Marijuana: Impairment Kills
Marijuana is the most common illicit drug of abuse. In Montana over 12% of persons age 12 or older have
used marijuana during the past month. (NSDUH) 80-100% of chronic marijuana users drive under the
influence of marijuana. 70% of them do not believe that impairment from marijuana causes traffic crashes.
(Terry & Wright, 2005) 15-21 year old drivers were 2.5 times more likely to drive under the influence of
marijuana than alcohol. (Ferguson, & etal., 2008)
Data from the Fatality Analysis Reporting System (FARS) for Montana passenger vehicle drivers in fatal
crashes shows marijuana use to be 13% or higher in the years 2007, 2008, and 2009. In 2009 marijuana use
contributed to the deaths of 39 people on Montana highways. (Crancer, 2010) In 2010 that increased to 52
(Hansen, 2011)
The marijuana plant contains several substances with psychoactive properties. Δ-9 Tetrahydrocannabinol
(THC) is the drug which causes the primary “feel good” and impairing effects. Absorption of THC is rapid
and most efficient through inhalation with onset in seconds, peak 3-10 min, and 10-35% bioavailability
[variability based on skill and smoking technique]. Sublingual absorption is also rapid with peaks reaching
14 ng/ml. Oral absorption is slow and erratic with peak in 1-2 hours , reaching 6 ng/ml, with only 6-7%
bioavailable. Peak effects are later than peak blood levels because brain levels are still rising as blood
levels fall. THC has a very large volume of distribution due to strong binding to tissues. The volume of
distribution increases from 3L in a new user to 236L in a chronic user as the fatty tissues soak up the THC.
(Grotenhermen, 2003) With the same dose of smoked marijuana maximum blood levels of THC in
occasional users reached 49 ng/ml vs 121 ng/ml in chronic heavy users. Blood THC levels 8 hours later are
not detectable in occasional users but are still 3.5 ng/ml in chronic users. 8 hours after placebo chronic
users still have 3.3 ng/ml. (Toennes & etal., 2008) THC moves in and out of the brain easily and higher
concentrations are found in the brain cortex than in blood. THC crosses the placenta and passes into breast
milk. In heavy users the milk-to-plasma ratio can be as high as 8:1. This can result in an infant ingesting the
weight adjusted dose equivalent of one joint in one feeding. (Djulus & etal., 2005) THC is metabolized in
the liver through the cytochrome P450 complex. A high degree of first pass metabolism reduces
bioavailability after oral administration. The major metabolites are THC-COOH, which has very little
psychoactivity, and 11-OH-THC which is also psychoactive. There is slow equilibration with plasma & tissue
and slow rediffusion of THC from body fat and other tissues into blood. The ½ life of THC has wide
variability among individuals and is longer in chronic users than acute users. In acute users estimated ½ life
is 25-36 hours (primarily attached to tissues, not in blood) and ½ life of THC-COOH is 3-5 days. THC-COOH,
the inactive metabolite, may be detected in the urine for several weeks in chronic users.
Studies to measure impairment from drugs have three basic designs: 1) laboratory measurements of
reaction time, calculations skill, and decision making, 2) closed course or monitored driving or
computerized simulators, and 3) epidemiologic studies of drug use in crashes.
1)

Laboratory studies show correlation between blood THC levels and impairment in function. At THC
levels of 2-5 ng/ml critical tracking performance was equal to breath alcohol concentration (BAC) ≥
0.05%. At THC levels >5 ng/ml performance on three tasks showed impairment greater than BAC >
0.10%. (Ramaekers & etal., 2006)

2) Driving on a test track after administering low doses of THC orally showed obvious impairment,
with the tracking test most significant [keeping the car within the driving lane.] (Menetry & etal.,
2005) Experienced pilots in a flight simulator showed decrements in performance 24 hours after a
single dose of smoked marijuana. (Leirer, 1991)
3) To demonstrate risk of death in motor vehicle crashes a study must have 3 characteristics: 1)
adequate power—enough crashes studied, 2) blood THC levels, and 3) culpability/responsibility
analysis. There are two studies which meet these criteria and both show significant risk of death
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for a driver under the influence of marijuana. THC ≥ 5ng/ml is associated with relative risk of death
of 6.6. (Drummer & etal., 2003) THC ≥ 1ng/ml is associated with relative risk of death of 2.3.
(Biecheler & etal., 2008) A pooled analysis of nine epidemiologic studies based on the randomeffects model yielded a summary odds ratio of 2.66 (95% CI: 2.07, 3.41). This meta-analysis
strongly suggests that marijuana use by drivers is associated with a significantly increased risk of
being involved in motor vehicle crashes. (Li, Brady, DiMaggio, Lusardi, Tzong, Li, 2012)
The DRUID project brought together 36 institutes from 18 European countries. It started on October 15th,
2006 and was completed in 2011. To quote their conclusions, "In Meta-analysis a serum concentration of
3.8 ng/ml THC proofs as equivalently impairing as 0.5 g/L alcohol." (Kruger & Hargutt, 2011) 0.5 G/l is .05%
BAC (blood or breath alcohol concentration), which is the perse limit for alcohol in most countries. 5 ng/ml
is equivalently impairing as .08% BAC. One of the scientists who participated in the DRUID project is Dr.
Jan Ramaekers from the Netherlands. I attended his lecture on cannabinoids at the Borkenstein Course on
Effects of Drugs on Human Behavior and Performance. He supports this perse level based on his laboratory
and on-road testing. He showed that his studies correlate closely with crash risk studies done in Australia
and France. (Ramaekers J. , 2010)
There are two aspects of impairment in driving: environment and driver. To drive safely is a complex
interaction of these. A driver who may be able to drive safely during a summer day from home 2 blocks to
the grocery store may be very unsafe at night on a two lane slushy road going 60 mph. It requires every bit
of possible skill to safely avoid a hazard like deer, black ice, and other unsafe drivers. The smallest amount
of an impairing drug may be too much, contributing to a driver's inability to avoid a crash, or contributing to
the driver's responsibility for a crash.
For drivers who use alcohol law makers have decided that an increase in crash risk is acceptable--low levels
of alcohol impairment are OK. The Department of Transportation has determined that the relative risk to
public safety is significant at 0.02% BAC (commercial driver may not drive), and at 0.04% a commercial
driver will lose his/her commercial drivers’ license. Most other countries in the world have a perse limit of
0.04% to 0.05%. To answer the question, "What level of increased crash risk is acceptable?", one strategy
might be to compare the increased crash risk for alcohol to the increased crash risk for other drugs. But it is
difficult to compare alcohol to THC because alcohol has zero order (simple) pharmacokinetics; THC has
complex pharmacokinetics. One study showed that THC at >5 ng/ml had the same fatal crash risk as BAC
>0.15%. (Drummer & etal., 2003) The same study showed that THC plus alcohol >0.05% had risk 2.9 times
greater that BAC >0.05% alone. A perse limit of 5 ng/ml THC is scientifically valid.
I have been monitoring DUI cases in Flathead
County for the last 2 years and have found that
marijuana contributes significantly to death and
injury on our highways. In these 68 crashes 3
people died and 34 were injured.
Rebecca Sturdevant, MSN, APRN
beckymadd@gmail.com Rebecca has 31 years
of nursing experience, including work in
correctional health care, acute care, home care,
family practice, and, for the last 16 years,
occupational health. She has expertise and
certifications related to evaluation of
impairment. Go to www.montanacsc.org for
more information on drugged driving.
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