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Abstract
Shisha is a centuries-old traditional smoking habit rapidly gaining popularity 
among the students and young adults in Malaysia. The present study evaluated sec-
ondhand smoke exposure (SHS) and characteristics of 25 indoor and 25 outdoor 
shisha centers (SC) operating around the educational institutes such as universi-
ties in Petaling Jaya, Malaysia. We observed a significantly higher particulate mat-
ter (PM)2.5 concentration in indoor than outdoor SC (3595.28 μg/m3 and 65.12 μg/
m3, p < 0.001, respectively). SCs are offering different flavors to attract clients and 
exposing students and young professionals to a significantly high concentration of 
SHS. Such exposures may pose a serious health risk. Therefore, policymakers need 
to strengthen tobacco guidelines and eliminate loopholes in the sale of shisha by 
enforcing comprehensive and strict smoke-free laws.

Keywords  Educational institutes · Policy · Secondhand smoke · Shisha smoking · 
Tobacco · Malaysia

Introduction

Shisha smoking is a global public health problem that has existed for centuries in 
the Middle East and northwestern provinces of India and has spread to the west-
ern world and southeast Asian countries [1]. Shisha smoking typically involves the 
inhalation of smoke from the burning tobacco and charcoal after it passes through 
the water [2]. The data from the recent studies unveiled the reduced tendency of 
cigarette smoking in public places due to enforcement of strict laws, and conse-
quent increase in the use of alternate tobacco products such as shisha [2, 3]. Shisha 
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currently ranks as the second most consumed alternate tobacco product [4–6]. The 
prevalence of shisha smoking among youth ranges from 12.9 to 65.3% in the Eastern 
Mediterranean, 3–44% in North America, 12.0–49.5% in Europe [7], and 23.8% in 
Hong Kong university students [8]. In Malaysia, its prevalence among university 
students was reported to be 30% [9] and 20% among medical students [10].

SHS from shisha consists of a mixture of poisonous gases such as carbon mon-
oxide, polycyclic aromatic hydrocarbons, aromatic amines, tar, heavy metals, and 
fine particles that have been exhaled, or breathed out by the shisha smoker [11, 12]. 
SHS also contains 39 central nervous system depressants, 31 respiratory irritants, 
and many other carcinogens that pose serious consequences for health [2, 12, 13]. 
In children, SHS can lead to the development of ear infections, asthma, and respira-
tory infections including fatal sudden infant death syndrome; in adults, it is linked to 
an increased risk of cardiovascular diseases and lung cancers [2]. Household SHS 
exposure was associated with a significant decline in global cognitive function, visu-
ospatial ability, and memory function among Chinese women [14].

SC operators sell wide variety of flavors to attract young adults [1]. Additionally, 
shisha is being shared in groups; thus, it is more affordable than cigarette smok-
ing [15] and is socially acceptable [5]. Shisha smoking sessions are longer than the 
cigarette smoking and allows smokers to perform various smoke tricks [15].Sale of 
shisha has fewer restrictions, and the lack of knowledge about on its harmful effects 
has resulted in young adults practicing shisha as an alternative to cigarette smok-
ing [10]. A gradual surge in the number of SC that target students and young adults 
around the educational institutes and Universities may affect the surrounding air 
quality.

The SHS from shisha has considerable health consequences for nonsmokers, 
bystanders, and staff including increased uptake of nicotine, nitrosamines, and risk 
of exposure to carcinogenic  and inflammatory biomarkers [16]. Researchers have 
reported the mushrooming of SC around the education institutions and Universities 
in Petaling Jaya, Malaysia [4, 6] that target young adults and students as their cli-
ents. There is a paucity of information in the literature about the air quality around 
these SC. Hence, this study aimed to measure the indoor and outdoor PM2.5 concen-
tration as a marker for SHS and to evaluate the characteristics of these SC.

Methods

Study design

We conducted the cross-sectional study from November 2018 to January 2020 at 25 
indoor and 25 outdoor SC located close to education institutions and Universities in 
Petaling Jaya, Malaysia. A summary of the study design and flow chart is appeared 
in Fig.  1. The study team chose SC using google maps, business directories, and 
social media using the search terms “shisha centers; shisha lounges; shisha bars; 
hookah bars; hookah lounges” and “colleges and universities” and “Petaling Jaya.” 
Based on the search results, we selected SC through a simple random sampling 
method. The institutional ethical committee approved the study (SEGIIRF/2018–68) 
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before the start. We did not seek consent from the SC to measure SHS as we meas-
ured only air quality.

Calibration of the instrument and training of the observers

We used the DustTrak™ II handheld aerosol monitor 8532 (TSI Incorporated, Shor-
eview, MN) to measure the PM2.5 concentration. The instrument was calibrated 
according to the manufacturer’s specifications before recording measurements. Two 
researchers (KVS and DDS) visited the SC as clients and made measurements cov-
ertly to ensure that the presence of the researcher did not alter the smoking behavior 
of the patrons. One researcher (KVS) whom we trained to collect the data from the 
instrument recorded the PM2.5 concentration in all the SC; DDS recorded the char-
acteristics of each SC with the demographic details. After assessing the previously 
published literature and the following discussion among researchers (KVS, DDS), 
the research team finalized an assessment checklist to use when recording the obser-
vations at the SC. We adapted this checklist from a previous study [6].

Measurement of SHS from SC

The researchers placed the aerosol monitor in a handbag with a tube extended out-
side of the bag to sample the air (Fig. 2). The researchers made measurements dur-
ing evenings from 8 to 11 pm on Friday, Saturday, and Sunday as most SC oper-
ates in the evening, and late into the night on weekends. We classified SC with 

A 25 indoor and 25 
outdoor SC were 
chosen

SHS was recorded using 
DustTrak TM II handheld 
aerosol monitor 8532.

PM2.5 concentration was 
measured for 30 minutes 
in each SC.

Measurement was
performed during 8 pm 
to 11 pm on weekends

Maximum, minimum and
mean PM2.5 concentration 
was measured in each 
center

For outdoor, DustTrak 
was placed 3 meters away 
from the main entrance of 
the SC. 

For indoor centers, 
the Dusttrak was 
placed in the main 
seating area 1-2 
meters  above the 

The characterstics 
of indoor and 
outdoor SC were 
recorded in a 
structured proforma 

It includes, total seating capacity, 
number of users, number of subjects 
sharing the single unit, display of 
license to operate shisha, use of 
disposable tips, additional services 

Fig. 1   Flowchart of the study design
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ventilation sources such as open doors or windows without air conditioners as “out-
door centers,” and those with air conditioners and closed doors as “indoor centers.”

Statistical analysis

We downloaded the data from the aerosol monitor following each visit using the TSI 
Trackpro V3.4.1 software and analyzed these data using Statistical Package for the 
Social Sciences Statistics for Windows version 22 (IBM Corp.: Armonk, New York, 
The United States). We tested the normality of the data using the Shapiro Wilk test 
and Quantile–Quantile generated plots to determine the normality of the data. As 
the data followed a non-normal distribution, we used the Mann–Whitney test. We 
analyzed the characteristics of SC using an unpaired t test and chi-square test.

Results

Secondhand smoke from indoor and outdoor SC

The mean, minimum, and maximum PM2.5 concentration in indoor SC were 
3595.28  μg/m3, 30  μg/m3, and 19,000  μg/m3, respectively, while the mean, mini-
mum, and maximum PM2.5 concentration in outdoor SC were 65.12 μg/m3, 27 μg/
m3, and 148 μg/m3, respectively. We found a significantly higher PM2.5 concentra-
tion in indoor SC as compared to outdoor SC (Table 1). The mean PM2.5 concen-
tration in indoor SC was 50 times greater than the concentration in outdoor SC. 
The minimum, maximum, and mean PM2.5 concentration were statistically sig-
nificant in indoor than outdoor SC with the p = 0.010 (U = 179), < 0.001(U = 51), 
and < 0.001(U = 102), respectively (Table 1).

Fig. 2   Measurement of PM2.5 
concentration using DustTrak ™ 
II aerosol monitor 8532 with the 
tube extended outside of the bag 
to draw the air sample
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Characteristics of indoor and outdoor SC

We observed active shisha smoking in all the centers at the time of data collec-
tion (Table  2). The average seating capacity was 21.44 ± 3.85 and 26.36 ± 7.15 
for indoor and outdoor SC, respectively. The outdoor SC had a slightly higher 
number of seats than indoor SC (p < 0.004). The average number of active shisha 
users was 14.28 ± 4.31 and 15.68 ± 6.46 for indoor and outdoor SC (p = 0.372), 
and we observed an equal number of shisha units being used in both types of 
centers (p = 0.851). We noticed that most of the users in indoor (76%) and out-
door (80%) SC were sharing the single unit of shisha with others and only half 
of the (56%) of indoor SC provided disposable mouthpieces, compared to 88% 
of outdoor SC; this was statistically significant (p = 0.013). About 80% of indoor 
and 72% of outdoor SC provided additional services such as food, drinks, and 
free Wi-Fi services in addition to the shisha units. Display of a license to operate 
shisha and display of smoking hazard sign were absent in most of the SC. More 
than half (56%) of the indoor and outdoor SC advertised shisha units and dis-
played banners with promotions at the entrance of the SC (Table 2).

Discussion

Shisha smoking has become an epidemic in the last two decades, particularly among 
young adults, professionals, and University students [17]. This could be attributed to 
a false perception of shisha being safe and to a newer marketing strategy featuring 
fruity flavoring agents [18, 19]. The concentration of PM in the air is a strong indi-
cator of pollution and to evaluate the air quality [17]. Dusttrak™ II Aerosol Monitor 
8532 is a battery-operated, light-scattering laser photometer that provides real-time 
PM concentration ranging from 0.1 to 10 µm and is ideal to measure the SHS [17]. 
The present study evaluated the indoor and outdoor SHS from SC operating around 
the educational institutions and Universities. We found significantly higher mean 
indoor PM2.5 concentration of 3595.28 μg/m3 in SC, and these findings were greater 
than the measurements recorded in the United States and Canada [20–22]. Various 
researchers reported mean PM2.5 concentration as presented in Table 3 [17, 20–24].

Table 1   Descriptive Statistics 
of the PM2.5 concentration 
observed in 25 Indoor and 25 
outdoor SC

PM2.5 concentration 
(μg/m3)

Mean Standard 
deviation

Maximum p value

Maximum Indoor 3595 4840 19,500 p < 0.010
Outdoor 65 37 148

Minimum Indoor 36 10 57 p < 0.001
Outdoor 28 5 41

Mean Indoor 110 80 345 p < 0.001
Outdoor 39 15 74
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The significantly higher PM2.5 concentration in our study could be attributed to 
the greater number of shisha users during peak hours on weekends. Because the SC 
extended operating hours during weekends, students participated in much longer 
sessions than usual [25]. In our study, the mean PM2.5 concentration in outdoor 
SC was 65.12 μg/m3, the minimum and maximum were 27 μg/m3 and 148 μg/m3, 
respectively. This was slightly less than the study by Zhang BF et al. (2013) who 
recorded a mean value of 80.5 µg/m3 in outdoor SC [17]. Although the mean PM2.5 
concentration in outdoor SC was substantially less than the indoor SC, it greatly 
exceeded the 24 h ambient air quality standards from the United States Environmen-
tal Protection Agency (EPA) (35 μg/m3) and the World Health Organization (WHO) 
(25 μg/m3) [20, 26]. The mean PM2.5 concentration in outdoor SC recorded in our 
study was 65.12 μg/m3, considered to be ‘unhealthy’; the average PM2.5 concentra-
tion in indoor SC was considered to be ‘hazardous’ according to the United States 
EPA [20, 26].

We found that none of the SC in our study displayed the ‘good’ air quality and 
few centers had the worst air quality—50 times greater than the maximum thresh-
old for ‘good’ air quality according to United States EPA [27]. The ‘hazardous’ 
(≥ 250  μg/m3) PM 2.5 concentration is a serious health concern for children and 
adults. Hence, the SC close to the educational institutions has a high concentration 
of PM2.5, exposing its employees and bystanders [4, 6] to tobacco-specific carcino-
gens such as nicotine and 4-(methyl nitrosamino)-1-(3-pyridyl)-1-butanone. Shisha 
smokers also have an increased risk of lung cancer, oral cancer, bronchitis, cardio-
vascular disease, and low birth weight [15, 16, 28].

Possible reasons for the clustering of SC around these educational facilities could 
include Malaysia’s gradual development into an international education hub with the 
majority of the students coming from Middle Eastern, Central Asia, and Northern 
African countries. [4]. The use of shisha is a tradition and culturally familiar among 
these students [4]. Local peers of international students may also be drawn to these 
centers; thus, the trend of shisha usage is becoming common throughout the area. 
In addition, adolescents between the age group of 10–19 years studying in schools 
and Universities may also be attracted to this habit [29], though the sale of tobacco-
related products is banned in Malaysia for adolescents [4, 9, 10].

The average seating capacity (21.44–26.3) and the number of shisha users 
(14.28–15.68) were slightly higher in outdoor than indoor SC; however, an equal 
number of shisha units (6.08–6.00) were used in both types of centers. A study by 
Gundavarapu et al. reported a total seating capacity from 20 to 132 (mean 58.3) with 
6–68 (mean 15.2) shisha instruments [6]. The differences found pertain to seating 
density, size of the venues, seating capacity, and ventilation sources in indoor and 
outdoor SC. We observed high seating density with an equal number of shisha units 
in indoor SC thereby causing higher exposure of SHS. The display of a license to 
operate shisha (88–96%) and smoking hazard signage (92–100%) were absent from 
most SC. Gundavarapu et al. reported similar findings [6]. Most of the SC provided 
additional services such as food, drinks, and free Wi-Fi (80–72%) that prompted 
young adults to practice longer sessions, and about 56% of SC advertised shisha 
units and displayed promotion banners to attract the patrons. Kassem et al. reported 
similar observations [5].
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We found that only 56% of indoor SC provided disposable mouthpieces in con-
trast to 88% of outdoor SC. Most of these patrons shared a single unit of shisha 
(76–80%) in a group. This suggests that the young adults and students were not 
aware of the transmission of infectious diseases through saliva [30]. Although few 
SC provide individual disposable mouthpieces, certain pathogenic microorganisms 
such as Mycobacterium Tuberculosis may multiply and reside on the internal sur-
face of the shisha pipe and water, and transmission of these pathogens may occur 
even with the use of disposable mouthpieces [4]. One study from the Middle East 
reported outbreaks of infectious diseases such as tuberculosis with the sharing of 
shisha smoking among groups [30]. Smokers are more susceptible to viral and bac-
terial respiratory infections as compared to nonsmokers [30]. The current COVID-
19 pandemic has posed significant health consequences and WHO has explicitly 
stated that smoking-induced lung disease, and the sharing of shisha and cigarettes, 
may significantly increase the susceptibility to SARS-CoV-2 infection and develop-
ment of COVID-19 [31].

Limitations of our research include the measurements of PM2.5 concentration 
have been carried out during the peak hours on weekends, and no assessment of 
background air quality before the actual measurement. Hence, these results cannot 
be generalized to all days. SHS from SC with an attached kitchen that serves food 
may contribute to the additional exposure. These limitations need to be addressed in 
future prospective studies.

Conclusion

The results of our study show the high concentration of PM2.5 in indoor and out-
door SC at the perimeter of educational institutes can be hazardous and pose 
serious risks for the health of patrons, staff, bystanders, nonsmokers, and stu-
dents residing in the vicinity. Public health advocates and policymakers need to 
strengthen tobacco guidelines and eliminate loopholes in the selling of alternate 
tobacco products. Furthermore, strict guidelines need to be framed regarding the 
online sale and marketing of shisha through social media and other websites. 
Most importantly, strict banning of additives to shisha needs to be considered. 
Efforts are needed to create awareness through university-based educational pro-
grams by community healthcare professionals for young adults on the harms 
associated with shisha usage.
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