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1. Introduction

Water pollution is any physical or chemical modification to the quality of water that happens
either directly or indirectly and affects water quality, making it unhealthy for human consumption
[1, 2]. According to the World Health Organization, the term "drinking water" refers to water that is
suitable and safe for drinking [3].

Radioactive pollution does not cause any change in the natural characteristics of water as it is
mostly absorbed by the organisms present in this water and then transmitted to humans while
consuming these organisms, causing many dangerous effects, including defects and transformations
that occur in genetic genes. Therefore, knowing the extent of its danger to humans and other living
organisms is done by what is called radiation dosimetry, which means measuring the absorbed dose
or other relevant quantities [4-7]. An adaptable technique for assessing the dosage of ionizing
radiation is thermoluminescence dosimetry (TLD). Radiation exposure causes the TL material to
absorb energy, which is then stored until it is excited by heat. The TL glow curve presents how
much light is emitted as a function of temperature. To a few grays, the majority of TL dosimeters
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show a linear response to dosages [8-11]. The radioactivity of drinking water in many international
universities has been extensively studied [12-16]. This study focused on drinking water stations that
are often used by different age groups in Northern Basrah, Irag. The Iragi government must regulate
the local drinking water to ensure that it is free of radioactive contamination. This study is vital for
assessing the risk of radioactivity to humans and for developing policies and guidelines related to
radiation safety. It is essential for figuring out how much radiation the Iragi people are exposed to.
This is due to the fact that excessive radiation exposure can lead to serious health issues like cancer
[17]. For this reason, it is important to conduct this study. For the purpose of tracking radiation
risks to human health, it is essential to measure the radiation dose in drinking water [12, 18, 19].
This scientific research aims to create a map of radiological data regarding the radiation risks in
drinking water. To achieve this, it is critical to compute and investigate the radioactivity and
radiation risk indices of the drinking water stations that are located in northern Basrah, Irag.

2. Data Collection

As indicated in Table 1, nine samples of drinking water were chosen, and all of the samples
were subsequently gathered from various sites in the northern Basrah governorate. This study took
place over the course of three months, from August 2024 to November 2024.

Table 1. Sample information

Sample Sample volume Sample location
code (liter)

w1 60 AL-Nuhirat /Qurnah/Basrah
W2 60 Center of Qurnah/Basrah
W3 60 AL-Hamdawy/Qurnah/Basrah
w4 60 AL- Naiem/ Qurnah/Basrah
W5 60 Sadt Kamesa/Qurnah/Basrah
W6 60 AL-Dear/ Qurnah/Basrah
W7 60 AL- Sadeq / Mdaina/Basrah
w8 60 Ice plant/ Qurnah /Basrah
W9 60 Center of Mdaina / Basrah

A plastic beaker was filled with 60 liters of drinking water. In the center of the filled beaker
were three annealed TLD-200 dosimeters. To gather a sufficient quantity of gamma radiation,
labeled beakers were stored in the Thermoluminescence Laboratory before the measurement [20-
22].

3. Measurement Methods

The Harshaw model 2000 B/C reader is used in the current work. One of the basic components
of TL reader is a planchet (pan) for locating and heating the TL dosimeter. In this research, preset
the planchet temperature of (100°C) at which integration begins whereas to the planchet
temperature of (300°C) at which integration stops.

The thermoluminescence (TL) approach was used to measure the water consumption samples
using dosimeters of CaF2:Dy (TLD-200). The lower detection limit (Dia)) of TLD-200 equals to 0.3
(arbitrary units). The TLD-200's calibration equation is shown as [23] :

Dy = () e ®

The unknown dose Dx is the water drinking sample dose, the quantity Mx is the average reading of
subgroup of TLDs (normally three dosimeters in each water sample) that were in a water sample.
The zero dose reading of each TLD (B: the background of TLD), D¢ (calibration dose) = 64 mrad
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and the magnitude of average reading related to the calibration dose M — B = 118.684 (arbitrary
units). The light emission acquired during the TLD readout is converted to the absorbed dosage (Dx)
of the water drinking sample using Equationl [23].

3.1 Annual effective dose equivalent
These formulas are used to determine the indoor and outdoor of AEDE [24]:

AEDE 00 (M) = dose(D) x8760x conversion(0.7) x occupancy(0.2 x10™°) 2)
y

AEDE, .., (@) = dose(D) x8760x conversiorn(0.7) x occupancy(0.8 x107°) (3)
y

Where: D is absorbed dose rate measured in nGy/h. The first factor is called the conversion
factor of 0.7 Sv/Gy. The second factor is called the occupancy factor is 0.8 and 0.2 for indoor and
outdoor respectively, since people spend approximately 80% of their time indoor and 20% outdoor
[24].

3.2 Excess lifetime cancer risk

The following factors might be taken into consideration when evaluating the excess lifetime
cancer risk, which is caused by gamma radiation effects: [9, 25]:
ELCR = AEDE x DL x RF @)

In this case, AEDE, DL, and RF stand for annual effective dosage, standard age (70 years), and
risk factor, respectively. As advised by the ICRP for stochastic impacts, the public's risk factor is
0.05 per Sievert. [25, 26].

4. Results and Discussion

As illustrated in Table 2 and Figures 1 and 2, the absorbed dose ranges for all water samples
determined by the TL approach (using equation 1) were 0.0161 nGy/h and 2.766 nGy/h, with
averages of 1.206 + 0.656. The outcomes obtained appear to be smaller than the standard
acceptable limit dose rates. The accepted standard limit dose rates of 58 nGy/h mentioned in
UNSCEAR 2000 [24]. For every water sample, the TL approach was used to calculate the excess
lifetime cancer risk (ELCR) and annual effective dose equivalent (AEDE) values for both indoor
and outdoor gamma exposures. Equations 2, 3, and 4 were used to perform the mathematical
computations of these data. The ranges of AEDEoutdoor , AEDEingoor, ELCRoutdoor and ELCRingoor
measured by TL technique were (0.0002 and 0.003 ) mSv/y, (0.0001 and 0.012) mSv/y, (0.001 and
0.010) and (0.0003 and 0.040) with averages of (0.001+0.001) mSv/y, (0.005+£0.003) mSvly,
(0.004+0.002) x10° and (0.018+0.010) x10°® respectively as demonstrated in Table 2 and Figuresl
and 2.

Table 2. Gamma absorbed dose (D), annual effective dose equivalent (AEDE), and excess
lifetime cancer risk (ELCR) are measured using the TL technique

AEDE (mSvly) ELCRx10°

Sample code DinGyM) Outd Ind Outd Ind
utaoor naoor utaoor naoor
w1 1.170 0.001 0.005 0.004 0.017
W2 0.0161 0.00002 0.0001 0.0001 0.0003
W3 1.072 0.001 0.004 0.004 0.016
W4 2.766 0.003 0.012 0.010 0.040
W5 1.190 0.001 0.005 0.004 0.017
W6 1.211 0.001 0.005 0.004 0.018
W7 1.128 0.001 0.005 0.004 0.016
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W8 1.162 0.001 0.005 0.004 0.017
W9 1.139 0.001 0.005 0.004 0.017
MIN 0.0161 0.00002 0.0001 0.0001 0.0003
MAX 2.766 0.003 0.012 0.010 0.040

Average+SD L.206 + 0.656 0.001+0.001 0.005+0.003 0.004+0.002 0.018+0.010
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Fig.1. Gamma absorbed dose (D) is measured using the TL technique
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Fig.2. Annual effective dose equivalent (AEDE), and excess lifetime cancer risk (ELCR) are
measured using the TL technique

All water samples seem to have AEDE and ELCR readings below the allowable range.
UNSCEAR 2000 recommended that the world average outdoor and indoor annual effective dosage
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equivalent be 0.07 mSv/y and 0.34 mSvly, respectively. UNSCEAR 2000 reports the agreed global
average ELCRoutgoor Of 0.29 x 10-3 and ELCRindoor Of 1.4 x 10-3 [24, 26]. The findings from
different stations show very little variation. This means that water drinking in northern Basrah
stations is almost the same source except sample coded as WA4.

5. Conclusion

All samples were analysed for excess lifetime cancer risk values, absorbed dose rates,
and yearly effective dose equivalent values. The results indicate that there is no radiation
risk associated with the drinking water drank in the northern Basrah, Irag. In order to
establish baseline data on drinking water use for the creation of a radiological map of
Basrah, Irag, the current study suggests that other drinking water stations should conduct
comparable studies.

Acknowledgment

All those who helped to declare this issue are acknowledged by the authors. We would
especially want to thank the academic staff at the University of Basrah/ College of Education for
Pure Sciences/ Department of Physics.

Conflict of Interest

No conflicts of interest are disclosed by the authors.

References

[1] F. N. Chaudhry and M. Malik, "Factors affecting water pollution: a review," J. Ecosyst.
Ecography, vol. 7, pp. 225-231, 2017.DOI: https://doi.org/10.4172/2157-7625.1000225.

[2] N. Getoff, "Factors influencing the efficiency of radiation-induced degradation of water
pollutants,” Radiation Physics and Chemistry, vol. 65, pp. 437-446, 2002.DOI:
https://doi.org/10.1016/s0969-806x(02)00342-0.

[3] W. H. Organization, Guidelines for drinking-water quality: incorporating the first and
second addenda: World Health Organization, 2022.

[4] M. A.N. Azman, P. S. Goh, A. F. Ismail, K. Jamaluddin, K. Y. Wong, and A. S. Sahril,
"Forward Osmosis as a Contemporary Treatment Solution for Mitigating Radionuclide
Pollution in Water Bodies,” Journal of Environmental Chemical Engineering, p.
112542, 2024.DOI: https://doi.org/10.1016/j.jece.2024.112542.

[5] M. F. Cheira, A. S. Ahmed, and E. A. Elshehy, "Advances of 2D nanostructure-based
membranes for water treatment and radioactive pollutants removal,” in
Functionalization of Two-Dimensional Materials and Their Applications, ed: Elsevier,
2024, pp. 209-270.DOI: https://doi.org/10.1016/b978-0-323-89955-0.00004-2.

[6] S. Bochynska, A. Duszewska, M. Maciejewska-Jeske, M. Wrona, A. Szeliga, M.
Budzik, A. Szczesnowicz, G. Bala, M. Trzcinski, and B. Meczekalski, "The impact of
water pollution on the health of older people,” Maturitas, vol. 185, p. 107981,
2024.DOl: https://doi.org/10.1016/j.maturitas.2024.107981.

[71 S. S. Khasanova and M. A. Saydulgerieva, "Environmental pollution and
implementation of sustainable development goals," in BIO Web of Conferences, 2024,
p. 06007

[8] R. C. A. Hail and S. A. Talib, "Measurement of environmental radioactivity for
estimation of radiation Exposure from surface water in the Basrah Governorate,"”
Journal of Basrah Researches ((Sciences)), vol. 46, 2020

103



Z. H. Ahmed, A. Al-Salihi.

[9] A. Alsalihi and R. Abualhiall, "Estimation of Radiation Doses, Hazard Indices and
Excess Life Time Cancer Risk in Dry Legumes Consumed in Basrah
Governorate/lrag," J. Pharm. Sci. Res., vol. 11, pp. 1340-1346, 2019

[10]R. A. Alhiall and A.-A. Alsalihi, "Radiation dosimetry of some rice types consumed in
Basrah Governorate/lraq by using thermoluminescence technique and SAM940-2G,"
Int. J. Environ. Sci. Technol., vol. 16, pp. 6579-6586, 17 December 2018 2018.DOI:
10.1007/s13762-018-2176-y

[11]R. Abualhail, A. A. Abbas, and A. Alsalihi, "Measurement of Radioactivity in Flour
and Macaroni Consumed in Basrah Governorate, Irag and Evaluation of Gamma Dose
Rates, Radiological Hazard Indices, Excess Life Time Cancer Risk and Ingestion
Effective Dose," J. Basra. Res. (Sci.), vol. 43, pp. 58-69, 2017

[12]1. Fatima, J. Zaidi, M. Arif, and S. Tahir, "Measurement of natural radioactivity in
bottled drinking water in Pakistan and consequent dose estimates,” Radiat. Prot.
Dosim., vol. 123, pp. 234-240, 2007.DOI: https://doi.org/10.1093/rpd/ncl093.

[13]E. Ehsanpour, M. R. Abdi, M. Mostajaboddavati, and H. Bagheri, "226 Ra, 232 Th and
40 K contents in water samples in part of central deserts in Iran and their potential
radiological risk to human population,” J. Environ. Health Sci. Eng., vol. 12, pp. 1-7,
2014.DOl: https://doi.org/10.1186/2052-336x-12-80.

[14]S. Yeasmin, A. Begum, A. Rahman, S. M. Hossain, and M. M. Akramuzzaman,
"Distribution of Environmental Radioactivity in Drinking water Samples of the
Surrounding Area of proposed Rooppur Nuclear plant in Bangladesh,” Jahangirnagar
Univ. Environ. Bull., vol. 1, pp. 35-39, 2012.DOl:
https://doi.org/10.3329/jueb.v1i0.14545.

[15]A. A. Fakeha, S. Q. Hamidalddin, and Z. M. Alamoudy, "Concentrations of natural
radioactivity and their contribution to the absorbed dose from water samples from the
Western Province, Saudi Arabia,” J. King Saud Univ. Sci, vol. 148, pp. 1-28,
2011.DOIl: https://doi.org/10.4197/sci.23-2.2.

[16]N. Ahmad, M. Rafique, and T. Nasir, "Age-dependent annual effective dose estimations
of 226Ra, 232Th, 40K and 222Rn from drinking water in Baling, Malaysia,” Water Sci.
Technol.: Water Supply, vol. 18, pp. 32-39, 2018.doi:
https://doi.org/10.2166/ws.2017.094

[17]H. Cember and T. E. Johnson. (2009). Introduction to Health Physics (Fourth ed.).
Available: www.mhprofessional.comdoi: 10.1063/1.2916417.

[18]M. M. Isam Salih, H. BL Pettersson, and E. Lund, "Uranium and thorium series
radionuclides in drinking water from drilled bedrock wells: correlation to geology and
bedrock radioactivity and dose estimation,” Radiat. Prot. Dosim., vol. 102, pp. 249-258,
2002.DOI: https://doi.org/10.1093/oxfordjournals.rpd.a006093.

[19]R. M. Ramadhan, A. Al-Salihi, and A. H. Khalaf, "Measurement of radiological
baseline data of the hazard radiation in bottled drinking water samples in Basrah/Iraqg,"
Basrah Journal of Science, vol. 38, pp. 544-558, 2020

[20]V. Mejdahl, "Thermoluminescence Dating of Ancient Danish Ceramics,"”
Archaeometry, vol. 11 p. 99 to 104, 1969.DOI: 10.1111/j.1475-4754.1969.tb00632.x

[21]R. C. Abul-Hail, "Radiation Dosimetry of Food Salt and its Possible Use as a TL
Dosimeter,” PhD, Physics, University of Basrah, Basrah/Irag, 2009

[22] International Atomic Energy Agency, "Measurement of Radionuclides in Food and the
Environment " International Atomic Energy Agency ( IAEA), Vienna 295, 1989.DOI:
10.18356/c316b91d-en.

[23]C. Furetta, Handbook of Thermoluminescence, Second ed.: World Scientific Publishing
Co. Pte. Ltd., 2010.DOI: 10.1142/7187.

104


http://www.mhprofessional.comdoi/

The Radioactivity Monitoring... J. Basrah Res. (Sci.) 51(1), 99 (2025).

[24] United Nations Scientific Committee on the Effects of Atomic Radiation, Sources and
Effects of lonizing Radiation vol. 1. United Nations, New York: United Nations Sales
Publication, 2000.DOI: https://doi.org/10.18356/f48d655d-en.

[25] International Commission on Radiological Protection, "ICRP publication 103," Ann.
ICRP, vol. 37, pp. 1-34, 2007

[26]H. Taskin, M. Karavus, P. Ay, A. Topuzoglu, S. Hidiroglu, and G. Karahan,
"Radionuclide concentrations in soil and lifetime cancer risk due to gamma
radioactivity in Kirklareli, Turkey,” J. Environ. Radioact., vol. 100, pp. 49-53,
2009.DOI: 10.1016/j.jenvrad.2008.10.012.

105



U Journal of Basrah Researches (Sciences) 51(1), 99 (2025)
DOlhttps://doi.org/10.56714/bjrs.51.1.8

¢ @ad) ¢ 3_uall dadlaa Jlad uﬁ dsigriieall i) olual (S lad) laladl) 48| 4a
Al GBI 485 aladnuly
o mlld craa llae ' daal Bila o) 4 )

Bl 3 padl 3 panll dxala (A yall (,)Ldl A il A4S (el yaall V:Mg’
Gl 3 eadl 6 jeal daala (lind) Gila A4S Gl o slall ¢ 5

ailal) Giay) il glaa
B)@\&B&M@Mu&uwuﬂ\o@wﬁh&c&ﬁ@;eﬁ 2025@\:\3\0}1\59 aokEuY)
Gadaly ool all ) 4 aadiuly ol el eledy) Ll . 2025 1315 dxalall
de yal aad (3 (TLD-200) pssess sl 4y sial) o g€l 3yl ol S 2025 86 J,4
olel il L /i e v, e e ) S WS dadl e Gabiaiay) 2025 U »x»30
Gl & Lanfcii Al o0V LS dell (e paliaiel) de al da8 Faliid) i)

Clie prand lopudl ALAY) ki Julees 4GS il Alleil) deall
e b o3 Al o) e OB Loy ) e i o5l e s gl gl £ B
B)..aﬂ\ &S&M@aﬂmm&]uﬁmﬂ&mwu}ﬁ\ bt:\A 3 S\ iladla o ‘u):d‘

Citation: Z. H. Ahmed, A.
Al-Salihi,J.Basrah Res. (Sci.)

51(1),99 (2025).
DOl:https://doi.org/10.56714/
bjrs.51.1.8
“Corresponding author email : abdalrahman.hassan@uobasrah.edu.iq
® ©2022 College of Education for Pure Science, University of ISSN: 1817-2695 (Print); 2411-524X (Online)
@ Basrah. This is an Open Access Article Under the CC by Online at: https://jou.jobrs.edu.iq
EY License the CC BY 4.0 license.



https://doi.org/10.56714/bjrs.51.1.8
https://creativecommons.org/licenses/by/4.0/
https://jou.jobrs.edu.iq/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.56714/bjrs.51.1.8
https://doi.org/10.56714/bjrs.51.1.8

