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Iniroduction
Ethanol Reference Standards are Crifical fo the Accurote Quantitation of Blood Alcohol in Forensic Analysis

Ehoncl fandords re widely use i forensic and oicology

thcohons fordafermination of blocd clcohol conlr. Resus of Criical Elements
blood acoholeing hove signcont \e?a\ mglegions and ora
frequenly used as &idence 1 cours o faw. The Plood aconol + Proper ceification of the neat material
analysis process must erelote be relable and delensile + Accuracy of mass measuremen!
Acritical mrone‘m cfglood‘c\crohu\ una\ys\ds is o colbrolor used or + Accuracy of dilvent addiion
poniaicn o testfs”Ehonel fcence sendads e v . i " i
Qvalable or s purpose and.are sold in many forms ~ botled and B iy ey

e I e + Analyical verificafion

rlant Coniribulors fo he accuracy and associoted + Troceabilly fo Sl units of measure & raceabilly 1o

incerinty of he blood alcohol resw el | s imparaiive fhat fhe ]
grcetant of e elerence s be wiin e moigins of e

locd alcohal nme ncerimy ond tholthe ceriiec concentation Is - Cerification & Uncertainly
et dmin o e s et

Gopflnt Cerfied Bl Reloence Srerds et manlocrd and cafied 150 Gutle 34 ord SO/ IEC 17025 sondercscnd o e
1651 unis and 1o NIST SEM efhanal siandarcs. The preparation, cerification and unceriainy of these sandards is presenied i his

Ceriification of the Neat Ethanol

Complde & accrolecharacrizaonof h neatshorol i
essenial o accuracy of the sl

Purly Foctor Calculafion
« The pury facior (PF) mass bolance meosurement equalion is used o
caleulate the amount of ethanol required fo achieve an accurate
concenoton o e scluion sndard, aczcuning forboh puty nd
resicucl water content
)1U

*+ Usepreens h copbined uceriny of e puy acr o -95%
confdence an incudes unceriny f bo e purly deleminion
and the residual water anlys's

Cerllication Considerations
* Bl s vidsly cvolatle i figh puiy and i siablefor
many years when siored ppropriaely
~What i the grade of ethanl used?
= ls the ethanol vendor accredie
- Whl re e specicalons of he shanol procred for
use in the sian
~ Fiowis he el cerfed?
Cerillant Proclice
. Emo\ pvocured for standards meets ACS/USP specifications

ChmmPu

Faco

00— (WI%H. o))[

o OA pridescomple kesing fomatn, vender s
oo SR8 Uncertainly of the Purly Faclor

+ The ethanol s fesied for denty, purity and waler conent and + Uncerainty of he neat ethanol purly
hen cated by Caiont's 1SO/[EC 17025 axceied foclor was achieved by evalualing the
fesing lo uncertinty of e analyical fes's used

in he Purty Faclor equarion

Cemhcunnn ensures iaceabily thiough certfication by an

cmsedicdizing 2 + Uncertainiy of chromatographic purity

The neat ethonol s sored in 5 ml ampoulss, flme seoled is bosed on specifcations for

under argon fo protect from moisture absorpiien duing chromatographic purty by tw

siorage iforon mohods 1o by Wit 0.5%

Characierization of neat ethanol

« Determination of pury

- Chromatographic puriy by GC/FID using 2 different
columns

+ Uncertinty of residual woter content i
bosed on repeciabill experiments on
the Karl Fischer Coulometric method
USP<921>).

« Veriicaion of der
- By GC/MS
 Determination of residual water corfent
- Karl Fischer Coulometry <USP921>
- Eihanol is hygroscopic. Residuol water confent mus! be
etermined and included in pury factor calculafions for
use of ethonol in quaniiaive opplicafions
« Assignment of a mass bolance pury facior value for use in
preparation of he solfion siandard

Allinsiuments ore fully qualied ond colibrated
Requlifcation is performed annually and system suiobily is
performed daily

Bolances are qualiied and calbrated.
Allweighings are fraceable fo S| uils

Resulls were combined in o Kiaigen Spreadsheet!) fo defermine uncertainy of the neat ethanol puriy facior

Krogen Spreadshast for Uncerlainty of the Purlly Factor
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Waler ac 4 00E0)
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df 99999 | 99999
Measurement Equation Inputs Value
wikH20 007451 011440] _ 0.07450
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Solution Standard Preparation and Uncertainty

Mass Measurement

Mass Measurement Accuracy / Tracsabilly
Ceilion! requires minimum sample mosses [specifed for each
belorcel ol el uncrlny 1o <0.1% 0 rescrbed by UsP

Moss Uncerointy
I

500 grams 1kg

none
500 1000
o Bigz SN T AT e el
n Jermin

e Vo\evancss and repeatabiliy. expeumems pevFormed [ 0.0017 I 0.0012
« Improper weighing fechnique can increase unceriainly. Proper i 1 00006 I i

wielghing technleis ara il in Semelord epercig provachres e [ 0.0002 [ 0.0003
Gualification and Traceablilty
= Each bolonce has been fuly quolfied in s nsilled scfe, is

calibrated semiannually to manufacturer tolerances an d\
weeuy il ST nocanise weighs.  Colbraon veried pri o
ach use using NIST haceable weigt

Expanded Uncertainty (k-2)
U (orams) 0.0036
[Vt I 0.0007% T

55 meosuremen! uncertainly was deferined from a combination of balance manufacturer speciied tolerances for sensilviy and lineari
‘experiments following spcifiad weighing procedures. Bolonce manufociurer folerances alone ore insuficient. Values are proporiional
measured and are speciic to e balance ulized

and repeaiabilly
et mass bein

0,07 Uncertointy due fo he balances sensiviy folerance
Includes the unceriainy of the balances builin eference weight used for infemal calibrations
Balance manufacturer calibrations incorporate fraceability to NIST S unifs and their associated uncertainty in the sensifvity component

vs7 Uretty s b noneay o he charoir cne

m e balance manufaciurer

Vs kepemubm
Includes effects from readabiliy, drif, safic, ambiert drals, therml drafis, vibration, gross,/net weight, eccentric loading, femperatur siabilly,
elechomagnelic inerlrences/ladic iaquency niererences, weighing procedure, msalaiion, tare corlainer geomety, adsorplion/ absarplion, bolance
Sefings, and operalor fechnidue
Defemine by e of 20 eploie welghings condocied by mlipe operirs o voros e oads ond e weigis on ol bolonces sed o prepare
solion sian

Diluent Addition - Gravimetric vs. Volumetric Methods

D T
Conliant A oo Water Density vs. Temperature

« Torgel sobent mass colculated from target volume by adjusting for
derar ey
+ Acuol soluion moss calcloted back o voume o report 5 5
concenfation as mg, i £ ..
e .
Advantages of Gravimetric Approach z ®e
o (sl e - M s e 2 0
elinincies femperaire dependence o flask accuracy and alows il 8 i)
Soltons 1o ba conssenty prepared o he sams chasen reerance .
empercie:

Eiminores the subjectivty of visual il ne i volumetic acdion
55 measuremn's provide faceabily o S1 unis of measure

Weigh tapes provida an cudi i

Alows aceurcta formation of boich volumes well beyond the

copacty of Class flasks

Uncertolnty of Diluent Addition

- Unceraity relted fo duent addiion arses from unceroiny in he
ensiy volue used for th solfon.

Temperature (C)

Thermal expansion will affect volumetric accuracy of calibrated flasks

0.21% diffrence inconcanfoton o aqueous slutions when
ved vomerically o 15° 5. 25°C

- Based on insument foerances for densil mecsurement Type ]
trument y  Tyee 8] oL

Ue = T3 =0000577 g/nl

Dispensing Process
deniification and Conirol of Crifcal Paramelers Process Conrols Ensure Consistency of Fill Volume & Lot Homogeneily
+ Celliont thanel solfion siandards ore dispensed info non-silanized
mber ampoules using a Cozzoli dispensing/sedling sysiem
+ Ampoules are purged wilh argon prior o flame sealing
+ Sealing effectivly is verfied daily and weskly using dye fess.
The study identified potential for dilution/lower fill volumes in the early  New tubing is used for each product fo eliminate risk of contamination.
ampoules and potential for evaporation induced concenlration in late + 316 soinless seel syringes are cleaned before and ffer each dispensing
ampovles. using a validated cleaning process.
* Diion s sfminced and cerisencyof volume ensrd by puging he + v ro purge vihproduct pie o ampeingfo dliminle o
fines wih product pror o fling volumes and ensure consisfency o fill vol
+ Evaporative losses are controlled thiough profection of the bulk + Fling s verifod grovieticly ving o e ——
container during dispensing and thiough speed of he dispersing bolonces cllbote sem-annuolly ond verfed beoreuse fo NST
rocess. oo
o < Congsttonend homogeneily are veriied analyically using a siriiied
random sampling plan developed from an anlys's of crical poinis i the
filng/sealing process.

The Dwspervsmg Process was Ano\yzed
1 s case, vetyompoue, o e begining o he end of & n, was
e T e s

Process speed: Typical Cozzoli speed is fast, 50 containers per minute 1L
in 17 minvles], minimizing degradation and potenfial for evaporaiive losses.
Evoportve lossesweroftherevluled nevoporfiv il whor e
s of schven! fiom open confainers was measured gravimetically.
- aporative loss of solvent during ampouling on the Cazzoli
d\spsnsev/seu\er “wos modeled nd determined f b <0,006% over 4 hs,
Nt o signiicant contibutor o salution siandard unceriarly

The dispensing process s sufciently confolled os o not be a significant conribulor
Io uncertainly calculations and i, therefore, excl

Celliant Ethanol Solution Standord Stobility

aom Y Concsrizadon insremes v Tine Cozeok drnsec) + The ampouled ethanol solution standards are auloclaved fo control
—rmek stk —sLmesk microbial gror

+ Expiraion is established hrough reakiime siobiliy suies.

+ Soluion purfy and concentraion are revevaluaied af mullple nfervals.
Stabily s esiobiished as long as purily and concenlrafion confinve fo
meel original release crieria

+ Five Years of shelffe has been established.

+ Stabilil is not @ significon! conlribuiorfo unceriainy and is, herefore,
excluded

g

Assessment and Reporting of U inty of the Certified C: i

Solution Standard Cerification & Unceriainfy

Cerillant evoluated every step involved in the preparation of its Cerified Ethanol
Soluon Standards and determined that the primary contribuiing facters impaciing
uncerlainly were: uncertainty of the Purity Factor; Mass Measurement uncerlainty
and Dilsent Addilion uncertainty.

* The gnineticaly prapord concentaon s he < Vole® and
ebofd on e clicleof o i sced inceriy o
Veriicatonofthe sclufon sndard concentalion s perfomed pest
mpouling demonsiaiing accuracy and ampoule fo ampoule

B i e T Consitendy Botch hamogenei
- aldjed Hoadkpac G/ mehod wih known incerciny
is user

— Concenration verfied against NIST SRM and Cerlliant Control

- Contol s repared from o dfret ot o sthanoland ualfed
against N

- Sgloton purty s verified 1o domorstc no coniamintin or
degradation has occurred duing preparation

~ Samples are pulled from across the batch o demonsiiate
Romogenaily. The ZRSD o resuls s reporied on the COA
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The Kiaglen Spreadsheet shows the calculation of uncertainly and confribuions of each uncertainty component

Kragfen Spreadsheet — Unceriainty of the Ceriified Concentration
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Analytical Verification & Method Validation
A Validated Analytical Method is used to Verify Solution Accuracy et Voldoton - Accocy
Concenfration and Ampoule fo Ampoule Consisiency . _—
ool B pvr—
+ Soluion standard concentration is verfied analyiically by Goeitmnciin b et
comparison fo an appropriale NIST SEM. Cenclon el = —
« A calibration control is used in the analysis. Control is made from covering the specified 00 ooz | 10w 09008,
a different ot of neat ethanol which has been cerified. Controlis range. s T T e
qualiied fo NIST SEM. o Bedhesn -
repored mmphmyeuna 00 | sooes | o7 | e
. Hnmﬂgenewyucrﬂss the lot is verified by testing somples pulled gmjy od o %00 Toooess | 0w 020825
from across he lot. A siaiiied tandom sampling plon is ulized - —
‘and includes somples of the fistand last fen ampovles plus one - D represen! he o0 [ oo | 1on | ozrse
per every 400 ampovles dispenss ropodsciiy of e w00 | socome | oo | osssnt
el = :
+ Concenrafion and homogenety are verllied using o volidated D[ 57 ([ [ exs
Feackpacs GC/FID mehoel S0 [ e | 10w | owem
w00 | womiee [ oves | reais
Veldolonensreshe anchicl mlod s occak, s,
repeaiable and refiable
‘Accuracy demonsitales consislency and reproducil
iy Validation Summary
+ lineariy of e method was defermined by plofing measured signals
[peck area) as a funcion of analyle concentraion mg/ml) aeross * Tyevoldoted GC/HS mhod con odequoily doect ond quantioe
the range ethond! concentaions ranging from 5 1o 600 g/ dL.
o Tl i N + The method is obust 1o light modificarions in femperature romp,
{:: Lffie ;‘;’ho ojly‘mzjfmgfd by calculating a regressier fiecion ime, and vl ncbbain e, ot s sesive 1o e
« The method is linear from 5 to 600 mg/dL Ethanal in Water, . Wge‘n all a&a D %‘Swed from fvecmon we’rqm’edwo'e precision
nd e i
et Voo reaty e L e
o Forge (5100 mo/d I Figh Ronge (100600 na/al insiument and sample preparalion variabiliy.
o Eacton |y 09848044577 | tossEqoion ‘,:masés. e
D R )
Linearily ensures the analylical method is eliable for quoniiafion
across @ range of concenrations
Uncerlainty of the Analytical Verification
Unceraimy assessment ror vericarion nciudes unceriainly —
related fo fhe analyiicol method and insiument response [—— e | e [ P I
‘ond uncertinly reporied on the volue assigned fo fhe NIST  [smuzms oo | oo | oo [w s e |
E o | oumes | oomes T ]
Measurement equation for uncertainty of orea L response At Cun
analytcal conceniraiion verfication Sondaruncatany o ST ST o | oo s
= A8 2 Cusr o o s
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Foctors Impacting Unwnulmy of the Analytical Verificotion
+ Uncerlainly s specic lo the analylca] lechnique (GC/FID,
e e e o | wprantsn | sy
ihe speciic laboratory mel I e
* GG Headspoce meiodscan yory i precson depending e T [ s
on the spedifc insiument (vendor] and porameers vsed: = AT — ]|
+ Voriabies inclodes sample preparation, g, et con. o
iimenesonse, il porameies {fcubalr fine, Ao wsoas s aan zosouon [ e+ owon |
split ratio, efc. Crusr 19.47098 19.47098 19.56080
+ Unceroy of h colbrotr concenrlon mist iso be oot (gt FETy e Yy
included 029024 011603
o lienmp, onphical uncetainy apole o cach cue
poin analyzed an < foctred inl delermination of oasen| o] oo
R e ooy o T
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Traceability is Provided from Beginning to End

Iﬂf?ff“ﬁ,fp the propery ;:1‘:gmsre:’:girgteen:’;e‘::zswheveby il can be reloed fo sicled references usually through nafional o inferational siandards fhrough an unbroken
+ Preparation ond cerification by IO Guide 34 and ISO/IEC 17025 accredied company.

+ Neaf maleriol cerfication by ISO/IEC 17025 accrediied fesing lab.

The purity of the neal merial s included in the uncertainty of fhe siandard preparaiion.

Balances insialled, qualfied and calibroted semiannualy by 1SO/IEC 17025 accredited tesiing lob uilzing NIST raceable weighis

Weekly and preuse calibration verfications performed using NIST racsable weights ~ preuse verfication weigh tapes incuded in soluion standard baich record

+ Gravimetic preparalion for analyte and diluent ~ weigh lapes included n solution siandard baich record ~ traceabily to Sl unis of measure.

Balance fol for the process and included in uncerlainty calculation

Fill volume s gravimetrically verified during the dispensing process.

Analyical veriication of concentration and homogeneily by ISO/IEC 17025 aceredted fesiing lab uifizing validaied methods,
The concenrafion i reperied with uncrointy in accordance with ISO/IEC 17025 and ISO Guide 34.

The unceriainy value s reperied wih a coverage facior, k=2, represenfing an approximaiely 95% corfidence for fhe sialed conceniraion

The neat material raceability and fest data are provided on the COA.

Conclusions

The accuracy and raceabilty of calibrators used in the determination of blood alcohl conient i clfcal 1o the outcome and defensibilly of the analysis
An undersianding of vendor preparafion and cerification praciices as well o faciors included in the determination of uncerlainy are necessary fo ensure
compliance with regulotory reqirements and fo supporing analytcol resus in cours of law.

Ceriliant Cerified Ethanol Reference Standards are sutable for use in forensic invslgalions, Cerlon sandordsare manufactured and certfied to the highest
iny slongu!ds o ensure accuracy and precision including ISO Guide 34 and ISO/IEC 17025 requirements and are fraceable fo S| unils and fo NIST SR
ethanal standards.



