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Abstract

Background: After North Carolina (NC) fire inspectors detected unsafe carbon monoxide (CO) 

levels inside several waterpipe cafés, the state fire code was amended to include provisions 

regulating waterpipe cafés, adding a requirement for air ventilation. These regulations apply to 

new buildings constructed after January 1, 2016, but can be enforced for older buildings where 

there exists a distinct hazard to life. We measured air quality at a sample of waterpipe cafés before 

and after the starting date of this regulation and collected information on presence of air 

ventilation.

Methods: Air quality (CO, PM2.5) monitoring was conducted inside and outside of six waterpipe 

cafés in NC in September of 2015 (time 1) and September of 2016 (time 2). In addition, 

questionnaires were administered to managers from each waterpipe café at time 2 to determine 

presence of air ventilation systems.

Results: Elevated levels of CO and PM2.5 were found inside waterpipe cafés at time 1 (Median 

CO= 42 ppm; Median PM2.5=379.3 μg/m3) and time 2 (Median CO= 65 ppm; Median PM2.5= 

484.0 μg/m3), with no significant differences between time periods (p>0.05). Indoor levels were 

significantly higher than levels outside cafés at both time periods (p<0.05). All waterpipe cafés 

reported having an air ventilation system that was installed prior to time 1 air monitoring.

Conclusions: Unsafe levels of CO and PM2.5 were observed in waterpipe cafés in NC, despite 

reported use of air ventilation systems. Prohibiting indoor waterpipe smoking may be necessary to 

ensure clean air for employees and patrons.
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INTRODUCTION

Effective January 2, 2010, North Carolina’s (NC) smokefree law prohibited smoking in 

restaurants and bars.1 However, tobacco smoking, including waterpipes, is permitted in 

establishments that do not sell alcohol or prepare food onsite.2 Thus, employees and non-

smoking patrons remain exposed to secondhand smoke (SHS) in waterpipe cafés (WCs) in 

NC.

In 2014, fire marshals in NC became concerned with SHS exposure in WCs due to elevated 

levels of CO.3 After unsafe CO levels were detected at several WCs, the NC Building Code 

Council approved adding new regulations for WCs to the state fire code. Section 310.9 of 

the updated fire code states that “An approved ventilation system is required” for all WCs.4 

The regulation applies to buildings constructed after January 1, 2016, but can be applied to 

older buildings where there exists a distinct hazard to life or property (personal 

correspondence, Dan Austin, North Carolina Department of Insurance).

To determine if WCs use air ventilation systems and whether these adequately control 

secondhand smoke levels, we conducted air monitoring in a sample of WCs in NC. Air 

monitoring was conducted during two time periods – before and after January 1, 2016 – to 

assess changes due to the regulation.

METHODS

Internet searches (i.e., Google, Google Maps, Yelp) identified 14 WCs in the Research 

Triangle area (i.e., Raleigh, Durham, Chapel Hill) of NC. Calls were made to each business: 

two businesses could not be reached, one business was confirmed closed, and one business 

no longer offered waterpipe smoking. The remaining 10 WCs were visited in September of 

2015 for time 1 monitoring. During time 1 monitoring, one WC only offered outdoor 

waterpipe smoking, and no waterpipe smoking was found at a second café. Thus, time 1 

monitoring was conducted in eight WCs. The same WCs were revisited in September of 

2016 for time 2 monitoring. During time 2 monitoring, we observed that one café had 

permanently closed, and a second café was avoided due to safety concerns that arose during 

time 1 monitoring. The analytic sample (i.e., monitoring conducted at both times 1 and 2) 

included six WCs. Monitoring was also conducted within a smokefree control (pizza 

restaurant). All WC monitoring was conducted on Friday and Saturday evenings, when WCs 

are typically busiest.5

PM2.5 levels were measured using the TSI SidePak AM510 Personal Aerosol Monitor (TSI 

Inc, USA). A calibration factor of 0.38 was applied.6 CO levels were measured using a EL-

USB-CO300 (Lascar Electronics Inc; USA). Both devices were set to one-minute logging. 

Devices were concealed to prevent influencing smoking behaviors. Monitoring was 

conducted for a minimum of 30 minutes inside each café, and approximately five minutes 

was spent monitoring outdoor air before café entry and after exit.

Observations were made inside each café for number of people and waterpipes in use at 0, 

15, and 30 minutes. Other information that could influence air quality, (e.g., cigarette 

smoking) were also recorded.
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During time 2 monitoring, we asked a manager from each WC whether the café had air 

ventilation, and when it was installed. IRBs at Wake Forest School of Medicine and 

University of North Carolina exempted this study from review.

Wilcoxon rank-sum tests were used to compare mean indoor and outdoor levels of CO and 

PM2.5. Wilcoxon matched-pairs signed-rank tests were used to test for differences in CO and 

PM2.5 levels between times 1 and 2 measures inside each café, and number of waterpipes 

and people at times 1 and 2. One-sample Wilcoxon signed rank tests were used to test for 

differences between the median indoor CO and PM2.5 levels inside WCs and the mean 

indoor CO and PM2.5 levels inside the smokefree control at times 1 and 2.

RESULTS

Supplement 1 lists the mean number of people and waterpipes in use inside each café at 

times 1 and 2. There were no significant differences observed in number of waterpipes 

(p=0.173) or people (p=0.293) between time periods.

Mean indoor CO levels at time 1 ranged from 2.0–141.4 ppm (median=46.2 ppm), and were 

significantly higher than outdoor levels (p=0.030). Mean indoor PM2.5 levels at time 1 

ranged from 18.0–1891.9 μg/m3 (median=379.3 μg/m3), and were significantly higher than 

outdoor levels (p=0.010).

At time 2 monitoring, mean CO levels inside ranged from 3.7–239.7 ppm (median=64.6 

ppm), and were significantly higher than outdoor levels (p=0.016). Mean PM2.5 levels at 

time 2 ranged from 73.7–1886.3 μg/m3 (median=484.0 μg/m3), and were significantly 

higher than outdoor levels p=0.004). As a reference, the mean annual PM2.5 concentrations 

reported by the U.S. Environmental Protection Agency (EPA) for Raleigh, NC ranged from 

6.9–10.6μg/m3 in 2015 and 7.6–9.9 μg/m3 in 2016.7

Figures 1a and 1b display box plots of mean CO and PM2.5 levels between times 1 and 2, 

respectively. No significant differences were found for indoor CO levels (p=0.173) and 

PM2.5 levels (p=0.116) between the times 1 and 2 visits. Figures 1a and 1b also include 

EPA’s National Ambient Air Quality Standards for CO (8-hour average: 9 ppm and 1-hour 

average: 35 ppm) and the EPA’s Ambient Air Quality Index’s (AQI) “good” (12 μg/m3) and 

“hazardous” (250.5 μg/m3) levels for PM2.5 for outdoor air.8,9 At times 1 and 2, mean PM2.5 

levels in all venues exceeded the EPA’s AQI’s “good” level, while levels in four out of six 

cafés exceeded the “hazardous” level. Mean CO levels exceeded the EPA’s 8-hour limit for 

CO in five of six cafés and the 1-hour limit for CO in three of six cafés during visits 1 and 2.

At time 1, mean CO levels inside and outside of the control venue were 0.0 ppm and 0.4 

ppm, respectively. At time 2, mean CO levels were 0.0 ppm inside and outside of the 

smokefree control. Mean PM2.5 levels were 2.9 μg/m3 inside and 5.7 μg/m3 outside of the 

control venue at time 1. At time 2, mean PM2.5 levels were 4.5 μg/m3 inside and 4.1 μg/m3 

outside of the control venue. Median CO and PM2.5 levels inside of the WCs were 

significantly higher than the mean CO and PM2.5 levels inside the smokefree control at 

times 1 and 2 (p=0.016)
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All managers indicated having air ventilation installed before time 1 monitoring.

DISCUSSION

This is the first known study to measure indoor air quality inside WCs and inquire about 

presence of air ventilation systems. Unsafe levels of CO and PM2.5 were detected at both 

visits, despite all cafés reportedly having ventilation systems. These findings underscore the 

potential dangers of waterpipe SHS and the need for additional protections for employees 

and the public.

The elevated levels of CO detected are consistent with previous research conducted in 

Canada10, USA11,12, and Egypt.13 At times 1 and 2, mean CO levels in 50% of cafés 

exceeded the EPA’s recommended exposure limit (35 ppm). Further, 50% of cafes had levels 

exceeding 100 ppm, a level that may induce CO poisoning symptoms.14 In the US, >75% of 

waterpipe smokers report smoking for ≥30 minutes.15 Thus, given the high levels of CO and 

length of time typically spent smoking, both patrons and workers may be at risk for CO 

poisoning.

Similarly, 50% of cafés had mean PM2.5 levels exceeding the EPA’s AQI’s “hazardous” 

level. Further, all cafés exceeded the EPA’s AQI’s “good” level. The overall median PM2.5 

level across all cafés and both visits (399.2 μg/m3) was 33-times the EPA’s AQI’s “Good” 

level. These findings are similar to studies conducted elsewhere.16,17

Concerns about unsafe CO levels in WCs have been expressed through the modification of 

the fire code to include a provision to regulate WCs.4 However, these findings indicate that, 

to date, this modification has resulted in no significant reductions in CO levels within a 

sample of WCs. This study did not assess whether local fire marshals have inspected WCs 

for compliance with the new fire code requirements, or if they plan to enforce these 

regulations in the future.

Previous research has found that ventilation cannot clear smoke-filled air and is not a 

substitute for smoking bans.18 The American Society of Heating, Refrigerating, and Air-

Conditioning Engineers (ASHRAE) has concluded that adverse health effects of tobacco 

smoke exposure in a room with smoking cannot be controlled with ventilation.19 In the 2006 

US Surgeon General’s Report on the dangers of SHS20, the effectiveness of ventilation on 

improving indoor air contaminated by smoking was reviewed. The report concluded that 

current air ventilation systems used in residential and commercial buildings “cannot fully 

control exposures to secondhand smoke unless a complete smoking ban is enforced.”20 The 

results of this study confirm that conclusion as hazardous levels of CO and PM2.5 were 

measured, despite WCs indicating the use of ventilation systems.

This study is limited by its small sample size, and the responses by managers may be subject 

to social desirability bias. Further, we could not confirm the presence of air ventilation 

systems, whether the system was properly functioning, or the ventilation rate. Differences in 

how frequently cafés replace charcoal, or store burning charcoal, likely impacted air quality, 

and were not measured. We attempted to estimate interior volume by having two researchers 

independently pace the length and width of the interior environment and estimate ceiling 
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height. But due to the presence of irregular-shaped rooms, slanted and pointed ceilings, and 

physical obstacles (e.g., patrons, furniture) that blocked pacing, these data are not reported.

In conclusion, unsafe levels of CO and PM2.5 were measured within a sample of WCs in 

NC, despite the reported presence of air ventilation. Prohibiting indoor waterpipe smoking 

may be required to ensure clean air for employees and customers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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WHAT THIS PAPER ADDS

• Indoor waterpipe smoking generates dangerous levels of CO and PM2.5.

• While previous research has shown that air ventilation systems cannot fully 

control exposures to harmful chemicals in cigarette secondhand smoke, little 

research has been conducted on the impact of the presence of air ventilation 

systems on waterpipe secondhand smoke.

• The present study measured indoor CO and PM2.5 in a sample of waterpipe 

cafés in North Carolina, USA, where new regulations have been enacted for 

waterpipe cafés. We found unsafe levels of CO and PM2.5, despite all cafés 

reporting the use of air ventilation systems. These findings suggest that 

additional measures are needed to protect employees and the public from the 

dangers of waterpipe secondhand smoke.
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Figure 1. 
Box and whisker plots of mean PM2.5 levels (A) at time 1 and time 2 and mean CO levels 

(B) at time 1 and time 2 inside six waterpipe cafés in North Carolina. Top, middle and lower 

ends of boxes represent 75%, 50%, and 25% percentiles, respectively. Whiskers represent 

maximum and minimum mean levels. Solid horizontal lines represent the EPA’s Ambient 

Air Quality index’s “hazardous” level for PM2.5 (250.5 μg/m3) and EPA’s 1-hour time 

weighted average exposure limit for CO (35 ppm) for panels A and B, respectively. Dashed 

horizontal lines represents the EPA’s Ambient Air Quality Index’s “good” level for PM2.5 

(12 μg/m3) and the EPA’s 8-hour time weighted average exposure limit for CO (9 ppm) for 

panels A and B, respectively.
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