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Many studies have quantified the effects of cigarettes and vapes on the
human body (Smith, 2008), however, cigarettes’ environmental effects have

only

beenbriefly explored and the impact of vapes remains unstudied

(World Health Organization, 2017). This study aims to evaluate the impact of
vaping juice and cigarette butts on the chemical composition of lake water
and the potential hazards imposed on lake water ecosystems. In doing this,
this study seeks to determine the effects on humans through the
extrapolation of collected data. This is important as drinking water tainted
with chemicals and heavy metals can result in disastrous public health
consequences (USA Today, 2017; Smith, 2008; World Health Organization,

2017).

E-cigarette juice and cigarette butts were introduced
to lake water samples from two lakes in the Cowichan
Valley: Shawnigan Lake and Fuller Lake. After two
weeks, their chemical compositions were analyzed
using mass spectrometry and compared to control
samples. Changes were measured through quantified
differences in concentrations of various elements
relative to the control group by using inductively
coupled plasma mass spectrometry (ICP-MS). Arsenic,
nickel, lead, tin, cadmium, and manganese were
chosen for analysis for distinct reasons relating to
their prevalence in cigarettes and va;t))e juice, as well as
their known detrimental effects on both humans and
the environment (“USA Today, 2017; Smith, 2008;
World Health Organization, 2017).

| Methods

Five 1.0 L samples were collected in Hi%h density
polyethylene (HDPE) bottles from each of the
aforementioned locations. HDPE containers were used
to prevent sample contamination, and powder-free
latex gloves were also worn during sample collection.
These samples of 1.0 L, of which aliquots were used
for experimentation, were all taken from a central
oint of each lake at a depth of 45 cm to reduce the
ikelihood of contamination (Prestige Pools and Spas,
n.d.). These samples were then divided into 10 x 250
mL aliquots which were then used to complete
experimental procedures. Lake water samples were
placed in 500 mL HDPE bottles and the isolated
contaminants were introduced to their respective
samples by being dropped or poured into the bottles.
A third of the samples from each lake were set aside to
use as controls, a third of the samples had cigarette
butts introduced to them, and the remaining third had
e-cigarette juice added to them.
Before adding the cigarette butts, they were
prepared in a manner that mimicked the process a
cigarette undergoes when being smoked. Cigarettes

were lit and then attached to a garden-hose nozzle
which then created a vacuum and drew the smoke
through the cigarettes and left the butts behind. It was
these butts which were then introduced to a third of
the samples from each lake. One cigarette butt was
added to each of these samples. Five millilitres of E-
juice was measured and introduced to the “vape”
samples, as that is approximately how much e-juice is
contained within a single vape (Canada Vapes, n.d.).

Samples were left for two weeks. After two weeks
had passed, samples were analyzed at the University
of Victoria’'s Geochemistry and ICP-MS lab. The
concentrations of elements in the contaminated trials
were measured against that of control groups. A
ks)uqnmary of the analysis procedure has been provided

elow.

Day 1

Disposable plastic spatulas were used to remove the
cigarette butts from the water samples, and the
cigarette butts were set aside to later be disposed of in
a safe manner. All samples were then acidified to
approximately 1.5 % HNO3 using 2 mL of 16 Molar
Anachemia Environmental Grade HNO3 per 100 mL of
sample water. The acid was added directly to the
sample bottles, and after introduction, lids were
placed back on the samples and the solutions were
mixed well. They were then left to equilibrate for
approximately 1 hour. Bottles were shaken several
times during this period.

While samples were equilibrating, sample vials
WereJ)repare . Samples vials were labeled and then
rinsed three times using deionized water. Samples
were then pipetted into the vials. The first volume of
approximately 6 mL was used to rinse the vial, and
rinsings were collected to make a drift solution. After
rinsing, solutions of around 6 mL were then pipetted
into the vials. Batches of 2 samples were then
centrifuged at 2500 rpm for 10 minutes to protect the
ICP-MS from any particulates in the samples which
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could plug the nebulizer. Samples were then loaded
into the autosampler rack, and an autosampler list
was made.

Day 2

The ICP-MS was set up for solution analysis and then
started up. The required setup and performance
testing routines were completed. The analysis batch
details were then entered (i.e., sample list, element
list, run and acquisition conditions), after which the
batch was run and data was collected. After the data
was collected, a statistical analysis was performed. For
the data reflective of the controlled samples of each
element, the mean and standard deviation were
calculated and combined to reflect both values as
represented in the expression: mean +* standard
deviation. For the data reflective of the respective
cigarette butt and e-juice contaminants, averages and
standard deviations were calculated and then
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compared with the control data to determine P-values
for each data set.

| Results

In every statistically viable data set — which was
defined as a data set with a computed P-value of less
than 0.05 therefore suggesting a 95% confidence level
— exposure to cigarette butts and e-juice were shown
to elevate the concentration of every element chosen
for analysis with percentile increases ranging from ~
11 % to ~ 6500 %. It should be noted that while all
statistically viable data sets met the criteria of having a
P-value of less than 0.05, 75 % of these data sets had a
P-value of < 0.00001.

Elemental concentration graphs are disEIayed on
the following pages. Columns with black dashed
borders indicate a lack of statistical significance due to
a computed P-value of greater than 0.05.
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Figure 1. Average Arsenic Concentrations in Lake Water After Exposure to Contaminants (pg/L)
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Figure 2. Average Nickel Concentrations in Lake Water After Exposure to Contaminants (ug/L)
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Figure 3. Average Lead Concentrations in Lake Water After Exposure to Contaminants (pg/L)
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Figure 4. Average Tin Concentrations in Lake Water After Exposure to Contaminants (pg/L)
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Figure 5. Average Cadmium Concentrations in Lake Water After Exposure to Contaminants (pg/L)

4 CSFJ | Volume 06 | Issue 04 | Sarah McDonald



THE CANADA SCIENCE FAIR JOURNAL ‘ *

B Control [ Cigarette Butts Vapes
3.00E+00 2.73E+00
2.29E+00
2.00E+00
<
5 1.36E+00 1.36E+00
'E‘ - -
= 1
1.00E+00 |
4.63E-01 >07E01 :
1
1
0.00E+00

Shawnigan Lake

Fuller Lake

*p <0.05

Figure 6. Average Manganese Concentrations in Lake Water After Exposure to Contaminants (pg/L)

| Discussion

Results showed that exposure to cigarette butts
consistently increased the concentrations of the
assessed elements within samples which were
consistently of significant magnitudes thus illustrating
their detrimental impact on aqueous ecosystems.
Introduction of vaping e-juice to water samples
showed similar results. All significant results showed
increases in elemental concentration, however unlike
the data collected from cigarette butt contamination,
not all results were deemed statistically significant.

It should also be noted that in all studied cases
except for arsenic, results showed that exposure to
cigarette butts resulted in far higher elemental
concentrations; the average percentage increase in
elemental concentration across all cigarette butt
datasets was 1378 % that of the controlled samples.
While exposure to vaping e-juice also showed
increased concentrations, they were far less drastic,
with the average percentage increase in elemental
concentration across all e-juice datasets being 156%
that of the controlled samples. This allows us to
determine that while both cigarette butts and e-juice
are detrimental to the environment, cigarette butts

have a significantly larger impact on aquatic
ecos%/stems. _
These results allow for a clear comparison between

cigarette butts and vaping e-juice as contaminants.
With arsenic as the only exception, all studied
elements showed higher levels after exposure to

cigarette butts as compared to exposure from vaping
e-juice. We can then infer that cigarette butts pose a
larger environmental threat than vaping e-juice, as
they release more toxic compounds per unit. Further
research on the environmental effects of cigarette
butts and vaping ejuice should focus on concerns of
bioaccumulation, which need to be further studied to
fully understand environmental impacts (Hoke et al.,
2016).

| Conclusion

While the detrimental effects of cigarettes on the
human body are widely known, the environmental
effects of both cigarettes and vapes have been vastly
understudied despite their prevalence in our society.
By testing the effects of cigarette butt and vaping e-
juice exposure on lake water samples, this study
established that exposure to vaping e-juice and
cigarette butts results in increased concentrations of
arsenic, nickel, lead, tin, cadmium, and manganese in
lake water. Contaminated samples contained higher
concentrations of several known carcinogens and toxic
heavy metals compared to controls, with percentage
increases reaching as high as 6500 %. This study
confirmed the hypothesis that both cigarette butts and
e-juice are detrimental to the environment and
determined that cigarette butts are significantly more
harm]ilul to aquatic ecosystems than vaping e-juice
overall.
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