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Introduction:  Cannabis  is the  most  widely  used  illicit  drug.  Many  individuals  are  incidentally  exposed  to
secondhand  cannabis  smoke,  but  little  is known  about  the effects  of  this  exposure.  This  report  examines
the  physiological,  subjective,  and  behavioral/cognitive  effects  of  secondhand  cannabis  exposure,  and  the
influence  of  room  ventilation  on  these  effects.
Methods:  Non-cannabis-using  individuals  were  exposed  to secondhand  cannabis  smoke  from  six  indi-
viduals  smoking  cannabis  (11.3%  THC)  ad  libitum  in a specially  constructed  chamber  for  1 h. Chamber
ventilation  was  experimentally  manipulated  so  that  participants  were  exposed  under  unventilated  condi-
tions or  with  ventilation  at  a rate  of  11  air  exchanges/h.  Physiological,  subjective  and  behavioral/cognitive
measures  of  cannabis  exposure  assessed  after exposure  sessions  were  compared  to  baseline  measures.
Results:  Exposure  to secondhand  cannabis  smoke  under  unventilated  conditions  produced  detectable
cannabinoid  levels  in blood  and  urine,  minor  increases  in  heart  rate,  mild  to moderate  self-reported
sedative  drug  effects,  and impaired  performance  on  the digit  symbol  substitution  task  (DSST).  One  urine
specimen  tested  positive  at using  a 50 ng/ml  cut-off  and  several  specimens  were  positive  at  20  ng/ml.
Exposure  under  ventilated  conditions  resulted  in much  lower  blood  cannabinoid  levels,  and  did  not

produce  sedative  drug  effects,  impairments  in  performance,  or  positive  urine  screen  results.
Conclusions:  Room  ventilation  has  a  pronounced  effect  on  exposure  to  secondhand  cannabis  smoke.  Under
extreme,  unventilated  conditions,  secondhand  cannabis  smoke  exposure  can  produce  detectable  levels
of THC  in  blood  and  urine,  minor  physiological  and  subjective  drug  effects,  and  minor  impairment  on  a
task  requiring  psychomotor  ability  and  working  memory.

©  2015 Published  by  Elsevier  Ireland  Ltd.
. Introduction

Cannabis is the most widely used illicit drug globally (World
ealth Organization, 2014). The most popular route of adminis-

ration is smoking, which often occurs indoors, in automobiles,
r in other areas where ventilation is limited or variable. �9-
etrahydrocannabinol (THC), the major psychoactive component
f cannabis, is present in both mainstream smoke (inhaled
Please cite this article in press as: Herrmann, E.S., et al., 

Effect of room ventilation on the physiological, subjective, and
http://dx.doi.org/10.1016/j.drugalcdep.2015.03.019

y the user) and sidestream smoke (dispersed into environ-
ent; Cone et al., 1987; Fehr and Kalant, 1972; Matthias et al.,

997). Metabolism of THC yields the psychoactive metabolite,

∗ Corresponding author. Tel.: +1 410 550 2696; fax: +1 410 550 0030.
E-mail address: eherrma3@jhu.edu (E.S. Herrmann).

ttp://dx.doi.org/10.1016/j.drugalcdep.2015.03.019
376-8716/© 2015 Published by Elsevier Ireland Ltd.
11-hydroxy-�9-tetrahydrocannabinol (11-OH-THC), which is
present in blood after active or passive exposure to cannabis
smoke (Huestis et al., 1992; Moore et al., 2011). THC and 11-
OH-THC have similar behavioral effects, but 11-OH-THC levels
peak later than THC levels after cannabis exposure (Hollister and
Gillespie, 1975; Huestis et al., 1992; Järbe et al., 1994; Kosersky
et al., 1974; Lemberger et al., 1973). Metabolism of 11-OH-THC
yields 11-nor-9-carboxy-�9-tetrahydrocannabinol (THC-COOH).
THC-COOH is non-psychoactive, but its long half-life (∼140 h)
makes it a common biomarker in urine testing for cannabis use.

Many individuals are passively exposed to secondhand cannabis
Non-smoker exposure to secondhand cannabis smoke II:
 behavioral/cognitive effects. Drug Alcohol Depend. (2015),

smoke given the current prevalence and patterns of cannabis use,
however, there has been little controlled research examining the
consequences of secondhand exposure. Most research on sec-
ondhand cannabis smoke exposure has focused on detection of

dx.doi.org/10.1016/j.drugalcdep.2015.03.019
dx.doi.org/10.1016/j.drugalcdep.2015.03.019
http://www.sciencedirect.com/science/journal/03768716
http://www.elsevier.com/locate/drugalcdep
mailto:eherrma3@jhu.edu
dx.doi.org/10.1016/j.drugalcdep.2015.03.019
https://www.researchgate.net/publication/51496380_Cannabinoids_in_oral_fluid_following_passive_exposure_to_marijuana_smoke?el=1_x_8&enrichId=rgreq-bc47d01e-7fc3-4ff6-a1e9-65c543ee1ff3&enrichSource=Y292ZXJQYWdlOzI3NDk2ODE3NjtBUzoyMjg5ODc0Nzc2ODgzMjBAMTQzMTYwNjI3NzY0Ng==
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annabinoids (e.g., THC, 11-OH-THC, THC-COOH) in various biolog-
cal matrices. Cone and Johnson (1986) exposed five healthy men  to
assive smoke from either 4 or 16 cannabis cigarettes (2.8% THC) in

 small, enclosed room for 1 h each day on six consecutive days. This
econdhand smoke exposure reliably produced detectable levels of
annabinoids in urine and plasma, which varied in an orderly rela-
ion to dose (i.e., cannabinoid levels were higher after exposure to
moke from 16 cannabis cigarettes vs. 4 cigarettes). Similar results
ere obtained from studies using comparable designs (i.e., second-
and cannabis smoke exposure in small closed rooms or motor
ehicles; Law et al., 1984; Mason et al., 1983; Mørland et al., 1985;
erez-Reyes et al., 1983).

At least four limitations impede interpretation of these stud-
es with regard to current real-world secondhand cannabis smoke
xposure scenarios. First, exposure in these studies always occurred
nder the “extreme” conditions (i.e., in small spaces without ven-
ilation). Because secondhand cannabis exposure in the real world
ccurs under conditions with different degrees of air ventilation
e.g., in rooms with air conditioning or open windows, or out-
oors), research examining the effects of ventilation on exposure

evels is needed. Second, the average potency of “street” cannabis
as increased more than 3-fold in the time since these studies
ere conducted (sinsemilla cannabis seized from 2002 to 2008 by

ederal and state law enforcement agencies in the U.S. averaged
1.1% to 11.9% THC; Mehmedic et al., 2010). To our knowledge,
nly one controlled study has examined passive exposure to higher
otency cannabis (10.4% THC) that more closely resembles street
annabis available today (Niedbala et al., 2005). A more thor-
ugh examination of secondhand exposure using higher potency
annabis is needed to better model passive exposure to today’s
annabis and its potential effects on drug test results. Third, only
ne study has reported both physiological and subjective effects of
econdhand cannabis exposure (Cone and Johnson, 1986). Cone and
ohnson (1986) reported that secondhand cannabis exposure had
o systematic effects on heart rate or blood pressure, and that par-
icipant’s ratings of subjective drug effects increased significantly
fter exposure to smoke from 16 cannabis cigarettes relative to
lacebo ratings. These effects were most pronounced during the
rst hour after exposure, and resolved within 3 h. Fourth, no prior
tudies have evaluated the effects of secondhand cannabis smoke
xposure on behavioral/cognitive performance. Expanded research
n the effects of secondhand cannabis smoke exposure in the areas
utlined above is timely and warranted.

The present study was conducted to examine the influence
f variations in cannabis potency (5.3% THC vs. 11.3% THC) and
n room ventilation (unventilated vs. standard residential venti-
ation) on the effects of secondhand cannabis smoke exposure.
he primary objective of the study was to characterize the phar-
acokinetic profile of cannabinoids in various biological matrices

ollowing secondhand smoke exposure in order to inform fed-
ral workplace drug testing standards. A detailed report of the
rine cannabinoid concentrations has been previously published
Cone et al., 2015). Here, we report the outcomes of pharmaco-
ynamic assessments, cannabinoid concentrations in whole blood,
nd provide a brief summary of the urine results. Data analysis was
estricted to comparisons of the ventilated vs. unventilated sessions
ith the same potency of cannabis (11.3% THC) because over 40%
ore 11.3% THC cannabis was consumed than 5.3% THC cannabis

14.4 g total vs. 10.2 g total) in comparable (unventilated) study ses-
ions. The different levels of cannabis consumption between these

 conditions preclude our ability to validly compare the effects
f cannabis potency on study outcomes, particularly pharmaco-
Please cite this article in press as: Herrmann, E.S., et al., 

Effect of room ventilation on the physiological, subjective, and
http://dx.doi.org/10.1016/j.drugalcdep.2015.03.019

ynamic measures. This study is, to our knowledge, the first to
emonstrate the effect of room ventilation on secondhand cannabis
moke exposure and is among the few secondhand cannabis
moke studies to examine pharmacodynamic outcomes or utilize
 PRESS
 Dependence xxx (2015) xxx–xxx

cannabis with a potency that is representative of current “street”
cannabis.

2. Methods

2.1. Participants

2.1.1. Recruitment. Frequent cannabis users and cannabis nonusers were recruited
from the greater Baltimore, MD area via media advertising and word-of-mouth com-
munication. Interested participants completed a screening session to determine
eligibility. Participants provided written informed consent during the screening
session. The Institutional Review Board at Johns Hopkins University School of
Medicine approved this study.

2.1.2. Smokers. Cannabis users were eligible to participate as smokers if they: (1)
were 18–45 years old, (2) reported using cannabis at least two times per week
throughout the past 90 days, (3) provided a urine specimen that was positive for
THC-COOH and negative for other drugs of abuse at screening and on the day of
each study session, (4) had a negative breath alcohol reading at screening and on
the  day of each study session, (5) had a body mass index of 19–34 kg/m2, (6) were
judged to be in good general heath based on physical examination, and (7) were not
pregnant or nursing. Cannabis users were encouraged to participate in all three of
the exposure sessions as a means of reducing between-session variability in smoke
exposure among nonsmokers. Smokers were instructed to remain abstinent from
cannabis overnight prior to exposure sessions.

2.1.3. Nonsmokers. Individuals who were not current cannabis users were eligible
to participate in the study if they: (1) were 18–45 years old, (2) reported cannabis
use  at least once in their lifetime, but not within the prior 6 months, (3) provided
a  urine specimen that was negative for drugs of abuse at screening and on the day
of  study admission, (4) had a negative breath alcohol reading at screening and on
the  day of participation, (5) had a BMI  ranging from 19 to 34 kg/m2, (6) were judged
to  be in good general heath based on a full physical examination, and (7) were not
pregnant or nursing. Each nonsmoker participated in only one exposure session due
to  concern that residual effects of cannabis exposure in one session might influence
results of subsequent sessions. Because the primary aim of this study was to examine
the pharmacokinetic profile of secondhand cannabis smoke exposure, we restricted
the nonsmoker group to individuals who were not current cannabis users so that
they would not have residual cannabinoids in biological matrices (e.g., urine, saliva)
at  baseline.

2.2. Experimental procedure

Three secondhand cannabis exposure sessions were conducted at the Johns Hop-
kins University Bayview campus. The first session involved exposure to cannabis
containing 5.3% THC in an unventilated environment, the second session involved
exposure to cannabis containing 11.3% THC in an unventilated environment, and
the  third session involved exposure to cannabis containing 11.3% THC in a venti-
lated environment. We only describe results from the second and third sessions
here.

Smokers and non-smokers arrived at approximately 0700 h on session days.
Drug and alcohol testing was conducted upon arrival to confirm that participants still
met  study eligibility requirements regarding substance use. Smokers were reminded
of  abstinence requirements the day before each session took place, and study staff
met  with active smokers when they arrived on session days to check for signs of
recent cannabis use (e.g., bloodshot eyes, odor of cannabis smoke) to verify reported
abstinence. Nonsmokers were required to urine test negative for cannabis. Nursing
staff placed an intravenous catheter in the non-dominant arm of each participant
for  repeated blood sampling. Tobacco and caffeine use was not permitted during
study sessions. One nonsmoker was  a daily tobacco user, and was provided with
nicotine patches in order to reduce the potential effect of nicotine withdrawal on
study outcomes.

After completing baseline assessments, 6 cannabis smokers and 6 nonsmokers
entered a specially constructed smoke exposure chamber (approximately 0900 h).
The  chamber measured 10 ft. × 13 ft. (3.05 m × 3.96 m)  with a 7 ft. (2.13 m) ceiling,
was  constructed using a combination of Plexiglas and aluminum support beams, and
incorporated an adjustable ventilation/exhaust system. Smokers and nonsmokers
sat around a table in alternating seats. All participants wore protective clothing over
their normal clothes (disposable booties, jumpsuits) during the exposure session,
and were provided with swimming goggles to prevent eye irritation from accumu-
lated smoke.

During the unventilated exposure session, ducts at both the intake and exhaust
manifolds of the chamber were capped, eliminating the inflow/outflow of air. During
the  ventilated session a central air conditioning unit fed cool air through a 9.5 in2

(24 cm2) intake register at one end of the chamber. On the opposite end, air was
Non-smoker exposure to secondhand cannabis smoke II:
 behavioral/cognitive effects. Drug Alcohol Depend. (2015),

exhausted through a 9.5 in2 (24 cm2) register into a ventilation shaft that contained
a  motorized fan. The ventilation system was calibrated to achieve an airflow rate of
11  air-exchanges/h, which is consistent with residential ventilation standards based
on the size of the chamber. Other than the differences in ventilation and select study
participants, both session protocols were identical.

dx.doi.org/10.1016/j.drugalcdep.2015.03.019
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Each smoker was  provided with 10 cannabis cigarettes obtained from the
ational Institute on Drug Abuse (NIDA) Drug Supply Program and a CReSS Pocket

moking topography device (Borgwaldt KC, Richmond, VA, USA). Each cannabis
igarette contained approximately 1 g of high potency (11.3% THC) cannabis. The
oor  to the chamber was sealed using magnetic strips around the frame of the door
t  the start of each 60-min exposure session. Active smokers were instructed to
moke the provided cannabis cigarettes ad libitum through the CReSS device, which
easured the number of puffs taken, puff volume, and other parameters of smok-

ng behavior. Participants were instructed to remain seated for the entirety of the
ession, but were allowed to engage in leisure activities (e.g., talking, reading, using
ersonal electronic devices, etc.). Research staff monitored the exposure session
rom outside the chamber to ensure nonsmokers did not actively inhale from the
annabis cigarettes and that smokers only consumed cigarettes from their own  sup-
ly. Pulse oximeters were used to monitor blood oxygen concentration of study
articipants every 15 min  to ensure an adequate oxygen supply was  maintained in
he  chamber.

After 60 min the door to the exposure chamber was  opened; participants then
xited the chamber, immediately discarded protective clothing, and washed their
ands and face to minimize contamination of biological samples collected after
xposure. Participants then proceeded to a large room where they completed study
ssessments at regular intervals for 8 h post-exposure among smokers and 34 h
ost-exposure among non-smokers.

.3. Assessments

.3.1. Measures of cannabis exposure. The total weight of cannabis cigarettes, includ-
ng  butts and loose plant material, was obtained for each participant prior to and
mmediately after each session to determine the amount of cannabis combusted.

e  examined CReSS data on total puff volume to assess temporal characteristics of
annabis consumption. Biological samples (blood, urine, saliva, hair) were obtained
or 8-h post exposure among smokers and for up to 34 h among nonsmokers. Whole
lood specimens (10 ml)  were obtained from indwelling venous catheters using
rey-top vacutainer blood collection tubes at baseline, immediately after exiting the
moke chamber (Time “0”) and 0.5 (30 min), 1, 1.5, 2, 3, 4, 5, 6, 8, 12, 22, 26, 30, and
4 h after exposure. Spot urine specimens were collected hourly for the first 4 h and
hen pooled specimens were obtained for hours 6–8, 8–10, 10–12, 12–22, 22–26,
6–30, and 30–34. Quantitative testing for cannabinoids (THC, 11-OH-THC, THC-
OOH) in whole blood was conducted by Immunalysis Corp (Pomona, CA) using
C/MS/MS, with a .5 ng/ml limit of quantitation. Urinalysis testing for THC-COOH
as  performed by Clinical Reference Laboratory (Lenexa, KS) using enzyme-linked

mmunosorbent assays (ELISA) with cut-offs of both 20 ng/ml and 50 ng/ml and
onfirmatory GS/MS with a .75 ng/ml limit of quantitation (see Cone et al., 2015).

.3.2. Physiological assessments. Heart rate (BPM) and systolic and diastolic blood
ressure (mm/hg) were measured using automated monitors while participants
ere in the seated position at baseline, immediately after exiting the smoke expo-

ure chamber (Time “0”), and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 12, 22, 26, 30, and 34 h
ost-exposure.

.3.3. Self-report assessments. Participants completed a 15-item Drug Effect Ques-
ionnaire (DEQ) to assess subjective ratings of drug effects. Individual items on the
EQ included three ratings of drug effects (“do you feel a drug effect?,” “do you feel

 pleasant drug effect?,” “do you feel an unpleasant drug effect?”) and twelve rat-
ngs of behavioral/mood states often associated with cannabis intoxication (“sick”,
heart racing”, “anxious”, “relaxed”, “paranoid”, “tired”, “alert”, “irritable”, “vigor-
us”, “restless”, “hungry/have munchies”, “craving cannabis”). Participants rated
ach item using a 100 mm visual analog scale (VAS) anchored with “not at all” on
ne end and “extremely” on the other. The DEQ was  administered at baseline and
t  0, 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 12, 22, 26, 30, and 34 h post-exposure.

.3.4. Behavioral/cognitive assessments. Participants completed three different
omputerized behavioral tasks to assess aspects of psychomotor/cognitive perfor-
ance known to be sensitive to the acute effects of smoked cannabis and relevant to

unctioning in the workplace and/or operating a motor vehicle or heavy machinery
Hooker and Jones, 1987; Wilson et al., 1994). Study participants completed each
ask  three times during the screening visit while under the supervision of study staff
n  order to ensure proper understanding and minimize the influence of practice
ffects on task performance during the study, and were administered at baseline
nd at 0, 0.5, 1, 1.5, 2, 3, 4, 5, 6, and 8 h post-exposure.

Divided attention task (DAT; Casswell and Marks, 1973): On this task, partici-
ants simultaneously tracked a central stimulus and monitored peripheral stimuli.
he central stimulus was  a diamond that moved back and forth horizontally across
he  computer screen. Participants were instructed to track this stimulus using the
omputer mouse while monitoring a target digit at the lower center of the computer
creen. Peripheral stimuli were digits (1–9) that appeared in each of the four cor-
Please cite this article in press as: Herrmann, E.S., et al., 
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ers of the screen. Participants were instructed to click the computer mouse once
ach time one of the digits in the corners of the screen matched the target digit.
ask  duration was  6 min. Primary outcomes on the DAT are the number of correct
eripheral targets identified, reaction time (milliseconds) on correct responses, and
ean distance (number of pixels) of cursor from the central stimulus.
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Digit symbol substitution task (DSST; McLeod et al., 1982): On this task, partici-
pants viewed a series of nine geometric patterns. Each pattern was  numbered (1–9)
and  consisted of three highlighted squares on a 3 × 3 grid. When the number asso-
ciated with a particular pattern appeared on the center of the screen, participants
were instructed to replicate the shape of that pattern using the an assigned 3 × 3
section of the computer keyboard. Task duration was 90 s. Primary outcomes of the
DSST were total number of trials attempted, total number correct, and percentage
of  attempted trials completed correctly.

Paced auditory serial addition task (PASAT; Gronwall, 1977): On  this task, partic-
ipants were presented with a string of single digit integers on the computer screen.
Participants were instructed to calculate the sum of each successive pair of inte-
gers presented and select the correct answer from a list of choices displayed on the
screen using the computer mouse. These integers appeared on the screen every 2.8 s
during the initial battery of 30 trials. Following a 30 s break, integers appeared every
2.4 s during the second battery of 60 additional trials. Task duration was  5 min. Pri-
mary outcomes on the PASAT were total number of trials correct, and reaction time
(milliseconds) on correct items.

2.4. Data analysis

Demographic variables were compared between smokers and nonsmokers, and
between nonsmokers in unventilated and ventilated sessions using independent-
samples t-tests for continuous variables and chi-square tests for categorical
variables. We limited analyses to the time window when subjective and behav-
ioral/cognitive effects were likely to be observed because of the abundance of zero
or  near-zero blood cannabinoids levels and subjective drug effect ratings at later
post-exposure time points. To select this window, we plotted levels of THC and
of  11-OH-THC in whole blood at baseline and during the first 4 h post-exposure to
examine total intoxicant exposure during the post-exposure timeframe when effects
are typically present. Blood cannabinoid levels peaked immediately after exposure
and  declined to below the level of quantitation by 90 min  post-exposure among
nonsmokers. DEQ ratings of “feel drug effect” appeared to parallel changes in blood
cannabinoid levels among both smokers and nonsmokers (see Fig. 1). Consequently,
we  limited outcome analyses of physiological, subjective, and behavioral/cognitive
effects to the first hour after cannabis exposure.

We  fit mixed effects regression models (Gueorguieva and Krystal, 2004) to assess
differences between baseline and the first hour post-exposure for each measure.
This model allowed us to compare the mean difference between baseline values
and post-exposure values while accounting for (1) within-subject variability among
post-exposure time points collected during the first hour after exposure within
each session, and (2) between-session variability among baseline measures and
post-exposure measures for the five active smokers who  completed both expo-
sure sessions. Data from active smokers who participated in multiple sessions were
analyzed together and are presented together because their levels of cannabinoid
exposure did not significantly differ as a function of room ventilation (see Fig. 1).
The  absence of significant effects of cannabis exposure on heart rate among active
smokers using mixed effects regression models that included data from the first
hour post exposure prompted follow up comparisons between heart rate at base-
line and heart rate at Time 0 using a second set of mixed effects regression models in
order to examine if any transient effects on heart rate were present in smokers and
in  nonsmokers. Smokers and nonsmokers were not compared. Data on smokers are
presented to serve as a reference for evaluating the levels of biological exposure and
corresponding drug effects among nonsmokers. All statistical tests were two-tailed,
and significance was  determined at p < .05.

3. Results

3.1. Participants

Table 1 shows demographics of the nineteen participants (7
smokers and 12 nonsmokers) who completed the high potency
(11.3% THC) unventilated and ventilated sessions of the study.
Seven smokers were included in analyses because one of the
original six participants who completed the unventilated session
withdrew from the study and was replaced. There were no sig-
nificant differences between these groups on any of the variables
examined.

3.2. Exposure session conditions

Smokers consumed a considerable amount of cannabis in
Non-smoker exposure to secondhand cannabis smoke II:
 behavioral/cognitive effects. Drug Alcohol Depend. (2015),

both the unventilated (14.4 g total) and ventilated (16.5 g total)
exposure sessions. The chamber was  visibly very smoky during
the unventilated session (became difficult to see through to the
opposing wall clearly; see Figure 2 in Cone et al., 2015). Cannabis
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moke was visible during the ventilated session, but it did not
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bstruct chamber transparency. CReSS data were available for
0/12 smoking bouts (one CReSS device malfunctioned in the
nventilated session and the battery died for one unit during the
entilated session). Data on puff volume indicated that smokers
Q visual analog scale ratings (VAS, 0–100) of “feel drug effect” among smokers and
r of the mean.

consumed 34% less cannabis during the second 30 min  of the expo-
Non-smoker exposure to secondhand cannabis smoke II:
 behavioral/cognitive effects. Drug Alcohol Depend. (2015),

sure period than during the first 30 min. Participants tolerated both
study sessions well, with some complaints of mild eye irritation
during the unventilated session, mainly among participants who
did not wear or removed their protective eye goggles.

dx.doi.org/10.1016/j.drugalcdep.2015.03.019
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Table  1
Demographic characteristics among smokers, nonsmokers in the unventilated session, nonsmokers in the ventilated session. Average grams of cannabis consumed per study
session  among smokers.

Characteristic Smokers (n = 7)* Nonsmokers unventilated (n = 6) Nonsmokers ventilated (n = 6)

Age (mean, SD) 29.4 (5.8) 28.7 (8.8) 30.2 (8.2)
Gender (% male) 57 50 50

Race  (%)
Caucasian 71 83 100
African American 29 17 0

Ethnicity (% Hispanic/Latino) 14 0 33
Body  Mass Index (kg/M2) 25.6 (5.5) 25.3 (4.5) 23.7(1.9)
Average grams of cannabis consumed
per study session (mean, SD, range)

2.6 (0.5, 1.6–3.3) N/A N/A

Note. SD = standard deviation, kg/M2 = weight in kilograms/height in meters squared.
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* One of the original six smokers who participated in the unventilated session w
ncluded in analyses.

.3. Effects of cannabis exposure on cannabinoid levels in blood
nd urine

.3.1. Smokers. Fig. 1 shows mean blood THC levels, blood 11-
H-THC levels, heart rate, and ratings of “feel drug effect” among

mokers and nonsmokers at baseline and during the first 4 h after
xposure. All smokers had detectible levels of THC (mean 4.5 ng/ml)
nd 11-OH-THC (mean 2.4 ng/ml) at baseline, though all reported
vernight abstinence and did not show any evidence of recent
annabis use (e.g., cannabis odor, bloodshot eyes). Blood levels of
HC and 11-OH-THC peaked immediately following exposure in
oth sessions (means of 20.7 ng/ml and 5.6 ng/ml, respectively), and
eturned to baseline within 4 h.

.3.2. Nonsmokers. Unventilated session: None of the nonsmokers
n the unventilated session had detectable blood cannabinoids
t baseline, but all six had detectible levels of THC following
econdhand smoke exposure. Levels peaked immediately follow-
ng exposure (Time 0 mean = 3.2 ng/ml), and remained detectible
>.5 ng/ml) for 1–3 h post-exposure. Only one participant had
etectible levels of 11-OH-THC following exposure. One urine
pecimen tested positive in accordance with federal drug testing
uidelines (screen with ELISA > 50 ng/ml THC-COOH and confirmed
ith GC/MS > 15 ng/ml THC-COOH) 4 h post-exposure. Using a

ower cut-off that is common in some commercial drug testing
rograms (ELISA > 20 ng/ml THC-COOH; GC/MS > 15 ng/ml), 4 of 6
onsmokers produced urine samples that screened and confirmed
ositive with a window of detection that ranged from 2 to 22 h
ost-exposure.

Ventilated session: None of the nonsmokers in the ventilated
ession had detectable blood cannabinoids at baseline. Four of the
ix nonsmokers had detectible levels of blood cannabinoids imme-
iately following exposure. These levels were lower than those
bserved in the unventilated session (Time 0 mean = 0.7 ng/ml), and
ere not detectable after Time 0. None of these participants had
etectible levels of 11-OH-THC following exposure. No urine sam-
les collected from nonsmokers in the ventilated session screened
ositive, even using the lower (ELISA > 20 ng/ml) cut-off level.

.4. Physiological effects

.4.1. Smokers. Table 2 shows detailed outcomes and results
rom analyses comparing baseline values to values from the
rst hour post-exposure for physiological, subjective, and behav-
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oral/cognitive study measures. No significant effects on heart
ate were observed using the mixed effects regression model that
ompared baseline to the first hour post exposure (see Table 2).
ollow-up analyses that compared baseline heart rate to heart
ew from the study, and was replaced for the ventilated session, resulting in n = 7

rate at Time 0 indicated no main effect of ventilation condition
[beta = 1.21 (SEM = 3.33), p = .72], a significant main effect of time,
[beta = 10.00 (SEM = 3.20) p = .002), and no ventilation condition by
time interaction [beta = −4.83 (SEM = 4.53), p = .29]. These results
indicate that heart rate was significantly higher at Time 0 compared
with baseline (heart rate increased from 66.8 BPM vs. 76.8 BPM in
the unventilated session, and 70.0 BPM vs. 75.2 BPM in the venti-
lated session following cannabis exposure) and that there was no
statistically significantly difference in the effect of time on heart
rate between the unventilated and ventilated conditions. A modest
but statistically significant reduction in systolic blood pressure was
observed after cannabis use among smokers (see Table 2). No effect
on diastolic blood pressure was  observed.

3.4.2. Nonsmokers. Unventilated session: No significant effect on
heart rate was observed with the initial fixed effect regression
model comparing baseline heart rate to heart rate during the first
hour post exposure (see Table 2). Follow up analyses comparing
baseline heart rate to heart rate at Time 0 indicated a small, but sta-
tistically significant increase in heart rate [65.7 BPM vs. 71.7 BPM,
beta = 6.00 (SEM = 2.78) p = .03]. There was a non-significant trend
toward increased systolic blood pressure following exposure and
no effect on diastolic blood pressure (see Table 2).

Ventilated session: No significant effects on heart rate or blood
pressure were observed (see Table 2).

3.5. Subjective effects

3.5.1. Smokers. Ratings of “drug effect,” “pleasant drug effect,”
“relaxed,” “vigorous,” and “hungry/have munchies” were signif-
icantly higher than baseline during the hour following cannabis
exposure. Craving for cannabis was  significantly lower than base-
line during this period. All of these effects resolved (i.e., returned
to baseline) within 4 h.

3.5.2. Nonsmokers. Unventilated session: Ratings of “drug effect,”
“pleasant drug effect,” “tired,” and “hungry/have munchies” were
significantly higher than baseline during the hour post exposure.
Ratings of “alert” and “vigorous” were significantly lower. These
effects resolved within 1.5 h post exposure.

Ventilated session: Ratings of “hungry/have munchies” increased
significantly from baseline during the first hour post exposure. No
other subjective ratings showed significant changes.
Non-smoker exposure to secondhand cannabis smoke II:
 behavioral/cognitive effects. Drug Alcohol Depend. (2015),

3.6. Behavioral/cognitive effects

3.6.1. Smokers. Average cursor distance from target increased
significantly from baseline during the first hour post exposure

dx.doi.org/10.1016/j.drugalcdep.2015.03.019
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Table 2
Physiological, subjective, and behavioral/cognitive measures among smokers in both sessions, nonsmokers in the unventilated session, and nonsmokers in the ventilated
session  at the baseline assessment (pre) and the average of assessments during the first hour post-exposure (post). Significance levels were obtained using ANOVA, with
significant differences (p < .05) between pre vs. post-exposure assessments are shown in bold.

Smokers (n = 7) Nonsmokers, unventilated (n = 6) Nonsmokers, ventilated (n = 6)

Pre Post p-Value Pre Post p-Value Pre Post p-Value

Physiological
Heart rate (BPM) 69 72 .21 66 69 .41 68 70 .23
Systolic blood
pressure (mm  Hg)

132 122 .001 127 132 .06 126 126 .87

Diastolic blood
pressure (mm  Hg)

73 69 .06 75 76 .67 72 73 .35

Subjective (DEQ–VAS,
0–100)
Feel drug effect 0 37 <.001 0 16 <.001 0 1 .26
Unpleasant drug
effect

0 1 .11 0 3 .12 0 1 .32

Good  drug effect 0 44 <.001 0 20 <.001 0 1 .51
Sick  0 0 .24 1 1 .73 1 1 .88
Heart racing 0 1 .10 0 3 .48 0 1 .64
Anxious 0 1 .12 2 4 .68 5 2 .10
Relaxed 35 49 .04 58 47 .31 54 59 .41
Paranoid 0 1 .20 2 1 .28 1 1 .79
Tired  26 25 .88 21 45 .009 41 39 .85
Alert  32 37 .48 67 41 .02 61 60 .88
Irritable 1 3 .43 9 7 .84 14 16 .23
Vigorous 19 30 .049 41 21 <.001 34 29 .42
Restless 2 6 .25 15 13 .81 5 5 .96
Hungry/munchies 5 34 <.001 14 42 .001 3 22 .02
Craving cannabis 41 26 .004 0 2 .19 0 0 1.00

Behavioral/cognitive
Divided attention
task

Average distance
from target

16.4 21.3 .03 21.6 23.0 .59 17.5 18.9 .31

Mean  overall
response time
(miliseconds)

1105 1287 .11 1228 1213 .84 1252.0 1205.0 .57

Total  number
correct

21.3 21.0 .71 22.5 21.9 .31 22.0 22.2 .67

Digit  symbol
substitution test

Total attempted 51.1 50.2 .44 44.0 47.7 .01 43.3 46.8 .009
Total  correct 48.5 47.7 .56 42.3 44.4 .26 41.8 45.3 .03
Percent correct 95 95 .93 97.0 93.0 .02 96.0 97.0 .73

Paced auditory serial
addition test

Total correct 70.8 69.9 .68 73.0 70.4 .23 76.5 81.9 .04
Mean  response time

on correct items
(miliseconds)

1207 1257 .51 1434.0 1147.0 .12 1204.0 1066.0 .47
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ote. BPM = beats per minute, mm Hg = millimeters of mercury, DEQ = drug effect qu

n the DAT, indicating decreased tracking accuracy. Perfor-
ance did not differ from baseline on any other measures

xamined.

.6.2. Nonsmokers. Unventilated session: The number of DSST pat-
erns attempted increased significantly from baseline during the
our post-exposure, but the percentage of attempted patterns that
ere completed correctly decreased significantly. There were no

ignificant changes in total number correct on the DSST or perfor-
ance on the DAT or PASAT.
Ventilated session: The number of DSST patterns attempted and
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he number completed correctly increased significantly from base-
ine during the hour post exposure without a change in percent
orrect. Total number correct on the PASAT also increased signifi-
antly from baseline. Reaction time on the PASAT did not change,
or did performance on the DAT.
nnaire, VAS = visual analog scale.

4. Discussion

This report describes the first study of which we are aware
to examine the influence of room ventilation on secondhand
exposure to cannabis smoke, and the first study to examine
the effects of secondhand cannabis smoke exposure on behav-
ioral/cognitive performance. Exposure to secondhand cannabis
smoke in an unventilated chamber the size of a small room pro-
duced minor increases in heart rate, mild to moderate subjective
drug effects, and minor, but detectible, levels of performance
impairment on some behavioral/cognitive assessments. The time
course of these effects paralleled the levels of psychoactive
cannabinoids in blood and was followed by detectable levels of
Non-smoker exposure to secondhand cannabis smoke II:
 behavioral/cognitive effects. Drug Alcohol Depend. (2015),

THC-COOH in urine. The THC-COOH concentration in one spec-
imen was sufficient to trigger a positive urine drug screen at a
cut-off of >50 ng/ml (i.e., the cut-off recommended for use by
the SAMHSA mandatory guidelines for federal workplace drug

dx.doi.org/10.1016/j.drugalcdep.2015.03.019
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esting programs), and multiple positive urine results were
bserved for four participants using a more stringent cut-off of
20 ng/ml, which is used by some commercial/private workplace
rug testing programs, within a day of exposure. Ventilating the
xposure chamber in a manner that approximated standard res-
dential heating or air conditioning units dramatically reduced
evels of exposure among nonsmokers, evidenced by much lower
in some cases undetectable) levels of cannabinoids in blood
nd urine and the absence of subjective and behavioral/cognitive
ffects.

We  observed some notable patterns in subjective drug effects.
irst, the effects reported by nonsmokers in the unventilated condi-
ion were small in magnitude and predominantly sedative in nature
increased ratings of “tired” decreased ratings of “alert” and “vigor-
us”). In contrast, the subjective effects reported by active smokers
ere larger in magnitude and not exclusively sedative (increases

n both “relaxed” and “vigorous”). Differential effects after smok-
ng high-potency cannabis (9.75% and 23.12% THC) have been
eported elsewhere in the literature (e.g., decreases in both “alert-
ess” and in “calmness”; Hunault et al., 2014). Second, although
bsolute levels were low, the rise and fall of blood cannabinoid
evels observed in nonsmokers following exposure in the unven-
ilated condition paralleled the time course of subjective effects.
ecause nonsmokers in the ventilated condition did not report
ubjective drug effects, it is unlikely that the subjective intoxica-
ion reported by nonsmokers after the unventilated session was
he result of social contagion, since nonsmoking participants were
round equivalently-intoxicated active smokers during both study
essions while assessments were being completed. Furthermore, in

 prior study of controlled smoked cannabis in our laboratory, sub-
ective drug effects remained elevated from baseline an hour after
xposure, while mean plasma THC levels had returned to baseline
about 7 ng/ml) (Milman et al., 2014; Vandrey et al., 2013). Indeed,
lood cannabinoid concentrations typically peak immediately after

nhalation and degrade rapidly, and do not necessarily reflect levels
f intoxication (see Hollister et al., 1981). However, the influence
f expectancy effects resulting from the smokiness of the cham-
er in the unventilated session was not controlled for, may  have
ffected results, and should be considered when interpreting these
utcomes.

Nonsmokers in the ventilated session did not have detectable
evels of cannabinoids in blood beyond the initial 30 min  following
he exposure period, did not screen positive on urine tests, and did
ot report significant increases in subjective drug effects except for
hungry/have munchies.” Because this increase did not correspond
ith any other ratings of drug effect, we interpret the increase

n hunger as unrelated to cannabis exposure (lunch hour was
pproaching). These findings suggest that ventilation dramatically
educes secondhand smoke exposure, even when large quanti-
ies of cannabis (∼16.5 g) are smoked in relatively small spaces in

 short amount of time. Although room ventilation reduced lev-
ls of exposure among nonsmokers, ventilation appeared to have
ery little effect on levels of cannabinoids in blood or subjective
ffects among smokers. Smokers consumed an average of 2.6 g
f cannabis each through active smoking, thus, the comparatively
mall amounts of THC absorbed passively by smokers in the unven-
ilated condition were likely not sufficient to produce additional
ffects.

The finding that exposure to secondhand cannabis smoke
nder extreme unventilated conditions can produce minor, but
etectible impairments in performance on a task that meas-
res psychomotor ability and working memory is novel. Passive
Please cite this article in press as: Herrmann, E.S., et al., 
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xposure increased speed of responding but decreased accu-
acy, reflecting speed–accuracy trade-offs that are consistent with
he effects of THC on behavioral/cognitive performance observed
mong infrequent cannabis users (e.g., Curran et al., 2002). In
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addition, individuals in the ventilated session showed post-
exposure increases in both speed and accuracy on the DSST, and
increases in accuracy on the PASAT. The lack of such practice effects
among individuals in the unventilated condition may  be further
evidence of impaired performance, but that cannot be determined
with confidence based on the design and small sample size of the
present study.

Interestingly, although smokers consumed large quantities of
cannabis, had increased blood cannabinoid levels, and reported
moderate to high levels of subjective effects, the expected increase
in heart rate commonly associated with cannabis use was  relatively
small and only very minor signs of decreased performance on one
measure of behavioral/cognitive performance (i.e., the DAT) were
observed. This may  reflect pharmacodynamic tolerance, as all of
the active smokers were chronic heavy cannabis users. It is also
possible that larger effects on heart rate and performance were
missed. Smokers consumed cannabis over a 60-min time period,
and consumed 34% less cannabis during the second 30 min  of the
exposure period than during the first 30 min. Thus, it is possible
that more robust physiological changes occurred and smokers were
impaired during the exposure period, but this impairment resolved
prior to post-exposure testing. The effects of cannabis smoking on
heart rate may  resolve within 45 min  of smoking (Vandrey et al.,
2013; Cooper and Haney, 2014), and heart rate was assessed 30,
60, and 90 min  after many of the active smokers had ceased inten-
sive smoking. The fact that significant differences in heart rate
were observed among smokers when comparing baseline to Time
0, but not when comparing baseline to the first hour post exposure
suggests that any effects on heart rate were transient. Although
acute THC has been shown to reliably produce cognitive/working
memory impairment (see Ranganathan and D’souza, 2006 for
review), many of these studies recruited infrequent or moderate
cannabis users. Heavier users may  show little if any impairment
(Ramaekers et al., 2009). Alternatively, the absence of observed
cognitive effects may be the result of acute tolerance within study
sessions. Additional research evaluating the effects of cannabis on
working memory with infrequent users as smokers utilizing the
current study procedure would help with interpretation of these
results.

The results of this study must be considered in light of its
limitations. First, we  did not conduct a placebo exposure session
(i.e., session where cannabis devoid of THC was  smoked), making
it impossible to determine whether the subjective and behav-
ioral/cognitive effects observed among active smokers and among
nonsmokers in the unventilated session were the result of THC
exposure or of expectancy. The design of this study would make
a placebo session difficult, as active smokers would likely recog-
nize 0% THC cannabis as placebo during the study session. Thus,
it would be unlikely they would smoke sufficient quantities, and
likely that they would be vocal about the absence of drug effects
during the study session, thereby unblinding nonsmokers. There
were a relatively small number of participants in each study session,
and all participants were exposed to cannabis smoke and com-
pleted assessments simultaneously in the same laboratory room.
As a result, it is possible that subjective and behavioral/cognitive
effects reported by non-smokers may  have been influenced by sug-
gestibility or study demand characteristics. However, the finding
that nonsmokers in the ventilated session did not show any drug
effects, and that the effects observed among nonsmokers in the
unventilated session closely paralleled levels of cannabinoids in
blood indicate these effects may  be the result of passively-absorbed
THC. In addition, the experimental conditions created here do not
Non-smoker exposure to secondhand cannabis smoke II:
 behavioral/cognitive effects. Drug Alcohol Depend. (2015),

reflect the full spectrum of secondhand cannabis smoke expo-
sure scenarios that occur outside of the laboratory, and should not
be interpreted to reflect normative conditions. This study mod-
els two  scenarios of acute exposure in an enclosed room. The

dx.doi.org/10.1016/j.drugalcdep.2015.03.019
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ize of room, amount of cannabis consumed, duration of expo-
ure, and frequency of such exposure are all variables that likely
ould influence outcomes in the real world. That said, several

tudy participants reported previous secondhand exposure expe-
iences that resembled the unventilated study condition, which
ndicates our exposure model has some degree of ecological valid-
ty. Furthermore, testing the effects of passive exposure among

 balanced sample of women and men  should be regarded as a
trength because it speaks to the generality of our results.

In conclusion, this study indicates that absorption of cannabi-
oids can result from secondhand exposure to cannabis smoke.
oom ventilation had a significant impact on the degree of cannabi-
oid absorption and on resultant pharmacodynamic effects.
onsmokers exposed under unventilated conditions reported low

o moderate levels of sedative drug effects that corresponded
ith minor impairment in cognitive performance, while nonsmok-

rs exposed under ventilated conditions reported no significant
ubjective effects and did not have impairment in cognitive per-
ormance. These results suggest that extreme conditions like those
xamined in this study may  result in biological exposure sufficient
o produce measureable subjective effects, decreases in behav-
oral/cognitive performance, and could produce a positive drug test
esult within a short window of time following exposure.
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