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Determining the suitability of a breath sample is the first step in 
determining the overall reliability of the breath test results. This 
article addresses the criteria for determining the suitability of a 
breath sample received for analysis. 
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Breath Sampling Criteria
Determining the Suitability of a Breath Sample

I have a confession to make. I am old 
enough that I was initially trained as a 

Qualified Breath Alcohol Technician on 
the Borkenstein Breathalyzer Model 900A.  
Although invented in 1954 (9 years  
before I was born) the unit was used long 
and wide by police departments across  
Canada from 1957 until well after the  
turn of the millennium, being removed 
from the list of Approved Evidentiary  
Instruments only a few years ago. 

Evidentiary testing using a Breathalyzer Model 900A was very much 
a manual “hands-on” experience. Every aspect of the testing sequence 
was controlled by the Qualified Technician, and more importantly, the  
technician was required to determine when a suitable sample had been 
obtained. This situation lead to a great deal of variability among breath 
test technicians. I personally timed the sampling event, and made a note 
of the duration of the sample to observable taper in exhalation. I also  
encouraged the subject to provide a good sample of deep lung air.  
However, I have watched operators who were content to obtain whatever 
sample the subject provided, with I feel, a lesser likelihood of obtaining 
a true deep lung alveolar sample.

Now, it may be that the “deep lung air” sample is not quite the gold- 
standard that has been made of it, but that is the subject for another  
article…

Newer automated breath alcohol testing devices attempted to take 
back control of the testing sequence as much as possible. This is most  
readily apparent in determining the suitability of breath samples.  

Remember, though, that ultimately the suitability of the breath sample is 
still the responsibility of the qualified operator.

We need to differentiate two distinct concepts. We’ve dealt with the  
reliability of a reading in this issue, and others of Counterpoint.  
Reliability refers to the accuracy, precision and specificity of the reading 
itself. The suitability of a breath sample is discussed below, and refers to 
how the breath sample was obtained. In short, we need a suitable breath 
sample to be received and analyzed by the breath test system BEFORE 
we can obtain a reliable reading. We need BOTH a suitable sample,  
analyzed by a reliable system to create a “true” reading.

Modern police evidentiary breath test instruments use four criteria to  
assist in the determination of the suitability of a breath sample:

§	 Pressure of exhaled breath flow
§	 Time of exhalation (as in duration)
§	 Exhaled breath Volume, and
§	 “Slope”

The Sampling Criteria

The Pressure Sensor, Timer, Volume Calculation and Slope Detector 
work together to assist in obtaining a suitable sample from the majority 
of the population. The emphasis is important. Some people will be able 
to exceed these requirements, and conversely, some may indeed have  
difficulty meeting the minimum testing requirements.

The Breathalyzer 900A
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In order to determine the pressure and time of breath samples that  
subjects can provide, physiologists look at their “Forced Vital Capacity” 
or FVC. FVC is the total volume of breath that can be delivered by a  
subject after they make a full inhalation. FVC will vary from  
person to person based upon the size of the individual, their age and their  
inherent lung volume capacity. Typical values are between 3-6 litres.  

Some people are smaller in stature and have a lower FVC than other larger 
bodied people. FVC is also determined by pre-existing medical conditions,  
especially COPD (Chronic Obstructive Pulmonary Disorder) or chronic 
Asthma. Variability also exists among individuals. My lung volume is 
about 118% of normal, as an example and I have an average FVC of 5.36 
litres.

Larger, fuller-lunged persons may have to blow harder and longer than 
persons with reduced lung capacity to give an end-expiratory breath  
sample. The breath alcohol device has no way of knowing, so they use 
their own criteria.

Pressure & Time

When the subjects first provide their breath samples, they must blow with 
sufficient force to activate a pressure transducer. The threshold value to 
activate this transducer is equivalent to 15 cm of water, or 0.2 psi (pounds 
per square inch) in the majority of breath testing devices. This is not 
a very great value, and can be easily provided by most persons. Once 
the pressure transducer is activated, the timing circuitry is engaged. An  
audible tone is emitted that indicates the subject is providing an  
adequate air flow. As long as the pressure of the breath sample exceeds the  
threshold value, the tone continues to emit.

Again, in most devices, a timing circuit is activated that requires a  
minimum breath sample time of 5 seconds. The pressure of the sample 
must be maintained during this entire five-second period. If the subject 
does not maintain the minimum pressure for the minimum time, the tone 
stops and the pressure circuit is re-set. Any re-attempt at the provision of 
a breath sample will start the cycle over again. 

This system is the same as employed by many roadside screening  
devices. It is assumed that five seconds of breath sample at the minimum 
threshold value will produce a sample of deep-lung alveolar air in the 
majority of persons tested.

Volume

Volume is done a little differently than you might expect. The true  
volume of a sample is not measured. It is a calculated value, determined  
by multiplying the flow rate of the sample by the number of seconds the  
sample was delivered. Most modern units require a minimum of 
1.1 to about 1.5 litres of exhaled breath in order to meet the volume  
requirement.

       
VOLUME = FLOW RATE x EXHALATION TIME
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The Slope Detector
Mouth Alcohol Detection & the Residual Alcohol Detection 
System

You may hear someone refer to a “Slope Detector”. More correctly, they 
are called “Residual Alcohol Detections Systems”, and are programmed 
algorithms built into the software of the device. You can’t actually point 
to a “Slope Detector” inside a breath alcohol testing device. It would be 
like opening up your computer right now, and pointing to your “Word 
Processor”. You can’t point to a Word Processor any more than you can 
point to a Slope Detector. They are simply programs, with the inherent 
limitations software programs have…

Modern breath alcohol testers use this additional aid in determining 
the suitability of the breath sample. This system is ONLY available in 
units that provide real-time measurement of the breath sample’s BrAC 
(Breath Alcohol Concentration). Units that use infrared technology to 
create a breath alcohol measurement incorporate this fourth component. 
Units that create readings using fuel cell technology are not real-time  
measurements, and do NOT incorporate slope detection analysis.

Using an infrared breath alcohol device, as the subject starts to exhale, 
their initial reading is ZERO, and rises from that point onward, measured 
second by second by the device. Although the slope detector circuitry is 
initialized at the beginning of exhalation, the readings are not considered 
as part of the BrAC until the minimum pressure and time values are met. 
Five seconds of sufficient force are required before the BAC readings 
may be obtained.

A “normal” breath sample will give the following slope curve:

Figure 1 - An exhalation profile showing the Breath Alcohol Concentration over 
the time the sample is provided

The alcohol level will sharply rise at first as alcohol is introduced to 
the test chamber, and will start to level off as stable deep-lung alveolar 
air is delivered. Towards the end of expiration, as the volume capacity 
is met, the BAC level will fall off rapidly. Since the first 5-seconds of  
readings are not considered as a part of the breath sample, we get a slope  
determination that looks like this:

Figure 2 - The first five seconds are not considered when calculating the Breath 
Alcohol Concentration of the exhaled sample.

A disposable mouthpiece
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The rapid fall of BrAC at the end of the sample is also disregarded for 
two reasons. First, the pressure of the exhalation will close the pressure 
transducer switch. Since the minimum 5-second sample has already 
been obtained, no error messages will be displayed. Secondly, the slope  
detector is programmed to expect a fall-off in BAC at the end of the 
breath sample. In essence, the reading is taken from the middle, nearly  
horizontal portion of the slope reading, with the highest reading displayed.

The specific FVC of the subject determines the length of time it takes 
before a plateau of BAC occurs. While a small person may level-off  
after 5-seconds, a larger person may require considerably more time. In 
fact, the volume they provide is immaterial, as long as the slope detector 
doesn’t detect a rise of more than 3 mg/100mL (0.003g) per second of  
the BAC reading. The actual volume of breath analyzed by the  
instrument plays no part in determining the subject’s BAC reading. 

The slope detector plays an important role in determining the presence 
of fresh-mouth alcohol. A subject who may have recently introduced  
alcohol into their mouth and respiratory tract by:

•  Vomiting
•  Burping
•  A condition such as Acid Reflux Disease, or GERD

will have an initial rapid rise in BrAC that also falls off sharply as the 
false-high alcohol reading dissipates and is replaced by a “true” near- 
level slope. 

Let’s pretend that the subject above has “micro-burped”  
immediately prior to, or while providing, a breath alcohol sample:

Figure 3 - The "true BrAC reading (blue) with a contaminated reading (red)

The red line in the diagram above represents the exhalation pattern with 
contamination at the beginning of the sample. The "true" value of the 
reading is shown in blue. The device is supposed to pick up the sudden 
rise and sharp drop (in the red line) and determine that the entire sample 
is contaminated due to that profile.  It is the rise AND subsequent drop 
that upsets the programmed values, and triggers the Residual Alcohol 
Detection System into believing contamination is present. 

The forensically acceptable standard of obtaining two readings within 
20 mg/100mL (0.02 grams/100mL) of each another, coupled with the 
observation period either before or between the two readings assists in 
obtaining suitable samples. The slope detector system adds only a certain 
degree of validity to our testing process. Many jurisdictions around the 
world do not obtain two readings, so the slope detector becomes even 
more valuable to them.

The Intoxilyzer 8000
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Different devices use different algorithms. The Intoxilyzer 5000, as an  
example, needs to have a BrAC reading that exceeds + 0.003 gram 
per second AND a negative slope of minus 0.005 grams per second or 
greater to trigger the Slope Detector. If the red line, indicating breath  
contamination shown in Figure 3 had a + 0.003 gram per second rise 
AND a negative slope of only minus 0.004 grams, the pre-programmed 
amounts would NOT be triggered, and the Residual Mouth Alcohol  
Detection System would NOT flag the breath sample as contaminated.

The Intoxilyzer 8000, on the other hand, has different requirements in 
determining a sample's suitability. First, there is a minimum flow rate 
requirement of 0.15 litres per second, with a minimum breath time 
of only one second. The sample must be a minimum of 1.1 litres in  
volume. The IR source on the Intoxilyzer 8000 pulses at only 2 cycles 
per second (Hz). With two filters, a reading is obtained every ¼ second 
(250 ms). As the pulses are analyzed, consecutive BrAC readings that do 
not differ by more than 3 percent will indicate a level slope. So, if all the  
parameters are met, the theoretical minimum breath sample duration is 
only 1.75 seconds. 

As with the Intoxilyzer Model 5000, once the four criteria (flow rate, 
time, volume and slope) are met, a Zero will appear in front of the  
preliminary breath test results, indicating that the sample received is 
deemed suitable by the programed algorithm.

However, it has been my experience that the slope detector can, and 
often is, fooled under a variety of circumstances, most notably, recent  
consumption of an amount of alcohol, similar to what would occur during 
a burp or “micro-burp”. Listerine PocketPaks® also give a minor but  
perceptible false positive reading. This circumstance is precisely what 
the slope detector was designed to detect. I have routinely observed the 
slope detector fail to register mouth alcohol that is as much as 12-15  
minutes old,  often allowing the unit to register an abnormally high reading 
given a simple swish of alcohol. A small burp, or trapped alcohol can also  
produce falsely inflated breath alcohol readings.  I can only conclude 
that the slope detector is merely an investigative aid, and is a highly 
inaccurate detector of mouth alcohol. 

I'm not alone in this assertion. Published studies indicate failure of 
the Residual Alcohol Detection System to identify mouth alcohol bias  
between 37% (Harding et al, 1992) and 48 % failure (Simpson et al, 
2004). Gullberg (2000) also reports on the inadequacy of the mouth  
alcohol detection systems. Harding reported that some of these failures 
occurred after more than 15 minutes of deprivation.

Obtaining Proper Samples & Operational Implications

Relying upon four criteria outlined (pressure, time, volume, and slope) 
to automatically determine the suitability of the sample is insufficient. 
It must still be the responsibility of the qualified technician to ensure 
that a suitable sample is properly obtained. Some subjects will be able to  
provide a breath sample that far exceeds the minimum 5-second  
requirement of the pressure-time circuit. Modern units will set  
minimum standards for a suitable sample, based on an average subject. The  
qualified operator is the one who must ensure that a given test subject has 
provided their own unique suitable breath sample. 

The Intoxilyzer 5000EN
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There is no manual override on many evidentiary breath alcohol  
testers as there are on some roadside screeners that are capable of  
automatically drawing a breath sample into the test chamber. The evidentiary 
units will continue to receive the sample as long as its parameters don’t fall  
outside the slope detection system’s threshold values. As long as the subject  
continues to provide air sufficient to keep the pressure transducer open, 
the sample will be analyzed either 4 or 30 times per second5. 

This, coupled with an observation period of a reasonable length of time, 
should provide a degree of credibility in the breath testing results. But  
remember, an observation period is exactly that – observation. The  
operator should be paying attention with their eyes, ears, and in some 
cases their noses to detect the smell of the fresh burp, or unnoticed  
“micro-burp”.

Final Thoughts

So, a suitable breath sample must be received before a reliable 
breath alcohol reading can be obtained. They are separate concepts,  
intrinsically tied together. Think of it this way – If an unsuitable breath 
sample was received (it doesn’t meet the pressure/time/volume/slope  
detector requirements), by its very definition, it CAN NOT produce a 
reliable breath alcohol reading. This is no different from anything else. 
A "bad" blood sample can’t be analyzed by even the best, most reliable 
Gas Chromatograph to produce a reliable BAC reading. The old adage,  
“Garbage in, garbage out…” seems to apply.  r

SUBSCRIBE TO COUNTERPOINT

5  Some of the most recent units produce a graphical printout of the breath sample itself 
that indicates, among other things, the volume of breath sample of the subject, a graphical 
representation of the force and duration of their breath sample, the BAC slope – indicated as a 
graph, and even the exhaled breath temperature. Although the information can result in court 
challenges, it also provides quantified data.
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The Metabolism and Elimination of Ethanol  
in Humans
The last of the series on the ADME of ethanol in humans, this article  
describes the mechanism of metabolism (bio-transformation) of  
ethanol, and how your body gets rid of ethanol and its by-products.

By Jan Semenoff
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In Defense of Standardized Field Sobriety Testing
Rebuttals to Common Criticisms
This is the second of two articles from one of the researchers involved in 
developing and validating Standardized Field Sobriety Tests. This paper 
addresses rebuttals to common criticisms.  

By Dary Fiorentino, Ph. D.

2

Book Review: Breaking Rank
Norm Stamper is a former Chief of Police who has been there, and 
knows what he is talking about. What is going on with police agencies 
these days? Take a look at this book. It is well worth the read...

By Jan Semenoff

3
Window on a Molecule: Infrared, Part 2
Not an academic exercise, how does an infrared breath alcohol tester 
actually determine a BrAC reading? Is the reading correct? What do I 
need to know?

By Jan Semenoff
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Establishing Reliability:  
Acts, Standards, Practices and Conditions
What does it mean when we say something is reliable? How does 
the reliability of a breath reading differ from the suitability of a 
breath sample? This is a companion article with #5, above...

The Suitability of Breath Samples
What criteria are used to determine the suitability of a breath 
sample? How does the suitability of a breath sample differ from 
the reliability of a breath alcohol reading. This is a companion 
article with #6 below.

Articles 5 & 6 are by Jan Semenoff

6

Tech Review: Color Multi-Function Printers
Once huge, heavy, and expensive, color laser printers  
capable of printing on both sides of a page, scanning, copying 
and faxing are cheaper and more reliable than ever. Here are 
our favorites, tested and true.

By Jan Semenoff
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A call for information:
Please forward any information on the following:

Announcements of upcoming:
• Seminars & conferences
• Training programs or packages
• New book releases
• New product reviews
• Services important for our readers

Article submissions
If you would like to submit an article, please contact us on our 
toll-free line to discuss your ideas, or send an Email to the  
editor. All ideas are welcome!

Our submission guidelines can be found at our website at:  
www.Counterpoint-Journal.com

Final Thoughts

Please promote Counterpoint to your colleagues.  
Annual subscriptions are available at:

Counterpoint-Journal.com

Thanks again for subscribing to Counterpoint. This concludes  
VOLUME ONE.

Please be sure to renew your subscription for Volume 2 today!

The curriculum arc for Volume 2 follows on the footsteps of Volume 1:

Issues in Breath Alcohol Testing
• GERD
• Diabetes and Fasting Ketones
• Fresh Mouth Alcohol Issues
• Risings BACs and Alcohol Consumption
• Occupational Exposure to Solvents and Chemicals

Introduction to Blood Alcohol Testing
• Blood Draws 
• Gas Chromatography
• Interferents in Gas Chromatography

Introductory articles on Forensic & Scientific matters
• Continuing articles on accident investigations
• Introduction to Ballistics
• DNA, Fingerprints and much more

As always, thanks for your subscription and continued support.

Jan Semenoff
Editor-in-Chief
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