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Abstract

The between-run accuracy and reproducibility of vapor-atcohol
alcohol testing m the feld were evaluated. Contro! samples
were generated at six separate sites with 34°C TOXITEST™ 1
breath-alcoho! simutators and analyzred by infrared
spectrometry with Mode! S000-D intoxilyzers in the
recircutation mode. Control test resuits at target atcohol
concentrations of 0.060, 0.080, 0.050, 0.100, 0.110, and 0.120
8210 L (n= 779) were combined and analyzed by standard
and the signed and absolute tifferences were calculated and
anatyzed. Data treatment inciuded ANOVA, linear regression
analysis, statistics, and relative and cumuiative frequency
distributions of the differences. We found the pesformance of
these current generation simutators in the field to be simitarly
satisfactory to that obtained in our laboratory evalusation. We
further found that vapor-alcohol control sampies generated
with these devices conformed to established formal
requirements and that they can serve as an effective quality
assurance measure in evidential breath-alcohol analysis.

Introduction

“The use of control sampies is 2 well established practice in the
quality assurance of chenical measorements (1). Use of control
tests accompanying every subject 1251 in gnantitative evidential
breath-alcohol testing was recommended in 1960 by Dubowski
(2) and is one of the procedural controls recommended in 1968
by the Narional Safety Council’s Committes on Alcohol and
Other Drugs (3). State regulations governing evidential breath-
alcobol testne for air and ground waffic law enforcement in
Okiahomz (4) and many other jurisdictions also mandat= per-
formance of control tests in association with every subject test.

The vapor produced by equilibration of aicohol’ between
water and air at controlled temperamre, using 2 breath-aicohol
simnlator. is an appropriate sample for control tests with breath-
alcohol analyzers (S). The characteristics and performance of
simulators and the validity of control test results are, therefore,

TThe amodched 1rm Jeonol in Txs XDcke miecs D eTErL,

of widespread interest and impor. We recently reporzed resalts
of a laboratory evaluation of current generation commercial
breath-alcohol simulators and concluded that these devices can
be satisfactorily used 1o calibrate breath-alcohol analyzers and for
control tests (6). We now present findings and conclusions from
field experience in the use of such simniators in association with
current generation awtomated quantitative evidentie] breath-al-
cohol analyzers for traffic law enforcement purposes in Okia-
horaa. This informarton is also pertinent for other Jun\dxmons
which use the same or companible apparatus.

Experimental

Vapor-alcohol analvsis. The alcohol concentration ¢f vapor-
alcohol control samples was measured by intrared specomeny at
six locations with six Model 5000-D Intoxilyvzers (CML. Inc))
with the Oklahoma software package. The amalvzers wore culi-
brared to indicate alcohol concentrations in g/210 L and werc op-
erated in the recirculating simulator mode. Control test restilis 1©
three decimal places were stored in the respective instrument
oemories. The analvzers were linked 10 2 cenmal Jocation by tele-
phone lines and modem devices. Dazz were periodically collected
from the instruments by computerized daia retrieval using the
ADAMS program (CML. Inc.) and were verified by comparison
with the written entries on logs of tests 21 each testing site. Prior 10
their field placement. all anatyzers ard simujalors were exien-
szvdybwd:—medmom'hbm'amrv and were found to be ac-
cepably calibrated and to perform within established zolerances.

The evidential breath-alcohol analysis protocol in use in Okla-
home with the Mode! 5000-D Intoxilyzer includes the following
steps: air blank, breath test 1. air blenk. 2-mipate Interval, ar
blank. breath test 2. 2ir blank. control test. air biank. For forensic
pnpossmOk}ahoma.btwhandvapor-a]coholanalysxsmks
are reported o two decimal places. troncated.

Vapor-alcohol control samples. Vapor-alcohol samples were
generated with production models of the 34°C TOXITEST™ 11
Alcoholic Breath Simulator (CML, Inc.) used in association with
each aleohol apalyzer. These simulators are designed for and were
used with a 0.5-L alcohol solution volume and at 34°C operating
temperanme. with verified factory settings. Under Oklahoma State
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Table 1. Simulator Control Test Resuits

Simulator solutions. Simularors were
charged with 0.5 L of alcohol solutions pre-

pared and verified 1o vield vapor-aicohol con-

I:z: Nomber of Control Test Result. /218 L centrations of 0.060. 0.080. 0.090. 0.100.
g210L Tests Sies  Mean sp CV(%) Median Mode Span 0.110. or 0.3120 2210 L 2t 34°C as previ-

ously described (6). Control test target vaiues
0.080 21 1 0064 00018 2.8 0054 0064 0.061-0.059 | were eswablished by independent gas chro-
0.080 49 3 0080 00032 400 0.080 0082 0.075-0.089 matographic headspace analyvsis of the
0030 183 4 0051 0.0026 2.89 0.081 0031 0.082-0038 ethanol soiutions in two separate forensic
g;‘?g 32? 3 g:sg ggg; 3;2 g;gg &:’gg gm;‘;g laboratories. Such verified simulator solu-
9120 148 4 018 00045 385 OMB 016 0110013 | -ons xedistibutedio points of use in Okla-

homa in ready-to-vse form in sealed con-

tainers labeled with the cemified nominal

. Table IL Paired Sample Difierences” for the Combined Simutator Alcoho!

control test value.
Sraristical analvses. Statistical examina-

g sem bt e

.”/

NN

WV
N
8

HELATIVE PREGUENDY, %
(1]

N

NN

N !
A

AN ;‘

UAPDR-ALCOMOX. DIFFERENCE, g/216 L x 19888

Figure 1. Relative frequency tistribution of signed vapor-alcoto! con-
centration differences (2arget waive minus controt test resutt).

regulations. anatyzers and simulators are requoired to be inspected
and serviced by a state-licensed breath-alcohol test superviser,
after the earlier of 25 evidential breath-alcohol amalyses or 30
days. at which time new aicohol solution is installed.

Gas chmmatograpiry:. Aleohol in simulator solutions was ana-
tvzed by automated gas chromatographic headspace analysis with
a model F-35 vapor space chromatograph (Perkin-Eimer Corp.) as
previousiy described (7).

Control Tests (n =779) ton and datz analysis were carried out by
Difference, 216 L standard statistical methods (8.9) by vsing
STATGRAPHICS Version 5 (1991) software
Parameter Mean Sh Median Mode Span (Statistical Graphics Corp.) with 2 micro-
computer for both descriptive statistics and
Signed difference ] 0.0032 1] 6 -0.01010 +0.018 significance testing.
Absolute difference 0.002 0.6821 0.002 0.001 0100010
“Centol Tes: Tamet Valoe muenss Resu
R - , - - Results
& T Accuracy and precision of control tests on simulator-
The principal underlying experimental data yisided by the Swdy
! | are summarized in Teble I for each of the six control test target
12' valnes, along with their descriptive statistics. The data shown are

the combined resuits from analyzer-simulator combinations a:
several separate sites, except for those at the 0.060 and 0.110
/210 L target vaives which were obtained from single sites.
Best fit linear regression analysis of the six simulator control
test results means upon their respective control test tarpet values
yicided the following eguation. where x = control test target
value, /210 L. y = control test result, g/210 L. and r= Pearson
correlation coefficient for the regression:

¥=0584x + 0.0015 M
r=0999

Differences between simulator test target values and vapor-
alcoho! measurements

The paired-sample differences (conwol test targer concentra-
tion minns resnlr) for the combined simulator alcohol contro!
tests (n = 779) are summarized in Tzble 1 for both signed @nd ab-
sohute differences, wogether with the corresponding descriptive
staristics. The sign test for the 779 differences yielded 308 pos-
mive differences, 352 negarive differences. and 119 iied pairs.

Figure 1 isahistogram of relative frequency distributions of the
T79 signed differences with normal curve overiay. and Figure 2
shows the cumulative frequency distribwion of those differences.
For the datz shown in Figure 1. skewness = 0.037 and kurtosis =
0.407, both small departures from a perfectly symmerrical dism-
bution. The span for 90% of the actuai signed differences was
~0.005 10 0.005 g/210 L and for 99% was -0.009 to 0.009 /2101

One-sample statistical analysis (ANOVA) of the difference:
between the paired alcohol-vapor target values and results
yielded 2 computed r statistic of —1.58 (778 d.f.). Atp=0.05.the
null hypothesis that the analytical bias of the control analyses
equals ze7o was, therefore. retained.
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) Figure 2. Cumuiative frequency distribution of sighed vapor-aicohot coR-
centration ditferences (tzrget value minus contro! st result).

Discussion

“To be useful and valid for quality assurance in the present con-
texL. comrol tests must vield consistent. predictable resuits when
properly camried out on vaiidated conuol specimens and must
allow ready determination of whether the tested analvzer is per-
forming within preestablished specifications. The resuits re-
ported herein demnonstrate that the underlying stmuiator control
tests meet thosé requirements. The National Safety Council’s
Commines on Aicohoi and Other Drues has recommended that
the resulis of control anatvses for vapor-aicohol should agres
with the sample value within £0.01 /2101 (3). Oklahoma State
reguiations governing evidzntial breath-alcohol testing 2iso re-
quire the results of 2 control analysis to be within+0.01 g/210L
of the cormesponding vapor-alcohol concentration target value
{4). Every simulator contro} test result for alcohol in this series
me1 both of those acceptability criteria.

“The control test results reported herein are. of course. pooled
betwesn-run resuits cbtained in the field over a period of several
months with six different simulators and six different alcohol
analyzers. In contrast. the accuracy (systematic efror limit) and
precision requirements of the federal NHTSA model specifica-
tions for calibrating units for breath-alcobol testers. 1.2 targer-test
agreement within 2% and 2 CV not exceeding 2% ar a arget 2
cohol concenmration of 0.10 £/210 L. apply only 1o within-run re-
sults for 2 single tested device (10). In cur pricr lsboratory eval-
uation. the TOXITEST 1 simuiator met those NHISA model

- specifications criteria (6). The simulators used in this smdy also
mez that NHTSA accuracy requirement. even with these between-
run field test results. at the only NHTSA-specified target vapor-
alcohol concentration occurring in this smdy. 0.10 /2101
The dara summarized in the tables document that the vapor-

alcohol control tests performed in the field with TOXITEST™ 1
simiilarors were a» a cluss highty accurate and had good repro-
ducibifity. The resulis summarized in Table Il are periinent 1o
the +0.01 /210 L maximum acceptable difference betw een wargel
value and control test result mentioned abova. Every experi-
mental result conformed to that criterion. Further. the mean.
median. and mode of the signed differences were close to zero.
and these differences are essentially Gaussian in distribution. a»
shown in Figure 1 and by the small negative skewness and kui-
tosis values. The mean. median. and mode of the absolute differ-
ences were also close 10 zerv. and the differences were positively
skewed (skewness = 1.08) with a preponderance of lower vaiues.

‘We conclude from these findings that the field performance of
current generation commercial breath-alcohol simulators as
conol-test devices parallels and approximates that found in our
laboratory swdies and that these devices can ampiy mect con-
woi-test requiremnents for quantitative evidential breuth -alcano
testing.
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