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* Idaho State Police Forensic Services Toxicology Discipline Analytical Method

Section Four

Analysis of Alcohols and Common Volatile Solvents

4.2

Analysis of Solutions Containing Ethanol and Common Volatiles

4.2.1

4.2.2

4.2.3

BACKGROUND

The need to establish the ethyl alcohol concentration and/or the presence of other
commonly encountered volatiles in a beverage or solution m rise from ABC
violations (Idaho Code 23-611, 23-1002, 23-1303, ...), under-a nsumption (Idaho
Code 23-603, 23-604), open-container violations (Idaho e 23-505, 23-1333),
poisonings and/or an endless variety of situations including questionable samples
submitted as blood or other physiological fluid, In additionyethyl alcohol concentration
must be verified in simulator solutions used for bl%%? testing instruments (IDAPA

11.03.01). Q
O\e OQK
SCOPE < O é&

This method describes the analysis OK}EIUQﬁOHQ id
ethyl alcohol and unknown solutipnvia Q%ds
o1

method. Unknown solutions m
methanol, isopropanol and ¢

ntain a specified amount of
sampling gas chromatographic
other volatiles such as acetone,

e, e qualitatively identified with this
method. These solution es b uded as part of a toxicology alcohol
determination run utilizd'il An 'czgﬂe 1od 4.1 provided that quality assurance
requirements are n gddition, N "this method is applied specifically for the
qualitative identi%@@n 0 (&éti@?(her than ethanol, ethanol calibrators and controls

int un.

need not be inck{ na

O XX %
EQUIP@\J OQ)

4.2.3dQ Agilent 7890A Gas Chromatograph (GC) configured with a Flame
Q\

ich

lonization Detector (FID) (Figure 2),

Figure 2, Gas Chromatograph
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* Idaho State Police Forensic Services Toxicology Discipline Analytical Method

4.2.4

4.2.5

4.2.3.2  Agilent G1888 Headspace Sampler (Figure 3).

o

4233 Columns

4.2.3.3.1 Restek Rix®-BACI (#@ %) meter X 0.32mm inner
diameter (ID), 1.8 yNTlm Q ness (FT) or equivalent

column) g)
4,233.2  Restek Rix -BA@ @tel X 0.32mm ID, 1.2 um
FT or equival @

4.23.4  Headspace (HS) vials a

4.2.3.,5  Hand Crimper or B é«n

4.2.3.6 Seml-Automatlc % f@pped with sample and reagent syringes
capable of dlsp% 00pL, respectively,

'\
REAGENTS E}(b Q(\ &

When availableXa Cer fgé&) a!y,s is should be obtained and centrally stored.
4.2.4.1 s%@led){%mn ater (free from volatiles of interest)
4,242 @\ umonium Salfafe (Certified ACS Grade)
R
%ERENCE MATERIAL

Record the preparation of all solutions on reagent log.
4.2.5.1  Ethanol Aqueous Reference Material
42.5.1.1  Aqueous ethanol reference material used to establish the
calibration curve/table or to prepare ethanol aqueous controls
can be obtained through Cerilliant, EM Science, NIST or other
appropriate vendor.,

42512  Whenever possible, the source (vendor or lot number) of
reference material used for a particular calibrator must be
different from that used to prepare a particular aqueous control
sample. For instance, if a 0.08g/100mL control is prepared
from a particular lot of Cerilliant solution, either a different lot

2of 12 Rev. 5
Issued: (9-07-2009

AM 4.2-GC-HS -Revigion 5.doc

Issuing Awgthority: Quality Manager



' Idaho State Police Forensic Services Toxicology Discipline Analytical Method

number from Cerilliant or another vendor should be used to
prepare a 0.08g/100ml. calibrator.

42,52  Multicomponent Volatile Aqueous Solutions
Multicomponent solutions may be purchased or prepared as indicated
below.
4.2.5.2.1  Commercially Obtained Multicomponent Solution
4.2.52.1.1 Solution may include acetone, ethanol,
methanol and isopropanol reference materials
and/or commonly abused volatiles,

9
42.52.1.2  When the solution «@%ains quantitative
amounts of volatiles r than ethanol, this

method utiiizes/an@s them qualitatively,

425213 When the n@&‘!omponent solution contains

quantltau Qamogsnts of ethanol, i may

snnultm& e as an aqueous ethanol
contr t} ven temperature program

pm@d lme separation of all

o\p« @

4.2.52.2 1x efel ence Solution
1§a al to prepare mixed volatile solution

%9 % approximately 200mL of DI water to a

(\ N/ 250mL volumetric flask. Add one or more of
@) O the following volatiles, as needed for the
Q)% qualitative identification of volatiles:

{\ O Compound Yolume

1% Acetaldehyde =100uL

OQ Acetone =100uL
QK Ethanol =100pL
Ethyl Acetate =100uL

Methanol 2500uL

Isopropanol =500l

Toluene =50uL

Q8 to 250-mL. Record preparation on reagent
log. Solution is stable indefinitely when stored
under refrigeration.

4.2.5.3.22  Additional volatiles of interest may be used
singularly or added to the mixed volatile
solution.
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' Idaho State Police Forensic Services Toxicology Discipline Analytical Method

4.2.6

4.2.7

425323 The GC oven temperature conditions must
provide for baseline separation for all
components placed in the mixture.

4.2.5.3  Internal Standard Solution

0.03g/dL 1-propanol in 1,0M Ammonium Sulfate

4.2.53.1  Add approximately 800mL of DI water to a 1L volumetric
flask. Add 132.14g (NH4);SO4 and mix to dissolve. Add
375ulL 1-propanol. QS to 1L with distilled waéer.

42532  Solution is stable for 1 month w@? stored at toom
temperature. Other volumes of in@al standard may be
prepared as needed. %Q

SAFETY CONCERNS
Samples must be processed and chemicals han%&&cc g to safety guidelines in the
Idaho State Police Forensic Services Healfh é'ﬁ«d'

QUALITY ASSURANCE QQQ/

4271 General

4.2.7.1.1 Whlle amples for volatiles testing are fo be
nd 1g@10n
42712 e the Pipetter/Dilutor must be checked for
é 1eclslon Refer to toxicology Analytical Method
; te intermediate check and calibration requirements
@ 7.1.3 el to toxicology Analytical Method 5.2 for balance
0 intermediate check and calibration requirements.
<
Q Note: Balances properly monitored by drug discipline analysts

Julfill quality assurance requirements. Additional check need
not be performed.

4.2.7.1.4 Refer to manufacturer manuals for as-needed instrument
maintenance and troubleshooting measures,

4,2.7.1.5 Current source and lot number of controls and reference
material must be documented.

4.2.7.1.6  If ethanol is not the analyte in question, a calibration curve for
ethanol need not be established.
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" Idaho State Police Forensic Services Toxicology Disciplite Analytical Method

427177  If samples prepared by this method are analyzed on the HSA-
GC-FID along with samples prepared by Analytical Method
4.1, duplication of required controls is not necessary.

427.1.8  Refer to Analytical Method 5.13 for quantitative ethanol
reporting confidence interval/uncertainty.

42719 Refer fo Analytical Method 5.14 for authentication
requitements for volatiles reference material and matrix
controls, &

@
4.2.7.1.10  Each analysis run must contain an mt@ standard blank.

4,2.7.2 Calibration Curve/Table Requirements: Ethano%uantltatlon
42721 A minimum of three ethanol eous reference solutions must

be used to establish a cah n urve,
4.2.72.1.1 The mi calibrator is to be in the

nole 0%0 0,05g/100mL,

4.2.7.2.1.2 ‘{gé hi é&t01 must be a 0.30g/100mL
031 gé&
<Q
4.2.7. ?S@? @bl@)@ table may be established in a

epg sequence just prior to sequence
& aining case samples.

42,72 6@ @;ﬁ\) lgétms should be analyzed in order of increasing

s{:\% 7.2.3 ’@ast squares line resulting from the analysis of the ethanol
rators must have a coefficient of correlation of =0.998.

QKO 4.277.2.4  Each ethanol calibrator may have more than one replicate.
4,2.7.2.4.1 In the sequence table, on the Update RF
column select "replace" from the pull-down for
each of the first set of calibrators. If a second
set of calibrators is run, select "average".

42,725 If data from a calibrator is not usable, the remaining data can
be used to establish the response factor provided
specifications listed in 4,2.7.2.1 and 4.2.7.2.3 are met.

42.72.6 A calibration curve/table is valid for 14 days, provided:
v" Values for required controls fall within acceptable ranges.
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" Idaho State Police Forensic Services Toxicology Discipline Analytical Method

v" The same preparation of internal standard solution used
for the calibration run is used.

42,727  Once established, analysts not involved in establishing the
calibration curve/table may use the established calibration.

4,2,7.2.8  An analysis run may include case samples prepared by more
than one analyst,

42.772.9  An internal standard blank should follow the last (highest)
ethanol calibrator. %

O
4.2.7.3  Per Analysis Run Control Requirements: Ethanol \titation
4.2.7.3.1 Initial Run with Calibration Gui¥e
For a run with a newly established calibration curve, an
ethanol containing contlo\,?@duplicate must be included
with the first ten sampl als) before proceeding with
the run. &

4,2.7.3.2 Additional Rm v1th t /\bl -ation Curve

For analyms% g a stmg calibration curve, a low
and higl nol ai control, in duplicate, must be
mclude fir samples before proceeding with

addl % les. O

4273.3 nalysns Runs
04 2 F01 analysis run consisting of more than 10

case samples (20 vials), a minimum of one

\ ethanol-containing control must be run with
LN
@) 0(\ % each additional 10 samples.
& T
@K 27332 Each analysis run must include either an
OQ aqueous or blood multicomponent volatile
QK mix.

4.2.7.3.3.3 A commercially obtained quantitative

multicomponent volatile mix may serve as
both an aqueous ethanol control and a
mlticomponent mixture,

4.2.7.4  Per Analysis Run Control Requirements; Qualitative Analysis Only
42.74.1 A muiticomponent mixture of previously characterized
volatiles of interest must be included in each analysis run,

4.2.7.4.2  In addition, single-component controls can be analyzed as
desired.
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" Idalo State Police Forensic Services Toxicology Discipline Analytical Method

42,8  PRE-RUN SAMPLE PREPARATION
4.2.8.1 Inspect and document the condition of outer seals.

4.2.8.2 Remove sample container(s) fiom packaging, inspect and document the
condition of container seal and label container with laboratory number.

4.2.83  Dilute alcoholic beverages and unknown solutions as necessary. The
sample must be diluted for the value to fall on calibration curve, Generally,
beer and wine should be diluted 50:1 with DI water and distilled beverages
(= 16% w/v or 20% v/v) diluted 100:1. If available, the dilution of unknown

solutions should be based on sample history. ®6
WO
4.2.8.4  Breath testing simulator solutions and samples, w@h appear to be serum,
do not require pre-dilution. %Q
: O
42,9 ANALYSIS PROCEDURE (\
4.2.9.1 Genetal @

420911 Bring calibrators, c@%lscl)ﬁbgna&standmd and samples to
room temper atu1 e@

42.91.2 Place sau@@:ontg& @ckel for a minimum of two
mmutes
42913 @@ @/dl@l for use.

42.9.1. 4 sSQQa 'Sss must be analyzed in duplicate. Calibrators

6 Qﬁe dupllcate Refer to sections 4.2,7.3 and 4.2,7.4

Control replicate requirements.

42,92 &adsna&w&nmatlon

®\4 2921 Us Pipetter/Dilutor to dispense 250pl of case samples,
'e) controls and calibrator solutions along with 2000ul, of internal
< standard (ISTD) into labeled headspace vial and apply seal.

%

4.2.92.2  For internal standard blank, use Pipetter/Dilutor to dispense
250pL of DI water along with 2000ul, of internal standard
(ISTD) into labeled headspace vial and seal.

4.2.93 Instrument Run Preparation
4.2.9.3.1 Open Sequence Table. It is recommended that each analyst
create, not share, a Sequence. This reduces the possibility of
the Sequence being modified without their knowledge.

Tofl12 Rev. 5
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Idaho State Police Forensic Services Toxicology Discipline Analytical Method

4.2.10

4.2,93.2 Into Sequence log table, enter the sample case numbers and
information for appropriate QA samples (ethanol calibrators,
other volatiles/mix, blanks and controls).

42933 Load samples, calibrators, blank and controls onto the
headspace sampler carousel rack as noted in the sequence table.

4.2.93.4  The sequence information should be verified prior to starting
the instrument.

4.2.94  Instrument Parameters
4.2.94.1 Refer to current instrument method for gaséhomatograph and
headspace analyzer analysis parameters:\o

42942  Analysis method must be stme% 1ally {hardcopy and/or
electronically) each time the m is updated.

Q)(\

ACCEPTANCE CRITERIA

4.2.10.1  All sample and control values m@@wvb@?bvﬁ{m greater than or equal to
their mean value. Q/

© used to establish calibration
d with a 0.5 dilution. The dilution

42,102 For samples above tl‘QQ\gh @th

curve/table, the samp

factor is incor pma fﬁg\
4.2.10.3 When a cont YQ \ﬁ\& 1de of either the required concentration or
e

plemsmn ework samples following the non-conforming

contlol ust&{\ea
%’a i OCr;ter}a

e quali t1 esence of ethanol, or other volatile substances, can be
\estabhshed if ‘the relative retention time (RRT) for a specimen is within

OQ 10.10 minutes of the RRT of the reference compound in question. This

Q& criterion should be designated in the instrument's data station analysis
method.

4.2,10.5 Quantitative Accuracy Criteria
The quantitative ethanol results for a batch of samples can be accepted if the
values obtained for control samples fall within £10% of target value. Target
values are determined as described in Analytical Method 5,14,

4.2.10.6  Column Precision Criteria
4.2.10.6.1 The ethanol values obtained from column 1 and 2 must agree
within 0,0150g/100cc,
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4.2.10.6.2 If the precision requirement is not met, the sample must be
reanalyzed.  If, upon reanalysis, the column precision
requirement is not met, instrument troubleshooting practices
must be initiated and documented.

4.2.10.7 Quantitative Replicate Precision Criteria
4.2,10.7.1 The mean value for replicate analysis must agree as described
in the following table. If the precision requirement is not met,
the sample must be reanalyzed.

Results Range Precision
(g/100cc) . (@d00ce)
0.0200 - 0.1099 ~AN0.0100
0.1100 - 0.2099 ~le; 00150
0.2100 - 0.3099 - 0.0200
0.3100 - 0.5000 [~ 0.0300

v

4,2.10.7.2 If the precision 1equneﬂght 1@t met, the sample must be

reanalyzed. If Cz@ the column precision
requirement is n% 1 oting practices must be

initiated and ent@
Qo@ @

42,11 REPORTING OF RESULT \ \0 O
4.2.11.1  General E} ?
The three decmg:ﬁ pla&s mean ethanol value, as determined by this
method, $ g with the £ 95% confidence interval range in

the for E@ cien Variation (CV%). The determination of the
con em@@

Iressed in Analytical Method 5.13.
42.11.2 .%eath T\}nr&umns
1

ovide results’ to the Breath Testing Program Discipline Leader for
evaluation. '

=
42.11.3  Alcohol Beverages
42.11.3.1  To obtain the ethanol concentration value, the adjusted ethanol
concentration results are multiplied by the dilution factor. This
will provide the ethanol concentration in g/100cc (weight per
volume (w/v) percent).

4.2.11.3.2  For volume per volume (v/v) value, divide w/v value by 0.79.

4.2,11.3.3  Value must be reported as both w/v and v/v percent. The mean
value must be truncated to three decimal places and reported as
a whole number CV%,
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4.2.12

4.2.13

4.2,14

4.2.11.4  Unknown Liquids and "Serum" - Ethanol
42.11.4.1 Report ethanol concentration in g/100cc and/or weight per

volume {w/v) percent, depending on the sample history.

42,1142 When dilution is necessary, the mean results of analysis must
be multiplied by the dilution facior,

4.2.11.4.3  When reporting as g/100cc, report mean ethanol concentration,
truncated to three decimal places (0.000), as grams of ethanol
per 100cc of liquid +CV%.

4.2.11.5 Reporting of Qualitative Volatiles Results
The qualitative presence of other volatiles s t&&as acetone, isopropyl
alcohol, methyl alcohol, toluene and formal must be noted on the
analysis report following the ethyl alcohol leél).l

Q(\
ANALYSIS DOCUMENTATION \ Qﬁ
4.2.12,1  Volatiles Analysis Forms {(
4.1.13.1.1 Required spleadslwt fog&@n

cated under

FAInternationa nagefient mivToxicologviToxicology
Forms QO Q 0
FP
4.2.12.2  Quality Assurance Dgé \

42,1221 A of ht ?sulance data (calibrators and controls)

63 no ,@e in individual case files.
4.2, 12%@ c&( ntaining spreadsheets and data for response
a

tion curve, controls and reference material will be

0 for each analysis run and stored centrally in the

\% n designated for alcohol quality assurance data in the
N laboratory where the analysis was performed until archiving.

QKO 4.2.12.2.3 When necessary, a copy of the quality assurance data can be
prepared from the centrally stored documents,

AUTHENTICATION OF REFERENCE MATERIALS AND CONTROLS
Refer to Analytical Method 5.14.

REFERENCES
4.2.14.1 Stafford, D.T., Chromatography. in: Principles of Forensic Toxicology,
edited by Barry Levine, pp. 91-98, 100-108, 114-118, AACC Press, 2006.
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4.2.14.2

4.2.14.3

4.2.14.4

4.2.14.5

4.2.14.6.

4.2.14.7
4.2.14.8
4.2.14.9

4,2,

QK

Levine, B. and Caplan, Y.H., Alcohol. in: Principles of Forensic
Toxicology, edited by Barry Levine, pp. 169-184, AACC Press, 2006.

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 Jetsey, 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,

Saker, E.G., Screening and Quantitation by Hea{(ﬁace Technigque of
Some of the Vapors Most Commonly Found in Fbdfensic Toxicology, in;

Current Approaches in Forensic Toxzcology ptel 11, SOFT Meeting,
1994.

Perrine, D.M., Depressants: Alcoho enz dlazepmes Barbiturates, in:
The Chemlstly of Mlnd-AItelmg @ 13-129, ACS, Washington,
DC, 1996,

Hobbs, W.R., Rall, T.W, é\@% er: é}n, , Drugs Acting on the Central
Nervous System - Q} ics Se es; Ethanol, in: Goodman and
Gilman's The Phart B@ f Therapeutics, pp. 361, 386-393,
McGraw-Hill, 19&
Idaho Ad1 at1 \% ,&}%PA 11.03.01, Rules Governing Alcohol
Testing. \

Q 5\ &

Cl Qmeq%

, R.C. and Doshier, L.A. Improved Recovery and

% @ @1 in Automated Headspace Analysis, J. Forensic Sci,
\ 9(4): 1

; 1984,

Restek Applications Note #59598, Dual-Column Confirmational GC

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

Section Four
Analysis of Alcohol and Common Volatile Solvents pa)

4.2 Quantitative Analysis of Ethanol Containing Solutions
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©
0\0
Revision # Issue Date Rev S

S
] 01-03-2003  Original issue in S@ tm{)@é

2 05-03-2004  Clarificatio mc 1a selum and other
tox1col ns, added volatiles other
that 101
é%lltlo ed when SOP 4.1 was validated

@L thelefme no validation necessary.

3 05- 07@07 Qﬁpda@ A measures, nomenclature and formatting,
SRS
4 -20-2008 = Updated for new instrumentation. Deviation in place
KO prior to this date. Authentication process referenced to
Q Analytical Method 4.1. Added uncertainty language.
5 09-07-2009  Uncertainty approach updated and referenced to AM

5.13. Clarified QA requirements. Clarified that no
ethanol calibration table/curve is necessary when
performing qualitative analysis for other volatiles.
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