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Abstract

This study aims to assess the natural background radiation from shisha and evaluate the hazard level. The main part of
this study was to estimate the annual effective dosage from inhalation, which will help to clarify the health hazards related to
breathing in the radioactive materials included in shishas. The activity concentration of naturally occurring radionuclides was
measured in six shisha samples using gamma spectroscopy using a high-purity germanium (HPGe) detector. The specific activity
of 238U, %2Th, and “*’K in shisha samples ranged from 1.29 * 0.63 to 9.45 * 4.5 Bq kg with an average of 6.76+ 2.83, 2.436.76
+2.83 to 12.46 + 13.5 Bq kg* with an average of 7.96 + 14.6 to 364.9 + 0.0 Bq kg'!, respectively. The radium equivalent activity
for all samples ranged from 6.65 to 53.91 with an average of 33.92 * 15, respectively below the world-recommended limit. The
absorbed dose rate (DR) for all samples ranged from 3.09 to 26.47 nGyh* with an average of 16.48 +7.53 nGyh™! compared with
the world average of 60 nGyh™. The value of the external hazard index, or yearly effective dosage equivalent, is less than the glob-
ally recognized limit, which is a unit. The AEDE was indoor and outdoor varied from 0.015 to 0.145 mSvy~! with an average of
0.090 mSvy ! and ranged from 0.04 to 0.036 with an average of 0.023 mSvy!, respectively. The value of ELCR ranged from 0.066
to 0.568(10%) with an average of 0.313(10%). According to these findings, the activities of radium equivalent in all the shisha
samples are lesser than the limit (370 Bq kg!) recommended by the United Nations Scientific Committee on the Effect of Atomic

Radiation (UNSCEAR) report, and the annual effective dose was within the safe limit of 1 mSvy™.
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Introduction

There are naturally occurring radioactive sources all over the planet, but they can expose people to ionizing radiation harmful to
their health Ononugbo et al. (2015); Ramachandran, (2011). About 82% of the excess radiation doses that individuals are exposed
to come from natural sources. Primordial radionuclides are the source of gamma radiation released by these background radiation
sources (BRs). Soil nuclei percentage, altitude, and regional geographic characteristics are the main drivers of BR variations Shahba-
zi-Ghahbazi, (2003). BR is a measuring element in health physics, according to Shahbazi-Ghahbazi (2013) and Saghatchi et al. (2008).
The number of hours spent outside is increased by the resident’s exposure dosage rate for indoor and outdoor locations Ramachan-
dran, (2011).

Shisha contains trace amounts of radiation-active isotopes from the uranium and thorium series. The Smokers lungs accumulate
radioactive isotopes due to prolonged exposure to sensitive tissues. Radiation exposure is, therefore, localized. When combined with

other non-radioactive carcinogens, it has a significant potential for cancer Abd-El-Aziz, et al. (2005).
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Radiation-active isotopes from the uranium and thorium series are present in shisha in trace concentrations. Shisha smoke contains
these radioactive carcinogens. Radioactive isotopes are long-term exposure to sensitive tissues and accumulate in smokers’ lungs. It
leads to localized radiation exposure. Both by themselves and in conjunction with other non-radioactive carcinogens, the exposures
have the potential to cause cancer Abd-El-Aziz, et al. (2005).

Among other health issues, ionizing radiation causes oral necrosis, anemia, acute leucopenia, and chronic lung diseases. Leukemia
and cancers of the lungs, pancreas, liver, bones, and kidneys can result from thorium exposure Shousha and Ahmed, (2016). Youth
are currently consuming shisha tobacco close to universities and school zones, which is concerning for the long-term development
of law-abiding individuals in the nation Gats Sisay, et al, (2022). These days, it presents a difficulty for the local officials. Therefore,
measuring gamma dose rates and continuously monitoring natural radioactivity concentrations are crucial in evaluating related ra-

diological dangers.

According to several studies, smoking-related inhalation of naturally occurring radionuclides is one of the vital causes of lung cancer

Akinyose, et al. (2018). Smoking tobacco exposes smokers to trace levels of radiotoxic substances such as ?°Pb, 21°Po, and 2*¢U.

It has been determined that smoking is a bulky, serious health problem in many nations and that it contributes to the high rates of
death and morbidity among smokers and passive smokers. The specific pollutants, particularly cadmium, are found in substantially

higher concentrations of fats, blood, and livers of tobacco users than in non-smokers El_Agha, et al. (2002); Husain, et al. (2016).

According to studies, secondhand smoke from other people causes lung cancer in 3000 adult non-smokers every year Jha, (2020).
Moreover, the report shows that smokers share some issues with cigarette smokers. Users of ICRP were also seen to have respiratory
infections, asthma, dyspnea, hypertension, increased blood sugar, and abnormal sleep patterns ICRP, (2012). Shisha smoking is not

safer than cigarette smoking, according to the data.

Ethiopian cities across all regional states have seen a sharp rise in the smoking of shisha or cigarettes. According to the results of this
poll conducted in 2021, by Selamawit, et al. (2022), 3.7% of adults currently smoke shisha products. 2.9% smoked cigarettes, and 0.7%
smoked cigars, shisha-filled pipes, or any other recorded tobacco product. The new research reveals that boys between the ages of 20

and 24 who are employed, have media exposure, live in large central and metropolitan areas, and are related to Tilhaun et al. (2023).

Material and Methods
Study Area

The shisha samples were collected in Dire Dawa’s City, Ashwa’s largest open market located in the eastern part of Ethiopia, 515 ki-
lometers east of the country’s capital, Addis Ababa, and at a latitude of 9.59 N and longitude of 41.87 E. Its daily average temperature

varies from 14 to 33.5 degrees Celsius.
Sample Collection and Preparation

The following five shisha samples were collected and labeled: Fluff Pack (S1), Normal Pack (S3), Semi-Dense Pack (S4), Dense Pack
(S5), and Cement Pack (S6). The varieties of shishas and their sample codes are displayed in Table 1.

Every sample was placed in an oven at a temperature of 110°C. After that, the components were mixed, crushed, and put through a
200-mesh sieve, the ideal mesh size known for its concentration of heavy minerals. The materials were measured and then carefully
transferred into 500 mL sealed polyethylene Marline beakers weighing 0.16 kg. We did not open these sealed beakers for a minimum
of twenty-eight days. This deliberate waiting period was put in place to aid in the secular radioactive equilibrium of radon and its tran-

sient progeny. This equilibrium needed to be established to perform gamma-spectrometry analyses in the future.
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Sample code | Mass [kg]
S1 0.015
S2 0.012
S3 0.015
S4 0.018
S5 0.020
S6 0.022

Table 1: The sample code and the mass of each shisha.

This study aims to evaluate the radioactivity of the different included radionuclides. We prioritize the following points to accomplish

this goal:

e Determine which radionuclides are in the samples.
e Evaluate the 238U, 2*2Th, and *°K specific activity concentrations.
e Estimate the Radium equivalent activity [Raeq), absorbed dose rate (DR), annual effective dose equivalent (AEDE), the external

and internal hazard index (Hex & Hin), and the excess lifetime cancer.

Experimental Procedures

Calibration of HPGe gamma Spectrometer

To achieve this result using a gamma-ray spectrometry instrument, such as isotope identification and qualitative and quantitative
analysis. The system is calibrated for both energy and efficiency. Calibration usually entails determining fixed channels and evaluating

the system’s efficiency using materials with known qualities and established reference sources.

One of the basic requirements for nuclear spectroscopy measurement is to identify the photon peaks in a spectrum produced by the
detection system. Energy calibration is carried out by using a certified mixed radionuclide point source. Determining the exact link be-
tween the energy channel and the gamma emissions was the aim of energy (or efficiency) calibration. Accurate nuclide identification
depends on the instrument’s energy calibration. The calibration was carried out using reference radionuclides of known activity with

well-defined energies within the pertinent energy range of 59.4 KeV to 1836 KeV.
Methods

For radioactivity measurements, a lead-shielded gamma spectrometry (HPGe) detector was used as the detector. Its energy resolu-
tion is 1.90 keV (FWHM) at 1333 keV and 1.05 keV (FWHM) at 122 keV. Its peak-to-Compton ratio is 70:1. It has a 70% relative value.
The obtained spectra were examined using the Genie2000 software. Each sealed sample was placed on the shielded HPGe detector
and counted for 28,800 seconds to get a good count peak. The geometry of the sample containers is consistent with that of the used
IAEA reference sample. The dimensions of the empty container size and shape were counted for 201,600 seconds to calculate the

background distribution spectrum.
Activity Determination

The specific activity of 28U was determined by summing the values of six y-ray lines that were extracted from the photo peaks of , Bi
(609.3 KeV,1120.29 KeV, and 1764.8 KeV), *Pb (295.1 KeV and 351.9 KeV), and #*°Ra (186.2 KeV). After calculating the mean value of
four y-ray lines (338.5,911.1, and 968.97 KeV) acquired from the ?*°Ac, the #2Th specific activity was determined. They measured the
40K specific activity using 1461.8 KeV y-ray energies. The radionuclides’ daughter peaks with the most conspicuous photo peaks were
subtracted from the background spectrum to get the net count rates beneath them. The radionuclide activity was computed using the

background region of significant gamma-ray energy.
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Eqg. 1 is used to calculate the specific activity (C) in units of Bq kg™ for each isotope in the materials under study Abas, et al. (2022);
Goshu, et al. (2023); Hamza, et al. (2019); Salih, (2021).

Ns_Np
ts t
A=—5 (1
e(Ei)lyMs (4
where N_and N, are the net counts of radionuclides in the sample and background, respectively, I is the gamma emission probability
(gamma yield), £(Ei) is the detector’s peak efficiency at energy E, t, and ¢, are the sample and background measuring times and M_ is

the sample mass in kilograms.
Radium Equivalent Activity (R, q‘)

The radiological effects or activity concentration of materials containing the elements 2*3U(*2°Ra), #*2Th, and *’K are compared by
a single amount that accounts for the radiation dangers associated with them using a standard index called the radium equivalent
specific activity (Raeq). The specific activity (C) for each isotope is determined using Eq. 1 and expressed in units of Bq kg Abas, et al.
(2022); Goshu, et al. (2023); Hamza, et al. (2019); Salih, (2021).

R, =A,+ 1434, +0.0774, (2)

where 4, A,
370 Bq.kg! is prohibited to prevent radiation risks Abas, et al. (2021); Beretka and Mathew, (1985); Goshu, et al. (2023); Hamza, et
al. (2019).

and A, are the specific activities of *°Ra, **Th, and *’K, respectively. Radium equivalent activity (R, ) of more than

Absorbed Dose Rate

Radiation deposited or absorbed per mass measures how much ionizing energy radiation deposits in a material. It is expressed in
joules per kilogram and can be shown as rad or gray (Gy), the corresponding SI unit. The following expression can be used to find
the absorbed dose rate of natural radionuclides because they have a constant dosage rate of absorbed gamma radiation close to the
ground Ashebir et al. (2022).

D,=0.462A,+ 0.6044,, + 0.04174, (3)
where D, is absorbed dose rate in nGyh™.

Smoke from shisha kabobs often includes 75% radioisotopes Baiwa and Kokif, (2022); UNSCEAR, (2000). This smoke becomes
partially absorbed and lodges in the lung tissues. The annual effective dose equivalent (AEDE) and estimated values of dose rate
equivalent for each individual were calculated using the occupancy factors of 0.8 (19/24) for indoor environments and 0.2 (5/24) for
outdoor environments, respectively, and the dose rate conversion factor of 0.7 Sv Gy™. The conversion factors from an absorbed dose
as measured in the air to an effective (0.7 Sv-Gy™) and an outdoor occupancy factor of 0.2 is employed to estimate the yearly effective
AEDE, . Thus, the effective dose rate is given by: Abas, et al. (2022); Ashebir, et al. (2022); Ayalew, et al. (2019); Goshu, et al. (2023).

AEDE, (mSvy™) =D, (nGy.h™) x 8760y x 0.8 x 0.7Sv.Gy" x 10°  (4)

The annual indoor effective dose (AEDE, ), which may be computed using Eq. 5 UNSCEAR (2000), is the dosage a person receives
indoors. The time spent within a structure, conversion dose factors, and the amount of gamma radiation found in the building affect

the annual indoor effective dose.

AEDE_, (mSvy™) =D, (nGy.h™) x 8760 hy* x 0.2 x 0.7Sv.Gy" x 10° (5)

out
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where mSv-y™ (millisieverts per year) is the unit for the annual effective dose rate (AEDE, ) nGy-h™ (nano Gray per hour) is the unit
of the absorbed dose rates (D,) hy'r (an hour per year) given 24 hours (a day) x 365 days (in a year).

232Th, 226Ra, and *°K are the principal naturally occurring radioactive elements that expose humans to external radiation. The U and
Th series radionuclide production results in significant human exposure. Eg. (3), as stated in Abas, et al. (2021); Goshu, et al. (2023);

Segour and Seghour, (2009); Fatima, et al. (2021), is used to derive the external hazard index (Hex):

Cuy CTh Ck
=L 4Ty K <
Hex 370 + 259 + 4810 — 1 (©)

The internal hazard index (Hin) can be determined by Eq. (4), mentioned in Abas, et al. (2021); Ashebir, et al. (2022); Goshu et al.
(2023); Segour and Seghour, (2009).

fo fmy 1 (7

H A =— — <
m 985 259 4810

The value of this index must be less than unity to make negligible the radiation hazard. Both indices are pure numbers and do not
have dimensions Abas, et al. (2021); Ashebir, et al. (2022); Goshu et al. (2023); Segour and Seghour, (2009), Tadelech and Tilahun,
(2020); Fatima, et al. (2021); Goshu, (2024).

The likelihood of acquiring cancer throughout a lifetime at a specific exposure level is known as excess lifetime risk (ELCR). An
increased ELCR value suggests a higher probability of cancer induction in the exposed person. It is possible to compute it with the
following formula: Goshu, et al. (2023); Taskin, et al. (2009).

ELCR, = AEDE, x DL x RF  (8)
ELCR,, = AEDE, x DL x RF (9)

where DL is the duration of life (estimated to be 70 years), and RF is a risk factor in Sv'. The International Commission on Radiolog-
ical Protection (ICRP) uses RF as 0.05 for the general public’s ICRP for stochastic effects ICRP. (2012); Taskin, et al. (2009).

The gamma radiation hazard index (/) is another radiation index and is defined by the following formula:
I =0.0067C,+0.01C,, +0.00067C, <1 (10)

Results and Discussion

Results

The examination of background radiation from smoking shisha produced several intriguing findings. Various configurations dis-
played varying levels of background radiation. A comparison between background radiation and the prevalence of shisha was carried
out to look for any possible correlations. The radioactive background radiation was measured using the samples collected from the
Ashwa open market in Dire Dawa City, Ethiopia. This work determined the specific activity of 28U, 2*2Th, *°K, radium equivalent, radia-

tion hazard indices, public health dangers, and the annual effective dosage that establishes the cancer risk level.

Table 2 shows the radium equivalent activity of all shisha samples, with 370 Bq kg™ being the suggested global average value. Since
the activity index’s value is below the advised global limit, it serves as a helpful guideline for managing radiation safety requirements

for the general people living in the area under inquiry.
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Specific Activity
Sample code R__[Bqkg']
“*U[Bqkg’] | **Th[Bqkg’] | *“K|[Bqkg’] -

S1 7.67 £ 0.57 7.99 £ 0.63 222.0£10.5 36.19
S2 1.29+0.13 243 +0.34 245 +14.6 6.65
S3 8.07 £ 0.65 12.46 +5.75 364.9+0.0 53.99
S4 7.25+0.45 7.61+2.23 203..8 £8.23 33.85
S5 6.82 + 0.60 8.61+2.23 207.5 £10.9 35.11
S6 9.45+4.5 17.75%1.25 345.25+2.75 61.42
Maximum 8.07 £6.3 17.75 £13.5 364.9 £0.0 61.42
Minimum 1.29 £0.63 2.43+0.23 245+ 14.6 6.65
Average 6.76 £2.80 9.48+ 2.74 227.99+ 15.28 37.87
World Average 35 30 400 [35]

45

Table 2: The specific activity of 238U, 232Th, and *°K, in addition to the radium equivalent, in samples

of shisha collected from the Ashwa local market in Dire Dawa, Ethiopia.

Table 2 displays the specific activity concentrations of 28U, 232Th, and *°K measured in shisha samples. The average values range
from 1.29 +0.63 to 8.07 + 6.3, with an average of 6.76 +2.80, 2.43+ 0.23to 17.75 # 13.5, with an average of 9.48 + 2.74, and 24.5 + 38.2
to 364.9 + 0.0, with an average of 227.99 + 15.28 Bq kg™, respectively. The 238U and #?Th shisha concentrations were below the global
limit. The average specific activity for *°K was lower than the global average concentration of 400 Bq kg’ UNSCEAR (2000).

Figure 1: The specific activities of radionuclides elements 23U, 232Th, and *°K from shisha samples.
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A bulk variation of #38U, #2Th, and *°K activity concentrations are observed in the samples shown in Figure 1. The red line corre-

sponds to specific activity 2*U, the orange line corresponds to 2*?Th, and the green line corresponds to *°K. It might be due to variations

in radionuclide content present in shisha samples due to their planting areas or maybe the production areas. The minimum specific
activity was observed in S2.
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Figure 2: The radium equivalent shisha samples.
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The last column of Table 2 and Figure 2 shows the radium equivalent of shisha samples. The results show that the Raeq samples

ranged from 6.65 to 53.99 with an average of 33.16 Bq kg lower than the recommended limit of 370 Bq kg™. But the highest R, was

observed in S3.

Sample code | D, [nGyh'] | AEDE (mSvy™) H,_ H,_ I,
Indoor | outdoor

S1 17.63 0.086 0.022 0.098 | 0.118 | 0.280
S2 3.09 0.015 0.004 0.018 | 0.021 | 0.049
S3 26.47 0.130 0.032 0.146 | 0.168 | 0.423
S4 16.46 0.081 0.020 0.091 | 0.111 | 0.261
S5 17.00 0.083 0.021 0.095 | 0.113 | 0.271
Sé6 29.48 0.145 0.036 0.166 | 0.166 | 0.472
Max 29.48 0.145 0.036 0.166 | 0.166 | 0.472
Min 3.09 0.015 0.004 0.018 | 0.021 | 0.049
Average 18.35 0.090 0.024 0.102 | 0.121 | 0.293

Table 3: The absorbed dose rate, outdoor and indoor annual effective dose, and external and
internal hazard index of shisha samples collected from the Ashwa local market in Dire Dawa City.

The dose rate, the gamma index, the internal and external hazard indices, and the indoor and outdoor yearly effective equivalent

dose rates are displayed in Table 3. The outcome reveals that the average dose rate was 18.35 nGyh™, ranging from 3.09 to 26.47 nGyh.

The AEDE indoor and outdoor environments were between 0.015 and 0.145, corresponding to 0.090 mSvy, and between 0.004 and

0.036 mSvy, an average of 0.024 mSvy ™. The external and internal hazard indices, which were lower than UNSCEAR (2008) and Toosi

etal. (2017), agreed with the international standards.
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Figure 3: The annual effective dose is equivalent to the natural radioactivity
of shisha indoors vs. the absorbed dose rate.

As seen in Figure 3, the findings indicate a positive relationship between the absorbed dose rate in indoor and outdoor environ-

ments. The model that emerged between indoor and outdoor environments showed a positive relationship, whereas the regression

line equation is DR, ,= 0.0688DR_ .+ 0.000143.

Similarly, Figure 4 shows the annual effective dose rate. The result shows the two parameters are related positively, and the regres-

sion line is y (AEDE, ) = 0.00123x(D,) - 0.00002.

- Regression Line: y = 0.00123x + 0.00002
e Original Data

0.035 -
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AEDE,, [mSvy~~1]
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D [nGyh ™71

Figure 4: Annual effective dose is equivalent to the natural radioactivity of
shisha outdoors vs. the absorbed dose rate.

Similarly, the data reported in column five of Table 3 indicate the gamma index was less than a unit, however in one of the samples,

S3, the observed gamma index was comparatively higher than the other ones; its value was less than the international limit.
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Figure 5: The internal hazard index vs the external.

The correlation between the samples and the internal hazard index (Hin) and external hazard index (Hex) is positive, as seen in

Figure 5. It suggests that the two variables have a definite linear relationship and are given by H, = 1.489H_ - 0.0477.

Let’s compute the yearly effective dosage attributable to inhalation for an individual taken annually based on the mass of shisha
shown in Table 1. Each shisha sample in this study was inspected using High Purity Germanium (HPGe). The average daily shisha use
in Ethiopia one puff was 16.2 g. The mass of shisha people use per year is 5.90 kg. y'*. Therefore, the annual effective dose of shisha E

due to its consumption (uSv y*) was calculated using Eq. 11
E=0.75xC xMxDCE (11)

where E is the annual effective dose for shisha smoke, and C, is the specific activity. M is the mass of shisha per year, and DCF is the
standard dose conversion factor. The most recent dose conversion coefficients for the case of inhalation of shisha for adults are 5.0 x
107,1.1 x10* and 2.1 x10°SvBq* for 28U, 2Th, and *°K, respectively ICRP. (2012); Toosi, et al. (2017) [16].

The average yearly shisha consumption rate is 5.90 kg. y! Oluide, et al. (2019) The average ELCR was higher than the international
standards, at 0.394 (10%), according to Table 4’s statistics. The range of the ELCR was 0.066 - 0.568 (10%). Furthermore, inside had a
higher annual effective dosage rate than outdoor settings. Besides, the outcome demonstrates that the absorbed dose rate determines

the excess lifetime cancer; the higher the dose rate, the higher the ELCR, as seen in Figure 6.

Sample Code | AEDE, [mSvy'] | AEDE, [mSvy’] | ELCR, [107]
S1 0.086 0.022 0.378
S2 0.015 0.004 0.066
S3 0.130 0.032 0.568
S4 0.081 0.020 0.353
S5 0.083 0.021 0.365
S6 0.145 0.036 0.633
Max 0.145 0.036 0.633
Min 0.015 0.004 0.066
Average 0.090 0.023 0.394

Table 4: Excess life cancer and annual effective dose rate in and outdoors of shisha samples.
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Figure 6: The indoor and outdoor dose rate of shisha vs the excess lifetime cancer risk.
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Figure 7: The excess lifetime cancer risk with indoor and outdoor absorbed dose rate.

As can be shown in Figure 7, there was a significant increase in lifetime cancer in samples S3 and Sé6. This resulted from the charac-

teristics of the radioactive elements present in these specimens. The extra lifetime hazards in S1, S2, S4, and S5 were negligible.
Discussions

Based on data from UNSCEAR (2000), the average concentrations of 2*3U, 22Th, and *°K in shisha are shown in Table 2 and Figure 1.
The specific activity of 223U ranged from 4.01 to 8.07 Bq kg?, with an average value of 6.75 Bq.kg?! lower than the global limit of 35 Bq
kg UNSCEAR (2000). The specific activity of 2?Th ranged from 2.43 to 17.45 Bq kg, with an overall average of 9.48 Bq kg'; this is
again below the international limit UNSCEAR (2000).
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These results, which highlight the factors influencing shisha radiation, are consistent with other studies that show the effects of
location, production processes, and other variables on radioactivity levels (SKWARZEC et al., 2001; Gats et al., 2016). Its variety high-
lights the necessity for a comprehensive and diverse approach by weighing how it is to assess and understand the radioactive content

in tobacco products.

The radium equivalent activity ranged from 6.65 to 61.42 Bq kg with an average of 37.87 Bq.kg'. Remarkably, each shisha’s com-
puted R, is far lower than the 370 Bq kgl internationally acknowledged threshold Tadelech and Tilahun, (2020). Additionally, the
results show that the Reaq for shisha is higher than Baiwa, et al. (2022). Additionally, the specific activity for 2*2Th and *’K was lower
than the global limit and Baiwa, et al. (2022) and higher than the previous study and the international limit displayed in Table 4 Baiwa,
etal. (2022); UNSCEAR (2000) for #8U.

Parameters Shisha
Recommended limit UNSCEAR (2000). | Baiwa, et al. (2022) | This study

R, [Bakg'] 370 34.55 37.87
238 [Bq.kg] 35 8.44+1.9435 6.76
232Th [Bq.kg™] 30 5.45+0.6 9.48
“K [Bq.kg] 400 258.12+18.40 227.99
D,[(nGy h] 57 17.37 18.35
ELCR[10 3] 0.2 17.42 0.394

Table 5: Comparison of the previous studies with current studies of radiological hazards from shisha.

According to the study’s findings, the examination of absorbed dose rates shows a spectrum spanning from 3.09 to 29.45 nGyh™. The
reported values continually fall short of the 60 nGyh* global threshold for absorbed dose rates mentioned by MISSIMER, et al. (2019);
and UNSCEAR (2000) and were higher than the results shown in Table 5 Baiwa, et al. (2022). It adds a vital context to radiological
safety by highlighting the general adherence to international standards that minimize potential hazards of radiation exposure related
to the samples under examination. We infer from the mean annual effective dosage equivalent of 0.1 mSvy! that every shisha sample

falls below the 0.48 mSvy* global recommended limit.

Shisha’s extra-life cancer was calculated using Eq. 11 and shown in Table 5. According to the results, the ELCR ranged from 0.066 to
0.568 (107%), with an average of 0.313 (10-®). Furthermore, the highest and lowest ELCR values were noted in samples S1 and S2, re-
spectively. The lifetime cancer risk average is higher than the 0.25 x 10 global average UNSCEAR (2000). Additionally, the outcome of
this work is better than Baiwa, et al. (2022); Eckerman, et al. (1989); and Boumala, et al. (2019). It suggests that there is an increased

risk of cancer exposure when using shisha.

According to KHATER, et al. (2008); and Skwarzec, et al. (2001), for smokers who inhaled 50% of shisha smoke from one (1) puff of
shisha per day, the excess lifetime cancer risk (ELCR, x 10-?) varied from 0.10 to 0.36, an average of 0.24. Similarly, in research that was
done in Dire Dawa in cigarettes by Girum, et al. (2023), the lifetime cancer risk (ELCR, x10-%) varied from 0.105 to 0.14, with an average
of 0.229). The finding shows that the lifetime cancer risk for shisha was higher than both findings.
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Figure 8: Excess lifetime cancer risk vs. the dose rate for shisha.

Figure 8 shows the increased lifetime cancer risk vs. dosing rate. The findings show that the relation was defined linearly and that
the additional risk is directly proportional with ELCR=3.837DR - 0.0405, with a r? = 0.9999 for six samples of shisha.

{total}

For six samples, the result shows a positive association between the absorbed dose rate and the ELCR. It implies that the two vari-

ables are directly correlated and that the absorbed dose rate increased proportionately in regions with higher excess lifetime cancer.

Conclusions and Recommendations

Conclusions

This study aimed to evaluate the possible effects of background radiation from shisha smoke. Background radiation is the natural
radiation from the sun, the earth, and building materials. The shisha was retrieved from the Ashwa local market in Dire Dawa City, Ethi-
opia. The associated radiation danger features were evaluated using gamma-ray spectroscopy or a high-purity germanium detector
(HPGe). The specific activity of 28U, 2Th, and *’K for shisha samples are less than the global limits of 35, 30, and 400 Bq kg, in that
order. Shisha has detrimental effects on one’s health, finances, social standing, and other issues. Even shisha’s inherent radioactivity

may be a foremost contributing factor to the harmful consequences of shisha usage on health.
Recommendations

The projected increased lifetime cancer risk values are in accord with the recommendations for shisha. According to the report, pub-
lic awareness of the health hazards that smoking and shisha pose in public places for both smokers and non-smokers. The researchers
advised Ethiopia’s government to build on the close community relations he established five years ago by raising awareness of the

dangers of smoking in public places.

Additionally, this study’s data may be valuable for mapping naturally occurring radioactivity and serving as a baseline for further
research.
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