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Health effects of exposure to second- and third-hand
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Background: Recreational marijuana has been legalized in 11 jurisdictions; Canada will legalize marijuana by July 2018. With this
changing landscape, there is a need to understand the public health risks associated with marijuana to support patient—care provider
conversations, harm-reduction measures and evidence-informed policy. The objective of this work was to summarize the health
effects of exposure to second- and third-hand marijuana smoke.

Methods: In this systematic review, we searched 6 databases from inception to October 2017. Abstract and full-text review was con-
ducted in duplicate. Studies were included if they were human, in vivo or in vitro studies with more than 1 case reported in English or
French, and reported original, quantitative data. Three outcomes were extracted: 1) cannabinoids and cannabinoid metabolites in
bodily fluids, 2) self-reported psychoactive effects and 3) eye irritation and discomfort.

Results: Of the 1701 abstracts identified, 60 proceeded to full-text review; the final data set contained 15 articles. All of the included
studies were of good to poor quality as assessed with the Downs and Black checklist. There is evidence of a direct relation between
the tetrahydrocannabinol content of marijuana and effects on those passively exposed. This relation is mediated by several environ-
mental factors including the amount of smoke, ventilation, air volume, number of marijuana cigarettes lit and number of smokers
present. No evidence was identified assessing exposure to third-hand marijuana smoke or the health effects of long-term exposure.

Interpretation: Exposure to second-hand marijuana smoke leads to cannabinoid metabolites in bodily fluids, and people experience
psychoactive effects after such exposure. Alignment of tobacco and marijuana smoking bylaws may result in the most effective public
policies. More research is required to understand the impact of exposure to third-hand smoke and the health effects of long-term
exposure to second-hand smoke.

2012 nationally representative Canadian study

showed that 12.2% of people aged 15 years or more

had used marijuana in the previous 12 months, and
42.5% reported marijuana use at least once in their lifetime.!
Harms associated with direct marijuana use from the litera-
ture include a higher risk of mental illness, a higher risk of
being involved in a motor vehicle crash and negative effects
on brain development in adolescents.? However, the effects
of passive exposure to marijuana smoke remain largely
unknown. Effects of passive exposure to tobacco smoke,
including both second- and third-hand smoke, have been
reported.”” Exposure to second-hand smoke (“smoke exhaled
by a smoker or is emitted from the burning cigarette that is
then inhaled by an individual in close proximity”®) from
tobacco is known to cause fetal anomalies, reproductive com-
plications, respiratory disease, cancers and cardiovascular dis-
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ease.’™’ The potential effects of third-hand smoke (“residual
tobacco smoke pollution that occurs after smoking”®) are now
also being reported and include DNA damage from exposure
to nongaseous particles that react with nitrous acid in the
environment.!*!* Investigation into the health harms from
exposure to second- and third-hand marijuana smoke is lim-
ited, but there is preliminary evidence from an animal model
that endothelial function is impaired."
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In jurisdictions where marijuana remains an illegal sub-
stance, it is difficult to impose regulations or health warn-
ings to try to limit exposure to second- and third-hand
smoke, which raises concerns for public health. In the last
5 years, recreational marijuana has been legalized in 6 juris-
dictions: Uruguay, Alaska, Colorado, Oregon, Washington
and Washington, DC. In November 2016, 5 additional US
states voted on proposals to legalize marijuana; the propos-
als passed in Nevada, California, Maine and Massachusetts,
and failed in Arizona. Canada plans to legalize marijuana in
2018, and it is likely that more US states and jurisdictions
will legalize the drug in the coming years. With this chang-
ing landscape, there is a need to better understand the pub-
lic and individual health risks associated with exposure to
second- and third-hand marijuana smoke. The objective of
this work was to synthesize the available evidence on this
topic. This information will be important to support evi-
dence-informed policy and to support patient—care provider
conversations to reduce harm.

Data sources

We conducted a systematic review of published literature on
the effects of exposure to second- and third-hand marijuana
smoke, searching 6 databases (MEDLINE, the Cochrane
Database of Systematic Reviews, Embase, PsychINFO,
CINAHL and the HTA database) from their inception to
Oct. 17, 2017. A library and information specialist developed
the search strategies. We conducted the search using all
MeSH terms referring to marijuana (e.g., ganga, bhang,
hashish, pot, shatter, weed) and MeSH terms referring to
second- or third-hand marijuana smoke (e.g., exposure,
involuntary, passive, second-hand, third-hand). The full
MEDLINE search strategy is available in Appendix 1 (avail-
able at www.cmajopen.ca/content/5/4/E814/suppl/DC1).
We followed the PRISMA guidelines'¢ throughout data
acquisition and reporting.

Study selection

Abstract review was conducted independently by 2 reviewers
(H.H., L.E.D.). To be included, studies had to be human, in
vivo or in vitro studies with more than 1 case reported in
English or French, and report original, quantitative data.
Abstracts were excluded if they failed to meet all the inclusion
criteria; thus, all case reports, commentaries, editorials and
letters were excluded. Studies included by either reviewer pro-
ceeded to full-text review, which was also conducted by
2 independent reviewers (H.H., L.E.D.). Any disagreements
between reviewers were resolved through discussion of the
full text; if required, a third reviewer (F.C.) was consulted.
After full-text review, the reference lists of included studies
were searched to ensure no relevant studies were overlooked.

Data extraction
Data extraction was performed by 2 reviewers (H.H., L.E.D.)
in 2017 and included details on the design of the intervention,
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number of experimental trials, length of exposure, participant
recruitment methods, number of participants, inclusion crite-
ria and participant characteristics. Three outcomes were
extracted: 1) cannabinoids and cannabinoid metabolites in
bodily fluids, 2) self-reported psychoactive effects and 3) eye
irritation and discomfort.

Quality assessment

We assessed the quality of the included studies in duplicate
using the Downs and Black checklist, a 27-item checklist for
assessing the methodological quality of both randomized and
nonrandomized studies of health care interventions.!” The
checklist has 5 constructs: 1) reporting, 2) external validity,
3) internal validity — bias, 4) internal validity — confounding
and 5) power.!” Studies are assigned a score of 1 or 0 for each
criterion, with a higher score indicating higher quality; the
maximum score is 28. Each paper was assigned a grade of
excellent (24-28 points), good (19-23 points), fair (14—
18 points) or poor (< 14 points).!®

Analysis

We categorized records as studies that measured the chemical
components of marijuana smoke or those that investigated the
immediate effects on people exposed to second- or third-hand
marijuana smoke. Based on outcomes reported, the studies
that investigated the immediate effects of exposure were fur-
ther categorized into 3 subcategories: cannabinoids (e.g., tet-
rahydrocannabinol [THC]) and metabolites in bodily fluids,
impact of ventilation on effects of second- or third-hand
smoke exposure and psychoactive effects of passive exposure.
We synthesized the findings within each category qualita-
tively. Synthesis involved reporting aspects of the findings
that were similar or, if there were discrepancies between stud-
ies, reporting the differences in study design, methods or exe-
cution that could account for the differences.

We identified 1701 unique abstracts. Of these, 60 proceeded
to full-text review, 15 of which were included in the final data
set (Figure 1). The 15 records reported findings from
8 unique studies.'*** Details of each included study are pre-
sented in Table 1.

All 15 records were experimental studies on the immediate
effects of marijuana smoke exposure in humans in a controlled
environment. They all followed a similar protocol whereby
nonsmokers sat in proximity to people who were actively
smoking. Physiological or psychological outcomes were mea-
sured after a period of exposure.!*3%323 None of the included
studies investigated third-hand marijuana smoke.

All included studies assessed short-term (within 24 h of
exposure) effects of smoke exposure; none assessed health
effects beyond 24 hours. Meta-analysis was not possible owing
to heterogeneous outcomes and reporting, and, therefore, the
included studies were synthesized narratively.

All of the included studies were of good to poor quality.
The average score on quality assessment was 17.8, with a
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range of 13?7 to 22%%°% (the latter being experimental designs
with multiple trials completed).

Immediate clinical outcomes from marijuana smoke
exposure

Cannabinoids and cannabinoid metabolites in bodily fluids
Oral fluid concentrations of THC were reported in 4 reports
from 3 studies.?**>?% All studies showed THC in the oral fluid
of participants who had been exposed to second-hand mari-
juana smoke.

Blood concentrations of THC were measured in 8 reports
from 6 studies.???*+27:303133 Participants exposed to second-
hand marijuana smoke had lower blood concentrations of
THC than active smokers;?>?*?73% however, there were detect-
able amounts of THC in the blood samples of those exposed

to second-hand smoke.??¢3%3! In 1 study in which multiple
trials were performed to test marijuana of different THC con-
tent (5.3% and 11.3%), there were no significant differences
in the blood concentrations of THC and THC metabolites
between trial groups.??

In 13 reports from 9 studies, the investigators assessed
THC metabolite concentrations in urine samples.!%-21:23-27.29-33
The evidence suggests that a higher percentage of THC con-
tent in smoked marijuana results in higher THC metabolite
content in urine (Figure 2).2°?2?” For example, 4 hours after
exposure to marijuana with 1.5% THC, 1 of 5 participants
had more than the 20 ng/mL threshold for urine testing, and
4 hours after exposure to marijuana with 11.3% THC, all par-
ticipants had more than 15 ng/mL, with a maximum concen-
tration of cannabinoid metabolites of 28.3 ng/mL in the
urine.?*

searching
n=3011

* MEDLINE n = 1059

Reviews n =12
« Embase n =938
* PsychINFO n =719
* CINAHL n =283

Records identified through database

» Cochrane Database of Systematic

Additional records identified by hand

Excluded: duplicates n = 1325

Abstract, poster or conference proceeding
« Not second- or third-hand marijuana smoke
+ Unknown first-hand exposure to marijuana

Full text not available n =2
Incorrect study design n =2

searching
n=15
Total n = 3026
A
Records screened
n=1701
Excluded n = 1641
Y
Full-text studies assessed for eligibility
n =60
—— Excluded n =45
n=2
exposure n =30
smoke n =2
* Animal study n=7
Y

n=15

Included in systematic review

Figure 1: Flow chart of identified records.
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In 2 studies, multiple trials were conducted in ventilated
and unventilated environments.'*?*>* Ventilation was manipu-
lated by opening a door!? or altering the air circulation rate in
the room.?”~** Both urine THC metabolite concentrations and
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blood THC levels were higher in those exposed to second-
hand smoke in an unventilated environment than in a venti-
lated environment. Other factors that mediated the effects of
exposure to second-hand smoke included air volume, number

Table 1 (part 1 of 3): Characteristics of included studies
Author/ No. of Participant
country Intervention Participant selection participants characteristics Reported outcomes Quality*
Cone et al.,?? Intervention: nonsmokers were Participant selection: recruited 6 smokers NR THC level in oral fluid 22
2015, United  exposed to marijuana smoke through newspaper 6 nonsmokers  NR and whole blood,
States from participants smoking advertisements, flyers posted on self-report of drug effects
marijuana in controlled university campus and around (Drug Effects
environment laboratory over community, and word of mouth Questionnaire visual
3 sessions; potency and Inclusion criteria for smokers: analogue scale)
ventilation of environment were self-reported use of cannabis at
changed between each session  least 2 times per week during
Multiple trials: 1) 5.3% THC in previous 90 d, negative results of
unventilated environment, testing for other illicit substances
2) 11.3% THC in unventilated Inclusion criteria for nonsmokers:
environment, 3) 11.3% THC in healthy participants who
ventilated environment self-reported lifetime cannabis
use but had not used cannabis
or any other illicit drug in
previous 6 mo
Cone et al.,® Intervention: nonsmokers were Participant selection: recruited 8 smokers 3 women, Total cannabis use 22
2015, United  exposed to marijuana smoke through newspaper 5 men, average (weight), THC level in
States from participants smoking advertisements, flyers posted on age 29 (SD urine
marijuana in controlled university campus and around 6) yr, average
environment laboratory over community, and word of mouth BMI 25.6
3 sessions; potency and Inclusion criteria for smokers:
ventilation of environment were self-reported use of cannabis at 18 nonsmokers 9 women,
changed between each session  least 2 times per week during 9 men, average
Multiple trials: 1) 5.3% THC in previous 90 d, negative results of age 28 (SD 7)
unventilated environment, testing for other illicit substances yr, average
2) 11.3% THC in unventilated Inclusion criteria for nonsmokers: BMI 24.7
environment, 3) 11.3% THC in healthy participants who
ventilated environment self-reported lifetime cannabis
use but had not used cannabis
or any other illicit drug in
previous 6 mo
Cone et al.,” Intervention: nonsmokers were Participant selection: NR 7 nonsmokers All men, Room air THC 20
1987, United  exposed to marijuana cigarette Inclusion criteria for nonsmokers: average age concentrations, THC
States smoke (2.8% THC) under healthy, drug-free men with 36 yr, average  level in urine
double-blind conditions history of marijuana use who weight 74.7 kg
Multiple trials: 3 trials, 1 with had 14 consecutive d of
4 cigarettes and 2 with cannabinoid-free urine tests;
16 cigarettes 2 cannabis-naive men (members
of research team)
Cone et al., Intervention: nonsmokers were Participant selection: NR 7 nonsmokers All men, THC level in urine (EMIT 22
1986, United  exposed to marijuana cigarette Inclusion criteria for nonsmokers: average age 20 ng/mL and 100 ng/
States smoke (2.8% THC) under healthy, drug-free men with 36 yr, average  mL) and whole blood,
double-blind conditions history of marijuana use who weight 74.7 kg heart rate, blood
Multiple trials: 3 trials, 1 with had 14 consecutive d of pressure, subscales of
4 cigarettes and 2 with cannabinoid-free urine tests; Addiction Research
16 cigarettes 2 cannabis-naive men Center Inventory
(single-dose
questionnaire, visual
analogue scale)
Cone et al.,?® Intervention: nonsmokers were Participant selection: NR 7 nonsmokers  All men, THC level in urine (EMIT 19
1986, United  exposed to marijuana cigarette Inclusion criteria for nonsmokers: average age 20 ng/mL and 100 ng/
States smoke (2.8% THC) under healthy, drug-free men with 36 yr, average  mL) and whole blood,
double-blind conditions history of marijuana use who weight 74.7 kg subscales of Addiction
Multiple trials: 3 trials, 1 with had 14 consecutive d of Research Center
4 cigarettes and 2 with cannabinoid-free urine tests; Inventory (single-dose
16 cigarettes 2 cannabis-naive men questionnaire, visual
analogue scale, circular
lights task, digit-symbol
substitution task)
CMAJ OPEN, 5(4)  E817
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Table 1 (part 2 of 3): Characteristics of included studies

cigarettes (27 mg THC) in
unventilated room
Multiple trials: no

NR

(69.8-79.4 kg)
NR

Author/ Participant
country Intervention Participant selection characteristics Reported outcomes Quality*
Herrmann et Intervention: nonsmokers were Participant selection: recruited 4 men, Total weight of cannabis 22
al.,>* 2015, exposed to marijuana smoke from Baltimore through media 3 women, smoked, THC level in
United States from participants smoking advertising and word of mouth average age blood and urine, heart
marijuana in controlled Inclusion criteria for smokers: 29.4 (SD rate, blood pressure,
environment laboratory over age 18-45 yr, used cannabis at 5.8) yr, average subscales of Drug
3 sessions; unlimited marijuana least 2 times per week during BMI 25.6 Effects Questionnaire
was provided to smokers previous 90 d, urine sample (divided attention task,
Multiple trials: 1) 11.3% THC in positive for THC and negative for 3 men, digit-symbol substitution
unventilated environment, other drugs, negative breath 3 women, task, paced auditory
2) 11.3% THC in ventilated alcohol reading at screening and average age serial addition task)
environment (11 air exchanges on day of session, BMI 19-34, 28.7yr,
per hour) not pregnant or nursing average BMI
Inclusion criteria for nonsmokers: 25.3
age 18-45 yr, cannabis use at
least once but not during
previous 6 mo, urine sample
negative for all drugs, negative
breath alcohol reading at
screening and on day of session,
BMI 19-34, not pregnant or
nursing
Law etal.””  Intervention: nonsmokers were Participant selection: NR NR Environmental exposure 13
1984, United  exposed to marijuana smoke Inclusion criteria for smokers: NR NR (gas chromatography),
Kingdom (9.8% THC) in a small, Inclusion criteria for nonsmokers: THC level in urine and
unventilated room NR whole blood
Multiple trials: No (radioimmunoassay)
Timeline of exposure: after
smokers had consumed their
cannabis cigarette (which took
10-34 min), nonsmoking
participants remained in room for
3h
Moore et Intervention: passive 3-h Participant selection: volunteers; NR Air cannabinoid content 19
al.,?® 2011, exposure to marijuana in Dutch  selection strategy NR (Quantisal collection
United States “coffee shop” Inclusion criteria for smokers: device), THC level in oral
Multiple trials: 2 trials in any active smoker in coffee shop fluid (Quantisal collection
2 different coffee shops, with during exposure timeline 5 men. average device)
varying numbers of active Inclusion criteria for nonsmokers: ) 9
smokers (varying THC healthy participants who did not Zesrzg?fv{gight
percentage) smoke marijuana 84 kg, average
height 1.9 m,
average BMI
233; 5 women,
average age
23.8yr,
average weight
62.4 kg,
average height
171 m,
average BMI
212
Morland et Intervention: participants were Participant selection: volunteers; NR Blood cannabinoid levels 16
al.,* 1985, exposed to marijuana and selection strategy NR 7 men (radioimmunoassay),
Norway hashish smoke in small, Inclusion criteria for smokers: NR S THC level in urine (EMIT)
unventilated car Inclusion criteria for nonsmokers: 3 womlen .th
Multiple trials: 1) hashish (1.5% healthy cannabis-naive ;o:g?:ti;e;g t
THC), 2) marijuana (1.5% THC) participants their height,
age, and sex”
Mulé et al.,®  Intervention: in first part of Participant selection: NR All male, age THC level in urine (EMIT) 18
1988, United  experiment, smokers were asked Inclusion criteria for smokers: 21-27yr,
States to smoke cannabis as they occasional (1 cigarette/wk) or height 5'9"-61”
usually did and were observed; in moderate (1-3 cigarettes/wk) (1.75-1.85m),
second part, nonsmokers were smoking weight
exposed to smoke of 4 cannabis  Inclusion criteria for nonsmokers: 154-175 Ibs
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Table 1 (part 3 of 3): Characteristics of included studies
Author/ No. of Participant
country Intervention Participant selection participants characteristics Reported outcomes Quality*
Niedbala et Intervention: participants were Participant selection: volunteers; 8 smokers 18-24 yr for THC level in oral fluid 16
al.,2° 2005, placed in severe second-hand recruitment strategy NR both groups (Intercept collector pads)
United States  smoke conditions in unventilated  Inclusion criteria for smokers: and urine
van for 1 h healthy white men who reported ~ 8 nonsmokers 3450 yr in first
Multiple trials: 2 trials, each with  infrequent past cannabis use group,
4 smokers and 4 passive Inclusion criteria for 25-50 yrin
inhalers; 5.4% THC in trial 1, nonsmokers: healthy white men second group
10.4% THC in trial 2 who tested as cannabis-free
before study based on oral fluid
and urine tests and self-reported
data
Niedbala et Intervention: smokers consumed  Participant selection: volunteers; 5 smokers Age 21-25 yr Air cannabinoid content, 15
al.,?' 2004, 1 cannabis cigarette each recruitment strategy NR THC level in oral fluid
United States  (approximate THC level 1.75%) in  Inclusion criteria for smokers: 4 nonsmokers  Age 37-49Yr  5nq urine
presence of nonsmokers in healthy white men who reported
sealed room infrequent prior use of cannabis
Multiple trials: no Inclusion criteria for
nonsmokers: healthy white men
who tested as cannabis-free
before start of study
Perez-Reyes Intervention: smokers consumed  Participant selection: NR 6 smokers 3 men, 3 THC presence in air, 16
etal.* 1983, cannabis cigarettes in presence  Inclusion criteria for smokers: women, THC level in urine (EMIT)
United States of nonsmokers in a room (trials 1 experienced marijuana users “healthy and of and blood
and 3) and a car (trial 2); Inclusion criteria for normal weight
biological samples were then nonsmokers: marijuana-naive and height in
taken and compared between participants relation to their
the 2 groups age and sex”
:\gfjsltcflzr;[zaéz.ss.;o)_?;g?reﬂes 6 nonsmokers 3 men, 3
2) 2 cigarettes (2.8% THC), women,
3) 4 cigarettes (2.8% THC) healthy and of
normal weight
and height in
relation to their
age and sex”
Réhrich et Intervention: nonsmokers were Participant selection: NR 8-25 smokers  NR THC level in blood and 15
al.,’' 2010, exposed to marijuana smoke in Inclusion criteria for smokers: at a time urine (gas
Germany Dutch coffee shop with ventilation active smoker in coffee shop at 8 nonsmokers 4 men chromatography—mass
(THC percentage NR) time of experiment ’ spectrometry)
Multiple trials: no Inclusion criteria for 4 women
nonsmokers: no history of
cannabis use, no contact with
cannabis in month preceding
experiment
Zeidenberg Intervention: heavy marijuana Participant selection: NR 5 smokers NR THC level in urine, 14
etal 1977, smokers consumed cannabis Inclusion criteria for smokers: NR subjective reporting,
United States  (THC level NR) in presence of Inclusion criteria for nonsmoker; 1 nonsmoker — NR physical examination
placebo smoker in locked ward NR
Multiple trials: no
Note: BMI = body mass index, EMIT = enzyme multiplied immunoassay technique, NR = not reported, SD = standard deviation, THC = tetrahydrocannabinol.
*Assessed with the use of the Downs and Black checklist,'” which rates papers on 5 constructs: 1) reporting, 2) external validity, 3) internal validity — bias, 4) internal validity
— confounding and 5) power. A total score of 24—28 points = excellent, 19—23 points = good, 14—18 points = fair, less than 14 points = poor.'®

of participants inhaling second-hand smoke, THC content,
number of marijuana cigarettes lit and number of active
smokers.?»?

Psychoactive effects

In 2 studies, the psychoactive effects reported by participants
exposed to second-hand smoke were described.!***% In 1 study,
the investigators used a validated measure (Drug Effects Ques-
tionnaire),"” and in the other, a self-reported feeling of “high”
was used.”>*> Those exposed to marijuana with higher THC

content reported stronger drug effects (Figure 2).?>32 The same
trend was reported in active smokers.”>*? These data indicate
that active smokers and those exposed to second-hand smoke
experience a similar pattern of intoxication; however, the latter
consistently report weaker drug effects than active smokers.??

Discomfort and eye irritation

In 1 study, participants exposed to second-hand smoke
reported discomfort and eye irritation due to smoke in the
room.”* During the experiment, all participants expressed
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Amount of THC in
smoked cannabis, %

Amount of THC and

metabolites in urine of
participants passively
exposed to cannabis

N
©
N
i

smoke, ng/mL

Self-reported effects of
cannabis in participants
passively exposed to
cannabis smoke

Figure 2: Urine levels of tetrahydrocannabinol (THC) and metabolites and subjective effects in participants passively exposed to marijuana
smoke in an unventilated environment, 4-8 hours after exposure, by THC content.

discomfort.?* As a result, active smokers ceased smoking when
they otherwise would have continued.

Second-hand exposure to marijuana smoke can lead to canna-
binoid metabolites in bodily fluids sufficient for positive
results on testing of oral fluids, blood and urine, and can lead
to psychoactive effects. There is evidence of a weak dose—
response relation between THC content of cannabis and
effects on those exposed to second-hand smoke, including
metabolites found in blood and urine, and psychoactive
effects. There is evidence that the relation is mediated by
environmental factors, including whether the air space is ven-
tilated, volume of air, number of marijuana cigarettes lit at
1 time, potency of the marijuana and number of smokers.

The simulated environments within some of the included
studies may not represent “real-world” scenarios. Some stud-
ies placed participants in simulated environments where they
were exposed to smoke in closed rooms with controlled ven-
tilation systems. In the context of legalization, people may be
exposed to second-hand marijuana smoke outside, in parks or
in passing on the sidewalk. This type of exposure may not
result in cannabinoid metabolites in bodily fluids, as the
exposure may be shorter and less intense than in unventilated
areas. However, exposure in closed spaces such as in cafés,
bars and clubs may occur, depending on the regulations pro-
hibiting smoking in indoor spaces. In addition, exposure in
unventilated spaces such as vehicles or small rooms in private
homes is still likely to occur. Thus, the observed relation
between second-hand smoke exposure and cannabinoid
metabolites in bodily fluids is likely to be generalizable to
real-world contexts. Marijuana use in enclosed spaces, partic-
ularly in the presence of children, older people or people
with respiratory illness, should be limited, ideally through
public health measures and legislation in jurisdictions where
marijuana is legalized.
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In some domains, mirroring public health legislation to
protect workers and the general public from second-hand
tobacco exposure will be appropriate. For example, bylaws
forbidding smoking in indoor spaces such as bars and night-
clubs and in shared outdoor spaces such as beaches or parks
should be considered. Tobacco smoking frameworks may be
useful to inform control regulation. Alignment of tobacco and
marijuana smoking bylaws, with a coherent policy approach to
exposure to smoke of any kind, may result in the most effec-
tive public policies.

Evidence suggests that the chemical composition of
second-hand marijuana smoke is similar to that of second-
hand tobacco smoke, although differences in the concentra-
tions of the components vary.*** Even in the absence of
studies reporting the long-term health effects of passive
exposure, clinicians should assess the risk of passive exposure
in their patients and advise marijuana users to limit their use
to open outdoor spaces where regulations permit, similar to
tobacco use.

Using levels of cannabinoid or THC metabolites found in
blood or urine samples to determine marijuana use or intoxi-
cation is challenging. There is no universal threshold that can
differentiate between those who have actively smoked mari-
juana and are intoxicated, those who have actively smoked
marijuana in the past and those who have been exposed to
second-hand smoke. In many jurisdictions that have adopted
thresholds for THC for drivers, 5.0 ng/mL for blood and
10 ng/mL for urine are common thresholds to indicate intoxi-
cation.’® In the studies included in this review, these levels
were present 4-8 hours after exposure in those exposed to sec-
ond-hand smoke. This raises questions about whether there
should be tolerance for people who claim that their positive
urine test result is due to second-hand exposure.’’

As more jurisdictions legalize marijuana for recreational
use, smokers may feel that use in common public areas or
around children is acceptable, and, subsequently, harms asso-
ciated with second-hand exposure may also increase. In the



current state of the literature on second-hand exposure to
marijuana smoke, it is difficult for clinicians to prepare to
engage with patients in thorough assessments of marijuana
exposure as they would with tobacco and for policy-makers to
make evidence-based decisions. Future research to inform the
development of effective communication tools, prevention
strategies and policies to minimize harms to individual users
and society is required.

Our systematic review did not identify any studies report-
ing the long-term effects of exposure to second-hand mari-
juana smoke or the effects of exposure to third-hand smoke.
Participants were not followed beyond the experiment, and it
is not known how repeated exposure to marijuana smoke may
affect health. Given the known harms associated with active
marijuana use, such as mental illness, brain developmental
changes, respiratory and cardiac disease, and poor prenatal
outcomes,”*® the long-term impact of passive exposure
requires further study. In the absence of evidence, based on
the learnings from tobacco, a focus on harm reduction and
limiting passive exposure may be prudent.

Limitations

One limit of our search strategy is that studies that were not
in English or French were excluded, and the included studies
were conducted primarily in anglophone countries. Further-
more, the included records are limited in transferability owing
to small samples and the homogeneity of the population stud-
ied. The included studies were of good, fair or poor quality;
no excellent studies were identified. The addition of excellent-
quality studies may have improved the robustness of our find-
ings. The body of literature assessing exposure to second-
hand marijuana smoke uses an experimental study design that
may not be generalizable more broadly. However, it is likely
that, under some regulatory conditions, people will be
exposed in ways similar to those of the trials, which would
enhance the generalizability of the findings to the real world.””
In addition, the included studies did not investigate effects in
people who were repeatedly exposed to second-hand mari-
juana smoke, and all study participants were exposed for short
periods. Exposure would likely be longer and more frequent if
people were visiting a location where marijuana smoke was
present, and, therefore, the generalizability of the results may
be somewhat limited.

Conclusion

Tetrahydrocannabinol metabolites are retained in the body
upward of 4 hours, and people report the experience of psy-
choactive effects after exposure to second-hand smoke. On a
molecular level, marijuana smoke has chemical components
similar to those of tobacco smoke, although they are present in
different amounts. Although this provides support for the bio-
logical plausibility of the relation between exposure to second-
hand marijuana smoke and negative health outcomes, there is a
gap in the literature in this area. If exposure to second-hand
marijuana smoke has similar health risks as direct marijuana
use, it may be associated with conditions such as respiratory
and cardiac disease as well as mental illness. However, high-
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quality research on the long- and short-term health effects of
exposure to second-hand marijuana smoke are required to
confirm these possible risks. Given the current state of knowl-
edge, coherent policy approaches to exposure to smoke of any
kind may result in the most effective harm-reduction policy.
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