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Exposure of aquatic organisms
to natural radionuclides
In irrigation drains, Qena, Egypt

K. Salahel Din®**, N. K. Ahmed?, A. Abbady* & F. M. Abdallah?

Natural radioactivity in irrigation drains was measured by gamma spectrometry, and the resulting
dose rates received by aquatic organisms were estimated. Irrigation water and sediment samples
were collected from 5 irrigation drains located in Qena governorate, south of Egypt. The average
activity concentrations (Bq L) of 2Ra, 2*2Th, and “° K in irrigation water were 0.76 + 0.06, 0.27 £ 0.02,
and 8.14+0.71, while in sediment (Bq kg™) were 24.46 +1.84, 20.72 +1.45, and 453.00 + 28.14,
respectively. The total dose rate per aquatic organism ranged from 1.94 x 10-% pGy h! in Mollusc to
7.15x107% pGy h™*in phytoplankton. These values are far from the international recommended limit
400 pGy h for chronic exposure to aquatic organisms, and the dose rate screening value of 10 pGy h?
suggested by ERICA tool. Based on these results, it is unlikely that harmful effects will appear on the
considered aquatic organisms due to exposure to natural radioactivity in the studied environment.

The primordial radionuclides uranium, thorium, and potassium-40 are widely distributed in our environment
and represent the main source of background radiation to which all living organisms are exposed. Exposure to
background radiation is an ongoing and inescapable feature of life on earth. The United Nations Scientific Com-
mittee on the Effects of Atomic Radiation (UNSCEAR) reported that uranium, thorium, and potassium in soil
contribute 25%, 40% and 35% of the dose received by humans'. The environmental behavior of these radionu-
clides depends to a large extent on the characteristics of the ecosystem, so understanding the behavior, mobility,
and potential hazard of natural radionuclides is very important for decision-making to protect the environment.

Exposure of non-human organisms to high levels of radiation leads to the emergence of biological responses
to them. Therefore, estimating the absorbed dose of those organisms is considered necessary to assess the poten-
tial effects of radiation exposure and the harmful risks that it entails in addition to its importance for set-
ting environmental protection criteria. Many international organizations such as European Commission (EC),
International Atomic Energy Agency (IAEA), International Commission on Radiological Protection (ICRP),
UNSCEAR, and United States Department of Energy (US-DOE) are concerned with protecting the environ-
ment from the harmful effects of ionizing radiation and are working on setting criteria for the protection of the
environment, some of which are directed to protect non-human species.

Dose limits for various terrestrial and aquatic plants and animals are based on monitoring disease and mortal-
ity rates. ICRP believes that if humans are protected (not exceeding the dose limit of 1 mSv y™!), the non-human
species will also be adequately protected®. IAEA and UNSCEAR have proposed a value of 1 mGy d™! as dose rate
limit to protect non-human species*®. The dose limits set by the US-DOE are 1 mGy d™" for terrestrial animals
and 10 mGy d™’ for terrestrial plants and aquatic animals®.

Despite the possibility of estimating the doses to which humans are exposed from natural background radia-
tion, the matter for non-human species is different due to the different composition and behavior of these organ-
isms. Therefore, estimating the effects of radiation on these species is very difficult, as it is impossible to take into
account all the animals and plants that are located in a particular geographical area. To overcome this, a group
of organisms representing the ecosystem is selected, called reference organisms, for which models are built to
help in calculating dose rates for them.

In Egypt, various studies dealing with radiological risk due to naturally occurring radionuclides in ter-
restrial and aquatic ecosystems focus on the exposure to humans, while exposure to non-human biota is not
covered. Only study conducted by Tawfik et al. aimed to predicate radiological exposure levels of marine biota
on the Mediterranean coast was found in literature’. Therefore, the current study aims to evaluate the natural
radioactivity levels in sediments and water of irrigation drains located in Qena region, southern Egypt, which is
directly affected by the fertilizers used for agricultural purposes that represent a source of freshwater pollution.
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In addition to calculating the external and internal dose rates for some aquatic reference organisms (Phytoplank-
ton, Molluscs, and Crustaceans) depending on the measured activity in the environmental medium (sediments
and water). This study will be the first effort to estimate the dose rates to aquatic organisms in the freshwater
ecosystem in Egypt.

Materials and methods

Samples collection and preparation. Freshwater and sediment samples were collected from 5 irriga-
tion drains (EL-Shikah, EL- Tramsa, EL-Mahrosa, EL-Aslia, and EL-Rawy) located in the geographical area of
Qena city, the capital of Qena Governorate, 600 km south of Cairo, (Figs. 1 and 2). 3 sites inside each drain were
randomly selected as sampling site; one of these sites represents the outlet of the drain into the Nile River. In
addition, one site facing each drain in the main stream of the Nile River was selected to collect freshwater only,
thus the total number of samples are 20 freshwater and 15 sediment samples.

Polyethylene Marinelli beakers with a capacity of 1.4 L are used as collection and measuring containers. The
beakers were washed with dilute hydrochloric acid and distilled water before use, filled to brim, and then pressed
the tight lid to eliminate the internal air. Drops of HNO; were added to the samples to prevent the adhesive of
radionuclides with bottle walls®.

Sediment samples were collected by Ekman grab sediment sampler. The collected samples were dried using
electrical oven at a temperature of 105°C for 24 h, then sieved through 200 mesh size. The dried samples were
filled in hermetical sealed 500 ml polyethylene beakers. The prepared water and sediment samples were stored
for 4 weeks to reach a secular equilibrium of radium and thorium with their progenies’.

Measuring systems. Gamma-ray spectrometer consisting of "3x 3" Nal (TI) detector enclosed in 5 cm
thick cylindrical lead shield to reduce the background radiation and connected with 1024 multichannel analyzer
was used. The spectrometer was calibrated for energy using ®*Co and '*’Cs standard point sources, and calibrated
for efficiency using a multi-nuclides standard solution which covers a wide range of energy'®. The spectrum was
accumulated from each sample over 24 h and analyzed by Maestro software. The background was measured
under the same condition of sample measurement.?”’Ra was determined using ?'*Bi and *'*Pb gamma-lines at
609 keV and 352 keV, respectively, while 2*?Th from gamma-lines of ?8Ac (911 keV) and ?!Pb (238 keV). “K
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Figure 1. Location map of the area under study (ArcGIS software 10.8.1; ArcGIS Online).
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EL- Rawy drain (D5)

Figure 2. Irrigation drain under study.

was determined from its single gamma-line at 1460 keV. The activity concentration was calculated using the
following formula (Eq. 1)*%.
Cn
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where A is the activity concentration (Bq kg™') or (Bq1™!), C,, is the net counts under a given peak area, T the
sample counting time, ¢ is the detection efficiency at measured energy, P is the emission probability and V is the
sample volume in liter, M is the sample mass in kilogram. Minimum detectable activity (MDA) was estimated
according to Currie definition using Eq. 2! and the MDA values were 0.031, 0.035 and 1.94 Bq L™! for ?*°Ra,
22Th, and *K, respectively.

2.71 + 4654/B
MDA=+7I 2)
TxexPxV

where B is the background counts under a given peak area,T,e, P, and V are defined above.

Doses for aquatic organisms.  The external and internal absorbed dose rate for aquatic organisms (Phy-
toplankton, Mollusca, and Crustacean) in the studied irrigation drains was calculated based on the measured
activity concentrations of *Ra, **Th, and *)K in environmental media (water and sediment) and using dose
conversion coefficients of a given radionuclide for the reference organisms according to the method outlined by
Brown et al. described below!>!4,

(Sediment conc. wet) ugionuciide = (Sediment conc. dry) adionuclide ¥ (solids fmction)

. . (3)
+ (water conc.)adionuctide X (1 — (solzds fractzon).
ternal
(External dose rate)mdionuclide,organism = DPUCfgd%’:;chide, organism
X [Sedime”t conc. Wetradionuclide X< (fsedorganism +fsed5urorganism/2) (4)

+(fwaterorganism +f53d5urorganism/2) X water Conc-mdionuclide/looo}

_ organism internal
(Internal dose rate)rudionuclide, organism — (water CO”C-)mdionuclide X CFmdionuclide XDPUCmdionuclide, organism

(5)
where sediment conc. is the sediment activity concentration of a given radionuclide in Bq kg™!,water conc. is the
water activity concentration of a given radionuclide in Bq m™, CF is distribution coefficient factors for given
radionuclide in freshwater sediment in m?® kg™, DPUC is the dose rate per unit concentration coeficients (fresh
weight) in 4Gy h™! per Bq kg™ weighted for radiation type (alpha= 10, low energy beta =3, and high energy beta
and gamma = 1), solids fraction of wet sediment (0.4), fsed oganism i the time fraction spends by organism in
sediment, fsedsur ogpism is the time fraction spends by organism at the sediment/water interface, fwater ,paniom
is the time fraction spends by organism in the water column. All parameters used in calculation are taken from
Prohl (2003)" and Vives i Battle et al. (2004)'°. The total dose is then calculated by summating the external and
internal doses.

Results and discussion

Natural radioactivity levels in irrigation drains.  The average activity concentration of ***Ra, 2**Th, and
“K in irrigation water and sediment samples collected from 5 irrigation drains located in Qena governorate, south
Egypt are present in Table 1. For irrigation water, the 2°Ra activity concentration ranged from 0.60+0.05 Bq L™
in EL- Rawy drain to 0.92+0.07 Bq L™ in EL-Tramsa drain with an average value of 0.76+0.06 Bq L™". #**Th
activity was from 0.21+0.02 Bq L™! in EL-Rawy drain to 0.35+0.03 Bq L™ in EL-Tramsa drain with an average
value of 0.27 £0.02 Bq L. ¥ K activity was from 7.61+0.62 Bq L™ in EL-Shikah drain to 8.67+0.53 Bq L™! in
EL-Mahrosa drain with an average value of 8.14+0.71 Bq L™". The results indicate that ?°Ra, 2*?Th, and %’ K
activities have a narrow range in the studied irrigation drains, which reflects that the water in these drains comes
from the same source, the Nile River. In all studied drains >**Ra concentrations are higher than **Th, which may
be due to the effect of the fertilizers used for agriculture purposes and the high solubility of radium'’. “K con-
centrations are one order of magnitude higher than those of ?°Ra and #**Th, which is consistent with potassium
being one of the main elements in nature'®.

Irrigation water (Bq L) Sediment (Bq kg!)
Area and code 226Ra 22Th 9K 226Ra/*?Th | **Ra 22Th K 226Ra/**Th
EL-Shikah (D1) 0.78+0.07 |0.30£0.02 | 7.61+0.62 |2.60 21.35+£1.22 |2250+1.69 |371.65+25.10 |0.95
EL- Tramsa (D2) 0.92+0.07 |0.35£0.03 |8.54+0.92 |2.63 30.35+2.10 |26.05£1.33 |572.10+30.35 |1.17
EL-Mahrosa (D3) 0.79+0.06 |0.25+0.02 |8.67+0.53 |3.16 2391+2.16 |1595+1.05 |493.85+42.80 | 1.50
EL- Aslia (D4) 0.71+£0.06 |0.26+0.03 |8.11+0.75 |2.73 19.80+1.69 |17.05+1.36 |377.10+19.30 | 1.16
EL- Rawy (D5) 0.60+£0.05 |0.21+£0.02 |7.76£0.72 |2.86 26.90+2.02 |22.05+1.84 |450.30+23.15 |1.22
All-Average 0.76+0.06 |0.27+0.02 |8.14£0.71 |2.73 24.46+1.84 |20.72+1.45 |453.00+28.14 |1.20

Table 1. Average activity concentration of **Ra, #*2Th, and *° K and ***Ra/ »**Th ratio in irrigation water and
sediment from Qena governorate, Egypt.
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Similar trend was observed in sediment samples, where >**Ra concentrations are higher than ?**Th, and
40K concentrations are one order of magnitude higher than both radium and thorium. These results support
the fact that sediments act as a sink for the pollutants found in the water column'®. *°Ra values ranged from
19.80+1.69 Bq kg™! in EL- Aslia drain to 30.35+2.10 Bq kg™! in EL-Tramsa drain with an average value of
24.46 +£1.84 Bq kg!. #*Th ranged from 15.95+1.05 Bq kg™! in EL-Mahrosa drain to 26.05+1.33 Bq kg™ in EL-
Tramsa drain with an average value of 20.72+1.45 Bq kg™". ** K was from 371.65+25.10 Bq kg™! in EL-Shikah
to 572.10+30.35 Bq kg™! in EL-Tramsa drain with an average value of 453.00+28.14 Bq kg™

The #**Ra/**Th activity ratios (Table 1) revealed that **°Ra activity is on average 2.73 and 1.20 times higher
than *?Th activity in measured irrigation water and sediment samples, respectively. This could be attributed to
the contamination from fertilizers discharge and the solubility and geological differences between ??°Ra and 2**Th.

The spatial distribution of ***Ra, 2*?Th, and ** K in irrigation water within each is plotted in Fig. 3 using Arc-
GIS software. It is clear that the radionuclide concentration varies from one place to another within the drain
and from one drain to another, which may be due to several factors such as the type and quantity of fertilizer
used in the nearby farmlands, the irrigation periodicity of farmlands, and the level of water body of the drain.
The figure also shows a lower activity concentration of the studied radionuclides in the mainstream of the Nile
river compared to the drains, which reflects the insignificant effect of irrigation water drainage into the Nile on
the levels of radionuclides that could be due to the dilution process caused by the large water body of the Nile
compared to the drains.

Comparison with previous studies indicated that the activities of ?°Ra, **Th, and *’ K in the current study
are higher than those observed for Nasser Lake water (***Ra: 0.0033 Bq L™') and Nile water from Assiut, Egypt
(***Ra:0.20, »*?Th:0.08, “° K:0.69 Bq L™')***!. Also, sediment samples have higher activities compared to those
obtained for Nasser Lake sediment (***Ra: 22.0, * K: 326.20 Bq kg™') and Nile sediment from Qena, Egypt
(**Ra:14.44, #*Th:15.02, ** K:197.57 Bq kg™*)?*%.

Dose rates of aquatic organism. The external, internal, and total absorbed dose rates per aquatic organ-
isms (phytoplankton, mollusc, and crustacean) were calculated according to the procedure outlined above and
the average values are present in Table 2. Of the considered aquatic organisms, mollusc received lower doses
with values of 1.84x 107" and 9.71 x 10 uGy h™', while phytoplankton received higher doses with values of
7.01x107% and 1.37x 107 pGy h! for external and internal, respectively. Percentage contribution of **Ra,
22Th, and ** K to the internal and external doses of the considered aquatic organisms are shown in Figs. 4 and
5. 22%Ra is the main contributor to the internal dose of phytoplankton and crustacean, while *° K is for mollusc.
In mollusc and crustacean, **Th contributes insignificantly to the internal dose, while in phytoplankton the
insignificant contribution is from * K. The external dose received by the considered organisms mainly comes
from *° K and negligible contribution comes from ***Th and ?**Ra (Fig. 5). Total dose rates per organism are
7.15x107%,1.94 x 10", and 5.42 x 10" pGy h™! for phytoplankton, mollusc, and crustacean, respectively. Com-
paring these values with the value of 400 pGy h™! recommended by international organizations*® and the value
of 10 uGy h™! recommended by the ERICA tool® for chronic exposure to aquatic organisms, below which it is
unlikely that harmful effects will appear. The dose rates of considered organisms in the areas under study are less
than the level that is likely to cause harm to aquatic organisms. Therefore, the risks to the aquatic organisms in
the area under study are minimal.

Conclusions

In this study, the natural radioactivity levels due to *Ra, #*Th, and “°K were measured by means of gamma
spectrometry in the water and sediments of the 5 irrigation drains located in Qena, southern Egypt. The results
showed different natural radioactivity levels from one drain to another. In general, the activity levels of >**Ra
were higher than that of #*Th, which reflects the affected of irrigation water by the fertilizers used for agriculture
purposes. The activity of °K was one order of magnitude higher than that of **Ra and ***Th. By studying the
spatial distribution of natural radionuclides of the irrigation water samples in the five drains and their outlets
into the Nile river, it was clear that a decrease in the activity level in the Nile mainstream. This may be attributed
to the dilution that occurred in the Nile due to the large water body of the Nile compared to drains. Dose rates
of aquatic organisms (Phytoplankton, Mollusc, and Crustacean) as a result of exposure to natural radionuclides
226Ra, #2Th, and “K were calculated, and the results showed that it is unlikely that harmful effects will appear
on those organisms due to exposure to the considered radionuclides in the environment under study. This study
provides the first basic data on radioactivity levels in the freshwater environment in Egypt and assesses the
associated radiological risks to aquatic organisms. Given the importance of this type of study, regular monitor-
ing of the levels of natural and artificial radioactivity in those environments is important for the assessment of
radiological risks in order to protect those organisms and the environment in general.
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Figure 3. Spatial distribution of natural radionuclides (Bq L™) in the irrigation drains under study ((ArcGIS
software 10.8.1; ArcGIS Online).
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Figure 5. Percentage contribution of natural radionuclides to the external dose of aquatic organisms.

Data availability

The data used for this study will be available from the corresponding author upon request.

Received: 3 October 2022; Accepted: 4 January 2023
Published online: 09 January 2023

References
1. UNSCEAR, Sources and effects of ionizing radiation. Report to the general assembly, with scientific annexes, United Nations, New
York (2008).
2. Gomez-Ros, J. S., Prohl, G. & Taranenko, V. Estimation of internal and external exposures of terrestrial reference organisms to
natural radionuclides in the environment. J. Radiol. Prot. 24, A79-A88 (2004).
3. ICRP. International Commission on Radiological Protection 1990 Recommendations of the International Commission on Radio-
logical Protection. Oxford: Pergamon Press, Pub No 60; Ann. ICRP 21, 1-3, (1991).

Scientific Reports | (2023) 13:413 | https://doi.org/10.1038/s41598-023-27594-4 nature portfolio



www.nature.com/scientificreports/

4. TAEA. International Atomic Energy Agency Effects of ionizing radiation on plants and animals at levels implied by current radia-
tion protection standards. Technical Reports Series No. 332, Vienna: (1992).

5. UNSCEAR, Sources and effects of ionizing radiation. Report to the general assembly, with scientific annexes, United Nations, New
York (1996).

6. US-DOE. U.S. Department of Energy A graded approach for evaluating radiation doses to aquatic and terrestrial biota. DOE-
STD-1153-2002 (2002).

7. Tawfik, E S., Tawfik, M. S. & Hassan, H. B. Evaluation of suitability of cooling water system of nuclear power plant in Egypt using
ERICA and RESRAD biota models. Arab J. Nucl. Sci. Appl. 55(2), 21-28 (2022).

8. Salaheldin, K., Alj, K., Harb, S. & Abbady, A. B. Natural radionuclides in groundwater from Qena governorate, Egypt. Environ.
Forensics 22(1-2), 48-55 (2021).

9. Joel, E. S. et al. Investigation of natural environmental radioactivity concentration in soil of coastaline area of Ado-Odo/Ota Nigeria
and its radiological implications. Sci. Rep. 9, 4219 (2019).

10. Harb, S., Salaheldin, K. & Abbady, A. A Study of efficiency calibrations of HPGe detectors for radioactivity measurements of
environmental samples. Proceedings of the 3rd environmental physics conference, Aswan, Egypt, 207-218 (2008).

11. Dovlete, C. & Povinec, P. Quantification of uncertainty in gamma- spectrometric analysis of environmental samples. International
Atomic Energy 133 Agency, IAEA TECDOC-1401: quantifying uncertainty in nuclear analytical measurements, Austria: IAEA,
103-126 (2004).

12. Currie, L. A. Limits for qualitative detection and quantitative determination application to radiochemistry. Anal. Chem. 40(3),
586-593. https://doi.org/10.1021/ac60259a007 (1968).

13. Brown, ], Strand, P., Hosseini, A. & Borretzen P. Handbook for Assessment of the Exposure of Biota to Ionising Radiation from
Radionuclides in the Environment (@steras: Norwegian Radiation Protection Authority) (Deliverable 5 to the Project ‘FASSET’
Framework for the assessment of Environmental Impact, contract No.FIGE-CT-2000-00102 (2003).

14. Brown, ]. E., Jones, S. R., Saxén, R., Therring, H. & Vives i Batlle, . Radiation doses to aquatic organisms from natural radionuclides.
J. Radiol. Prot. 24, A63-A77 (2004).

15. Prohl, G. Dosimetric models and data for assessing radiation exposures to biota Deliverable 3 to the Project ‘FASSET’ Framework
for the Assessment of Environmental Impact Contract No. FIGE-CT-2000-00102 (@steras: Norwegian Radiation Protection
Authority) (2003).

16. VivesiBatlle, ], Jones, S. R. & Gémez-Ros, J. M. A method for calculation of dose per unit concentration values for aquatic biota.
J. Radiol. Prot. 24(4A), A13-34. https://doi.org/10.1088/0952-4746/24/4a/002 (2004).

17. Kato, M. E. & Kim, M. S. Naturally occurring radionuclide’s in community water supplies of New York State. Health Phys 88,
253-260 (2005).

18. Fujiyoshi, R. & Sawamura, S. Mesoscale variability of vertical profiles of environmental radionuclides (’K, *Ra, '°Pb and *’Cs)
in temperate forest soils in Germany. Sci. Total Environ. 320(2-3), 177-88. https://doi.org/10.1016/j.scitotenv.2003.08.007 (2004).

19. McCready, S., Birch, G. E, Long, E. R,, Spyrakis, G. & Greely, C. R. Predictive abilities of numerical sediment quality guidelines in
Sydney Harbour, Australia, and vicinity. Environ. Inter. 32(5), 638-649. https://doi.org/10.1016/j.envint.2006.02.004 (2006).

20. Khater, A. E., Ebaid, Y. Y. & El-Mongy, S. A. Distribution pattern of natural radionuclides in Lake Nasser bottom sediments. Inter.
Cong. Series 1276, 405-406. https://doi.org/10.1016/j.ics.2004.11.112 (2005).

21. El-Gamal, H., Sefelnasr, A. & Salaheldin, G. Determination of natural radionuclides for water resources on the west bank of the
Nile river, Assiut governorate, Egypt. Water 11(311), 1-13. https://doi.org/10.3390/w11020311 (2019).

22. El-Taher, A., Najam, L. A., Hussian, I. & Omer, M. A.A. Evaluation of natural radionuclide content in Nile River sediments and
excess lifetime cancer risk associated with gamma radiation. Iran. J. Med. Phys. 16: 27-33. https://doi.org/10.22038/ijmp.2018.
30622.1351 (2019).

23. Brown, J. E. et al. The ERICA tool. J. Environ. Radioact. 99(9), 1371-1383. https://doi.org/10.1016/j.jenvrad.2008.01.008 (2008).

Author contributions

EM. and A.A collected and prepared the samples for measurements as well as performed the laboratory meas-
urements. EM., N.K and K.S. performed data analysis. K.S. was writing the draft manuscript. All authors read
and approved the final manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation Funding Authority (STDF) in coopera-
tion with The Egyptian Knowledge Bank (EKB).

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to K.S.D.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:413 | https://doi.org/10.1038/541598-023-275%4-4 nature portfolio


https://doi.org/10.1021/ac60259a007
https://doi.org/10.1088/0952-4746/24/4a/002
https://doi.org/10.1016/j.scitotenv.2003.08.007
https://doi.org/10.1016/j.envint.2006.02.004
https://doi.org/10.1016/j.ics.2004.11.112
https://doi.org/10.3390/w11020311
https://doi.org/10.22038/ijmp.2018.30622.1351
https://doi.org/10.22038/ijmp.2018.30622.1351
https://doi.org/10.1016/j.jenvrad.2008.01.008
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Exposure of aquatic organisms to natural radionuclides in irrigation drains, Qena, Egypt
	Materials and methods
	Samples collection and preparation. 
	Measuring systems. 
	Doses for aquatic organisms. 

	Results and discussion
	Natural radioactivity levels in irrigation drains. 
	Dose rates of aquatic organism. 

	Conclusions
	References


