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Measurement of Uncertainty Assocmted With Breath Alcohol Measurement by the
BAC Datamaster : ‘

cage. Determinatlon of the measurement uncertainty of alcabo! results obtained with the BAC

Datamn'ster in Muchigun

An uncertainty budget was caleulated by the Michigan State Police Alcohol Enfarcement Unit for alcohol
measurements taken on the BAC Datarmaster according to princlples enumerated in the Guide to
Uncertal’nty of Measurement (GUM). The measurement includes thase companents which have been
identifled as contributing to the overall varlabllltv of the result: standard reference materials, squipment
capablilties and repeatahllity of standard measurements. '

Definitions
Unéertainties inherent in a method are grauped Inta two categories; those which may be evaluated by
statistical methods {generally referred to as Type A uncertainties} and thOse evaluated by ather

methods (referred to as Type B uncertainties).

Type A uncertainties: Components characterized by the estimated variances or standard deviations,
oftan obtalned by repeated measurernents or historical data.

Type 8 uncertainties: Components characterized by enumerated uncertalnties, which are treated as

_varignees or standard devlations in a manner consistent with Type A: often obtained from

manufacturer s speciflcatfons
Cambined standard uncertainty is the square oot of the sum total of Type A and Type B uncertainties
Expénded uncertalnties are multiplied by a coverage factor {k) to obtain an overall combined expanded

uncertainty. A k of 2 covers two standard deviation intervals, and refers to 95.45% canfidence Jevel
(95.45% of all measurements with a normal distribution expecied ta lie In this range). A k of 3 covers

~ three standard deviation intervals and refers to 98.73% confidence level (99.73% of all measurements

wlth a normal distributlon expected to lie In this range).
Measurand: expressed as ¥, the thing that is measured (here, the alcohol concentratian from a vapor
sample Introduced to the BAC Datamaster breath alcohol analyzer from a reference standard or &
human subject).
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Procedure

1. Express mathematically the relationship’ hetween the measurand Y (alcohal concentration) and

 sources of uncertainty (u) on which ¥ depends.

2. Determine u;, the estimated value uf u, either on the basis of statistical analysis of @ series of
_ohservations, or by othér means.

3. Evaluate the standard uncertainty of each input e

4, Determlne the combined standard uncertalnty of Y from the standard uncertainties in 3, Combined
standard uncertainty is taken as the square raot of the sums of each input u,

5. Calculate an expanded uncertalnty by multlpllcation of the combined standard uncertainty by a
_caverage factor k.
Report-as Y with expanded uncertalntv according to format ¥ ¢ v ot the 95.45% or 99.73%
confidence level, Uncertatrity should -be expressed to two significant digits. Use of more than two
digits should be Justified

So jrces of Va arAlcoho! Méasurémeh't Uncértat'nt

Type A uncertainties include repeated measurements of standard reference materlals and are assumed
to have a normal distribution. .

Type B uncertalntles include the concentration of the certified reference materil {calibration solution),
obtained from the manufacturer's certificate of analysis. The distribution Is not known, hut the
assumption of a rectangular distribution accounts for a potentlally larger varlance than daes assumption
of a normal distribution.

The' uncertainty component assoclated. with the simulator device Hself is accounted for in the
uncértalnty assaciated with repeated measuremnents of the standard reference materials. The
manufacturer {Guth Laboratorles)'s specifications state that the simulator'is accurate to within 0.05 °C,
The certificate of analy5|s of the standard reference solutian prowdes the variability over the range of
0.2 °C; therefore, variability inherent in the partition coefficient associated with simulator temperature
is accounted for in the repeated measurement of the reference standard and is not dcuble-countecl as

) specmed in GUM 4.3.10.

 All factars which contribute ta variability in the measurernent must be taken into accaunt.
'However, factors should not be “double-counted”:

if a component of unéertalnty arising from o porticular, effect is obtained from a Type B
evaiuation, it should be included as' an Independent component of uncertainty in the calculation of the
combined standard uncertalnty of the measurement result only to the extent that the effect does not
contribute to the ahserved variability of the observotions, This is because the uncertainty due to that
portion of the effect that contrlbutes to the ohserved variability is already included In the componant of
uneertainty obtained from the statistical analysis of the observations. * 4.3.10 GUM 2008,
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Weekly accuracy chacks do not cuntrfbute to the overall uncertalntv of the measurement as they do not
affect thie calibration or performance of the instrument. They are measured as unknowns in the same
way as are human subject samples and they are not factors contribufing to measurement of the latter,

quu!dtlans

U,,,- variablhtv of standard reference solutlon Derwed from %CV/ 42

Ui = % variability of certified: reference material as glven by man ufacturer. Derived from % var/v3

Combined Uncertainty {Ucoms):  Yeomn =‘\/ {Use)? + (Uerm)®

E.’Kp,s nded Uncertalnty {Uee)! - Uep= Ucoms X 3 (99% confldence level)

[gg' € A‘thertainties

Pre<mixed reference solutions with varylng target values were decanted into a Guth simulator and

) meas'ured repeatedly to deterinine the variance associated with each target alcohol fevel,

|- Térget: SRR B (9
002 | .18 | 001855 | 0.000589 | 295% |0.020844813 | 0.000434508
0.04 19 0.03865- | 0.00058¢ | 147% |0.010422408 | 0.000108627
- 005 19 004815 | 0.000726 | 145% |0.010272871 | 0.000105532
0:08 19 | . 00798 | 000051 | 084% | 0.00450762 | 2.03186E-05
010 | 19 0.10035 . | 0000809 | 0.61% [0.004308166 | 1.85603E-05

i 015 19 01491 | 0003375 | 0.92% | 0.00648172 | 4.20127E-05

020 19 62004 - | 0001855 | 0.83% | 0005853234 | 3.42603E-05
0.25 19 024975 | .0.002547 | 1.02% | 0.007205254 | 519157E-05
0.30 19 026865 | 0002435 | 081% | 0.005730382 | 3.20405E-05
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Type B Untertainties
Vafiia.bility of célibration solution: 3.0% at 34.0°C +02°¢C {rnan.ufacturer's certificate of analysis)

Ugm =0.01732 -
{Uer 1= 0.000300018

Calculation of Uncerta!n‘gzl

Uncertainty of measuremenit was calculated at vapor alcohol concentrations represented by each
veference standard: ' o :

chmb =‘J‘ lUS‘RS}AZ + (UmM}z

UEnﬁ: = Ueomn % 3

Refarence Standard Target .

e ug% [ Ugegf210L

Concentration® .| Ugmy . |99:73%conf, [.99.73% conf.
gf210L ‘| o lavel level
0.02 o 271% 8.13% " 0.0016
. 0.04 ‘ 2.02% -6.06% 0.0024
0.05 : 2.01% 8.04% 0.0030
0.08 _L79% 5.31% 0.0043
0.10 ‘ 1.78% 5.35%  0.0054
0.15 . 1.85% 5.55% £.0083
020 . 1.83% - 5 48% 0.0110
0.25 L 1.88% 5.63%. 0.0141
030 _ 1.82% 5.47% 0.0164

Conclusions:

Combinad expanded uncarfainty at the 99% confi_dence levei at D.0B0C g/'Zlb L is approximately 7,33%
for 5.37%. This equates to 0.0043 g/210 L breath ata BraAC resuit of 0.08 g/210 L.
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Fora subject with BrAC result of 010 g/210 L breath on'the BAC Datamaster, the result with uncertainty
stat'ement formatted as directed, in the GUM 'would read as follows:'

Average 0.100 + 0:004 g/230 L breath at the 95% confldence leuel
Range: 0.096 to 0.104 g/280 L .

The use of three, rather than two, signifi cant digits after the declmal pomt is necessary to accurately
express the deslred result. Use of two digits onlv constitutes the current system, and the requirement
to exPand the expression of the test resu|ts entalls an extended mathematlcaI statement.

The current Administrative:Rules allow for variahility Setween subject samples of 0.01 2/210 L of breath
up to .15 g/210 Land > 0,02 at 0.15- 8/210 L.and above. It should be barne in mind that measurement
of duplicate breath sampies K not the safne as duphcate measurements of the same breath sample,
Some va riabilitv assoclated with’ biologlca) samples and with prowsu:n of separate samples is expected;
hefice the rules have allowed for upta12.5% yarignce (0.01 at 0.08 /210 L) hetween repeated samples,
This allowance takes intd accaunt variahce associated with. both sample provision and instrument
function. Here we shaw that the actual measured varlability of the BAC Datarnaster Is less than that
which has been allowed by the admmlstratwe rules, and so Is well ‘within that consldered acceptable by
the Mlchlgan Legislature.

Appendix: Gulde to Uncertiinty of Measyrement

The.Guide to the Expression of Uncertointy in iMeastrement (GUM) is published by the lolnt Committes
for Guides in Metrology {/CBM) Member Organizations, which include International Bureau of Weights
an‘c!j,lVIeasures (BIPM), International Electratechnical Commission (IEC), International Federation of
Clinfeal Chemistry and Laboratory. Medicine [IFCC), International Labaratory Accreditation Cooperation.
(1LAC), International Organizatien for Standardization (1S0), Interhatianal Urlon of Pure and Applied
Chemistry {IUPAC), International Union of Pure and Applled Physics {(IUPAP) and International
Organization of Legal Metrology (OIML). This document represehts‘the international consensus on the
most valid procedure for evaluating uncertainty and variability in measurement. There are no
documents that supersede the GUM by international consensus

Refsrence

Guide to Expression of Uncertainty of ‘Meuasurement, ICGM, 2008.
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