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First evaluation of the possibility of testing for drugged driving using exhaled
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ABSTRACT
Objective: Driving under the influence of psychoactive drugs causes an increased risk for acci-
dents. In combating this, sobriety tests at the roadside are common practice in most countries.
Sampling of blood and urine for forensic investigation cannot be done at the roadside and poses
practical problems associated with costs and time. An alternative specimen for roadside testing is
therefore warranted and the aerosol particles in exhaled breath are one such alternative.
Methods: The present study investigated how the exhaled breath sample compared with the rou-
tine legal investigations of blood and urine collected from suspects of drugged driving at 2 loca-
tions in Sweden. Exhaled breath was collected using a simple filter collection device and analyzed
with state-of-the-art mass spectrometry technique.
Results: The total number of cases used for this investigation was 67. In 54 of these cases (81%)
the results regarding a positive or negative drug test result agreed and in 13 they disagreed. Out
of these, the report from the forensic investigation of blood/urine was negative in 21 cases. In 6
of these, analytical findings were made in exhaled breath and these cases were dominated by the
detection of amphetamine. In 7 cases a positive drug test from the forensic investigation was not
observed in the breath sample and these cases were dominated by detection of tetrahydrocanna-
binol in blood. In total, 45 samples were positive with breath testing and the number of positives
with established forensic methods was 46.
Conclusion: The promising results from this study provide support to exhaled breath as a viable
specimen for testing of drugged driving. The rapid, easy, and convenient sampling procedure offers
the possibility to collect a drug test specimen at the roadside. The analytical investigation must be
done in a laboratory at present because of the need for a highly sensitive instrument, which is
already in use in forensic laboratories. The analytical work is not more challenging than for blood
or oral fluid and should not cause an increase in cost. However, more studies need to be done
before exhaled breath drug testing can be applied routinely for drugged driving investigation.
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Introduction

Driving under the influence of psychoactive drugs is gener-
ally acknowledged as causing an increased risk for accidents
and is therefore considered a threat to public safety
(Drummer et al. 2012; Lipari et al. 2016). Sobriety tests are
mandatory in most countries and commonly entail a com-
bination of a roadside screening test and a confirmation test
performed at a laboratory.

In addition to breath tests for alcohol, some countries
have implemented roadside drug testing using an oral fluid
specimen, but most countries rely on signs and symptoms
of impairment as a tool to require a sample for confirmation
of drugs of abuse (Davey et al. 2017).

For many years, the gold standard for forensic laboratory
investigations was a blood sample. However, in cases involving

driving under the influence of psychoactive drugs, some coun-
tries now use oral fluid as both the screening and a confirm-
ation matrix for drugs of abuse. Australia has successfully
implemented a test protocol including methamphetamine,
tetrahydrocannabinol (THC), and 3,4-methylenedioxymetham-
phetamine (MDMA) in oral fluid (Drummer et al. 2007). Oral
fluid is collected by police at the roadside. The blood sampling
procedure, on the other hand, cannot easily be done at the
roadside but requires professional personnel and suitable
facilities, which are costly and time consuming.

Over the years, technology for testing alcohol in breath
has developed to the degree that evidential testing can be
done without the need for professional medical and labora-
tory resources and has even allowed the development of
alcolocks to hinder using a vehicle (Alvarez and Vanlaar
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2005; Gullberg 2000). Alcohol breath testing is based on the
volatility of ethanol, which allows it to be present in the gas
phase of breath in measurable concentrations proportional
to the legal limits for alcohol in blood (Jones 2010). Other
drugs of abuse are generally not volatile and the relationship
between a concentration in breath compared to blood is
more complicated. However, research has shown that non-
volatile drugs of abuse are also present in exhaled breath
(Beck et al. 2013).

Studies on exhaled breath have demonstrated that human
breath contains nonvolatile components (Beck et al. 2016;
Kuban and Foret 2013). These components are carried out
as part of aerosol particles that are formed during normal
breathing (Schwarz et al. 2010). Regardless of breathing
maneuver, these particles are always formed and present in
exhaled breath and can be used for developing clinical and
forensic biomarkers (Beck et al. 2016; Kuban and Foret
2013). The particles are composed of the airway lining fluid
that are in close contact with the circulation and will con-
tain components originating from the blood (Almstrand
et al. 2009; Bredberg et al. 2012). It is therefore not surpris-
ing that drugs of abuse can be detected in the breath of
drug users when these substances are present in the body.
The first demonstration of this concept was published in
2010 and showed that amphetamine could be detected in
breath of drug users (Beck et al. 2010). A commercial breath
sampling device was subsequently used to demonstrate that
abused drugs in general can be detected in breath while
intoxicated (Beck et al. 2013). Several reports with controlled
intake of different drugs have confirmed that exhaled breath
is a viable matrix for drug testing (Coucke et al. 2016;
Ellefsen et al. 2014; Himes et al. 2013; Kintz et al. 2017;
Meyer et al. 2015). For tramadol, it was observed that the
time versus concentration curve in breath paralleled that in
blood (Meyer et al. 2015). Two other independent research
groups have confirmed that exhaled breath is a viable speci-
men for clinical drug testing (Kintz et al. 2016, 2017) and
for sports doping control (Thevis et al. 2016, 2017).

The aim of the present study was to collect breath sam-
ples for drug testing in addition to routine blood and urine
samples that are collected from people suspected of drugged
driving and determine how well the laboratory investigation
of these breath samples compared with the routine legal
investigations using blood and urine.

Method

Study subjects

The study was performed in collaboration with the local
Swedish police authorities and dependence clinics in the cit-
ies of Stockholm and €Orebro. These organizations partici-
pate in the SMADIT system (Forsman et al. 2011;
Gustafsson et al. 2016), which is a unique Swedish project
aimed at offering medical treatment to individuals with
addiction syndromes. In practice, this means that drugged
driving suspects are taken by the police to a dependence
clinic for blood and urine sampling. The suspect is offered
the opportunity to meet a staff member from the

dependence clinic to discuss any health issues related to
drug misuse. Subsequently, this can lead to the suspect
entering a treatment program for a drug dependence prob-
lem. At the time of blood and urine collection the suspects
were asked to also provide a sample of exhaled breath. The
subjects were informed about the study and gave informed
consent to participate. The logistics were arranged such that
the collected breath sample was labeled with a unique code.
The police document from the case was also labeled with a
unique sample code. Upon receipt of the analytical report
on investigation of the blood and urine samples from the
National Board of Forensic Medicine, the police sent a copy
of the report to the authors after removing any information
on the subject’s identity. In this way, the results from the
parallel investigations could be matched.

Ethical approval was obtained from the Stockholm
Regional Ethics Committee (No 2008/1347-31).

Sampling of breath

A sample of exhaled breath was collected using the dispos-
able SensAbues filter collection device, which has been
described previously (Beck et al. 2013). The device collects
particles on a low-resistance membrane filter. In brief, the
device collects exhaled aerosol particles from �30 L of
exhaled breath, which takes a few minutes during normal
breathing. Once the sampling process is finished the device
is capped and stored at �20 �C.

Analysis of exhaled breath

Upon analysis, the device is decapped and placed on top of a
glass test tube. Methanol is poured through the filter and the
methanol is collected, concentrated, and used for drug analysis
using liquid chromatography–tandem mass spectrometry. The
analytical procedure has been previously described (Beck et al.
2013; Ullah et al. 2018) and the method includes testing for
amphetamine, methamphetamine, MDMA, methylphenidate,
ritalinic acid, cocaine, benzoylecgonine, alprazolam, hydroxyal-
prazolam, diazepam, oxazepam, flunitrazepam, 7-aminofluni-
trazepam, nitrazepam, 7-aminonitrazepam., clonazepam 7-
aminoclonazepam, morphine, codeine, 6-acetylmorphine,
methadone, 2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine
(EDDP), tramadol, O-desmethyltramadol, buprenorphine, nor-
buprenorphine, hydromorphone, and tetrahydrocannabinol.

Analysis of blood and urine

Urine, whole blood, or serum specimens were sent by the
police to the National Board of Forensic Medicine for rou-
tine investigation. The scope of testing varied between cases
depending on the request from the police and the matri-
ces provided.

The standard procedure was to screen for drugs of abuse
in urine with immunoassays in urine. If no urine sample
was provided, the immunoassay screening was performed in
serum and if only whole blood was provided, screening was
done in whole blood.
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Confirmation of positive findings was done with a set of
mass spectrometry methods, with the first choice being
whole blood and, if negative, urine. Depending on the
request from the police, either all positive findings were con-
firmed or confirmations were performed according to a pri-
ority list, including amphetamines, cannabis, cocaine,
opiates, methadone, buprenorphine, benzodiazepines.

The applied cutoff limits are shown in Supplement
Table 1 (see online supplement).

Results

No complaints regarding the breath sampling procedure
were reported by any of the suspects or police personnel.
The total number of cases used for analysis of how well
exhaled breath and the reference blood/urine results com-
pared for detecting drugged drivers was 67. In 54 of these
67 cases (81%) the results regarding a positive or negative
drug test result agreed and in 13 they disagreed. An over-
view of results comparing the analytical investigations of
blood and/or urine with the exhaled breath is given in
Table 1. The report from the forensic investigation of
blood/urine, except ethanol, was negative in 21 cases. In 6
of these, analytical findings were found in exhaled breath.
The findings in these cases were mainly stimulants and are
presented in detail in Supplement Table 2 (see online sup-
plement). In 7 cases a positive drug test from the forensic
investigation was not observed in breath and these cases
are presented in the lower part of Supplement Table 2. In
total, 45 samples were positive with breath testing, whereas
the number of positives with established reference forensic
methods was 46. Chromatograms from the analytical meas-
urement of THC, amphetamine, and cocaine in breath
from 3 of the cases are presented in Figures 1–3. The iden-
tification of substances in the breath samples was per-
formed with mass spectrometry meeting forensic criteria
(Beck et al. 2013; Ullah et al. 2018).

When examining the results in detail, other differences
were observed. Supplement Table 3 (see online supplement)
lists the results concerning cannabis intake. In 12 cases the
finding of THC in breath was supported by results from
blood, serum, or urine analysis. However, in 9 cases the

breath sample was negative for THC despite a finding of
THC in blood. The median blood concentration value of the
THC-positive subgroup was 3.4 ng/mL (n¼ 9) and the
median value for the THC-negative group was 1.9 ng/mL
(n¼ 7). A calculation of the difference between the groups
using the Mann-Whitney test gave a P value of .0903.
Taking the results from the routine forensic investigation as
a reference, a sensitivity of 57% for breath testing was calcu-
lated for cannabis.

For amphetamines the number of positive cases in blood
was 21 (Supplement Table 3). All of these cases were also
positive for amphetamines in breath, giving a sensitivity of
100%. In addition, another 5 cases were positive in breath
but not in blood, serum, or urine. The median breath con-
centration of amphetamine in the blood-positive subgroup
was 7,870 pg/sample, and in the blood-negative group it was
380 pg/sample. A calculation of the difference between the
groups using the Mann-Whitney test gave a P value of
.0006. The difference might indicate that the blood concen-
trations in the 5 negative samples were low and therefore
undetected. In 3 of the cases the analysis for amphetamine
was done with immunoassay in blood with a low sensitivity.
In the remaining 2 cases no blood analysis was done due to
negative urine screening.

Eleven cases concerned cocaine (Supplement Table 3). In
6 out of 7 cases where the blood, serum, or urine data
revealed cocaine intake, the breath analysis were also posi-
tive, giving a sensitivity of 86%. When both cocaine and
benzoylecgonine were detected in blood, the concentration
of cocaine in breath was the highest of all cases, and in the
case of only benzoylecgonine in blood the breath concentra-
tion of cocaine was the next highest. In all cases the concen-
tration of cocaine in breath was higher than that of the
metabolite, benzoylecgonine, with a median concentration

Table 1. Analytical findings in the forensic investigation of blood and/or urine
as compared with exhaled breath

Summary of all drug findings

Breath

Negative Positive

Forensic investigation Negative 15 6
Positive 7 39

Cannabis
Forensic investigation Negative 46 0

Positive 9 12
Amphetamines
Forensic investigation Negative 41 5

Positive 0 21
Cocaine
Forensic investigation Negative 56 4

Positive 1 6
Benzodiazepines
Forensic investigation Negative 60 1

Positive 4 2

Figure 1. Chromatograms from liquid chromatography-tandem masspectrome-
try analysis of an exhaled breath extract containing 380 pg amphetamine.

240 O. BECK ET AL.

https://doi.org/10.1080/15389588.2019.1584397
https://doi.org/10.1080/15389588.2019.1584397
https://doi.org/10.1080/15389588.2019.1584397
https://doi.org/10.1080/15389588.2019.1584397
https://doi.org/10.1080/15389588.2019.1584397
https://doi.org/10.1080/15389588.2019.1584397
https://doi.org/10.1080/15389588.2019.1584397


ratio of 8.6 (n¼ 6). In 2 cases with low cocaine concentra-
tions in breath, the results were in contrast with the negative
results from the urine screening.

Seven cases concerned benzodiazepines (Supplement
Table 3). Breath testing was positive in 3 of these cases, giv-
ing a sensitivity of 43%. In one of the 3 cases the blood
screening was negative but was done with a method with
poor sensitivity. In the third case diazepam was detected in
breath but several more substances were detected in blood.

The results from the cases with other drugs are also pre-
sented in Supplement Table 3. Additional compounds
detected in breath were 6-acetylmorphine, buprenorphine,
codeine, methylphenidate, and tramadol.

Discussion

The present study provides support that exhaled breath drug
testing can be used to investigate cases of suspected driving
under the influence of drugs. When the outcome of the
breath drug test was evaluated with respect to a positive or
negative result, the breath testing resulted in 45 positives,
whereas the routine investigation resulted in 46. The breath
sampling procedure was well accepted by the suspected indi-
viduals and police officers. One advantage with exhaled
breath drug testing is the convenient sampling procedure
that can be conducted at the roadside and without the need
for medical professionals. This can result in cost savings and
a possibility to collect samples in more cases.

An important observation was that the detection rate for
cannabis in breath was lower than that in blood. There was
a tendency for the group of cases with a positive breath test

to have higher median blood concentrations than the nega-
tive cases. A previous clinical study of cannabis users com-
pared blood and breath testing for THC and demonstrated
statistically significantly higher blood concentrations in sub-
jects with a positive breath test (Skoglund et al. 2015). Three
studies with controlled smoking of cannabis have indicated
that the detection time of THC in breath is short but at least
6 h (Coucke et al. 2016; Himes et al. 2013; Kintz et al.
2017). It is also known that chronic cannabis smokers can
have THC concentrations remaining in the blood on the
order of 1 ng/mL after a week of abstinence (Bosker et al.
2013) but that this concentration is reached shortly after
intake by occasional users (Hartman et al. 2016). It is there-
fore possible that a positive breath test may be more
strongly associated with the time of being intoxicated and
under the influence from a recent smoking event than a
positive blood test. In many countries, there is an applied
legal concentration limit for THC in blood regarding
drugged driving (Hartman et al. 2016; Rooney et al. 2017).
It has been advocated, however, that the reporting limit
should be lower than the concentrations that can remain as
a base level in blood after more frequent use (Ferrari et al.
2018). Another advantage with the breath specimen is that
when taken directly at the roadside there is no time delay
that may hamper the interpretation of results and influence
detection rates, as has been pointed out before (Hartman
et al. 2016). For on-site analysis of oral fluid the detection
time was reported as 2–3 h after smoking (Kintz et al. 2009)
and <12 h with a more sensitive laboratory analysis (Van

Figure 2. Chromatograms from liquid chromatography-tandem masspectrome-
try analysis of an exhaled breath extract containing 856 pg cocaine.

Figure 3. Chromatograms from liquid chromatography-tandem masspectrome-
try analysis of an exhaled breath extract containing 1,080 pg
tetrahydrocannabinol.
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der Linden et al. 2014). Kintz et al. (2017) noted that detec-
tion time in breath is similar to detection time in oral fluid.

For amphetamine, more positive cases were detected in
breath compared to blood. In some instances when the
blood analysis was negative this could be explained by a low
sensitivity in the immunoassay screening method used.
There were significantly lower measured values in breath in
the 5 cases with a negative blood/urine amphetamine result,
supporting this assumption. In addition, cocaine showed
high sensitivity in breath testing. In addition to cannabis,
benzodiazepines showed low sensitivity. This has been noted
before and is explained by the high protein binding of these
compounds in blood (Altamura et al. 2013; Vajda and Eadie
2014) and will also influence the detection rate for oral fluid
testing. Other substances with positive breath tests were
codeine, buprenorphine, 6-acetylmorphine, and tramadol,
but such few cases do not allow for an estimation of sensi-
tivity. Tramadol has previously been studied in a controlled
clinical trial and gave a 100% detection rate in breath for
24 h (Meyer et al. 2015). The better detection rate of 6-ace-
tylmorphine compared to morphine has been noted before
(Beck et al. 2013).

A limitation of this study was that the forensic investiga-
tions were performed for blood and urine with several dif-
ferent procedures/methods and according to a priority list.
Therefore, a straightforward comparison between the breath
test and the reference forensic investigation could not be
performed, but details of the comparisons have
been provided.

There is a need to develop effective methods for drug
testing to deter drugged driving. One strategy is to use alter-
native specimens to venous blood, because sampling of
blood requires health professionals and is time consuming.
Blood has been the standard specimen for drugged driving
investigations and was also required for alcohol determina-
tions. With time, breath alcohol measurement has been
developed to the point that it is now considered evidential
and can be conducted at the roadside. A similar solution for
drug testing might be a future possibility based on the pre-
sent study. However, this would require use of a new detec-
tion technology and legal acceptance of the results. One
possibility is a miniature mass spectrometer or the use of
surface-enhanced Raman spectroscopy, which has the sensi-
tivity needed and has provided promising results (Massarini
et al. 2015) and is already available as a handheld device.
The possibility to measure drugs in exhaled breath in real
time has been demonstrated using mass spectrometry tech-
niques (Berchtold et al. 2014, Ng et al. 2014). However,
those techniques are not yet suitable for use at the roadside.

Other possible specimens include oral fluid and sweat,
for which immunoassay technology exists for rapid screen-
ing at the roadside (Samyn and van Haeren 2000). A pos-
sible use of exhaled breath in a roadside system could also
be used as a confirmatory specimen. For example, in the
system used in Belgium, which uses the examination of signs
of being under influence of drugs followed by on-site oral
fluid screening, exhaled breath could be used as a confirma-
tory specimen (Van der Linden et al. 2015).

In conclusion, the promising results from this study pro-
vide support that exhaled breath is a viable specimen for test-
ing for drugged driving and that a future study evaluating
breath sampling at the roadside for detection of drugs with
more comprehensive analytical investigations of blood is war-
ranted. One aspect that needs future attention is the issue of
passive exposure when sampling is done at the roadside. The
rapid, easy, and convenient sampling procedure offers a pos-
sibility to collect drug test specimens at the roadside.
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