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ABSTRACT

Objective Development of a rational and enforceable basis for controlling the impact of cannabis use on traffic safety.
Methods An international working group of experts on issues related to drug use and traffic safety evaluated
evidence from experimental and epidemiological research and discussed potential approaches to developing per se limits
In analogy to alcohol, finite (non-zero) per se limits for delta-9-tetrahydrocannabinol (THC) in
blood appear to be the most effective approach to separating drivers who are impaired by cannabis use from those who
are no longer under the influence. Limited epidemiological studies indicate that serum concentrations of THC below
10 ng/ml are not associated with an elevated accident risk. A comparison of meta-analyses of experimental studies on
the impairment of driving-relevant skills by alcohol or cannabis suggests that a THC concentration in the serum of
7-10 ng/ml is correlated with an impairment comparable to that caused by a blood alcohol concentration (BAC) of
0.05%. Thus, a suitable numerical limit for THC in serum may fall in that range. Conclusions This analysis offers an
empirical basis for a per se limit for THC that allows identification of drivers impaired by cannabis. The limited

for cannabis. Results

epidemiological data render this limit preliminary.
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INTRODUCTION impairment or effect-based approach; the others are two

versions of the ‘per se’ approach. The per se approach
The rising prevalence of driving under the influence of P bp P PP

, as in the ce f alcohol, a science-based finite limit
illegal and medicinal drugs (DUID) and its potential {Ses, as i TAe Case 0F 41ConoL, d sclence-base et

. . or employs a zero limit for the tolerable concentration of a

impact on traffic safety have raised awareness among ; L o,

. L . . . drug or its metabolites in a driver’s blood or other body

media, scientists and policy makers in many countries . . o

. o fluids. In either case, exceedance of this limit is deemed

and prompted calls for more effective control. Driving ) . )
automatically to prove (legal) impairment.

In theory, the impairment approach best meets the
objectives of DUID laws. It observes and assesses the
fitness of drivers and potentially penalizes those who are
actually impaired. Impairment may arise from several,
often-synergistic factors, including fatigue and the con-

sumption of multiple drugs. The main limitation of the

under the influence of cannabis (DUIC) is of particular
concern, because the recreational use of cannabis prod-
ucts, i.e. marijuana and hashish, is often second only to
alcohol. This highlights the need for effective legal control
of the potential risks posed by DUIC.

Current approaches to assessment and control of DUIC

Current DUID laws use one of three basic approaches to
determine whether a driver involved in an accident or
stopped at a roadside checkpoint, is impaired or under the
influence of a particular drug. One is the traditional
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impairment approach is the lack of standardized methods
for measuring and judging the impairment caused by
drug consumption. Standardized sobriety tests are sensi-
tive and reliable when used by trained officers to detect
blood alcohol contents of more than 0.1%. These tests
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also detect drug-induced impairment reliably, particu-
larly with drugs that depress the central nervous system.
However, sobriety tests for drugs are less sensitive
to modest impairment [1,2]. Procedures for handling
drivers suspected of drug use are often not standardized.
This renders the assessment of their impairment some-
what arbitrary. Legal disputes are thus common with
DUID cases and make the enforcement of impairment-
based laws costly.

Because of these shortcomings of the impairment-
based approach, many jurisdictions have adopted per se
limits for DUID. Many of them have been set at the limit of
detection and are de facto zero limits. This avoids the need
for a reliable science-based correlation between drug con-
centration and level of impairment and facilitates
enforcement. However, zero limits by design penalize the
presence in body fluids of an active drug ingredient or its
metabolites, which does not necessarily correspond
to actual impairment. This is a particular concern with
cannabis. Its main psychoactive constituent, delta-9-
tetrahydrocannabinol (THC), is detectable in blood for up
to 2 days. Depending on the frequency of use, its metabo-
lites are detectable in blood and urine for days or weeks
after cannabis use. In contrast, even a high dose of
smoked THC typically causes acute impairment of driving
skills for only 3—4 hours. The slow disappearance of THC
from serum is particularly pronounced with heavy users,
who consume more than one marijuana cigarette (joint)
per day, or even with moderate users of cannabis. Their
blood may contain THC concentrations of between 1.0
and 6.4 ng/ml serum even 24—48 hours after smoking
the last joint [3]. Thus, blood samples taken from moder-
ate users may still test positive for THC even when they
observe a sufficiently long waiting period between can-
nabis use and driving and impairment has dissipated.
Heavy passive exposure to cannabis smoke may also
result in measurable THC concentrations in blood serum
without causing concurrent impairment [4—6].

There are several potential indicators of cannabis use
and its potential impact on driving skills. Because of its
good correlation with measured impairment during the
later phase of a cannabis high, i.e. more than 2 hours
after cannabis consumption, the concentration of THC in
blood is still the most meaningful indicator of impairment
during that period [7]. Note that during the first hour of
a cannabis ‘high’ no unimodal relationship between
impairment and THC concentration exists. However,
during this phase, THC concentrations in blood clearly
exceed the range considered by the authors for a legal
limit. Thus, drivers under the acute impact of cannabis
and presenting with THC concentrations in the serum of
20 ng/ml or more would invariably be found in violation.

Commercially available less invasive alternatives to
measuring THC concentration in blood, such as testing
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urine for THC metabolites or analysing hair and sweat
samples, suffer from long detection windows and/or poor
reproducibility and do not qualify as the sole method for
determining cannabis-induced impairment. THC concen-
trations in saliva appear to correlate reasonably well with
THC concentrations in blood, and saliva testing may
emerge as a non-invasive screening test for the use of
cannabis and other drugs in road checks, to be confirmed
by blood analysis.

As is commonly conducted with alcohol, per se laws for
DUIC may adopt a set of two legal limits for the concentra-
tion of THC in blood. These limits will reflect varying
degrees of impairment and corresponding risk and trans-
late into varying levels of punishment and the intended
educational effect. Violation of the lower limit would
result in a fine and a temporary suspension of driving
privileges, intended to warn the driver to separate drug use
and driving. For example, several European countries have
set a lower blood alcohol concentration (BAC) limit at
0.05%. Exceeding the higher limit above which most
people will be unfit to drive would result in a higher fine,
extended revocation of the driver’slicence and, depending
on the circumstances, criminal prosecution. Several Euro-
pean countries have adopted such a higher BAC of 0.11%.

Approach and objectives of study

This paper summarizes the findings and recommenda-
tions by an interdisciplinary working group of interna-
tional scientists, convened in 2004/05. Its objectives
were to conduct a comprehensive review and discussion
of scientific evidence on DUIC from experimental and epi-
demiological studies and to propose a numerical range for
a per se limit for THC concentrations in blood, which may
serve as indicator of cannabis-induced impairment.
Selection of the limit was also to consider physiological,
toxicological and analytical factors that may modify the
correlation between blood THC concentration and the
impairment of a driver.

SCIENTIFIC BASIS FOR
A LEGAL THC LIMIT

Epidemiological and experimental studies are the two
main sources of evidence on the potential impact of can-
nabis use on driving skills and accident risk.

Epidemiological studies

Findings from epidemiological studies have historically
been the basis for per se limits for alcohol and driving.
These studies examine the statistical association between
rare events (traffic crashes, injury or death) and a risk
factor, such as the consumption of alcohol or a drug, and
the corresponding indicators, such as the BAC. Using a
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case—control or culpability approach, epidemiology
assesses the actual risk of a drugged driver causing an
accident, relative to that of a sober person driving under
similar road conditions. That relative risk is expressed as
odds ratio (OR). An OR greater than 1 corresponds to a
higher accident risk for the ‘case group’, i.e. drivers under
the influence of a drug, compared to the ‘control group’.

Epidemiological studies measure the effect of drug use
on driving performance and accident risk under ‘real life’
conditions and are thus suited to correlate the concentra-
tions of a drug use indicator to an actual risk. For alcohol,
scientists have developed, based on the results of numer-
ous epidemiological studies, hazard curves that assign
each alcohol concentration to a certain accident risk. As
with all epidemiological findings, the validity of each
study depends critically on the number of cases included.
Driving under the influence of alcohol is a widespread
phenomenon and screening of drivers for alcohol using
breath analysers is non-invasive. This allowed research-
ers to collect, for a given time of day, region, road con-
dition and for each BAC class enough cases to yield
statistically significant ORs.

Fortunately for traffic safety but unfortunately for epi-
demiological research DUIC is far less common. Further-
more, meaningful testing for cannabis use requires the
collection of blood samples, a procedure that in most
countries cannot be used unless a driver is suspected of
DUI. Thus, epidemiological studies on DUIC do not
usually have sufficient THC positive cases to calculate reli-
ably concentration-dependent ORs.

Detailed overviews of epidemiological studies on DUIC
have been provided by Bates & Blakely [8], Chesher &
Longo [9], Ogden & Moskowitz [10] and Ramaekers et al.
[11]. Drummer et al. conducted one of only few epide-
miological studies that correlated THC concentrations in
blood and accident risk and met quality criteria not met
by other such studies [12]. The study used accident data
from drivers fatally injured in accidents in Australia and
found that THC concentrations in whole blood in the
range of 0-5 ng/ml were associated with an OR of 0.7
and concentrations between 5 and 100 ng/ml with an
OR of 6.6 (95% CI: 1.5-28). Note that both ORs represent
an average for the entire respective range of THC concen-
trations, so the average OR for a driver with a THC
concentration in blood of anywhere between 5 and
100 ng/ml is 6.6. Because OR and blood THC concentra-
tion are probably correlated by a linear or even exponen-
tial function, the point risk at 5 ng/ml THC in whole blood
is considerably much lower than 6.6.

To differentiate more clearly the correlation between
OR and THC concentration in the 0—20 ng/ml range G.
Berghaus and G. Sticht (personal communication) devel-
oped the data by Drummer et al. into a polynomial func-
tion. The results in Fig. 1 show that THC concentrations
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in blood are not associated with an elevated risk (OR > 1)
until they exceed about 6 ng/ml.

Comparison of these cannabis-induced risks to those
associated with driving under the influence of alcohol
yields a first approximation to a numerical per se limit for
DUIC. ABAC of 0.05% alcohol is associated with an OR of
about 1.5-2 [13-15]. According to Fig. 1, that range cor-
responds to a THC concentration in whole blood of about
6—8 ng/ml, equivalent to a THC concentration in serum
of about 12—16 ng/ml. The latter assumes a typical con-
version factor of 2 between THC concentrations mea-
sured in blood versus serum.

As the study by Drummer et al. was based on only 58
cases whose blood samples contained only THC and no
other indicators of drugs, the above considerations do not
yield a statistically acceptable basis for an enforceable
per se limit. The latter would require epidemiological
data from a far larger number of cases.

A more recent epidemiological study, conducted in
France by Laumon et al. [15], evaluated a much larger
sample of THC-positive drivers (n=681) who were
involved in fatal accidents. Of them, 285 also tested posi-
tive for alcohol with a BAC > 0.05%. The adjusted OR
(adjustment for alcohol, driver’s age, type of vehicle and
time of crash) for all THC positive cases was 1.78 (95% CI:
1.40-2.25), with the OR of cases with THC concentra-
tions in blood of less than 1 ng/ml being 1.57 (95% CI:
0.84-2.95) and the OR of the subgroup with the highest
THC concentrations (= 5 ng/ml whole blood) being only
slightly higher (OR =2.12, 95% CI: 1.32-3.38). The
overall OR of 1.78 reported by Laumon et al. [15] is
similar to that found by Drummer et al. [12] (OR = 2.7,
95% CI: 1.02-7.0), and in line with other studies that
found only a small overall increase of accident risk in THC
positive drivers, e.g. Terhune [16] (OR = 2.1), or even no
increase, e.g. Longo et al. [17] (OR = 0.9). However, the
findings by Laumon et al. [15] contradict those from all
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other experimental and epidemiological studies in that
they suggest an increased risk for THC blood concentra-
tions below 1 ng/ml and only a slightly higher risk for
blood concentrations above 5 ng/ml. A possible explana-
tion for the weak dose—effect relationship is that many of
the blood samples were collected 3 or 4 hours after the
accident. Delayed sample collection causes a decrease in
THC concentration, artificially inflates the calculated
accident risk for a given THC concentration and blurs the
differences between THC concentration classes. The study
also suffered from other flaws, such as the classification of
concurrent low concentrations of alcohol as ‘null BAC’,
all of which reduces the value of the obtained data and
the study’s conclusions.

Overall, current epidemiological evidence on the
effects of cannabis on accident risk is much less conclu-
sive than for alcohol and must be considered insufficient
for deriving a science-based legal limit for THC in blood.
However, it suggests that the presence of THC as the
sole drug in whole blood at concentrations above
some 5 ng/ml correlates with a gradually increasing
accident risk.

Experimental studies on impairment by cannabis

With inadequate epidemiological evidence, the extensive
body of experimental research on cannabis use and
driving skills may offer a second line of evidence and an
alternate approach to deriving per se limits for THC. To
date, some 150 experimental studies have tested the
impact of cannabis use on skills that are essential to
driving performance under laboratory conditions, in
driving simulators and under road conditions. Most of
these studies tested participants who had smoked or
ingested a known dose of THC for significant impairment
of one or several relevant skills. A typical result of such a
test would read: a group of drivers who consumed a spe-
cific dose of a drug performed ‘significantly worse’ on a
specific test compared to the performance of a control
group who had not taken the drug.

Smiley reviewed driving simulator and on-road
studies, which had examined the impact of THC on
driving, and compared the latter to the effects by alcohol
[18]. In summary, simulator and on-road studies showed
that cannabis may impair some driving skills at smoked
THC doses of as low as 6.25 mg. However, results varied
considerably between the skills tested and among studies,
and some of the skills tested were not impaired at doses as
high as 18 mg. The impairment caused by cannabis
appeared to be partially mitigated because subjects were
aware of their impairment and, where possible, tended to
compensate by not overtaking, by slowing down and by
focusing attention in anticipation of a required response.
Such compensation is not always possible in response to
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an unexpected event. In blind ratings, police officers rated
drivers with a BAC of 0.08% as more impaired than those
who had taken moderate to high doses of cannabis, and
driving instructors rated subjects with a BAC of 0.04% as
impaired, while those who had consumed a dose equiva-
lent to 7 mg THC were rated as unimpaired.

Meta-analysis and comparison with alcohol

Findings from experimental studies may vary consider-
ably because the outcome of a particular study is largely
a function of study design and the choice of critical
parameters, such as drug dose, smoking versus eating,
time lapsed between drug use and testing and type and
severity of tests during on-road driving. The apparent
variability is best addressed through a meta-analysis of
experimental studies. Scientists commonly perform meta-
analyses of published research on a particular subject to
evaluate and compare the results from a multitude of
studies that meet a set of minimum quality criteria. Key
results from the analysed studies are coded, compiled and
analysed statistically. If a sufficiently large number of
studies meet these entrance criteria, the meta-analytical
approach strengthens the significance of findings from
individual experimental studies.

A meta-analysis of a sufficiently large number of
compliant experimental studies on cannabis and driving
skills balances the variability in key design parameters. It
also allows for a comparison with results from a meta-
analysis of experimental studies on the impact of alcohol
on driving skills, for which risk-based per se limits for BAC
are well established. Such comparison will suggest a
range of THC concentrations in blood from which a per se
limit for DUIC may be selected.

The following factors support further the rationale for
this approach. First, experimental studies on the effects of
cannabis and other drugs on driving skills use the same
methods, equipment and procedures as those for alcohol,
i.e. laboratory tests of isolated skills, driving in simulators
and on-road driving. They also use the same statistical
methods to process data and report results. Secondly,
most studies report information on cannabis dose, mode
of application (smoked versus oral) and the time lapsed
between consumption and test [19,20]. Using a pharma-
cokinetic model one can then estimate the THC concen-
tration in blood at the time of testing. THC concentrations
in blood show a considerable intra- and interindividual
variation after consumption of the same dose [7,21] and
the modelling results use mean concentrations. Thirdly,
the large number of epidemiological studies on alcohol
and driving has produced a strong correlation between
BAC and accident risk and jurisdictions world-wide now
typically use BAC concentrations of between 0.05 and
0.11% as indicators of various degrees of impairment by
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Figure 2 Comparison of survival functions for delta-9-tetrahydrocannabinol (THC) (in serum) and alcohol (in whole blood) and establish-

ment of points of equal impairment. One curve represents the data really measured (unequal curve), the other curve represents the linear

(blood alcohol concentration) or exponential (THC) smoothing

alcohol. A major shortcoming of this approach is its
failure to consider whether the influence of alcohol and
cannabis, respectively, promote different adaptive behav-
iors that may modify accident risk under actual road con-
ditions [18]. Another limitation of this meta-analysis, as
described below, is that it included test results for indica-
tors with no clear link to driving performance, such as
flicker fusion.

Within these limitations, a comparison of results from
meta-analyses for alcohol and THC, respectively, then
generates, for a given THC blood concentration, the cor-
responding BAC that causes the same level of impairment
in test skills and for which accident risk is well estab-
lished. For example, one may regard the THC concentra-
tion in blood at which the same percentage of all test
results shows impairment as with a BAC of 0.05% as the
THC concentration equivalent to that BAC.

The working groups of Kriiger and of Berghaus con-
ducted, in the 1990s, meta-analyses of suitable experi-
mental studies on the effects of low doses of alcohol and
cannabis [19,22,23]. Their work allowed a first system-
atic and quantitative comparison of the results of experi-
mental research on the effects of THC and alcohol,
respectively. For their meta-analysis of experimental
studies on cannabis, Berghaus et al. first selected, out of
more than 120 studies, those published in English or
German and meeting the following minimum criteria:

© 2007 The Authors. Journal compilation © 2007 Society for the Study of Addiction

testing of at least one driving-relevant skill, a minimum
of five human participants per study, information given
on THC dose and mode of administration; number, age
and gender of subjects; time delay between consumption
and testing; type of test performed (e.g. tracking, visual
(e.g.
coordination, flicker fusion). Test results had to be coded

function), and the specific tasks two-hand-
as ‘significant improvement or impairment’, at least at
the 5% level or as ‘no significant change’ [19].

Studies in which THC had been taken together with
other drugs or alcohol were excluded. Overall, 66 studies
in which cannabis had been smoked and 21 with oral
intake of cannabis were selected, including laboratory
tests, driving simulator and on-road studies. Blood THC
concentrations at the time of testing were estimated from
the information on THC dose and other factors using the
pharmacokinetic model by Sticht & Kéferstein [21].

Figure 2 summarizes the key results from the two
meta-analyses. For alcohol and smoked cannabis, respec-
tively, each graph shows a set of two ‘survival functions’.
The respective curves give the percentage of results from
all tests that showed significant impairment at a given
BAC or THC concentration in serum. One curve repre-
sents the original data; the other curve shows the results
of linear (BAC) or exponential (THC) smoothing. Com-
parison of the two graphs thus suggests that a BAC of
0.04% and a serum THC concentration of 4-5 ng/ml
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both impair driving related skills by about 30%. Thus, a
lower legal limit for the concentration of THC in serum
that produces the same level of impairment and possibly
accident risk as a BAC of 0.05% would be somewhere
above 4-5 ng/ml of serum. Note that the correlation
between THC serum concentrations and impairment did
not depend on the route of administration of cannabis
(inhalation, oral ingestion).

The above comparison lumps together the results from
tests for a range of driving-related skills, including auto-
matic and controlled functions. A closer analysis of the
respective impact of alcohol and THC on these functions
suggests that across the BAC range of 0.05-0.11% an
increase in BAC further impairs automatic and controlled
functions equally (data not shown). In contrast, an
increase in serum THC concentrations beyond 5 ng/ml
further impairs automatic functions while performance
of tasks requiring cognitive control remains stable up to
concentrations of 10 ng/ml [20]. This supports the
above-mentioned observations from driving studies that
drivers under the influence of cannabis may compensate
consciously for some of the impairment of their auto-
matic performance, for example by reducing speed or
keeping more distance.

These meta-analytical data are in good agreement
with the results of a recent experimental study on the
relationship between THC concentrations in serum after
smoking cannabis and impairment [24]. First signs of
impairment were found at THC serum concentrations
in the range of between 2 and 5 ng/ml. This degree of
impairment may correspond to the impairment at a BAC
of 0.03%, where the impairment by alcohol becomes sig-
nificant. Because the observation pertains to the entire
THC concentration range of between 2 and 5 ng/ml,
impairment may have started at a THC concentration
between 3 and 4 ng/ml serum.

PROPOSAL FOR A PER SE LIMIT
FOR DUIC

In summary, current evidence from scientific studies
offers the following conclusions on the correlation
between THC concentrations in blood and cannabis-
induced potential impairment of driving performance.
Evidence from the few meaningful epidemiological
studies on cannabis use and driving is insufficient for
deriving a risk-based per se limit for DUIC. While based on
too few cases of drivers who had used cannabis and not
other drugs, the study by Drummer et al. suggests that a
serum THC concentration of 12—16 ng/ml may corre-
spond to the same accident risk as a BAC of 0.05% [12].
More culpability studies using a larger number of cases,
considering non-fatally injured drivers and conducting
accurate and timed measurement of blood THC concen-
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trations are needed for a reliable determination of the
accident risks associated with different THC blood con-
centrations.

Alternatively, experimental studies offer a preliminary
basis for per se limits for DUIC.

Specifically, the results from a comparison of two
meta-analyses on alcohol and cannabis, respectively,
suggest that a BAC of 0.04% and a serum THC concen-
tration of 4.2 ng/ml cause comparable impairment of
driving-related skills.

When using this equivalency as the basis for a per se
limit, two areas of uncertainty must be considered. First,
for a given time-lapse between smoking and blood testing,
the correlation between a smoked THC dose of THC and
the resulting THC blood concentration shows consider-
able inter- and intra-individual variability. According to
the pharmacokinetic model of Sticht & Kéferstein, which
was used in the above meta-analysis to estimate THC
blood concentrations, a male weighing 70 kg and
smoking a THC dose of 19 mg will, after 3 hours, present
with a serum concentration of 4.9 ng/ml with a confi-
dence interval of 3.1-7.7 ng/ml [21]. To minimize false
positive test results among drivers with THC concentra-
tions at the upper end of this range without being
impaired, a risk-based lower serum limit of 7 ng/ml,
rather than 4.2 ng/ml, is thus suggested.

Secondly, enforceable legal limits for DUI must con-
sider the effects of analytical errors made during blood
analysis. For example, in Germany, the lower legal BAC
limit of 0.05% includes the risk-based limit of 0.04% plus
a safety margin for analytical errors of 0.01%. That
margin is based on interlaboratory proficiency tests and
reflects typical variability. Similar proficiency tests con-
ducted for THC have shown a much larger variation. A
recent comparison by the German Society of Toxicologi-
cal and Forensic Chemistry suggested a suitable safety
margin for THC of 3.4 ng/ml [25]. Adding such a safety
margin yields a lower THC limit of 7-8 ng/ml in serum
(4.2 + 3.4), or 3.5-4 ng/ml THC in whole blood, which
corresponds to a lower BAC limit of 0.05%. Other coun-
tries, including Australia, ask laboratories to assess accu-
racy of their measurements and to consider it when
comparing results to a legal limit. This allows for differ-
ences between laboratories with regard to analytical
accuracy. For example, a laboratory with a documented
internal accuracy of =2.5 ng/ml for THC in serum at the
measured concentration would report samples exceeding
6.7 ng/ml as in violation of a 4.2 ng/ml per se limit. Com-
bining these two correction factors would render serum
THC concentrations in the range of between 7 and
10 ng/ml (3.5-5 ng/ml in whole blood) equally impair-
ing as a BAC of 0.05% and suggest that range for the
selection of a lower legal limit based on the meta-analysis
of experimental studies.

Addiction



Other modifying factors

Three other potentially modifying factors must be consid-
ered when setting legally binding numerical per se limits
for THC. First, the epidemiological study by Drummer
et al. suggests that THC concentrations indicate elevated
accident risk at levels higher than indicated by experi-
mental studies [12]. This may be due to the more pro-
nounced adaptive behaviours (slowing down, reduced
risk-taking) observed with cannabis-affected drivers in
driving simulator and on-road studies, both of which rep-
resent more closely real-life conductions. In that case,
comparison of experimental studies for alcohol and THC,
respectively, would result in systematically lower per se
limits for THC than derived from epidemiological studies.

Secondly, cannabis consumption produces measur-
able THC residues in blood long after smoking. At
10 hours after smoking residual THC concentrations in
the serum of occasional or even frequent users have
declined to typically less than 5 ng/ml. The suggested per
se limit in the range of 7-10 ng/ml safely avoids misclas-
sification of drivers presenting with THC residues from
previous cannabis use. It would also spare drivers with
low but measurable THC concentrations caused by
passive exposure to cannabis smoke or by smoking or oral
intake of low THC doses for medicinal purposes [26-31].

Finally, a legal per se limit for cannabis must consider
that the concurrent use of alcohol and cannabis impairs
driving skills more than each drug individually [32]. For
drivers presenting with measurable THC concentrations
and a BAC exceeding 0.03% or 0.05%, a lower per se limit
for THC than proposed above may be appropriate.

Using current scientific evidence on cannabis-induced
impairment of psychomotor skills and the related acci-
dent risk, this paper suggests a range of 7-10 ng/ml THC
in the serum for an initial non-zero per se limit. It offers
reasonably reliable separation of drivers whose driving is
in fact impaired by cannabis from those who are not
impaired. Inadequate evidence from epidemiological
studies renders this limit preliminary and suggests the
need for review and possibly revision in the future. Our
findings also suggest that using a zero limit for legal deter-
mination of impairment by cannabis, which in practice
corresponds to the limit of detection for THC in blood,
would classify inaccurately many drivers as driving under
the influence of, and being impaired by, the use of
cannabis.
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