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Abstract

This study determined the levels of Polycyclic Aromatic Hydrocarbon
(PAHs) and Polychlorinated Biphenyls (PCBs) in the mainstream smoke
of some samples of marijuana. The study also assessed the risk associat-
ed with smoking PAHs and PCBs in the marijuana using health indexes
such as incremental lifetime cancer risk (ILCR) and hazard quotient (HQ).
Samples of marijuana were obtained and analysis of PAHs and PCBs were
done using GC-MS operated in selected ion monitoring mode (SIM). The
result showed the mean )’ PCBs in the smoke was 25.86 ng while the con-
centration of ) dI-PCBs was 11.04 ng. ‘'The mean ), PAHs in the smoke
was 1363.61 ng. The ILCR values from smoking PCBs in the mainstream
ranged between 6.98 x 10-°-1.38 x 10 while the ILCR value for exposure
to PAHs was 1.75 x 10-°. HQs values for exposure to PAHs and PCBs in
smoke were all above 1. The result showed no carcinogenic risk is asso-
ciated with exposure to PCBs in the mainstream of marijuana, while both
carcinogenic risk and non-carcinogenic risk are associated with exposure
to PAH in the smoke. The study revealed risks associated with smoking

marijuana.
Keywords: Cancer risk; Hazard quotient; Mainstream smoke; Marijuana
Introduction

Marijuana is one of the most used illicit substances world-
wide in 2016, about 3.9% of the total world population
aged 15-64 making up 192.2 million people used Marijua-
na (World Drug Report, 2018) [1]. Global deaths caused by
the use of these illicit drugs increased by 60% in 2018 [2].
Marijuana is often perceived as a natural product, as it is a
flowering plant with a unique aroma, despite its illegality in
most countries, it is used by many for its potential medic-
inal purposes [3,4]. Some states in the U.S have legalized

the use of some amount of Cannabis, this called medical
marijuana. However, smoking this product is considered
by many as less harmful than tobacco smoking [1,2,5].
Nevertheless, smoking involves combustion, and Marijua-
na smoke may contain some carcinogens and many other
harmful substances usually emitted during the smoking
process [5]. The most common method of smoking mari-
juana is the inhalation of the smoke of the dry plant of the
cannabis flower rolled up in a thin paper similar to ciga-
rettes and cigars [6,7], other methods of marijuana smoking
include the use of acrylic water pipe and a vaping pen that
vaporizes cannabis liquid [7-9]. The amount of smoke pro-
duced by the different smoking methods differs from one
another; the smoking of the dry plant in a thin paper roll
produces more particulate matter than the other methods
such as water pipe and concentrates hash [10]. Unlike to-
bacco and cigarette smoking, Marijuana is smoked without
filters and has smaller butt sizes, which leads to the inhala-
tion of higher smoke concentration [11].

Polycyclic Aromatic Hydrocarbons (PAHs) are a class of
pollutants that are persistent in the environment. The in-
complete combustion of substances is a primary source of
PAHs [12]. A smoker is exposed to several of these com-
pounds with each puff of a lit tobacco or marijuana product
[13].

Polychlorinated biphenyls (PCBs) are a part of persistent
organic pollutants; they are synthetic chemicals that do not
occur naturally in the environment (WHO Regional Office
for Europe, 2000) [14]. They can also be produced by the
combustion of compounds containing chlorine. It is wor-
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thy of note that various papers used as cannabis rollers are
bleached paper with chemicals containing chlorine and oth-
er compounds. Another advantage of these papers is that it
makes the cannabis burn slowly when smoking. However,
combustion of these bleached papers with cannabis could
likely lead to the formation of PCBs.

Although some countries have embraced the legalization
of Marijuana for medical use, most countries especially in
Africa are yet to legalize the substance use. There is less
extensive research on the chemical composition of marijua-
na mainstream smoke consumed in most African countries
like Nigeria. Despite the government ban on these prod-
ucts, the use of cannabis and other drugs in Nigeria contin-
ues to rise [15].

Most studies on Marijuana in Nigeria focus on the role of
individual-level factors, peer influence, the influence of
family/household-level, normalization, motivation, and so-
cial factors [2,15-19], only a few studies have been carried
out on the chemical constituent and the pollutants present
in the marijuana smoked in Sub-sahara countries of Africa,
such Nigeria. This study investigates the concentration of
Polycyclic Aromatic Hydrocarbons (PAHs) and Polycy-
clic Biphenyls (PCBs) present in the samples of marijuana
smoke acquired in the south-western part of Nigeria. The
study also calculated the risk associated with marijuana
smoking using some health indexes.

Materials and Method

Different marijuana samples were obtained in Ado-EKkiti,
Western Nigeria. An improvised smoking machine as de-
scribed by Genller, et al. was used to collect mainstream
smoke [20]. This apparatus has also been used by Adesina
et al. for the collection mainstream of cigarettes [21]. The
apparatus consists of glass bottles, a glass syringe, a conical
tube cap, and two polypropylene tubing. Dichloromethane
(DCM) was used as a solvent in the smoking machine appa-
ratus. The experiment was carried out in a fume cupboard,
the marijuana stick was lit, with the aid of the syringe, a
35 ml puff was drawn into the solvent, lasting 2 seconds-4
seconds, and this was repeated every 30 seconds until the
marijuana roll was exhausted. The PAHs and PCBs are ex-
tracted into the DCM, the extract was properly stored and
labeled them sent for immediate analysis.

Clean-up procedure

The clean-up procedure was done with the use of 5 g of
silica gel column, eluted with 40 mL 1:1, DCM: Hexane
[22]. 20 ml of the extract was concentrated using a rota-
ry evaporator under a gentle stream of nitrogen. PAHs and
PCBs quantification in the sample was carried out using
a gas chromatography-mass spectrophotometer (GC-MS).
The GC (Agilent 7890) with a mass detector (Agilent 5975)
operated in selected ion monitoring mode using electron
impact ionization. With a chromatographic column dimen-
sion of 30 m x 0.25 mm and an internal diameter of 0.25
pm film thickness.

Sample analysis for PAHs

1 pL extracted sample was injected in splitless mode using
helium as a carrier gas at a constant flow of 1.2 mL min™".
The temperature program for the analysis was set as fol-
lows: the initial temperature (50°C) was held for 2 minutes,
ramped raised to 120°C at 30°C min!, and then ramped
again to 280°C at 6°C min™! for 15 minutes [22]. The in-
ternal calibration method was used for the quantification
of PAHs concentration in the samples. Isotopically labeled
internal standards of PAHs (naphthalene-d8 and benzo(a)
anthracene-d12) in dichloromethane were used for calibra-
tion. PAHs were identified and quantified based on their
retention times, target qualifier ions, and internal standard
calibration.

Sample analysis for PCBs

1 pL volume of sample injected into the GC-MS in splitless
mode with initial temperature was placed at 120°C with 1
minute holding time, increased to 190°C at 20°C min!, fur-
ther increased to 230°C at 5°C min™ and final temperature
at 300°C at a rate of 25°C min! (10 minutes holding time).
Injector and transfer line temperatures were set at 280°C
and 300°C respectively. The carrier gas used was high pu-
rity Helium with a constant flow rate of 0.8 ml min™'. The
sample extracts were spiked with 100 ng of PCB standard
as the internal standard. The resulting solutions were con-
centrated into 100 pL and transferred into a 200 pL glass
insert contained with a 2 mL amber autosampler vial for
samples. All the PCB congeners, in the chromatographic
peaks, were analyzed (Hu, et al., 2011).

Quality assurance/quality control (QA/QC)

A procedural blank was analyzed along the smoke samples
to monitor any interference and contamination. The blank
was made by pouring 5 ml of DCM into the extractor and
was left for 3 minutes; it was then analyzed for PAHs and
PCBs. Also, Analysis of samples was done in duplicates.

Health implications

Toxicity equivalence: The potential toxicity of the PCBs
was calculated using the toxicity equivalence factor. The
values are calculated by multiplying the dioxin-like PCBs
and PAHs concentrations with the toxicity equivalence fac-
tors (TEF) (Equation i) (Van den Berg et al 2006).

Toxic Equivalency (ng WHO-TEQ m™>)=C xTEF (i)

Where C is the individual concentrations of PCBs and
PAHs

Health risk analysis: Health risk assessment of PAHs in
the mainstream smoke of cannabis rolls was carried out us-
ing indexes such as Toxicity Equivalence Quotient (TEQ),
Incremental Life Cancer Risk (ILCR), and Hazard Quo-
tient (HQ). Calculation of TEQ, ILCR, and HQ was done
using Equation (i), (ii), and (iv), respectively [23-25].
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EC - CxEDXEF (i)
AT
ILCR=EC x UR (iii)
EDI = CxIRXEDXEF (iv)
AT x BW
EDI
HQ = —— ™)
RfD

EC is the exposure concentration is calculated with Equa-
tion i, UR is the cancer unit risk, in the study ILCR is calcu-
lated using WHO and USEPA cancer Unit Risk factors. The
values are 8.7 x 102 and 6 x 10) min™' for WHO and USE-
PA, respectively. C is the PAH concentration based BaP,
ED is exposure duration in years, in this study we made use
of a minimum value of 10 years. EF is exposure frequency
in days/years. It is calculated that tobacco product addicts
smoke every day, which translates to 365 days/year. AT
is the average exposure time in days, 25550 was adopted
for calculation. EDI is the estimated daily intake of PAHs
which is calculated using Equation ii. RfD (2 x 107) is the
reference dose of Bap which is calculated from inhalation
reference concentration. IR is the inhalation rate (16 m3/
day) while BW is body weight (kg).

Incremental lifetime cancer risk and hazard quotient
for PCBs

Incremental Lifetime Cancer Risk (ILCR) associated with
inhalation of PCBs in the indoor environment was calculat-
ed using Equation v while the non-carcinogenic associated
risk was assessed using Hazard Quotient Index (HQ) Index
(Equation vi) [26].

CxIRx EDx EF x CF x IUR

ILCR = (vi)
AT x BW
CxIRXxEDXEF
HYQ= ————————— (vii)
AT x BW x RfD

C is the PCB concentration (pg m?). ED is exposure dura-
tion in years (52 years was adopted based on average life
expectancy in Nigeria) [26]. EF is exposure frequency in
day’s year ' (350 days). IUR is the inhalation unit risk (5.7
x 10 pg m™). AT is the average exposure time in days,
25550 was adopted for calculation. BW is body weight in
(kg). RfD is the reference dose of PCB (3.3 x 10)

Result and Discussion
The concentration of PCBs in the mainstream smoke

In this study, a total of 20 PCBs were targeted: 3-chloro-
biphenyl (PCB 2), 1,1'-biphenyl, 2,2',3-trichloro-(PCB
16), 1,1'-Biphenyl, 2,2',5-trichloro-(PCB 18), 1,1'-biphe-
nyl, 4,4'-dichloro-(PCB 15), 1,1'-Biphenyl, 2,2',5,5"-tetra-
chloro-(PCB 52), 1,1'-Biphenyl, 2,3,3',4,4'-pentachloro-(P-
CB 105), I1,1'-Biphenyl, 2,2'3,4'5',6-hexachloro-(PCB
149), 1,1'-Biphenyl, 2,3,4,4',5-Pentachloro-(PCB 114),
2,3',4,4' 5'-Pentachloro-1,1'-biphenyl (PCB 123), 1,1'-Bi-

phenyl, 2,2'3.4,4',5'-hexachloro-(PCB 138), 1,1'-Bipheny],
2,2',3,5'-tetrachloro-(PCB 44), 1,1'-Biphenyl, 3,3',4,4'-tet-
rachloro-(PCB  77), 1,1'-Biphenyl, 2,2'4,5,5'-penta-
chloro-(PCB  101), 1,1'-Biphenyl, 2,3',4,4',5-penta-
chloro-(PCB 118), 1,1'-Biphenyl, 2,4,4'-trichloro-(PCB
28), 1,1'-Biphenyl, 2,3,3',4,4',5-hexachloro-((PCB 156),
1,1'-Biphenyl, 3,3',4,4',5,5'-hexachloro-(PCB 169), 1,1'-Bi-
phenyl, 2,3,3',4,4' 5'-hexachloro-(PCB 157), 1,1'-Biphe-
nyl, 2,2',3,4,4',5,5'-heptachloro-(PCB 180), 1,1'-biphenyl,
2,2'3,4,4'5,6,6'-octachloro (PCB 204).

Table 1 shows the level of PCBs observed in the analyzed
marijuana samples. The observed concentration of PCBs
in this study is higher than the observation of Radovanovic
and Misic, (1998) and Wilson, et al., (2008) done for the
mainstream smoke of the cigarette. The most predominant
PCB found in the sample analyzed is PCB 15 which is 16%
of the total PCBs present in the marijuana sample. Another
predominant PCB in the smoke was PCB 114 with 15% of
total PCBs. The PCB with the least percentage distribution
is PCB 44, taking only 1% of the total amount of PCB in
the sample.

Table 1: Concentration of PCBs in the Cannabis samples.

PAHs Mean Std Min Max % of
Total
PCB 2 0.56 0.22 0.42 0.59 2
PCB 101 0.59 0.02 0.47 0.6 2
PCB 52 1.31 0.82 1.32 1.35 5
PCB 16 3.08 0.53 3.02 3.12 12
PCB 77 2.89 0.65 2.8 2.9 11
PCB 118 2 0.23 1.98 23 8
PCB 18 2.67 0.12 2.64 2.78 10
PCB 15 4.09 0.8 3.99 4.25 16
PCB 28 2.19 0.23 2.11 2.23 8
PCB 105 22 0.11 2 2.23 9
PCB 44 0.33 0.12 0.3 0.35 1
PCB 114 3.95 0.22 3.94 4.02 15
> PCBs 25.86
> dI-PCBs 11.04

According to USEPA, 2015 [27], the classification of
PCBs can be done based on 'dioxin-like' and mon-diox-
in-like'. The dioxin-like PCBs cause the production of di-
oxin-like effects [28]. The dioxin-like PCBs exhibit dioxin
behaviours which cause the activation of the aryl hydrocar-
bon receptor and induce the multiplication of genes and in
turn have biological effects (ATSDR, 2005: Adesina, 2021)
[22]. In the analysed sample, four dioxin-like PCBs were
observed: PCB 77, PCB 105, PCB 114, and PCB 118, with
values of 2.89 ng, 2.2 ng, 3.95 ng, and 2 ng respectively.
The least dioxin-like PCB in the sample is PCB 118, while
the highest concentration of dioxin-like PCB is PCB 114.



Journal of Drug and Alcohol Research

Figure 1 shows the distribution of the dioxin-like PCBs
found in the marijuana sample. 43% of the total PCBs
found in the sample is dioxin-like, while the non-dioxin
like account for 57%, according to previous research stud-
ies, Non-dioxin-like compounds can modulate the overall
toxic potency of dioxin-like compounds. PCBs can also be
classified based on their homolog patterns; Figure 2 shows
the PCB homolog pattern in the analyzed marijuana sam-
ple. Penta-chlorinated (5-chlorinated) accounts for 33.8%
of the total PCB congeners in the sample, tetra-chlorinat-
ed (4 chlorinated) accounts for 17.52%, tri-chlorinated ac-
counts for 30.7%, bi-chlorinated (2 chlorinated) accounts
for 15.81% and mono-chlorinated PCBs accounts for the
least value of 2.17%.

mMor-DL

Figure 1: Distribution of Dioxin-like (DL) and Non-dioxin Like (Non-
DL) PCBs in samples.
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Figure 2: Polychlorinated Biphenyls homolog pattern in analyzed
marijuana sample.

Concentrations of PAHs

16 EPA Priority PAHs: naphthalene (Naph), acenaphtha-
lene (Acy), acenaphthene (Ace), fluorene (Fln), phenan-
threne (Phe), anthracene (Ant), fluoranthene (FIt), pyrene
(Pyr), benzo[a]anthracene (BaA), chrysene (CHR), Ben-
zo[b]fluoranthene(BbF), Benzo[k]fluoranthene (BKF),
benzo[a]pyrene (BaP), indeno[1,2,3-cd]pyrene (IcP),
dibenz[a,h]anthracene (DhA), benzo[ghi]perylene (BgP).
Table 2 shows the level of PAHs present in the marijuana
sample analyzed. The most dominant PAH in the sample is
Phenanthrene taking up 24% of the total amount of PAHs
in the sample, Fluorene, Fluoranthene, and Acenaphthylene
are present in the sample in significant quantities taking up
22%, 19%, and 17% of the total PAHs respectively, this
could be due to the low molecular weight of these com-
pounds. These results observed is consistent with Moir,

et al. (2008) [29], Wei, et al., (2016) who had previously
analyzed marijuana for. 2 out of 7 PAHs compounds clas-
sified to be carcinogenic PAHs were observed in the mar-
jjuana sample. The compounds are Benzo[a]Anthracene
(BaA) and Chrysene (Chry). The values of BaA and Chry
observed in the sample are 31.08 ng and 10.02 ng respec-
tively. Figure 3 shows the level of Carcinogenic PAHs and
non-carcinogenic PAHs in the sample, the total amount of
carcinogenic and non-carcinogenic PAHs observed in the
analyzed marijuana are 1322.51 ng and 41.1 ng respective-
ly. Benzo[a]Pyrene, usually a marker for carcinogenic ac-
tivity and stability of PAHs was not observed in the sample
during analysis.

Table 2: Concentration of PAHs in the mainstream smoke of Cannabis.

PAHs Mean Std Min Max % of
Total
Naph 132.93 0.02 131.1 133.2 10
Acy 226.77 0.03 225.1 228.1 17
Ace 33.61 0.04 322 34.01 2
Fln 305.74 0.06 305.6 306.1 22
Ant 27.54 0.05 27.43 28.01 2
Phe 3213 0.03 320.2 3222 24
Pyr 18.53 0.03 18.01 19.21 1
Flt 256.09 0.03 255.01 257.3 19
BaA 31.08 0.04 30.2 315 2
Chry 10.02 0.05 9.9 1.04 1
SUM 1363.61

® Non-Carcinogenic

m Carcinogenic

Figure 3: Level of Carcinogenic and Non-carcinogenic PAHs.

PAHs classification can be done based on the number of
rings in each compound. 2-rings PAHs (Naph), 3-rings
PAHs (Acy, Ace, Fln, Ant, and Phe), and 4-rings (Pyr,
Flt, BaA, and Chry) were found during marijuana analy-
sis. Figure 4 shows the distribution of PAHs based on the
number of rings, the easy formation of 2 and 3 rings PAHs
is due to their low molecular weight could be the reason
for their high concentration in the smoke. PAHs classifi-
cation can also be by molecular weight, Low Molecular
Weight (LMW), consisting of 2 and 3 rings PAHs, Mid-
dle Molecular Weight (MMW) consisting of 4 rings PAHs,
and High Molecular Weight (HMW) consisting of 5 and
6 rings PAHs. LMW accounts for 77% of the total PAHs,
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and MMW accounts for 23%, no HMW was found in the
sample.

Figure 4: Distribution of PAHs according to the number of rings
present in sample.

Health implication

Toxicity equivalence quotient and inhalation risk as-
sessment of PCBs: Toxicity Equivalence Quotient (TEQ)
values of the marijuana sample has a range of 0.00006 ng-
0.000289 ng TEQ with a mean value of 0.01633 ng TEQ.
Inhalation Risk Assessment (IRA) was used to determine
the long-term inhalation risk of PCBs from marijuana. The
calculated daily inhalation exposure values ranged between
0.007347-0.03539 ng TEQ kg'day'. The inhalation risk
assessment value calculated in this study is several times
higher than the proposed Tolerance Daily Intake (TDI) by
WHO of 1000 fg TEQ kg'day! (WHO, 1998). This implies
that continuous exposure to PCBs via marijuana smoking
could cause hazardous effects on the human respiratory
system. There is a dearth of literature on the analysis of
mainstream marijuana smoke and its inhalation risk assess-
ment, the IRA values calculated in this study are higher
than IRA values from previous studies that worked on am-
bient and indoor environment tobacco smoke.

Incremental lifetime cancer risk and hazard quotient of
PCBs: The determination of the Incremental probability of
a person developing cancer as a result of exposure to PCBs
from mainstream marijuana smoke is done by Incremental
Lifetime Cancer Risk (ILCR) analysis. The ILCR values
ranged between 6.98 x 101%-1.38 x 10 and a mean value
of 9.63 x 10°'°. The values calculated are lower than the
permissible limit of 1.07 x 10, stipulated by USEPA. The
presence of other carcinogenic compounds such as PAHs
and Volatile Organic Compounds (VOC) will increase the
cancer risk significantly in individuals exposed to the con-
centration of all the carcinogenic pollutants present in main-
stream marijuana smoke. The determination of the non-car-
cinogenic risk associated with the exposure of an individual
to a pollutant is done by calculating Hazard Quotient (HQ).
The calculated HQ value for PCBs smoking was 3.9981.
This value is higher than 1. The health implication of PCB

on a marijuana smoke addict is enormous, such individuals
have a high risk of developing chronic non-cancer organ
dysfunction [30,31].

Incremental lifetime cancer risk and hazard quotient
of PAHs: Toxicity equivalency (TEQ) was used in the as-
sessment of the toxicity of the individual PAHs, present
in mainstream cigarette smoke. The TEQ is calculated by
multiplying the level of individual PAHs by their toxicity
equivalent factors (TEF) (Nisbet and LaGoy, 1992) [32].
Table 2 shows the Toxicity Equivalence (TEQ) of PAHs
found in the marijuana sample analyzed, the TEQ values
have arange of 0.01853 ng-3.108 ng TEQ. The ILCR value
based on the WHO risk factor is calculated to be 0.02542
while the ILCR value based on the USEPA risk factor is
calculated to be 1.75 x 10, The result shows that the ILCR
value based on the WHO risk factor is higher than the per-
missible limit of 10 and the ILCR value based on USEPA
is higher than the permissible limit of 10°. These values are
subject to change with an increase in exposure, frequency,
and duration to marijuana smoke. The calculated HQ value
was 41.74 which are several times greater than the permis-
sible limit of 1, this indicates that the PAHs in marijuana
have high cancer-causing abilities and can also can other
respiratory diseases that are non-cancerous (Figure 5).

35
25
15

05

o, mm [ L.

Maph Acy Ace Fln Phe Pyr Flt Ant Baa CHR

Figure 5: Mean Toxicity Equivalence of PAHs in the Marijuana
sample.

Conclusion

This study determined the levels of polycyclic aromatic hy-
drocarbons and polychlorinated biphenyl in the mainstream
smoke of some samples of Cannabis sativa. The study also
went further to determine the health implications of inhal-
ing PAHs and PCBs from marijuana. The result showed the
mean Y PCBs in the smoke was 25.86 ng while the concen-
tration of ) dlI-PCBs was 11.04 ng. 'The mean ) PAHs in
the smoke was 1363.61 ng. The ILCR values from smok-
ing PCBs in the mainstream ranged between 6.98 x 10-1-
1.38 x 10” while ILCR value for exposure to PAHs 1.75 x
103, HQs values for exposure to PAHs and PCBs in smoke
were all above 1. The study revealed both carcinogenic and
non-carcinogenic risks associated with smoking marijuana.
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