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Abstract

In this case-control study, the influence of waterpipe tobacco smoking on the plasma and saliva 

levels of cadmium, lead, and zinc was examined in participants who were waterpipe tobacco 

smokers (WS) or never-smokers (NS). The concentration of metals was higher in WS relative to 

NS. The mean (SEM) cadmium concentration in plasma was 3.3 (0.18)μg/dL in WS versus 0.82 

(0.09)μg/L in NS (P < 0.001) and in saliva was 5.1 (0.36)μg/L in WS versus 0.64 (0.2)μg/L in NS 

(P < 0.001). The mean (SEM) lead concentration in plasma was 5.2 (0.25) μg/dL in WS versus 3.4 

(0.41) μg/dL in NS (P < 0.01) and in saliva was 4.8 (0.58) μg/L in WS versus 2.8 (0.27) μg/L in 

NS (P < 0.05). Similarly, a significant difference in zinc concentration was observed, with a mean 

of 2.0 (0.17) μg/mL in WS plasma versus 1.49 (0.16) μg/mL in NS (P < 0.05) and a mean 0.94 

(0.07) μg/mL in WS saliva versus 0.45 (0.06) μg/mL in NS (P < 0.01). In conclusion, waterpipe 

tobacco smoking is associated with elevated levels of metals in body fluids. These results provide 

another demonstration of how waterpipe tobacco smoking exposes smokers to harmful toxicants.
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1. INTRODUCTION:

Waterpipe tobacco smoking has spread globally and can be found across the Arab world, the 

Indian subcontinent, as well as across Europe, North America, and Australia (Ward et al. 

2015; Hammal et al. 2016; Lopez et al. 2017; Ramji et al. 2017; Jawad et al. 2018). 

Recently, rates of waterpipe tobacco smoking have been rising relative to cigarette smoking 

(Maziak et al. 2017; Jawad et al. 2018). Waterpipe smoking is associated with several health 

problems (Ali and Jawad 2017; Waziry et al. 2017), including cardiovascular disease 

(Alomari et al. 2014; Haddad et al. 2016; Hammal et al. 2016), respiratory disease 

(Khabour, Alzoubi, Bani-Ahmad, et al. 2012), and cancer (Mamtani et al. 2017).

Numerous studies have demonstrated that waterpipe tobacco smoke contains many 

toxicants, including the dependence-producing drug nicotine, carcinogenic polycyclic 

aromatic hydrocarbons (PAHs), pulmonary disease-causing volatile aldehydes, and carbon 

monoxide (CO) that contributes to cardiovascular disease (Shihadeh 2003). Many of these 

toxicants have been found in the body fluids of waterpipe tobacco smokers (Blank et al. 

2011), and waterpipe-induced exposure to nicotine and CO has clear physiological effects in 

the short-term (Blank et al. 2011; Retzky 2017). Metals are another class of toxicants that 

have been found in waterpipe tobacco smoke, and they include cobalt, chromium, nickel, 

cadmium and lead (Shihadeh 2003; Apsley et al. 2011; Schubert et al. 2015). For example, 

lead has been found in waterpipe smoke, in the range of 0.2–6.8 μg/session (Shihadeh 2003; 

Apsley et al. 2011). This observation is alarming due to the fact that lead is neurotoxic and 

long-term exposure to it via waterpipe tobacco smoking could result in cognitive 

impairments and other neurological disorders (Liu et al. 2013; Caito and Aschner 2017). 

Cadmium also has been found in waterpipe (0.10 – 0.27 μg/session) smoke (Apsley et al. 

2011) and long-term exposure to this toxic element can cause kidney disease, fragile bones, 

hypertension, anemia, cancer, and cardiovascular disease (Rafati Rahimzadeh et al. 2017; 

Rinaldi et al. 2017). Unlike other toxicants such as PAHs, nicotine, and CO, there have been 

no studies examining if metals found in waterpipe tobacco smoke are also found in the body 

fluids of waterpipe tobacco smokers. Thus, the current study was conducted to examine the 

concentration of three metals (cadmium, lead, and zinc) in the blood and saliva of a group of 

waterpipe tobacco smokers, with a group of never smokers serving as a control. Based on 

analyses of waterpipe smoke toxicant content, we hypothesized that higher concentrations of 

metals would be observed in participants with a history of waterpipe tobacco smoking, 

relative to those who had no history of tobacco smoking. Results revealed the extent to 

which waterpipe tobacco smokers are exposed to these toxicants and serve as a baseline for 

future research measuring metal exposure among waterpipe smokers in areas where this 

form of tobacco use is common.
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2. METHODS:

2.1. Subjects:

In this case-control study, we examined the influence of waterpipe tobacco smoking on the 

plasma and saliva levels of three metals in 88 Jordanian waterpipe smokers as compared to 

40 Jordanian never-smokers. Waterpipe smokers were defined as those who smoke only 

waterpipe and did not use any other form of tobacco consumption. Never-smokers were 

those who did not use tobacco product during their life. The study protocol was approved by 

institutional review board of Jordan University of Science and Technology. A validated 

questionnaire (Khabour, Alzoubi, Eissenberg, et al. 2012) was used to collect participants’ 

demographics and waterpipe use. Waterpipe dependence was assessed using the Lebanese 

Waterpipe Dependence Scale (LWDS-11) scale as previously described (Primack et al. 

2014). Informed consent was obtained from all subjects after verbal and written explanation 

of the study objectives and procedures.

2.2. Samples Collection:

A total of 5 milliliter of venous blood was drawn from an antecubital vein in EDTA tubes. 

Tubes were mixed immediately and then centrifuged at 1500 xg for 5 minutes to obtain 

plasma. Saliva samples were collected as described previously (Azab et al. 2015). In brief, 

participants rinsed their mouth three times with distilled water and, 5 minutes after, about 2 

mL of saliva was collected. It is worth to mention that distilled water was not evaluated for 

trace metal contamination, however, the same source of water was used for smokers and 

never-smokers. Aliquots of plasma and saliva samples were transferred to 1 mL tubes, sealed 

and then stored at −20°C for later analysis.

2.3. Analysis of metals content:

Plasma samples were processed as previously described (Massadeh et al. 2017; Massadeh 

and Al-Massaedh 2018). Briefly, each sample was thawed at room temperature, and was 

treated with 3 mL HNO3 and 1 mL HClO4 in a cleaned porcelain evaporating dish. The 

mixture was heated at 105°C until dry. Next, 5 mL of 1% HNO3 was added to the dry 

mixture and subsequently filtered through 0.45-μm filter paper. The filtrate was completed to 

25 mL with deionized water resulting in a clear colorless solution. The solution was kept in 

a polyethylene bottle and stored at 4°C until analysis. Lab blank underwent the same 

procedure without blood sample. Analysis of metals was carried out using coupled plasma 

optical emission spectrometry (ICP-OES, VISTA-MPX, CCD simultaneous ICPOES, 

VARIAN, nebulizer type: glass concentric with pressure of 200 kPa) at the Department of 

Chemistry at Yarmouk University, Jordan. Wavelength used were Cadmium: 214.439 nm, 

Lead: 220.353 nm and Zinc: 213.857 nm, with plasma argon flow rate of 12 L/min, auxiliary 

argon flow rate of 0.6 L/min, nebulizer argon flow rate of 0.4 L/min, integration time 100 s, 

read delay 20 s, and peristaltic pump flow rate of 1 mL/min (Massadeh et al. 2017; 

Massadeh and Al-Massaedh 2018).
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2.4. Statistical analysis:

Two group comparisons were performed using the Student’s t test. All analysis and graphics 

were done using the GraphPad Prism software (version 5, La Jolla, CA). A threshold of p < 

0.05 was used to indicate significant differences.

3. RESULTS:

The study included 88 waterpipe tobacco smokers with no other smoking history (WS) and 

40 never-smokers (NS). The mean (SD) age of WS group and NS group was 31.7 (9.3) years 

and of the NS was 32.9 (13.2) years (P > 0.50, Table 1). The majority of both groups were 

men (60% WS, 57.5% NS; (P > 0.20). About 50% of the WS used waterpipe daily, while 

36.3% used it weekly. The mean (SD) LWDS-11 score of the WS group was 12.26 (4.3), out 

of a possible 33 maximum score (Table 1).

The levels of three metals were compared between WS and NS groups in both plasma and 

saliva samples. The concentration of metals was higher in WS relative to NS. The mean 

(SEM) cadmium concentration in plasma was 3.3 (0.18) μg/dL in WS versus 0.82 (0.09) 

μg/L in NS (P < 0.001, Figure 1 A) and in saliva was 5.1 (0.36) μg/L in WS versus 0.64 (0.2) 

μg/L in NS (P < 0.001, Figure 1B). The mean (SEM) lead concentration in plasma was 5.2 

(0.25) μg/dL in WS versus 3.4 (0.41) μg/dL in NS (P < 0.01, Figure 2A) and in saliva was 

4.8 (0.58) μg/L in WS versus 2.8 (0.27) μg/L in NS (P < 0.05, Figure 2B). Similarly, a 

significant difference in zinc concentration was observed, with a mean of 2.0 (0.17) μg/mL 

in WS plasma versus 1.49 (0.16) μg/mL in NS (P < 0.05, Figure 3A) and a mean 0.94 (0.07) 

μg/mL in WS saliva versus 0.45 (0.06) μg/mL in NS (P < 0.01, Figure 3B).

Levels of metals in the waterpipe group were correlated with LWDS. Positive correlations 

were found between LWDS and cadmium plasma levels (r2 = 0.060, P = 0.04), lead plasma 

levels (r2= 0.142, P = 0.01) and lead saliva levels (r2 = 0.062, P = 0.03). However, no 

correlations were detected between LWDS and cadmium saliva levels r2 = 0.034, P = 0.17), 

zinc plasma levels (r2 = 0.011, P = 0.50) and zinc saliva levels (r2 = 0.008, P = 0.62).

4. DISCUSSION

The current study was based on the observation that waterpipe tobacco smoke contains 

metals (Shihadeh 2003; Apsley et al. 2011; Schubert et al. 2015) and was conducted to 

determine if waterpipe tobacco smoking is associated with elevated concentration of 

cadmium, lead, and zinc in plasma and saliva of waterpipe tobacco smokers. Results 

demonstrate that, relative to never-smokers, there is a greater concentration of these metals 

in the blood and saliva of waterpipe tobacco smokers. These findings from a Jordanian 

sample are consistent with those from a study of Saudi Arabian waterpipe tobacco smokers 

that showed, using inductive coupled plasma mass spectrometry (ICP-MS), significant 

elevations in Pb, Cr, Zn, Ni and Hg in the nails of waterpipe smokers (AL-Ramadi et al. 

2017).

That waterpipe tobacco smoking was associated with higher concentrations of lead in body 

fluids is alarming due to the documented toxicity of lead to different body organs including 
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brain (Liu et al. 2013; Caito and Aschner 2017). Similarly, cadmium is a toxic element and 

prolonged exposure to it can cause kidney and bone damage, cardiovascular diseases and 

cancer (Rafati Rahimzadeh et al. 2017; Rinaldi et al. 2017). The magnitude of the increase 

in body fluid metals was between 300–700% for cadmium, 50–70% for lead, and 25–55% 

for zinc. The mean lead concentration in plasma of waterpipe smokers was 5.2 μg/dL. This 

means that approximately, 50% of waterpipe smokers have high levels of lead according to 

the National Institute for Occupational Safety and Health (NIOSH), which designated 5 

μg/dL in whole blood as the reference blood lead level for adults (Weiss et al. 2017). 

Previous studies indicated that lead exposure at low doses can lead to adverse cardiovascular 

and kidney effects, cognitive dysfunction, and adverse reproductive outcomes (Liu et al. 

2013; Caito and Aschner 2017). Impaired renal function was associated with blood lead 

levels at 5 μg/dL or lower, and increased risk of hypertension and essential tremor at blood 

lead levels below 10 μg/dL (ul Haq et al. 2013). With respect to cadmium, it was several fold 

higher in the waterpipe smokers than never-smokers. This is expected since smoking was 

considered as a major source of cadmium exposure in general population. Once cadmium 

enters the body, it is usually accumulated in the body and then slowly excreted in urine 

(Satarug 2018). Diet and occupational exposure are also additional sources of cadmium 

exposure (Moon et al. 2016). Exposure to low levels of cadmium over long periods of time 

was associated with kidney and lung diseases (Rafati Rahimzadeh et al. 2017; Rinaldi et al. 

2017). The observed slight elevation in zinc levels in the waterpipe smokers is of less 

clinical significance as health consequences of zinc exposure are observed at much higher 

levels than that observed in the current study. It is worth to mention that some studies in the 

literature have reported significantly low zinc levels in blood samples in smokers than non-

smokers (Suarez-Varela et al. 2015). However, in the current study, waterpipe smoking is 

associated with slightly elevated plasma and saliva zinc levels. This could be explained by 

the use of charcoal that contains zinc (Baker et al. 2011) to burn tobacco in the waterpipe.

The results showed weak positive correlations between LWDS and cadmium, and lead 

plasma and saliva levels, whereas no correlation was detected between LWDS and zinc 

plasma/saliva levels or cadmium saliva levels. Such weak or no correlations could be 

explained by the wide diversity in the types of “moassel” and charcoals used in waterpipe 

smoking (Shihadeh 2003; Apsley et al. 2011; Schubert et al. 2015). Al these findings need to 

be confirmed in a larger sample size study that needs to consider types of “moassel” and 

charcoal used by the participants.

These results should be used to inform public awareness campaigns regarding the health 

effects of waterpipe tobacco smoking. They also can guide policy related to waterpipe 

tobacco smoking, keeping in mind that waterpipe tobacco smoking may involve multiple 

sources of metal exposure, including the charcoal used to heat the tobacco, aluminum that 

separates the charcoal from the tobacco, and the tobacco itself. Thus, relevant policy may 

include requiring manufacturers to provide regulators with the metal content of waterpipe 

charcoal and tobacco, and, potentially, regulating the amount of metals that can be in these 

products if they are to be sold to consumers.

Current findings indicate that waterpipe tobacco smoking was associated with higher 

concentrations of cadmium, lead, and zinc in the body fluids of waterpipe tobacco smokers. 
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Regular intake of these toxicants could lead to serious disease. These findings should 

encourage the development interventions and the enforcement of policies to control the 

waterpipe smoking epidemic through health education programs targeting all age groups.

Among the limitations of the current study is that only three metals were evaluated. In 

addition, levels of metals in urine were not investigated. Furthermore, confounding factors 

such as diet, occupational exposure, and second hand smoke exposure to metals or smoke 

containing metals were not included in the study design. Therefore, future research with a 

more extensive design that measures levels of other metals, include all body fluids, and 

accounts for second hand smoke exposure in a larger sample of waterpipe smokers is 

strongly recommended.
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Figure 1: Levels of Cadmium in the body fluids of waterpipe smokers.
Cadmium levels were measured in plasma (A) and saliva (B) samples obtained from 

waterpipe smokers and never smokers. Significant elevations in Cadmium levels were 

observed in both preparations. Data are expressed as Mean ± SEM. *indicates significant 

difference.
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Figure 2: Levels of Lead in the body fluids of waterpipe smokers.
Lead levels were measured in plasma (A) and saliva (B) samples obtained from pure 

waterpipe smokers and never smokers. Significant elevations in Lead levels were observed 

in both preparations. Data are expressed as Mean ± SEM. *indicates significant difference.
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Figure 3: Levels of Zinc in the body fluids of waterpipe smokers.
Zinc levels were measured in plasma (A) and saliva (B) samples obtained from pure 

waterpipe smokers and never smokers. Significant elevations in Zinc levels were observed in 

both preparations. Data are expressed as Mean ± SEM. *indicates significant difference.
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Table 1:

Demographics of waterpipe users and never-smokers (controls)

variable Smokers
(N=88)

Never-smokers
(N=40)

Age(mean± SD) 31.7± 9.3 32.9 ± 13.2

Gender (n)%

Male 51(60.0) 23(57.5)

Female 37(40.0) 17(42.5)

Waterpipe smoking

Daily 45(51.2)

Weekly 32(36.3) NA

Occasionally (1–3 times/month) 11 (12.5)

LWDS 11 score (mean ± SD) 12.26 ± 4.3 NA

LWDS: Lebanon Waterpipe Dependence Scale, SD: Standard Deviation
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