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ABSTRACT

Objective: This study aimed to assess the levels of carbon monoxide (CO) in the air inside water-pipe cafés
in Karachi, Pakistan.

Methodology: During June 2015, three water-pipe cafés in the city of Karachi, Pakistan were selected through
convenience sampling. CO air samples were collected from the selected cafés using Carbon Monoxide USB
Data logger. The graphs were automatically generated through the USB Data logger and the collected data
was analyzed using Microsoft Excel.

Results: The results showed that the overall readings of CO levels were within/lower than threshold limit
value (TLV) of 25 ppm. However, there was an increase of CO levels in indoor air of all included water-pipe
café during peak hours when the cafés were open and had a regular customer flow compared to the CO levels
overnight.

Conclusion: The findings of this study provide evidence that the air quality in water-pipe cafés is potentially
hazardous to the health of its employees, which is critical to inform tobacco control policies and regulations
for such venues. The study findings also indicate a clear need to extend research to not only focus on the
indoor air quality of water-pipe cafés, but also the biological monitoring of employees in water-pipe cafés.
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INTRODUCTION

Tobacco-related research and tobacco control
regulations generally remain limited to cigarettes, while
other forms of tobacco uses are common worldwide'.
Furthermore, some cities and states have specific
exemptions that allow water-pipe smoking to remain
in operation2 which may be due to the ubiquitous but
incorrect perception that water pipe smoking is less
harmful compared to cigarette smoking because of the
belief that dan;erous tobacco components are filtered
by the water™"".

In a water-pipe smoking session, the smoker inhales
through the hose drawing smoke from the charcoal
and tobacco combustion through the water as a result
of which there is incomplete combustion of the tobacco.
Both the charcoal briquette and the incomplete tobacco
combustion contribute to the levels of carbon monoxide
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(CO) and particulate matter (PM) in the air®. Several
toxicological studies have shown that a typical water-
pipe tobacco smoke session has almost 25 cigarettes
worth of tar, 11 cigarettes worth of CO and 2 cigarettes
worth of nicotine".

Water-pipe tobacco smoke have shown to cause
damaging effects on cell function in lung epithelial
cells and vascular endothelial cells, which potentially
leads to development of chronic obstructive pulmonary
disease (COPD) and vascular disease®. Water-pipe
smoke inhalers absorb a significant amount of toxic
chemicals similar to those in cigarette smoke that are
identified as a causal factor for lung8 disease, vascular
damage, cancer, and dependence”. Therefore, the
increase in water-pipe smoking popularity raises a
public health concern.

Though, the dangers of water-pipe smoking have been
documented, but data from water-pipe cafés is
. 910 . .
lacking ™ ". Water-pipe smoke produces sweet smelling
noxious fumes that the employees of a water-pipe café
inhale along with the toxins from the charcoal that is
2 . . .
used to heat the tobacco™. Assessing air quality through
measurement of CO levels in closed room cafés may
aid the understanding of the toxins and exposure of
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the employees. This study aimed to assess the level of
carbon monoxide (CO) in the air inside water-pipe
cafes in Karachi. The results can provide novel
information regarding water-pipe smoke’s effect on
air quality which may help generate regulatory efforts
to protect the café employees against water-pipe smoke.
To the best of the authors’ knowledge, this is the first
study of its kind addressing carbon monoxide levels
in water pipe cafes in Karachi, Pakistan.

METHODOLOGY

A cross sectional study was conducted in water-pipe
cafés in Karachi, Pakistan during June 2015. Water-
pipe cafés were identified through an internet search.
Out of total 9 waterpipe cafes, 3 were selected through
non-probability convenience sampling. All cafés were
indoor, air-conditioned and had a dark interior structure.
An initial visit to the selected venues was done to
introduce the researcher and study objectives to the
owners of the selected cafés and to seek their consent
for the study. CO air samples were collected from the
included cafés using Carbon Monoxide USB Data
logger. The data logger measures and stores readings
over a 0 to 1000 ppm measurement range and the data
can be easily viewed by plugging it into a computer’s
USB port.

The sampling device was left with café managers. It
was left for 30 hours at venue #1, for almost 7 hours
at venue #2 and for 70 hours at venue #3 to measure
the CO levels in the respective cafés. Different duration
for recording CO levels in different cafes was to
compare the variation in data among the cafés. The
graphs were automatically generated through the USB
Data logger and the collected data was analyzed using
Microsoft Excel. All the graphs were compared for
peak levels at various intervals. Ethical approval for
this study was obtained from Dow University of Health
Sciences (IRB-564/DUHS/-15/51).

RESULTS

All venues were poorly ventilated and had closed
windows and doors that only opened occasionally.
Almost 60% of the café employees were less than 25
years old whereas the others were 25 years old or
above. The average sampling duration of CO inside
the cafés was around 36 hours. The date from the USB
data logger was graphed which was then analyzed.
Figure 1 depicts the readings of CO levels in indoor
air of water-pipe café venue #1. The levels showed
that CO levels increased up to 15 ppm from 4 PM to
1:30 AM and then again started to peak, going up to
20 ppm around 1 PM the following day.
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Figure 1: Carbon Monoxide levels at Venue #1

Figure 2 illustrates CO monitoring samples from venue
#2, which were taken for 7 hours from 1 PM to 8 PM.
The CO levels were observed to increase above 5 ppm
from 4 PM onwards, reaching the highest level of 21
ppm between peak hours (6 PM — 7 PM).
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Figure 2: Carbon Monoxide levels at Venue #2

Figure 3 shows CO levels at venue #3 which were
measured for three days. Each day CO level started to
increase at around 12 PM and remained increased till
12 AM. They reached the highest peak at almost 20
ppm at day 3 around 12 PM.
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Figure 3: Carbon Monoxide levels at Venue #3
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Overall, readings of the CO monitoring samples from
all included venues peaked at an average of 20 ppm
which was within threshold limit value (TLV) of 25
ppm and MAK maximum workplace value of 30 ppm.

DISCUSSION

Indoor airborne concentrations of CO were noticeably
elevated in the sampled water-pipe cafés from Karachi
city; supporting previous evidence that water-pipe
affects indoor air quality by producing a significant
quantity of CO"". The results showed an increase of
CO levels during the hours when the cafés were open
for business and had a regular customer flow. Whereas
from 12 midnight to 12 noon, readings from all venues
showed a decrease level of CO in the air. Thus,
indicating that CO levels increase during hours of high
number of active water-pipes and customers °, as
majority of water-pipe users in Karachi prefer smoking
it at the café'. In addition to CO, particulate matter
(PM2.5), particle-bound polycyclic aromatic
hydrocarbons (p-PAHs) and air nicotine are also seen
to be increased in indoor air of water-pipe venues'!
however, these indicators of air quality were not
measured in the present study.

The charcoal used to heat the water-pipe tobacco was
likely the major source of CO measured in the present
study as the venues did not have an alternate source
of combustion byproducts such as cooking and open
fires. However, cigarette smoking can be considered
as a confounder for the level of CO found in the cafés
which calls for additional research to assess this
correlation.

According to the National Ambient Air Quality
Standards set by United States Environmental Protection
Agency (EPA), the overall average CO concentration
at venue #1 and venue #3 were within the EPA 8-hours
CO level of 9 ppml4. Whereas, the average CO level
at venue #2 exceeded 9 ppm, however as the
measurement was taken over a period of 7 hours, the
EPA 8-hours CO air quality standard cannot be
identified. Similarly, the measured CO levels from all
venues were within the EPA 1-hour CO level of 35

Thus, the results showed that the CO levels in the
included venues were below the warning level and
appeared to be safe for employees working in that
environment. This contraindicates with finding from
previous studies in which CO was seen to be remarkably
increased in indoor air of cafés'> A possible
explanation of our findings can be that the concentration
of CO in air depends on multiple factors, including the

number of smokers in the room, the rate at which they
smoke, the volume into which the smoke is distributed,
the rate at which the air in the space exchanges with
uncontaminated air and the rate at which the smoke is
removed from the air. Significant correlations have
also been observed between mean CO and the number
of water-pipe smokers, number of water-pipes and
water-pipe smoking density”.

Additionally, evidence suggests that CO levels are
higher in patrons of water-pipe cafés, for both current
and non-cigarette smokers, compared to cafés where
water-pipes are not available as people who did not
use any cigarette in the past month but visited a water-
pipe café demonstrated to have significantly higher
CO values (mean=28.5ppm)18. As a smoker can inhale
10 times the number of “puffs” in a single hookah
session and each “puff” can have 10 times the volume
of CO of that in a conventional cigarette, it leads to an
increased CO level in hookah smokers'*. In spite of
this, it remains an under researched topic and an
overlooked hazard among Pakistani health planners

It is crucial to test CO levels of employees of water-
pipe cafés to further investigate the effects of second
hand smoking of water-pipe on a person’s health.

Limitations in the present study should be kept under
consideration when generalizing the results to other
water-pipe venues and cities. Study limitations include
the small sample size and the failure to assess the air
exchange rates or ventilation within the venues, which
made it difficult to explain the variability in CO levels
within and between venues. Additionally, all
concentrations reported in the paper may not necessarily
signify actual personal exposures as they are based on
area sampling only. Also, as the sampling device was
left with the café managers, this could have introduced
measurement bias during data collection. Thus, further
studies should be conducted on larger sample size
including personal air sampling and direct ventilation
assessment to more accurately assess exposures.

CONCLUSION

The findings of this study showed that the overall
readings of CO levels were within/lower than threshold
limit value (TLV) of 25 ppm. However, the
aforementioned limitations of this study indicate a
clear need to extend research to not only focus on the
indoor air quality of water-pipe cafés, but also the
biological monitoring of employees in water-pipe cafés.
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