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; Abstract

Exsmptars of current commercisl bresth-gicoho! simulstors
were studied to ascertain their sultablitty for control tests and
a3 cafibrators in bresth-alcoho! snatysis. Tempersiure, effiuent
volumes and pressures, efiusnt-aicohol concentration, and
aicohot depletion were massursd for simuistors coupied with
various current alcohol analyzers. Efiuent recircuistion was
tound to extend the number of acceptabie control test cycles
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introduction

Breath-alcobol simulators are devices for eguilibration of al-
cohol! between water and zir 2t controlied temperature. cont-

dmedbyasmlm«isafua:dmof&eahnhdmc:nuﬁmof
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dance with Heary'’s Law (1).

The scientific basis for and of breath-alcobol
simulators were reported In 1979 by Dubowski (2). He demon-
arated fimitations and shorcomings in both design and perfor-
mance of the m@mmmum-
gested improvements in design and use of simulazors. in the
ensuing &u&mwmmmdugnnd
construction have occurred. We bave. therefare, evaluaied rep-
mmﬁmwmmm-
with present our findings and conclusions.
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Aleo-Sensor I (intoximeters. inc.): Model -4 ALERT. (Al-
cohoi Countermezsure Systems. Inc.): DataMaster 11 BAC Ver-
ifier (Nationa! Patent Analytical Systems. Inc.): Model S000-D
Imoxityzer (CML. Inc.): Model PAC 1200 Intoxilyzer (Federal
SignalCorp.).A!lm!yztsmaﬁsmcdmindimysz
vapor alcohol concentrations. and the laner three instruments

Bnaﬂ:-alcabalmaadncﬁmmdakofﬂ:efono&ing
simutators were employed: TOXITEST™ T Alcohol Breath Sim-
ularor (CML Inc.. and Model 34C Simutator (Guth Laboratories.
Inc). These devices are designed for 2 500-ml alcohol solution
volume and 34°C operating temperature. and were employed
with factory tempezature setings.

chxmmgmph;:ﬂmbolnsmlyudbymmedgas
ch:mogﬂphchadsaceam!yszsm a Model F-45 vapor
WWM&MC@.L&M&-
scribed by Dubowsks (3). .

Simulotor temperature. volume. and pressure megsurements.
Tmmmweduﬁx;bighub&o&el!ﬁssm
digixalele:mnicthamnwwmed Svsiems Corp.) and 2
Model 703 mamﬁmproh:(YenowSpmgshmmCo.).
mwmmmmmwa
mometer (National Instinne of Stndards and Technology). Sim-
ulator effiven: volumes were measured with 2 Wright. Model
U.X_) and 2 Drager Model 2217-10 Volumster (Notth American
Drager). Simalator outflow pressures wese measured with 2
Model 2050C Magnahelic direci-reading differential pressure

. gangemwyuhsumhc.).smmasmomsdwim

eompsssedairandteguhzdmpmdna 10 inches of H,O pres-
sure 3t the simulator outler. except when flow ratesfpressures
meymmmlmm.as
noted in Table IL

SmmrmhdmsmmmchagedwithOSLofa!o
cuhdsoh:ﬁmsmedwyieldmzlcoholmmaﬁonsof
the efflzent a1 34°C in accordance with Equation 1 Q%

¥=0.0415.2065 @
r=0999

m::sqmwt:y:k“xwmm
coefficient of alcohol for airfwater x 10°): and r = Pearson cor-
relation coefficient. Thus, 2 solution containing 1225 g alcohol/L
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Tabie L Static Temperature Observations on Commercial 34°C Bresth-Alcoho! Simulators®

Otserved Tampersture (°T)
Siagle rsadom MemolS Mean & SO 2 181
Mz & Mods! messgrement messorements™” cossecstive mepsuremenist
OML. inc. TOXTIEST It <-4 33850 33883 +0.040(7)
Goth. inc 34C 34.01 3399 () 33.99+0.008 {5)
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25 r S0 —
20 = 40
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5 r 20 |-
Vi \ di
° ~ x o TP X:l L
3392 3396 3400 3404 3408 396 3398 3400 3402 3404
. : TEMPERATURE, °C TEMPERATURE, *C :
mmmm&mmmm mammdmmmm
measurements of the TOXIEEST £ sunuigtor & 1-mm intenis. with measurements of the Guth 34C Simalator 3t T-minute IENAIS. Wit
norma! curve overly : formal Curve overtay.

a3t wi!lyieldaneﬁnmwmaining!&mgmml.
ofvzpoﬂzo.lmgnmumwm&ansim-

ulator solutions was measured by gas chromatographic analysis

Bresth-gicoho! snatyrer and simuistor effivent i

Typia!mf«uuh-ﬂeohﬂamlyzusmﬂfmm
mmﬂmhmnfwammsmm
coupled w several quantutve evidential breath-alcobol ana-
reguiated 1o achieve 10 inches of HoO effivent outflow pressuse.
mmmmwumme
performed in wriplicate.

TOXITEST Il and Guth Model 34C st
mmemmwiﬁ:aModdsm
D Imoxilyzez,inthe ¥ jon mode. The mean and

effiuent-recirculaion

SD vatoes were 0.100 = 0.0013 gﬂlﬂL(u:dZ)iotTOXf
ITEST Tl simulatoc and 0.100£0.0017 g&lOL(n:dS)fqut
34C simglator. The “acceptable resuits™ shown in g
msdtﬁﬁmm(ﬂmmﬁm)m
wofmmefedmlmmddspedﬁamnsfw
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Ax20eed Tor an SRUSKE SCMDE conceeENon of 110 92101
FERusrt cubet preaxse St & 10 eches H.0.
ICMgere Sow mpirapred for 5 5.

“Pygamre 3 S0w 3T COrETTied Dy Bragth-giCORCt Snalyrer.

Slecnina! Msan efinent Simuiztor estiiow Blisent Exxan!

Alcsbel sample chamber wisms per st pressen,” Sow tiee, Depletion per Tez?
sastyssr Mode! VYolyme {(ml) ) iz st K,0) @) {mg)
Alcotmetes sD2 -13 167 102 = 080
ALERT - M - 04 106 1 & 050
BAC Veriher DataMaster I 5 230 H 30 110
SOXyzer - 40T1AS-A ~400 408 & 30 194
ntoxiyzer PAC 1200 3 82 & 20 025
Intoxsiyzer . 5000-D &1 200 & m 085

185 & ™ 630¢

meimﬁxﬁ%wmyzm
-L at 2 concentration of 0.10 £/210 L. and the peniinent recom-
mmdaﬁansofmeﬁaﬁmalSafayCmﬂ.Comim:onAl-
, cohol and Ommngumm&maml
szmpkanalyssfmvapordcnhﬁl shouid agres within $0.01
2210 L with the sunp!eﬂb:(ﬁ).Bﬂhofthas:mqnire-
msmmxfmmhﬁvﬁdmmeﬁmﬁmei—

The between-run accuracy and precision of wiplicate al-
eoholmlyssofeﬁlumﬁomammnsimhmr
withamgetalcommcfo.ugnml.ndp-
founed.whhaModelsom-Dlntoﬁ!yzz.intthm-
ci::uhﬁonmdc.onzsmedays.masfonows:m
uipliwzm!ys‘ssets(a:%).wandSDmOJZOi
0.0013 /210 L. and the span of the means was 0.118-0.123
grleLFonllindividnalmlysiszsdts(u=84).mmand
SD were 0.120 = 0.0017 g/210 L. and the span was
0.118-0.124 g&lOLAgain.boththch&lTSAand&eNSC
Committee on Alcohol and Other Drugs systematic error
fimits were met for every individual measurement.

Wd.!cohdhm
Mcﬁeaofﬁmnmefmmtﬂowvolumcmsimnm
used in the ponrecirculating analyzer mode, can be calcu-
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2 a

¥= 1287 14138

wha:::e&lmvdmepcrmﬂjm)mdy:nmbaof
tests yielding 15 depletion from the initial alcohol concen-
mammmmmmbﬁqm-
tion I for muluple testsis i

W&M@fmﬂmﬁdd@hﬁcﬂd&esﬁmv-
lator solution in repeated testing with the Intoxilyzer Miodel
5000-D:
Aleohou.ossmNon—RmhnonModc =22/1 (@D
Alcohol Loss in Recirculation Mode
mwmmm&mﬂymmml
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tution by 6.4% and by 2.0%. respectively. from the initial
state for tests in the nonrecirculating mode and the recires-
lating mode under otherwise identical conditions.

Discussion

The changes made by manufacturers in the design and con-
struction of current commercial simulators from those avail-
able in 1979 include closer temperatre regulation and benter
stirring of the simulator solution. Several other modifications
proposed by Dubowski in 1979 (2). such as thermometers
separate from thermoregulators and protection against over-
heating. have aiso been impiemented. Those modifications
have substantially improved performance of current com-
mercial simulators over that of eariier devices. We have aiso
evaluated several ezriier models of commercial simoiators

and in I%Smomdmreansofmcsesmdismm;m- .

sent results again surpass the simulator performance reported
by us in 1988, which was substanzially improved over that re-
porned by us in 1979.
of the tested simolators is evident from Figures 1 and 2, and
“Table 1. The frequency distribution of 101 temperatures of the
TOXITEST I simuiator solution. measured copsecutively at
1-min intervals, approximates 2 uniform distribution. and tha
for the Guth 34C Simulator is 2 positively skewed normal dis-
tribution. Substantiz! temperature overshoots no longer occur
i_npropulyfmcﬁoningcmn:simnhmbmairﬂowdos
simaﬁon.speciaﬂyifmezirwisdeBPC.
Geaﬁngof&csﬁnuhtmmbefmmofthcef-
fluent remains a practical precaution. With properiy fixed al-
cohol concentrations of the simulator solution, temperature
fluctuanions are the principal determinant of variability of
the effiuent alcohol concentration. Recommendations for
pr:paringandvalidaﬁngalcoholtefumesohﬁonsforsim—
ulator control tests in breath-alcohol testing have been
adopied byth:Naﬁona!SafctyCmcilComineeonAl—
cohol and Other Drugs (8). They incinde the recommendation
1o establish the actual alcohol concentration of such solu-
- tionsbyapprapriaxcaaalysis.nsingpﬁmarymdardsmo
able 10 NIST standard reference materials. .
The close control of effivent alcohol concentrations, re-
ﬂeaingtheimprovedsimhmwml.iseﬁ-
dcminﬁgmBmd4.Thccycﬁal$endfaﬂinmal-
cohol concentrations depicted is chiefly the result of
mpmmncy:ﬁngof&eﬂcohclsohﬁm.mmm:ﬁul
valoe of Ostwald pantition coefficient ke for alcobol in the
zidwamsyminuminvabeby&%padmlaecw
rween 30° and 40° sccording to the data of Dubowski (2)
and of Wells (9). and by 7.1% per degres C according to the
data of Schoknech: et al. (10). The effilucnt-alcohol measure-
mcmsr:ponedabovcandmmwdinﬁgma3and4m
subject to both systematic and random error from three

Redrmhﬁmofﬁmhtureﬁhwtisonlyfuﬁﬁkwﬁh
nondestructive methods of alcohol analysis, such as infrared
spectrometry. When it can be used. it has two desirable ef-
fests: It extends the useful life of the simuiator alcohol solu-
tion. and it contributes to the reduction of alcohol concentra-
tion differences between individual effiuent sampies. The
increase in simulator solution life produced by recircuiation
of effluent is substantial. The experimental results of multipie
simulator tests and the regression analysis outcomes demon-
strate that recirculation of the simulator effiuent in the Model
S000-D Intoxilyzer can extend the number of accepiable con-
trol test cycles of a given simuiator alcohol charge by 3.2x.
Simoiator solutions when used in 2 34°C simuiator do nol.
however, have an infinite life. There is some loss of alcohol
becanse the system can leak, temperature differences cause
condensation of water vapor from the effivent with conse-
quent alcohol loss, and alcoho] degradation can occur in the
solution from microbial contamination.

“The results of our evaluation demonstrate greatly improved
performance of commercial simpiators over those availabie a
dcadczgo.Cmemgmﬁmsimnlmrsmbcsaﬂsfm-
ily used. without tandem coupling. for calibration of breath-
alcohol analyzers and for control tests.
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