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A B S T R A C T

This study represents the first systematic measurement of environmental radiation in the University City of the 
Universidad Nacional Mayor de San Marcos (UNMSM) and the National Institute of Neoplastic Diseases (INEN) in 
the city of Lima, Peru, conducted between July, December 2022, and January 2023. Natural radioactivity levels 
and absorbed dose rates in soil samples were determined by using gamma spectroscopy with a high purity 
germanium detector (HPGe) semiconductor detector with 150 % efficiency.

At UNMSM, the following results were obtained for the activity concentrations (A) of the four main naturally 
occurring radioactive materials NORM (238U, 226Ra, 232Th, and 40K): AU238 = 24.2 ± 3.4 Bq kg− 1, ARa226 =

28.8 ± 0.7 Bq kg− 1, ATh232 = 39.4 ± 1.2 Bq kg− 1 and AK40 = 539 ± 7 Bq kg− 1. We find the absorbed dose rate of 
57.5 nGy h− 1 and an annual effective dose equivalent of 0.28 mSv y− 1. On the other hand, at INEN, the following 
activity concentrations of NORM were found: AU238 = 26.0 ± 3.4 Bq kg− 1, ARa226 = 27.9 ± 0.8 Bq kg− 1, ATh232 =

42.1 ± 1.6 Bq kg− 1 and AK40 = 559 ± 7.8 Bq kg− 1. We found the annual absorbed dose rate of 60.7 nGy h− 1 and 
an annual effective dose equivalent of 0.30 mSv y− 1. Additionally, the equivalent activity in radium (Req) and the 
risk indices for both indoor and outdoor environments were also determined.

The higher than global average values of 40K activity concentrations are due to the greater presence of diorites 
and feldspars in the alluvial soils of Lima. These findings highlight the geological influence on local environ
mental radioactivity and are essential for future risk assessments. Nonetheless, the levels of environmental 
radioactivity found in this study are safe for the population in urban areas of academic and medical importance.

1. Introduction

Natural radiation is a phenomenon present in our environment and 
that comes from natural sources, such as soil, water, food, construction 
materials, also from artificial sources, and cosmic radiation. Exposure to 
this radiation can have effects on human health depending on the dose 
rate, so it is important to understand its distribution and radiation levels 
in different locations. In this sense, there are several techniques and 
tools to analyze natural radiation in soils and obtain detailed informa
tion about the radionuclides that are present. In the specific case of the 
capital of Peru, the study of natural radiation in the soils of the National 
University of San Marcos (UNMSM) and the National Institute of 

Neoplastic Diseases (INEN) has gained increasing relevance, given that 
the city of Lima has a high population density, which elevates the po
tential exposure of large segments of the population to natural sources of 
radiation. UNMSM is one of the country’s leading academic and scien
tific research institutions, while INEN is the most important hospital 
center specialized in cancer treatment; the latter must ensure that 
environmental radiation levels do not adversely affect patients under
going medical therapy.

Since the Oscar Miroquesada de la Guerra Nuclear Power Plant 
(RACSO) came into operation in 1988 in the district of Carbayllo, Lima- 
Peru, no radiological map of the city of Lima has been produced. Envi
ronmental radioactivity measurements have only been carried out in the 
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area of influence up to 1.0 km from the nuclear reactor (Osores, 2021).
Assessing ionizing radiation in both an educational and a hospital 

setting not only enables the establishment of an environmental baseline 
for radiological monitoring purposes, but also contributes to ensuring 
the radiological safety of staff, students, patients, and visitors. To mea
sure environmental radioactivity from the main naturally occurring 
radioactive materials (NORM) in soils at both UNMSM and INEN, a non- 
destructive gamma-ray spectroscopy technique has been employed. 
(UNSCEAR, 1982; UNSCEAR, 2000; Gilmore, 2008; Knoll, 2010; IAEA, 
2019; Vajda et al., 2020).

2. Materials and methods

2.1. Sample collection and preparation

Since 1966, what would be called University City (U.C) de UNMSM, 
located in the district of Lima Cercado (12◦03′24.7"S; 77◦04′58.4"W), 
came into operation; this consists of approximately 676 004 m2, of 
which to date are parks, sidewalks, roads and squares. Other parts have 
intangible archaeological sites, vegetated areas and uncultivated land.

On the other hand, the INEN since 1988 is working in the district of 
Surquillo (12◦06′42.4"S; 76◦59′54.6"W); It has about 47 986 m2 and is 
made up of buildings, patios, sidewalks, tracks and green areas.

The sampling points, both at the University City of UNMSM and the 
National Institute of Neoplastic Diseases (INEN), correspond to geolog
ical units of the Q1Sc type (Quaternary-Pleistocene, ancient alluvial 

deposits). These units are characterized by their sedimentary origin, 
consisting primarily of materials transported and deposited by ancient 
fluvial processes. The sediments originate from the erosion of the Andes, 
where diverse rock types, including igneous and sedimentary varieties, 
contribute to the composition of these soils.

Various geological studies (Palacios et al., 1992; INGEMMET, 2023) 
have confirmed that these soils contain notable amounts of diorites and 
feldspars, which are key contributors to the observed levels of natural 
radioactivity. Diorites, as intrusive igneous rocks, are rich in minerals 
such as plagioclase feldspars and biotite, both of which may contain 
trace amounts of potassium (K) and uranium (U). Feldspars, particularly 
potassium feldspar, are significant sources of 40K, a naturally occurring 
radionuclide that contributes to gamma radiation in the environment.

A stratified systematic random sampling statistical methodology was 
applied for sample collection, taking into account the Q1Sc geological 
units (Quaternary–Pleistocene, ancient alluvial deposits) identified by 
INGEMMET as predominant in both sites (UNMSM and INEN). Six 
random points per stratum were selected using a random number 
generator, ensuring spatial representativeness and accuracy in the 
measurement of natural radioactivity and absorbed dose rates (Beretka 
and Mathew, 1985; Arnedo et al., 2017; IAEA, 2019).

A grid was established on both campuses (Fig. 1), stratified according 
to the typical geomorphological characteristics of the Q1Sc deposits 
(slope <5 %, loamy sand texture), within which the sampling points 
were selected following the protocols of ISO Standard 18589-7 (2021) 
for studies of soil radioactivity. Samples were collected at a depth not 

Fig. 1. Geographical location of the sample points for UNMSM and INEN. Map data© 2018 google.
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exceeding 10.0 cm (corresponding to the characteristic surface horizon 
of these deposits), with a standard volume of 500 g per point. The 
sample size (n = 6 per site) was determined through statistical power 
analysis (β = 0.8, α = 0.05), taking into account the area of the grounds 
(0.68 km2 for UNMSM and 0.05 km2 for INEN) and the lithological 
homogeneity of the Q1Sc units reported by INGEMMET in previous 
studies on alluvial soils in Lima. Geological homogeneity was confirmed 
using Kruskal-Wallis tests among quadrants (p > 0.05), validating the 
methodological approach in accordance with environmental radiolog
ical surveillance standards (Arnedo et al., 2017; ISO-18589-3, 2018).

Soil samples were collected between July, September and December 
2021 and January 2022. They were then packed in plastic bags and 
labeled by the sampling point. The samples were then taken to the 
Biophysics and Medical Physics Laboratory of the Physical Instrumen
tation and Applications research group (INFISA) attached to the 
UNMSM Research Vice-Rectorate for preparation. This first consisted of 
removing large stones and plant remains, then sieving at 500 μm, 
recording its wet weight and finally going through a drying process in a 
muffle for 24 h at about 105 ± 5 ◦C. Subsequently, the samples were 
transferred to Petri-type containers of 95 ± 2 mm in diameter and 15 ±
1 mm in height, with an average mass of 95 ± 2 g per sample, to then 
seal them and leave them for 30 days to establish secular equilibrium to 
then seal them and leave them for 30 days in order to establish secular 
equilibrium between 226Ra and its short-lived gamma-emitting progeny. 
(CSN, 2003; Romero et al., 2010; IAEA, 2019).

Finally, the samples were taken to the IPEN (Peruvian Nuclear En
ergy Institute) in Hurangal, where they were put into a 150 % efficient 
high purity germanium detector (HPGe) to determine their gamma 
activity.

2.2. Instrumentation and calibration

In the Neutron Activation Analysis laboratory, within the Nuclear 
and Analytical Techniques Division of IPEN, at the RACSO nuclear 
reactor facilities in Hurangal, Lima-Peru, there is a HPGe coaxial semi
conductor detector, brand CAMBERRA model GC15022, of 150 % 
relative efficiency with respect to NaI, whose resolution is 2.2 keV at 
1.33 Mev and 1.3 keV at 122 keV, in addition to a peak/Compton ratio of 
80:1, with a detector diameter of 90.80 mm (3.6 in) and height of 90.00 
mm (3.5 in). The entire detector is connected to a model 2002CSL-10 
preamplifier, model 2026 amplifier, a model 3125 high-voltage source 
and a model 7500 S L cryostat, all from CAMBERRA.

The detector is housed in a CAMBERRA model 767 lead armor sys
tem, has a lead thickness of 100 mm (3.9 in) and is encased in an outer 
steel casing of 9.5 mm (0.4 in). The coating consists of a 1 mm (0.04 in) 
thick layer of tin and a 1.5 mm (0.06 in) thick layer of copper. Interior 
dimensions are 280 mm (11.0 in) diameter by 406 mm (16.0 in) high 
(Fig. 2).

For the set-up of the HPGe detector, 4096 channels were used, then 
an energy calibration using a152Eu source whose geometry is a disk of 
25.1 ± 0.5 mm in diameter and with an activity of 355.7 ± 7 kBq (01/ 
01/1981).

The energy-dependent efficiency calibration was performed using an 
Eckert & Ziegler No. 2277-15 multinuclide standard solution (10.39109 
g, 373.7 kBq, reference date January 11, 2021), covering an energy 
range of 60 keV–1800 keV to ensure proper detector characterization.

The process involved mixing the standard solution with a soil matrix 
of similar composition to the analyzed samples, ensuring equivalent 
geometric conditions (Petri-type container of known dimensions). The 
sample was then homogenized in a mixing device for 3 h and sealed to 
prevent volatilization losses.

Measurements were conducted using a CANBERRA GC15022 HPGe 
detector, with the sample positioned 100 mm from the detector window 
to minimize true coincidence summing effects. Corrections for this effect 
were applied using EFFTRAN v4.72 software, which implements effi
ciency transfer through numerical calculations based on: physical 

detector models, source-detector geometry, sample dimensions and 
radionuclide decay schemes (including energy levels, emission in
tensities, half-lives, and gamma-gamma coincidences).

The efficiency curve was fitted using a polynomial/logarithmic 
regression model, yielding a correlation coefficient (R2 = 0.99), Where 
equation (1). Calibrations are verified semiannually (last performed on 
September 12, 2023, per laboratory protocol) using certified reference 
materials to ensure metrological traceability. (Moens et al., 1981; Daza 
et al., 2001; Vidmar et al., 2011; Jonsson et al., 2015) (Table 1 Fig. 3). 

ε (E) = 0.002*E − 0.1095,60.0 < E < 92.8 keV
ε (E) = − 0.046*Ln(E) + 0.3876,92.8 < E < 1800.0 keV

R2 = 0.99
(1) 

2.3. Activity concentrations determination

The soil samples were placed in the gamma spectrometry chain for a 
time of 86 400 s. The gamma spectra of the different samples were 
analyzed with the commercial software Genie2000.

The radioactive activity concentrations A(Bq kg− 1) was determined 
from the equation: 

A=
N

I ε m tv f
(2) 

Where N: net photopeak counts, I: emission probability intensity at a 
certain energy, ε: efficiency at a certain energy, tv: corrected time and f: 
is the correction factor, where self-absorption, decay, random sum and 
sum by coincidences were considered. To ensure accuracy in the 
determination of specific activities of radionuclides present in environ
mental soil samples, a true coincidence summing (TCS) correction was 
applied during the efficiency calibration phase of the gamma 

Fig. 2. Chain for gamma spectroscopy with the HPGe detector of 150 % effi
ciency, together with the shield, its Dewar and electronic chain in the Division 
of Analytical and Nuclear Techniques of IPEN.

Table 1 
Efficiency values after a regression adjustment.

E ε Δε

63.3 0.0197 0.0038
92.8 0.0800 0.0037
238.6 0.1358 0.0033
351.9 0.1179 0.0030
609.3 0.0926 0.0024
911.2 0.0741 0.0016
969.0 0.0713 0.0015
1001.0 0.0698 0.0014
1460.8 0.0524 0.0002
1764.5 0.0437 0.0006
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spectrometric system. This correction was performed using the EFF
TRAN program, taking into account the actual measurement geometry 
(Petri-type container placed over a Canberra HPGe coaxial detector, 
model GC15022). The model incorporated the main gamma lines of 
cascade-emitting radionuclides such as 214Bi and 228Ac, associated with 
the 226Ra and 232 Th day series, respectively. The corrected efficiency 
was subsequently used for the quantification of 235U, 226Ra, 232Th, and 
40K, with results compared against the certified reference material IAEA- 
312. Relative deviations remained below 10 %, ensuring the validity of 
the applied method. For the identification of the main NORM such as 
238U, the photopeaks of 234Th (63.03 keV) and 234mPa (1000.85 keV) 

were analyzed; for 226Ra, the photopeaks of 214Pb (351.91 keV), 214Bi 
(609.26 keV and 1764.36 keV) were analyzed; for 232Th, the 212Pb 
(238.57 keV), 228Ac (911.11 keV and 968.98 keV) photopeaks were 
analyzed and for 40K, the 1460.80 keV photopeak was analyzed (Fig. 4). 
In interpreting the activity concentrations of the radionuclide 232Th, we 
initially assumed secular equilibrium with its decay products 228Ra and 
228Th (a conventional approach for well) sealed soil samples. However, 
to validate this assumption, we experimentally compared measured 
activities of 228Ra and 228Th through 1) Sequential measurements over 3 
months, 2) Activity ratio analysis, and 3) Exclusion of chemically altered 
samples. Results confirm equilibrium within 5 % (k = 2) for 97 % of 
processed samples, which constitute the dataset presented in this study. 
(ISO.18589-7, 2018).

2.4. Dose calculation

The evaluation of the radiological risk associated with the exposure 
of radionuclides in the soil, if a uniform distribution is considered, at 1 m 
from the soil surface, is measured by the Absorbed Dose Rate (D) or 
gamma dose rate in the air. For this we resort to equation (3) that relates 
the activities of 226Ra, 232Th and 40K in Bq kg− 1 (UNSCEAR, 1982; 
Sohrabi, 1998; Rani and Singh, 2005; ICRP, 2007; Taskin et al., 2009; 
Alkhomashi, et al., 2011; Ribeiro et al., 2018; Castillo Corzo et al., 
2025). 

D=0.462 ARa + 0.604ATh + 0.0417 AK (3) 

Where ARa: activity concentrations of 226Ra, ATh activity concentra
tions of 232Th, AK: activity concentrations of 40K and D: nGy h− 1.

2.5. Effective annual equivalent dose

It is a measure used in radiation protection to assess the amount of 

Fig. 3. Efficiency curve for energies used in this study.

Fig. 4. Gamma spectrum acquired from a sample in a HPGe detector, where the photopeaks can be seen for the analysis of the main radionuclides.
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radiation absorbed by an individual in a period of one year. It is widely 
used in environmental radiation studies to assess the potential risk of 
radiation exposure and establish safe dose limits. It is estimated using 
the following equations for indoor AEDEi and outdoor AEDEO 
(UNSCEAR, 1982; Ribeiro et al., 2018): 

AEDEO =D × 8760 × 0.2 × 0.7 × 10− 6 (4) 

AEDEi =D × 8760 × 0.8 × 0.7 × 10− 6 (5) 

Where AEDEO and AEDEi: mSv y− 1

2.6. Radio equivalent activity

This parameter is used to characterize the content of 226Ra, 232Th and 
40K in a radioactive material. The concept is based on the fact that the 
radiation emitted by radium, thorium and potassium can have a bio
logical effect similar to that of a specific amount of the children of 
radium and radon. It is determined using the equation (UNSCEAR, 1982; 
Beretka and Mathew, 1985 ) 

Raeq =ARa + 1.43 ATh + 0.077 AK (6) 

Where ARa: activity concentrations of 226Ra, ATh activity concentrations 
of 232Th, AK: activity concentrations of 40K and Raeq : Bq kg− 1

2.7. Risk index

If we assume that the maximum allowed value of the radio equiva
lent is 370 Bq kg− 1, the risk assessment index (H) is defined when it is 
assumed that the effective annual dose from construction materials is 1 
mSv y− 1, thus we have the equations (UNSCEAR, 1982; Beretka and 
Mathew, 1985; Xinwei, 2005; Alkhomashi, et al., 2011): 

Hext =
ARa

370
+

ATh

259
+

AK

4810
≤ 1 (7) 

Hint =
ARa

185
+

ATh

259
+

AK

4810
≤ 1 (8) 

where ARa: activity concentrations of 226Ra, ATh activity concentrations 
of 232Th y AK: activity concentrations of 40K.

3. Results and discussion

The values of the activity concentrations of the different soil samples 
in the U.C of the UNMSM using equation (2), are shown in Table 2 where 

it can be seen that the average activity concentrations of 238U is 24.2 ±
3.4 Bq kg− 1, which is below the world average which is 33 Bq kg− 1 

(UNSCEAR, 2008). The average activity concentrations of 226Ra is 28.8 
± 0.7 Bq kg− 1, which is lower than the world average of 32 Bqkg− 1 

(UNSCEAR, 2008). The average activity concentrations of 232Th is 39.4 
± 1.2 Bq kg− 1, which is below the world average of 45 Bq kg− 1 

(UNSCEAR, 2008). The average activity concentrations of 40K is 539.3 
± 7.3 Bq kg− 1, which is 1.28 above the world average of 420 Bq kg− 1, 
but within the range of 140–850 Bq kg− 1 (UNSCEAR, 2008).

The activity concentrations values of the different INEN soil samples 
using equation (2) are shown in Table 2 where the average activity 
concentrations of 238U is 26.0 ± 3.4 Bq kg− 1, which is below the world 
average which is 33 Bq kg− 1 (UNSCEAR, 2008). The average activity 
concentrations of 226Ra is 27.9 ± 0.8 Bq kg− 1, which is lower than the 
world average of 32 Bq kg− 1 (UNSCEAR, 2008). The average activity 
concentrations of 232Th is 42.1 ± 1.6 Bq kg− 1, which is below the world 
average of 45 Bq kg− 1 (UNSCEAR, 2008). The average activity con
centrations of 40K is 559.4 ± 7.8 Bq kg− 1, which is 1.33 above the world 
average of 420 Bq kg− 1, but within the range of 140–850 Bq kg− 1 

(UNSCEAR, 2008).
When examining the case of 40K, it is known that natural potassium is 

primarily composed of three isotopes: 39K (93.26 %), 40K (0.0117 %), 
and 41K (6.73 %) (Garner et al., 1975). Although 40K is the least abun
dant, its significance lies in its radioactivity. This property makes 40K an 
important source of natural radioactivity. In his study on the relation
ship between U and Th in granitic rocks, Whitfield found that radioac
tivity in igneous rocks is closely related to their primary mineralogy 
(Whitfield, 1959; Faure and Mensing, 2005). In the absence of direct 
mineralogical analyses such as XRD or ICP-OES, geochemical ratios 
K/Th, K/U, and U/Th were employed as indirect inference tools to 
determine the predominant lithological type, as shown in Table 3. These 
ratios fall within the typical ranges for granitic rocks (K/Th = 10–15; 
K/U = 10–30) and for diorites containing potassium feldspars, which 
often exhibit similar values due to relative depletion in uranium and 
thorium and enrichment in potassium (Clark et al., 1966; Chiozzi et al., 
2002; Faure and Mensing, 2005). In our case, the measured activity of 

Table 2 
Radioactive activity concentrations in Bq kg− 1 of the different samples.

Sample Position Activity (Bq kg‾1)

U-238 Ra-226 Th-232 K-40

UNMSM-15 12◦03′10.9"S 77◦05′11.5"W 22.1 ± 3.4 30.6 ± 0.8 43.1 ± 1.4 585.7 ± 8.1
UNMSM-36 12◦03′16.6"S 77◦05′12.0"W 24.8 ± 3.7 30.0 ± 0.8 38.9 ± 1.3 532.1 ± 7.4
UNMSM-141 12◦03′27.7"S 77◦05′10.9"W 24.7 ± 3.6 27.3 ± 0.7 36 ± 1.2 529.9 ± 7.2
UNMSM-163 12◦03′35.1"S 77◦05′19.4"W 24.0 ± 3.2 23.7 ± 0.6 34.5 ± 1 465.2 ± 6.1
UNMSM-173 12◦03′34.1"S 77◦04′57.8"W 24.0 ± 3.1 28.0 ± 0.7 36.3 ± 1.1 516.6 ± 6.8
UNMSM-183 12◦03′33.3"S 77◦04′49.8"W 25.6 ± 3.6 33.1 ± 0.9 47.7 ± 1.5 606.5 ± 8.2
​ ​ Mean 24.2 ± 3.4 28.8 ± 0.7 39.4 ± 1.2 539.3 ± 7.3
​ ​ Range 22.1–25.6 23.7–33.1 34.5–47.7 465.2–606.5
INEN-9 12◦06′43.3"S 76◦59′52.0"W 23.3 ± 3.5 28.6 ± 0.8 47.0 ± 1.5 594.5 ± 8.1
INEN-12 12◦06′44.1"S 76◦59′59.3"W 27.0 ± 3.9 28.3 ± 0.8 44.1 ± 1.4 597.5 ± 8.1
INEN-16 12◦06′43.4"S 76◦59′55.8"W 25.6 ± 3.8 28.7 ± 0.8 48.0 ± 1.5 590.4 ± 8
INEN-68 12◦06′45.9"S 76◦59′58.3"W 24.3 ± 3.4 27.2 ± 0.7 42.4 ± 1.4 560.6 ± 7.6
INEN-92 12◦06′46.7"S 76◦59′56.8"W 25.3 ± 3.4 26.8 ± 0.7 38.1 ± 1.2 517.6 ± 7
INEN-109 12◦06′46.6"S 76◦59′51.1"W 24.3 ± 3.4 26.7 ± 0.7 36.4 ± 1.2 508.3 ± 7
​ ​ Mean 25.0 ± 3.6 27.7 ± 0.8 42.7 ± 1.4 561.5 ± 7.6
​ ​ Range 23.3–27.0 26.7–28.7 36.4–48.0 508.3–597.5
​ ​ World reference 33 32 45 420
​ ​ World range 16–110 17–60 11–64 140–850

Table 3 
Geochemical ratios K/Th, K/U, and U/Th based on mean values from the 
UNMSM and INEN sites.

K/Th K/U U/Th

UNMSM 13.7 22.3 0.6
INEN 13.3 21.5 0.6
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40K in dioritic soils correlates with feldspathic rocks such as granites and 
diorites; the presence of potassium-rich minerals (orthoclase, micro
cline, and biotite) explains the detected 40K concentrations. The average 
activity of 539.3 Bq⋅kg− 1 recorded in our samples corresponds to a K2O 
content of approximately 1.5–2.5 %, which is consistent with moder
ately potassic diorites.

Therefore, this indirect evidence suggests that the elevated 40K 
content at both sites is linked to felsic lithology with significant con
tributions of potassium feldspars derived from the weathering of diorites 
from the Coastal Batholith, a well-documented geological formation 
underlying Metropolitan Lima (Palacios et al., 1992; Rollinson, 1993; 
Winter, 2014).

These values are in agreement with those found in the study on soil 
activity concentrations in the city of Pernambuco, Brazil, conducted by 
(Do Carmo Leal et al., 2020) where an activity of 20 Bq kg− 1 for 226Ra 
and 458 Bq kg− 1 for 40K was reported. They also relate to the study on 
undisturbed soils in the northeast of Buenos Aires province, Argentina, 
carried out by (Montes et al., 2012) which reported activities of 27.8 Bq 
kg− 1 for 226Ra, 33.3 Bq kg− 1 for 232Th, and 614 Bq kg− 1 for 40K. Our data 
are consistent with the findings of (Reino et al., 2018) who reported 
activity concentrations in soils near the Tungurahua volcano in Ecuador 
of 27.58 ± 1.99 Bq kg− 1 for 226Ra, 30.28 ± 2.48 Bq kg− 1 for 232Th, and 
411 ± 28.77 Bq kg− 1 for 40K.

The average absorbed dose rates are shown in Table 4, using equa
tion (3) in the U.C of UNMSM the average is 57.5 nGy h− 1, which is 1.13 
higher than the world average of 51 nGy h− 1 (UNSCEAR, 2000). The 
average annual indoor dose equivalent using equation (4) is 0.28 mSv 
y− 1 which is less than the world average which is 0.41 mSv y− 1 and the 
average annual outdoor dose equivalent using equation (5) is of 0.07 
mSv y− 1 which is equal to the world average (UNSCEAR, 2000).

From the samples in INEN, the average absorbed dose rate found is 
60.7 nGy h− 1, which is 1.19 higher than the world average of 51 nGy h− 1 

(UNSCEAR, 2000). The annual equivalent dose indoors on average is 
0.30 mSv y− 1, which is a lower value than the world average, which is 
0.41 mSv y− 1, and the annual equivalent dose outdoors on average is 
0.07 mSv y− 1, which coincides with the world average (UNSCEAR, 
2000).

From Table 5, the equivalent in radius is shown, using equation (6), 
thus we have that in the University City of the UNMSM an average value 
of 126.7 Bq kg− 1 is obtained. For the external risk index using equation 
(7), an average of 0.34 was determined and for the average internal risk 
index using equation (8), an average of 0.42 is obtained.

4. Conclusions

The present study has determined the values of radioactive activity 
in the superficial soils of the main NORM at UNMSM and INEN; showing 
us results that are below the world average (226Ra, 238U and 232Th) and 
above the world average (40K), compared to the UNSCEAR, 2008 data. 
In addition, we have found the absorbed dose rate is within the world 
ranges and the effective annual dose equivalent whose mean is below 
the world values; according to the data compared with the UNSCEAR, 
2000 report. We have also determined the equivalent radium activity 
whose average for UNMSM is 126.7 Bq kg− 1 and for INEN 131.2 Bq 
kg− 1. The external and internal risk index for UNMSM is 0.34 and 0.42; 
for the INEN it is 0.35 and 0.42 respectively.

The alluvial soils at the sampling sites in Lima, formed by the erosion 
and deposition of material originating from the Andes, exhibit a sig
nificant concentration of minerals such as feldspars and fragments of 
dioritic rocks. The positive correlation between K2O content (1.5–2.5 %) 
and 40K activity reinforces the role of local lithology as a primary control 
on natural radioactivity. This potassium-rich mineralogical composition 
explains the relatively high levels of 40K activity observed. These find
ings suggest that in future studies (using techniques such as XRD, ICP- 
OES), the spatial distribution of 40K could be used as a tracer of geo
dynamic processes in alluvial environments, with observed variations 

reflecting differences in the composition of the source units exposed in 
the Andes.

Overall, the levels of environmental radioactivity found are safe for 
students, professors, workers, patients, and the public. This study can 
serve as a reference to establish a future radiological baseline in the soils 
of Lima, providing crucial data to assess and manage radioactivity risks 
in urban areas.
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Table 4 
Absorbed dose rate and internal and external annual equivalent dose of the 
different samples.

Sample D (nGy h‾1) AEDEi (mSv y‾1) AEDEo (mSv y‾1)

UNMSM-15 60.7 0.30 0.07
UNMSM-36 57.1 0.28 0.07
UNMSM-141 55.3 0.27 0.07
UNMSM-163 51.3 0.25 0.06
UNMSM-173 54.6 0.27 0.07
UNMSM-183 65.9 0.32 0.08
Mean 57.5 0.28 0.07
Range 51.3–65.9 0.25–0.32 0.06–0.08
INEN-9 63.9 0.31 0.08
INEN-12 64.1 0.31 0.08
INEN-16 65.4 0.32 0.08
INEN-68 60.4 0.30 0.07
INEN-92 56.3 0.28 0.07
INEN-109 54.4 0.27 0.07
Mean 60.7 0.30 0.07
Range 54.4–65.4 0.27–0.32 0.07–0.08
World reference 51 0.41 0.07

Table 5 
Equivalent in radius and external and internal risk index of the different samples.

Sample Raeq (Bq kg‾1) Hext Hint

UNMSM-15 137.4 0.37 0.45
UNMSM-36 126.5 0.34 0.42
UNMSM-141 119.6 0.32 0.40
UNMSM-163 108.9 0.29 0.36
UNMSM-173 119.7 0.32 0.40
UNMSM-183 147.9 0.40 0.49
Mean 126.7 0.34 0.42
Range 108.9–147.9 0.29–0.40 0.36–0.49
INEN-9 141.5 0.38 0.45
INEN-12 137.4 0.37 0.42
INEN-16 142.8 0.39 0.40
INEN-68 126.4 0.34 0.36
INEN-92 121.1 0.33 0.40
INEN-109 117.9 0.32 0.49
Mean 131.2 0.35 0.42
Range 117.9–141.5 0.32–0.39 0.36–0.49
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