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The authors discuss in this article the Intoxilyzer 5000C which has been ap-
proved by the Attorney General of Canada as an “‘approved instrument” for use
in Canada as of 26 August 1992. Unlike the Breathalyzer, the Intoxilyzer 5000C
uses an infrared absorption detection system in order 10 test for alcohol consump-
tion. The authors explain in detail the operation of the Intoxilyzer 5000C. Accord-
ing 1o the authors, the Intoxilyzer S000C has been shown to be a reliable, accurate
evidential breath alcohol instrument which will be able to carry on the tradition of
high standards in breath alcohol testing established by the Breathalyzer.

Les auteurs discutent, dans cet article, de l'appareil nommé “‘Intoxilyzer
5000C" qui a éé approuvé par le Procureur général du Canada comme “appareil
approuvé” et dont l'utilisation au Canada était légale a partir du 26 aoiit 1992.
Contrairement G l'ivressométre| cet appareil comporte un systéme détectant I'ab-
sorption des rayons infrarouges afin de vérifier la quantité d’alcool consommé.
Les auteurs expliquent en détail le fonctionnement de cet appareil. Selon eux, il a
été démontré que lappareil constitue un instrument fiable et précis permettant
d’obtenir, par le biais d’une analyse d'échantillons d’haleine, des éléments de
preuve relatifs @ la consommation d’alcool et qu’un tel appareil saura respecter les
normes élevées qui ont été établies par l'ivressométre dans le domaine de I'analyse
des échantillons d’haleine.

INTRODUCTION

The first practical medicolegal application of breath alcohol
testing was described by Bogen in 1927.! Over the next 35 years,
several breath alcohol testing instruments were developed, mainly

*  Centre of Forensic Sciences, Toronto, Ontario.

1 E. Bogen, “Drunkenness: A Quantitative Study of Acute Alcoholic Intoxi-
cation” (1927) 89:18 J. Am. Med. Assn. 1508, ~
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based on chemical oxidation methods for the detection of alcohol.
The Breathalyzer® has been the most widely used and successful
of these instruments; it was designed by Professor Robert Bork-
enstein in 1954 and has bcen used in Ontario since 1956.2 Since
then, other instruments based on different methods of detection
have evolved. For example, the A.L.E.R.T.™ uses a semicon-
ductor to detect alcohol; the Alco-Siur™ and Alcolmeter S-1L.2™
use a fuel cell. In 1971, breath alcohol instruments based on infra-
red absorption (“IR’) detection were developed Infrared spec-
troscopy is a well-established technique in chemistry and has be-
come a widely used detection procedure for evidentiary breath
alcohol testing instruments.

The Intoxilyzer 5000C uses an IR absorption detection sys-
tem and has been shown to meet the standards of the Canadian
Society of Forensic Sciences Alcohol Test Committee.* It was ap-
proved by the Attorney General of Canada as an “approved in-
strument™ for use in Canada on August 26th, 1992.5 The Intoxi-
lyzer 5000C will begin to be used in Ontario starting in 1993,

BASIC PRINCIPLES OF INFRARED SPECTROSCOPY

Infrared is a specific form of energy in the spectrum of elec-
tromagnetic radiation (Figure 1). “Infrared” means “below red”
and 1s a region of the electromagnetic spectrum with longer wave-
length (lower energy) than visible red light, and thus is invisible to
the human eye. Wavelengths of electromagnetic radiation be-
tween (.7 and 1,000 micrometres are considered infrared. Light
visible to the human eye occurs at wave]engths between about .7
and 0.4 micrometres. A micrometre is a unit of length which is
one-millionth of a metre and is commonly referred to as a micron.

A molecule such as ethyl alcohol has a unique structure con-
sisting of carbon, hydrogen and oxygen atoms. As a result of its

2 D.M. Lucas & R.C. Charlebois. “Blood, Breath and Urine Alcohol Analy-
sisin Canada™ (1978) 11:2 Can. Soc. Forens. Sci. J. 75.

3 R.A. Harte, “An Instrument for the Determination of Ethanol in Breath in
Law-Enforcement Practice™ (1971) 16:4 J. Forens. Sci. 493; Y. Fukui & Y.
Yamamoto, *Determination of Breath Alcohol by Infrared Gas Analyser™
(1971) 11 Med. Sci. Law 182,

4 “Recommended Standards and Procedures of the Alcohol Test Commit-
tee' (1986) 19:3 Can. Soc. Forens. Sci. J. 164.

5 TRA2-167.C. Gaz. 1992.11.3807.
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unique structure, there are certain wavelengths of infrared energy
that are absorbed by the molecule and others that are not. Differ-
ent chemical molecules will have a unique IR absorption pattern.
For ethyl alcohol, the greatest absorption of IR energy occurs in
the 3.35 to 3.50 microns region.

The Intoxilyzer 5000C uses IR absorption at the wavelengths
of 3.39 and 3.48 microns to detect alcohol. An additional wave-
length of 3.80 microns is used as a reference, as there is no signifi-
cant absorption of IR energy by alcohol or other components of
human breath at this wavelength. The IR absorption pattern for
ethyl alcohol is shown in Figure 2, which shows the 3 wavelengths
used by the Intoxilyzer.

LAMBERT-BEER LAW

The determination of the alcohol concentration is based on
the Law of Absorption, or the Lambert-Beer Law. This law was
first established in the eighteenth century and can be expressed as
the following mathematical equation:

I = Io * e—nhc

where 1 is the final intensity of IR energy (after passing through
the sample)
I, is the initial intensity of the IR energy
e is a mathematical constant equal to 2.71
a is the absorption coefficient for ethyl alcohol
b is the IR energy path length through the sample
¢ is the concentration of cthyl alcohol present in the sam-

ple

The Intoxilyzer 5000C measures both the initial and th_e final IR
energy intensity. The sample path length and absorption coeffi-
cient are known, therefore the instrument can determine c, or the
alcohol concentration of the sample.

Of particular significance is the lack of dependency of tl}e
Lambert-Beer Law on volume. This gives the Intoxilyzer the abil-
ity to instantaneously and continuously analyse the concentration
of ethyl alcohol in the sample without being dependent on a fixed
sample volume as is the Breathalyzer.
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DESCRIPTION OF THE INTOXILYZER 5000C

. ‘Qm Intoxilyzer 5000C is manufactured by O.?: Inc. (Colo-
—.M~ M.. . . . : .
o %Gjoww\m :‘wr_:a:m:_n& of Owensboro, Kentucky, a subsidiary

Mt inc. The Intox 560

. ntoxilyzer 5000 was first manuf: ed i
and has been used mﬁm:m\?m:\ throughout M__M _mcw _M:“w_“_cm:hmwm
The m:::ﬂ is a model of the Intoxilyzer 5000 used m.: .Q.:::_._ ,:&
the C 3?.3. to Canada. It is a computerized, automated c%..:.:. al-
cohol testing instrument which allows the technician to oc:”,_:nm a
32_3 alcohol testing procedure by pressing just one button 1_1:.
_Ecx:v&.mﬁmcocﬁ prints the results of the tests on a card ~.:co_m
porated in it is a sampling system that requires a subject S.n_o__{g
a mmimum volume of sample, an interferant detection system to
allow selective measurement of alcohol, and a radio ?mc,:m:a in-
ﬂ.ml.m:w:om (“RFTI") detection system. The Intoxilyzer 5000C Wc:-
:::cf_mc.\ monitors its functions throughout the :wm:.:m.. if they are
not within defined parameters, an error message Rﬁ:“_? and ._ :
procedure is terminated., T e
The instrument dimensions are approximately 47 cm by 45
cm by .I cm high. A diagram of the exterior of the Intoxil wn,ﬂ
S000C is shown in Figure 3. A photograph is shown in Em:_“n ,w\ .>
keyboard may be attached to the instrument to allow for entry of
data m:@ as the name of the subject and the driver’s licence :W,_:-
ber. A m::.:_m:: containing Alcohol Standard s also attached b
Tygon tubing to the simulator inlet at the side and to the ﬁ_.::__._v.\
tor cE_n.H at the back of the instrument. , .
A m::.:_.i.g is a device for producing a known concentration
:.ﬁ alcohol in air by the equilibration of alcohol between ,S:E.. and
air at a temperature of 34°C. This “simulates™ N._00_5_-5:::.:._.: J
breath .ﬁ_.Bc_n% The simulator consists of a Jar which can o:_:.:._m
S00 E_ ol an Alcohol Standard. A heater protrudes into the >_M.o-
hol m.::aua to provide the elevated temperature. The tempera-
ture s regulated by a thermostat, and a small plastic pro Um:m_.
rotates to continuously mix the Alcohol Standard to nzﬁ:mcnc_:-
Zc.ﬂm equilibrium. The Intoxilyzer S000C has & closed .ﬁvio_: to
S.oqa:_h:m the alcohol-containing air of the simulator :w,f,c._::m in
minimal depletion of the Alcohol Standard. Over a :M_:n.:cn_ tests
may be conducted before the Alcohol Standard must be o_:_:mca |
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THE SYSTEMS OF THE INTOXILYZER 5000C

A schematic of the 3 basic systems of the Intoxilyzer 5000 is
shown in Figure S: the optical system, the breath/air flow system
and the eiectronic and microprocessing system.

(a) Optical System

The optical system consists of an infrared energy source, a
tungsten filament halogen light bulb which is coated on one side
with a reflective material so that the IR energy generated by the
bulb will be directed into the sample chamber. The sample cham-
ber is a nickel plated tube 1.9 c¢m in diameter and 28.6 cm in
length. The volume is 81 ml. At each end of the sample chamber
are lenses which focus the IR energy through the sample chamber
and onto the detector. There is a filter wheel rotating at approxi-
mately 1,800 rpm between the exit lens and the detector. The fil-
ter wheel has three filters which transmit IR energy at 3.39, 3.48
and 3.80 microns, and allow only energy of these wavelengths to
reach the detector. The detector converts the IR energy into an
electrical signal. As alcohol-containing air from either a simulator
or subject test is introduced into the sample chamber, the alcohol
molecules absorb the IR energy at wavelengths of 3.39 and 3.48
microns. They will not absorb the IR energy at 3.80 microns, so
that can be used as the reference. The greater the concentration
of alcohol in the sample chamber, the greater the decrease of 3.39
and 3.48 microns IR energy received at the detector. This causes
a decrease in the electrical signal relative to the signal generated
by the 3.80 IR reference wavelength. The electrical signal is then
processed by the clectronic and microprocessor system into a nu-
merical result. The electronic and microprocessor system com-
pares the ratio of IR light at 3.39 and 3.48 microns to determine if
there may be an interferant in the sample. .

(b) Breath/Air Flow System

The breath/air flow system consists of the heated external
breath inlet tube, the internal breath tubing, the selector (three
way) valves, the sample chamber, the pump, the pressure switch,
one way valve, and the intake and exhaust ports. The three way
valves are controlled by the microprocessor and are opened and
closed appropriately depending on whether a simulator test, a
blank or a subject test is conducted. For a blank test, the pump
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draws room air through the external heated breath tube (see Fig-
ure 3), t!lrough the sample chamber, and out the breath and
pump exit. For a simulator test. the pump and the three way
valves are activated so that the alcohol-containing vapour is
drawr} into the sample chamber and out the simulator vapor exit
back into the simulator. This closed loop allows for minimal loss
of alcohol in each test. Before a subject test, the tubing is purged
of alcohol f:ontaining air by another blank test. In the subject test
the pump Is not activated, the subject blows through the mouth:
piece and heated breath tube into the chamber, and the breath
leaves' through the breath and pump exit. A one way (check)
valvg is placed in the tubing at the exit to prevent a subject from
sucking the breath sample back. When the subject blows with
enough pressure, a 6-inch pressure switch is activated (equivalent
to 6 inches or 15 centimetres of water pressure). The instrument
determi'nes the minimum acceptable sample by a time and pres-
sure switch and by slope detection. When the minimum volume of
sampl.e_has passed through the system, the instrument signals the
'techmcmn. By this method, the initial breath sample which is low
in alcohol concentration is vented and deep lung (alveolar) breath
1s collected in the sample chamber.

(¢) The Electronic and Microprocessing System

~ This system is the “brains” of the instrument. It constantly
monitors all systems to ensure they are functioning properly. The
microprocessor controls all operations of the instrument, opening
and closing the three way valves, activating the pump, the audible
tones, the display, and the printer. The microprocessor also con-
velrtts the electric energy from the IR detector into a numerical re-
sult.

OPERATION OF THE INTOXILYZER 5000C
(a) Testing Sequence

When the instrument is first turned on, it emits an audible
tone, and _the pump is activated to fill the tubing and sample
chamber thh room air. A “NOT READY™ message is displayed
because the instrument requires approximately 15 minutes to heat
up to the operating temperature of 45°C. After this temperature
is reached fmd a stabilization time is allowed, the instrument con-
ducts a series of diagnostic checks, including the status of the elcc-
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tronics and microprocessor, temperature, and printer and elec-
tronics. As each check is passed, the instrument emits a tone. If
any of these checks are not within the proper parameters, an
“ERROR™ message is displayed and a breath test sequence can-
not proceed until the error is corrected. '

After the diagnostic checks are successfully completed, the
message “CMI/MPD INC INTOXILYZER — ALCOHOL AN-
ALYZER MODEL 5000C — PUSH BUTTON TO START
TEST™ is scrolled across the screen, and the time and date are
displayed. The entire message is repeated until the technician ini-
tiates the test sequence by pushing the START button.

When the START button is pushed, the instrument displays
the message “INSERT CARD.™ After the test record card is
properly inserted, if a keyboard is attached, the instrument
flashes a series of questions regarding the subject, such as name,
date of birth, and driver’s licence number. The information is en-
tered using the keyboard, and the instrument allows the techni-
cian to review the data to check for accuracy. If there is no
keyboard attached, no questions will be flashed on the screen,
and the technician will write the information on the test record:
card before inserting it.

The instrument then conducts a blank test by activating the
pump and the valves and displays on the screen “AIR BLANK
.000.” The 3 digits are the result of the air blank. If potential in-
terfering compounds of varying concentration are detected in the
room air, an error message ‘‘AMBIENT FAILED™ appears on
the screen, a high-low tone sounds, and the test sequence is termi-
nated. After the air blank is successfully completed, a series of .
“>>>>>>>>>" is displayed as the instrument conducts a se-
rics of ten internal checks and establishes a stable baseline. If
there is any problem, the instrument will emit a high-low sound,
display an error message on the screen and terminate the test se-
quence.

Next the instrument conducts an Alcohol Standard test; the
pump and the valves are activated and air is drawn through the si-
mulator into the sample chamber and recycled back. The instru-
ment displays the message “CAL CHECK .000,” which refers to
the calibration check. The three digits that appear after the CAL
CHECK indicate the result of the standard test. Normally an Al-
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cohol Standard will be used that has a target value equiv
| as a ¢ aler
]1 ()(]) mg of alcohol in 100 ml of blood (mg/100ml) or .l(()]() g oi?a)ltc:)(-)
hol in 100 ml of blood (g/100ml). As does the Breathalyzer, this
instrument displays the result in g/100ml, which are tileyu n"t‘ “T‘
Lr:;zai)urelr&c)egt connnqnly used in the U.S. By multiplying tl:is‘hfiz-
rained)i » the units used in Canada (mg/100ml) can be ob-
~ After the calibration check (A and: St),
?lr blank is C(‘)n.ducted to clear Iﬁe lg?:zz(;]ti;sza[i‘;rﬁ;;?)lti?t)s‘ 2(“60:110;
alcoholjcon_tzunmg air and replace it with room air 'grhy 1‘1‘0
ment will display the message “AIR BLANK .000.” A ¥ “l]m'u_
ternal checks are conducted and the message :‘>>.>>€§Lf\m‘:
is scrolled across the screen. If all the internal checks are 9'1('/‘fj>
lory. the message “PLEASE BLOWIR INTO MOUTHPIECE
BLO%/};I""OEEG[)S;%SS;’”:_SI ?}i}spla);)e‘d. The message “PLEASE
. 1l the subject st: ' i
ple. If the subject blows into the inthrun:;rttswti(t)hpc:g(\;fehafSdm_
the tone is activated by the pressure switch and the ti%ninorcc‘
quence starts. The tone is emitted as long as the subject conri%u?:;

to blow with enough force. If the subject stops blowing before an

ﬁ%cigtiglé sample,is. collected, the tone stops and the message
L IjLOW 18 ‘ﬂas'hed on the screen and an intermittent
ne is sounded. If the subject fails to provide the sample after 2-3
gl/l\n{\l:i[;s. :t‘hlgh-low tone sounds and the message “D%F;CII;N}F
;1 Samp[jf thflaihes on the screi:n.”lf the subject refuses to provide
“REFUSED“ perator types R™ on the keyboard, the message
. ﬂas}}es and a high-low tone is sounded.
e .h;?nfhe' §ubject successfully provides the minimum sample,
the result is displayed, then another air blank is conducted. The
f)ns(srir;lent th?n prints the results of the subject test, blunl; testl
;nnst cohol Standard test, the location and serial number of the
iy rument, the date and time, the subject’s name and other data
1€ entire sequence can be completed in approxim'ltel( 3
minutes. ety 3
" Abfger at least 15 minutes, the entire sequence is repeated for
e subject and those results are also printed on the card. Again if
Fhere iIs any problem with the instrument or the correct .S'e %(*m‘l
is not lo[]owed (such as the subject providing a sample bét‘f])r:ll];f
proper time), a high-low tone sounds, an error message : - L
on the screen and the test sequence is terminated. e appears

-
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A summary of the breath testing sequence is shown in Table
1. Since the procedure is repeated, the instrument conducts a to-
tal of six blank tests, forty separate internal checks, and two cali-
bration or Alcohol Standard checks for each subject.

(b) Determination of Acceptable Breath Sample Volume
For accurate breath alcohol testing, it is important to analyze
deep tung or “alveolar” breath. The volume of breath that will be
required to be exhaled in order to obtain this sample varies ac
cording to the subject’s lung capacity or forced vital capacity
(“FVC™). The forced vital capacity for healthy subjects depends
on age. sex, and height. Men tend to have a greater FVC than
women. a taller person will have a greater FVC than a shorter
person. and a person over 40 years of age will tend to have a
lower FVC than a younger person. The FVC can vary from 1.68
liters (1) in a female subject who is 132 cm in height and 65 years
of age or older to 7.85 | in a 25-year-old male who is 216 cm in
height.®
The breath sampling system takes into account this biological
variability and adjusts the time required to blow into the instru-
ment depending on the capacity of the individual’s lung. For a
subject with a small lung capacity, only 5 seconds may be required
to obtain a minimally acceptable sample. For someone with a
large lung capacity, it may require 15 seconds to obtain a mini-

mally acceptable breath sample.

The Intoxilyzer S000C has 3 sampling criteria before it will

accept a breath sample:

1. PRESSURE: The subject must blow hard enough to obtain a
steady tone (15 cm of water pressure).

The subject must maintain at least that pressure
for 5 seconds.

The subject’s breath alcohol concentration dur-
ing exhalation must level off or plateau (i.e., the
slope must be close to zero).

2. TIME:

3. SLOPE:

The first two criteria must be satisfied before the slope detector
system is activated. As the subject exhales, the Intoxilyzer 5000C

R.J. Knudson, R.C. Slatin, M.D. Lebowitz & B. Burrows, “The Maximum

6
}:xpiratory Flow-Volume Curve' (1976) 113 Am. Rev. Respir. Dis. 587.
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:)sez:rlal();z-mg the 'breath alcohol concentration in the sample cham-
be /Lln is updﬂtmg the result every 0.6 seconds. The micro )ro;es
alcrof}:] elctromcs system then measures the increase in Ibreat.l;
ale a(l) colncentratlon In that time period. As the subject exhales
Concenvteotflr or deep lung breath is obtained, the breath alco‘h(ﬂ
o inst:ﬁnl;m tlev.els (;ff or plateaus; when this plateau is detected
ent signals the technician th; ini ~
volume has been provided. " the minimum sample
Labo’lr‘eftmghz?t the Minnesota Bureau of Crimjnal Apprehension
atory has shown that the minimum acceptable breath 9>am

ple volume varied bet , .
ject. thetween 0.45 and 1.32 1 depending on the sub-

{c) Mouth Alcohol Détection

addi["ir(il:aslk:;ff:egete;tor i; also used by the Intoxilyzer S000C as an
s uard to determine the presen in 1l
mouth. If a subject consumes ool comaimine e
s s any alcohol-containi i
nov e ng solutio
érét,hsg:rrf ;nom}:thu;asl;}es, cough medicines, etc.) and grovides(':
ample shortly thereafter, the breath alc : :
r . , ohol concentrati
xfléﬁeéals{)ely h;(gh due to the residual alcohol in the mouthr rlt‘ll(l)il:
s been known since 1927. Dependi I con-
! . nding on the alcoh
centration and amount of soluti : i e
: g on, this effect will di i
IS5 minutes. B i iti ori east 15 mues bo.
s. By having a waiting period of at | '
fore providing a bue at least 15 minutes be-
ath sample, there would b
effect. In Canada, an additi : s the proper qaoe!
. q , itional safeguard is the pro i
er duplica-
tion gfthe two breat‘h samples taken at least 15 mir?utez ap"nrtphcrl
. det;r;;eht]f;edllzt;)glyzerHSOOOC is equipped with a slope detéctor
Inimally acceptable breath sample v it
o T hie miy ath olume, S
Cltl;r:)ﬂl;sgd to dctgrnlune mouth alcohol. With a subjpect who hisnrgis
onsumed alcohol, as he or she exh cohol
Sume , ales, the breath al
e ) , alcoho
()ll?ci?éragorlllncreases by a greater rate than with a subject with-l
N i;lte)(hilce(zihol;d ttl;]e sllope then decreases dramaticnlly as
and the alcohol concentration in th e.
creases. The slope detector d ' i ative slope . Tecos.
r _ etermines this negative sl '
nizes this change as due to i Mashes the enve:
é mouth alcohol '
message “INVALID SAMPLE. " e fashes the error

(d) Interferant Detection

The Intoxilyzer 5000C ¢
_ ompares the electrical signals -
ated by the IR detector at the 3.39 microns and 3.48gmicr(g;i2i:)
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detect and adjust for possible interfering compounds. It is based
on the principle that interfering compounds will not absorb IR en-
ergy to the same extent as cthyl alcohol at both wavelengths. The
instrument determines a constant difference between the electri-
cal signal generated by the detector at these two wavelengths.
This difference should be maintained if only ethyl alcohol is ana-

Jyzed.
Table 2 illustrates how this is accomplished. For room air,

the electrical signal generated at 3.48 microns can be described as
six units. and for 3.39 microns as four units — the difference be-
ing two units. This difference will be maintained if only ethyl alco-
hol is analyzed. If ethyl alcohol is introduced into the sample
chamber, the IR energy will be absorbed by the ethyl alcohol
molecules and there will be a decrease in the electrical signal gen-
erated by the IR detector. If the 3.48 microns signal decreases to
five units, then the 3.39 microns signal must decrease to three
units, maintaining the two unit difference. If ethyl alcohol and ac-
etone are analyzed, the 3.48 microns signal may decrease to four
and a half units. The electrical signal at 3.39 microns will decrease
even more. as this wavelength is strongly absorbed by acetone.
The difference between the signals of the two wavelengths is now
three and a half units, not two units. The instrument adjusts the
result to account for the difference in signal, and if the concentra-
tion of the interfering compound is high, the instrument will dis-
play the error message “INTERFERANT.”

(e) Radio Frequency Interference Detection

The Intoxilyzer 5000C is constructed to be resistant to possi-
ble radio frcquency interference (““RFI™). There is another safe-
guard in that the external breath tube also has an antenna to
detect strong RF1. When this is detected the instrument ceases
testing and the crror message “INHIBITED—RFI" is displayed.

(D) Alcohol Data Acquisition and Management System (ADAMS)

The Intoxilyzer 5000C may be connected by modem and tele-
phone line to a central computer using the ADAMS program.
Data that is collected by each instrument can be downloaded and
stored in this computer which eliminates the traditional hand-
managed filing and retrieval method for statistics generated by

impaired driving offences.



130 JOURNAL OF MOTOR VEHICLI: LAW ISIM.V.L

ACCURACY

The accuracy of the Intoxilyzer S000C is similar to that of the
Breathalyzer models 900 or 900A. In fact, the Breathalyzer was
used as a reference instrument in one of the evaluations of the In-
toxilyzer S000C conducted for the Alcohol Test Commitiee of the
Canadian Society of Forensic Science.

In one laboratory study, using an alcohol simulator at a con-

centration equivalent to 100mg/100ml, the average result of -

twenty tests with the Intoxilyzer 5000 was 100 mg/100ml.7 In a
laboratory study of twenty Breathalyzer models 900 and 900A,
using a simulator and the same alcohol concentration, the average
result was also 100 mg/100ml.8 The precision of the measurements
in both studies was very close; for the Intoxilyzer 5000 the corre-
lation coefficient was 1.6 per cent, and for the Breathalyzer it was
2.5 per cent. Any coefficient of variation less than 5 per cent is
usually considered good for quantitative analysis.

With respect to the accuracy of the [ntoxilyzer compared
with the actual blood alcohol concentration (“BAC") of subjects,
it is calibrated 'using the same apparent blood breath ratio
("BBR™) as the Breathalyzer (2100:1). Since the actual average
BBR is approximately 2300:1, the Intoxilyzer 5000C as well as the
Breathalyzer will tend to read slightly lower than the blood alco-
hol concentration. This is shown in a field study of 395 suspected
impaired drivers who had an Intoxilyzer 5000C test conducted
and then had a blood sample collected less than 1 hour later.¥
When the Intoxilyzer 5000 results were compared with the blood
alcohol concentrations, 67 per cent of the Intoxilyzer 5000 results
were more than 10 mg/t00mt lower than the actual BAC, and 21
per cent of the results were within 10 mg/100ml of each other. In
only 2 per cent of the cases was the Intoxilyzer 5000 result more

7 B.A. Goldberger & Y.H. Caplan, “Infrared Quantitative Evidential
Breath-Alcohol Analyzers: In Vitro Accuracy and Precision Studies™ (1986)
311 ). Forens. Sci. 16. _

8  Y.H. Caplan, D.T. Yohman & M. Schaefer, “An In Vitro Study of the Ac-
curacy and Precision of Breathalyzer Models 900, 900A and 1000™ (1985)
30:4 J. Forens. Sci. 1058,

9 P.M. Harding, R.H. Laessig & P.H. Field, “Field Performance of the In-
toxilyzer 5000C: A Comparison of Blood and Breath-Alcoho! Results in
Wisconsin Drivers™ (1990) 35:5 I, Forens. Sci. 1022,
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than 10 mg/100ml higher than the blood, due mainly to the Intoxi-
lyzer 5000 tests being conducted up to‘l hour before the blood
samples were collected. The elimination of alcohol .from the
blood in that time caused the blood samples to be lower in alcohol

concentration. .
The authors conctude in their study that:

No evidence was found of falsely elevated BrAC Ibreath‘ulc.o}‘]ol concen-
tration] results that could be attributed to unusuul!y low ldeV|dual blot)q
to breath alcohol ratios, endogenous or exogenous interfering cgmp(?unds,
residual mouth alcohol or electromagnetic interference..Overesumatmn by
the Intoxilyzer S000 was infrequent and of small magnitude. Indeed most
of the differences shown could be eliminated if the amount of alcohol theq-
retically eliminated in the time elapsed between breath and blood speci-

. 10
men collection were added to the BAC.!

SPECIFICITY

Since there are other volatile compounds that can absorb IR
energy similar to alcohol at some wavelengths, some of the early
IR instruments that used only one wavelength could be poten-
tially susceptible to interference and falsely glevated results. By:
using the three wavelength system, the Intoxilyzer 5000C can de-
tect a number of possible interfering compounds, as previously
described. o

This instrument can detect and screen out possible interfer-
ence from two common endogenous compounds., acetone and
acetaldchyde. A number of other compounds will also be dle;-
tected by the interferant detector. There hqs been only one puh-
lished report of a false BrAC by an Intoxn-lyzer 5000 caused by
inhalation of a volatile compound.'' In this case, a 52-year-old
cabinet maker who had a 20-year history of work—relat;d €xpo-
sure to lacquers and paints and did not use any protective mask
was tested by an Intoxilyzer 5000 45 minutes after he left vyork.
The result was 310 mg/100ml, and 12 minutes latc?r the Intoxilyzer
result had decreased to 240 mg/100mi. In both instances the In-
toxilyzer 5000 printed that there was an inter.ferant deteggd. Ad
blood sample that was collected between the time of the first an

10 Ibid. at 1027, . . . .
11 M.A. Edwards, W. Giguiere, D. Lewis & R.C. Baselt, “Intoxilyzer Inter-

ference by Solvents™ (1986) 10J. Analytical Toxicol, 125.
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second Intoxilyzer 5000 tests was analyzed and found to have no
alcohol, but a blood toluene concentration of L1 mg/100m].

This case illustrates that although the Intoxilyzer 5000 result
was incorrect, the interferant was detected, Additionally, it illus-
trates how quickly volatile compounds like toluene, found in
paints and lacquers, disappear from the blood. ‘The elimination is
exponential rather than linear as for alcohol. This would cause the
difference between the two breath results to be greater than the
20 mg/100ml suggested by the Alcohol Test Committee. Not only
can the interferant be detected by the use of three wavelengths,
but also by the poor duplication of the two Intoxilyzer 5000 tests
taken at least 15 minutes apart.

In a more realistic study of solvent inhalation, subjects were
exposed for 4 hours to toluene, 1,1,1, trichloroethane and butane,
at the maximum upper concentrations recommended for work-
places prescribed by the Health and Safety Executive in the
United Kingdom. The subjects obtained no positive result on an
IR instrument after 20 minutes exposure to fresh air.'? The high-
est false positive result was obtained in one subject after butane
exposure. It was 18 mg/100 ml 1 minute after exposure, which de-

creased to O within 20 minutes, again showing the rapid, exponen-
tiat removal of these volatiles from the breath.

More importantly, laboratory and field studies of subjects ex-
posed to domestic painting situations with and without ventilation
showed that after 10 minutes’ exposure to fresh air, no false re-

sults were obtained on an IR instrument.'? As concluded by Du-
bowski:

The theoretical consideration of chemical interference in any such 1R anal-

ysis by any of the thousands of compounds other than the analyte of inter-

est is rendered moot by the fact that any such potential interferant must
—_—

12 R. Gill, S.E. Hatchett, et al., “The Response of Evidential Alcohol Testing
Instruments With Subjects Exposed to Organic Solvents and Gages. I. To-
luene. 1.1,1,-Trichloree thane and Butane" (1991) 31:3 Med. Sci. Law [R7.

13 R. Gill, H.E. Broster, C.G. Broster, et at., “The Response of Evidential
Breath Alcohol Testing Instruments With Subjects Exposed to Organic Sol-
vents and Gases. fI. White Spirit and Nonane” (1991) 31:3 Med. Sci. Law
201 R. Gili, M.D. Osselton, J.E. Broad. et al.. “The Response of Eviden-
tial Breath Alcohol Testing Instruments With Subjects Exposed to Organic

Solvents and Gases. 1. White Spirit Exposure During Domestic Painting™
(1991) 31:3 Med. Sci. Law 214,
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RELIABILITY

The Intoxilyzer 5000C is a very rellal‘Jle lnstrut;p:(?tt.t?sn\;g;t;
most instruments, the mechanical parts are ;\1; ljong Nty
breakdown and wear than the electronic parttsﬁe o e mart
strument is plugged into a surge protector,he Cleeton
should be trouble-free for many years. [I)r(; t rin;e; mz;lfun'ction.
common problem with the Intoxilyzer §O 13 p e e,
However, the malfunctioning of the printer oesuld e o
curacy of the test; it simply means that th;rg W(\),vould o printed
copy available at that time, and tl.le' lech‘mcllan |
e eahal soncemttation, the_Intoxiyer

To determine the alcohol concentr: , e
5000C compares the initial and final intensity O(Ct:luea?]{ff?meggsgt;
;md 1 in the Lambert-Beer Lmy). Itis not the a}t B meaaiing
that is critical but the change in the IR m:enzlczl.”agy peasuring
the change and not the uctgal IR encrgyl, ttle ey D et o
toxilyzer is unaffected by s\.nght voltage { gc u:e This Co;nparison
slow changes in the intensity of the IR S'OI;]I'I .Zer .
method is similar in principle to t'he Breatlas%rum.dmhmmate -

lyzer compares the colour change in the potats_on_ P ihe potassinm
lution of the ampoule. The actual concentrati O P rctors.
MR lnot impo'rmm(ii((:)tr\]rlt);n?']::ecg(l)?ll::z:rftrati%rl‘ will not af-
ariations in the potassium mate c "
:‘Ie:tl :Ihe accuracy of the test, but will affect the v;'%r:tlg) l\;i e ovent
Batteries in the Intoxilyzer prevent loss o e Tntont
of a power blackout. To ensure a proper Wdor memi’al o
lyzer will signal the technician if the workloa pff e aocuracy
tf) below 423 mg/100m). Any error that could aftect e accuray
of the Lreath test will cause the instrument to cease ESUNg
isplay an error message. _ . o
dlsplllx): ;ddition, the technician monitors the(nn(sjtnijr:u:)rfltbt;:&tzl‘ ‘
any problems and to ensure that the strict standards

is" U.S. De-
14 K.M. Dubowski, “The Technology f’{ Breatl\—/i‘dcoh;)/‘la;\r'\;lzisssl992.
pu.rm.\cm of Health and Human Services, Rockland, y )
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cohol testing are applied. The technician ensures that the alcohol
standard result is within +/— 10 mg/100ml of the target value,
the blank tests are less than 10 mg/100ml, and the truncated re-
sults of the two subject tests are not more than 20 mg/100m]

apart. If all of these standards are met, the [ntoxilyzer S000C will

produce very reliable results.

CONCLUSION

The Intoxilyzer 5000C has been shown to be a reliable, accu-
rate, evidential breath alcohol instrument which employs infrared
energy for the detection and quantification of alcohol. The Intoxi-
lyzer 5000 has been used extensively in the U.S.A. since 1984 and
is a well-established and thoroughly tested instrument. The Intox-
ilyzer S5000C will be able to carry on the tradition of high stan-
dards in breath alcohol testing established by the Breathalyzer.
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Figure 1

The Electromagnetic Spectrum
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Figure 3
The Intoxilyzer 5000C

Figure 2
The Infrared Absorption Pattern for m:_w_. Alcohol
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Figure 4

Intoxilyzer 5000C

[SIM.V.L.]
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Figure 5

Functional Diagram of the Intoxilyzer 5000C
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Table 1

The breath alcohol testing sequence of the Intoxilyzer 5000C in
Ontario. This sequence is repeated for each subject.

Blank Test

Internal Checks

Calibration Check (Alcohol standard test)
Blank Test

Internal Checks

Subject Test

Blank Test

Results are printed

Table 2

Detection of possible interfering compounds by the comparison of
electrical energy generated at 2 IR wavelengths.

Electrical Energy Generated by the
IR Detector
(defined as units)

3.48 microns 3.39 microns  difference
Initial (room air) 6 4 2

Alcohol only 5 3 2

[OF]
(4]

Alcohol and acetone 4.5 1



