\
4.1.73.1.3  For wup i@"o\i(} samples (20 vials), an

%) 4,1.7.3.1,6  Each calibration run must include either
OQ an aqueous or blood multicomponent
QK volatile mix.

4.1.7.3.1.7 A commercially obtained quantitative
multicomponent volatile mix may be
used as both an aqueous ethano! control
and a multicomponent mixture.

4.1.7.3.2  Additional Runs with Existing Calibration Table
4,1.73.2.1 The same batch of internal standard used
in the calibration run must be used for
additional runs within the two-week
period.
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4.1.7.3.2.2  An internal standard blank should follow
the analysis of the high blood control.

4.1.7.3.2.3  The analysis run must include both high
and low blood and/or aqueous controls
in duplicate. At least one set of
duplicates must be blood controls,

4.1.7.3.24  When the analysis exceeds 10 samples
(20 vials), a minimum of one blood or
aqueous control must n with each

additional 10 samplzi@ﬂ vials).

4.1.7.3.25 A blood or aqfégbs control containing
ethanol, wlt t without other volatile
Substancesg meets the "per run"
1equn t.

4,1.7.3.2,6 Al 9101({ s controls can be
cludk@ @/%Em etion of the analyst.
4.1,7.4 Uncertainty of Meagty Qlen%\o @

4.1.7.4.1 Due 1ta1 t of measurement associated with
a ve sm ement, the standard deviation of
%ﬁ es and proficiency testing data, must

monitmed Blood control values must

nto [:\ drive uncertainty spreadsheet after
\6(0 &‘.ﬁ &15 run,
@1 7@(\ rtainty value will be two standard deviations as
{\S lculated after each analysis run by uncertainty
spreadsheet.

KOQ 4.1 tai - ~ -
.1.7.4.3  The uncertainty value will be subtracted from the mean
ethanol value for each sample. The current uncertainty
value may be entered into the instrument casefile tab of
the “volatiles” EXCEL spreadsheet prior to each
analysis run. If used, the spreadsheet will calculate the
adjusted ethanol concentration value and will be
reflected on the casefile print-out by the MACRO.

%

4.1.8  PRE-RUN COLLECTION KIT PROCESSING
4,1.8.1 Collection Kit Description and Labeling
418.1.1  Note sample container description on Volatiles
Analysis Coversheet.
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4.1.8.2

4.1.8.1.2

41813

41814

4.1.8.1.5

Case Sample and Collection Container Ev@ﬂ@’on

Inspect inner seals on specimen container and note their
condition on Velatiles Analysis Coversheet.

When the version of the toxicology submittal form
requires it, note condition of seals and initial.

Laboratory number must be placed on each sample
container,

When more than one sample is present, label samples
“A”, “B”, etc., or comparable. Note ainer type(s)
on analysis coversheet. A\

N

4.1.8.2.1

41822

4.1.8.2.3

>

Note sample type (blood,.u@fe/ ot vitreous humor) on
Volatiles Analysis Covel

When the sam 1 r urine, the sample
container (tube&m contents must be
examined @deterq'i e phance with Idaho

Administrat 1103018

IDA@Q! 0{& s ot apply to specimens collected

Esed 1Viduals however, a qualiﬁel

g how the integrity of the sample is

%cted may be added to the report as
1lb®1 section 4.1.12.5.2

adv

2.4.1  IDAPA requires that blood specimens be
collected in a container, which contains
ten (10} milligrams of sodium fluoride
per cubic centimeter of blood plus an
appropriate anticoagulant.

4\1\862%()% @Specnmen Container Evaluation
Qe

4.1.8.2.42  The containers provided in ISP-FS kits
comply with these requirements. It
must, however, not be assumed that an
ISP-FS kit contains the container(s) it
was supplied with.

4,1.8.2.4.3 Non-ISP-containers must be evaluated as
to compliance. Information from the
manufacturer of the container will
indicate sodium fluoride concentration
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4.1.8.2.4.4

as well as the presence of an appropriate
anticoagulant.

Note specimen container compliance on
Volatiles Analysis Coversheet,

4.1.8.2.5  Urine Specimen Container Evaluation

4.1.8.2.5.1

418252

4.1.8.2.53

4.1.8.2.6  Blood Speci

Evall'lcagi é
4.1.8.2.6.6\\ IDQ& &01 requires blood to be

<

Os\\ei)oo Q4) .@\.6/.2
I
Q\OQ 4.1.82.6.3

4.1.8.2.6.4

12 of 25

x<Q
’0 6
Q/ﬂ questionable urine sample, the analyst

‘(\ has the following options.
> <</
O(\

IDAPA requires that urine specimens be
collected in clean, dry containers.

The containers provideQ% ISP-FS kits
comply with these\@lquirements. It
must, however, e assumed that an
ISP-FS kit cor the container it was

supplied Wlt]()

Note %speclmen container on
sA

& ,{Coversheet

grams of alcohol per 100cc

¢ blood. When it is the analyst’s

n that the intended blood sample is
m or otherwise questionable, or with

Option One
The sample is not analyzed. A comment

"Sample/specimen unsuitable for
analysis" is placed on the analysis repott.

Option Two
The sample is analyzed in accordance

with this Analytical Method. A qualifier
is placed on the analysis report, "The
sample does not comply with IDAPA
11.03.01".  This option may only be
used for samples from non-deceased
subjects.

Option Three
The sample is analyzed for ethanol and

other volatiles according to Analytical
Method 4.2, Analysis of Solutions

Rov. 8, Issued: 08-20-2008
4.1- AG GC-HS Revision 8.doc
Issuing Authority: Quality Manager







Idaho State Police Forensic Services Toxicology Discipline Analytical Method

Containing  Ethanol and Common
Volatiles. The report, therefore, will
make no mention of the sample having a
biological origin.

4.1.9 PRE-RUN PIPETTER/DILUTOR SET-UP
4.1.9.1 Switch on power.

4.1.9.2  Display will inquire as to the sizes of installed syringes. Select the
correct size for sample syringe [right] and Leagent sy&e [lefl].

4193  Scroll down to volume option. Select 250;%:}01 sample syringe
[right] and 2000uL for reagent syringe [lefqo

4,1.9.4  Scroll down to speed option. Verify é\ﬁg‘sw inge speed is on desired
setting.

4.1.9.5  Prime the fluid path Coﬁénue @9}11} ntil no bubbles are

observed.
<2° o&

41.10 ANALYSIS PROCEDU (\
4.1.10.1 General N O
4,1.10.1.1 @1 @alibra , controls, internal standard and
sam g& temperature.

4 @@2 ;‘L@Qagspace vials for case samples, calibrators and

O
XY 4.1.10.1.3 ample preparation must take place in a laminar flow
Q p p
Q® hood or biological safety cabinet.
< 4.1.10.1.4 Place blood sample container on rocker for a minimum
p

of two minutes,

4,1.10.1.5 If blood sample appears to be coagulated, the sample
may require homogenization in a tissue grinder, or
equivalent.

4.1.10.1.,6 Lot numbers for calibrators and controls must be
recorded on task sheet, in sequence, and/or solution

preparation log.

4.1.10.2 Headspace Vial Preparation
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4.1.10.2.1  Use Pipetter/Dilutor dispense 250uL of case samples,
controls and calibrator solutions along with 2000uL of
internal standard (ISTD) into labeled headspace vial,

4.1.10.2.2 Use Pipetter/Dilutor to dispense 2000uL of internal
standard (ISTD) into labeled headspace vial.

4.1.10.2.3  Seal headspace vials immediately with crimp caps.

4.1.10.3  Instrument Run Preparation
4.1.10.3.1  Open Sequence Table. It is recom @n‘?ed that each
analyst prepare and use their o Egequeuce This
reduces the possibility of the se@ence being modified
without their knowiedge

4,1.10.3.2 Into Sequence log tabl el the sample case numbers,
ethanol cahbratms \antlles mix, blanks and
controls.

4.1.103.3 Load sam l Q’ah @ k and controls onto the

headspac me\ ca rack as noted in the

seque IQ\Q)

4.1.103.4 T{é'\seq @mtmn should be verified prior to
Cspar tl@e %

4.1.104 Inst tP \
42\ }\gﬁa Eg o instrument METHOD printouts for gas

@to@aph and headspace analyzer analysis

\,AO 0 @1 meters

Q 4.1.104.2 The method must be set up such that all samples

KO (casework, calibrators, and controls) are quantitated to a

Q minimum of three decimal places (0.000).

4.1.10.4.3  Analysis method printouts must be stored centrally
(hardcopy and/or electronically).

4,1.11 ACCEPTANCE CRITERIA
4.1.11.1  Qualitative Accuracy Criteria
The qualitative presence of ethanol, or other volatile substances, can
be established if the relative retention time (RRT) for a specimen is
within +0.10 minutes of the RRT of the reference compound in
question. This criterion should be designated in the instrument's data
station analysis method.
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4,1.11.2  Quantitative Accuracy Criteria

4.1.11.2.1 Ifdesired, a MACRO, on the instrument's computer can
enter the ethano! concentrations for the duplicate case
samples, for each column, on the case sample page of a
spreadsheet. The spreadsheet must be formatted such
that mean ethanol values are calculated using a
minimum of three decimal places, the current
uncertainty value is subtracted, and the adjusted value
is truncated to two decimal places for reporting,

4.1.11.2.2 1If an instrument MACRO is not used @%?)py of the I\
drive "Volatiles Determination Cas Worksheet" {(or
equivalent) can be used. The cadetile TAB is used to
calculate case sample ethanol@é’es The calibrator and
control TABS are used to.cqu;u ate the mean values for
calibrator and control s%

4,1.11,2.3 The quantitative ol refults for a batch of samples
can be accepteé 9 obtained for control

samples fall té@\ get value, Target values
are determi In sections 4.1.14.1.5 and
4.1.14 Q) \)

41113 Column Pleclsu;hv

ri
4.1.11.3. 1 && CRO, on the instrument's computer,

O can ex,g thanol concentrations for the duplicate
each column, in to a spreadsheet. The

N\
0‘\ 0(\0 € mple.

@ 4.1.11.3. ZO the instrument's MACRO is not used, a copy of the
I:\ drive "Volatiles Determination Caseﬁle Worksheet"
OQ (or equivalent) can be used, The casefile TAB can be
< used to calculate the column precision, The calibrator
and control TABS are used to calculate the column

precision for calibrator and control samples.

%

4,1.11.3.3 The values obtained from column 1 and column 2 must
agree within 0.015g/100cc,

4.1.11.3.4 Ifthe precision requirement is not met, the sample must
be reanalyzed. [fupon reanalysis, the column precision
requirement is not met, instrument troubleshooting
practices must be initiated and documented.

4.1.11.4 Quantitative Replicate Precision Criteria
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4.1.11.5

4.1.11.6

4.1.11.4.1

4.1.11.4.2

4,1.11.4.3

4.1.11.4.4

For case samples and when more than one replicate is
performed for calibrator or control samples, calculate
the mean value (columns 1 and 2) for each sample with
a spreadsheet form,

The mean value for replicates must agree as described
in the following table. If the precision requirement is
not met, the sample must be reanalyzed

Results Range (g/100¢c) Precision
fg/100cc)
0.02 - 0.10 -~ 0.010
0.11-0.20 B 0015
0.21 - 0.30 Y9 0.020
0.31-0.50 ,.‘J 0.030
For case samples, hor mz on should be considered
when a lack of 12 @t n is observed.
If upon re-an @sls, @ precision requirement

for contr 'i\ sal not met, instrument
tmubleQ 111 iated and documented.

High Ethanol Y \Q C)

For sample

curveftab
dilutl

€ t@ i h ailbl ator used to establish calibration
cs be reanalyzed with a 0.5 dilution. The
tor*@ (Q/ ted into final calculations,

N

1 le Value
{\S @ & 11.6.1.1 When the value for a single control

Q‘OQ

4.1.11.6.2

falls outside of either the required
concentration or precision range and it
is the only control that does so, the
value may be considered an anomaly.

4.1.11.6.1.2 The analysis run may only be accepted
if the anomaly is in excess of the
requirted number of controls as
described in section 4.1.7.3, Per
Analysis Run Control Requirements.

Two or More Values
4.1.11.6.2.1 When more than one control value
falls outside of the either the required
concentration or precision range, the
casework samples following the non-
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4.1,12

conforming  controls must be
reanalyzed.

4,1.11.6,2.2 The discipline leader should be
consulted when more than one control
falls outside of range to discuss
appropriate options.

REPORTING OF RESULTS
4.1.12.1  General @6
4.1.12.1.1  Samples must be quantitated to a\gihimum of three
decimal places (0.000). \A

%)
4,1.12.1.2 The mean ethanol value J@%ulated as described in
section 4.1.11.2. @

4.1.12.1.3  The current unce; t@? V&l?%ust be subtracted from
the mean ethan&val ecomes the adjusted

ethanol conc%@ntwm\'

4.1.12.1.4 Repmt@@es @%9 @ as "none detected"”.

4,1.12.2 Blood Ethanol
4.1.12.2.1 @ % Ju:tegethanoi concentration, as grams of

etha@ cc of blood, truncated to two decimal
Q‘§\ @)

62& ample and/or sample vial does not comply with

A 11.03.01, an appropriate comment must be

@ Ol oted on the analysis report. Examples of comments
Q are described in section 4.1.12.6.1.

QS? 1.12.3  Urine Fthanol Results

4.1.12.3.1 The adjusted ethanol concentration must be multiplied
by 0.67. Report mean value, as grams of ethanol per 67
mlL of urine, truncated to two decimal places,

4.1.12.3.2 Report values <0.02g/67mL as "none detected".
41,1233 A qualifier statement "Urine results may be of
questionable value” must be included in the analysis

report.8

4,1.12.4  Vitreous Humor Ethanol
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%

4.1.12.5

4.1.12.6

@Q

4.1.12.4.1 Report adjusted ethanol concentration, as grams of
ethanol] per 100cc of vitreous humor, truncated to two
decimal places (0.00).

4,1.12.4.2 No conversion to a blood alcoho! value will be made,

Reporting of Qualitative Volatiles Results

The qualitative presence of other volatiles such as acetone, isopropyl
alcohol, methyl alcohol, toluene and formaldehyde must be noted on
the analysis report following the ethyl alcohol results.

®6
Comments for Analysis Report A\O
As appropriate and/or required, comme outlining actions,
discrepancies and/or qualifiers must be ded on the analysis
report following the results of a11a1y51s ¢ following are examples
of commonly used ones. Addltlonal ments may be added as the

need arises.

4.1.12.6.1 Living Subjects ﬁ%{ﬂ@l tatus
» Collection Iu not Ncomply with IDAPA

11.03.01.
This COIﬁ 01& when blood is collected
since dress the collection tube for

vme@sh @ C)

% an@ @ comply with IDAPA 11.03.01.
hi Q/must be used when the sample is clearly

4\1\12 6&) ed Subjects
O e lack of appropriate preservative in collection

tbe(s) makes this result questionable.

w The lack of appropriate preservative in collection
tubes could adversely affect the reliability of this
result.

These comments can be applied to both blood and
vitreous humor samples not collected in an IDAPA
approved container. The IDAPA requirements only
apply to evidentiary testing for living subjects;
however, the high potential for ethanol production in
non-preserved samples from deceased individuals
makes a qualifier statement necessary.

4.1.12.6.3 General Comments
» Collection kit forwarded for further analysis.
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Specify where the kit will be forwarded.

» Specimen unsuitable for testing.

This comment can be used with questionable samples
as described for living subjects in section 4.1.8.2.6.2
and for severely degraded postmortem samples.

4,1.13 ANALYSIS DOCUMENTATION
4.1.13.1 Volatiles Analysis Forms
4.1.13.1.1 Required QA spreadsheet form is loggafed on the I\
drive under International (O~ Management
System\Toxicology\Toxicology ns\... If desired,
this form may be placed on th%{mment‘s computer,

4.1.13.1.2 The case sample voiatile@}clélysis spreadsheet must be
included in case file w orr spondmg data.

4,1.13.1.3 The case samp %Iaglja gy is spreadsheet must
contain the c@m a 1s neters.
e dsheets for the calibrator and

4.1.13.1.4 The Iq@
cont
re @tlally stored with original control

é%@

dsheets for calibrator and

4.1. 13 ‘&%1 ng for the volatiles analysis form must be
6% thanol values are reported to a minimum of
5\\ C) hy: ec1mal places.

4.1.13 Oudhtv A S@nce Data
4.1.9.2.1 T Acopyof quality assurance data (calibrators and
KOQ controls) need not be included in individual case files.

Q 4.1.9.2.2

A packet containing data for response factor/calibration
curve, controls and reference material will be prepared
for each analysis run and stored centrally in the location
designated for alcohol quality assurance data in the
laboratory where the analysis was performed until
archiving.

4,1.9.2.3  When necessary, a copy of the quality assurance data

can be prepared from the centrally stored documents.

4.1.14 AUTHENTICATION OF REFERENCE MATERIALS
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4.1.14.1  Quantitative and Qualitative Volatile Reference Material
4.1.14.1.1 Reference material used for quantitative purposes must
be traceable to NIST standards.

4.1.14.1.2  All available Certificate of Analysis for reference
material will be stored centrally.

4.1,14.1.3 New lots of aqueous ethanol, aqueous mixed volatiles,
and volatile reagent reference material must be included
in duplicate in a minimum of one analys&'j run prior to

official use. (74
‘\O
4,1.14,1.4 The authentication data and da aluation must be

centrally stored, %

4.1.14.1.5 Aqueous Ethanol Solutidg\so
4.1.14.1.5.1 The C@?ca\t% of Analysis, together
1

wi I@scon on of relative retention
tinge a@g u

itation data, against
@xisti al rs, will serve as the
\\Oqu@ and quantitative
QO @h n@l of ethanol in the solution.
S O
4&\}3@ 152N @ew lot number can be accepted if

mean relative retention time for the
%) O\\QJ

& ew standard is £ 0.10 minutes and the
Q/ mean concentration obtained falls within
6% of the target value (assayed) listed

O$\ (\0 % on the Certificate of Analysis.
@ &?1.14.1.5.3 Evaluation of data must be such that
%) compliance with retention time and
OQ concentration requirements is apparent,

4.1.14.1.6 Aqueous Mixed Volatile Reference Material

4.1.14.1.6.1 The Certificate of Analysis for an
aqueous mixed volatile reference
solution along with a comparison to data
from the previous runs will serve as the
qualitative  authentication of the
components of the reference material
mixture,

4.1.141.6.2 The solution prepared with a new lot
number of volatile chemical reference
material can be accepted if the mean

20 of 25 Rev. 8, Issued: 08-20-2008
4.1- AG GC-HS Revision 8.doc
Issuing Authority: Quality Manager







Idaho State Police Forensic Services Toxicology Discipline Analytical Method

relative  retention time for each
component in the new lot of reference
material is = 0.10 minutes, If ethano! is
present in the mixture, the mean
concentration must fall within 6% of the
target value (assayed) listed on the
Certificate of Analysis.

4.1.14.1.6,3 Evaluation of data must be such that
compliance with retenté'gn time and

concentration requireny S apparent,
4.1.14.1.7  Volatile Reagent Reference Material
4.1.141.7.1  For volatile refésgrice material (acetone,
ethanol, . methanol, isopropanol,

toluene.., @\tlsed to prepare single
constityent ;. mixed standard of
Vo z@es, tl %I'tative authentication is
blisie \g\ the Certificate of
0@)}1(1!)}3{@ mpatison of relative
1et@g6n i

4.1, 1@% \%e e lot number can be accepted if
(b' é ean relative retention time (RRT)
Cb\ the new standard is + 0.10 minutes
om the RRT of existing qualitative
(5(\ Q/ standard components. The neat volatile
reagents are diluted prior to analysis as

$) O described in section 4.1.5.3.2.
O‘\ 0(\ % escribed in section

{\, &1.14.1.7.3 Evaluation of data must be such that
compliance  with  retention  time
KQQ requirements is apparent,

4.1.14.1.7.4  If the volatile of interest is not listed in
section 4.1.5.3.2, the volume added to a
single component or multicomponent
mixture must be optimized for the
particular volatile. Documentation must
be centrally stored.

4.1.14.2 Blood Controls
4.1.14.2.1 The Toxicology Program Discipline Leader or designee

will characterize a new lot of blood controls.

4.1.14.2.1.1 The new lot will be analyzed in each
ISP-FS  laboratory  involved in
alcohol/volatiles analysis.
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4.1.14.2.1.2 Each ISP-FS laboratory will provide
data from the analysis of a minimum of
20 samples. At least two bottles of
control must be sampled.

4.1.14.2.1.3 The manufacturer’s values will be
acknowledged, however, the target value
and range of a blood control lot will be
established through a mean of all

provided determinations@@

O
4.1.142.1.4 The new blood \number can be
accepted if th%@an relative retention
time for th w control is £ 0.10
minutes 0 RT currently established
for eth an the mean concentration
obta fallgwithin the range provided
m s package insert.

4.1.14.2.1 x\ A1 an Lange will be calculated
\Qﬁ\ mean value of the
er 101]8 and used to evaluate

cc@icy on subsequent analyszs The
\ @ range will serve as a warning limit,
‘b \\@

4%9 2% For blood controls that contain other

é(b' volatiles (acetone, methanol,
5\\ Q O isopropanol, toluene) in addition to
@) % ethanol; the qualitative determination of

(\
{\S 0 O@ the components must be established
through the comparison of relative
OQ retention times from the previous run.
Q& The values must agree within + 0.10
minutes.

4.1.14.2.1.7 Blood control Package Inserts will be
stored centrally.

4.1.15 REFERENCES AND RECOMMENDED READING
41151 Statford, D.T., Chromatography. in: Principles of Forensic
Toxicology, edited by Barry Levin, pp. 93-101, 103-114, AACC
Press, 1999,
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4.1.15.3

4.1.15.4

4.1.15.5

4.1.15.6

4.1.15.7

4.1.15.8

4.1.15.9

Levine, B., Alcohol. in: Principles of Forensic Toxicology, edited by
Barry Levin, pp. 170-184, AACC Press, 1999,

Caplan, Y.H., The Determination of Alcohol in Blood and Breath.
in: Forensic Science Handbook, edited by Richard Saferstein, pp.
594-648, Prentice-Hall New Jersey, 1982,

Julien,R.M., Central Nervous System Depressants: Alcohol and the
Inhalants of Abuse. in: Primer of Drug Action, pp. 64-92, Freeman-
New York, 1998,

9

Saker, E.G., Screening and Quantitation by He @%ace Technique
of Some of the Vapors Most Commonly Fodund in Forensic
Toxicology, in: Current Approaches in Forg%@' Toxicology, Chapter
11, SOFT Meeting, 1994,

Perrine, D.M., Depressants: Alcoh@en diazepines, Barbiturates.
in: The Chemlsny of Mmd ng s pp. 113-129, ACS,
Washington, DC, 1996,

Hobbs, W.R., Rall, T\M\\gfhd
Central Nervous §

Goodman and Gil

pp. 361, 386- 39@?1 %a 0
Idaho A 1st1@n ,& IDAPA 11.03.01, Rules Governing
Alcoh st1

J n %@\O %@5111011 and Fate of Ethanol in the Body. in:

@edt a pects of Alcohol, edited by J.C. Garriott, pp. 87 -

001 %A Drugs Acting on the
HOL nd Sedatives;, Ethanol. in:

a@g ological Basis of Therapeutics,

@ 90, Lawy@]udges Publishing Co., Inc., 2003,

<
4(5(?5 10
4.1.15.11

4,1.1512

Caplan, Y.H., Goldberger, B.A., Blood, Urine and Other Fluid and
Tissue Speczmem for Alcohol Anaiyaeb in: Medical-Legal Aspects
of Alcohol, edited by J.C. Garriott, pp. 152-153, Lawyers & Judges
Publishing Co., Inc., 2003,

Anderson, W.H, Collection and Storage of Specimens for Alcohol
Analysis. in: Medical-Legal Aspects of Alcohol, edited by J.C.
Garriott, pp. 241-245, Lawyers & Judges Publishing Co., Inc., 2003.

Christmore, D.S., Kelly, R.C. and Doshier, L.A. Improved Recovery
and Stability of Ethanol in Automated Headspace Analysis, .
Forensic Sci. 29(4): 1038-1044; 1984,
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4.1.15.14

4.1.15.15

4.1.15.16

4.1.15.17

Restek Applications Note #59598, Dual-Column Confirmational GC

Analysis of Blood Alcohols Using the Rtx®-BACI and Rtx®-BAC2
Columns Optimized for the Perkin-Elmer HS-40 Headspace
Autosampler, 1999,

Klaassen, C.D., Nonmetallic Environmental Toxicants. in: Goodman
and Gilman's The Pharmacological Basis of Therapeutics, pp. 1681-
1682, McGraw-Hill, 1996.

Klaassen, C.ID., Inhalants. in: Principles of Forensic Toxicology,
edited by Barry Levin, pp. 341-348, AACC Pless 2

Baselt, R.C., Ethanol. in; Disposition of TOXQ gs and Chemicals
in Man, pp. 411 -414, Biomedical Pubhcatl@, 004.

Dang, J.N., Statistical Analysis of 169\}101 related Driving Trends,
1982 - 2005 NHTSA Technical R %DOT HS 810 942, May

2008. <<O C)Os/é
O
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