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Abstract
Traffic fatalities are preeminent among the public 

health threats associated with cannabis use. Public safety 
thus requires law enforcement to identify impaired drivers. 
Oral solutions and breathalyzer tests are attractive tools for 
detecting cannabis impairment amongst drivers due to 
their known effectiveness in identifying alcohol and drug 
impairment. Consequently, these tests are among the most 
widely available and used means of roadside detection. 
However, current psychopharmacological science strongly 
suggests that these biomarker tests are neither consistent 
nor reliable when cannabis detection is at issue. These iden-
tified deficiencies in oral solution and breathalyzer testing 
mechanisms are especially problematic since different legal 
standards for enforcing against cannabis impairment while 
driving are employed across the United States. 

Many of these standards not only encourage but require 
the use of scientifically unsupported cannabis-impairment 
tests by law enforcement agencies for efficiency purposes. 
Continued use of these tests in conjunction with existing 
legal standards will likely lead to over-prosecution, and do 
not appear best suited to protect public health or promote 
individual rights. Law and policymakers concede that 
technological advancements and research specific to road-
side testing mechanisms is still limited and requires time 
and further collection of data. In effort to address such con-
cerns, some states are focused on expanded research and 
law enforcement training, such as New York. Inconsistent 
and unreliable roadside testing has grave implications for 
populations of individuals that some cannabis legalization 
provisions are intended to benefit. Thus, to ensure social 
equity and justice it is critical that lawmakers, policymak-
ers, and law enforcement professionals alike strategically 
establish and implement the necessary mechanisms to pro-
tect against unwarranted arrests and over-prosecution.  

Introduction
Implementing methods to detect cannabis-related 

driving impairment is critical given the number of states 
joining the movement to legalize or decriminalize use. To 
date, 36 states, District of Columbia, Guam, Puerto Rico 
and U.S. Virgin Islands have comprehensive medical mari-
juana/cannabis programs.1 Of those states, 16 states, two 
territories, and the District of Columbia have legalized 
small amounts of cannabis for recreational/adult-use with 
New Mexico, New York and Virginia passing legislation as 
recently as April 2021.2 Cannabis is the most regularly de-
tected illicit drug in national roadside surveys3 and driving 
under the influence of cannabis is preeminent among the 
public health threats imposed by an increased frequency 
of use.4 In some instances, legalization of a cannabis retail 
market hinges on the availability of a reliable roadside test, 
and oral-fluid detection has been rejected by state legisla-
ture on the basis that it is not reliable as a test for intoxica-
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and food/beverage consumption can all impact salivary 
concentrations and thus degrade the reliability of oral flu-
id testing as a measure of blood concentration.14 The rate 
of dissipation of THC in oral fluid can vary substantially, 
further complicating the relationship between oral fluids 
and blood concentration.15 Oral-fluid THC concentrations 
decline dramatically within the first three hours after use 
while trace levels above current legal DUI thresholds can 
be present more than 16 hours since last use, and this is 
particularly true for chronic users.16 Thus, frequent users 
of cannabis are more likely to yield false positive intoxica-
tion results. Among the numerous laboratory tests of THC-
related cognitive impairments, there is clear evidence that 
heavy users become tolerant to impairment-producing ef-
fects of cannabinoids,17 despite greater risk of being des-
ignated as impaired.18 Differences in the susceptibility to 
THC-intoxication due to individual factors, including his-
tory of use, represent a significant problem for establishing 
OF&B criteria for impairment. 

Importantly, oral fluid samples taken at roadside have 
been shown to correlate poorly with observable signs of 
THC intoxication,19 and do not accurately measure blood 
concentration of THC.20 Overall, cut-off criteria have been 
found to produce high levels of inaccurate classification, 
including false positive rates as high as 19%.21 Oral-fluids 
tests at roadside have also been shown to be sensitive to the 
presence of THC stemming from sources peripheral to the 
direct self-administration of cannabis smoke. For instance, 
second-hand exposure to cannabis-smoke can affect oral-
fluid THC levels but may have little or no intoxication ef-
fects. Since the THC detected under these circumstances 
fails to correspond to blood concentrations,22 second-hand 
smoke exposure may lead to arrests for false positive intox-
ication. Additionally, environmental exposure to cannabis 
smoke or vapor can also contaminate oral-fluid sampling 
devices.23 Even weather conditions have been shown to 
affect the ability of oral-fluids tests to detect the presence 
of THC,24 which calls into question the reliability of these 
devices across times of day and a wide range of geographi-
cal areas.

Compared to saliva tests, breathalyzers have received 
far less attention from psychopharmacological investiga-
tors because of how recently they were developed to ad-
dress THC intoxication.25 While they appear to be an at-
tractive tool to use for THC detection because of their 
common association with accepted means of assessing 
blood alcohol concentration (BAC), skepticism about their 
use stems largely from the fact that THC is not eliminated 
in breath the way that alcohol is. Therefore, detection of 
THC by breathalyzers is limited by the same findings en-
demic to oral-fluid testing. Contamination, incongruence 
with blood concentration, and inconsistent dissipation in 
the bloodstream prevent breathalyzers from accurately 
portraying impairments in motor-vehicle operation related 
to cannabis intoxication. Potential exists for these limita-
tions to be addressed through breathalyzer technological 
innovation. Such advances in breathalyzer capabilities 

tion nor predictive of driving impairment.5 In this article, 
we review evidence regarding oral fluids and breathalyz-
ers (OF&B) as measures of cannabis-related driving impair-
ment. Although oral fluids may be used to identify a histo-
ry of cannabis use, utilization of oral fluids as an indication 
of motor-vehicle operation impairment is scientifically un-
justified, legally challengeable, and ethically questionable. 

Incomplete Science

The relationship between blood-alcohol concentration 
(BAC) and neurocognitive and behavioral impairment and 
intoxication is linear, and nearly a century of science sup-
ports the assessment of BAC via breathalyzer and blood 
sampling for the purpose of enforcement against driving 
under the influence of alcohol.6 Given that BAC has been 
adopted as the legal standard for DUI arrest, expectations 
run high that a similar biological test can represent intoxi-
cation and impairment from cannabis. The Marijuana Use 
and Highway Safety Report published by the Congressional 
Research Service highlights the complexity of detecting 
cannabis impairment through standardized tests as com-
pared to alcohol impairment.7 The report describes alcohol 
as a “liquid that enters the bloodstream quickly and is me-
tabolized by the body very quickly . . . [so] a person’s BAC 
peaks within an hour after drinking and declines gradually 
and linearly after that.”8 The report explains that the degree 
of impairment of various BAC levels is well-established as 
related to driving but that similar data do not support this 
connection with tetrahydrocannabinol (THC).9 THC con-
centration is known to drop quickly within an hour of use 
but traces can remain in one’s system for weeks after can-
nabis use.10 

Current breath and body fluid mechanisms used for 
cannabis testing fail to have the same degree of scientific 
support as alcohol. The scientific case against OF&B testing 
for THC rests on two key points. First, there is arguably 
poor reliability and questionable validity of OF&B results 
as indicators of blood concentrations of THC.11 Second, 
even if these tests were accurate in predicting blood con-
centrations, the scientific evidence does not show a direct 
linear relationship between THC blood concentrations and 
driving impairment.12 Hence, a test’s ability to accurately 
predict blood concentrations of THC does not necessarily 
equate to its ability to accurately assess driver impairment, 
which is the underlying purpose of the test.

The reliability and validity of OF&B testing is prob-
lematic because, contrary to BAC, blood concentration of 
THC from inhalation (smoking or vaping) can vary across 
individual users despite similar levels of cannabis con-
sumption.13 OF&B tests often rely on the detection of re-
sidual THC remaining in the mouth and respiratory tract. 
Yet rate of drug absorption shows substantial variability, 
and quantitative values of THC metabolites can inaccurate-
ly represent the proportion of THC in the blood. Several 
factors affect the relationship between OF&B and blood 
THC concentrations separate from cannabis consumption. 
Specifically, hormonal changes, genetics, systemic disease, 
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Legal Standards

To date, 16 states, two territories and the District of Co-
lumbia have legalized cannabis for adult/recreational use 
with New York, New Mexico and Virginia passing legaliza-
tion as recently as April 2021.38 Yet lawmakers, policymak-
ers, and health care experts agree that testing for cannabis-
specific drug impairment remains a challenging endeavor 
due to technological limitations and the lack of agreement 
on impairment limits.39 In October 2020, a cohort of medi-
cal societies released a joint statement “to express mutually 
shared concerns about state governments’ efforts to legal-
ize marijuana for recreational use,” including impaired 
driving arrests and increased use among youth.40 The 
American Medical Association (AMA) further calls for im-
proved surveillance efforts to ensure available data related 
to impaired driving to deter such behavior and facilitate 
social equity in cannabis prohibition and enforcement poli-
cies.41 In light of continuing trends of adult-use cannabis le-
galization, driving-related impairment testing mechanisms 
should be consistent, reliable, and scientifically validated. 

Marijuana-impaired driving laws in the United States 
generally fall within three categories: driving under the 
influence of drugs (DUID), zero tolerance laws, and per 
se laws.42 Driving under the influence of drugs is illegal 
in every state and requires that an officer observe that a 
driver is impaired and the impairment must result from 
ingestion of a drug, including cannabis.43 Zero tolerance 
laws prohibit any amount of a specified drug in the body, 
with some states prohibiting THC or a metabolite and oth-
ers having no metabolite restriction.44 Per se laws prohibit 
driving with more than a specified amount of a drug in 
one’s body, similar to alcohol limits.45 Once law enforce-
ment is able to establish that a driver either reached or ex-
ceed the state’s legally established limit, the person is auto-
matically deemed impaired.46 Per se THC limits can range 
between 1 nanogram and 5 nanograms.47 This discrepancy 
speaks to current enforcement disparities in the impair-
ment criteria alone absent the concerns noted regarding 
the inaccuracy of the roadside testing mechanisms used.48 
Colorado law makes some effort to mitigate the potential 
prosecutorial harms that may result from limited scientific 
data. The law provides that “if at such time [a] driver’s 
blood alcohol contained five nanograms or more of [THC] 
per milliliter in whole blood, as shown by analysis of the 
defendant’s blood, such fact gives rise to a permissible in-
ference that the defendant was under the influence of one 
or more drugs.”49 The reasonable inference provision per-
mits drivers charged with impaired driving to introduce 
an affirmative defense that they were not impaired, unlike 
per se laws.50 Though the ability to provide an affirmative 
defense may be beneficial during the prosecutorial period, 
such provision does not prevent drivers from being unnec-
essarily charged at the roadside. 

 As the trend toward cannabis legalization continues, 
it is unclear which legal standard will best promote public 
safety and protect individual rights. Per se limits are not 

would provide much less invasive testing than existing 
blood or oral solution testing forms, thus mitigating many 
of the ethical concerns surrounding the collection of genet-
ic material involved in other biomarker analyses. 

Even if the reliability of OF&B analyses were improved, 
impaired driving is not clearly associated with THC blood 
concentration in a manner that parallels alcohol or opioids. 
In terms of general cognitive performance, THC in the 
bloodstream is often inconsistently associated with impair-
ment.26 For example, in a within-subjects analysis of THC 
dose, subjects’ self-reported feelings of “intoxication” and 
“confusion” were not correlated with blood levels.27 Blood 
concentrations tend to remain high despite rapidly abating 
cognitive effects of THC well after self-administration.28 As 
the National Highway Traffic Safety Administration noted 
in their 2017 report to Congress:

A number of States have set a THC limit 
in their laws indicating that if a suspect’s 
THC concentration is above that level (typi-
cally 5 ng/ml of blood), then the suspect is 
to be considered impaired. This per se limit 
appears to have been based on something 
other than scientific evidence.

We do not dispute the connection between THC and 
driving-related impairment. Both epidemiologic and driv-
ing-simulator studies indicate that cannabis use increases 
motor vehicle accident risk.29 For instance, the Governors 
Highway Safety Association released a report in October 
2018 which denotes that the proportion of Washington State 
DUI and collision cases increased from 20% to 30% between 
2005 and 2014 with the median THC level increasing from 4.0 
ng/mL in 2005 to 5.6 ng/mL.30,31 Furthermore, marijuana-
related traffic deaths increased 66% in the four-year average 
(2013-2016) since Colorado legalized recreational marijua-
na.32 Instead, we argue that THC blood concentration levels 
are poorly correlated with driving skill, and this argument 
is echoed by driving-simulator studies which demonstrate 
that the “magnitude of performance impairment” is not 
correlated with THC levels.33 Perhaps because of this, there 
is much disagreement regarding what appropriate toxicity 
thresholds could or should be.34 The Governors Highway 
Safety Association reviewed evidence on increased crash 
risk and determined that driving while under the influ-
ence of THC is a significant public safety threat, and that 
cannabis differs substantially from alcohol and cannot be 
measured accurately in breath.35 Individual differences in 
metabolism, including but not limited to frequency of use,36 
represent major obstacles for oral-fluid testing, as does the 
finding that metabolites of THC can be found in oral fluids 
as a result of indirect environmental exposure.37 Thus, al-
though cannabis use is clearly associated with greater mo-
tor vehicle accident risk, the relationship between existing 
biological markers of use and driving performance is weak. 
Careful consideration must be given to the existing legal 
standards across the country, and to what standards best 
promote public safety and protect individual rights.
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On March 28, 2021, New York State Governor Andrew 
Cuomo, Senate Majority Leader Andrea-Stewart Cousins 
and Assembly Speaker Carl Heastie announced an agree-
ment on legislation (S.854-A/A.1248-A) to legalize adult-
use cannabis that was signed by the Governor Cuomo on 
March 31, 2021.58 The proposed legislation includes a num-
ber of provisions to address issues associated with impaired 
driving.59 The division of state police are required to in-
crease the number of trained and certified drug recognition 
experts within the state with increased roadside impaired 
driving enforcement training.60 Furthermore, the commis-
sioner of health is directed to select one or more higher 
education research institutions to conduct a controlled re-
search study to evaluate methodologies and technologies 
for the detection of cannabis-impaired driving.61 In the 
meantime, use of cannabis by drivers remains prohibited, 
effectively serving as a zero tolerance driving policy.62 The 
odor of cannabis, the odor of burnt cannabis, possession, or 
the suspicion of possession of cannabis may not be used as 
a finding or determination of reasonable cause to believe a 
crime has been committed. However, such prohibitions do 
not apply when law enforcement is investigating whether 
a person is operating a motor vehicle while impaired by 
drugs or the combined influence of drugs and alcohol.63 

New York State Vehicle and Traffic Law currently pro-
hibits individuals from operating a motor vehicle while im-
paired by use of a drug or the combined influence of drugs 
or of alcohol and any drug or drugs and relies on blood con-
tent testing to determine impairment status.64 This serves 
as a DUID law, on top of the zero tolerance law described 
above, and it relies on blood content testing to determine 
impairment status.65 Convictions are deemed misdemeanor 
offenses at a minimum and could result in criminal penal-
ties in the form of a fine of not less than $500, imprisonment 
in a penitentiary or county jail or both.66 Second and third 
offenses could result in felony charges.67 Existing breath 
and bodily fluid tools for evaluating cannabis-related im-
pairment are unreliable for assisting in these investigations, 
yet current law promotes the use of such tools. 

Even with appropriate testing, under New York State 
law one must be merely “impaired” while driving under 
the influence of drugs, including cannabis, to be guilty of a 
misdemeanor, whereas one must be intoxicated to be guilty 
when driving under the influence of alcohol.68 A person is 
deemed guilty when it is proved beyond a reasonable doubt 
that (1) the defendant ingested the drug, (2) the drug in-
gested is proscribed under Public Health Law Section 3306, 
(3) after ingesting the drug, the defendant operated a mo-
tor vehicle, and (4) while operating the motor vehicle, the 
defendant’s ability to operate was impaired by ingestion of 
the drug.69 Under this framework, law enforcement must 
not only prove impaired driving ability but that such im-
pairment was caused by alcohol, drugs or intoxicating sub-
stances.70 Reports suggest New York lawmakers struggled 
to determine how to defined marijuana-impaired driving71 
and thus specific impairment remains undefined.72 Conse-
quently, driving under the influence of marijuana remains 

scientifically grounded because no set amount of canna-
bis in the body is determinative of impairment. This legal 
standard will result in arrests and prosecutions of some 
people who are in fact impaired, could miss others who 
are impaired at lower levels, and will also punish some 
unimpaired people for risks they did not create due to 
their cannabis use. Zero tolerance laws would punish far 
more unimpaired people for risks they did not create, and 
would be inconsistent with the cultural, political and legal 
trends toward acceptance of marijuana use. History sug-
gests that over-prosecution related to controlled substances 
has caused irreparable harms to marginalized populations, 
which states are strategically attempting to remedy with le-
galization. Accordingly, DUID laws, requiring determina-
tion of actual driving impairment related to drug use will 
likely be the most just approach to cannabis. This neces-
sitates reliable, consistent, scientifically validated impair-
ment testing tools. Current OF&B cannabis measurement 
methods are inadequate. 

To successfully prosecute on the grounds of driving 
under the influence of THC, scientific expert testimony 
must be admitted in order to validate the methods used to 
test intoxication. Failure to produce expert testimony could 
result in the dismissal of charges.51 The Daubert Standard 
for admitting scientific expert testimony has been applied 
to the use of blood and urine testing of cannabis impair-
ment and some have argued that these methods meet that 
standard;52 however, it is unlikely that oral fluid or breath-
alyzer testing meet this standard. Daubert, among other 
criteria, holds that conclusions from an expert’s testimony 
must (1) be the product of sound scientific methodology, 
and (2) must rest on a reliable foundation.53 Extensive re-
search on oral fluids has been conducted, so oral fluids are 
amenable to testing, have been peer reviewed, and false-
positive and false-negative error rates are reported.54 How-
ever, one of the criteria for determining “sound scientific 
methodology” is whether the known error rate is accept-
able.55 As described above, error estimates for oral fluids 
are substantial, and methods of fluid sample collection and 
testing vary considerably. The exact devices used and the 
timing of oral-fluid sampling during the arrest process are 
variable across and within law enforcement agencies.56 
For these reasons, OF&B detection tools are not accepted 
by most states in which cannabis has been decriminalized. 
Flannigan et al. have noted that outcomes of oral fluid tests, 
in particular, are unreliable:

Officers who use on-site [oral fluids] devices 
in this manner are cautioned to consider the 
results within the totality of the circumstanc-
es, not simply rely on the results as a stand-
alone basis to make an arrest.57

These facts suggest both lack of soundness in meth-
odology for OF&B testing, as well as lack of reliability as 
required by Daubert. It is unlikely that expert testimony ar-
guing that OF&B are dispositive of impairment would thus 
meet the required evidentiary standard. 
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illegal in New York as regulators fulfill the research man-
dates previously discussed.73 

The Rocky Mountain High Intensity Drug Trafficking 
Area (RMHIDTA) prepared a report discussing the impact 
of marijuana legalization in Colorado and highlighting key 
approaches to cannabis-impaired driving in other coun-
tries.74 One common approach adopted by a number of 
countries to address the weaknesses in roadside cannabis-
impairment testing is to “use oral fluid testing to identify 
drivers who have recently used cannabis and measure THC 
in blood if they fail the oral fluid test.”75 Even so, there is 
much concern that use of breath tests in conjunction with 
THC blood level analyses discourage cannabis use instead 
of functioning as effective public safety mechanisms.76 
Some policymakers suggest that the following research ar-
eas should be prioritized: the effects of drug testing on road 
fatalities and injuries in which alcohol, cannabis and other 
drugs are detected postmortem; changes in public attitudes 
towards the acceptability of driving after using cannabis; 
and changes in cannabis users’ perceived risks of being de-
tected if they drive after using cannabis. Furthermore, the 
cost-effectiveness of cannabis-impaired driving enforce-
ment efforts must be considered as compared to alcohol 
that appears to have a greater public health impact.77 

Since cannabis impairment cannot be accurately as-
sessed with currently used OF&B tests, careful consider-
ation must be given to the testing methodologies used and 
the criteria for enforcement and conviction—especially in 
states like New York where social and racial justice were 
critical considerations in the adult-use legalization negotia-
tions. Use of inappropriate testing methodologies and en-
forcement criteria related to driving could result in contin-
ued inequitable treatment of disproportionately impacted 
populations and communities that the new law intends to 
proactively remedy. 

Civil Liberties Are at Stake

Significant resources have been spent developing oral 
fluids and breathalyzer tests for cannabis intoxication. 
Although these tools hold promise in that they may de-
tect a history of cannabis use, many different legal-advo-
cacy groups have argued against their use on civil rights 
grounds. In line with scientific studies previously cited, the 
ACLU suggests that roadside saliva tests do not accurately 
detect the presence of drugs in a person’s system or actual 
impairment.78 

There are additional ethical concerns that arise from the 
use of oral fluids that inevitably contain personally identify-
ing genetic information. Police in several states are collecting 
biological samples from individuals some of whom are not 
accused or even suspected of particular crimes. The prac-
tice of adding oral fluid samples to federal, local or private 
DNA databases is used as a means for identifying perpetra-
tors in past, or future, crime scenes. The Supreme Court has 
protected the collection of such samples from arrestees,79 
and there are no laws preventing police from requesting the 

DNA of individuals to add to databases during instances 
such as a roadside stop. A request for an oral sample, com-
ing from an officer, can sound like a demand if the citizen 
is not aware of the right to refuse.80 Such requests can also 
be framed with minimal information regarding what will 
happen to the biological sample in terms of its storage and 
future use. Since the sample may be used to implicate citi-
zens (or relatives) in future crimes, it exposes individuals to 
criminal scrutiny without their consent. The samples may 
also lead to the harassment of innocent people and possi-
bly reveal confidential family information (adoption, incest, 
children outside of marriage). Additionally, the collection 
and storage of biological samples inevitably exacerbates 
the overrepresentation of minorities in criminal investiga-
tion because they are more often searched and targeted for 
sample collection than other groups.81 Due to sample con-
tamination or poor sample quality, DNA samples are sub-
ject to “false inclusion” and can lead to wrongful arrest and 
incarceration,82 and it is overwhelmingly difficult for a citi-
zen to remove a biological sample from federal databases.83 
Whether mandated, requested, or surreptitious, a foresee-
able ethical problem with oral-fluid THC testing is that its 
practice would facilitate police collection of DNA samples 
for forensic databases.84 

Conclusions

Oral fluids and breathalyzers may have a place in the 
toolbox of law enforcement to identify a history of canna-
bis use.85 However, they are unreliable indicators of THC-
related driving impairment and impose significant threats 
to civil liberty.86 The per se legal standard for cannabis-
intoxication while driving promotes the use of unreliable 
testing methods, and the zero-tolerance standard is incon-
sistent with the trend toward legalization, both of which 
will likely lead to over-prosecution. A DUID legal standard 
is likely the most just approach, which necessitates the de-
velopment of tools that measure actual cannabis impair-
ment. Furthermore, legal provisions that reasonably pro-
vide opportunities for defendants to provide an affirmative 
defense against impairment charges are critical to mitigate 
the social unintended consequences that may result from 
inequitable and/or over-prosecution. Such efforts not only 
protect the individual rights and liberties discussed above 
but directly align with the expressed goals of legalization 
efforts—such as increased revenue, and promoting eco-
nomic development and social/racial equity—which heav-
ily rely on appropriate and effective enforcement practices 
to encourage, versus deter, legal purchase and use. 
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