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Abstract

This study assessed radon gas concentrations in groundwater in rural Kufa, Iraq, to evaluate potential
radiological risks to the local population. Radon is a radioactive gas that is naturally produced when
uranium-238 decays through radium-226. It is a chemically inert substance, stable in water, and has the
capacity to migrate out of rocks and soils into ground water. Humans are primarily exposed by
ingestion and inhalation, respectively. Ingestion by supplying an exposome of internal radiation dose
organs, whereas inhalation is recognized as the major pathway wherein radon is translocated from
water to the indoor air compartment during domestic activities, such as drinking, cooking, and bathing.
Radon exposure increases the risk of contracting lung cancer, which is how the temptation of radon in
drinking water is considered both a direct health risk and an indirect health risk. Ground water samples
have been collected from few shallow and medium-depth wells (total samples - 15). Well discharge
pipes were used to build tight containers for water collection, by preventing radon loss from the
container. The RAD7 device measurements of radon concentrations made using the Wat-250 protocol.
The range of radon concentrations was between 2.4 and 4.2 Bq/L with an average of 3.2 Bq/L and this
variation was due to local lithology, uranium content, water-rock interaction, and groundwate flow!’].
Spatial variability was limited, aquifer material contained negligible uranium, and groundwater was not
a radiological health risk as shown by all values being substantially below the US EPA guideline of
11.1 Bg/L. The radon concentration in ground water of rural Kufa is safe for domestic use. The study
suggests that regular monitoring over time should be performed to identify long-term influences on
radon concentrations in the groundwater due to geological or hydrological changes that could expose
populations to radon and, therefore, affect health.
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Introduction

Radon is a colorless radioactive noble gas. It is found in the decay of uranium-238 via its
daughter product radium-226, which is naturally found in rocks and soil ['l. Radon is
chemically inert, which means it leaves no direct trace after falling into groundwater
systems, and thus high levels of radon can be found in the water, specifically in areas with
uranium-rich sediments. Use of groundwater for domestic activities like drinking, cooking,
showering and washing can liberate dissolved radon into the air of the house and raise indoor
radon concentrations [!l. There are two paths of human exposure to radon. Ingestion is the
first pathway in which radon dissolved in drinking water enters the gastrointestinal tract and
provides a radiation dose to internal organs. Inhalation is the second pathway and is the
dominant route of exposure. Radon from water can enter the air when water is used, and if
radon or its decay products are inhaled into the lungs, they can damage lung tissue and cause
lung cancer ?. For this very reason, radon dissolved in water is a direct and an indirect
health hazard. In order to safeguard public health, numerous organizations at world level
have set up recommendations values for radon in drinking water. The US Environmental
Protection Agency (US EPA) has suggested a maximum contaminant level of 11.1 Bq/L
(300 pCi/L) for radon in drinking water supplies. The aim of this limit is to lower ingestion
doses and to limit the share of waterborne radon in the indoor air concentrations Bl
Considering these facts, the current study aims to evaluate radon concentrations in water
well in rural areas of Kufa City. Based on the comparison between the measured values and
the international guideline levels, the results provide an input for scientific basis for
environmental and/or public health assessment, indicating whether the groundwater poses
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any kind of radiological risk to the local population.

Materials and Methods

Study Area The study area is located in Kufa, a rural area
that relies on shallow and medium-depth wells to extract
groundwater. Groundwater samplesFifteen samples were
used for groundwater sampling. To avoid effects of
stagnant water, water was taken directly from well discharge
pipes after being pumped ™. Airtight containers of 250 mL
without air bubbles were used to minimize loss of radon,
and the samples were stored in these containers. Execution
of ExperimentsSamples were stabilized prior to the
measurement. Closed-air systems (with accumulations of
radon that were shaken) The RAD7 analyze systemRAD7
was used to measure the radon concentrations, as heretofore
it is effective at discerning radon decay to polonium-218 by
the use of alpha spectroscopy . Wat-250 protocol was
done for four cycles for each sample. Humidity was
controlled using desiccants. Values were reported in Bq/L.

Results and Discussion

We focus on radon activity concentrations and the probable
radiological hazard in terms of water uptake by evaluating
15 groundwater samples. Radon concentrations were found
to range between 2.4 and 4.2 Bq/L with an average of 3.2
Bq/L, indicating low spatial variability among sampled
wells and suggesting limited contribution of radon from
geological formations to groundwater in the study area.
Sample 9 has the maximum radon concentration (4.2 Bq/L),
while the lowest value (2.4 Bq/L) was detected in a sample
3. These fluctuations are often ascribed to local lithological
variations, uranium content of the aquifer rocks, rock—water
interaction time, and flow conditions of groundwater.
Nonetheless, even the peak value observed falls
significantly short of the guideline. All radon concentrations
measured fell orders of magnitude below the guideline limit
11.1 Bg/L [ set for drinking water in the United States
Environmental Protection Agency and adopted by the World
Health Organization®. This suggests that radon in the
groundwater from the study area does not represent a
radiological risk when it comes to drinking or breathing
radon (from domestic water use such as showering and
cooking) in the groundwater. In general terms, the results
indicate that radon concentrations in the examined
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groundwater samples are well below health risk limits and
exceedance of international drinking water standards. These
results justify the radiological protection of the groundwater
for domestic use whilst reiterating the need for continued
monitoring at appropriate time intervals with regards the
long-term safety ! (particularly in cases where groundwater
abstractions rates or land use conditions change). The radon
concentrations in the groundwater samples is narrow
between 2.4 and 4.2 Bq/L, hinting low spatial variation and
similar hydrogeological setting. This indicates a low source
uranium content from the aquifer materials and
groundwater conditions that are not conducive to radon
accumulation. All measured values are years below the
international guideline limit of 11.1 Bg/L, which suggests
no radiological hazard fall with the use of drinking water.
The small sample-to-sample differences are clearly local
geological factors like water rock interaction time, and
shallow groundwater flow conditions. Observed radon
levels are low, especially compared with values reported
elsewhere, particularly in granitic or uranium-rich
formations. In general, radon does not present a radiological
risk for the groundwater, however, continua monitoring is
recommended in order to guarantee the safety in the long
term [8-12],

Table 1: Radon concentrations in groundwater samples (Bq/L)

123 4 56178

3.6 3.3
2.4

Radon concentration (Bg/L)

42
28 31 2.9 2.7

Sample Radon concentration (Bq/L)
1 2.8
2 3.1
3 2.4
4 4.0
5 3.6
6 2.9
7 33
8 2.7
9 4.2
10 3.8
11 2.5
12 3.0
13 34
14 2.6
15 3.2
WHO 11.1
10 11 12 13 0 14 15 mWHO
111
>8 5 34 3.2
25 2.6
9 10 11 12 13 14 15 WHO

Fig 1: Comparing the results with the global limit
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Conclusion

Radon in groundwater of rural Kufa. The readings are all
safe and pass international safety guidelines. You can
ignore radon exposure while drinking groundwater. It is
suggested to have regular monitoring that needs to be
performed at longer term to check for the long-term
geological or hydrological processes that could be followed
by the detectable change in the level of radon.
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