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ABSTRACT

Naturally occurring radioisotopes (radionuclides) such as
238U, 222Th, and *°K, along with their decay products, contribute
significantly to external gamma radiation in the environment.
The present geological study investigates the variation of
outdoor gamma air dose rates in thedrought-affected Hamamok
Dam basin soil compare to surrounding virgin soils (weathered
host rocks) in the Koy Sanjaq District-Iraq. Due to extremely
low rainfall in the past two years, the dam is nearly empty,
exposing extensive soil deposits and enabling direct field
assessment. Air dose rate measurements were conducted using a
thermo scientific RIIDEye-G handheld detector along two
transects: Accumulated soils within the dam basin (Dip
direction) and undisturbed virgin soils (Strike line). Results
showed that dose rates in the dam basin ranged from 40.8 to 55.3
nSv h', with a mean of 47.53 nSv h!, while virgin soils
recorded 30.2—45.3 nSv h™', averaging 34.83 nSv h™".

Radiological risk analysis revealed that the mean annual
effective dose AED (0.083 mSv yr') and excess lifetime cancer
risk ELCR (291 x 10™*) remain below international safety
thresholds, though slightly elevated compared to natural
background levels. These findings highlight the influence of
upstream sediment deposition and current mineral composition
on radionuclide accumulation in dam environments. This study
underscores the importance of regular monitoring of natural
radionuclide activity in upstream deposits to ensure consumer
safety.

Keywords: Residual moist soil, Air dose rate, Hamamok dam,
Upstream deposits, Radiological risk.
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INTRODUCTION

The presence of radionuclides (radioisotopes) in environmental matrices such as soil, water,
and sediments has long been recognized as a key factor influencing natural background radiation
levels and human exposure. Naturally occurring radionuclides such as 23U, 23Th, and *“’K, along
with their decay products, contribute significantly to external gamma dose rates. Their distribution is
not uniform but depends on multiple environmental and geological factors (Duong et al., 2025a).

Human activities, including nuclear weapons testing, industrial operations, and nuclear power
generation, have further altered the natural distribution of these radionuclides in many regions of the
world (Aidarkhanova et al., 2022a). Studies conducted in the Fukushima Dai-ichi accident zone have
shown that dam reservoirs not only trap radionuclide-contaminated sediments but also provide
valuable records of time-dependent contamination, highlighting their importance in reconstructing
radionuclide migration and dose assessment (Konoplev ef al., 2022). Similarly, assessments of large
artificial reservoirs, such as Lake Nasser in Egypt, demonstrated that radium-bearing sediments can
release radon gas, which contributes to both air dose rates and potential human health risks
(Ali et al. 2025).

Globally, the characterization of radionuclide distribution in soils and sediments is considered
essential for understanding environmental radiation hazards. For example, recent investigations in
Vietnam and India emphasized the role of soil composition and mineralogy (e.g., monazite, zircon,
apatite) in elevating natural dose rates, sometimes exceeding UNSCEAR recommended limits.

Coastal and shelf sediment studies have further confirmed that geological variations strongly
influence the spatial heterogeneity of dose rates and radionuclide concentrations, making site-specific
monitoring indispensable (Bramha et al., 2025; Duong et al., 2025b).

The variation of radionuclide concentrations from one place to another is primarily attributed
to differences in geological formations composition, soil mineralogy, hydrological processes, and
climatic factors. For example, Parent rock types, such as granite or basalt, determine the baseline
abundance of uranium and thorium series radionuclides, while weathering, erosion, and
sedimentation processes control their redistribution into soils and reservoirs. Sediment grain size, clay
content, and organic matter further influence the adsorption and retention of radionuclides. In
addition, anthropogenic contributions, including nuclear accidents, mining, and dam operations,
introduce heterogeneities in radionuclide deposition. These factors collectively explain why elevated
activity levels may be observed in one location, while nearby areas with different geological and
environmental settings may show much lower activity. Moreover, soil and sediments, air pathways
must also be considered. Radon exhalation and gamma emissions from radionuclide-rich sediments
have been shown to elevate ambient air dose rates near water bodies, agricultural zones, and areas of
human settlement. This underlines the importance of coupling soil and sediment radioactivity
assessments with air dose rate monitoring to provide a comprehensive evaluation of environmental
exposure (Aidarkhanova et al., 2022b; Ali et al., 2025; Bramha et al., 2025; Kuzmanovi¢, 2025;
Othman, et al., 2023; Saleh et al., 2025; Saleh et al., 2024).

These conditions create an ideal setting to explore how variations in dose rates are
simultaneously influenced by rock type and soil water content (Amestoy et al, 2021; Nakanishi
et al., 2023). The Hamamok Dam, located northwest of Koy Sanjaq in the Kurdistan Region of Iraq,
is an earthfill dam constructed in 2011 with a height of 25 m and a length of about 120—-125 m. It is
built across a deep valley formed along the southeastern plunge of the Bana Bawi anticline, part of
the Zagros Fold-Thrust Belt. The dam’s reservoir capacity is about 250,000 m?, with steep slopes on
both banks covered by limestone riprap to resist erosion. Geologically, the site is characterized by the
soft reddish-brown clastics of the Gercus Formation overlain by hard carbonate rocks of the Pila Spi
Formation, while Khurmala and Kolosh formations are exposed upstream. These lithological
contrasts, together with steep gradients and active weathering, have contributed to slope instability
problems, particularly plane sliding on the right bank and toppling on the left bank (Ghafour et al.,
2024).
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Due to the severe drought and very low rainfall in the past two years, the Hamamok small dam
is now almost empty, exposing most of its soil deposits and creating a unique opportunity for
scientific investigation. This study takes advantage of these conditions to examine the variation in air
dose rates between residual moist soils and the surrounding host rocks in this arid environment. By
combining on-site measurements with geological and environmental data, the research aims to clarify
how lithological diversity and soil moisture together affect ambient gamma radiation. The outcomes
are expected to establish reliable radiological baselines, enhance environmental monitoring strategies,
and contribute to public health risk assessments in dam-affected areas.

MATERIALS AND METHODS

Study area and stratigraphy (rock materials) of Koy Sanjaq district

The geology of the Koy Sanjaq District is dominated by Paleogene rocks belonging to the High
Folded Zone of the Zagros Mountains Fig. (1). At the base of the succession lies the Kolosh Formation
(Paleocene), which is composed mainly of dark shale, marl, and fine-grained sandstone, with
occasional thin conglomeratic layers. These deposits are interpreted as the product of deep-marine
sedimentation within the foreland basin that developed during the early stages of Zagros orogeny. In
certain parts of the district, the Kolosh Formation is overlain by the Khurmala formation, a relatively
thin carbonate unit that signals a shift from deep-marine to shallower depositional conditions. Above
this, the gercus formation (Paleocene—Eocene) appears, consisting chiefly of reddish shale and silt
with minor sandstone, reflecting deposition in a shallow marine to continental setting. The sequence
is capped by the Pila Spi Formation (Middle—Late Eocene), a resistant limestone unit that is regionally
extensive and responsible for the prominent ridges surrounding Haibat Sultan Mountain (Balaky and
Mahmud, 2021; Ghafour et al., 2024; Sissakian and Youkhanna, 1979).

It is mainly composed of well-bedded limestone and dolomitic limestone, with local thicknesses
exceeding 100 m (Sissakian and Youkhanna, 1979). Because the Pila Spi limestones are mechanically
strong, they commonly shape the crests of anticlines, while the weaker Gercus and Kolosh units
underlie the slopes and valleys. This contrast explains why many valley sides in the district, including
those near the Hamamok Small Dam, are prone to erosion and instability (Ghafour et al., 2024).

Taken together, this stratigraphic record illustrates the gradual shift from deep-marine clastics
to shallow-water carbonates during the Paleogene, while also highlighting the close link between
geology and landscape evolution in the Koy Sanjaq region.
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Methdology

Air dose rate measurements were conducted in the drought-affected areas of the Hamamok
Dam using the Thermo Scientific RIIDEyeG handheld radiation isotope identifier, equipped with a
2" x 2" Nal(Tl) scintillation detector capable of measuring ambient dose rates in nSv/h and
performing gamma spectral analysis, as shown in Fig. (2). All measurements were taken at a reference
height of 1 m above ground level, corresponding to the level of sensitive human organs and consistent
with international environmental radiation monitoring standards. The RIIDEyeG incorporates
patented Quadratic Compression Conversion (QCC) technology for real-time isotope identification
and applies continuous potassium (K-40) spectrum stabilization, which eliminates the need for a
built-in Cs-137 check source and ensures accurate calibration even under variable field conditions
(Scientific, 2012). For field convenience, the device features a high-resolution display readable in
sunlight, one-handed ergonomic operation, and removable memory card storage for data logging.

Two transects were surveyed: the first in the accumulated soil zone at the deepest accessible
part of the dam basin, where sediments from erosion and floods are deposited hereafter (Dip
direction), with measurements taken at 9—10 m intervals between points; and the second in the virgin
soil zone here after (Strike Line), a control area unaffected by flood-driven sediment deposition and
representing natural background levels as shown in Fig. (3). At each site, the RIIDEye
provided-time and date-stamped dose rate values in nSv/h, which were subsequently analyzed to
compare external radiation exposure between accumulated and undisturbed soils within the dam
environment (Altfelder et al., 2024).

Fig. 3: The paths of measurements blue line are for dip direction and red line is for strike line.

Radiological risk analysis
In this study, the measured outdoor gamma dose rates at the Hamamok Dam were used to
estimate two important radiological indices: the annual effective dose (AED) and the excess lifetime
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cancer risk (ELCR). The AED was calculated from the absorbed dose rate in air using the following
equation (Salh et al., 2021; Salh et al., 2024):

AED,,;(mSv.y™1) = D, (nGy. k™) X 8760h x 0.2 X 1076 ... (1)

The value 8760 represents the total number of hours in a year, while 0.2 is taken as the
outdoor occupancy factor. Using these parameters, the Excess Lifetime Cancer Risk (ELCR) was
calculated as follows:

ELCR = AED,ys X LS X RF oo, 2)

Here, LS = 70 years represents the average human life expectancy, while RF =~ 0.05 Sv' is the
risk factor recommended by the ICRP. Together, these values are used to estimate the annual outdoor
radiation dose for people living near or visiting the dam, and to assess the associated lifetime cancer
risk (Fasanmi et al., 2021; Taskin et al., 2009; UNSCEAR, 2000)

RESULTS AND DISCUSSION
Air dose rate results

The results of outdoor gamma dose rate measurements for both the Hamamok Dam basin soil
and the surrounding virgin soils are summarized in (Table 1) and (Table 2). These datasets highlight
clear variations that can be linked to differences in mineralogical composition, stratified rocks and
depositional history, which together control the distribution of natural radionuclides in the area. In
total, 27 measurements were collected from the deepest accessible sections of the Hamamok Dam
basin, providing a representative picture of the radiological conditions within the reservoir. The
absorbed dose rates ranged from 40.8 to 55.3 nSv h™', with an average value of 47.53 nSv h™'. The
median (46.9 nSv h') and mode (46.4 nSv h™') were very close to the mean, indicating a
well-balanced distribution of values. The standard deviation was relatively small (3.52 nSv h™),
confirming limited variability across the sampled locations. The distribution was slightly positively
skewed (0.22) and showed a near-normal shape (kurtosis = —0.33). These results demonstrate that
radiation levels within the dam basin are relatively stable, reflecting the uniform accumulation of
radionuclides in sediments deposited through erosion and flooding.

Table (1): Gamma dose rates for the Hamamok Dam basin soil (Dip direction).

Sample Latitude Longitude DR (nSv/hr) Elevation (m)
D1 36°06.169' 44°35.958' 42.9 789
D2 36°06.172' 44°35.963' 40.8 787
D3 36°06.170" 44°35.968' 44.2 788
D4 36°06.165' 44°35.973' 46.4 788
D5 36°06.162' 44°35.976' 46.4 787
D6 36°06.159" 44°35.981' 46.2 788
D7 36°06.151" 44°35.982' 44.3 789
D8 36°06.152' 44°35.989' 48.7 791
D9 36°06.144' 44°35.993' 49.9 790
D10 36°06.143" 44°35.994' 524 790
D11 36°06.139" 44°35.004' 45.6 792
DI2 36°06.132" 44°36.002' 50.1 790
DI3 36°06.125' 44°36.999' 48.4 793
D14 36°06.122' 44°35.995' 55.3 792
DI5 36°06.115' 44°35.991' 46.9 790
D16 36°06.112' 44°35.985' 48.9 790
D17 36°06.116' 44°35.975' 42.9 790
D18 36°06.119" 44°35.970' 48.8 788
D19 36°06.125' 44°35.968' 45.5 791
D20 36°06.130" 44°35.967' 46.4 791
D21 36°06.136' 44°35.964' 43 792
D22 36°06.142' 44°35.961' 44.6 792
D23 36°06.147" 44°35.951" 50.1 791
D24 36°06.158' 44°35.953' 49.9 790
D25 36°06.161" 44°35.955' 49.7 791
D26 36°06.171" 44°35.952' 51.3 791
D27 36°06.135' 44°36.006' 53.6 790
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In contrast, in the surrounding virgin soil, 16 measurements were recorded. The absorbed dose
rates varied between 30.2 and 45.3 nSv/h, with a mean of 34.83 nSv/h. The median (33.5 nSv/h) and
mode (30.2 nSv/h) were both lower than the mean, reflecting a positively skewed distribution
(skewness = 1.22). The dataset also showed higher variability, with a standard deviation of 4.51 nSv/h
and a leptokurtic distribution (kurtosis = 0.76), suggesting the presence of occasional elevated values
compared with the bulk of the data. This indicates that radionuclide levels in the virgin soil are more
heterogeneous, likely due to natural background variation (stratigraphic columns) rather than
concentrated deposition. Importantly, the absorbed dose rates in both environments remain below the
worldwide reference level of 59 nGy h™! reported by UNSCEAR, indicating that measured radiation
levels are within the safe global background range (Joel et al., 2021).

Table (2): Gamma dose rates for the virgin soil surrounding Hamamok Dam (Strike line).

Sample Latitude Longitude DR(nSv/hr) Elevation (m)
V1 36°06.180' 44°35.941" 322 793
V2 36°06.183' 44°35.937' 36.3 793
V3 36°06.187' 44°35.932' 354 794
V4 36°06.192' 44°35.928' 453 795
V5 36°06.191' 44°35917' 429 795
Vo6 36°06.199' 44°35.915' 40.1 795
\%} 36°06.208' 44°35.912' 334 798
V8 36°06.208' 44°35.904' 32 799
V9 36°06.212' 44°35.899' 34.1 800

V10 36°06.222' 44°35.896' 30.5 801
Vi1 36°06.234' 44°35.891" 36.9 807
V12 36°06.234' 44°35.897' 32.6 808
V13 36°06.235' 44°35.908' 30.2 806
Vi4 36°06.228' 44°35914' 30.2 803
V15§ 36°06.177' 44°35.919' 335 800
Vie 36°06.167' 44°35.903' 31.7 808

Comparing the two datasets highlights clear differences. The Hamamok Dam basin soil
consistently exhibited higher dose rates (mean = 47.53 nSv/h) compared with the virgin soil
(mean = 34.83 nSv/h). Moreover, the dam basin measurements were more uniform (SD = 3.52) than
those of the virgin soil (SD =4.51), where a wider spread of values was observed. These differences
can be attributed to geological processes: Radionuclides are transported from the surrounding
mountains and concentrated in the basin through erosion and flooding, while the undisturbed virgin
soil reflects more variable natural background levels (Saito et al., 2019).

Radiological assessment results

The statistical distribution of annual effective dose (AED) values for the dam and virgin soil
series is shown in Fig. (4). The AED values (expressed in x102 mSv/yr) range from 7.15 to 9.69,
corresponding to 0.071-0.097 mSv/yr, with a mean of 8.33 + 0.62 x102 mSv/yr (0.083 mSv/yr). The
data distribution is nearly symmetrical, as indicated by low skewness (0.22) and kurtosis (-0.33),
while the median (0.082 mSv/yr) and mode (0.081 mSv/yr) are consistent with the mean. When
compared with international benchmarks, the mean AED remains far below the public dose limit of
1.0 mSv/yr recommended by ICRP (2007). This means that exposure to soil radiation from the dam
area does not pose a direct health risk but does indicate a relative elevation compared with natural
background levels. The corresponding ELCR values for the dam soil series (expressed in x107%) vary
between 2.50 and 3.39 x107*, with a mean of 2.91 + 0.22 x10™*. These values represent the lifetime
probability of developing cancer due to exposure to soil radiation in the dam area.
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Fig. 4: Distribution of computed AED for the Hamamok Dam basin soil and virgin soil samples

The mean ELCR value of 2.91 x10~* indicates that the lifetime radiological risk remains within
safe limits. Nonetheless, the consistently higher ELCR values in dam basin soil compared with virgin
soil reflect the effect of radionuclide enrichment due to erosion and sedimentation processes, as
shown in Figure 5. This study highlights the influence of geological and hydrological processes on
the distribution of natural radionuclides in the Hamamok Dam basin environment. Air dose rate
measurements showed consistently higher values in the dam basin compared with the surrounding
virgin soils, confirming the role of erosion and flood-driven sediment deposition in concentrating
radionuclides. The dam series not only exhibited higher mean dose rates but also greater uniformity,
reflecting the homogenizing effect of sediment accumulation, whereas the virgin soil series displayed
greater variability, representing natural background heterogeneity. The computed radiological indices
provide additional insights (Duong et al., 2025c; Popoola et al., 2025) . The annual effective dose
(AED) values for both dam and virgin soil were slightly higher and remained well below the
ICRP-recommended public dose limit of 1 mSv/yr. These values represent the lifetime probability of
developing cancer due to soil radiation exposure in the dam environment. Importantly, the mean
values of AED and ELCR obtained in this study are in good agreement with the standard reference
levels reported by UNSCEAR (2000), 59 nGy/h for absorbed dose rate, 1 mSv/yr for AED, and 2.9
x107* for ELCR (Khalaf et al., 2025).
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Comparison with other Studied Areas

To contextualize the radiological conditions observed at the Hamamok Dam basin, the mean
annual effective dose (AED) values calculated for the residual moist soils and the host rocks soils
were compared with those reported in several international studies as shown in (Table 3).

Table (3): Comparison of mean annual effective dose (AED) values of the residual moist soils and
surrounding host rocks virgin soils in Hamamok dam with selected international studies.

Study area/ Location Mean AEDout (nSv/y) | Reference

Turkey — Lake Van 94.31 [1]

Irag- Hamamok Dam Basin Soil Samples 83.27 Current study
Moscow (Urban) 70.0 [2]

Irag- Hamamok Dam Virgin Soil Samples 61.02 Current study
Saudi Arabia — Ras Tanura 38.0 [3]
Najaf, Iraq 37.0 [4]
Egypt — Greater Cairo 32.0 [5]
Serbia — Novi Sad 33.0 [6]
Nigeria — Lagos 15.35 [7]

This comparison provides insight into how local geological strata, mineralogical composition,
and sedimentary processes influence natural gamma radiation relative to other global environments.

Among the reviewed regions, the Lake Van basin in eastern Turkey shows the highest reported
mean value (94.31 uSvly); this elevated level is consistent with the region’s volcanic and
metamorphic rocks, particularly the influence of Mount Nemrut volcanism, which enriches surface
soils with uranium-, thorium-, and potassium-bearing minerals (Kayakokii and Dogru, 2017). Such
lithological units are well known for producing higher-than-normal terrestrial gamma fields. The
Hamamok Dam basin (residual moist soils) exhibits the second-highest AED (83.27 uSvly),
reflecting the combined influence of upstream sediment inflow, episodic flooding, and lithological
diversity within the Zagros Fold—Thrust Belt.

The basin acts as a natural trap for radionuclide-bearing clastic materials—particularly
fine-grained sediments weathered from the Gercus, Kolosh, and Pila Spi formations (Ghafour et al.,
2024). These sediments accumulate over time and homogenize within the reservoir floor, resulting in
a relatively uniform but elevated radiological signature. In contrast, the surrounding virgin soils (host
rocks) show a lower mean AED (61.02 pSv/y), representing undisturbed background levels
characteristic of mixed carbonate—clastic terrains typical of the High Folded Zone. These values fall
well within the range of normal natural background radiation despite being moderately elevated
compared with some global environments.

Other international datasets reveal lower AED values: Moscow urban soils (70 pSv/y)
approximate global natural levels (Chaligava et al., 2022), while studies from Saudi Arabia (38
uSv/y) (Alshahri and El-Taher, 2019), Najaf (37 uSv/y) (Dosh et al., 2023), Serbia (33 uSv/y)
(Jankovi¢ et al., 2023), Greater Cairo (32 puSv/y) (Taha et al., 2025), and Nigeria (15.35 uSv/y)
(Adedokun et al., 2022) report substantially lower annual effective doses. These differences reflect
variation in parent rock mineralogical composition (e.g., dominance of limestone, shale, or alluvium),
sediment transport dynamics, soil maturation, and climatic effects. Overall, the comparison
demonstrates that the Hamamok Dam basin soil occupies an intermediate-to-high position relative to
global natural radiation levels, surpassed only by areas underlain by volcanic or high-radionuclide
lithologies such as Lake Van. Although the AED values for both the basin and virgin soils remain far
below the global natural annual dose of 470 puSv/year (UNSCEAR, 2000), the elevated levels
observed in the basin highlight the important role of sediment accumulation, hydrological



Variation of Air Dose Rate Between Residual Moist Soil and Host .......oooovvvviviinn.... 138

fluctuations, and geological setting in shaping the radiological profile of dam environments. These
findings underscore the need for continued monitoring, particularly in drought years when the
exposed basin floor provides direct pathways for external gamma exposure.

CONCLUSIONS

This study highlights the important role of sediment accumulation in shaping the radiological
environment of the Hamamok Dam basin. Sediments act as natural repositories for radionuclides,
concentrating materials transported by runoff and inflowing waters. As a result, the dam basin showed
higher activity concentrations compared with the surrounding virgin soils. These elevated levels
directly influenced the annual effective dose (AED) and the excess lifetime cancer risk (ELCR).
Although both AED and ELCR values in the basin were above global natural background averages,
they remained within the safety limits recommended by UNSCEAR and the ICRP. This indicates
that, while sediments increase the potential for radiation exposure, the associated risks are still
considered acceptable for public health. Nonetheless, the continuous operation of dams inevitably
promotes the long-term accumulation of sediments, which may gradually alter radionuclide
concentrations and dose rates. Additional factors, such as erosion, fluctuating water levels, and land-
use changes within the catchment area, could further modify deposition patterns over time. For these
reasons, systematic and long-term monitoring is strongly recommended to track changes in
radionuclide behavior, ensure that exposure levels remain within safe limits, and provide early
warning of any potential increase in radiological risks.

ACKNOWLEDGMENTS
The author would like to thank, Faculty of Science and Health, Koya University for providing
the research environment.

REFERENCES

Adedokun, M. B.; Aweda, M. A.; Maleka, P. P.; Obed, R. L; Ibitoye, A. Z.; (2022). Evaluation of
natural radionuclides and associated radiation hazard indices in soil and water from selected
vegetable farmlands in  Lagos, Nigeria. Envir. Forens., 23, 301-313.
DOI:10.1080/15275922.2020.1850557

Aidarkhanova, A.; Larionova, N.; Tleukanova, Z.; Mamyrbaeva, A.; Ermakova, R.; Svetacheva, Y.;
Panitskiy, A.; (2022a). The character of radionuclide contamination of natural lakes at the
territory of the Semipalatinsk test site. J. Envir. Radio., 255, 107041.
DOI:10.1016/j.jenvrad.2022.107041

Aidarkhanova, A.; Larionova, N.; Tleukanova, Z.; Mamyrbaeva, A.; Ermakova, R.; Svetacheva, Y.;
Panitskiy, A.; (2022b). The character of radionuclide contamination of natural lakes at the
territory of the Semipalatinsk test site. J. Envir. Radio., 255, 107041.
DOI:10.1016/j.jenvrad.2022.107041

Alshahri, F.; El-Taher, A.; (2019). Investigation of natural radioactivity levels and evaluation of
radiation hazards in residential-area soil near a Ras Tanura refinery, Saudi Arabia. Pol. J.
Envir. Stud., 28, 25-34. DOI:10.15244/pjoes/83611

Ali, K.; Abbady, A. E. B.; Abu-Taleb, A.; Harb, S.; (2025). Radiological behavior and health risk
assessment of radon gas in Lake Nasser sediments, Egypt: implications for natural hazards.
Envir. Geochem. Health, 47(9), 354. DOI:10.1007/s10653-025-02657-9

Altfelder, S.; Preugschat, B.; Matos, M.; Kandzia, F.; Wiens, B.; Eshmuradov, O.; Kunze, C.; (2024).
Upscaling ground-based backpack gamma-ray spectrometry to spatial resolution of
UAV-based gamma-ray spectrometry for system validation. J. Envir. Radio., 273, 107382.
DOI:10.1016/j.jenvrad.2024.107382

Amestoy, J.; Meslin, P.-Y.; Richon, P.; Delpuech, A.; Derrien, S.; Raynal, H.; Zambardi, T.; (2021).
Effects of environmental factors on the monitoring of environmental radioactivity by



139 Hawkar B. Bakir

airborne ~ gamma-ray  spectrometry. J.  Envir.  Radio., 237, 106695.
DOI:10.1016/j.jenvrad.2021.106695

Balaky, S. M.; Mahmud, K. S.; (2021). Facies associations and sequence stratigraphy of the
Middle-Late Eocene Pila Spi Formation in the High Folded Zone, Kurdistan Region,
northeastern Iraq. Arab. J. Geosci., 14(6), 451. DOI:10.1007/s12517-021-06847-4

Bramha, S.; Pradhan, U.; Sarangapani, R.; Chandrasekaran, S.; Krishnaveni, M.; (2025). Distribution
of natural radionuclides and associated geological properties in shelf sediment of Southwest
(SW) Bay of Bengal: A multivariate statistical approach. Reg. Stud. Mar. Sci., 82, 104035.
DOI:10.1016/j.rsma.2025.104035

Chaligava, O.; Grozdov, D.; Yushin, N.; Vergel, K.; Zinicovscaia, I.; (2022). Distribution of natural
and anthropogenic radionuclides in soil samples in recreational zones of Moscow. Water Air
Soil Pollut., 233, 448. DOI:10.1007/s11270-022-05930-0

Dosh, R. J.; Hasan, A. K.; Abojassim, A. A.; (2023). Natural radioactivity for soil samples in primary
schools at  Najaf city, Iraq. A4ppl  Radiat.  Isot., 197, 110830.
DOI:10.1016/j.apradis0.2023.110830

Duong, V.-H.; Santhanabharathi, B.; Pradhoshini, K. P.; Trung, T. C.; Ngo, T. T. H.; Nguyen, T.-M.;
Musthafa, M. S.; (2025a). Radiological hazard assessments of natural radionuclides in
surface soil in Chau Binh, Vietnam. Envir. Pollut. Manag., 2, 172-181.
DOI:10.1016/j.epm.2025.07.002

Duong, V.-H.; Santhanabharathi, B.; Pradhoshini, K. P.; Trung, T. C.; Ngo, T. T. H.; Nguyen, T.-M.;
Musthafa, M. S.; (2025b). Radiological hazard assessments of natural radionuclides in
surface soil in Chau Binh, Vietnam. Envir. Pollut. Manag., 2, 172-181.
DOI:10.1016/j.epm.2025.07.002

Duong, V.-H.; Santhanabharathi, B.; Pradhoshini, K. P.; Trung, T. C.; Ngo, T. T. H.; Nguyen, T.-M.;
Musthafa, M. S.; (2025c). Radiological hazard assessments of natural radionuclides in
surface soil in Chau Binh, Vietnam. Envir. Pollut. Manag., 2, 172-181.
DOI:10.1016/j.epm.2025.07.002

Fasanmi, P. O.; Olukotun, S. F.; Onumejor, C. A.; Tchokossa, P.; Adegbewingbe, O. J. E.; (2021).
Radiological assessment of grains, vegetables, fruits and tuber crops cultivated in Okemesi
township, Ekiti state, Nigeria. J. Multid. Eng. Nat. Sci., 8(15), 87-96.

Ghafour, B. D.; Hamawandy, M. J.; Sissakian, V. K.; (2024). Geotechnical assessment of the slopes
of Hamamok Dam, NE of Koya, Kurdistan Region of Iraq. ARO-The Sci. J. Koya Univ.,
12(1), 181-190. DOI:10.14500/aro0.11553

Jankovi¢, M.; Jeli¢, 1.; Rajaci¢, M.; Krneta Nikoli¢, J.; Vukanac, I.; Dimovié, S.; Sarap, N.; gljivic’—
Ivanovi¢, M.; (2023). Distribution of natural radionuclides and 137Cs in urban soil samples
from the city of Novi Sad, Serbia: Radiological risk assessment. Toxics, 11, 345.
DOI:10.3390/toxics 11040345

Joel, E. S.; Omeje, M.; Olawole, O. C.; Adeyemi, G. A.; Akinpelu, A.; Embong, Z.; Saeed, M. A_;
(2021). In-situ assessment of natural terrestrial-radioactivity from Uranium-238 (238U),
Thorium-232 (232Th) and Potassium-40 (40K) in coastal urban-environment and its
possible health implications. Sci. Rep., 11(1), 17555. DOI:10.1038/s41598-021-96516-z

Kayakdkii, H.; Dogru, M.; (2017). Radioactivity analysis of soil samples taken from the western and
northern shores of Lake Van, Turkey. Appl. Radiat. Isot., 128, 231-236.
DOI:10.1016/j.apradis0.2017.07.019

Khalaf, H.; Olaoye, M. A.; Mostafa, M. Y. A.; Adegbola, R. B.; Muniru, E. D.; Mansour, H.; (2025).
Radiological hazards associated with natural radioactivity in topsoil and subsoil from
Osogbo,  Nigeria.  Phys.  Chem.  Earth, Parts A/B/C, 137, 103821.
DOI:10.1016/j.pce.2024.103821

Konoplev, A.; Wakiyama, Y.; Wada, T.; Ivanov, M.; Komissarov, M.; Nanba, K.; (2022).
Reconstruction of time changes in radiocesium concentrations in the river of the Fukushima



Variation of Air Dose Rate Between Residual Moist Soil and Host .......oooovvvviviinn.... 140

Dai-ichi NPP contaminated area based on its depth distribution in dam reservoir's bottom
sediments. Envir. Rese., 206, 112307. DOI:10.1016/j.envres.2021.112307
Kuzmanovi¢, P.; Radi¢, J. K.; Vujkovi¢, B.; Malbasa, J. D.; Sre¢kovié¢, M.; (2025). Radionuclides in
drinking water from an industrial region in western Serbia and public health risk assessment.
Appl. Radi. Isot., 226, 112160. DOI:10.1016/j.apradis0.2025.112160
Nakanishi, M.; Onda, Y.; Takahashi, J.; Kato, H.; lida, H.; Takada, M.; (2023). Changes in air dose
rates due to soil moisture content in the Fukushima prefecture forests. Envir. Pollut., 334,
122147. DOI:10.1016/j.envpol.2023.122147
Othman, H. Q.; Sedeeq, S. Z.; Salh, H.; (2023). Assessment of radiological hazards due to ingestion
of natural radionuclides in cooking oil samples. J. Radio. Nucl. Chem., 332(11),
4517-4524. DOI:10.1007/s10967-023-09151-5
Popoola, O.J.; Olubi, O. E.; Adewalure, O. S.; Raphael, A. E.; (2025). Elevated natural radionuclides
in soils and stream sediments: pollution, spatial distribution, radiological hazards, and cancer
risks in peri-urban Emure-Ekiti, southwest Nigeria. Disc. Soil, 2(1), 70.
DOI:10.1007/s44378-025-00074-z
Saito, K.; Mikami, S.; Andoh, M.; Matsuda, N.; Kinase, S.; Tsuda, S.; Takemiya, H.; (2019).
Summary of temporal changes in air dose rates and radionuclide deposition densities in the
80 km zone over five years after the Fukushima Nuclear Power Plant accident. J. Envir.
Radio., 210, 105878. DOI:10.1016/j.jenvrad.2018.12.020
Saleh, D. S.; Salh, H.; Smail, J. M.; Ahmad, S. T.; (2025). A review of annual effective dose from
ingesting 226Ra, 232Th, and 40K in rice across different countries. Isot. Envir. Health Stud.,
61(3), 298-309. DOI:10.1080/10256016.2025.2488297
Saleh, D. S.; Salh, H.; Smail, J. M.; Ahmad, S. T.; Kareem, S. R.; (2024). Estimation of radiological
health risks due to 226Ra, 232Th, and 40K in foods consumed in Iraqi Kurdistan Region.
Isot. Envir. Health Stud., 60(6), 628-641. DOI:10.1080/10256016.2024.2411360
Salh, H.; Kiilahci, F.; Akozcan, S.; (2021). A mobile simulation and ARIMA modeling for prediction
of air radiation dose rates. J. Radio. Nucl. Chem., 328(3), 889-901. DOI:10.1007/s10967-
021-07726-8
Salh, H.; Sedeeq, S. Z.; Pehlivanoglu, S. A.; Albarzinji, I. M.; Kiilahci, F.; (2024). On transfer factors
of natural radionuclides and radiological health risks assessment of some fruit samples. Rad.
Acta., 112(10), 795-804. DOI:10.1515/ract-2023-0233
Sissakian, V.; Youkhanna, R.; (1979). Report on regional geological mapping of
Erbil-Shaqlawa—Koi Sanjaqg—Raidar area. Geol. Surv. Iraq Int. Rep., (975).
Taha, T. M.; El-Ashkar, M.; Soliman, M.; (2025). Natural radioactivity and radiological risk
assessment of soil samples from Greater Cairo. J. Radi. Res. Appl. Sci., 18, 102012.
DOI:10.1016/j.jrras.2025.102012
Taskin, H.; Karavus, M.; Ay, P.; Topuzoglu, A.; Hidiroglu, S.; Karahan, G.; (2009). Radionuclide
concentrations in soil and lifetime cancer risk due to gamma radioactivity in Kirklareli,
Turkey. J. Envir. Radio., 100(1), 49-53. DOI: 10.1016/j.jenvrad.2008.10.012
Thermo Scientific; (2012). RIIDEye-Handheld radiation isotope identifier. Thermo Fisher Scientific,
USA. https://www.thermofisher.com/order/catalog/product/4250865

UNSCEAR; (2000). Sources and effects of ionizing radiation: UNSCEAR 2000 report to the General
Assembly, with scientific annexes. United Nations, New York.
https://www.unscear.org/unscear/en/publications/2000 1.html




141 Hawkar B. Bakir

dgales iy B V) fhually Ldiial) Ldal) Lil) (p olggd) B e lady) Aol Jina (ils
Blad) [l oS anl8) [ FaianisS pliad ¢ yiual) Lol

5Somb Ll
Gl [ 44023 4sS [ assS Anals [ Auasigl) AUS / il Loavia acd

eilal)
aly ils ) 40— asamlisdly 232-a515ll5 238—p5uhsll Jie (Andal) Slugll) oaglall dadidll Uil aguss
Aoyl V3 (AL5 A Tl san) Ayl oda Jobin Akl 3 Lele 2asY aylall g lad) L B Ll gDlaas)
A gaall) Al S Gl Bjlae Caliad) e pemial) dgeles 2 pags B 8 Lle 2esY Aalal) dueledy)
E) a2l moal copalall Gualell & GRlaN] paal) U] Jshagl Bl L 3hall (gatusS cliad b (Lsaid)
depall Jin s Cual 5. 5dle Jlase ait elal 2y el Caulg I (a aady Cilalin RS Y ool Laa eyt
Al ¥ i ghles Aaial e Thermo Scientific RIIDEye-G bk (e (g5 crilS platiuls slgell (& daclady)
) capglal . (olady) bad alilaa) hlacadl dcajeridll e S il S o(Jsall slail) audl Gass Ja)s A jidl)
Coessili 47.53 5,38 Jaussias cdelud) 8 Cyainsili 55.3 5 40.8 G Cingli aull aga b duelad) dejal) eV 3 ¢
ot sili 34.83 538 avigiar cdelud) 6 Cjiansili 4535 30.2 co gl el Sl Gl Gl g e Ll b
shis (Gsin i ole 0.083) AED dusiadl Alladll dejal) Javsgia of ducladlY) lalad) (las (i€ 85 el &
Sligive (o Sl el Lagil a2y Aol 40520l 350a ) 50 DUy (4710 x 2.91) ELCR sball (g0 ol pualls ZiLia)
Sl ) CuSilly () Mel) Lglell shaliall (o Zealdl) g M Qi 5l il o385y - Lualall dualal)
gl (3 Aamandall daiall il gl Jalital 2y50) 2] pall nad) dahyl) 038 2S5 L 2gand) il b daial) Claagill )55 e
Slgianal) Lodbes Lol dsslal)

e bty Slaladl cdghal) Caly ) clsalen 2us celsgll 3 RaeladY) depal) Jinh (el dudal sl 140 clalgl




    A E D  o u t  ( m S v .   y  − 1 ) =   D  o u t  ( n G y .  h  − 1 ) × 8760 h × 0 . 2 ×  10  − 6


  E L C R =     A E D  o u t × L S   × R F

