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Abstract — This study assesses the level of background radiation for Cienfuegos Province, Cuba. Measurements of
outdoor gamma radiation (of terrestrial and cosmic origin) in air were performed at 198 locations using a GPS navigator
and a dose meter (SRP-68-01, 30 x 25 mm Nal detector). The average absorbed dose was found to be 73.9 nGyh™!
(17.2-293.9 nGy h™!), corresponding to an annual effective dose of 74.7 uSv (21-324 uSv). When compared with the
data available for other places, the absorbed gamma doses obtained in this study indicate a background radiation level
that falls within natural limits for the Damuji, Salado and Caonao watersheds; however, the Arimao and Gavilanes
watersheds present levels of the absorbed dose and annual effective dose comparable with high background radiation
areas. An isodose map of the terrestrial gamma dose rate in Cienfuegos was drawn using the GIS application “Arc
View”. This study provides important baseline data of radiation exposure in the area.
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1 Introduction

Natural radionuclides are widely spread in the Earth’s crust
and atmosphere, which generate a significant amount of the
background radiation exposure of the world’s population. Ac-
cording to the UNSCEAR (1993), the significant radiation
dose received by mankind due to natural radiation sources is
about 87%, and the remaining dose is due to anthropogenic
radiation. Natural radionuclides of terrestrial origin are re-
tained by many environmental materials including soils. Soil
derives a predominant part of the radioactivity from the de-
cay of the radionuclides 28y, 235y, B2Th, 87Rb and *°K, and
from various decay products of 28U, 23U and 2*’Th. Natural
background radioactivity and external exposure due to gamma
radiation mainly depend on the geological and geographical
conditions, and are randomly distributed in soil in different re-
gions of the world (Martins et al., 2013). Estimation of the ra-
diation dose distribution is important in assessing the health
risk to a population, and to serve as the reference in docu-
menting changes to environmental radioactivity in soil due to
human activities (Karahan et al., 2000; Mohanty et al., 2004;
Saueia et al., 2005).

The province of Cienfuegos is situated in the southern cen-
tral region of Cuba. It is located at 22° 38472 N and 80°
20111 W. Cienfuegos Province spans an area of 4187 km?
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with a population of about 400000 (78% living in urban ar-
eas). Agriculture, industry and tourism are the main economic
activities. Only 14% of the province is covered by forest.
The principal watersheds located in the province are: Damuji
(1135 km?), Salado (132.9 km?), Arimao (994.5 km?) and
Caunao (590.5 km?). Water and sediments from these water-
sheds run off into Cienfuegos Bay (Figure 1), the principal nat-
ural ecosystem in the province.

An isodose map of terrestrial gamma radiation is indis-
pensable for various purposes. It provides basic information
for the assessment of the potential effects of low-level radia-
tion doses and serves as a base reference level for decisions
and actions in dealing with radiological accidents and emer-
gencies. Such a map is important in the process of determin-
ing the radiological status of an area. It can also be useful in
geological mapping and prospecting for minerals.

In Cuba, information related to environmental terrestrial
radiation is very limited. There are only a few relevant stud-
ies (Prendes-Alonso M. et al., 1998; Tomds Zerquera et al.,
2001, 2007). In Cienfuegos, Alonso-Herndndez et al. (2006)
published the levels of natural radionuclides in marine sedi-
ments of Cienfuegos Bay, observing an anomalous distribu-
tion. The highest concentrations and inventories of 2!°Pb were
found in the sediments from the southern lobe of the bay. This
lobe receives the freshwater input of the Caunao and Arimao
rivers. Additionally, high levels of 2!'°Po were reported in ma-
rine organisms of Cienfuegos Bay (Alonso-Hernandez et al.,
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Figure 1. Map of sampling locations.

2002). Both facts suggest different input sources of natural ra-
dioactivity into Cienfuegos Bay.

To obtain the true picture as to the environmental radiation
doses that are received by the population, more complete sur-
veys must be carried out. The work described here is the first
extensive survey of background radiation doses performed for
Cienfuegos Province. It is aimed at establishing a database of
environmental gamma radiation dose rates for reference pur-
poses.

In consideration of the above, the objective of this work
was to assess the gamma radiation dose rate from background
radioactivity in Cienfuegos Province in order to delineate areas
to be studied for soil content and create a digital terrestrial
gamma isodose map for Cienfuegos Province.

2 Experimental

Detailed ambient gamma dose measurements were per-
formed in Cienfuegos Province. The gamma absorbed dose
rates in air were ascertained in 198 locations (see Figure 1)
using a dose meter (SRP-68-01, 30 x 25 mm Nal detector). At
each site, a measurement was taken in the air for 100 s at 1 m

above ground level. Six measurements were taken in each lo-
cation and the average was calculated. The results, including
both terrestrial and cosmic ray components of gamma radia-
tion, were recorded in units of nGy h™'.

A radiological map was constructed using GIS software
(ArcGIS ArcMapTM 9.2 with their Geostatistical Analyst
tool). The spatial analysis (interpolation) of raw data was per-
formed with ordinary kriging, and adjustments to the exponen-
tial model proved to be the most adequate, revealing the lowest
average standard error for all data sets.

3 Results and discussion

The distributions of gamma absorbed doses in air (198
readings) are given in Table 1. The absorbed gamma doses
range from 17.1 to 293 nGyh™!, with an average of
73.9 nGyh~!. The averages and ranges of absorbed gamma
doses are comparable for the Damuji, Salado and Caunao wa-
tersheds, showing levels similar to areas with normal back-
ground radiation (UNSCEAR, 2000).

However, in the Arimao and Gavilanes watersheds,
the absorbed gamma doses in air are significantly higher
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Table 1. Ranges of the absorbed gamma dose and annual effective dose in watersheds of Cienfuegos Province, Cuba.

Damuji 31 3.6 2 8.9
Salado 25 4 2 6.5
Caunao 28 4.6 2.1 9.5
Arimao 46 16.1 22 33.4
Carsica Juragua 15 3.1 2.2 3.6
Alcalde Mayor 10 3.6 2.1 6.3
Gavilanes 18 15.3 4.2 32.3
Ingles 12 32 2.2 3.8
San Juan 5 3.6 2.6 5.1
Yaguarama 8 3.8 2.6 4.6
Total 198 8.4 2 334

31.7 179 787 389 219 96.5
34.9 172 56.8 42.9 21 69.6
40.2 18.1 833 494 222 1022
142.1 19.6 2939 1742 241  360.5
27.0 19.1 313 329 234 38.2
31.3 183  54.8 382 223 66.9
133.1 36.5 281.0 1624 446 3428
27.8 19.1  33.1 340 234 403
31.3 226 444 382 276 541
33.1 22.6  40.0 403 276 488

74 172 2939 90.7 21 360.5
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Figure 2. Absorbed dose rate map of Cienfuegos province.

(~300 nGy h™'); these levels are characteristic of areas with
high background radiation. This situation is attributed to the
geographical or geological conditions of these regions.

In order to estimate the annual effective doses (mSvy™),
one has to take into account the conversion coeflicient from the
absorbed dose in air to the effective dose and the outdoor occu-
pancy factor. In recent UNSCEAR reports (1988, 1993, 2000),
the Committee used 0.7 Sv Gy~ for the conversion coefficient
from the absorbed dose in air to the effective dose received by
adults, and 0.2 for the outdoor occupancy factor, implying that
80% of time is spent indoors, on average, around the world.

The calculated values of the annual effective dose due to
gamma radiation therefore range from 21 to 100 uSv for the

Damuji, Salado and Caunao watersheds, with a mean value of
45.7 uSv. This value is lower than the world average of 80 uSv
(UNSCEAR, 1993). However, we found a different situation
in the Arimao and Gavilanes watersheds, where the average of
the annual effective dose due to gamma radiation is 174 uSv,
with a maximum level of 360 uSv, four times above the world
average (80 uSv).

A radiological map of gamma radiation provides basic
information for assessment of the potential effects of the
radiation dose and can be used as a baseline for future
investigations.

The map of the outdoor gamma dose (nGy h™!) for Cien-
fuegos Province is shown in Figure 2. The map shows that
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more than 80% of the area of Cienfuegos Province has gamma
absorbed doses below 60 nGy h~!, characteristic of areas with
normal background radiation. Levels above 200 nGy h™! were
obtained in the east of the Arimao and Gavilanes watersheds,
representing about 24% of the territory. These higher values
obtained in the Arimao and Gavilanes watersheds are probably
due to the geological predominance of igneous acidic intrusive
granitic rocks in the area. Granitic rocks, because of their min-
eralogical composition (e.g. zircon, monazite, apatite, titanite,
xenotime), are likely to contain high concentrations of natu-
ral radionuclides (Orgun et al., 2005; Ramasamy et al., 2005;
Kapdan et al., 2012; Papadopoulos et al., 2012; Martins et al.,
2013). These results may explain the irregular distribution of
219Pp in the sediments of Cienfuegos Bay (Alonso-Herndndez
et al., 20006).

Future studies of these anomalies will be necessary to un-
derstand the composition of radionuclides in environmental
samples (soil, water and crops), to study the contribution from
the cosmic component in the area and to evaluate the effects
on the health of the resident population.

4 Conclusions

The gamma absorbed doses in air from terrestrial and cos-
mic ray radiation within the territory of Cienfuegos range from
17 to 294 nGy h™!. The average gamma absorbed dose in air
was 74 nGyh™!, corresponding to an annual effective dose of
about 90.3 uSv. The spatial distribution of gamma absorbed
doses in Cienfuegos Province showed that the Damuji, Sal-
ado and Caunao watersheds have values similar to areas with
normal background radiation, while the Arimao and Gavilan
watersheds present levels of the absorbed dose and annual ef-
fective dose comparable with high background radiation areas.
These anomalies are probably due to the geological conditions
of the area, where a granitic block is present. A radiological
map of the gamma radiation of Cienfuegos Province is now
available for the first time in this region, and can provide ba-
sic information for assessment of the potential effects of the
radiation dose.
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