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Abstract: The increasing use of ionizing radiation across various sectors of society
underscores the need for effective monitoring of occupationally exposed individuals
(OEls), the public, and the environment. Within this framework, environmental radiation
protection programs adopt the ambient dose equivalent H*(10) as the operational
quantity, as defined by the International Commission on Radiological Protection (ICRP)
and recommended by the International Atomic Energy Agency (IAEA), due to its
suitability for estimating the risk of external exposure under field conditions. This study
assessed the ambient dose equivalent H*(10) through a field survey conducted around the
perimeter of the IPEN facilities. Eight monitoring points were selected near thirteen
already existing environmental sampling stations, covering approximately 60% of the area.
The monitoring was structured in three stages: (i) a comparative analysis between monthly
and quarterly measurements using CaSOa:Dy thermoluminescent detectors (TLDs),
which showed proportional responses; (if) a comparison between quarterly measurements
with CaSO4:Dy and LiF:Mg,Ti TLDs, which demonstrated equivalent results; and (iii) a
comparison between the quarterly CaSO4:Dy data from this study and those obtained in
the Environmental Radiological Monitoring Program of the Center for Metrology of
Tonizing Radiations of IPEN (ERMP/CEMRI-IPEN), which indicated consistent and
satisfactory results, confirming the reliability of using H*(10) in the applied monitoring
system. Statistical and uncertainty analyses further confirmed the robustness of the
environmental monitoring with thermoluminescent dosimeters. Proper detector selection
remains essential to ensure accuracy, minimize variability, and enhance environmental
radiation monitoring programs.

Keywords: dosimetry; thermoluminescence; environmental monitoring; field research
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Aplicacio de  dosimetros TLD
(CaSO4:Dy e LiF:Mg,Ti) para avaliagao
ambiental de H*(10) em estudos de
campo

Resumo: O uso crescente da radiacdao ionizante em diversos setores da sociedade
evidencia a necessidade de um monitoramento eficaz de individuos ocupacionalmente
expostos (IOEs), do publico em geral e do meio ambiente. Nesse contexto, os
programas de protecio radioloégica ambiental adotam a grandeza operacional
equivalente de dose ambiente H*(10), conforme definida pela Comissao Internacional
de Protecao Radiologica (ICRP) e recomendada pela Agéncia Internacional de Energia
Atomica (IAEA), devido a sua adequagdo para estimar o risco de exposi¢do externa
em condi¢oes de campo. Este estudo avaliou o equivalente de dose ambiente H*(10)
por meio de uma pesquisa de campo realizada ao redor do perimetro das instalagoes
do IPEN. Oito pontos de monitoramento foram selecionados préximos a treze
estagoes de amostragem ambiental ja existentes, cobrindo aproximadamente 60% da
area. O monitoramento foi estruturado em trés etapas: (i) uma analise comparativa
entre medi¢coes mensais e trimestrais utilizando detectores termoluminescentes (TLDs)
de CaSO4:Dy, que apresentaram respostas proporcionais; (i) uma comparacao entre
medi¢oes trimestrais com TLDs de CaSO4:Dy e LiF:Mg,Ti, que demonstraram
resultados equivalentes; e (i) uma comparagao entre os dados trimestrais de
CaSO4:Dy deste estudo e aqueles obtidos no Programa de Monitoramento
Radiol6gico Ambiental do Centro de Metrologia das Radia¢oes Ionizantes do IPEN
(PMRA/CEMRI-IPEN), que indicaram resultados consistentes e satisfatotios,
confirmando a confiabilidade do uso de H*(10) no sistema de monitoramento
aplicado. As analises estatisticas e de incerteza confirmaram a robustez do
monitoramento ambiental com dosimetros termoluminescentes. A selecao adequada
do detector permanece essencial para garantir precisao, reduzir a variabilidade e
fortalecer os programas de monitoramento radiolégico ambiental.

Palavras-chave: dosimetria, termoluminescéncia; monitoragao ambiental; pesquisa de
campo
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1. INTRODUCTION

Currently, there is a significant increase in the application of ionizing radiation in various
sectors of society, including industry for production purposes and medicine for diagnosis and
treatment of diseases. Consequently, there has also been an increase in monitoring workers
and the environment to ensure continuous verification of radiation levels, with the aim of

mitigating potential impacts on both the environment and individuals [1, 2, 3].

Given the necessity of such monitoring, establishing a radiological protection program
is essential to ensure the proper use of ionizing radiation, thus preventing harm to human

health and the environment [4, 5, 6].

According to the recommendations of the International Commission on Radiological
Protection (ICRP 26), the Radiological Protection Program should be proportional to the
degree of risk associated with the use of ionizing radiation, to ensure the effective
management of necessary measures for the protection of individuals, their workplaces, and

the environment [1, 3, 4, 6].

Radiological protection aims to provide an appropriate standard of protection for
individuals and the environment without inhibiting beneficial activities that may lead to
increased radiation exposure (ICRP, 1990) [2]. The primary objective of implementing
monitoring programs is to assess the radiological conditions of the workplace and ensure

they are acceptably safe and satisfactory for individuals exposed to them. [2,3,7,8,9].

In Brazil, the control over the use of radiation sources is carried out by the Brazilian
Nuclear Energy Commission (CNEN), linked to the Ministry of Science, Technology, and
Innovation. This control is exercised in accordance with the CNEN Standard NN 3.01 [10],
which addresses the Basic Requirements for Radiological Protection and Radiation Source
Safety. This standard applies to planned, emergency, and existing exposure situations. The

types of exposure considered in the standard include occupational, public, and medical
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exposures. The regulation establishes the basic requirements for the radiological protection
of individuals and the environment from exposure to ionizing radiation, including the safety

of ionizing radiation sources [10].

Although alternative operational quantities exist—such as H'(0.07), primarily used for
skin and extremity monitoring, and Hp(d), employed for individual monitoring of
occupationally exposed workers—these are not directly applicable to the environmental
context of this study. In contrast, H(10)* specifically addresses the needs of ambient
monitoring, allowing for direct comparison with international recommendations and
regulatory limits. Accordingly, we emphasize that the use of H(10)* in this work ensures both
methodological robustness and alignment with international radiation protection standards

for environmental surveillance. [10, 11, 12].

The Environmental Radiological Monitoring Program (ERMP) is an integral part of
the Radiological Protection Plan and must be established and implemented considering the
pre-operational, operational, and post-operational phases. The ERMP is intended to assess

the impact resulting from the use of ionizing radiation [10, 11, 12].

Environmental monitoring consists of measuring radiation levels in the environment;
tor this purpose, thermoluminescent dosimeters (TLDs) [12] can be used atlocations defined
as representative of critical radiation pathways, both during normal operations and in the
event of accidents involving the release of radioactive materials into the environment [10, 12].
According to ICRU Report 85 [12], the operational quantity H*(10) is recommended for
environmental monitoring, as it provides a conservative estimate of etfective dose for

strongly penetrating radiation fields.

Thermoluminescent materials are generally non-conducting crystals that contain
impurities or defects in their crystalline structure, which act as traps for charge carriers. The

simplest way to understand the role of these traps is through the band model [13, 14, 15].
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The choice of IPEN is also relevant because it represents a nuclear installation located
within a densely populated urban area, which reinforces the importance of continuous
assessments of the ambient dose equivalent, H*(10), for environmental radiation protection.
Thus, conducting this research at IPEN not only strengthens the reliability of existing
monitoring programs but also contributes to consolidating TLDs as robust and comparable

tools for field studies.

The Environmental Radiological Monitoring Program (ERMP), currently carried out
by IPEN, uses only CaSO4:Dy detectors on a quarterly basis in its verification routine.
The present research, which aims to expand environmental monitoring options, employed
two types of thermoluminescent detectors — CaSO4:Dy and LiF:Mg, Ti — to determine the

ambient dose equivalent, H*(10), for use in environmental monitoring [11, 16].

2. MATERIALS AND METHODS

2.1. Materials

The study employed CaSO4:Dy and LiF:MgTi detectors, each with specific
requirements. CaSO4:Dy offers high sensitivity to gamma radiation but requires controlled
humidity storage due to its hygroscopic nature. LiF:Mg,Ti, although less sensitive, provides
near tissue equivalence and reduced fading, making it a robust reference material. For both
detectors, standard protocols were followed, including annealing prior to reuse, light-
protected storage, and calibration with reference gamma fields (e.g., Cs-137), ensuring

reliable and comparable results.

In this study, two thermoluminescent detectors were used: CaSO4:Dy pellets, monthly
(Figure 1a) and quarterly (Figure 1b); and LiF:Mg,Ti pellets (Figure 1c). These detectors,
which belong to CEMRI/IPEN and were provided for the present research, were placed in
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a dosimeter holder, as shown in Figure 1. The CaSO4:Dy dosimeter holders have three types
of filters: plastic, Pb with a hole, and total Pb. The LiF:Mg Ti dosimeter holder has only

plastic.

Figure 1 - Dosimeter holders used as supports for CaSO4:Dy and LiF:Mg,Ti pellets.

a) CaSO4:Dy dosimeter b) CaSO4:Dy dosimeter ¢) LiF: Mg, Ti dosimeter
holder (monthly) holder (quarterly) holder (quarterly)

For the thermal treatment of the dosimetric detectors, the following equipment was
used: Heatech muffle furnace, model 4814 — 1 (for both Lil:Mg, Tiand CaSO4:Dy detectors);
and the Sterilifer surgery oven, model SX 1.0 DTME, used only for LiF:MgTi. The
irradiations were performed in the H*(10) quantity, using the Hopewell panoramic irradiator
with a ’Cs source, model SC 1015G, activity: 3.7 x 10" Bq (1Ci). The equipment used for
thermal treatment and irradiation belongs to CEMRI and the Radiation Technology Center

(CTR), both part of IPEN.
2.2. Dosimeter preparation

The preparation of the detectors for field insertion followed the specific requirements
of the dosimetric materials [16, 17, 18]. The detectors were given a pre-dose in the H*(10)
quantity, using ’Cs at 2mSv in the panoramic irradiator. After irradiation, the thermal

treatment of the LiF:Mg,Ti pellets was performed in a muffle furnace at 400 °C for 1 hour,
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followed by a 100 °C temperature in an oven for 2 hours to stabilize the glow curve and
reduce low-temperature peaks. The thermal treatment of the CaSO4:Dy pellets was
performed in a muffle furnace at a temperature of 340 °C for 1h.
2.3. Field deployment

After the preparation, the detectors were placed in dosimeter holders to be installed
on the supports in the field.

The ERMP map at IPEN includes 13 environmental monitoring points. From these
thirteen points, eight points (approximately 60%) were selected for field research monitoring

[11], as shown in Figure 2.

Figure 2 — Geographical description of the field study points around the perimeter of the IPEN facilities

Points Location
TL #1 Behind the Medical Service
TL #2 SEGRR (in front of the LRR

— Radioactive Waste
Treatment Laboratory)

TL #3 In front of the ciclotron

TL #4 In front of the treated
radioactive waste storage
sheld - SEGRR

TL #5 In front of the CETER

TL #6 Next to the Restaurant

TL #11 General Ordinance

TL #25 Next to the MB 01 Reactor

Source: Environmental Radiological Monitoring Program (ERMP) Evaluation Report from IPEN [5].

To collect the environmental monitoring data in the field, 24 (twenty-four) supports
were installed, with 3 (three) supports for each of the 8 (eight) selected points.
These supports were made from 5 cm diameter PVC pipes, and 1.30 meters in height. To
allow air circulation inside the pipes, small holes of 0.5 mm in diameter were made along the

entire length of the pipes.
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The installation of the PVC pipes was carried out considering a distance of 15 cm
from the pipe already installed by the Environmental Radiometry Sector/IPEN. For each
point, three PVC pipes were installed, considering the monitoring of two TL CaSO4:Dy
detector points for monthly and quarterly measurements, and one TL LiF:Mg Ti detector

point for quarterly measurements.

Figure 3 shows the supports for the dosimeter holders used in the field research for

the CaSO4:Dy and LiF:Mg, T1 detectors.

Figure 3 - Supports for CaSO4:Dy and LiF:Mg,Ti dosimeter holders used in the field experiment.

LiF:Mg,T1 * f
quarterly | CaSO,_:Dy

CaS(; :Dy - quarterly
& :
monthly ERMP/IPEN
quarterly

2.4. Dosimeter evaluation

After the monthly and quarterly field periods, the dosimeter holders in the field were
replaced for new measurements. The dosimeters collected from the field were then measured

under a nitrogen gas flow. The readings of the LiF::Mg,Ti detectors were performed using
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the Harshaw reader, model 4500 (manual type) [17], and the readings of the CaSO4:Dy

detectors were performed using the Harshaw reader, model 5500 (manual type) [18].

For all experiments, a control dosimeter was kept in the shielding during the field
period and was only removed when replacing the material in the field. The control dosimeter
served to account for background radiation and potential handling contributions during field

exposure and transportation.

The field research began in the October-December 2023 quarter for the CaSO4:Dy
TL detectors (monthly and quarterly) and LiF:Mg, Ti (quartetly), concluding in the October-
December 2024 quarter, totaling 5 quarters (15 months) for both detectors, distributed over

the following periods, as shown in Table 1:

Table 1: Monitoring period of detectors in field research

Detctor Period Measurements
CaSO4:Dy TL monthly October/2023 to December/2024 15 moths
CaSO4:Dy TL quattetly October/2023 to December/2024 5 quarters
LiF:Mg, Ti TL quarterly October/2023 to December/2024 5 quarters

3. RESULTS AND DISCUSSIONS

3.1 Graphical presentation of data collected in the field research

The results present the monthly and quarterly dose responses, in mSv, for CaSO4:Dy
and quarterly CaSO4:Dy and LiF:Mg,Ti detectors and CaSO4:Dy in the Field Research and
in the IPEN’s ERMP, collected at 8 (eight) points along the IPEN perimeter, during the
period from October-December 2023 to October-December 2024, with material exchange
and TL evaluation realized monthly and quarterly for the CaSO4:Dy detectors and quarterly

for the LiF:Mg, Ti detectors.
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Figure 4 shows the equivalence of the CaSO4:Dy monthly and quarterly results and

the results of the quarterly CaSO4:Dy detector.

Figure 4 - Ambient dose equivalent values (mSv) with CaSO4:Dy detectors, collected monthly and
quarterly results from October-December 2023 to October-December 2024.

Equivalence of CaS0,:Dy monthly and quarterly results in dose response (mSv)
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The results show that the monthly measurements of the CaSO4Dy dosimeters are

proportional to the results found in the quarterly CaSO4Dy dosimeters.

The comparison between CaSO4:Dy monthly and quarterly measurements showed no
statistically significant differences between the two aggregation methods. This addresses the

proportionality question by confirming their statistical equivalence.

Figure 5 shows the results of the quarterly LiF :Mg Ti detector.
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Figure 5 — Ambient dose equivalent values (mSv) with LiF:Mg,T1 detectors, collected quarterly from
October-December 2023 to October-December 2024.

Quarterly field research of LiF:Mg,Ti
for the years 2023-2024
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It can be observed that the dose values recorded in Q4/2023, Q2/2024, and Q4/2024
indicate equivalent results. Similarly, Q1/2024 and Q3/2024 also demonstrated comparable

values; however, the measurements obtained during these periods were lower.
The field research compared CaSO4:Dy and LiF:Mg,Ti detectors under the same
environmental conditions, with quarterly evaluations.

Figure 6 compares the quarterly monitoring results of the CaSO4Dy and

LiF:Mg,Ti detectors from October-December 2023 to October-December 2024.
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Figure 6 — Ambient dose equivalent values (mSv) with the detectors CaSO4Dy and LiF:Mg,T1

Quarterly field research of CaSO,:Dy and LiF:Mg,Ti
for the years 2023 - 2024
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Point n° 4, located in front of the SEGRR (Storage Warehouse for Treated
Radioactive Waste), is considered the point that presents the highest environmental dose for

both tested detectors, a consequence of the storage of radioactive waste [19, 20, 21].

Two-way ANOVA methods indicated no statistically significant differences between
the detectors for most quarters (p > 0.05), confirming that their responses can be considered

equivalent within the limits of statistical uncertainty.

Figure 7 shows the Comparison between the monitoring results of the CaSO4:Dy
detectors obtained in Field Research and in IPEN’s ERMP.
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Figure 7 — Ambient dose equivalent values (mSv) with data from the CaSO4:Dy dosimeters of the field
research and the ERMP /IPEN, collected quarterly during the period from October 2023 to December 2024

Environmental monitoring CaSO,:Dy
Field Research and IPEN' ERMP for the years 2023-2024
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The ditference in values between the control dosimeter of the CaSO4:Dy detector from
the field research and that of the ERMP of IPEN is due to logistical issues related to
exchanging the dosimeter in the field and returning the control dosimeter to the appropriate
shielding location. The control dosimeter of the field research remained in a shielded
environment at all times, and its exchange schedule was managed exclusively by the researcher,
ensuring consistency in handling and positioning. In contrast, the control dosimeter of IPEN’s
ERMP was under the responsibility of the Environmental Radiometry Sector, which follows

its own operational schedule for dosimeter exchange and handling. Since this institutional
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schedule is not under the researcher’s control, minor differences in timing and logistics may

occur between the two procedures, explaining the observed discrepancies.

3.2 Statistical analysis (significance): analysis of variance (ANOVA) methods and

paired tests

The statistical analysis was conducted using the ANOVA method, as discussed by
Choi et al. (2015), who highlighted its usefulness in evaluating uncertainties in experimental
measurements [22]. The application of paired t-tests complemented the ANOVA method,

allowing the detection of differences in specific petiods (Choi etal, 2015) [22].
3.2.1 CaSO4:Dy — Monthly and Quarterly measurements

ANOVA methods indicated no significant differences between methods (p = 0.830),
across quarters (p = 0.914), or in their interaction (p = 0.965). However, paired #tests
revealed significant differences only in the 1st (p = 0.0029) and 2nd quarters of 2024 (p = 0.0092);
no differences were found in the 4th quarter of 2023, 3rd and 4th quarters of 2024 (p >
0.05).

3.2.2 Detector comparison: CaSO4:Dy and LiF:Mg,Ti

ANOVA methods revealed significant differences were observed between detectors
(p = 0.011), across quarters (p = 0.020), and in their interaction (p = 0.0306). Paired ~tests
confirmed significant differences in the 4th quarter 2023 (p = 0.021), 1st (p < 0.001) and 3rd
quarters 2024 (p < 0.001). While no significant differences were observed in the 2nd (p =
0.491) and 4th quarters 2024 (p = 0.775).

3.2.3 CaSO4:Dy — Field Research (FR) and IPEN’s ERMP

ANOVA indicated no overall differences between FR and ERMP (p = 0.928), across
quarters (p = 0.988), or in their interaction (p = 0.9006). Paired #tests indicated significant
differences only in the 2nd quarter of 2024 (p = 0.031) and the 4th quarter of 2024 (p = 0.013).
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While no significant differences were observed in the 4th quarter 2023 (p = 0.346), 1st
quarter 2024 (p = 0.649), and 3rd quarter 2024 (p = 0.080), all presenting p > 0.05.

3.3 Uncertainty Analysis

Measurement uncertainty analysis is fundamental for quantifying the reliability of a
result. This study followed the principles of the Guide to the Expression of Uncertainty in
Measurement (GUM) (JCGM 100:2008) [23] and complementary guidance provided by
Farrance and Frenkel (2012) [24] and EURACHEM/CITAC (2012) [25], further supported
by the IAEA recommendations on uncertainty evaluation in nuclear analytical measurements
IAEA TECDOC-1401, 2015) [26] and by the ISO 4037-1:2019 standard for radiological

protection [27].
3.3.1 CaSO4:Dy for Monthly and Quarterly Sums

The calculations determine the uncertainties for the "monthly sum of the quarter”
and "quartetly" measurements. For this analysis, we considered all 8 measurement points

over 5 quarters, for a total of 40 measurements for each method.

Table 2 summarizes the mean readings, Type A and Type B uncertainties, combined

uncertainty, and expanded uncertainty (£ = 2).

Table 2 — Summary of analysis CaSO4:Dy for Monthly and Quarterly Sums

Method Mean of Type A Type B Combined Expanded
Readings Uncertainty wA)  Uncertainty (uB)  Uncertainty (uc) Uncertainty (U)
(mSv) (mSv) (mSv) (mSv) (mSv)
Sum 0.296 0.0139 0.0059 0.0151 0.0302
Quarterly 0.285 0.0139 0.0057 0.0150 0.0300

The analysis indicated that both methods have very similar uncertainties, of monthly
sum (0.0302) and quarterly (0.0300), with the "Quarterly" method showing a slightly lower

combined and expanded uncertainty.
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3.3.2 CaSO4:Dy and LiF:Mg,Ti

The calculations determine the uncertainties for the quarterly measurements. For the
analysis, data from all points and quarters were used for both detectors. For each detector,

n = 40 measurements (8 points X 5 quarters).

Table 3 summarizes the mean readings, Type A and Type B uncertainties, combined

uncertainty, and expanded uncertainty (£ = 2).

Table 3 — Summary of uncertainty analysis for CaSO4:Dy and LiF:Mg,Ti detectors

Mean Type A Type B Combined Expanded
Detector Reading  Uncertainty (WA)  Uncertainty (uB) Uncertainty (uc) Uncertainty (U)

(mSv) (mSv) (mSv) (mSv) (mSv)
LiF:Mg,Ti 0.263 0.0155 0.0053 0.0164 0.0328
CaSO4:Dy 0.314 0.0136 0.0063 0.0150 0.0300

Source: Author

Expanded uncertainties were CaSO4:Dy (0.0300) and LiF:Mg,T1 (0.0328), indicating

slightly better consistency for CaSO4:Dy.

Based on this analysis, the CaSO4:Dy detector presented slightly lower combined and
expanded uncertainties, suggesting marginally more consistent and reliable performance,

considering the assumptions adopted for Type B uncertainty.

3.3.3 CaSO4:Dy in Field Research (FR) and IPEN’s ERMP
The calculations determined the uncertainties for the CaSO4:Dy detector used in
the Field Research (FR) and Environmental Radiological Monitoring Program (ERMP) of
IPEN. For this analysis, all points and quarters were considered. For each set of

measurements (FR and IPEN’s ERMP), we have n = 40 measurements (8 points X 5 quartets).

Table 4 summarizes the mean readings, Type A and Type B uncertainties, combined

uncertainty, and expanded uncertainty (£ = 2).
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Table 4 — Summary of uncertainty analysis for CaSO4:Dy in Field Research (FR) and IPEN’s PMRA

Mean Type A Type B Combined Expanded
Measurements Reading  Uncertainty (WA) Uncertainty uB)  Uncertainty (uc) Uncertainty (U)
(mSv) (mSv) (mSv) (mSv) (mSv)
PC 0.317 0.0148 0.0063 0.0161 0.0322
IPEN’s ERMP 0.285 0.0109 0.0057 0.0123 0.0246

Based on this analysis, the IPEN’s ERMP measurements (0.0246) presented lower
combined and expanded uncertainties than those from Field Research (FR) measurements

(0.0322).

The comparison between CaSO4:Dy monthly and quarterly measurements showed no
overall differences according to ANOVA, although paired t-tests revealed statistically
significant discrepancies in the 1st and 2nd quarters of 2024. This indicates that while both
aggregation methods are generally equivalent, specific periods may be influenced by additional

sources of variability.

We observed that the numerical differences between points fell well within the
combined expanded uncertainty of the measurements (k = 2), and thus, they cannot be

interpreted as true variations.

The lower values in Q1 and Q3/2024 may be attributed to seasonal environmental

factors such as rainfall and humidity variations, which can affect detector response

When comparing the two TLD detectors, CaSO4:Dy and LiF:Mg,Ti, the two-factor
ANOVA revealed significant differences both between detectors (p = 0.011) and across
quarters (p = 0.026), with an interaction effect (p = 0.036) confirming that the detector
response varied over time. Paired t-tests confirmed significant differences in the 4th quarter
of 2023 and the 1st and 3rd quarters of 2024, whereas no differences were found in the 2nd
and 4th quarters of 2024. Similarly, the comparison between CaSO4:Dy results from the Field
Study (PC) and IPEN’s ERMP showed overall agreement, though paired tests detected
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discrepancies in the 2nd and 4th quarters of 2024, likely reflecting environmental or

operational factors.

The uncertainty analysis demonstrated that both detectors yielded low uncertainties
suitable for environmental monitoring, but CaSO4:Dy exhibited slightly lower combined and
expanded values compared to LiF:Mg,Ti. Although this improvement is marginal, it may
become relevant in long-term monitoring programs, where consistency and reliability are
critical. Taken together, these results confirm the robustness of the monitoring framework
while emphasizing that detector selection remains essential to minimize variability and ensure

accuracy under real field conditions.

4. CONCLUSIONS

The field research enabled a comprehensive evaluation of environmental monitoring
around the IPEN perimeter using two thermoluminescent detectors: CaSO4:Dy and
LiF:Mg,Ti. Although these detectors differ in sensitivity and response characteristics, both

proved suitable for environmental dosimetry.

A rigorous analytical framework was applied, combining statistical tests (ANOVA and
paired t-tests) with a comprehensive evaluation of uncertainties, including Type A, Type B,
combined, and expanded uncertainties. This integrated approach provided dual validation:
while ANOVA and paired comparisons confirmed equivalence in most cases and identified
detector-specific differences in others, the uncertainty analysis demonstrated that all
discrepancies remained within the expanded uncertainty limits (k = 2). Together, these

methods ensured that the monitoring results are statistically and metrologically robust.

Overall, the findings demonstrated that both detectors provide consistent monitoring

trends, although seasonal or operational factors can differentially influence their responses.

CaSO4:Dy presented slightly lower combined and expanded uncertainties, suggesting
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marginally greater stability under field conditions. Furthermore, the close agreement between
the Field Research (FR) results and IPEN’s ERMP using CaSO4:Dy reinforces the reliability

of the monitoring framework.

Therefore, this study highlights the importance of integrating statistical and
uncertainty analyses in environmental dosimetry. Such an approach strengthens confidence
in the results, supports evidence-based conclusions, and emphasizes that optimizing detector
selection is crucial for improving accuracy, minimizing variability, and enhancing the

effectiveness of environmental radiation monitoring programs.
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