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1. INTRODUCTION

The Autoridad Regulatoria Nuclear of Argentina (ARN) is the institution in charge of the
regulation and control of the nuclear activity with regard to radiological and nuclear safety,
physical protection and nuclear non-proliferation issues. Among its various activities, when
appropriate, it carries out an independent radiological environmental monitoring of nuclear fuel
cycle facilities for verification purposes. The facilities are required to carry out their own
environmental monitoring.

A revision of the ARN’s environmental monitoring plans for U mining and/or processing
facilities was undertaken last year, starting with one particular U ore processing facility, which
was already closed by the time ARN was created in 1997, and is currently undergoing
restoration activities. Environmental monitoring had been carried out throughout the facility’s
operation, and was adjusted after the facility’s closure. This post-closure monitoring plan was
adopted by the ARN and is currently the object of revision. It involves ground-water, surface-
water and sediment sampling outside the limits of the facility for U and ***Ra determinations.
***Rn concentration in air is also measured but it is not included in the present review.

Laboratory results from this and other facilities are collected to construct a database, where each
sampling-point has a dataset of historical results. This data is ultimately used to assess the
environmental impact of a facility. However, this data can also be used to evaluate if the
monitoring plan is adequate for that objective, for example, by comparing datasets from the
different sampling-points, and rejecting those which are redundant, or do not provide useful
information. The need for extra sampling-points could also be addressed through such
comparisons. The main objective in the review of the monitoring plan for this unnamed facility
is the selection of appropriate sampling-points, so that a comparison of their datasets needs to be
carried out.

Environmental data have characteristics such as infrequent but regular presence of outliers,
positive skewness which commonly causes non-normal distribution of the data, and presence of
left-censored data (values below detection limits, also referred to as non-detects) [1]. Outliers
are lower or higher than usual observations (values), which can either result from a
measurement or a transcription error (incorrect value) or be correct values. If incorrect, the
outliers should be removed unless they can be corrected. If the outliers are correct values, they
can represent either random low-probability natural variability or observations coming from a
population different from the one under study. This last case could represent an impacted
sampling-point in environmental datasets, where the outliers provide the most useful
information. Therefore, in some cases, outliers need not be removed. Test for outliers detection
are only helpful for identifying those unusual values: then, each outlying observation needs to
be investigated separately to reach a decision whether to remove it or not [2]. The presence of
left-censored data also poses particular difficulties. Using the detection limit value (or a fraction
of it) as a substitute for the censored data is not adequate, and there are some statistical
techniques available that make use of this special data [3].

The data obtained from this facility’s monitoring presents most of the above mentioned
characteristics, so its interpretation is not easily done at first sight and appropriate statistical



methods should be used, such as non-parametrical tests. The purpose of this work is to present a
simple but adequate methodology for the review of environmental datasets, in order to help with
the selection of the most appropriate sampling-points for the environmental monitoring plan of
this U processing facility.

2. METHODOLOGY
2.1. Statistical tests

Datasets with ARN results up to 2013 were used. Pre-ARN traceable results from 1994 to 1997
were also included. Some of the sampling-points started being used later within that span of
time, while some others stopped being sampled before its ending, but their datasets were used
all the same, provided the number of results was adequate.

The statistical software Pro UCL vs. 5.0.00 from US EPA was used for the data review and for
all tests. It was chosen because of its free availability, and because it allows to run non-
parametrical hypotheses tests with left-censored data [4].

Data review included testing to know the probability distribution of the datasets and to detect
possible outliers [5]. Shapiro-Wilk goodness-of-fit test (a. = 0.05), was performed to check if the
datasets follow a normal distribution. In the case of left-censored datasets, the same test was
performed for the positive values only, plus the regression on order statistics (ROS) method
available in the software was used to assign an imputed value for each non-detect, and then
perform the test [4]. Dixon’s test for outlier detection was performed on each dataset. Upon
removal of outliers (when appropriate), the dataset would be re-tested for normality. For all
datasets, the mean and median were calculated. For left-censored datasets, the nonparametric
Kaplan-Meier estimation method was also used to estimate the population means [2].

Downstream sampling-points were considered as possibly impacted by the facility and were
compared against upstream sampling-points, which were considered as background. These
population comparisons were carried out employing two-sample hypotheses testing approaches
[2]. Student’s two-sample t test for equal variances, and its Satterthwaite version for unequal
variances, was used when both datasets presented normal distribution. When at least one of both
datasets followed no discernible distribution, the nonparametric Wilcoxon-Mann-Whitney test
was used. When at least one of both datasets presented left-censored data, the nonparametric
Gehan and Tarone-Ware tests were used.

For all these comparisons, form 1 of the tests was used, meaning the null hypothesis stated was
“Downstream population mean/median <= Upstream population mean/median”, the alternative
hypothesis being “Downstream population mean/median > Upstream population mean/median”.
Confidence coefficient was set at 90% (a=0.10) for increased test power.

When outliers were detected, tests were repeated with and without those outliers present in the
datasets, in order to verify the influence of the outlier and, eventually, confirm the test
conclusion. As with the lowered confidence coefficient, a Type Il error (accepting the null
hypothesis when it should have been rejected) was considered more serious than a Type I error.

A Two-tailed form for these tests (form 3) was used when the sample-points could not be
considered upstream or downstream (considering also groundwater flow from west ton east).
The null hypothesis stated for this form of the tests was “Mean/median of population 1 =
mean/media of population 2”, and the confidence coefficient was set also at 90% (0=0.10).

2.2. Sampling plan

For the present review only the most relevant sampling-points were analyzed, therefore a
simplified version of the current monitoring plan is presented in this paper. It comprises surface-



water and sediment (where available) sampling from four streams that run eastwards (here
referred to as streams 1, 2, 3 and 4). Streams 1 and 2 lie approximately 14 and 8 km,
respectively, north of the facility, and are sampled both upstream (as a background point) and
downstream (as a possibly impacted point) of the facility. Stream 3 is a small creek that also
runs north of the facility, but near its source it lies 500 m from its northern boundary, thus
receiving surface runoff from the area. In this case, two downstream points (a and b) are
sampled for stream 3, each after an identifiable runoff course discharge. The runoff course that
discharges before point b is also sampled before entering the stream. Stream 4 lies 10 km south
of the facility, and is sampled only upstream. Eventually, streams 1 and 3 join stream 2 before it
finally discharges into a wetland some 30 km west of the facility. Stream 4 also discharges into
the same wetland. Being a receptacle for these surface-water courses, as well as for ground-
water, surface-water and sediments have also been sampled from this wetland. Ground-water is
also sampled from 7 shallow wells (up to 5 m deep), all downstream from the facility. Three of
them (here referred to as W1, W2, W3) have been built exclusively for sampling and are
situated some 200 m to the east of the facility, in a neighboring field. A fourth well close to
these three is also sampled, but presents higher values, and does not need any statistical test to
show its relevance to the monitoring plan. Wells W4 to W7 lie 1, 2, 4 and 11 km, respectively,
away from the facility on an approximately straight line heading towards the previously
mentioned wetland. The samples are taken yearly, and are brought to the ARN laboratories for
U and *°Ra determination.

Statistical tests were performed in datasets from 18 sampling-points. A brief description with
the abbreviation of the sampling-points and their approximate location are presented in Table 1
and in Figure 1, respectively.

Table 1. Brief description, abbreviations and analyses carried out for each sampling-point.

Media sampled and radionuclide

Sampling-point Abbreviation analyzed
St | Upstream 1U U in water, U and **°Ra in sediments
ream
Downstream 1D U in water, U and ***Ra in sediments
St 5 Upstream 2U U in water, U and ***Ra in sediments
ream
Downstream 2D U in water, U and ***Ra in sediments
Upstream 3U U in water, U and *°Ra in sediments
Stream 3  Downstream a 3Da U in water, U and 22Ra in sediments
Downstream b 3Db U in water, U and **°Ra in sediments
Runoff I3Before entering stream R U in water, U and **°Ra in sediments
Stream 4  Upstream 4U U in water, U and **°Ra in sediments
Wetland Wil U in water, U and **°Ra in sediments
Well 1 W1 U in water
Well 2 W2 U in water
Well 3 W3 U in water
Well 4 W4 U in water
Well 5 W5 U in water
Well 6 W6 U in water
Well 7 W7 U in water




Figure 1. Approximate location of sampling-points relative to the facility.
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3. RESULTS
3.1. U in water

Outliers (higher than usual values) were detected and removed from datasets 2D, 3Da, 3Db, and
Wtl. They could not be attributed to measurement or transcription errors. Instead, they were
considered correct results not belonging to the population of interest, which could represent an
impact from the facility. Removal was decided due to their extremely high values which could
affect further tests. They particularly affected normality in the first two of the mentioned
databases. Two outliers were also detected and removed from dataset 4U. In this case, removal
was decided to make sure the dataset represents a background population.

In the case of groundwater, outliers were detected and removed from datasets W3, W4, W6 and
W7, on the same grounds as mentioned above. Only dataset W7 already followed a normal
distribution prior to the outlier removal.

Some general statistics from these datasets is presented in Table 2.



Table 2. Some general statistics for U in water datasets.

Sampling-point olf\lll'leTl?l::a Non-detects é\:ge/zzl) l}/Le;l;‘l)n Khéluz/flejn b Distribution ©
1U 10 4 2.6 2.6 2.6 Normal
1D 4 0 7.0 6.7 na Normal
2U 10 4 2.1 2.1 2.1 Normal
2D 18 (2) 2 7.2 6.3 6.8 Normal
3U 16 4 3.2 34 3.2 Normal
3Da 15 (1) 4 33 34 33 Normal
3Db 20 (1) 3 53 5.0 5.0 Not normal
R 11 0 41.5 48.0 na Normal
4U 18 (2) 4 1.2 1.1 1.2 Not normal
Wil 14 (1) 0 9.2 6.0 na Not normal
Wi 7 3 10.1 10.6 7.7 Normal
W2 12 3 8.2 7.8 7.1 Normal
W3 16 (2) 2 7.3 6.8 6.7 Normal
w4 18 (1) 0 7.8 8.0 na Normal
W5 13 0 7.1 7.2 na Normal
Wé 18 (1) 3 2.9 2.7 2.9 Normal
W7 18 (2) 3 2.1 1.8 2.1 Normal

* Number of results with removed outliers, where applicable. Number of removed outliers in
brackets.

® Nonparametric Kaplan-Meier method for mean estimation in the presence of non-detects only.

¢ Distribution followed by the dataset after outlier removal.

3.2. U in sediments

Outliers were detected and removed from some of the datasets, as presented in Table 3. These
again could not be attributed to measurement or transcription errors, so each case was studied
separately. One outlier in dataset 3U was removed to ensure it keeps representing a background
population, although the dataset presented a normal distribution even before the outlier was
removed. An outlier was also removed from dataset R, for being an extremely high value. This
caused the dataset to change from an approximately normal to a normal distribution. Up to three
outliers were also detected in dataset 3Db, but in this case, they were not removed, as they were
not so extreme values, and such an amount of outlying observations was considered to represent
an influence of the facility instead of a random natural variability. Also, their removal would not
cause the dataset to follow a normal distribution. Some general statistics from these datasets is
presented in Table 3.



Table 3. Some general statistics for U in sediments datasets.

. . Number Mean Median KM Mean® . . . .
Sampling-point of results * Non-detects (ug/e) (Lg/e) (Lg/e) Distribution
1U 7 1 3.2 2.9 2.8 Normal
1D 7 0 2.6 2.6 na Normal
2U 9 2 2.4 2.3 1.9 Normal
2D 18 0 2.2 2.2 na Not normal
3U 8 (1) 0 1.6 1.5 na Normal
3Da 6 2 1.9 2.0 1.7 Normal
3Db 16 0 4.2 2.8 na Not normal
R 8 (1) 1 12.8 10.5 114 Normal
4U 9 1 1.5 1.5 1.4 Normal
Wil 13 0 2.3 2.1 na Normal

* Number of results with removed outliers, where applicable. Number of removed outliers in
brackets.

® Nonparametric Kaplan-Meier method for mean estimation in the presence of non-detects only.
¢ Distribution followed by the dataset after outlier removal.

3.3 ?Ra in water and in sediments

Outliers were also detected and removed from some of the datasets, as presented in Table 4.
Dataset 1U presented one outlier, which was removed to ensure the dataset represents a
background population. Datasets 3Db and R presented extremely high outliers which distorted
the normal distribution, so they were removed. Their presence, however, again could imply a
facility’s impact. An outlier was detected in dataset 1D, but it was not removed, since it was not
an extreme value and the dataset already followed a normal distribution.

Some general statistics from these datasets is presented in Table 4.

Table 4. Some general statistics for *°Ra in sediments datasets.

Sampling-  Number Mean Median KM Mean "

e 4 e . C
point of results * Non-detects (mBq/g) (mBa/g) (mBq/g) Distribution
1J 8 (D) 0 35.7 34.7 na Normal
1D 9 0 34.7 34.1 na Normal
2U 9 1 33.2 31.8 31.2 Normal
2D 17 2 36.2 333 33.8 Normal
3U 11 4 31.8 30.7 28.6 Normal
3Da 5 0 27.1 27.8 na Normal
3Db 16 (2) 3 432 40.6 38.6 Normal
R 9(1) 0 35.6 353 na Normal
4U 8 1 42.0 44.0 38.9 Normal
Wil 10 0 30.4 29.1 na Normal

* Number of results with removed outliers, where applicable. Number of removed outliers in
brackets.

® Nonparametric Kaplan-Meier method for mean estimation in the presence of non-detects only.
¢ Distribution followed by the dataset after outlier removal.
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Slightly under 90% of all the **°Ra in water results were non-detects (below detection limit
values), with the exception of some of the wells for groundwater sampling. Therefore no general
statistics calculations or comparison tests were carried out with these datasets.

3.4. Comparisons between sampling-points

Conclusions from the comparisons between upstream and downstream datasets as well as
between upstream datasets and the wetland (as the final downstream sampling-point for all the
streams) are presented in Table 5.

Table 5. Conclusions and p-values from dataset comparisons with different statistical tests.

Stream sampled

Media sampled and
radionuclide analyzed

Statistical conclusion

p-Value (o.=0,1) *

Stream 1

Stream 1 and
Wetland

Stream 2

Stream 2 and
Wetland

Stream 3

Stream 3

Stream 3 and
Runoff

Stream 3 and
wetland

Stream 4 and
wetland

U in water

U in sediment
22°Ra in sediment
U in water

U in sediment
2Ra in sediment
U in water

U in sediment
2Ra in sediment
U in water

U in sediment
2°Ra in sediment
U in water

U in sediment
2°Ra in sediment
U in water

U in sediment
2Ra in sediment
U in water

U in sediment
2Ra in sediment
U in water

U in sediment
2Ra in sediment
U in water

U in sediment
22°Ra in sediment
U in water

U in sediment
22°Ra in sediment

U in water
U in sediment
226Ra in sediment

Downstream > Upstream
Downstream <= Upstream
Downstream <= Upstream
Wetland > Upstream
Wetland <= Upstream
Wetland <= Upstream
Downstream > Upstream
Downstream <= Upstream
Downstream <= Upstream
Wetland > Upstream
Wetland <= Upstream
Wetland <= Upstream
Downstream a <= Upstream
Downstream a <= Ups.
Downstream a <= Upstream
Downstream b > Upstream
Downstream b > Upstream
Downstream b > Upstream
Downst. b >or<= Downst. a
Downst. b > Downst. a
Downst. b >or<= Downst. a
Runoff > Downstream a
Runoff > Downstream a
Runoff > Downstream a
Runoff > Downstream b
Runoff > Downstream b
Runoff <= Downstream b
Wetland > Upstream
Wetland <= Upstream
Wetland <= Upstream

Wetland > Upstream
Wetland > Upstream
Wetland <= Upstream

0.002 G-2.8E-4 TW
0.592T
0.573 S
0.002 G-0.003 TW
0.697 G-0.698 TW
0.959 S
0.002 G-0.003 TW
0.359G-0.349TW
0363 G-0.445TW

55E-4G-9.1E4TW

0.296 G-0.339 TW
0.533 G-0.448 TW
0.463 G-0.369 TW
0.500 G-0.657 TW
0.523G-0.395TW
0.024 G-0.056 TW
0.002 WMW
0.069 G-0.095TW
0.039G-0.130 TW
0.014G-0.016 TW
0.056 G-0.120 TW

53E-5G-5.0E-5TW

0.010G-0.011TW
0.020 T

1.2E-4 G- 1.6E-5TW

0.020 WMW
0.649 WMW
0.002 G—-0.004 TW
0.186 T
0.286 G-0.179 TW

1.7E-5 G- 1.7E-6 TW

0.038 G-0.042 TW
0.909 G -0.806 TW

* G = Gehan test; TW = Tarone-Ware test; T = Student’s t test; S = Welch-Satterthwaite’s t test;

WMW = Wilkinson-Mann-Whitney test.
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Uranium in datasets from ground-water sampling wells were also compared using the same tests
as for streams. Comparisons among W1, W2, W3, however, were carried out using the two tailed
form, since the wells are located near each other. Comparisons among W4, W5, W6 and W7, as
well as comparisons between W1, W3 and W5, W4, were carried out using form 1. The
conclusions from these comparisons are presented in Table 6, showing which wells have
statistical higher media values.

Table 6. Results of comparisons between U in water datasets from groundwater sampling wells.

Dataset Wl = W2 = W3 = W4 = W5 > W6 > W7

p-values for

Gehan test 0.854 0.804  0.924 0.245% 7.6E-5 0.009

p-values for

Tarone-Ware test 0.879 0.734  0.962 na 1.3E-5  0.005

* For this comparison, only the parametric Welch-Satterthwaite’s t test was used, since both
datasets presented no non-detects and followed a normal distribution.

It is important to point out that all the above comparisons were also carried out including the
outlying values initially removed from the datasets (as well as removing the outliers that were
detected but not removed), reaching similar conclusions.

4. CONCLUSIONS

Even though some statistical differences between upstream and downstream values may suggest
a possible influence from the facility, it is pointed out that the highest mean values obtained
from the reviewed databases fall well within the natural values for U and **Ra in soils and for
U in drinking water reported by UNSCEAR [6]. Also, water results from the reviewed sample-
points are lower than the guidance level values for U and Ra in drinking water provided by the
World Health Organization [7].

The tests presented here provide more conclusive information regarding the usefulness of
sampling-points, particularly when the presence of outliers and left-censored data make it
difficult to draw conclusions from raw data at first sight. Care needs to be taken to comply with
all testing assumptions in order to obtain reliable results.

Stream 3 and the runoff course discharging into it have shown to provide the most useful
information. More sampling-points should be added to this stream and any other runoff
discharging into it.

Upstream and downstream comparisons presented the same conclusions for streams 1 and 2.
There seems to be no need for sampling both of them, and at least one of them should be
replaced by a closer stream, if possible.

Stream 4 should be sampled also downstream before deciding its usefulness as a sampling point.

The wetland should be kept as a sampling-point, but other streams discharging into it and not
related to the facility should also be sampled before they reach it.

Wells near the facility are important, and newer neighbouring wells should be sampled, if
possible, before deciding if any should be discarded. Some of the farthest wells (W6 or W7)
could be discarded.

The results presented here cannot be used for evaluating environmental impact. The conclusions
obtained from this work are intended to be used for further improvement of the ARN’s
monitoring plan.
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RADON MEASUREMENTS IN ARGENTINA

Bonetto, J.P."; Lopez, F.O. and Canoba, A.

Nuclear Regulatory Authority
Argentina

The Autoridad Regulatoria Nuclear (ARN) is the institution in charge of the regulation
and control of the nuclear activity in Argentina. It has its own radiochemical, biological
and physical laboratories to provide support to perform some of its duties. The Radon
Measurement Laboratory is one of such laboratories, specializing in radon
measurements and its dose assessment.

Scintillation cells (Lucas Cells) and solid state nuclear track detectors (Makrofol) were
the first radon techniques used by the laboratory for dose estimation in uranium mining
workers and for measurement of radon concentration at dwellings in the vicinity of
mining and processing facilities. Activated charcoal adsorption containers started being
used for radon exhalation rate measurement with gamma spectrometry.

Later on, the laboratory implemented a technique based on activated charcoal
adsorption with liquid scintillation measurement for short—term screening purposes,
while nuclear track detectors were used for integrated assessment, incorporating CR-39
as an additional material. Electrets and continuous monitors were also acquired. To
determine indoor radon levels along the country, a nationwide radon in dwellings
survey was performed. Up to date, more than 3000 measurements were obtained.
Methodologies for the determination of attached and unattached fractions of short-lived
radon decay products were also developed to perform better calculations of the
equilibrium factor and achieve more accurate dose estimations.

ARN has adopted international standards regarding radon occupational exposure and
radon concentration in dwellings into its normative.

Although ARN is not the competent authority in relation to NORM issues, workers
exposure to NORM in oil and gas facilities, non-uranium underground mines, tourist
caverns and thermal spas has been addressed through a survey project which involved
measurements of gamma dose rate, radium and uranium concentration in water and
effluents, and radon concentration in air and water.

The laboratory is currently aimed at regulatory verification of the environmental impact
of nuclear fuel cycle facilities, specifically uranium mining and processing sites. Radon
concentration in air at the sites’ perimeters is being measured and compared to indoor
and outdoor radon concentration in the surrounding dwellings. A Radosys RSV8 radon
measurement system was acquired in 2012 to carry out the above mentioned routine
measurements.

Keywords: Radon measurements, Radon exhalation rate, Radon in dwellings,
environmental monitoring.

! Corresponding author E-mail: jbonetto@arn.gob.ar
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INTRODUCTION

Radon measurements

The Autoridad Regulatoria Nuclear (ARN) was born out of the National Law for
Nuclear Activities enacted in 1997, to be in charge of the regulation and control of the
nuclear activity in Argentina, as an independent body, in relation with radiological and
nuclear safety, physical protection and safeguards. Initially, it was the Comision
Nacional de Energia Atomica (CNEA) the organization in charge of the nuclear activity
in the country, including radiation protection and safety issues.

To perform some of its duties, ARN has several radiochemical, physical and biological
laboratories. One of these laboratories is the Radon Measurement Laboratory, focused
on radon measurement and the corresponding (effective) dose assessment.

Around the late eighties, the radon laboratory adapted a 1 m® acrylic glove-box to
function as a radon reference chamber, where controlled conditions of temperature,
humidity and radon concentration can be kept. The different radon detectors are verified
in this chamber.

For radon detection, the laboratory began using scintillation cells (Lucas Cells) [1], as
seen on Figure 1, and solid state nuclear track detectors (Makrofol) [2] to measure
indoor radon concentration in dwellings near uranium mining and/or processing
facilities within the country, particularly those facilities which were more closely
surrounded by population. Also some occupational measurements were made in
uranium mines and other nuclear fuel cycle facilities. Radon exhalation rate
measurements on tailings were performed as part of the regulatory control of uranium
mines, using a technique described by Countess [3].

By the mid-nineties, the laboratory implemented a technique based on activated
charcoal adsorption with liquid scintillation measurement [4], which became very useful
for short-term screening measurements. An activated charcoal vial can be seen in Figure
2. For better dose assessment, however, nuclear track detectors were used, as they allow
for longer time-integrating measurements. CR-39 detectors (in a KfK holder, as shown
on Figure 3) began subsequently to be also used for this purpose [5].

Radelec’s E-Perm system for radon concentration in air was acquired by the late
nineties, both for short and long-time measurements [5]. An example of a short term
measurement electret and ionization chamber is presented in Figure 2. Also a
continuous radon monitor (Sun Nuclear model 1027) was incorporated to the laboratory
for recording indoor radon daily variations.

To further increase its measurement capabilities, the laboratory acquired a Radosys
RSV8 radon measurement system in 2012, which can be seen in Figure 4.

With the objective of assessing radon exposure in different cities of the country radon
measurements in dwellings were carried out. Also the equilibrium factor was assessed
in order to calculate the corresponding effective doses more precisely. Big Cup
detectors with Makrofol, as shown in Figure 3, were used for equilibrium factor
estimation, a methodology developed by the laboratory [7]. Up to date, over 3000
measurements in dwellings have been carried out along the country [8].

Currently, radon measurements are focused on regulatory measurements at uranium
mining and processing sites and dwellings nearby these installations.
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Figure 1. Lucas Cells with Ludlum Flask Counter and Ratemeter

Figure 2. Short term electret and ionization chamber configuration (SST), and
Scintillation glass vial with activated charcoal
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Figure 3. “Big Cup” chamber with Makrofol, and KFK with CR-39 detector

| “Big cup” + Makrofol detector
Makrofol

KFK + CR-39 detector |




Figure 4. Radosys RSV8 system
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Norm assessment

Although ARN is not the competent authority regarding NORM regulation, personnel
of the Radon Measurements Laboratory carried out a NORM survey project a few years
ago. Workers exposure to NORM in the oil and gas industry, non-uranium underground
mines, tourist caverns and in thermal spas was assessed. The survey involved
measurements of gamma dose rate in air, uranium and thorium radionuclides decay
chain concentration measurements in waters, sludges and scales, and radon
concentration in air and waters.

The objective of this paper is to make a recollection of the radon laboratory activities
since its beginnings, presenting the relevant results obtained, and introducing results
from monitoring the facilities” perimeter and neighboring dwellings, obtained with the
Radosys measurement system.

RESULTS AND DISCUSSION
Radon concentration in dwellings

Cities throughout the country were chosen as representatives of different geological
areas. The majority of the dwellings were built with bricks or concrete. Rooms with
higher occupancy factors were chosen for the detectors” exposure. Construction
materials and detector’s location were registered. Results from measurements in
dwellings taken from 1983 to 2011, with the different methods used (Makrofol, CR-39,
SST electrets and activated charcoal) are presented in Table 1.
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Table 1. Average Rn-222 concentration in dwellings per province in Argentina.

. Average Rn-222 Max Number of | Measurement

Province concentration measurements | method ®
(Bg:m™)

Mendoza 49 542 1284 1,2,3,4
Corrientes 48 287 109 1
Buenos Aires 33 369 464 1,2,3,4
Chaco 49 138 35 1
Santa Fe 32 119 61 1
San Luis 42 298 228 1,3,4
Chubut 68 627 386 1,3,4
Sant. del Estero 27 82 80 1
Rio Negro 35 81 73 1,4
Coérdoba 58 358 369 1,4
Entre Rios 79 137 17 4
Tierra del Fuego 28 67 27 4
Salta 62 207 17 4
Santa Cruz 101 186 20 4
Argentina 46 (weighted) 3170

4 1- Makrofol, 2- SST Electrets, 3- Activated charcoal, 4- CR-39.

Of the 3170 measurements, very few were above 100 Bg/m®, while only 3 of them were
higher than the recommended level adopted by ARN regulation of 400 Bg/m°.

Those dwellings with the highest radon concentration values were reevaluated. No
radon prone areas have been detected so far.

During the survey, 222 of the dwellings were sampled with the Makrofol/Big Cup
technique for estimating the equilibrium factor F. The average value obtained was 0.37.
Therefore, an assumed equilibrium factor of 0.4 [9] was considered to be adequate.

A histogram is presented in Figure 5, for a better visualization of the results.
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Figure 5. Frequency of Radon concentrations found in dwellings in Argentina
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Rn exhalation rate measurements in uranium mine-tailings

Radon exhalation rates are measured in 8 different facilities: Facility A is an operating
uranium dioxide conversion plant with a small decommissioned tailings area as a result
of old experimental uranium extraction activities. It is located within the city and
surrounded by population, so exhalation measurements are routinely performed every
year since 1997 (twice or thrice a year until 2005). Facility B is a mining/milling facility
that ceased operating almost 20 years ago but is kept ready for resuming operations
when needed. Routine measurements started in 1995 and are generally performed every
two years. Facility C is a closed milling facility undergoing restoration activities. It is
also located inside the city limits so measurements were initially performed thrice a year
since 1995, and currently once a year. Facilities D, E, F, G and H are all closed
mining/milling facilities at different stages of decommissioning. They are placed far
from populated areas and are routinely measured every 5 years.

In all cases measurements comprise approximately 40 individual measurements (cans
with activated charcoal) distributed over the tailings following a grid layout. Individual
measurements are averaged for each facility.

The objective of these measurements is to verify that actions taken for stabilization and
isolation of the tailings remain adequate through time. Also as remedial actions are
planned for the closed sites, results from future tailings monitoring programmes can be
compared with these values to verify the effectiveness of the remedial actions applied.

Results are presented in the following Figures 6 to 13.
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Figure 6. Radon exhalation rate in facility A from 1997 to 2012.
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Figure 7. Radon exhalation rate in facility B from 1995 to 2012.
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Figure 8. Radon exhalation rate in facility C from 1997 to 2013.
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Figure 9. Radon exhalation rate in facility D from 1996 to 2010.
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Figure 10. Radon exhalation rate in facility E from 1996 to 2012.
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Figure 11. Radon exhalation rate in facility F from 2003 to 2013.
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Figure 12. Radon exhalation rate in facility G from 1996 to 2012.
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Figure 13. Radon exhalation rate in facility H from 1997 to 2012.
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Radon exhalation values have remained relatively constant through the years in most of
the tailings, considering the short duration of the measurements and the variations in
soil moisture content for each measuring event. Facility C is undergoing a restoration
process which involves removing and transporting the tailings to a nearby location
selected and conditioned for encapsulating them. Increasing values in facility E have not
been accounted for yet, and more data is required for a better evaluation.

Radon in air measurements in uranium mining and/or processing facilities” perimeters
and surrounding dwellings

CR-39 or Radosys detectors were placed in several points surrounding a facility’s
perimeter. A similar amount of dwellings were selected, if available, surrounding the
facility and two detectors were assigned to each dwelling, one for indoor measurement
and the other for outdoor measurement. Sampling is carried out according to 1SO
guidance [10]. All detectors are exposed at the same time for approximately 4 to 6
months. While indoor values can be used for evaluating dwellers exposure, outdoor
measurements can compared with perimeter measurements and among each other.
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Four facilities have so far been routinely measured: Facilities A, B, C and D, as
described previously in *?Rn exhalation rates measurements. Perimeter measurements
have been carried out routinely since 2010. For the first two years, several sampling
points have been surveyed and their usefulness evaluated before selecting the more
appropriate ones. All of the sites have different extensions and geography so that in
facilities B and D, for example, access to the adequate locations is not always achieved.
In the following tables 2 to 5, results are presented for the last two years measurements,
which were carried out with Radosys detectors. Sampling points are to be repeated
whenever possible.

Table 2. Radon concentration in perimeter and dwellings surrounding facility A.

Facility A — Radon in air (Bg-m™)*

Sampling point | 2012 | 2012 | 2013 Sampling point 2012 | 2013
P1 73 33 107 In 66 45.0
P2 72 30 128 bl Out 41 46.9
P3 98 64 195 In Na 233
P4 66 33 56.3 bz Out Na | 66.7
P5 18 14 54.2 In Na 166
P6 Na 27 63.7 b3 Out Na | 97.6
P7 83 Na 108 In Na | 84.2
P8 31 23 59.0 b4 Out Na | 915
P9 10 11 27.3 In Na 17.9
P10 27 <DL | 179 D> Out Na | 19.2
P11 21 15 39.3 In Na | 955
P12 28 19 22.6 Do Out Na | 15.0
P13 30 27 41.0 In Na Na
P14 20 21 36.4 b7 Out Na Na
P15 38 23 79.6 In 27 58.7
P16 69 <DL | 142 b8 Out <DL | 321
P17 109 73 158 In Na | 36.3
P18 160 111 230 b9 Out Na | 16.7

P = Perimeter; D = Dwelling; Na = Not available; DL = Detection Limit: 9 Bg-m™

" Uncertainty: 20% with K=2
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Table 3. Radon concentration in perimeter and dwellings surrounding facility B.

Facility B — Radon in air (Bg:m™)”

Sampling point 2012 2013 Sampling point 2012 2013
Pl 53 23.3 D5 In Na Na
P2 438 283 Out Na <DL
P3 12 <DL D6 In 15 <DL

P4 18 <DL Out 12 9.4

In 35 9.3 In 32 15
D1 Out 27 <DL D7 Out 14 <DL
In 79 10.1 In 66 30.7
b2 Out 9 <DL b8 Out 27 <DL
In Na 21.5 In 31 <DL
D3 Out Na <DL D9 Out 19 <DL
In 52 24.8 In 72 <DL
D4 Out 39 16.1 D10 Out 20 <DL

P = Perimeter; D = Dwelling; Na = Not available; DL = Detection Limit: 9 Bg-m™

“Uncertainty: 20% with K=2

Table 4. Radon concentration in perimeter and dwellings surrounding facility C.

Facility C — Radon in air (Bgq:m®)”

Sampling point 2012 2013 Sampling point 2012 2013
P1 424 831 D5 In 38 40.0

P2 67 224 Out Na 14.9

P3 33 78.5 D6 In 20 17.8

P4 <DL 63.7 Out Na <DL

P5 28 24.3 D7 In 28 27.4

P6 57 65.4 Out 6 25.5

P7 <DL 12.3 D8 In Na 33.6

P8 13 <DL Out <DL <DL

In Na Na In Na 110

D1 Out Na Na D9 Out <DL <DL
In 128 164 In 22 114

D2 Out 71 164 D10 Out Na <DL
In Na 17.0 In 26 20.4

D3 Out Na 12.8 D11 Out Na <DL
In Na 11.3 In 10 12.7

D4 Out Na <DL D12 Out na <DL

P = Perimeter; D = Dwelling; Na = Not available; DL = Detection Limit: 9 Bg-m™

" Uncertainty: 20% with K=2
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Table 5. Radon concentration in perimeter and dwellings surrounding facility D.

Facility D — Rn in air (Bg:m™~)”

Sampling point 2012 2013 Sampling point 2012 2013
P1 Na 17.0 D1 In 68 Na
P2 <DL <DL Out 14 9.4
P3 19 <DL D2 In 48 38.4
P4 Na <DL Out 16 <DL
P5 Na 32.2 D3 In 50 34.7
P6 Na 13.5 Out <DL <DL
P7 Na 19.4 In Na 27.2
P8 Na <DL b4 Out Na 27.0
P9 Na 10.5 P = Perimeter; D = Dwelling; Na = Not
P10 15 99 available; DL = Det. Limit: 9 Bg-m™

" Uncertainty: 20% with K=2

These results correspond to the first stage of measurements. In a first assessment, all the
results obtained are below the reference level for radon in dwellings. Further analysis is
being performed taking into account other parameters such as wind direction and linear
distance from the sampling points to the sources.

NORM ASSESSMENTS

The facilities” description, measurements and conclusions of the survey project are
described in detail in Canoba 2012 [11] and Gnoni et al 2008 [12];

In this work, only values of radon gas in different NORM industries and natural places
are presented.

Underground mine

Radon gas in air was measured at different locations inside a gold and silver mine,
including all the galleries (Points 1-10). Measurements were taken using the activated
charcoal technique. The results are shown in Table 6.
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Table 6. Radon gas concentrations in air of the underground mine surveyed

Sampling point Radon gas concentration* (Bg-m™)

1840
3460
8200
1280
180
8200
6240
12900
145
150

BoovouobrwNnrk

* Uncertainty: 10% with K=2 (K, numerical factor used to convert the combined standard uncertainty in
expanded uncertainty).

At Points 1, 2, 3, 4, 6, 7, and 8, the radon gas concentrations were above the
internationally agreed reference level established for workplaces (1000 Bg/m°) [13, 14,
15].

Gas facilities

In the following table radon gas values measured with Lucas Cells in 3 different gas
facilities are presented.

Table 7. Radon concentrations in different gas streams at gas facilities E, F and G.

Radon gas concentration

Facility Sampling point

(Bg:m~)
E 1800 + 300 Ethane + CO,
Tower top
F 340000 + 30000 (propane 18% - propylene 75%)
G 63000 + 5000 Tower top

(propane 18% - propylene 75%)

Tourist cavern

Radon gas concentration was screened in a tourist cavern with activated charcoal vials,
followed by time-integrated CR-39 measurements. Equilibrium factor (F) between
radon and its daughters was also measured with Makrofol. The results are presented in
Table 8.
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Table 8. Radon gas concentrations in air of a tourist cavern

Activated charcoal detector

Track etched detectors*

Sampling point (Bg-m?) (Bq-m?)

A 2830 + 260 2297

B 960 + 90 761

C 1220 + 110 1494

D 1180 + 110 903

E Detector lost 1317

F 1060 + 100 1168

G 1250 + 110 1084

H Detector lost 1126

I 430 £ 40 424

J 920 + 80 1017

K 400 £ 40 792

L 400 + 40 707

LL 250 £ 20 482

M 220+ 20 435

N (Entry) 116 + 10 321

| Equilibrium factor ranged between 0.3 and 0.6

*Uncertainty: 20% with K=2

Sampling points A, C, E, F, G, H and J, presented radon concentration values well
above the reference level value established for workplaces [13, 14, 15]. Dose to workers
will depend on time spent by the guides in each sampling point during each visit to the

caver, and on number of visits per year.

Spas and related health resorts

A total of 10 thermal spas were evaluated in a two-year span of time. Radon
concentration in air was measured by placing detectors at different locations of each
thermal spa. Results from thermal spa 1 are shown in Table 9, and results from thermal

spas 2 to 10 are shown in Table 10.

Table 9. Radon concentration in air at thermal spa 1

Sampling points

Rn-222 (Bg-m™)

Rn-222 (Bg-m™)

Activated charcoal CR-39

Health office 140 + 15 120 + 25
Bath A 1540 +170 1100 + 200
Office bath A 490 + 50 373+70
Corridor bath B 300 £+ 30 68 + 15
Bath C 205 +20 414 +80
Corridor bath C 305+ 30 254 +50
Bath D 770 £ 80 Detector lost
Bath D, sulphurous water 861+ 90 877 =160
Corridor bath D 177 + 20 113+ 20
Bath E 854 + 90 1755 + 340
Corridor bath F 600 + 60 459 +90
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Table 10. Radon concentration in air at thermal spas 2 to 10, with CR-39 detectors.

Rn-222 (Bg:m™) *

Thermal spa Sampling location CR-39
Jacuzzi 199
2 Emergency room 84
Indoor swimming pool 87
Emergency room 35
3 >
Indoor swimming pool 72
4 Women's locker room 45
Medical office 21
5 Jacuzzi 29
6 Women's locker room 179
Indoor/outdoor swimming pool 114
Outdoor swimming pool 107
7 .-
Dining room 91
Men's locker room 82
8 Indoor swimming pool 89
Men's locker room 175
9 Jacuzzi 45
10 Emergency room 69

*Uncertainty: 20% with K=2

In order to assess the maximum dose that a worker may receive from inhalation of
radon gas, the highest value measured (1755 Bq-m™ at Thermal Spa 1) was considered.
Although this value is above the corresponding reference level, since workers only work
in this place for 6 months each year (as it is covered with snow for the other 6 months),
the annual effective dose was calculated with a spent time of 1000 h. The annual
effective dose calculated was 6 mSvl/y.

CONCLUSIONS

The Radon Measurement Laboratory of ARN has the capabilities for measuring Radon
concentration in air, with different techniques, as well as radon exhalation rate. These
measurement capabilities are adequate for performing radon measurements in dwellings
and regulatory monitoring associated with nuclear fuel cycle facilities.

Regarding radon in dwellings, of the 3170 measurements performed, only isolate cases
were above 100 Bg-m™, while only 3 dwellings were higher than the recommended
level adopted by ARN regulation of 400 Bq-m™.This recommended value will be on
line with new ICRP/BSS recommendations in the near future revision.
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Regarding radon exhalation rate measurements from tailings the values have remained
relatively constant through the sampling period in most of the tailings.

In relation with radon in air measurements in the dwellings in the surrounding of
uranium facilities, all the values remain below the ARN regulation of 400 Bg/m®.

For norm measurements, in the underground mine and tourist cavern, several sampling
points had radon gas concentrations above the internationally agreed reference level
established for workplaces (1000 Bg/m®). Actions were recommended in order to reduce
the concentration of radon below the reference level, and also to ensure that protection
has been optimized.

The maximum annual effective dose calculated in the thermal spas from radon
inhalation was below the reference dose criteria (10 mSv/y).

In the case of radon gas measurements in gas facilities, it was confirmed that radon
concentrates in ethane and propane flows. The possibility of gas inhalation should be
taken into account during inspection, repair, or maintenance activities, as the gas is
confined in the pipes and vessels with no risk to workers in normal operation.

In environments that are conducive to the build-up of radon in air, particularly in
underground sites, exposure of workers is the principal cause for concern. In the case of
the mine, the facility was advised to improve the ventilation system. In the case of the
cavern, there is a need to ensure that activity concentrations of Rn-222 in the workplace
are below the reference level, and protection is optimized. Both exposure situations
need to be kept under review.

Acknowledgments

The authors wish to thank current and former members of the Radon Measurements
Laboratory of the ARN: Graciela Franco, Gabriela Gnoni, Mariela Czerniczyniec and
Miguel Palacios.

REFERENCES
[1] Lucas HL (1957) Improved low-level alpha-scintillation counter for Radon. Rev Sci
Inst. 28:680.

[2] Al Najjar SAR, Oliveira A, Priesch E (1989) Extension of the alpha particle energy
range in polycarbonate using multiple step chemical and/or electrochemical etching.

Rad Prot Dos Vol 27:5-7.

[3] Countess RJ (1976) Measurements of Rn-222 Flux with Charcoal Canisters. Health
Phys 31:455-456.

[4] Lopez FO, Canoba AC, Oliveira AA (1999) Radon determination by activated
charcoal adsorption and liquid scintillation measurement. J Radioanal Nucl Chem
240:237-241.

[5] Urban M (1986) Passive one-element track etch dosemeter for simultaneous
measurement of radon, thoron and decay products in air. Intl J Rad Appl Instr Part D.
Nuclear Tracks and Radiation Measurements 12:685-688.

32



[6] Kotrappa P, Dempsey JC, Ramsey RW, Stieff LR (1990) A practical E-PERM
(Electret Passive Environmental Radon Monitor) system for indoor ?Rn measurement.
Health Phys 58:111-115.

[7] Lopez FO, Canoba AC (2003) Passive method for the determination of the
equilibrium factor between ??Rn gas and its short period progeny. J Radioanal Nucl
Chem 258:269-274.

[8] Gnoni GA, Canoba AC, Czerniczyniec M (2008). ?Rn measurement of dwellings
in Argentina. In: Proceedings of the 12" International Congress of the International
Radiation  Protection  Association. 19-24  October 2008. Buenos Auires.
http://www.foroiberam.org/. Accesed 02 May 2014.

[9] ICRP Publication 65 (1993) Protection against radon-222 at home and at work.
Annals of the ICRP, 23 (2).

[10] International Organization for Standardization. 2012. ISO/FDIS 11665-4
Measurement of radioactivity in the environment — Air: radon-222 - Part 1: Origins of
radon and its short-lived decay products and associated measurement methods. Final
Draft.

[11] Canoba AC (2012) NORM survey in Argentina. Annals of the ICRP 41:352-367

[12] Gnoni G, Czerniczyniec M, Palacios M (2008) Radionuclide activity
concentrations in spas of Argentina. In: Proceedings of the 12" International Congress
of the International Radiation Protection Association. 19-24 October 2008. Buenos
Aires. http://www.foroiberam.org/. Accesed 02 May 2014.

[13] IAEA (2003) Radiation Protection against Radon in Workplaces other than Mines,
Safety Report Series N° 33. International Atomic Energy Agency. Vienna.

[14] ICRP Publication 103 (2007) The 2007 recommendations of the International
Commission on Radiological Protection. Annals of the ICRP, 37 (2-4).

[15] IAEA (2011) Radiation protection and safety of radiation sources: International
basic safety standards. General safety requirements N° GSR Part 3 (Interim).
International Atomic Energy Agency. Vienna.

33






FIt3 Ligand: Stem/Progenitor Cell
Factor - Biomarker for

Early Diagnostic Assessment in
Radiation Mass Casualties

Di Giorgio, M; Radl, A.; Sapienzaq, C.; Fadel, A.M.; Chebel; G.;
Di Loreto, V.; Balbaryski, J.; Aymard, A. and Oneto, A.

Presentado en: International Experts’ Meeting on Radiation Protection after
the Fukushima Daiichi Accident.
Viena, Austria, 17 al 21 de febrero de 2014






FLT3 LIGAND: STEM/PROGENITOR CELL FACTOR - BIOMARKER FOR
EARLY DIAGNOSTIC ASSESSMENT IN RADIATION MASS CASUALTIES

'Di Giorgio, M; 'Radl, A.; 'Sapienza, C.; *Fadel, A.M.; “Chebel; G.; °Di Loreto, V.;
*Balbaryski, J.; *Aymard, A. and *Oneto, A.

! Nuclear Regulatory Authority
2 General de Agudos Dr. Carlos Durand Hospital
*TCba, Salguero Laboratory.
Argentina

The requirement for prompt evaluation of radiation injury in mass casualties has encouraged the
search of appropriate biomarkers for early diagnostic assessment. The use of multiple
biodosimetry assays for radiation injury and dose assessment has acquired a new role to guide
medical treatment. In mass casualties, a triage system is crucial. The current earliest-triage is
based on measuring clinical signs (e.g., lymphocyte depletion kinetics) and symptoms (e.g.,
time-to-vomiting). New molecular, hematological and cytological biomarkers applied for the
detection of radiation injuries would allow the performance of an early triage for high-
throughput analysis. This strategy complements the classical approach. After the initial 48 h,
scoring of the patients should be reevaluated on the basis of METREPOL (Medical Treatment
Protocols for Radiation Accident Victims).This approach uses only blood-cell counts for the
evaluation of hematopoietic damage and does not evaluate damage to other organs, such as the
liver and the vascular compartment. As far as acute radiation syndrome prognosis and treatment
is concerned, it is clinically important to assess the exposure dose and its heterogeneity to
determine the existence of a residual hematopoiesis. Hematopoiesis is a life-long process
responsible for replenishing both hematopoietic progenitor cells and mature blood cells from a
pool of pluripotent, long-term reconstituting stem cells.

According to the radiation induced damage to the hematopoietic system, the residual
hematopoiesis can be evaluated through blood-cell counts, circulating CD34+ cells, and CFU-
GM [colony forming unit—granulocyte, monocyte] and BFU-E [erythroid burst-forming unit]
and presently, through FIt3 ligand plasma concentration. FIt3 ligand is a marker of radiation
injury in bone marrow. Its plasma concentration negatively correlates with the colony forming
cells and anticipates pancytopenia (thrombocytopenia and leucopenia). FIt3 is a ligand for the
FLT3 tyrosine kinase receptor and belongs to a small group of growth factors (interlukine) that
regulate proliferation of early hematopoietic cells. Multiple isoforms of FIt3 ligand have been
identified. The predominant form is the trans-membrane form, which is biologically active on
the cell surface. FIt3 ligand binds to cells expressing the tyrosine kinase receptor FIt3. FIt3
ligand alone cannot stimulate proliferation, but synergizes with other CSFs and interleukins to
induce growth and differentiation.

The objective of the present work was to assess the performance of FIt3 ligand plasma
concentration as an early biomarker of radiation induced damage to the hematopoietic system
and its applicability for follow-up studies and response to treatment.
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As the availability of a population exposed to radiation with risk of reaching myelotoxicity
threshold (2 Gy) is not easy, this study was perform using a sample of 11 patients (and 14
controls) with differentiated thyroid cancer from Carlos Durand Hospital, treated with total
thyroidectomy, followed by 1-131 therapy for the ablation of thyroid remnants and treatment of
metastatic disease. The study was approved by the Research and Ethics Committee of the
Hospital. The criteria for the inclusion of patients involve: cumulative activities: range 300 mCi
to 1000 mCi, persistent/recurrent disease that would require the administration of new
therapeutic doses and hematological complications. Patients with partial thyroidectomy and
with recent chemotherapy treatments were excluded. A prospective clinical follow-up was
conducted, and was correlated with cytogenetic (biological dosimetry), hematological,
endocrinology (serum thyroglobulin) and FIt3 ligand plasma concentration data.The results are
summarized in Table 1.

Cumula | WBC Erythrocytes Platelets
PATIENT | Blood sample Do [ES/ tive | /mm3 /mm3 /mm3 | FLTs
[Gy] mi] Actlv!ty (4000- (4,200,000- (150,000- (0.5-2.5) [pg/ml]
[mCi] 11000) 5,500,000) 400,000)
1 3/9/12 0.86 30 650 3820 6,120,000 159,000 1.7 3800
2 10/11/12 0.39 9 600 3050 3,880,000 174,000 - 158
3 12/11/12 1.75 124 1000 4360 4,480,000 342,000 2.6 139
4 16/11/12 1.12 1500 700 4430 4,580,000 145,000 14 143
1 19/11/12 1.51 30 850 4130 5,670,000 136,000 2.4 2780
5 22/11/12 131 12.7 950 4700 4,790,000 190,000 1.3 140
1 14/1/13 30 850 3250 5,290,000 154,000 3.1 1400
6 19/2/13 0.18 5.6 1090 7620 4,590,000 361,000 1.9 320
7 23/4/13 0.62 1885 300 4780 4,740,000 174,000 1.9 162
8 23/41/113 0.86 1500 1000 5590 4,27,.000 220,000 2.5 146
9 4/6/4/13 0.57 18.2 850 5220 4,470,000 239,000 1.1 156
10 23/7/13 0.60 3.6 400 5330 4,950,000 252,000 17 154
11 23/7/13 0.38 <0.9 205 5370 4,91,.00 165,000 1.7 320
CONTROL 7120+ 1.1+0.5 124+
(n=14) 400 20

Table 1. Parameters evaluated in 11 patients and 14 controls.

Conclusions: In the sample assessed, the risk of recurrent/persistent disease and the need for the
administration of reiterative doses generated the requirement of bone marrow status knowledge
to avoid reaching myelotoxicity threshold. The parameters evaluated showed in 3 out of the 11
patients, at the time of blood collection, a significant increase of FLt3 plasma ligand. For the
reminder FLt3 showed values in the upper limit of the CI of control values (124+20 pg/ml),
while white cell blood counts and platelets did not indicate depletion. Nevertheless, all these
counts were in the lower limit of their reference values. This observation means that FLt3
anticipates cellular response as pancytopenia could be observed at about 30 to 45 days after the
administrated therapeutic activity of 1-131. For patient 1, who had bone metastasis, the follow-
up study through FLt3 and cytogenetic studies allowed to infer the impact of the internal
exposure on bone marrow response. However, it was observed a recovery (decrease in FLt3
levels) with the time elapsed, which correlated with reticulocyte increment.

Bone marrow graft rejection was observed in association with autologous recovery in victims of
radiation accidents highlighting the critical need for precise evaluation of residual
hematopoiesis. In this regard, the introduction of new biomarkers such as FLt3 for the
evaluation of radiation bone marrow damage and follow-up of the patients would allow the
prediction of hematological injury and recovery, eliciting interest in using this biomarker as a
warning signal for reducing potential hematological complications in the management of
radiation-accident victims and to tailor patient’s treatment as the risk of inadequate
hematopoietic transplantation outweighs its potential advantages.
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Cutaneous Radiation Syndrome (CRS) is a possible complication post-radiation from accidental
exposures, as has been demonstrated in numerous reported accidents and is also of concern in
some settings of radiotherapy or interventional fluoroscopy procedures.

The cutaneous symptoms are based on a combination of inflammatory processes and alteration
of cellular proliferation whose time course depends on several factors such as the radiation dose,
individual radiation sensitivity, etc.

Up to now there is no established parameters for the follow-up of the inflammatory response
leading from acute to delayed radiation skin injuries.

The involvement of cell-adhesion molecules (CAMs) in the recruitment of leukocytes from
circulating blood is decisive in the inflammatory reaction and different subsets of CAMs are
responsible for different steps in extravasation.

The objective of this study was to identify parameters of the ongoing inflammatory process and
its usefulness as indicator of evolution and response of the patients to therapeutic treatment.

It was conducted in 30 patients with acute and late skin injuries after radiotherapy (Rt) or
interventional fluoroscopy procedures. The expression of adhesion molecules ICAM1 and B1-
integrin on granulocytes and lymphocytes, as well as changes in subpopulations of T
lymphocytes and the level of C-reactive protein were evaluated

RESULTS
CAMs analysis

The analysis of CAMs revealed a higher expression of f1 Integrin on gated lymphocytes of
patients with acute and late effects as well as those in exacerbation crisis, compared to non-
exposed controls (Fig 1). It was also noted a decrease in its expression value in the follow up of
patients with good response to therapeutic treatment. There were no significant changes in the
expression of ICAM-1, neither lymphocytes nor granulocytes.
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FIG. 1- Expression of Bl Integrin as Mean FIG 2- C Reactive Protein level (mg/L) in
Fluorescence Index (MFI) on gated lymphocytes plasma.*p< 0.01 compared to control and
*p< 0.05 compared to control patients with late effects

# p< 0.001 compared to control and patients
with late effects
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C-reactive protein

The level of C Reactive Protein (CRP), a widely used inflammatory marker, showed significant
higher values in patients in acute phase and patients with late toxicity but in exacerbation crisis
with respect to patients with late radiation injury and controls (Fig 2)

T lymphocytes subsets

Three-color immunofluorescence flow cytometry of lymphocyte subsets did not show
significant differences in the T(CD4+) / T(CD8+) ratio among the groups, including the control
one. Although a tendency to decrease was observed in the group of patients with late effects. A
distortion in the frequency of thymic precursors CD4-CD8- (Double negative DN) and
CD4+CD8+ (Double positive DP) in peripheral blood was observed in the irradiated patients,
mainly in those with late effects

It is shown the application of the markers in an specific clinical case

A 66 year old male patient treated with radiotherapy at the 36
years due to a right leg angioma.

Ulcers appeared approximately each 10 years, as a result of
repetitive inflammatory waves, with remission after local
treatment. Then, acute exacerbation crisis became more
frequent .

On May 2011 the patient consulted in Buenos Aires Burns
Hospital for the first time exhibiting a deep necrotic ulcer on
the leg.

The patient underwent escharotomy and was included in the
treatment protocol for radiation induced lesions: pentoxifylline
400 mg and anti-oxidants (Vitamin E 400 U.I per day). For
local treatment it was applied enzymatic debridement with
collagenase and local perilesional treatment with steroid.
Expanded heterologous bone marrow-derived MSC were
locally applied around and in the lesion. This procedure was
repeated three times: on November 2011 (first application),
01-2013 December 2011 (second application), and on March 2012 (third
application) with a follow up until now.

The therapeutic response was evaluated through clinical follow-up, serial photographic record,
complementary tests (telethermography and high frequency ultrasonography), histological
examination from biopsies and the expression of adhesion molecules ICAM1 and B 1-integrin on
granulocytes and lymphocytes, as well as changes in subpopulations of T lymphocytes and the
level of C-reactive protein

The expression of § Integrin on lymphocytes seems the best parameter reflecting the evolution
of the patient. It was observed a marked decrease in its expression reaching control values
approximately three month after the 2"® HMSC application. Then, after a transient rise due to
local infection it has returned at present to control values.

Regarding lymphocyte subsets, although the ratio CD4+/CD8+ remained unchanged, the
presence of immature lymphocytes such as double positive or double negative cells suggests a
disturbance in the T-Cell homeostasis.
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CONCLUSIONS

The present findings show that Pl-integrin on lymphocytes, in combination with other
inflammatory indicators could be used as potential follow-up markers of acute and late
radiation-induced inflammation process as well as its response to therapeutic treatments.
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1. Introduccion.

Desde el propio nacimiento de la tecnologia nuclear como elemento paradigmatico del desarrollo
de la “big science™ en los Estados Unidos pocos afios después de la guerra, una vasta literatura se
ha ocupado de analizar el “mundo nuclear” desde las ciencias sociales®. La misma puede dividirse,

groso modo, en tres grandes cuerpos tedricos:

a. La literatura asociada a estudios de la ciencia, en su mayor parte en clave historica
(Hurtado 2014, etc). El nacleo del analisis se concentra en el desarrollo historico de
este sector, trabajado siempre asumiendo que se trata de una parte de lo que se conoce
como el sector cientifico-técnico de un pais. En el caso argentino, el aporte mas
completo es el trabajo de Hurtado (2014), que aporta una mirada histérica completa del
desarrollo del sector

b. Desde 1967 en adelante, en paralelo a la puesta en agenda internacional de las
preocupaciones sobre la proliferacion nuclear, y la posterior puesta a la firma del TNP?,
se desarrollé una literatura muy vasta sobre la proliferacion nuclear. De hecho resulta
inapropiado calificarla como “una” literatura, en tanto se trata de un conjunto de
enfoques muy variados y ricos que intentan —todos- plantear hipotesis causales sobre
los factores que hacen posible o evitan la proliferacion nuclear. Es una literatura muy
vinculada a teorias de relaciones internacionales, y se desarrolla siempre desde tal
marco tedrico. Si bien, como se adelant6, no es del todo apropiado calificar a ese
conjunto de estudios dado que son numerosos los approaches teoricos (realismo,
neorealismo, comprensivismo, neoliberalismo, teoria de la latencia®, etc) es importante
destacar que hay un punto comin a la mayoria de estos enfoques: comparten la idea de
que el régimen de no-proliferacion ha ayudado a limitar la proliferacion nuclear.
También —en general- asumen el supuesto de que si un pais desarrolla su tecnologia
nuclear con cierta autonomia se los regimenes de no proliferacion y desarme, debe ser

calificado, aunque potencialmente, como proliferante.

1 Al promediar la segunda guerra mundial, se consolidé primero en EEUU y luego en otros paises la idea
de que habia que cambiar el paradigma en cuanto a inversion publica en ciencia y tecnologia, y en cuanto
al papel del estado como “imbricador” entre ciencia e industria. La inversion en tecnologia pasé a ser
entendida como condicion necesaria para el desarrollo y —en mayor medida- el liderazgo. A este corpus
de ideologia y politicas publicas la historia de la ciencia la denomind “big science” y su punto de
inflexion fue el Proyecto Manhattan. Nunca un estado habia invertido tanto en ciencia y tecnologia.

2 No incluyo a la literatura producida desde las ciencias duras, ni a la produccién mas técnica asociada
directamente a la tecnologia.

¥ Nota al pie explicando

* Una buena compilacion de las teorias clasicas y més nuevas sobre proliferacion y no proliferacién esta
en Potter & Mukhatzanova (2010).
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c. Finalmente, hay una literatura socioldgica que trabaja las diversas fases del desarrollo
nuclear como un indicador de las transformaciones irreversibles sufridas por la
sociedad industrial en los ultimos 40 afios. Teorias como la de modernidad reflexiva
(Beck 1995, 1997) modernidad tardia (Giddens 1993) o modernidad liquida (Baumann
2002) se sirven empiricamente de la energia nuclear para construir conceptos asociados

a las percepciones de riesgo existentes en esta segunda fase de la modernidad.

Ninguno de estos enfoques pone el foco en un elemento que considero clave: interpretar el
desarrollo nuclear desde la perspectiva del estado, esto es, entender como un segmento de la
burocracia estatal se desarrolla, con su propia dindmica, coherencia y autonomia; en contextos de
baja estatalidad, como es el caso de América Latina. Existen trabajos que han abordado este
problema (Alcafiz, 2013; Kutsenfahani, 2010; Solingen, 2010) pero siempre desde una
perspectiva acotada a un sector, elemento, o factor especifico. Este trabajo pretende mirar el
desarrollo nuclear “desde el estado”. La pregunta que de la que parte este trabajo es como un
segmento de la burocracia estatal logra desarrollarse, construir autonomia, alcanzar logros
tecnoldgicos, en un contexto de baja estatalidad.

En América Latina, dos paises —Brasil y Argentina- lograron un desarrollo nuclear temprano y con
relativo nivel de autonomia. Este desarrollo, con todo lo que ello implica, se dio en contextos de
baja estatalidad. Hay una importante literatura que da cuenta de este fendmeno, tanto en clave
historica “de los casos” (Hurtado, 2010, 2012, 2014: Ribeiro de Andrade, 2012) como en
perspectiva comparada (Solingen, 2010; Adler, 1991). Sin embargo, en general no se pone el foco
en el desarrollo y crecimiento de una burocracia estatal especializada. Este trabajo intenta poner el
foco en ese aspecto, en el supuesto de que se trata de un enfoque que hasta la actualidad no ha sido
estudiado. EI marco tedrico de este trabajo, como se vera mas adelante, esta centrado en el estado
y, en particular, en un segmento de la burocracia estatal. Son las condiciones estatales, sus
acciones y sus omisiones las que explican los desarrollos del sector nuclear en el mundo
emergente. Este trabajo se concentrara en el pais que, a nuestro entender, constituye el caso mas
extremo, porque muestra el mayor desarrollo del sector nuclear en América Latina en el contexto,
probablemente, de menor estatalidad: Argentina. Desde el punto de vista de la teoria, este trabajo
coincide con las perspectivas que “vuelven al estado al centro de la escena” (Evans, Rueschmeyer
y Skocpol, 1985) asi como también con el concepto de autonomia enraizada desarrollado por
Evans (1995), particularmente con éste Gltimo. Lo que se quiere demostrar aqui es que el
desarrollo del estado en la posguerra configur6 en estos paises un conjunto de condiciones para la

consolidacién de una burocracia con un nivel de autonomia tal que hizo posible su crecimiento,
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estabilidad y coherencia interna en un contexto de baja estatalidad, asi como también, una enorme
capacidad de setting de agenda publica. El rol del estado “como un todo” es central para entender
el desarrollo de “una parte” del estado y su posterior “policy feedback™ sobre el estado “como un
todo”. Un elemento central para el argumento principal de este trabajo es que un sector de la
burocracia tecnoldgica estatal supo interpretar las sefiales y los incentivos que el estado genero
para su propia expansion. Lo particular del desarrollo institucional del sector nuclear en américa
latina es que se plante6 con mucha estabilidad en un contexto inestable. Un punto clave en este
caso es la coherencia intertemporal de las politicas del sector en un contexto general que no la
tuvo. Justamente ese punto no sélo es relevante sino que hace al corazon de lo que se entiende en

este trabajo como el mecanismo causal.

Este trabajo argumenta que, en contextos de baja coherencia intertemporal de politicas pablicas,
un sector de la burocracia estatal puede, bajo determinadas condiciones, usar esa baja coherencia
como un elemento de fortalecimiento interno si ese sector muestra a su vez alta coherencia

intertemporal en sus propias politicas especificas.

Este trabajo confluye entonces con el concepto de “burocracia enraizada” pero desde una
perspectiva diferente. EI concepto es clave para entender el rol del estado (y méas especificamente,
de la burocracia estatal) en el desarrollo industrial y tecnolégico de los paises. Evans aporté el
concepto de autonomia enraizada®, central a esta altura para entender la importancia crucial del rol
de la burocracia estatal en éxito de las politicas publicas para el desarrollo industrial y tecnoldgico.
Y Sikkink concluye y muestra evidencia de que el gobierno desarrollista brasilefio de Kubistchek
tuvo a su disposicion una burocracia eficiente y eficaz, lo que le permitié llevar adelante
exitosamente sus politicas de desarrollo. En cambio, el gobierno del presidente argentino Frondizi
no tuvo esas condiciones (Sikkink, 1993)°. Los citados trabajos de Sikkink y Evans, y varios otros

(Evans, Rueschmayer y Skocpol, 1985; Rueschmeyer y Evans, 1985; Evans, 2007, Skocpol, 2007)

® El concepto de autonomia enraizada (Evans, 1995) explica el rol de un fuerte cuerpo burocratico
imbricado (embedded) en el sistema de relaciones sociales. Se asume que los estados mas desarrollados
disponen de una burocracia muy calificada y que, como consecuencia de esta calificacion, es
independiente de “intereses tanto publicos como privados”. El concepto es muy interesante y ha sido muy
influyente en los estudios sobre el estado y las politicas publicas. Como veremos mas adelante, este
trabajo discute no el concepto en si, pero si algunas de sus implicancias. En concreto, este trabajo asume
que no se ha prestado suficiente atencion a las consecuencias de la autonomia de una burocracia estatal en
lo que refiere a los conflictos que ello genera con la agenda del poder politico.

® Sikkink (1993) argumenta que la falta de una burocracia eficiente a disposicién por parte del presidente
argentino redund6 en peores resultados de politica, en concreto en incumplimiento o cumplimiento
deficiente de sus objetivos de politica de desarrollo. La debilidad institucional que muestra la burocracia
argentina es para Sikkink un elemento evidente e influyente en las politicas publicas emanadas del Estado
Argentino, en sentido negativo.
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ponen el acento en los efectos positivos que una burocracia eficiente (o enraizada) tienen sobre las
politicas publicas. Este trabajo pretende profundizar en un aspecto que, a mi juicio, queda
parcialmente soslayado en estos estudios. El efecto que una burocracia especializada altamente
calificada ejerce sobre el proceso decisorio de las politicas publicas. No se cuestiona la pertinencia
de tales trabajos, por el contrario, se pretende agregar una nueva perspectiva a la teoria. ¢ Cuanto
afecta las capacidades de decisidén de un gobierno que, en un sector especifico del estado haya una
burocracia eficiente con alta coherencia intertemporal en un contexto de estatalidad débil?
Profundizando en el argumento de Sikkink (1983), este trabajo argumenta que, en un contexto de
estatalidad débil, la relacion entre la burocracia y el gobierno puede resultar paradojica: por un
lado, éste cuenta con burocracias eficientes que permiten lograr resultados de politica, pero por
otro, y justamente debido a esas condiciones, no siempre puede influir en esos resultados. La
burocracia hace uso de sus capacidades y se autonomiza. Impone agenda, reduciendo las opciones
reales de politica del decision-maker. Este trabajo entiende que el problema debe ser entendido
desde la perspectiva Principal-Agente planteada, entre otros, por Przeworsky (2007): el poder
politico toma las decisiones finales en un contexto de libertad decisoria, pero sobre la base de una
paleta de opciones acotada y sesgada de hecho por el recorte que hace la burocracia especializada.
Entiendo que este mecanismo aplica a la relacion entre el sector nuclear y los gobiernos, y ocurre
de manera muy extrema en Argentina, pais en el que el sector nuclear es muy desarrollado y la

estatalidad es, a su vez, baja.

Este articulo tiene 5 secciones: en la siguiente (segunda seccion) se hace un breve resumen del
caso argentino, tomado como caso para analizar el problema y se agrega una breve explicacion de
las razones por las que se eligio este caso en particular. En la tercera seccion se desarrollan el
marco tedrico y las hipotesis del estudio, en la cuarta se explica la metodologia utilizada, mientras
la Gltima seccion se destina a un resumen de los resultados obtenidos, las conclusiones, y se

plantean también algunos interrogantes a futuro.

2. Hipdtesis y marco tedrico tedrico general.

Este trabajo analiza al desarrollo del sector nuclear como un caso de desarrollo tecnologico desde
el estado, en el marco de lo que se conoce como “big science”. Entiende, como Evans (1995) y
Sikkink (1993) que la existencia de una burocracia estatal especializada y eficiente es condicion
necesaria para el desarrollo tecnoldgico y que, sin la existencia de ésta, un gobierno no esta en

condiciones de llevar adelante ninguna politica de desarrollo, y mucho menos orientada a la
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expansion de proyectos del tipo “big science”. Pero a la vez entiende que hay un elemento no
atendido por la literatura sobre la burocracia estatal, que funciona como condicion suficiente: la
capacidad del poder politico de lograr que la burocracia responda a sus intereses, actle con
transparencia y rinda cuentas. En suma, que la burocracia especializada y el poder politico se
orienten para el mismo lado, en cuanto a la direccion de una politica publica. Se asume que,
poniéndose en juego lo que la literatura conceptualiza como la “relacion principal-agente™’ el
poder politico (el “principal”) se somete al problema de la asimetria de la informacién, dado para
tomar decisiones depende de otro actor (el “agente”) que tiene sus propios intereses y su propia
moral, no siempre convergentes con el “principal”. Entiendo que el desarrollo de la politica
nuclear argentina es un excelente ejemplo para introducirse en este aspecto que la literatura sobre
la burocracia eficiente o enraizada ignora. El logro de una politica publica es, desde esta
perspectiva, el resultado de una relacion, no siempre armonica, entre estos dos actores. Hay,

finalmente, una negociacion, en la que cada actor pone sus recursos en juego.

Las hipotesis que asume este trabajo son las siguientes:

H1: Las decisiones de politica publica tecnoldgica que toma un gobierno estan condicionadas por

las opciones de politica que pone sobre la mesa la burocracia especifica.

H2: Las opciones de politica que la burocracia ponga sobre la mesa, o el grado de asimetria de la
informacién, dependera de la percepcidn que la burocracia tenga sobre cuanto afecta sus intereses
la decisidn de politica publica, condicionada a la percepcion que la burocracia tenga sobre cuan
transparente puede ser. Esto ultimo se relaciona con las capacidades que —se percibe- tiene un

gobierno para adivinar que hay asimetria y castigar a la burocracia en consecuencia.

H3: Si la institucionalidad estatal general es baja, y la calidad de la burocracia especifica es alta, el

contexto es el méas favorable para la burocracia. EI poder politico cuenta con menos elementos

" En economfa, el problema del agente-principal remite a las situaciones que se originan cuando un actor
economico (el principal), depende de la accion, de los intereses o de la moral de otro actor (el agente),
sobre el cual no tiene perfecta informacion. En otras palabras, ese asunto concierne las dificultades que se
presentan bajo condiciones de informacion asimétrica, cuando el principal contrata a un agente. El trabajo
clasico al que remite esta relacion es “La Riqueza de las Naciones” de Adam Smith. Llevado a la politica,
es Max Weber quien primero conceptualiza este tema, en “El Politico y el Cientifico”, trabajo en el que
teoriza sobre la relacion entre el Principe y la burocracia especializada, y el rol del politico profesional
como reductor de los problemas de asimetria de informacion. Un trabajo que problematiza el tema muy
claramente desde un analisis aplicado a la burocracia estatal en la actualidad, es Przeworsky (2007).
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para decidir y por lo tanto se encuentra en una situacion de mayor debilidad. Se espera que la

burocracia especifica restrinja al maximo, y a su favor, las opciones de politica.

3. Metodologia

Este trabajo es un estudio de caso. Se asume, como plantea Gerring (2004), que un estudio de caso
implica usar un caso para explicar procesos mas generales. No es el objetivo de este trabajo
explicar la historia del caso argentino per se, sino usarlo para entender y validar los procesos aqui
descriptos. El caso argentino es lo que Gerring (2001) denomina un caso “extremo” es decir aquel
que no es interesante por mostrar el “promedio” de los casos sino el “extremo” en cuanto al
comportamiento de las variables en juego. La argentina es, comparativamente, el pais de la region
que mayor desarrollo nuclear alcanzd, siendo a la vez quien muestra —de acuerdo a la literatura

especializada- uno de los peores perfiles de calidad estatal.

Se trabajo con diversas fuentes, todas de caracter cualitativo: documentacion existente en los
organismos nucleares (CNEA), documentacion secundaria (testimonios y escritos de profesionales
protagonistas del proceso) y sobre todo una cantidad importante de entrevistas a profesionales y
técnicos del sector, protagonistas de las diversas etapas del desarrollo nuclear argentino®.

Tanto en la entrevista como en el andlisis de la documentacion primaria y secundaria, se puso el
foco en algunos momentos histdricos que a mi juicio permitian analizar las hip6tesis con la mayor

riqueza posible. Estos fueron:

e El caso Richter, y la consecuente intervencion de la Armada en el proceso.
e Ladiscusion entre el poder politico y los equipos de CNEA sobre el modelo a seguir para
la construccion de las centrales nucleares y —en el caso de Embalse- el impacto que el

testeo indio en 1974 tuvo en esa negociacion®.

® Se realizaron a la fecha 49 entrevistas, en Buenos Aires y Bariloche, entre 2012 y 2014, a funcionarios y
ex funcionarios del estado argentino y cientificos y ex cientificos del sector nuclear (CNEA, ARN,
INVAP, NASA, Cancilleria).

% Sobre este tema no hay menciones especificas en el trabajo. Una cuestion de espacio y la intencion de
no agobiar al lector con demasiados datos historicos me hicieron optar por no explicitarlos todos. Pero la
compra de las centrales es un ejemplo muy rico de la relacion entre la burocracia tecnologica y el poder
politico local.
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e EIl proceso de enriquecimiento (el laboratorio de Villa Golf y la Planta de Pilcaniyeu)
como el ejemplo mas paradigmatico de los “grandes proyectos” del periodo Castro
Madero.

e El desguace de la CNEA, la creacion de NA-SA y ARN, y el cierre de los proyectos y las

instalaciones nucleares.

4. Evolucion del desarrollo nuclear argentino.

La Argentina es, desde los tiempos iniciales del desarrollo de esta tecnologia, un pais nuclear. No
es una potencia nuclear, pero tuvo relacion con la tecnologia nuclear casi desde el fin de la
segunda guerra mundial. Mas alla del fracaso conocido como el “affaire Richter”, una serie de
decisiones tomadas por el gobierno de Perdn entre 1948 y 1950 significaron la institucionalizacién
del desarrollo nuclear en Argentina, poniendo al pais claramente en punta en la region en la
materia. Salvando las distancias con EEUU, y teniendo en cuenta el tamafio de la economia de
nuestro pais y su lugar en el concierto de naciones en la posguerra, las primeras decisiones de
politica pablica para el desarrollo nuclear hicieron que la Argentina formara parte (aunque
compartiendo una pequena porcion de la “torta”) del club de paises que ingresaron a lo que luego
se denominé la “big science”’?. El desarrollo nuclear estuvo caracterizado por la dualidad desde
sus inicios: nace y experimente su primer desarrollo en el marco de la guerra fria como un camino
para la supremacia militar, pero al mismo tiempo se constituye en un excelente ejemplo del
desarrollo de la “big science” y de lo que Beck (1995) conceptualiza como el paradigma
industrialista de la modernidad simple. La ciencia aparece como una respuesta a las
incertidumbres y los riesgos que implica la naturaleza, y la “ciencia nuclear” no es la excepcion.
La competencia por el control de la reaccion nuclear nace entonces motivada por el interés por la
supremacia militar pero también por acceder a los beneficios de una de las puntas tecnoldgicas de
la ciencia del siglo XX. No solo tenia que ver con la obvia ventaja de la generacion de energia
barata y duradera sino con beneficios en el terreno de la salud, los alimentos, la minerfa.** Existe

una importante evidencia histérica relativa a que el interés argentino inicial en el manejo de la

19 Sobre los primeros tiempos del desarrollo nuclear argentino, sus origenes, el caso Richter y el
significado de la “Big Science” leer Hurtado (2014), probablemente el trabajo de historia de la ciencia
méas completo sobre el desarrollo tecnolégico nuclear en un pais de América Latina. Se recomienda, en
cuanto a estos temas, leer especificamente los capitulos 1 y 2.

1 Un importante cientifico de la CNEA entrevistado para esta investigacion, cuya carrera transcurrié
mayormente en las instalaciones que luego fueron el Centro Atémico Bariloche coment6é que para la
ciudad era “un orgullo” ser la sede de la “ciencia mas moderna”. “Cuando llegabas al aeropuerto de
Bariloche y el taxista se enteraba que eras de la CNEA no te cobraba en agradecimiento por traer al pais y
la ciudad tantos beneficios”.
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tecnologia tuvo méas que ver con alcanzar una tecnologia de punta que con el desarrollo militar.
Para un pais del tercer mundo con expectativas de ganar un lugar en el concierto mundial o al
menos regional, el manejo de la tecnologia nuclear aparecia como una gran oportunidad®. El
soci6logo Emile Durkeim®® creia en la ciencia como “la forma maés elevada del conocimiento”
pero también veia la necesidad de construir “fe” en la ciencia, como un mecanismo para
reconstruir los lazos deteriorados con la caida de la vida religiosa imperante en las sociedades
tradicionales. Nada méas apropiado para entender cdmo actuaron quienes tomaron las decisiones
orientadas a que Argentina desarrolle localmente la tecnologia nuclear: era un camino objetivado
hacia el desarrollo tecnoldgico, y habia al mismo tiempo un componente de fe en los beneficios

que traeria el control del &tomo.

El hecho es que los origenes del desarrollo nuclear argentino hay que buscarlos, como en los
grandes paises nucleares, en las Fuerzas Armadas. Sin embargo, suponer que ello implica
automaticamente que se tratd de un proyecto bélico es, cuando menos, una conclusion apresurada.
El marco en el cual hay que colocar la busqueda del control del &tomo es mas tecnoldgico, y
concretamente orientado hacia la busqueda de la autonomia energética, que militar. El
nacionalismo industrialista creciente en las fuerzas armadas argentinas fue el marco ideoldgico
para el desarrollo nuclear desde una perspectiva de desarrollo. Militares como el General Savio o
el General Mosconi habian hecho gran parte de su carrera militar en entornos politicos en los
cuales el desarrollo industrial era visto como el gran paso hacia la soberania.'* Como plantea
Adler:

“..los seres humanos en general, y los tomadores de decisiones en particular, son
solucionadores de problemas. Los humanos anticipan constantemente el futuro con el objeto
de alcanzar los objetivos deseados. Lo que buscan siempre es cerrar la brecha entre lo que
perciben como la realidad y lo que buscan alcanzar. En ese sentido, el proceso de toma de
decisiones no implica unicamente hacer una eleccion; es bdsicamente una ‘accion integrativa’

(...) destinada a distinguir lo que es relevante de lo que debe ser ignorado il

12° Al respecto, leer Hurtado (2014), Hurtado (2010) y también Mariscotti (1985). Hay una serie de
articulos sobre el desarrollo del mundo, que Perdn escribio entre 1952 y 1953 bajo el seudénimo de
Descartes, que ponen en juego cdmo Peron veia a la tecnologia como oportunidad para el desarrollo.
Agradezco a Diego Hurtado haberme “abierto los ojos” sobre estos articulos.

3 Durkheim (1992).

4 Al respecto, Hurtado (2014) y Gadano (2006).

15 Adler (1987). La traduccion es mia.
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La ideologia es entendida por Adler —y compartida por este trabajo- como un conjunto de pautas
electivas que llevan hacia un objetivo de politica. En Argentina, en ese contexto, la agenda hacia

el desarrollo nuclear es tecnoldgica, no militar.

En 1943, a instancias de Savio y en el contexto del gobierno nacionalista que asume ese afio, se
fomenta el desarrollo de una burocracia militar especializada en desarrollo industrial, junto a la
creacion de industrias de “interés nacional” que, se define, deberan quedar en manos del Estado
Nacional®. En 1945 el gobierno nacional decide decretar el monopolio estatal de la prospeccién
de Uranio y Torio, que quedan a cargo de la Direccion Nacional de Fabricaciones Militares (cuyo
titular era Savio) y de la Universidad Nacional de Cuyo. En 1945 los EEUU detonan los dos
artefactos en Hiroshima y Nagasaki, y el mundo no sera el mismo. De las dos agendas de politica
que nacen en ese momento (la militar y la tecnoldgica) este trabajo pone el foco en la segunda,
porgue entiende que existe la evidencia suficiente como para afirmar que ese fue el camino que
siguié la Argentina o, al menos, no aparece evidencia para afirmar lo contrario. Luego de
Hiroshima, algunos estados occidentales (con EEUU a la cabeza) aumentan exponencialmente la
inversion puablica en Investigacion y Desarrollo, marcando una revolucién en la relacion entre el

Estado y la investigacion cientifica. Esa revolucion implica dos planos:

a. Elya referido aumento exponencial en la inversion pablica en 1+D

b. Un fuerte impacto en cuanto a la visibilidad y la relevancia de un debate que ya existia
pero muy reducido a &mbitos académicos, y que en esos afios cobré una relevancia
inusitada: la reivindicacion de la ciencia como una practica “universalista y libre” vs. la

idea de la ciencia “como una tarea al servicio del desarrollo colectivo/nacional”.

Como veremos mas adelante, este debate es constitutivo del desarrollo argentino, y relevante para
el argumento de este trabajo. En contraste a lo que sostiene cierta liturgia nacionalista, la idea de
que la ciencia debe estar al servicio del desarrollo nacional no nace en el tercer mundo; es un
debate que tiene su origen en los Estados Unidos de la posguerra. Sin embargo, tiene en el pais un
impacto importante, en cuanto constitutivo de la coalicion de intereses que funcion6 de tractor

hacia el desarrollo y la continuidad de la politica nuclear, en un pais en el que las politicas

16 El caso més paradigmatico es el de los hidrocarburos. Ver al respecto Gadano (2006). Sin embargo, se
toman decisiones también muy claras orientadas a la autonomia “en el manejo del Uranio”. Muy
esclarecedores al respecto son los escritos de Savio (1942) y el texto del Decreto 22.855 de septiembre de
1945, declarando “estratégicos” al uranio y el torio, decretando el monopolio estatal sobre los mismos y
prohibiendo su exportacion
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tecnoldgicas estables en el tiempo se cuentan con los dedos de la mano. Como dato ilustrativo
puede decirse que entre 1946 y 1983 Argentina tuvo 17 presidentes, y con cada cambio de
gobierno cambid radicalmente sus politicas tecnoldgicas: cada gobierno desandaba el camino del
anterior, cambiaba los planteles e incluso suprimia organismos. La excepcion fue la CNEAY que
en el mismo periodo tuvo en la practica 3 presidentes'® y una continuidad excepcional para las
instituciones nacionales argentinas'®. Asumiendo, como plantea Sikkink (1993), la debilidad
institucional de la Argentina en comparacion a otros paises de similar desarrollo, este trabajo
argumenta que la debilidad institucional, la baja coherencia intertemporal de las politicas y la alta
rotacion de los planteles de gobierno durante el periodo estudiado (1950 — 2006) funcionaron
como condicion para que una coalicion de sectores intraestatales favorable al desarrollo nuclear
desarrollara un fuerte poder de agenda, reduciendo de hecho las opciones de politica del poder
politico. Bajo ese supuesto, haremos un breve repaso de la historia de la politica nuclear argentina
desde 1950 hasta 2006, dividiéndola en los periodos que se entienden como explicativos de la

matriz coalicional planteada en el parrafo anterior.
a. Lafundacion.

La apuesta por el desarrollo nuclear es una decisién que el Presidente Peron toma con relativa
autonomia de los grupos de interés que opinaban al respecto. De hecho, la prensa de la época da
cuenta de un debate con pocos puntos de acuerdo: mientras la AFA? se oponia al desarrollo
nuclear por los riesgos y sobre todo por la “politizacion” y la consecuente reduccion de libertades
que ello conllevaria, un grupo de fisicos nacionalistas, como Enrique Gaviola y Guido Beck, y un
sector del ejército asociado a Savio y a la DNFM?! planteaba la necesidad de inversion pablica en
el plano nuclear’?. Como vemos, el debate entre “ciencia universalista” y “ciencia aplicada”
aparece en Argentina desde el primer momento en que comienza a discutirse la apuesta por la “big
science”. Lo cierto es que el Gobierno Nacional, en medio de tales discusiones, termina tomando

la decision casi en soledad. Y el término es muy apropiado, porque luego del fracaso de varios

7 Comisién Nacional de Energia Atémica

'8 Durante el gobierno de Frondizi, el Almirante Quihillalt fue reemplazado por un breve lapso por otro
funcionario. Pero el corto lapso en el que estuvo y su escasa influencia real en las politicas del organismo
vuelven poco relevante su inclusion como el “cuarto presidente”.

19 para ver los desempefios historicos de los organismos tecnolégicos argentinos en forma comparada, ver
Hurtado (2010)

%0 Asociacion Fisica Argentina.

2! Direccién Nacional de Fabricaciones Militares.

%2 Hurtado (2014), cap. 1.
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intentos de iniciar proyectos de 1+D nucleares, Peron decide otorgarle al fisico aleman Ronald

Richter el proyecto tecnoldgico més importante de su gobierno.

En 1946, un grupo de fisicos liderados por Gaviola y Beck hace fuertes tratativas para traer a la
Argentina a Werner Heisenberg, lider del grupo de fisicos alemanes que trabajaron hasta la caida
del 111 Reich en la busqueda de la fision nuclear. Ese proyecto fracasa, y aqui nos encontramos con
una de las mas importantes “leyendas” del nacionalismo nuclear: Heisenberg queda viviendo del
lado britanico de Berlin, y los ingleses “habrian hecho todo lo posible” para evitar que Argentina
disponga de recursos humanos capaces para poder desarrollar la energia nuclear. Lo cierto es que,
mas all& de que los ingleses hicieron esfuerzos para retener a Heisenberg, la evidencia historica
demuestra que ni Heisenberg tuvo finalmente mucho interés en venir a la Argentina, ni las fuerzas
armadas mostraron mucho interés en traerlo. Durante esos afios, los grupos liderados por Gaviola
y Savio se dedicaron a boicotearse mutuamente, y seguramente ello contribuyé mucho mas para el

fracaso de la llegada de Heisenberg que la “conspiracion britanica”?.

Lo cierto es que, a fines de
agosto de 1948 el experto en disefio aeronautico aleman Kurt Tank le presenta a Perén al al fisico
Ronald Richter®®, en un encuentro que, como plantea Hurtado (2014) seré clave para la politica
nuclear en Argentina. Ese encuentro se realiz0, paraddjicamente, con relativa autonomia de los
intereses de los dos sectores que pugnaban por liderar el desarrollo nuclear argentino: el grupo de
Gaviola, y los militares del ejército nucleados en la DNFM. La combinacion de la explosion de
Hiroshima y la consecuente carrera por la “big science” funcionan como “coyuntura critica” para
el desarrollo nuclear argentino, y el inicio del proyecto Richter es el punto inicial de la
trayectoria®.

Con el fuerte aval de Per6n, Richter inicia en la isla Huemul, frente a la ciudad de Bariloche, el
proyecto nuclear argentino. Le aplica una impronta casi de enclave, tal y como lo relata Mariscotti
(1985) con poca participacion de personal local, y —hasta 1949- con poco oversight por parte de

las autoridades politicas. Luego del famoso anuncio fallido y casi fraudulento del “logro histérico”

2% \Jer Mariscotti, 1985 y 1990; y Hurtado, 2014.

?* Hurtado, 2014.

> Se habla aqui de coyuntura critica y trayectoria dependiente tal y como la entiende la literatura
especifica que desarrolla el concepto: tal y como Collier y Collier (1991) y Page (2006) lo
conceptualizan, en una coyuntura critica determinada, condiciones previas y exdgenas (en este caso la
explosion de Hiroshima y la apuesta por la Big Science) producen elecciones contingentes que
determinan una determinada trayectoria de desarrollo institucional cuya consolidacion es dificil de
revertir. Como en el ejemplo conocido del teclado qwerty, se combinan feedbacks positivos, retornos
crecientes y procesos de self-reinforcement que producen que el camino racional sea aportar por la
reproduccion de la trayectoria. Al respecto ver también Pierson, 2000 y 2004.
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de la fision nuclear®®, y del posterior cierre del proyecto Richter, se inicia el segundo capitulo del

desarrollo nuclear argentino, que entendemos fundante de su matriz de crecimiento.
b. El nacimiento de la “poderosa coalicion”.

Un poco antes del cierre del proyecto Richter, el 31 de mayo de 1950, habia sido creada la CNEA
con la intencién de controlarlo. Perén pone a su cargo al Coronel Gonzéalez, un hombre de su
entera confianza. En aquellos primeros tiempos, la CNEA era efectivamente una “comision” de
notables sin estructura propia. Sin embargo, el momento clave desde el punto de vista de este
trabajo no es esa fecha sino el periodo que va de febrero a noviembre de 1952. Ese periodo es el
del derrumbe del proyecto Richter. En febrero de 1952, Peron desplaza a Gonzélez y designa en su
lugar al Capitan de Fragata Pedro Iraolagoitia. Y en noviembre de ese afio, Iraolagoitia clausura el
proyecto Richter y “toma” la isla Huemul en una operacion militar, la noche del 227, Hay dos
elementos a destacar de estos primeros tiempos: por un lado, el proyecto Richter fue un fracaso,
pero son cada vez mas las opiniones que coinciden en que distd de ser un fraude completo, y sin
dudas generd terceridades positivas importantes, como la fundacion de la CNEA vy el desarrollo
del proyecto nuclear en Bariloche. El segundo hecho importante, es que el final de Richter implicd
que el proyecto nuclear pasé a manos de la Armada. La Armada, a diferencia del Ejército, cre6
una politica especifica alrededor del proyecto nuclear. Y fundé en los hechos una coalicion con el
grupo de cientificos (ingenieros, fisicos, quimicos) que de a poco se fueron agrupando alrededor
del proyecto. Esta coalicion mostré una importantisima estabilidad intertemporal, una fuerte
eficacia para lograr el avance de sus proyectos, y una importante ductilidad para nunca pasar la
linea optima paretiana en cada coyuntura de gobierno. Se constituyo, sin dudas, en lo que Evans
(1995) entiende como una burocracia con “autonomia enraizada” que, en coyunturas favorables,
exprimio al maximo las oportunidades, y cuando no, desarrollo estrategias defensivas para pagar
el menor costo posible. También —hay que recordar lo obvio- mostraron a lo largo de este periodo,
logros tecnoldgicos Unicos para el pais, que pusieron a la Argentina en una posicién de liderazgo
regional indiscutido, convirtiéndola de hecho en un pais muy influyente en el desarrollo nuclear
del mundo hispanoparlante®®. Esa coalicion controlé en los hechos la politica nuclear argentina,
reduciendo las opciones de politica del poder politico, en el periodo que va de 1952 a 1983. En

esos 41 anos, la CNEA tuvo en la practica 3 presidentes: Iraolagoitia entre 1952 y 1955, Quihillalt

% Hurtado (2014) y Revista “Mundo Atémico” de mayo 1951.
27 \/er Mariscotti (1985)
%8 Con la excepcién de México.
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entre 1955 y 1973%°, nuevamente Iraolagoitia entre 1973 y 1976 y Castro Madero entre 1976 y
1983. Los tres eran marinos en actividad mientras fueron presidentes de CNEA, los tres fueron
“hombres del sector nuclear” y los tres sirvieron de soporte politico del proyecto nuclear. Quizas
el caso mas paradigmatico sea el de Castro Madero: ademas de contraalmirante, era doctor en
fisica nuclear, egresado del instituto Balseiro, y fellow de la American Nuclear Society. La
biografia de Castro Madero muestra quizas de manera elocuente la evolucién de la relacion entre
la Armada y el sector nuclear. A esta altura, en muchos casos, los “fisicos” y los “marinos” eran
una sola persona. Una interpretacion posible, que este articulo no desarrolla pero no descarta, es
que en algin momento de la evolucién del periodo sea mas correcto hablar de comunidad
epistémica que de coalicién de intereses, por el imbricamiento de la relacién®. Desde aqui se
desarrolla la idea de coalicion porque finalmente la armada y los profesionales de la CNEA nunca
llegaron a ser “lo mismo™: no tenian los mismos intereses, las mismas lealtades ni tampoco el
mismo papel dentro del sector, y la prueba es que cuando la coalicidon se quiebra, el desarrollo
nuclear sigue adelante con una de sus partes. Pero en este periodo funcioné una “poderosa
coalicion” que supo generar las condiciones para el desarrollo de los proyectos nucleares con una
eficacia envidiable. Recordando el argumento de este articulo (la existencia de una burocracia
especializada, con alta eficiencia, marcada coherencia intertemporal y claros resultados de
politica, en un contexto de baja estatalidad y alta rotacion de los planteles de gobierno, genera las
condiciones para que ese burocracia funcione con un nivel de autonomia tal que le permita ser el
originante de las politicas para el sector, reduciendo las opciones de politica del poder politico) se
advierte que este periodo funciona como una evidencia muy fuerte de que ese fue el mecanismo
que funciond en Argentina. Hay un tercer elemento a tener en cuenta: el factor internacional. El
sector nuclear argentino construyé un prestigio a nivel internacional como ningin otro sector en el
pais, y en los hechos una importante influencia a ese nivel. Ello le sirvié como soporte para sus
proyectos en los periodos de crecimiento, y como factor de supervivencia en los momentos de
repliegue®’. El proceso funcioné durante este periodo mas o menos de la siguiente manera: los

“grupos32” de profesionales de la CNEA desarrollaban un proyecto, y sus responsables conseguian

2% Con una breve interrupcion durante menos de un afio de la administracion Frondizi.

%0 Sobre el desarrollo de comunidad epistémica en el mundo nuclear, ver Kustchesfahani (2010). Y sobre
el concepto de comunidad epistémica aplicado al desarrollo de un interés en politica internacional, ver
Sebenius (1992).

31 Sobre eso Gltimo, ver Alcafiiz (2013)

%2 Desde sus inicios, la CNEA funcion6 organizada en “grupos” de profesionales y técnicos, constituidos
alrededor de un problema especifico, y de la bisqueda de soluciones (el de combustibles, el de materiales,
etc.). Es importante tener en cuenta que ello hizo de la CNEA un lugar de trabajo con mucho ambiente de
“espacio publico” de discusion y debate profesional abierto. Ello se modifico radicalmente durante la
presidencia de Castro Madero. Por razones obvias, entre 1976 y 1983 el debate se redujo a su minima
expresion, y fue reemplazado por una logica de decision vertical y de discusiones a “puertas cerradas”.
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al apoyo politico de las autoridades que, de todas maneras, eran en general profesionales del
sector. Una vez aprobado internamente el proyecto, se iba para delante o se buscaban los apoyos
politicos externos, dependiendo de la magnitud y el impacto del mismo®.

El periodo de la “poderosa coalicion” funciono6 sobre la base de dos componentes muy marcados:
el padrinazgo politico de la Armada (que “resolvia” los problemas de viabilidad politica de los
proyectos una vez habian pasado el filtro interno), y una fuerte autonomia intraestatal, potenciada
por los logros tecnolégicos del sector, su alto expertisse y su coherencia intertemporal®. El final
de este periodo fue a toda orquesta: en 1982 —excluido el gasto en personal- la CNEA se llevo el
61% del Presupuesto Publico Nacional®® *°. En ese periodo se llevaron adelante los grandes
proyectos tecnoldgicos nucleares argentinos: El acelerador de particulas TANDAR (Tandem
Argentino), el proyecto de enriquecimiento de Pilcaniyeu, la Planta de Agua Pesada, el

Laboratorio de Procesos Radioquimicos, entre los mas importantes.

c. El retorno democrético, las reformas neoliberales y la aparicién del

ambientalismo en la politica nacional. Ajuste y “resistencia”.

Este periodo esta marcado por tres elementos constitutivos y relacionados —aunque parcialmente-
entre si: la pérdida del padrinazgo de la Armada (en realidad, el desempoderamiento de la Armada
respecto de la politica nuclear, consistente con el desempoderamiento general de las Fuerzas
Armadas en el pais), el ajuste econdémico, y la aparicion del ambientalismo en la politica
argentina, o lo que Beck (1997) conceptualiza como “el fin de la sociedad industrial”. Y a su vez
tiene dos momentos con ciertas caracteristicas diferentes, dentro de la misma ldgica: El gobierno
de Alfonsin, y el periodo de 1989 a 2004.

Pero el proceso que se describe fue esencialmente el mismo. Sin embargo, como veremos mas adelante y
como sostiene Hurtado (2014) la impronta verticalista para tomar decisiones nunca abandond del todo al
sector nuclear a partir del periodo Castro Madero.

%3 Esta l6gica aparece de manera repetida en las entrevistas con profesionales de la CNEA entrevistados.
También la reproduce muy claramente Hurtado (2014).

% Entiendo que la literatura de la “embedded autonomy” asume como supuesto que, dadas determinadas
condiciones de desarrollo, el “estado” como un todo homogéneo podra tomar decisiones de politica “si
cuenta” con burocracias eficientes, ignorando el hecho de que esa misma autonomia condiciona el
cumplimiento de las politicas a que las mismas cuenten con la aprobacion de esa burocracia. El contar
con una burocracia eficiente es condicion necesaria, pero no suficiente, para el cumplimiento de las
politicas. En general, la literatura pone el foco en la “captura” de un sector del estado por parte de
intereses privados, o en su institucionalidad débil (o en ambas) pero no en la autonomia “en si misma”
como un problema.

% Datos de la Oficina Nacional de Presupuesto

% Es importante aclarar que este analisis no tiene ni pretende tener ninguna implicancia normativa. Que
esto ocurra en principio no es ni positivo ni negativo, y por otra parte esa inversion en general se destind a
proyectos palpables y concretos. Lo que se intenta graficar es la légica del proceso.
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En 1983 por primera vez en la historia, el presidente de la CNEA es un civil*’. El periodo fue
marcado por un fuerte ajuste econdmico y por una fuerte desconfianza a lo hecho por la gestion
Castro Madero y a la potencial existencia de “proyectos secretos” no develados® *°. Pero la
evidencia historica muestra que —dentro de sus posibilidades- el gobierno intentd6 mantener todos
los grandes proyectos en marcha —aunque bajandoles significativamente la pendiente- con
excepcion de los que implicaban un marcado problema internacional o generaban mucha
desconfianza. EI méas claro de estos ultimos es el Laboratorio de Procesos Radioquimicos (LPR)
gue no era otra cosa que una planta, situada en Ezeiza, de reprocesamiento de combustibles
quemados para obtener Plutonio. Las presiones por el caracter “proliferante” del proyecto
surtieron efecto y el proyecto no tuvo financiamiento para su avance. Ese fue, en los hechos, el
unico gran proyecto clausurado de hecho durante el gobierno de Alfonsin.

Durante el gobierno de Menem, confluyeron negativamente sobre la CNEA varios ejes de politica
del gobierno: el ajuste fiscal, las privatizaciones y la apertura al mundo. La CNEA era vista como

9 <6

“fiscalmente cara”, “ineficiente” y “problematica para la integracion con el mundo por su caracter

»% Solingen (2010) argumenta que cuando un gobierno desarrolla politicas

proliferante
econdmicas de apertura y libre mercado, promueve politicas desproliferantes, para mostrarse
“confiable” frente al mundo. Uno de los casos que estudia es precisamente la Argentina en este
periodo. Es importante agregar otro factor, poco trabajado hasta el presente para el caso argentino,
pero muy teorizado por la literatura sociologica de la “segunda modernidad”: en los 90’s, la

opinién publica argentina comienza a valorar politicas ambientalistas, como consecuencia de una

% Hay un dato anecddtico pero interesante: la persona que seguramente hubiera sido el Presidente de
CNEA durante el gobierno de Alfonsin fue Jorge Sabato, un actor central en el periodo de la “poderosa
coalicion” jefe del grupo de metalurgia y protagonista de gran parte de los grandes proyectos de la
CNEA. Para muchos, el “presidente detras del trono” en tiempos de Quihillalt. Un profesional prestigioso
y respetado por sus pares dentro y fuera de la Argentina, y reconocido como un gran “manager”
tecnoldgico. Para desgracia del sector nuclear, del gobierno de Alfonsin y de la relaciéon entre ambos,
Sabato muere el 16 de noviembre de 1983, 24 dias antes de que Alfonsin asuma el gobierno. Un dato
curioso pero consistente con lo planteado paginas atras: Sabato no venia de la “elite” de fisicos de la
UBA. Se habia recibido de Profesor de Fisica en el Instituto Nacional de Profesorado Secundario de la
Ciudad de Buenos Aires, hoy Instituto Superior del Profesorado "Dr. Joaquin V. Gonzalez". Fuente:
CNEA.

%8 pyestos a especular, la presencia de Sabato podria haber moderado esta desconfianza.

% Un profesional de la CNEA que particip6 de las negociaciones de la transicion entre la gestién de
Castro Madero y el equipo de Alfonsin, manifestd que la sensacion entre los profesionales de la CNEA
(muchos de ellos, radicales) era que Alfonsin estaba muy admirado de los logros cientificos de la CNEA
pero al mismo tiempo mostraba cierta desconfianza de que no le estuvieran ocultando informacién.

% Varios profesionales o ex profesionales de la CNEA, con cargos técnicos en ese momento, que
participaron de las negociaciones para la reforma del sector coincidieron, en entrevistas realizadas para
este trabajo, en que la sensacion general era que para los funcionarios del Ministerio de Economia y de la
Cancilleria que lideraban las negociaciones, la CNEA era un problema y que lo mejor era “cerrar todo”.
Todos compartian la sensacion de “negociar con tipos que lo unico que querian negociar era la forma en
que nos iban a exterminar”.

62


salvarez
Cuadro de texto
62


creciente desconfianza hacia los “efectos no deseados” de la sociedad industrial*. Como
consecuencia de ello, el sector nuclear pierde uno de sus capitales simbolicos més importantes: la
fuerte aceptacion social de la que habia gozado entre 1950 y 1990. Este periodo va mas alla del
gobierno de Menem, atraviesa los gobiernos siguientes hasta los primeros afios de la
administracion de Néstor Kirchner. Este es un periodo de resistencia: el éptimo paretiano se ha
corrido hacia dentro y los equilibrios aceptables para el sector, que antes se relacionaban con el
crecimiento y la aprobacion de proyectos, ahora tienen que ver con la supervivencia, en tres
sentidos: trabas al proyecto privatizador; supervivencia de los recursos humanos, intentando
cuidar el empleo y la capacitacion; y cuidado y mantenimiento del capital fisico tecnoldgico y las
instalaciones.

Las trabas al proyecto privatizador se ven con mucha claridad cuando uno observa lo que ocurre
en esos afios con la regulacion de la actividad: en cumplimiento con exigencias internacionales, el
gobierno argentino le “quita” a la CNEA las atribuciones regulatorias y crea una entidad
independiente (el ENREN primero y la Autoridad Regulatoria Nuclear luego). Pero, entretenido
con la reforma de la CNEA vy la privatizacion de las utilities, deja en manos de los propios
profesionales del sector el control de la regulacién*. Ello redunda en dos consecuencias,
encadenadas una a la otra: se constituye un regulador muy poderoso, con funciones de juez y
policia que, a su vez, impone condiciones de safety altas que vuelven muy costosa la privatizacion
de las utilities (que se queda sin oferentes) y mucho mas costoso el decommisioning. En suma: el
gobierno argentino cred una empresa publica (Nucleoeléctrica Argentina SA) que no puede
privatizar ni cerrar®®. La Unica privatizacion importante fracasada durante ese periodo fue la de las

centrales nucleares. El “cuchillo hasta el fondo y sin anestesia” no funciono6 en el sector nuclear.

En cuanto a las estrategias de supervivencia, se detectan dos: la busqueda de nuevas competencias
laborales, ya sea a titulo individual o desde las empresas; y la salida al exterior. En el primer caso,

el ejemplo més paradigmatico es INVAP*, que desarrolla competencias en otros campos que la

*! Fuente: Latinobarémetro. Para la teoria sobre segunda modernidad, ver Giddens (1993), Beck (1997),
Baumann (2002).

“2 Basicamente, la ex Gerencia de Proteccién Radioldgica de la CNEA se constituye en la ARN, mas un
grupo de profesionales que vienen de otros sectores, que arman el grupo de Salvaguardias.

* Un profesional histérico de la CNEA que termind su carrera en ARN plante6 en una entrevista: “el
gobierno estaba tan enfocado en la privatizacion que nos dejaron la parte de la regulacién de la ley
nuclear a nosotros. Y le ibamos agregando poder a la ARN y mas poder, y nos decian ‘ok, ok’.
Finalmente, cuando se dieron cuenta, ya no podian ir para atras porque le habian prometido al mundo que
iban a ser los mas cumplidores en cuanto a estandares internacionales. ;Como iban a quitarle
independencia y poder al regulador independiente?”

* Investigaciones Aplicadas es una empresa publica, propiedad de la CNEA y la Provincia de Rio Negro.
Fue creada en tiempos de Castro Madero para llevar adelante los proyectos que para la CNEA resultaban
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vuelven sumamente competitiva (por ejemplo el espacial). De hecho, la actividad nuclear es hoy
apenas una de las divisiones de INVAP. Lo remarcable aqui es que tanto las estrategias
individuales como las institucionales fueron concebidas como transitorias por la mayoria, como
una estrategia para “mantenerse y volver”. No hay un registro cuantitativo de las carreras de los
profesionales del sector, pero las entrevistas realizadas permiten inferir que asi fue en la mayoria
de los casos. En el caso del personal que emigrd al exterior, lo que aparece es que los
profesionales del sector recurrieron a sus contactos internacionales, ya sea en proyectos
industriales o exportaciones de tecnologia al exterior, o en el Organismo Internacional de Energia
Atomica. En todos los casos, el objetivo era mantener el trabajo y el entrenamiento, y el
funcionamiento siempre fue en red: se trataba de ayudar a otros. Un trabajo de Alcafiz (2013)
muestra evidencia sobre el uso de las Redes Arcal con este propésito™.

Finalmente el sector intentd, con cierto éxito comparado con otros sectores, mantener el capital
fisico y las instalaciones. El citado ejemplo de poner regulacion alta para evitar la privatizacion, o
el uso in extremis de las ventajas de la relacién principal-agente son dos procesos claros*®. Pero
quizas el caso mas paradigmatico para el propio sector es el de la Planta de Enriquecimiento de
Uranio de Pilcaniyeu. Un “capital” muy caro para el sector nuclear, uno de sus orgullos: Argentina
fue el séptimo pais del mundo en enriquecer uranio, en 1983. Pilcaniyeu fue cerrado por el
gobierno de Menem vy, entre su cierre y su reapertura en 2006, fue mantenido casi a pulmén por un
grupo muy reducido de profesionales y técnicos de la CNEA. Como la instalacion se encontraba
bajo salvaguardias internacionales por su caracter “proliferante”, el poder politico nunca se atrevio
a desmantelarla, por lo que la CNEA siempre pudo mantener una guardia minima a la espera de

tiempos mejores.

5. Recapitulacién y conclusién

complicados por su caracter de organismo publico. Hoy es un jugador global que no requiere de fondos
publicos, con alta competitividad en algunos campos tecnol6gicos.

* Un profesional muy destacado en materia de proteccion radiolégica, que durante muchos afios tuvo un
cargo directivo en el OIEA plante6 que “lo que yo siempre buscaba era darle laburo a los colegas de all3,
dentro de lo posible, porque sabia que iba a quedar bien adentro del organismo porque los argentinos son
buenos; y ademéas para mantenerlos entrenados y para que puedan ganar mas plata que la miseria que les
pagaba la CNEA y no se fueran a otro lado”. En otra entrevista, un ingeniero de CNEA que trabajé meses
en proyectos nucleares en Egipto como parte de un convenio de INVAP, dijo: “vivias muy lejos de tu
familia, pero trabajabas en proyectos nucleares en marcha, con presupuesto, y ademas te traias plata como
para vivir un afio. Te mantenias en carrera y te pagaban. La opcidn era llenar papelitos en la CNEA por
una miseria”.

% «Los tipos no tenian idea de lo nuclear, y le tenian un poco de miedo. Si vos le decis ‘ojo porque al
cerrarlo podés contaminar todo, ya les daba suficiente miedo como para no meterse con eso”. Igual, hubo
periodos en que las instalaciones funcionaron muy cerca del limite en cuanto a recursos.
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Se asume que este trabajo muestra suficiente evidencia (aunque cualitativa y aplicada a un caso)
de que las hipdtesis planteadas tienen validez para explicar la relacion entre la burocracia
tecnoldgica especializada y quien toma la decision (el gobierno, o el poder politico). EIl caso
argentino muestra en forma extrema como este mecanismo causal se pone en juego. En ningln
momento de la historia (salvo quizés el fundacional, que entendemos como parte de la coyuntura
critica) el poder politico tomé decisiones “todas las cartas sobre la mesa”. El sector nuclear (la
burocracia tecnoldgica) us6 siempre de la manera mas eficiente posible la asimetria a su favor en
la informacion. En el periodo que aqui se denomina como el de la “poderosa coalicion” ese
mecanismo funciond a la mayor eficiencia posible: la coalicion nuclear manejé a su favor la
asimetria informativa casi en el limite, entendido este como el punto previo a la ruptura del
equilibrio. El sector nuclear argentino tuvo mas recursos gue nunca, y mas que ningun otro sector
tecnoldgico, lo que le permitid desplegar un alto nivel de desarrollo.

Este modelo de desarrollo es muy productivo para el sector, en indirectamente lo es para la
sociedad, en tanto disfruta de los beneficios del desarrollo. Sin embargo, no necesariamente es
eficiente a nivel macro, en tanto implica que el gobierno decide bajo condiciones de fuerte
asimetria informativa.

Como comentario final, se destaca como tarea pendiente completar la presente investigaciéon con
un estudio similar del desarrollo brasilefio. La cantidad de informacion disponible, la
comparabilidad de ambos paises y la extensa literatura comparada, tornan casi ineludible esa tarea.

Sin el caso brasilefio, y sin la perspectiva comparada, este es un trabajo incompleto.
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ABSTRACT
AIM

The key note address is aimed to discuss a crucial issue in nuclear law: whether or not
late health effects of stochastic nature, such as radio-induced cancer or hereditable
effects, are attributable to radiation exposure situations delivering relatively low
radiation doses and, therefore, whether such effects are imputable to those responsible
of such situations. The term low dose is used in the presentation when referring to doses
similar to natural background doses.

CONUNDRUM

In the author’s memory one of the earlier discussions related to the issue of attributing
health effects to relatively low dose exposure situations took place at a symposium on
liabilities and guarantees in the aftermath of nuclear accidents, which was jointly
organized by the OECD Nuclear Energy Agency (NEA) and the International Atomic
Energy Agency (IAEA), in Helsinki, Finland on 31 August-3 September 1992 (NEA
1993) While the symposium was aimed at discussing the nuclear third party liability
regime established by the Paris and Vienna Conventions, it also assessed the lesson
learned from the Chernobyl accident in the context of that regime. Thus, a conundrum
related with the aim of this paper was discussed at the symposium, namely the dilemma
of causation vis-a-vis the radiological health consequences of the Chernobyl accident
(Gonzélez 1993).

In fact, it was in the aftermath of the Chernobyl accident that such conundrum
developed. The confusing attribution of health effects was particularly serious after the
Chernobyl accident and caused severe mental distress and significant psychological
harm to the affected population. It has been done by dilettantes and published by
sensationalistic media, but also by experts and issued by renowned scientific academies
A 2006 analysis (Cardis et al. 2006) concluded that Chernobyl may eventually cause 16
000 thyroid cancers and 25 000 other cancers in Europe by 2065, and that 16 000 of
these cancers will be fatal (since thyroid cancer is rarely fatal, most of the cancer deaths
will be from other cancers), with the caveat that these estimates do not consider the
recovery-operation workers. Moreover, according to a book published in 2009 (NYAS
2010) authored by three Russian scientists including the former director of the Institute
of Nuclear Energy of the National Academy of Sciences of Belarus, the Chernobyl
death toll amounted to 985 000 people between 1986 and 2004. In the media it was
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claimed inter alia that the Chernobyl nuclear accident caused as many as 170 000 cancer
deaths in North America alone (www.huffingtonpost.com/john-rosenthal/level-7-major-
nuclear-acc b 852666.html ). The Union of Concerned Scientist (UCS) released a
revision to their previous estimates of deaths caused by Chernobyl, which revises them
slightly downward from their original posing (7 April 2011), from 70 000/35 000 to 53
000/27 000 (http://allthingsnuclear.org/post/4704112149/howmany-cancers-did-
chernobyl-really-cause-updated ). In spite of these apocalyptic predictions, the only
consistent evidence of harm from the Chernobyl reactor accident to the general
population has been the thyroid cancer epidemic that followed the ingestion of
radioactive iodine in contaminated milk by children. According to the United Nations
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), after 20 years of
study, no other cancers have been convincingly linked to Chernobyl radiation, even
among the recovery workers (UNSCEAR 2008).

Unsurprisingly, a similar situation is occurring in the aftermath of the accident at the
Fukushima-Daiichi nuclear power plant in Japan. One attempt purported that total
deaths will lie in the range 15-1300, while incident cases will number 24-2500—noting
that these are cancers among the public (of the order of a million people exposed) and
not among the workers at the NPP (Ten Hoeve and Jacobson 2012a).

THE ROOT OF THE PROBLEM

Current international radiation protection recommendations issued by the International
Commission on Radiological Protection (ICRP) and radiation safety standards issued by
international intergovernmental organizations under the aegis of the IAEA, set up limits
on individual public doses to a fraction of average natural background doses and on
occupational doses to levels similar to typically high levels of natural background.

They also adopts a prudent protection model for inferring nominal radiation risks,
expressed as a nominal subjective probabilities of radiation effects per unit dose,
according to which it is supposed that any increment in dose would induce a
proportional increment in radiation risk even at low doses.

The root of the problem of attribution is that the nominal risk adopted for radiation
protection purposes have been misused. They have been multiplied by collective doses
calculated over large populations. The result of such multiplications is then equated to
deaths attributable to the population exposure. In fact, while in many radiation exposure
situations individual doses incurred by the public are generally comparable to natural
background doses, the sum of all individual doses, however small, attributable to the
accident — that is the collective dose incurred by the population as a result of the
accident — were commensurate. Some people both, nonscientists and experts alike, were
tempted to multiply such collective dose (expressed in person x unit dose) by the
nominal risk factors used for radiation protection purposes (which are expressed in the
reciprocal of unit dose) and conclude that the result (expressed in persons) did equate to
death persons.

Both, ICRP and UNSCEAR have clearly indicated that this calculation should not be
done. The collective dose is an extensive quantity, which is serviceable for pondering
different radiation protection options but it was never intended as a tool for
epidemiological risk assessment, and it is inappropriate to use it in risk projections. It is
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epistemologically inappropriate both, the aggregation of very low individual doses over
extended time periods, and in particular, the calculation of the number of cancer deaths
based on collective effective doses from trivial individual doses should be avoided.

Notwithstanding the above, theoretical calculations of cancer deaths from low-doses
exposure situations have proliferated. In some low dose radiation exposure situations,
particularly after accidents, nominal risk coefficients have been improperly used to
ascribe hypothetical future deaths. Speculative, unproven, undetectable and ‘phantom’
numbers are obtained by multiplying the nominal risk coefficients by an estimate of the
collective dose received by a huge number of individuals theoretically incurring very
tiny doses that are hypothesized from radioactive substances released into the
environment.

These hypothetical computations of effects are based on assumptions that cannot be
validated because the estimated doses are substantially below the level where
epidemiology has the ability to detect increases above the natural occurrence. The large
number of deaths reported following these theoretical predictions, especially when not
contrasted with the normal high occurrence of death, is alarmist and unfounded and has
caused severe anxiety and emotional distress in the affected population

MISUSE OF THE COLLECTIVE DOSE CONCEPT.

Part of the confusion in attributing effects to low-dose radiation exposure situations is
triggered by a misinterpretation of the quantities used by the ICRP, particularly of the
quantity collective dose, coupled with misunderstanding the concept termed detriment-
adjusted nominal risk coefficient, which is used by ICRP for radiation protection
purposes only. These coefficients are not applicable to actual individuals because they
are sex-averaged and age-at-exposure-averaged lifetime risk estimates for a
representative population. In fact, these coefficients are termed ‘nominal’ because they
relate to the exposure of a hypothetical population of women and men with a typical age
distribution and are computed by averaging over age groups and both sexes. They are
used to define the main radiological protection quantity, the effective dose, which is
computed by age- and sex-averaging. There are many assumptions inherent in the
definition of nominal factors to assess effective dose and the estimates are defined
explicitly for no other intent than radiological protection purposes. These coefficients
should not be used to estimate the mathematical expectations of harm in a real
population exposed to small radiation doses, much less to attribute prospectively
potential deaths in this population.

The ICRP has stressed that effective dose is a prospective protection quantity to be used
for the purposes of radiological protection in prospective dose assessments for planning
and optimisation of protection, and in demonstration of compliance with dose limits for
regulatory purposes. Effective dose is not recommended (and would be inappropriate)
for epidemiological evaluations, and should not be used for retrospective investigations
of risk or health effects (ICRP 2007, section j).

The quantity collective effective dose is the summation of the individual effective doses
calculated for each person in an exposed population, and the ICRP recommends that the
collective dose should be used as an instrument for optimization, for comparing
radiological protection options, predominantly in the context of occupational exposure
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(ICRP 2007, section k, and annex B, section B.234ff). The ICRP and UNSCEAR have
stated that the collective effective dose is not intended as a tool for epidemiological risk
assessment, and it is inappropriate to use it in risk projections. The ICRP and
UNSCEAR have underlined that the aggregation of very low individual doses over
extended time periods is inappropriate, and more importantly the calculation of a
theoretical number of cancer deaths based on collective effective doses from trivial
individual doses should always be avoided (ICRP 2007, section k; UNSCEAR 2012).

INFERRING RISK

While radiation risks and effects are both detriment-related concepts, they have a
distinct meaning in the ICRP Recommendations. Risk is related to the probability (or
chance) that an effect will occur, whereas effect is the outcome of concern. Risk may be
inferred, while effects should be observed. The distinction is important for low radiation
dose situations. Radiation-related cancer risks are inferred using formal quantitative
uncertainty analysis that combines the different components of estimated radiation-
related cancer risk, accounting for their uncertainties, with and without allowing for an
uncertain possibility of a low dose threshold below which no risk is assumed.

Conversely, actual cancers in specific cohorts of people may be revealed by
epidemiological studies where elevations in cancer occurrence are observed. While the
ICRP Recommendations imply that risks may be inferred for any prospective
assessment of generic radiation exposure situations, such inference of radiation risks
should not be automatically interpreted as meaning that effects, e.g. cancer deaths of
specific individuals, will be revealed by retrospective assessment. ICRP Publication 99
(ICRP 2005, section 47) summarizes the dilemma: ‘At low and very low radiation doses,
statistical and other variations in baseline risk tend to be the dominant sources of error
in both epidemiological and experimental carcinogenesis studies, and estimates of
radiation-related risk tend to be highly uncertain because of a weak signal-to-noise
ratio and because it is difficult to recognize or to control for subtle confounding factors.
At such dose levels, and with the absence of bias from uncontrolled variation in
baseline rates, positive and negative estimates of radiation-related risk tend to be
almost equally likely on statistical grounds, even under the LNT theory’ (the LNT
[Linear-non-threshold] model is a dose-response model used by ICRP for radiation
protection purposes, which is based on the assumption that, in the low dose range,
radiation doses greater than zero will increase the risk of excess cancer and/or heritable
disease in a simple proportionate manner). Following exposure to low radiation doses
below about 100 mSv an increase of cancer has not been convincingly or consistently
observed in epidemiological or experimental studies and will probably never be
observed because of overwhelming statistical and biasing factors.

In sum, theoretical cancer deaths after low dose radiation exposure situations are
obtained by inappropriate calculations based on the LNT model and misuse of the
collective dose concept. Any effects—if they occur at all—will be so small that they
would fall within the ‘noise’ (scatter) of the ‘spontaneous’ cancer of unexposed people.
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ATTRIBUTING HEALTH EFFECTS.

UNSCEAR has addressed the attribution of health effects to different levels of exposure
to ionizing radiation, and reached the following conclusions (UNSCEAR 2012) [Note:
the parts in bold are specifically relevant for the purposse of this presentation]:

(@) An observed health effect in an individual could be unequivocally attributed to
radiation exposure if the individual were to experience tissue reactions (often referred to
as “deterministic” effects), and differential pathological diagnosis were achievable that
eliminated possible alternative causes. Such deterministic effects are experienced as a
result of high acute absorbed doses (i.e. about one gray or more), such as might arise
following exposures in accidents or in radiotherapy;

(b) Other health effects in an individual that are known to be associated with radiation
exposure — such as radiation-inducible malignancies (so-called “stochastic” effects) —
cannot be unequivocally attributed to radiation exposure, because radiation exposure is
not the only possible cause and there are at present no generally available biomarkers
that are specific to radiation exposure. Thus, unequivocal differential pathological
diagnosis is not possible in this case. Only if the spontaneous incidence of a particular
type of stochastic effect were low and the radiosensitivity for an effect of that type were
high (as is the case with some thyroid cancers in children) would the attribution of an
effect in a particular individual to radiation exposure be plausible, particularly if that
exposure were high. But even then, the effect in an individual cannot be attributed
unequivocally to radiation exposure, owing to competing possible causes;

(c) An increased incidence of stochastic effects in a population could be attributed to
radiation exposure through epidemiological analysis — provided that, inter alia, the
increased incidence of cases of the stochastic effect were sufficient to overcome the
inherent statistical uncertainties. In this case, an increase in the incidence of stochastic
effects in the exposed population could be properly verified and attributed to exposure.
If the spontaneous incidence of the effect in a population were low and the
radiosensitivity for the relevant stochastic effect were high, an increase in the incidence
of stochastic effects could at least be related to radiation, even when the number of
cases was small;

(d) Although demonstrated in animal studies, an increase in the incidence of
hereditary effects in human populations cannot at present be attributed to
radiation exposure; one reason for this is the large fluctuation in the spontaneous
incidence of these effects;

(e) Specialized bioassay specimens (such as some haematological and cytogenetic
samples) can be used as biological indicators of radiation exposure even at very low
levels of radiation exposure. However, the presence of such biological indicators in
samples taken from an individual does not necessarily mean that the individual would
experience health effects due to the exposure;

(f) In general, increases in the incidence of health effects in populations cannot be
attributed reliably to chronic exposure to radiation at levels that are typical of the
global average background levels of radiation. This is because of the uncertainties
associated with the assessment of risks at low doses, the current absence of radiation-
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specific biomarkers for health effects and the insufficient statistical power of
epidemiological studies. Therefore, UNSCEAR does not recommend multiplying
very low doses by large numbers of individuals to estimate numbers of radiation-
induced health effects within a population exposed to incremental doses at levels
equivalent to or lower than natural background levels;

(g) UNSCEAR notes that public health bodies need to allocate resources appropriately,
and that this may involve making projections of numbers of health effects for
comparative purposes. This method, though based upon reasonable but untestable
assumptions, could be useful for such purposes provided that it were applied
consistently, the uncertainties in the assessments were taken fully into account, and it
were not inferred that the projected health effects were other than notional.

In summary, radiation health effects cannot be attributed to low-dose radiation exposure
situations although it might be reasonable to infer risk for radiation protection purposses.

EPISTEMOLOGICAL LIMITATIONS

One reason of all the confusion between attribution of effects and inference of risk
might be founded in epistemiological limitations that have been ignored by scientists
and decision makers alike. Epistemology is the branch of philosophy that deals with the
nature of knowledge, i.e. ‘how we know what we know’. The epistemological
limitations of the sciences of radiobiology and radioepidemiology, and their influence
on the attribution of health effects to low dose exposure situations are often ignored. A
clear explanation of the epidemiological limitations described above and the more
fundamental epistemological limitations are essential for understanding the reasons why
collective effective doses aggregated from small notional individual doses should not be
used to attribute health effects to radiation exposure situations, neither retrospectively
nor prospectively. The epistemology on radiation effects and risks associated to low
radiation dose exposure situations has been amply discussed in the peer reviewed
literature (Gonzélez, 2011) and more recently in relation to the problems of attribution
related to the Fukushima-Daiichi accident Gonzalez et al., 2013).

The attribution of radiation effects is a retrospective notion based on the concept of
provability, which involves counterfactual analysis, demonstrability of the effects
occurrence and finally, the professional attestation that effects have actually been
incurred in a given past exposure situations. Conversely, the inference of radiation risk
as a prospective notion associated with the concept of probability, which quantifies risk
in prospective exposure situations on the bases of previous knowledge. Such knowledge
includes radiobiological experimentation and also epidemiological experience that is
only available for exposure situations involving high doses and usually high dose-rates.
Epidemiological outcomes are usually expressed as frequencies, usually frequencies of
incidence of a particular health effects in a populations, which in turn can be converted
into frequentistic probabilities. But since frequentist probabilities are not available for
low-dose exposure situations, usually subjective Bayesian probabilities have to be used
to quantify risk. Under present knowledge, radiation risks are inferable for prospective
low-dose radiation exposure situations, however small the expected doses may be.
Therefore, ascribing nominal radiation risks to planned exposure situations for radiation
protection purposes is proper for reasons of duty, responsibility, prudence and
precaution.
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Notwithstanding the above, the prospective inference of radiation risk does not imply
that actual effects can be automatically attributed retrospectively to low-dose exposure
situations. While there are reasons for experts to ascribe ‘detriment-adjusted nominal
risk coefficients’ to prospective exposure situations involving low radiation doses and
impose commensurate radiological protection measures, these coefficients should not be
used for attributing prospective health effects to radiation exposure situations at doses
below the levels at which increased incidence can be actually observed if they occurred
at all. Reporting of theoretical future cancer deaths due to low-dose radiation exposure
situations becomes an important ‘detriment’ (and inappropriate measure of harm) to the
affected people.

In fact attribution refers to the knowledge required for assigning health outcomes to past
radiation exposure situations, namely for connecting radiation effects to precedent
radiation exposure situations (and therefore assigning them unequivocally to the
situation). This is different than the aptitude for inferring radiation risks to planned
prospective radiation exposure situations. In this respect, the epistemology of attribution
is associated, respectively, with the subtly distinct concepts of probability and
provability, ex- pressed with these cuasi-homonymous terms that cause much
misunderstanding. They derive from a common root, the Latin probare, which means
both “to test” and ‘to demonstrate’. This akin terminology is a recipe for confusion, and
an adequate semantics has been absent for conveying the concepts associated with
radiation hazards.

FROM ATTRIBUTABILITY TO IMPUTABILITY

After a long journey it seems that the scientific community has reached a consensus on
health effects at low doses: risk can be inferred but actual effects cannot be attributed.
This important scientific consensus should now be converted in legal instruments that
address the problem of imputation of radiation health effects

Attribution should not be considered as a synonym of the legal term imputation.
Attributing means regarding something (e.g. health effects) as being caused by
something else (e.g. radiation exposure). Diversely, imputing means ascribing to
someone to be the cause of something (especially something bad). For example, in
relation to radiation, imputation could mean accusing an employer of causing radiation
harm to an occupationally exposed worker, or accusing a nuclear operator of causing
radiation harm to members of the public. Until now, imputation has been mainly related
to occupational compensation claims, for example as part of a multi-stage test for legal
liability associated with the causal relationship between the conduct of employers of
occupationally exposed workers and the occupational harm that those workers may have
experienced. These occupational issues have already been internationally considered
(ILO, 2010).

The time is ripe now for legal experts to convert the scientific achievements on
attributatbility in legal guidance on imputability. The nuclear legal experts in general
and those in Interjura in particular and, specifically those of the prestigious International
Nuclear Law Association are invited to address this important challenge.
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INTRODUCTION

An international legally biding undertaking that specifically addresses safety and
security of ionizing radiation (or radiation in short) is an overdue necessity. Such an
instrument has been requested by the scientific community for a long time. A quarter of
a century has elapsed since it was first considered a growing necessity. The time seems
to be ripe for legal experts to negotiate a Convention on Radiation Safety and Security.
Thee purpose of this paper is to review the developments leading to such a conclusion
and to refresh the request.

Since their discoveries more that 100 years ago, the phenomena of radioactivity and the
radiation emitted by radioactive substances and ad hoc apparatuses (such as x-ray
machines and accelerators) have become widely used for human wellbeing. Their use in
medicine, for instance, has grown to such an extent as to become the major source of
human radiation exposure. While radiation usage is very beneficial for mankind,
endeavours involving radiation shall be safe and secure.

Although the vast majority of radioactive sources used around the world are managed
safely and securely, and bring many benefits to humankind, accidents involving
radiation sources have occurred, some with serious — even fatal —consequences. Many
of these accidents has been reported by the International Atomic Energy Agency; see
for example references (IAEA, 1988, 1996b, 1998b, 2000a,b,c, 2002a,b). Thus, starting
around the last decade of the past century, there was growing international concern
about radiation sources that for one reason or another were not subject to regulatory
control or over which regulatory control had been lost.

Historically, the protection of people against radiation and implicitly the safe use of
radiation sources have been governed by recommendations from the International
Commission on Radiological Protection (ICRP), a professional charity founded in 1928,
which over the years has developed, maintained, and elaborated an international system
of radiation protection used world-wide as the common basis for standards, legislation,
guidelines, programmes, and practice. The latest recommendations from ICRP have
been published as ICRP Publication 103 (ICRP 2007).

International radiation safety standards based on the ICRP recommendations have been
established under the aegis of the IAEA since the IAEA foundation in 1955. These
standards have been developed in co-sponsorship with the specialized Agencies of the
United Nations. They have included security requirements, firstly implicitly and
ultimately explicitly. Most national regulations on radiation safety and security follow
ICRP recommendations and are coherent and consistent with international standards.
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It should be recognized that there has been many misunderstanding with re concept of
radiation safety and radiation security. By 'radiation safety’ we usually mean the
assembly of technical and managerial features that diminish the likelihood of something
going wrong with a radiation activity as a result of which people become overexposed.
By 'radiation security' we mean the assembly of technical and managerial features that
prevent any unauthorized activity with radiation by ensuring that their control is not
relinquished or improperly transferred. Radiation security is a constitutive, important
but subsidiary, component of radiation safety. It could therefore be concluded that the
repetitive use of the expressions ‘safety and security’, ‘safe and secure’ is simply
tautological and perhaps confusing, because ‘security’ is a necessary (but not sufficient)
condition for ‘safety’. This is because of simple logic: while a secure radiation source
(namely a source where its radioactive materials are kept secure, under proper control,
physically protected) is not necessarily a safe radiation source (namely, a source
unlikely to produce radiation harm), a radiation source cannot be safe unless it is secure.

The misunderstanding between the concepts of safety and security has caused
misinterpretations and misapprehensions and a vast waste of intellectual energy and
precious resources and it has been aggravated by translation. Safety originated from the
Latin adjective ‘salvus’, meaning well, unharmed, saved; security is coming from the
Latin adjective ‘securus’, which literally means without care, carefree, careless, but is
used as antonymous of these concepts. But most major European languages other than
English have lost or mess-up these original Latin roots. These languages do not make
distinction between safety and security, having lost the ‘salvus’ root and just kept the
‘securus’ root to mean both, safety and security. In the Castilian language the problem
was addressed by qualifying the noun with the adjectives technological (for safety) and
physical (for security), a mistaken qualification that has enhanced uncertainty (Gonzélez,
2010).

The self-evident logic of radiation security being an element of radiation safety was
crystal clear before the terrorist drama of September 11, 2001, but it became diluted
afterwards in the outburst of security activities triggered by those ill-fated events. As a
result, many misunderstandings occurred, technical mistakes were made, resources were
wasted, and on many occasions safety was undesirably hampered. An unfortunate
outcome from the security outbreak that followed the September 11 events was the de
facto equalization of security and antiterrorism. This somehow resulted in an undesired
limitation, reducing the complex strategic problem of combating terrorism into a tactical
necessity of the moment. An essential fact was simply ignored: most of the many
radiation security breaches have been the result of incompetence, ineffectiveness,
ineptitude and even stupidity, rather than of maliciousness or malevolence. In fact, as
the ICRP had recognized (ICRP 2005), secured sources can, and have, become
unsecured through a variety of circumstances, not necessarily through terrorism.
Historically, in the most common cases, control over the source was relinquished
inadvertently, and then the source was misused, without any premeditated malicious
intent. In other cases, many sources have been found to be orphaned of any control and
were therefore completely unsecured. A relatively large number of radiological
accidents have occurred because of these unintentional breaches in source security or
because an orphan source was inadvertently found. Perhaps, a lot of energy and
resources could have been saved if it had been recognized that a main relevant issue for
dealing with radiological and nuclear terrorism was to guide decision makers for
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responding to security breaches leading to a radiological or nuclear terrorist incident, as
promoted by the US National Council on Radiation Protection & Measurements (NCRP,
2010).

In sum, it can be said therefore that a consensual international regime on radiation
safety has existed for many years and that such regime implicitly included radiation
security. Security has been enhanced and perhaps distorted after the September 11
events. While such a regime has been widely accepted, it never included any
international instrument establishing specific legally binding international obligations
on radiation safety and security.

The lack of such obligations is surprising. Radioactivity and radiation are universally
used and they do not recognize borders. The consequences of breaches in radiation
safety and security may transcend national jurisdictions. Therefore, countries should
have been interested not only in their own radiation safety and security but also in those
of their neighbours. The international legal dimension of radiation safety and security is
undeniable but has been denied in practice.

Even more surprising is that this clear need was underlined by the scientific community
for many years but ignored by decision makers. States have been eager to agree on
international conventions imposing compulsory obligations on a number of safety and
security issues, some closely related to radiation, but were reluctant to engage in
negotiations aimed at agreeing legally binding instruments specifically focused on the
main generic issue: radiation safety and security. Instead they preferred to agree on a
‘soft-law’ non-binding ‘code of good conduct’ on the safety and security of radiation
sources, a parody of a real legal instrument.

The time seems to be ripe to re-visit the issue. The paper reviews the extant radiation
safety and security related conventions and radiation safety and security standards as
well as the requests by the scientific community for a legally binging undertaking and
finalize with a questioning towards a new future.

RELATED CONVENTIONS

Several legal instruments related to some aspects of radiation safety have been agreed
under the auspices of the IAEA. They include the Convention on Early Notification of a
Nuclear Accident, the Convention on Assistance in the Case of a Nuclear Accident or
Radiological Emergency (IAEA 1986), the Nuclear Safety Convention (IAEA 1994)
and the Joint Convention on the Safety of Spent Fuel Management and on the Safety of
Radioactive Waste Management (IAEA 1997). These safety conventions cover some
obligations for radiation safety, but they were designed for different purposes; it is to be
noted that the term security does not appear even once in these instruments!

Other legal instruments have been agreed that address the issue of security exclusively
(IAEA 2001a). They are the Convention on the Physical Protection of Nuclear Material
(CPPNM) and the International Convention for the Suppression of Acts of Nuclear
Terrorism (ICSANT), and two resolution of the UN Security Council: the 2001 UN
Security Council Resolution 1373, which is aimed at preventing and suppressing the
financing of terrorist acts; and the 2004 UN Security Council Resolution 1540, which is
aimed at States to adopt legislation to prevent the proliferation of nuclear, chemical and
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biological weapons. There also exist security-related primary legal instruments under
the auspices of the International Maritime Organization, such as the Convention for the
Suppression of Unlawful Acts against the Safety of Maritime Navigation and the
Protocol for the Suppression of Unlawful Acts against the Safety of Fixed Platforms
located on the Continental Shelf. The IAEA is also cooperating with the UN’s Counter
Terrorism Implementation Task Force (CTITF), especially on inter-agency coordination
in the event of nuclear terrorism. While extremely important for the global fight against
terrorism, all these undertakings and activities seem to be collateral to the objective of
ensuring the safe and secure use of radiation.

INTERNATIONAL STANDARDS

There is s long tradition on international standards for radiation protection. The Board
of Governors of the IAEA first approved radiation protection and safety measures in
March 1960 (IAEA, 1960), when it was stated that “The Agency’s basic safety
standards ... will be based, to the extent possible, on the recommendations of the
International Commission on Radiological Protection (ICRP)”. The Board first
approved basic safety standards in June 1962; they were published by the IAEA as
Safety Series No. 9 (IAEA; 1962). A revised version was published in 1967 (IAEA,
1967). A third revision was published by the IAEA as the 1982 Edition of Safety Series
No. 9 (IAEA, 1982); this Edition was jointly sponsored by the IAEA, the ILO, the
OECD/NEA and the WHO. Moreover, In 1990, an Inter-Agency Committee on
Radiation Safety (IACRS) was constituted as a forum for consultation on and
collaboration in radiation safety matters between international organizations (IAEA,
1990).

International radiation safety standards addressing specifically radiation security would
not see the light until 1996. At that time the International Basic Safety Standards for
Protection against lonizing Radiation and for the Safety of Radiation Sources (so-called
BSS) were issued by the IAEA. They were jointly sponsored by the Food and
Agriculture Organization of the United Nations, the International Labour Organisation,
the Nuclear Energy Agency of the Organisation for Economic Co-operation and
Development, the Pan American Health Organization and the World Health
Organization, and issued by the IAEA as its Safety Series 115 (IAEA, 1996a). These
standards included, for the first time modest but explicit radiation security requirements
that established that radiation sources shall be kept secure so as to prevent theft or
damage by ensuring that: (a) control of a source not be relinquished (b) a source not be
transferred unless the receiver possesses a valid authorization; and (c) a periodic
inventory of movable sources be conducted at appropriate intervals to confirm that they
are in their assigned locations and are secure.

By 2006, the IAEA had established Fundamental Safety Principles, so-termed Safety
Fundamentals (IAEA, 2006b), which are supposed to be the overall umbrella for all
international safety standards issued under the aegis of the IAEA, including radiation
safety and security standards. They benefit from the wide joint sponsorship of the
European Atomic Energy Community, the Food And Agriculture Organization of the
United Nations, the International Labour Organization, the International Maritime
Organization, the OECD Nuclear Energy Agency, the Pan American Health
Organization, the United Nations Environment Programme, and the World Health
Organization.
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The Safety Fundamentals recognize that “safety measures and security measures have
in common the aim of protecting human life and health and the environment”. Moreover,
they indicate that “the safety principles concern the security of facilities and activities to
the extent that they apply to measures that contribute to both safety and security, such
as: appropriate provisions in the design and construction of nuclear installations and
other facilities; controls on access to nuclear installations and other facilities to prevent
the loss of, and the unauthorized removal, possession, transfer and use of, radioactive
material; arrangements for mitigating the consequences of accidents and failures,
which also facilitate measures for dealing with breaches in security that give rise to
radiation risks; measures for the security of the management of radioactive sources and
radioactive material”. The fundamentals further recognize that “safety measures and
security measures must be designed and implemented in an integrated manner so that
security measures do not compromise safety and safety measures do not compromise
security”. Notwithstanding the above, fundamental principles for dealing with security
are absent from the Safety Fundamentals.

The BSS have recently been revised (IAEA, 2011b) under the Safety Fundamentals.
The new BSS are ambiguous about security. They warn the reader that “security related
publications are issued in the IAEA Nuclear Security Series”, while recognizing that
“safety measures and security measures have in common the aim of protecting human
life and health and the environment” and that “safety measures and security measures
must be designed and implemented in an integrated manner so that security measures do
not compromise safety and safety measures do not compromise security”. Referring to
“leadership in safety matters” the new BSS requires that “it has to be demonstrated at
the highest levels in an organization, and safety has to be achieved and maintained by
means of an effective management system” which “has to integrate all elements of
management so that requirements for protection and safety are established and applied
coherently with other requirements, including those for health, human performance,
quality, protection of the environment and security, together with economic
considerations” (it is not clear what an applicant should do to implement this obscure
requirement!). The new BSS also require that “to ensure that the likelihood of an
accident having harmful consequences is extremely low, measures have to be taken to
prevent the occurrence of failures or abnormal conditions (including breaches of
security) that could lead to such a loss of control”. The new BSS address (in a dedicated
section) “interfaces between safety and security” as if they would be two separate
entities. Notably, they declare that they “do not deal with security measures” because
“the IAEA issues recommendations on nuclear security in the IAEA Nuclear Security
Series”. However, it requires that “governments shall ensure that infrastructural
arrangements are in place for the interfaces between safety and the security of
radioactive sources”.

Unfortunately, a great confusion permeate the full new BSS, starting by the restrict
definition of nuclear security, which is limited to “malicious acts involving nuclear
material, other radioactive material or their associated facilities”, ignoring that until
now (fortunately) security breaches are made by stupidity rather than maliciousness or
terrorism. The new BSS is a clear example of the international uncertainty and
misunderstanding on the issue of security of radiation sources.
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The Nuclear Security ‘standards’: Rather than improving the Safety Fundamentals to
address security issues, and inbreed such issues in the relevant IAEA standards, the
IAEA established a IAEA Nuclear Security Series, a separate system of documents
solely dedicated for nuclear security and which is not subject to the thorough review
process of the system of safety standards.
The Nuclear Security Series somehow try to mimic the safety standards series
comprising:
» Fundamentals, claiming to contain the objectives, concepts and principles of nuclear
security, providing the basis for security recommendations;
» Recommendations claiming to present best practices that should be adopted by
member states in the application of the Fundamentals;
» Implementing Guides claiming to provide further elaboration of the
Recommendations in broad areas and suggest measures for implementation; and,
» Technical Guidance publications including:
Reference Manuals, with detailed measures and/or guidance on how to apply the
Implementing Guides in specific fields or activities;
Training Guides, covering the syllabus and/or manuals for IAEA nuclear security
training courses; and
Service Guides, which provide guidance on the conduct and scope of IAEA nuclear
security advisory missions.

The Nuclear Security Series has been a mammoth effort by the IAEA. However, it
seems to have been undertaken without a clear strategy and with a de facto objective of
creating a separate ‘family’ of documents divorced from the traditional IAEA family of
safety standards. Recently, this situation is being improved and there is a possibility that
finally the Nuclear Security Series be integrated into the Safety Standards of the IAEA.
This will be the starting of a new future for the security of radioactive sources.

DEMANDS BY THE SCIENTIFIC COMMUNITY FOR A LEGALLY BINGING
UNDERTAKING

In 1998, the scientific community addressed radiation safety and security at the
International Conference on the Safety of Radiation Sources and the Security of
Radioactive Materials (the Dijon Conference), which was organized by the IAEA in
Dijon, France, on 14-18 September 1998 (IAEA, 1998a). One of the more relevant
outcomes from the Dijon Conference was a call for considering the formulation of
international undertakings to ensure the safe and secure use of radiation sources. This
was the first international advice by the international scientific community for a legally
binding instrument on radiation safety and security.

Following the Dijon Conference, the associated regulatory problems of radiation safety
and security were recognized by competent authorities in their first encounter on the
issue, the International Conference of National Regulatory Authorities with
Competence in the Safety of Radiation Sources and the Security of Radioactive
Materials (the Buenos Aires Conference), which was organized by the IAEA, in Buenos
Aires, Argentina, on 11-15 December 2000 (IAEA, 2001).

The BSS and the Dijon and Buenos Aires Conferences were undoubtedly the starting

points towards renewed international efforts in radiation safety and security. As a result
of these initial labours, on 10 September 2001, the IAEA Board of Governors approved
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an Action Plan on the safety and security of radioactive sources. Ironically, just one day
after, on September 11, 2001, the terrorist attacks on the USA would create conditions
to accelerate these initiatives.

The events of September 11™ triggered a new dimension on these international efforts to
enhance radiation safety and security internationally. From 10 to 13 March 2003, the
IAEA convened a comprehensive International Conference on Security of Radioactive
Sources (the Hofburg Conference) (IAEA, 2003), which was held in the pompous
Hofburg Palace in Vienna, Austria, and attended by a large audience. The Hofburg
Conference would eventually identify a number of concluding issues that will model the
work ahead, including a number of obligations for the States. For instance: the
essentiality of effective national infrastructures for the safe and secure management of
radioactive sources; the identification of the roles and responsibilities of governments,
licensees and international organizations; and, the need to instigate and initiate
international initiatives to encourage and assist governments in their efforts to establish
effective national infrastructures and to fulfil their responsibilities.

An attempt towards a global undertaking for radiation safety and security was further
explored at the International Conference on Safety and Security of Radioactive Sources
(IAEA, 2006a), held in Bordeaux, France, on 27 June to 1 July 2005 (the Bordeaux
Conference). The Bordeaux Conference’s conclusions were very important and included
a call to the IAEA and Member States to consider ‘a solid mechanism’ for applying the
built up recommendations on radiation safety and security.

An important international event relevant to the need of globally recognized instruments
for radiation safety and security has been generally unnoticed. On 23-27 February 2009,
in Tarragona, Spain, was held the International Conference on Control and
Management of Radioactive Material Inadvertently Incorporated into Scrap Metal, the
Tarragona Conference (IAEA, 2011c). The event was organized by the Spanish Nuclear
Safety Council in cooperation with the International Atomic Energy Agency, and the
issues discussed were essential for radiation safety and security as they addressed the
control and management of radioactive material inadvertently incorporated into scrap
metal. A relevant proposal at the Tarragona Conference was that the international
community ought to develop a legally binding intergovernmental undertaking, which
should: resolve the current regulatory ambiguity for controlling scrap metal; facilitate
commercial exchange; and, result in improved public protection by ensuring the safety
of sources. It was suggested that such legally binding undertaking might take the form
of a ‘Codex Metalicus’, similar to the existing Codex Alimentarius for edible
commodities, which might indicate the amount of radioactive impurities in various
metals that be unacceptable for reasons of safety and security.

The latest of these global scientific efforts towards the internationalization of radiation
safety and security has been the International Conference on the Safety and Security of
Radioactive Sources: Maintaining the Continuous Global Control of Sources
throughout their Life Cycle, which was Organized by the IAEA and hosted by the
Government of the United Arab Emirates (UAE) in Abu Dhabi, UAE, on 27-31 October
2013. The conference dealt with all aspects of safety and security of radioactive sources,
including: reviewing progress made in implementing, at the global level, the
requirements and guidelines set out in relevant IAEA publications since the Bordeaux
conference, and sharing experience, lessons learned and good practices; addressing

85



remaining challenges and constraints with regard to ensuring the safety and security of
radioactive sources throughout their life cycle, in particular with regard to the long term
management of disused sources; considering the future impact of new technologies on
safety and security; maintaining a high level of awareness and support for the safety and
security of radioactive sources on the part of policymakers and other stakeholders; and
improving coordination of efforts to assist States to develop sustainable programmes for
the safety and security of radioactive sources. However one of the major outcomes of
the Conference was again a recommendations for a legal international instrument on
radiation safety and security.

THE CODE OF CONDUCT

The call for a legally binding undertaking on radiation safety and security was replaced
by the development of a soft-law instrument, which was originally termed Code de
bonne conduite during the debates at the IAEA Board of Governors. It then became the
Code of Conduct on the Safety and Security of Radioactive Sources (IAEA, 2004) and
was approved by the Board of Governors of the IAEA on 8 September 2003. A
supplementary Guidance on the Import and Export of Radioactive Sources was
subsequently issued in 2005 (IAEA, 2005), The Code reflected the important findings
by the Hofburg Conference and had an immediate wide support at the political level. It
should be noted that the G-8 annual summit held in Evian, France, in June 2003 had
issued a statement on “— securing radioactive sources” in which it encouraged all
countries to strengthen controls on radioactive sources and observe the Code of Conduct.

Following the Code approval, on 19 September 2003, the IAEA General Conference,
urged each State to write to the IAEA Director General stating: that it fully supports and
endorses the IAEA’s efforts to enhance the safety and security of radioactive sources;
and that it is working towards following the guidance contained in the Code. In addition,
it requested the Director General to compile, maintain and publish a list of States that
make a political commitment by writing to him as urged by the General Conference.

The Code of Conduct is a peculiar instrument that is neither recognized in international
conventions and treaties nor by the Agency Statute. It is not a ‘safety standard’, but
rather a systematic collection of a set of principles governing behaviour in relation to
the safety and security of sources, addressing generally acceptable conducts and
directions and managing attitudes for the control of radioactive sources.

It is interesting to note that the original direction of the Dijon Conference for a legally
binding undertaking, which were further recognized and endorsed by many successive
ad hoc conferences, finally evolved into a no-legally binding ‘code of conduct’.

Most Governments have adhered to the Code of Conduct and the related guidance and
thus they have contributed enormously in addressing challenges for ensuring the safe
use of radioactive sources. The Code is therefore a much welcomed development,
but....a code of conduct is not a legally binding undertaking!
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TOWARDS A NEW CONVENTION?
Promising Developments

A number of promising developments towards an international instrument on radiation
safety and security are taking place in the IAEA.

The problems created by the safety vis-a-vis security conundrum were finally
recognized by all IAEA Member States. On September 2012, the fifty-sixth regular
session of the IAEA General Conference, by resolution GC(56)/RES/9, acknowledged
by consensus that safety measures and security measures have in common the aim of
protecting human life and health and the environment. Moreover, it called upon the
IAEA Secretariat to continue its efforts to ensure coordination of its safety activities and
security activities, and encouraged Member States to work actively to ensure that
neither safety nor security is compromised.

More recently, on September 2013, the IAEA General Conference, by Resolution
GC(57)/RES/9, adopted at the fifty-seventh regular session, recognizes again that
nuclear safety and security have the common aim of protecting human health, society
and the environment, while acknowledging the distinctions between the two areas, and
affirming the importance of coordination in this regard. It also encourages the
Secretariat to continue implementing a coordination process to address interfaces
between the publications of the Nuclear Security Series and the IAEA Safety Standards.

All these are encouraging developments at the level of the highest IAEA body. It is to
be recognized, however, the General Conference continue to miss the fact that the issue
is neither acknowledging obvious distinctions nor affirming coordination, but rather
ensuring that radiation safety and security become together and legally binding to States.
The main problem facing the IAEA in dealing with the radiation safety vis-a-vis
security confusion is not coordination or addressing interfaces, but rather embedding
radiation safety and security obligations into a common legally binding international
instrument.

Remaining Challenges

In spite of all the big achievements until now, the remaining challenges for global
radiation safety and security are enormous:

» legally binding obligations for States have not been established,;

» international standards are few and incomplete;

» security guidelines have been developed in isolation and their compatibility with the
safety standards is dubious; and,

» an established international system for appraising compliance does not exist.

Bridging these gaps seems to be a sine-qua-non condition for ensuring internationally
the safe and secure use of radiation sources.

Towards an International Regime

The remaining major challenge for ensuring radiation safety and security worldwide is
the establishment of a serious international radiation safety and security regime.
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The first challenge for such an international regime if of a legal nature: the development
of an international intergovernmental undertaking of a legally binding nature.
International undertakings are implemented by conventions and treaties, i.e. by formal
agreement between States. They cannot be realized by ‘codes of conduct’ or other
elements of ‘soft’ law, which are neither a binding obligation nor a standard to be
followed.

This challenge had been already recognized by all international Conferences on the
subject, but to not avail and no concrete progress had been made to achieve the
objective. The very much welcomed Code of Conduct, however important at the time of
its approval, may have in fact impeded the development of a legally binding undertaken.

Until that challenge is addressed the international community will continue to be far
away from achieving a serious international regime for radiation safety and security.

Action is urgently required. The following are a collection of ideas for an action plan
that were already submitted to the Abu Dhabi Conference and it is hereinafter repeated
to Interjura 2014:

The IAEA may wish to establish a Committee to explore the possibility of
drafting a Convention on Radiation Safety and Security, using as a basis,
among other instruments, the existing Code of Conduct. Such a Committee
should involve the advice of the International Nuclear Law Association.

Should this essential work towards a Convention progresses sufficiently, the following
actions should be completed as a supporting mechanisms toward the Convention:

(1) The Commission of Safety Standards of the IAEA (CSS) may wish to
launch a revision of the Safety fundamentals to incorporate the relevant nuclear security
fundamentals into them in a coherent and consistent manner. The revision is in any case
much needed as they have become obsolete. Furthermore, a rationalization of the safety
and security documents could be established to issue recommendations in this regard.

(2) A Committee should be established with the mandate of making a
proposal for rationalizing all services offered by the Agency under its statutory mandate
of providing for the application of the IAEA standards at the request of a State.

Action is the process of doing something to achieve an aim: the time is ripe for doing
something concrete towards an internationally legally binding instrument on radiation
safety and security. The nuclear legal experts in general and those in Interjura in
particular and, specifically those of the prestigious International Nuclear Law
Association could promote the first basic idea of drafting a Convention on Radiation
Safety and Security.
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Abstract. This work carries out a calculation of the pressure drop of the coolant flow past spacer grids
in a preliminary design of a nuclear fuel assembly of a modular, integral PWR. In this small modular,
integral reactor the coolant flows along the core driven by natural circulation. The analysis will focus
on considering a cross section of 1/12 of the entire fuel element despite a single asymmetry and an
axial segment. A 3D CFD simulation is performed to estimate the pressure drop during steady state
flow rate of single-phase light water at constant temperature. Bundle cross-flows are disregarded as a
first approximation. Appropriate boundary conditions are applied at fuel pin walls and symmetry
planes, namely outlet absolute pressure and mass flow rate at inlet that are kept constant. Results
presented in non-dimensional, normalized way show the expected behavior. However, due to
modelling hypothesis based on a limited knowledge of spring geometrical details, the results cannot be
considered useful for design optimization purposes.
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(through Academia Nacional de Ciencias de Buenos Aires), March 2014. ESSS Argentina made available the
full package of ANSYS CFX-FLUENT® v-15 for this academic use.
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1. INTRODUCTION

The use of computational fluid dynamics (CFD) codes to optimize preliminary or
conceptual designs of nuclear components increased dramatically in the last years. This type
of simulation approximation is a complement to usual, accredited engineering design tools,
corroborated by experiments. However, detailed calculations using CFD permit a degree of
analysis in depth of minute design changes and investigations of flow pattern details that are
in many cases only available through complicated experimentation. In this way, the efforts
and costs of experimentation may reduce to the study of almost definitive prototypes for fuel
designs.

Fuel elements are a key component of any type of nuclear installation or power plant
using nuclear fuel bundles. In the case of coolant flow driven by natural circulation, like in
advanced nuclear or innovative reactors designs, the use of CFD codes to evaluate
concentrated pressure losses due to fuel elements spacer grids becomes relevant. This is due
to the importance of the minimization of pressure losses in the primary flow circuit because of
the limited driving force. An appropriate sequence for such analyses may be, namely: a) setup
of a preliminary design. b) Detailed flow analysis using a CFD approximation. c¢) Theoretical
optimization of a prototype. d) Setup of an experimental study, implementation of an
experimental rig and obtainment of results. e) Final design adjustment and f) finally and more
importantly, validation of the simulation by obtainment of new, hopefully improved, results.

Several examples may illustrate the importance of the subject of this paper. The
International Topical Meetings on Nuclear Reactor Thermal-hydraulics (NURETH), denoted
as N15 and N14 in the references list, are appropriate fora to test how timely the problem is.
The following references illustrate a non-exhaustive list of papers directly related to the
present one: Campagnole dos Santos et al. (2013), Caviezel et al. (2013), Conner et al. (2011),
Frank et al., (2011), Karoutas et al. (2013), Kim et al. (2011), Krepper and Rzehak (2013),
Lascar et al. (2013), Petrov et al. (2013), Toth et al. (2013) and Yan et al. (2011). In addition
to the above, benchmarks on CFD code capabilities on the subject have been held. Smith et al.
(2011) and Périn et al. (2013) show relevant reports on this type of activities. Additionally to
these reports, there are specific meetings dealing with the verification and validation of
computer codes. The CFDNRS-4 Meeting (named as CFD4 in the references list) held in
2012 is a particular good source for this activity. Some examples of this information, related
to a benchmark exercise, are Chang et al. (2012) and Lee et al. (2012). Specific reports, again
directly related to this paper, are Melideo et al. (2012), Barthel et al. (2012), Frank et al.
(2012), Yan et al. (2012), Krepper et al. (2012) and Yudov (2012). These reports give
valuable details on the status of the experimental work and on the validity of simulations and,
more specifically, on physical models used, grid size effects and convergence of results.

This paper presents a set of results related to a hypothetical design of a spacer grid, aimed
at gaining experience in advance to regulatory analysis requirements for CFD approximations
to coolant flow along specific components of nuclear power plants. This practice is somewhat
recent in Argentina and some examples supporting nuclear safety analysis may be found in
Lencina and Ballesteros (2013). The fuel element design considered in the present paper
design is conceptually coherent with the ones used in small modular reactors like CAREM25,
see e.g. is Boado et al. (2011). Calculations of single pressure drops like the one imposed by
spacer grids may be predicted with reasonable accuracy, without looking for a very detailed
analysis of the complex flow patterns produced by mixing vanes. Since this conceptual design
relates to natural circulation driven primary coolant flow, the usual mixing vanes of typical
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PWR or BWR spacer grids are not present. This condition is an advantage for this study
because it allows the use of a somewhat low-resolution grid. The results presented in the
following sections are consistent with these approximations.

2. APPROXIMATE DESIGN GEOMETRY OF A SPACER GRID

The geometry considered conceptually corresponds to the CAREM reactor. This reactor
design has been described in many sources and one describing the whole reactor and its
subsystems is Boado et al. (2011). Figure 1 shows a global view of the fuel element and
Figure 2 depicts a cross section of the fuel assembly and guide tubes for the control rods. The
fuel element consists of 108 fuel rods, 18 control rod channels and an instrumentation tube.
The fuel pins are distributed in a hexagonal arrangement and are fastened at its ends by
supports that avoid axial bundle displacement. Two spacer grids are located equidistantly,
avoiding fuel rods transverse movement. The fuel assembly components are typical of PWR
designs. The active length of the fuel rods is 1.4 m.

Figure 1 Schematic view of the fuel assembly, from Boado et al. (2011).
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Instrumentation
guide tube

Burnable poison fuel rod
(in 6 BP rods FA)

Burnable poison fuel rod
(in 12 BP rods FA)

Figure 2 Cross section of the fuel assembly and guide tubes, from Boado et al. (2011).

From the hydraulic point of view, the assembly shows only one asymmetry,
corresponding to an instrumentation tube. Due to this and to the guessed geometrical
configuration to perform the present study, this lack of symmetry will be disregarded in what
follows, so the analysis considers one-twelfth of the cross section illustrated in Figure 2. This
reduced cross section can be seen in Figure 3 that comes from an approximation of a typical
grid spacer. It is composed of hexagonal flow passages with two fixed supports for the rods
and a space to be filled with some elastic support to damp their flow induced transverse
vibrations. An approximate geometrical representation of the elastic support will be
considered later on. The partial channel includes one guide tube from the external ring, a half
of a guide tube from the internal ring, five fuel rods, eight half fuel rods and one-twelfth of
the central fuel rod. The center converging lines represent the planes of symmetry and the
domain is closed with a section of the outer assembly wall.

S
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Figure 3 Cross section of the spacer grid considered in the present analysis.
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Figure 4 is a 3D representation of this hypothetical spacer grid. The springs that must be
provided have not been represented because of the lack of a specific design but it is postulated
that a restriction to flow equivalent to a fraction of the fixed support may be supplied. This
restriction will be placed in the same plane as the fixed supports with sharp edge facing the
flow. Eventually, this contribution may be subject to a sensitivity analysis. These flow
restrictions are shown in Figure 4.

Figure 4 A design of a spacer grid suitable for natural circulation flow
along fuel bundles.

Figure 5 shows a segment of the assembly conceptually shown in Figure 1 and its total
length is 0.61 m. The fuel pins, the guide tubes and the spacer grid are partially shown in
order to exemplify the integration domain that will be subject to analysis, considering its
different components. The flow domain considers the spacer grid in the middle. The length
considered is enough to get linear distribution of pressure loss along the fuel channel and fully
develop flow pattern.

Figure 5 A 3D view of the fuel bundle components showing some
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details of the discrete mesh on the fuel pins surfaces.

3. CFD APPROXIMATION

Simulations have been performed using ANSYS CFX-15 (ANSYS, 2013) Academic
version, managed through ANSYS Workbench. The governing equations for this simplified
analysis considering 3D flow of isothermal, single phase light water at 343.16 K are well
established and may be found in the code documentation. Working pressure was 1.4 Mpa. The
Calculation runs were steady state, with a convergence parameter 1.e-4. The maximum
number of outer iterations allowing convergence was about 40. The turbulence model adopted
was the standard k-¢ model. The advection and turbulence numerical schemes have been set
as high resolution.

Boundary conditions applied were specified, constant outlet absolute pressure and inlet
mass flow rate. The symmetry planes are free slip walls and the outer wall and bars are non-
slipping rough walls with a relative rugosity of 5 and 3 um respectively.

The refined calculation mesh consisted of nearly 480000 nodes and 2.32 million
tetrahedrons to discretize a segment of the fuel assembly 0.61 m long. Since an almost
uniform distribution of element sizes was preferred (except in the spacer grid zone), the
distribution of finite volumes seems somewhat coarse, as may be appreciated in Figure 6.
However, results using this mesh were very good. This aspect will be discussed in the
following section.

Figure 6 Basic mesh showing surface elements

Considering the above mentioned run settings, a typical run needed 50 min to complete in
a standard PC.
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4. RESULTS AND DISCUSSION

The calculations have been performed for two different components of the fuel element:
a) the fuel pin bundle and b) the fuel pin bundle plus the spacer grid. The first simulation
allowed the comparison of the calculated pressure drop with some standard data, as shown by
Todreas and Kazimi (1989). The average difference in the friction pressure drop was 8%
when compared with data for fuel bundles. This agreement permitted to proceed with the
calculation of the pressure drop in the spacer grid. As discussed above, the detailed geometry
of the springs was not available and a guessed flow restriction was considered, in the form of
a fixed separator. This approach and the guessing was correct, as will be shown in what
follows.

A fuel assembly, similar to the one shown in Figure 1, was tested in the past in a low
pressure experimental facility (1400 kPa) at low temperature (70 °C). The mass flow rate in
experiments ranged from 9 kg/s to 38 kg/s. These conditions are not typical in operation but
may allow gaining the searched modelling experience, since flow rates are representative.

Several experiments were conducted in this facility to measure the pressure drop in each
fuel channel assembly internal. For instance, some of the tests performed allowed determining
the friction pressure drop in the hexagonal channel and in fuel rods, independently. Other
experiments were aimed at evaluating the pressure drop in the spacer grids and in the
supports. Results concerning the pressure drop in the spacer grid are of particular interest in
this approximate study and Figure 7 shows that the simulation performed gave a reasonable
result.
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Figure 7 Comparison of calculated and experimental pressure drops in the spacer grid

The simulated experiment results are plotted normalized by the experimental Ap
corresponding to a mass flow rate of 9 kg/s. The selected values for comparison correspond to
loop mass flow rates (MFR) = {9, 18, 27 and 34} kg/s and are shown as labels in Figure 7.
The computed pressure losses in the spacer grid differ from the experiment and grow when
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the MFR diminishes. Corresponding percentages are {-13.20, 0.35, 1.80 and -0.02} %. The
agreement is very good and confirms the premise adopted in the sense that a reasonably fine
grid may give good a prediction for a global parameter like pressure drop. Anyway, this
agreement be affected by some error compensation because of the 8% mentioned above in the
same range of flow rates for the isolated bars bundle, even when pressure drops are
considered per component.

5. CONCLUSIONS

The results presented in this paper are reasonably accurate when compared to
experimental data, notwithstanding the approximations to the spacer grid geometry considered
and the postulated symmetry of the flow pattern. The overall error was about 2% when the
mass flow rates increased. Moreover, the CFD calculations have been performed using
standard approximations for turbulence models. The grid convergence tests have shown that
the mesh definition was satisfactory for the declared objective of the simulations.

As usual with this type of calculations, the predictions must be guided by standard
engineering practices and best practice guidelines and the cases analyzed here were no
exception. Most fortunately, the prediction set was included in the experimental domain and
this fact allowed searching in a converging way.

Future work will be focused on continued efforts to analyze more deeply the flow
pattern in realistic operating conditions, including cross flows and heat transfer.
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EXPERIMENTAL

Las muestras de TiO, con grosores en-
tre 30 y 260 nm fueron preparadas por
sputtering reactivo sobre sustratos de
C o Si y caracterizadas por reflectome-
tria de rayos x. Las mediciones de RBS
se realizaron en el IF (UFRGS) con ha-

ces de H* y He*. La geomet
da se muestra en la fig. 1.

El procesamiento de los espectros y la obtencidn de los valores de
stopping se llevd a cabo siguiendo el procedimiento descrito en [1].
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Fig. 1. Geometria usada para la

ria utiliza- adquisicién de los espectros RBS.

En la fig. 2 se muestran espectros RBS representativos.
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Fig. 2. Espectros RBS (puntos) obtenidos para los films de TiO, de 260 nm sobre C bombardeado con
haz de H* de 1500 keV (izquierda) y de 79 nm sobre Si bombardeado con haz de He* de 800 keV.
Ambos con incidencia normal. Las curvas rojas son los ajustes de las estructuras correspondientes al

Ti.
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RESULTADOS Y DISCUSION

Los valores tedricos y experimentales de SCSs de H y He en TiO,
como funcién de la energia cinética del proyectil se muestran en las
figs. 5y 6, junto con datos experimentales y valores semiempiricos

de otros autores.
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Fig. 5. SCSs de H en TiO, como
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Fig. 6. SCSs de He en TiO, como funcién de la energia cinética del proyectil.
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RESUMEN

Presentamos un trabajo tedrico—experimental sobre la pérdida de energia de iones H y He en didxido de titanio
(rutilo). A partir de los espectros de retrodispersion de Rutherford (RBS) se determinaron las secciones eficaces
de frenado de ambos iones. Por otro lado se trabajo en la descripcion tedrica empleando tres modelos diferentes:
1) Mermin Energy-Loss Function - Generalized Oscillator Strength (MELF-GOS) 2) Shellwise Local Plasma
Approximation (SLPA) y 3) Transport Cross Section - Extended Friedel Sum Rule (TCS-EFSR).

MODELOS

El poder de frenado puede escribirse de la siguiente manera:

siendo Z, y v el nimero atémico y la velocidad de la particula incidente; S, el poder de
frenado para el estado de carga g, ¢#(v) la fraccion de carga correspondiente. Las
secciones eficaces de stopping se calculan como SCS(v) = X v)/densidad del medio.

S(v) = Z¢q(v)sq )

Se utilizaron tres formalismos para el calculo de S{V) (detalles en [1]):

1) MELF-GOS (Mermin Energy-Loss Function—Generalized Oscillator Strength) [3]

- Modelo perturbativo basado en el formalismo dieléctrico.

- El espectro de excitacién de los electrones de valencia se calcula
mediante un ajuste de los valores de la funcidon de pérdida de energia
(ELF) tipo Mermin a los valores disponibles de ELF dpticos de la
sustancia en estudio. La ELF optica correspondiente a los electrones
débilmente ligados se obtuvo con un ajuste de los datos calculados en
[4] mediante DFT (ver fig. 3).

- La contribucién de los electrones de las capas internas al espectro de
excitacion se deduce de sus valores GOS para k = 0 (siendo #ik el
momento transferido). Para el TiO, se utilizaron GOSs hidrogenoides
no relativistas.

T
o Eperinental da o
optical E1F fted with

[ T 0 & I
B (2V)

. ELF optica para TiO, como funcién de .

2) SPLA (Shellwise Local Plasma Approximation) [5]

- Modelo perturbativo basado en el formalismo dieléctrico.

- La respuesta dieléctrica es evaluada separadamente para cada sub
capa electronica del medio. En este trabajo se utiliza la funcion
dieléctrica de Levine-Louie [6].

- Las funciones de onda y energias de ligadura de los electrones en
TiO, se calcularon mediante DFT con la aproximacion de gradiente
generalizado (GGA). La aplicabilidad de esta aproximacion al material
de estudio fue probada comparando los perfiles Compton que resultan
de esta aproximacion con datos experimentales disponibles en la d T i 5

literatura (ver fig. 4). P, (o)
Fig. 4. Perfil Compton para TiO,.

3) Transport Cross Section - Extended Friedel Sum Rule (TCS-EFSR) [5]

- Modelo no perturbativo.

- Incluye todos los drdenes en la interaccion electron-ién e incorpora efectos de apantallamiento dinamico.

- El frenado electronico se evallia a partir de la transferencia de energia asociada a las colisiones elasticas
electron-idn en el sistema de referencia del i6n, pesada por la distribucién de velocidades de los electrones.

o present DFT-GGA calculation
10 — experimental gta from [11]

Tio,

Los valores semiempiricos de SCSs de SRIM estan en muy buen acuerdo con los datos experimentales, incluso en
la regién del maximo.

Los resultados experimentales de Kido y Hioki [7] estan en excelente acuerdo con nuestras mediciones,
cubren un intervalo de energias menor.

Nuestros datos son consistentes con los reportados por Laube et al. [8] y con los de Barradas et al. [9]. El
método indirecto utilizado por estos Ultimos autores para obtener los valores de stopping trae aparejado intervalos
de incertidumbre muy grandes (mayores que el 20% para energias menores que 400 keV).

Los valores obtenidos mediante los tres modelos estan en muy buen acuerdo con los datos experimentales para
H para energias mayores que 200 keV. La curva MELF-GOS para He representa bien los datos experimentales por
encima de 800 keV, mientras que SPLA solo representa bien las mediciones por encima de 1500 keV. No
obstante, los resultados con SLPA para altas energias respaldan las funciones de onda determinadas por DFT-GGA
para la molécula de TiO,.

En el régimen de energias intermedias y bajas, los modelos MELF-GOS y SLPA pierden validez, lo cual es esperado
para aproximaciones perturbativas. En esta region, el modelo no lineal TCS-EFSR representa mejor los resultados
experimentales.

Los valores obtenidos por TCS-EFSR para He subestiman los datos experimentales para altas energias. Esto
puede deberse a que los electrones de valencia son considerados como un gas homogéneo de electrones libres.

aunque

CONCLUSIONES y PERSPECTIVAS DE FUTURO

Los tres modelos reproducen satisfactoriamente los datos experimentales por encima de 300 keV/u. No obstante, las diferencias entre los valores de SCSs tedricos son
apreciables para energias menores. Tres factores principales influyen en los datos tedricos presentados y permanecen abiertos para futuras investigaciones:

1. La descripcion de la banda de conduccion del TiO,, es decir, con las funciones de onda y también con los ELF para transferencias de energia por debajo de los 10 eV.

2. Los estados de carga de equilibrio de H y He en TiO,. Los valores tedricos de SCS son muy sensibles a las fracciones de carga de H y He a energias intermedias y bajas. La
falta de datos experimentales de estos estados de carga para H y He en TiO, influye en los valores de SCS en esa region de energias.

3. La importancia de una descripcion no lineal, al menos para He (e iones mas pesados), que tenga en cuenta una representacion mas precisa de la banda de conduccién del

TiO,.
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ABSTRACT

To deal with the control of radionuclide concentrations in food and drinking water used
by affected people in a radiological emergency or in post emergency circumstances, as
a consequence of a nuclear or radiological accident, International Organizations, FAO,
WHO and IAEA have established standards with recommended activity concentrations
to be applied under the different prevailing circumstances.

Therefore there are several different sets of activity concentrations in food and drinking
water in use including recommended values for international trade of foodstuff which
are not always clearly understood.

This presentation refers to the existing international standards and the values for
radionuclide concentrations recommended by the International Organizations and
reports on the activities and conclusion reach by the inter-agency Working Group
establish by the IAEA Secretary at the request of the Radiation Safety Standard
Committee, RASSC, with the specific aim of producing a discussion paper to clarify on
the matter, documenting the various international standards, the basis on which they
had been derived and the circumstances in which they are intended be used.

INTRODUCTION

All food and drinking naturally contains radioactivity, additional radioactivity can also be
introduced into food and drinking water as a result of discharges of radioactivity from
the many different authorized activities or as a result of a nuclear or radiological
accident or malicious act causing the releases of radioactivity into the environment

In order to ensure that this additional radioactivity does not pose a long-term health
concern to consumers acceptable levels of radioactivity are established so that the
radiation doses to people due to ingestion of contaminated food and drinking water
over a certain period of time does not exceed the recommended dose criteria.

In this regard it is found that there are several international standards relating to the
levels of radionuclides in food and drinking water which are used in emergency
exposure situations or under existing exposure situations. The reasons and the criteria
on which they are derived and the circumstances under which they are intended to be
applied are not always clearly understood. Some are intended to be applied in
emergency exposure situations, others in existing exposure situations within affected
countries and some relate only to food bound for international trade following a
radiological or nuclear emergency.
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The issue was discussed at the 2012 mid-year RASSC meetting when existing
problems to interpret and apply the guidance became apparent from the experience
following the Fukushima nuclear accident. From the floor discussion during the
meetting it was realized the convenience that an inter-agency Working Group would
best deal with the issue given the relevance to clarify the international community
concerned with contaminated food and drinking from severe nuclear or radiological
emergencies.

The inter-agency Working Group established by the IAEA with the aim of produsing a
discussion paper was composed by representatives of the Secretariat of the Codex
Alimentarius Commission, the Food and Agriculture Organization (FAO), the
International Atomic Energy Agency (IAEA), the World Health Organization (WHO), the
Nuclear Energy Agency (NEA/OECD), and the European Commission (EC), with the
International Commission on Radiological Protection (ICRP) as an observer. Working
Group meetings in May and October 2013 included technical consultants with
experience in this area.

Exposure situations

In terms of the degree of control available to the source of radiation and the expected
duration of the exposure three different types of exposure situation: planned exposure
situations, emergency exposure situations and existing exposure situations were
recommended by ICRP [1] and adopted for the purpose of establishing practical
requirements for protection and safety, by the International Basic Safety Standards on
radiation protection and radiation source safety [2].

Planned exposure situations may continue for long periods of time, while emergency
exposure situations may only apply for days to months until declared control of the
situation has been regained and characterization of any resulting radiological hazard
has been completed

Planned exposure situations such as controlled discharges of radioactivity into the
environment from industries or hospitals or radioactivity resulting from natural origins
are not considered.

(1) Emergency Exposure Situations

An emergency exposure situation is a situation of exposure that arises as a result of an
accident, a malicious act, or any other unexpected event, and requires prompt action in
order to avoid or to reduce adverse consequences.

Preventive and mitigation actions have to be considered before an emergency
exposure situation arises. However, once an emergency exposure situation actually
occurs, exposures can be reduced only by implementing protective actions.

(2) Existing Exposure Situations (post-emergency)

An existing exposure situation is a situation of exposure which already exists when a
decision on the need for control needs to be taken, even though exposure to natural
background radiation, exposure due to residual radioactive material that derives from
past practices that were not subject to regulatory control or that remains after an
emergency exposure situation are included. Only existing exposure situations due to
residual radioactivity following an emergency exposure situation were considered.

After the emergency exposure situation is declared ended, in existing exposure
situation further actions to protect people living in contaminated areas should be taken
on the basis of criteria developed after careful assessment of the conditions.
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The use of the term (post-emergency) in ‘existing exposure situation’ is so as to
exclude natural radioactivity from the scope, though recognizing that WHO guidelines
for drinking water include natural radionuclides.

RESULTS FOR THE DIFFERENT EXPOSURE SITUATIONS AND TRADE

The protection strategy that will be used to guide the selection and implementation of
protective actions will include criteria addressing the food that is grown within the area
identified by the hazard assessment, which is consumed locally and/or nationally, and
which may be traded internationally. Water supplies identified by the hazard
assessment will also be subject to radiological criteria within the protection strategy.

The relationship between the radiological criteria which is part of the protection strategy
established for the authorization of food and drinking water, and the corresponding
operational criteria or guideline levels derived depends on a number of factors. The
most important factors are the radio-toxicity of the radionuclide (expressed as an
‘ingestion dose conversion factors’ or ‘dose per unit intake’), the assumed quantity of
food consumed per year and proportion of this food which is assumed to be
contaminated. The different values for these factors that apply can result in different
operational levels (concentrations in food and drinking water) to achieve the same level
of protection.

Emergency Exposure Situations case:

For use within the affected countries, default operational intervention levels are
established in the IAEA Safety Guide GSG-2 apply [3], providing the generic criteria for
implementing protective actions and other response actions in response to a nuclear or
radiological emergency. These generic criteria are basis for the development of
operational criteria (e.g. operational intervention levels) to be used for prompt initiation
of appropriate protective actions such as restricting the consumption of food, milk and
water within the accident state and states impacted by a release following a nuclear or
radiological accident and other response actions.

These intervention levels have been calculated using conservative assumptions (in the
absence of other information). Namely, that all (100%) of the food consumed is
contaminated and consumed throughout a full year, and using the most restrictive age
dependent dose conversion factors. These default operational intervention levels are
based on a generic criterion of 10 mSv per year from ingestion.

The WHO Guidelines for drinking-water quality [4] do not apply during emergency
exposure situations. For emergency exposure situation WHO refers to IAEA Safety
Guide GS-G-2.

Existing exposure situations case:

The Basic Safety Standards (GSR Part 3) indicates that the regulatory body or other
relevant authority shall establish specific reference levels typically be expressed as an
annual effective dose to the representative person generally that does not exceed a
value of about 1 mSv. In establishing such reference levels, the regulatory body or
other relevant authority shall consider the guideline levels for radionuclides contained
in drinking water that have been published by the WHO.

Food: While dose criteria have been recommended for existing exposure situations (1-
20 mSyv per year for all exposure pathways, with an eventual goal of 1 mSv per year for
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commodities, including food), no operational criteria have been derived in any of the
international standards.

Drinking water: The WHO guideline levels for drinking water quality apply for long-term
consumption after the termination of the emergency exposure situation (i.e., in the
existing exposure situation) which is expected to be a long-term goal. In calculating the
radionuclide specific guideline levels, a generic criterion of 0.1 mSv per year for
ingestion was used (and assuming a lifetime consumption of water containing
radionuclides at this level).

International trade case:

For international trade, the guideline levels that apply for Radionuclides in Foods
Contaminated Following a Nuclear or Radiological Emergency are contained in the
Codex General Standard for Contaminants and Toxins in Food and Feed (GSCTFF) [5]
to be used by countries to control food traded internationally. The GSCTFF defines
guideline level (GL) as “The maximum level of a substance in a food or feed commodity
which is recommended by the CAC to be acceptable for commodities moving in
international trade. When the GL is exceeded, governments should decide whether and
under what circumstances the food should be distributed within their territory or
jurisdiction."

The Codex Guideline Levels apply to 20 radionuclides divided in four groups according
to their dose per unit intake values based on an intervention exemption level of 1 mSv
per year following ICRP recommendations for ingestion.

These were calculated assuming that 10% of the diet consists of imported food, all of
which is contaminated. Thus, assuming that for people in the importing country, 10% is
contaminated giving an import to production factor of 0.1. Separate guideline levels
were calculated for adults and infants due to the differences in radionuclide absorption,
metabolism and sensitivity to radiation.

For foods that are produced in small quantities, such as spices, that represent a small
percentage of the total diet and hence a small addition to the total dose, the guideline
levels may be increased by a factor of 10.

The Codex Guideline Levels apply to food after reconstitution or as prepared for
consumption.

Table 1. International organizations that have established standards for food and
drinking water.

Emergency Existing
wHO | Drinking water
Codex Alimentarius Food/infant food for trade Food/infant food for trade

Food/infant food and

IAEA drinking water within Not existing
affected countries
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CONCLUSIONS AND RECOMMENDATIONS

No major gaps in the international standards were identified by the WG; however,
some areas were noted where steps could be taken by international organizations and
member states to facilitate the recognition, understanding and implementation of
international standards which could be implemented to better follow the approach
recommended by the ICRP. In this regard it is suggested that a possible new
framework could be further investigated that would consider the way countries manage
their development of radiological criteria involving stakeholders for the consumption of
produced food for long-term protection of population living in territories directly affected.

The following are key recommendation formulated

In regard to the application of the Codex for the international trade of food the
Committee on Contaminants in Foods (CCCF) is asked to consider the need for further
guidance on the following issues,

e The stage of food production to which the Codex GL applies.

e The period of time the GL should apply following the accident.

e The use of internationally validated process of analysis for the radionuclides in
food.

e To ensure that countries adopt levels no lower than the indicated values for
imports and exports of food, protection is already assured using the Codex
Guideline Levels.

Other recommendations;

¢ Member States are encouraged to ensure that appropriate coordination across
all relevant Government bodies is established to ensure proper standards will
be effectively implemented when dealing with contaminated food and drinking
water in the aftermath of a nuclear or radiological emergency in accordance
with the international standards to reduce and maintain exposures as low as
reasonably achievable.

e Consideration should be given, by all International Organizations with a role in
developing standards, if it would be helpful to users to derive all operational
criteria according to the protection needs of the most vulnerable groups and so
generate just one value for the entire population.

e The WHO is asked to consider its guidance on the applicability of its guideline
levels in the existing exposure situation (post-emergency) in terms of moving to
a joint dose criterion for ingestion (food and drinking water) or, alternatively, to
consider providing additional guidance to the application of the guideline levels
as part of an overall protection strategy in the existing exposure situation (post-
emergency).

e Preparation of a TECDOC which describes a framework for use by member
States in developing their appropriate national operational criteria for
radioactivity in food with particular emphasis on the methodology for
establishing national levels based on the (dose) reference levels. The TECDOC
should include a set of default radionuclide-specific operational criteria for food
with indication that national operational criteria development would be more
preferable.

Finally and for the purpose of understanding of the applicability of the current standards
for use in affected countries and international trade it is recommended the information
from the WG should be used by the relevant International Organizations to inform and
advise their Member States on where their standards apply (and do not apply) to
different situations encountered.
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INTRODUCTION

One of the long term consequences of the Fukushima Daiichi accident is the management of
high volumes of radioactive waste generated during the accident and as consequence of
remediation actions. The characterization of those wastes will play a key role in the definition
of future management strategies and in the assessment of clearance possibilities. Such
characterization must be planned and based on a list of relevant radionuclides that will optimize
management costs and doses to workers and public. One of the challenges, both to the
generator and the regulator, is to adopt criteria to identify the radionuclides that will be relevant
in the short, medium and long term. This information is essential to the generator for the design
of practices and management systems for each type of waste.

RELEVANT RADIONUCLIDE IDENTIFICATION — METHODOLOGY

kY Criterion 1 Criterion 2

There must be a reasonable probability that the RN is|ithe RN must have the potential to generate a significant

present in the radioactive waste. impact on the safety of some of the different management
This is accomplished through: star;es: v 9

* Bibliographic research (A*/D**)

+ Operating conditions (power, maintenance, etc.) (D) * Handling

* Constituent materials potentially activated (A/D) * Treatment

* Neutron fluxes (D) » Conditioning

» Measurement of representative samples (A/D) + Storage

* Study of the operational history of the facility (D) « Transport

* Records (A/D) . . .
A*:Accident D*: Decommissioning * Disposal of radioactive waste

RELEVANT RADIONUCLIDES IN THE SHORT, MEDIUM AND LONG TERM

ing handling, treatment and conditioning stages (SHORT TERM), the relevant radionuclides shall be the gamma
ters that should contribute significantly to workers doses due to external irradiation scenarios. Besides, when
s involving aerosols could be possible, alpha and beta emitters must be taken into account.

storage(MEDIUM TERM), waste will be already confined and during normal operation the relevant
lides will be the gamma emitters that contribute to workers doses. During abnormal situations other
ides that contribute to doses should be considered taking into account scenarios with low probability of

2 h as fire, flooding or earthquake.

al disposal (LONG TERM) the relevant radionuclides will be those that contribute to public doses
e different scenarios considered such as migration or intrusion.

CONCLUSIONS

3 elated to a specific RWM stage and to a group of exposures

M stages and irrelevant in the long term.
adionuclides is responsibility of the generator. Such|

the public at every RWM stage.
adi(long term storage and final disposal)
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RESUMEN

El analisis de imagenes autorradiograficas formadas a partir de trazas
nucleares en un material detector (detector de trazas nucleares, SSNTD)
permite el conocimiento de la distribucién y concentracion de '°B en muestras
biolégicas provenientes de protocolos de BNCT (Terapia por Captura
Neutrénica de Boro). Tras la irradiacion con neutrones térmicos del conjunto
detector-muestra (ej., corte de tejido o cultivo celular) el detector debe
someterse a un ataque quimico con la consecuente pérdida del material
biolégico. La observacion simultanea de las trazas y la imagen de la muestra
permitiria una mayor resolucién en la localizacion del boro dentro de la
estructura celular y también el analisis en diferentes estados celulares, lo cual
es relevante al considerar un tratamiento de BNCT.

Se presenta una metodologia para producir una impronta de células cultivadas
sobre una folia de policarbonato, mediante la exposicién del detector a
radiacion UV C. Se determinaron condiciones Optimas para la obtencién de
imagenes simultaneas de células y trazas nucleares: fluencia de 10" n.cm?, 6
h de exposicion a radiacién UV C (longitud de onda: 254 nm) y 4 min de tiempo
de ataque quimico. Las trazas solo se encuentran dentro de las improntas
celulares, indicando una captacién preferencial de boro por parte de las células.
Se obtuvo un valor promedio de 33+7 ppm para la concentracion de '°B en un
cultivo de células Mel-J. En una experiencia similar con irradiacién de luz UV de
otra longitud de onda (UV A, 360 nm) se observé la ausencia de improntas
celulares en la superficie de los detectores, no viéndose afectada la generacion
de las trazas nucleares.
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ABSTRACT

The distribution and concentration of '°B atoms in biological samples coming
from BNCT (Boron Neutron Capture Therapy) protocols can be determined
through the analysis of the tracks forming its autoradiography image on a
nuclear track detector (SSNTD). In order to obtain the autoradiography image, a
chemical etching must be performed to the detector after irradiation with thermal
neutrons, and the biological sample (e.g. tissue section or cell cultures) is lost.
For certain applications, a more precise knowledge of the location of boron
atoms inside the cell is desired, which could be achieved by the simultaneous
observation of the nuclear tracks and the sample image on the detector.

In this work we present a methodology to produce an “imprint” of Mel-J cells
cultivated on a polycarbonate foil, by exposure of the detector to UV C radiation.
The images of both cells and nuclear tracks were found to be optimal for a
neutron fluence of 10" n.cm™?, UV C (254 nm wavelength) exposure during 6 h
and an etching time of 4 min. The etch pits are only present inside the cells
imprints, indicating a preferential boron uptake. An average value of 3317ppm
was obtained inside the Mel-J cells. From the analysis of similar samples
exposed to UV A, it could be observed that, despite having undergone
irradiance conditions comparable to those used with UV C radiation, there was
no cellular imprinting registered on the detector surface, though nuclear tracks
seemed not to be affected.
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INTRODUCCION

La distribucion y localizacion de un emisor de particulas en una muestra puede
determinarse mediante la imagen autorradiografica producida en un detector de trazas
nucleares de estado solido (Solid State Nuclear Track Detector, SSNTD) (Durrani y
Bull, 1987). El uso de estos materiales (en general aislantes térmicos y eléctricos,
organicos o inorganicos) como detectores de iones pesados esta basado en el dafio
permanente creado a lo largo de las trayectorias de iones que atraviesan el material.
Estas zonas dafiadas o trazas latentes pueden amplificarse realizando un ataque
quimico (etching) con una solucién apropiada. La velocidad de etching en las
inmediaciones de la trayectoria del ion es mayor que la velocidad de ataque en el
material no irradiado (bulk). Este ataque preferencial hace posible el desarrollo de
trazas que pueden observarse mediante microscopia Ooptica o electrdnica,
dependiendo de las condiciones de etching (Fleischer, et al, 1975).

Los SSNTD se han utilizado para multiples aplicaciones desde su primera descripcion
por Young (1958). Una de sus aplicaciones mas sobresalientes es el mapeo de
particulas pesadas emisoras en minerales y materiales bioldgicos (ej. Durrani y Bull
1987; Bersina et al. 1995).

En particular, si una seccién de tejido que contiene un emisor de particulas pesadas se
pone en contacto con un SSNTD, el analisis de la densidad de trazas en el detector
permite la determinacion de la distribucion espacial del elemento en la muestra. Esta
es la base del analisis autorradiografico (Fleischer et al. 1975). Las particulas
cargadas pueden originarse del decaimiento natural de is6topos inestables o ser el
resultado de una reaccion nuclear de un blanco con neutrones (autorradiografia de
captura neutrdnica).

La Terapia por Captura Neutrénica de Boro (Boron Neutron Capture Therapy, BNCT)
es una modalidad para el tratamiento del cancer basada en la acumulacion selectiva
de compuestos borados en tejido maligno y la subsecuente irradiacion con neutrones
térmicos (ej. Coderre et 4l., 2003). Cuando tiene lugar la reaccién de captura de '°B,
se emiten, en direcciones opuestas, una particula a y un ion de Li, ambos de alta
transferencia lineal de energia (linear energy transfer, LET) y corto rango. Por lo tanto,
si el compuesto borado se acumulé en forma preferencial en las células cancerosas,
las mismas sufren un dafo letal, preservando el tejido normal circundante. BNCT ha
sido aplicado en diferentes paises, mayoritariamente para el tratamiento de cancer de
cabeza y cuello, melanomas y glioblastoma multiforme. Los compuestos mas
comunmente utilizados son la borofenilalanina (BPA) y el borocaptato de sodio (BSH)
(ej. Barth et al., 2012). Asi, la efectividad de BNCT esta determinada por la
acumulacion selectiva de '°B dentro de las células, dado que la componente mas
relevante de la dosis total esta dada por la reaccion de fision del boro.

La técnica para obtener autorradiografias neutrénicas de muestras de tejido
provenientes de protocolos de BNCT en detectores de policarbonato ha sido
desarrollada y puesta a punto en nuestro laboratorio (Portu et al.,, 2011a). Esta
metodologia esta siendo aplicada actualmente para analizar en forma cualitativa y
cuantitativa la distribucién y concentracion de boro en diferentes modelos
experimentales (ej. Portu et al., 2011b; Portu et al., 2013, Molinari et al., 2014). Los
productos de la reaccion '"B(n,a)’Li originan las trazas en la superficie del
policarbonato. Con ese objetivo, el arreglo detector-seccién de tejido (correlacionados
espacialmente) deben irradiarse en forma conjunta con neutrones térmicos. Luego, la
muestra debe separarse del detector, que se ataca quimicamente para amplificar las
trazas latentes producidas por las particulas emitidas desde el tejido. A pesar de que
se realizan marcas de referencia, este procedimiento implica que la correlacién entre
el sitio de emision y la posicion de las trazas correspondientes puede determinarse
con una precisiéon limitada. Dependiendo de los requerimientos de la aplicacion y el
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tipo de informacidén a obtener a partir del analisis autorradiogréfico, esta limitacién
debe ser tenida en cuenta

Como una primera aproximacion, este conocimiento contribuiria a la evaluacion de la
respuesta celular al dafio producido por iones bajo diferentes condiciones
fisiopatologicas: diversidad de lineas celulares en una variedad de estados
proliferativos, crecimiento individual, necrosis, etc. Seria eventualmente posible
establecer la distribucion de boro en diferentes organelas dentro de la célula.

La autorradiografia de alta resolucién (High Resolution Quantitative Autoradiography,
HRQAR, Solares and Zamenhof, 1995) permite la observacion simultanea de
secciones de tejido y trazas nucleares usando laminas de SSNTD extremadamente
delgadas junto a un sistema de proteccién del tejido para su preservacion durante el
ataque quimico. Hemos realizado algunas experiencias preliminares en nuestro
laboratorio a fin de poner a punto la técnica pero el procedimiento se encuentra aun
bajo desarrollo (Portu et al., 2008).

Amemiya y colaboradores (2002) propusieron otra metodologia para observar la
imagen de la muestra y las trazas nucleares simultaneamente. Consiste en la
generaciéon de una “impronta” de la muestra bioldégica en la superficie de la folia
detectora que sea revelable por el mismo proceso de ataque quimico utilizado para
desarrollar las trazas nucleares originadas por los atomos de boro presentes en la
muestra. Los autores utilizaron detectores de CR39 (una marca comercial de poli-
alildiglicol carbonato, PADC), lo irradiaron con rayos X y observaron las imagenes
resultantes con un microscopio de fuerza atémica (atomic force microscope, AFM), con
una resolucion de alrededor de 100 nm. En un trabajo posterior, reportaron la
posibilidad de generar improntas de material bioldgico sobre CR39 mediante radiacion
ultravioleta (Amemiya et al., 2005). La posibilidad de observar las imagenes obtenidas
mediante microscopia de contraste de fase fue reportada por Konishi y colaboradores
(2007).

En un trabajo anterior habiamos estudiado la factibilidad de obtener imagenes de
trazas nucleares superpuestas a improntas de material bioldgico en detectores de
policarbonato (Lexan™) (Portu et &l., 2011c). En el presente trabajo, reportamos las
condiciones experimentales optimas a fin de observar en forma simultdnea imagenes
de células cultivadas en este detector y las trazas producidas por la reaccién de
captura por los atomos de boro dentro de las células, con un método de observacion
simple. Se encontraron las condiciones mas favorables de cultivo en la superficie de
las laminas de policarbonato, se estudiaron dos longitudes de onda de radiacion
ultravioleta y se determinaron las mejores condiciones de exposicién UV y ataque
quimico. Se estudid un modelo experimental de melanoma y se logré cuantificar la
captacion de boro dentro de las células.

MATERIALES Y METODOS

El modelo biolégico utilizado para la generacion de improntas fue el cultivo de células
de melanoma humanas (Mel-J), establecidas a partir de una metastasis pulmonar
derivada de un cancer cutaneo. Las células se sembraron en folias circulares de
policarbonato de 250 um de espesor (Lexan™, SABIC Innovative Plastics). Durante la
semana previa al sembrado, las folias se embebieron en medio de cultivo. Las células
se incubaron en medio de cultivo RPMI 1640 (Gibco), suplementado con antibiéticos y
10% de suero bovino (Natocor) en una atmésfera humeda con 5% de CO, a 37°C.
Luego de 48 hs (confluencia de =60%), las células se incubaron con RPMI con BPA,
(10 pg "°B/mL, Interpharma), durante 2 hs (Carpano et al., 2010). Luego, las muestras
se lavaron tres veces con PBS vy se fijaron en glutaraldehido al 2,5% a temperatura
ambiente (con el objeto de evitar la disminucion de tamafio de las células) durante
15 min.
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Los arreglos de Lexan y células fijadas fueron irradiados en la facilidad de irradiacion
de BNCT del reactor RA-3 (CAE) con una fluencia de neutrones de 10" n.cm? a fin de
lograr la reaccion de captura. El flujo neutrénico se midié previamente utilizando un
SPND (Self Powered Neutron Detector) y la incerteza en la fluencia de neutrones es
del 8%. Durante la irradiacion de las folias, el flujo fue monitoreado en ciertos puntos
de referencia a fin de comprobar la estabilidad (Miller et al., 2009).

Posteriormente, tres grupos de muestras se irradiaron con una lampara TUV G15T8
(Philips, Holanda, 15 Watt, 254 nm) durante 2, 4 y 6 horas respectivamente. La
irradiancia habia sido medida previamente a diferentes distancias a la lampara con un
radiometro (International Light Technologies ILT77). En la posicion de irradiacion, la
irradiancia es de 4,65 + 0,02 mW.cm™. Otro grupo de muestras se expuso a radiacion
UV A con una lampara de de 360 nm (TLD 18W/08, Philips, Holanda). La distancia y el
tiempo de exposicion se configuraron de forma tal que las muestras reciban la misma
dosis que las muestras expuestas a UV C durante 6 horas.

Las muestras se colorearon con hematoxilina (H&E, BIOPUR, Rosario, Argentina) a fin
de ser exploradas y fotografiadas con el sistema de adquisicién digital Olympus DP70.
Se tuvieron en cuenta puntos de referencia previamente establecidos a fin de facilitar
la localizacion celular luego del ataque quimico de las folias. Luego de la exploracion,
las células se removieron del detector con tripsina-EDTA (Sigma Life Science, St.
Louis, MO, USA). El ataque quimico se realizé con solucion PEW (30 g KOH + 80 g
alcohol etilico + 90 g agua destilada) a 70 °C durante diferentes tiempos de etching (2,
3 y 4 min) para cada grupo de irradiacion. Se preservo la posicién original de las folias
en el portaobjetos y se obtuvieron nuevas imagenes, esta vez de las improntas
celulares obtenidas.

Finalmente, un grupo de muestras de la condicion “6 hs de UV-C + 6 min de etching”
fueron metalizadas y observadas por microscopia SEM (FEI QUANTA 200).

RESULTADOS Y DISCUSION

En las placas de Petri de poliestireno comerciales para cultivos celulares de rutina, la
superficie del polimero es tratada mediante descarga de tipo corona y plasma de baja
presién para aumentar la eficiencia de adhesion celular (Curtis et al., 1983; Amstein et
al., 1975; Andrade, 1985). En policarbonato, el material elegido como SSNTD, la
inercia quimica de la superficie disminuye la adhesion celular. Se realizaron varios
pasos previos a fin de encontrar las condiciones éptimas de adhesién. Se tuvieron en
cuenta ciertos parametros, a fin de evitar cambios bruscos de temperatura durante el
sembrado, asi como también modificaciones de pH al realizar cambios de medio de
cultivo. En la Figura 1a se observa una regién de un cultivo donde las células se
encuentran superpuestas y en la Figura 1b se presenta un ejemplo de una monocapa
sembrada sobre Lexan. La adaptacién de la técnica de sembrado sobre policarbonato
se justifica por las ventajas de este material por sobre otros SSNTD, en términos de
cuantificacién de boro a partir del analisis de la densidad de trazas nucleares (Portu et
al., 2011a; Saint Martin et al., 2011).

La sensibilizacion del detector debido a la exposicion con radiacion UV C se debe a la
fotodegradacion del polimero, que resulta en la formacion de una impronta del material
bioldgico que reproduce los contornos de las células y sus nucleos. A partir del analisis
y comparacién de muestras procesadas en diferentes condiciones, se establecieron
condiciones de exposicién a UV C y tiempos de etching 6ptimos. Un tiempo de etching
de 2 min dié como resultado trazas nucleares pequefas (diametro = 1 um), que no son
facilmente distinguibles en las improntas celulares en todos los casos, por lo que fue
descartado.

Se observé (Figura 2) que 2 h de irradiacion UV C fue insuficiente para obtener
buenas improntas celulares. Los contornos celulares no son definidos,
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independientemente del tiempo de etching. En la Figura 3 se observan imagenes
comparativas correspondientes a 4 y 6 h de exposicion UV C y tiempos de etching de
3 vy 4 min. Las imagenes autorradiograficas se obtuvieron enfocando las improntas
celulares, de modo que las trazas nucleares se distinguen como puntos brillantes. Las
trazas nucleares pueden observarse mas claramente en otro plano focal. Del analisis
comparativo de las imagenes, se concluye que tanto las improntas celulares como las
trazas nucleares presentan mayor definicion y tamafo para 6 h de exposicion UV C y 4
min de etching.

En la Figura 4 pueden observarse imagenes de muestras control e incubadas con
BPA, procesadas con las condiciones consideradas como éptimas: 6 h UV-C, 4 min de
etching. En todas las muestras control se comproboé la ausencia de trazas nucleares,
independientemente del tiempo de exposicion o la duracion del ataque quimico,
mientras que éstas pudieron ser claramente observadas en las autorradiografias
correspondientes a las muestras con BPA. En el panel se muestran imagenes de dos
planos focales diferentes: en la superior, el foco estd puesto en las improntas
celulares, mientras que en la inferior, las trazas nucleares estan enfocadas y pueden
observarse como circulos negros. Por su parte, las observaciones realizadas en el
microscopio SEM confirmaron que las trazas aparecen como huecos en la superficie,
mientras que las improntas son relieves en la superficie del material (Figura 5).

En todas las muestras donde las células habian sido incubadas con BPA, casi la
totalidad de las trazas nucleares observadas en la superficie del detector estan
concentradas en los sitios donde originalmente se encontraban las células. Por otra
parte, la densidad de trazas presentes en las muestras analizadas fue
considerablemente menor que las obtenidas en estudios realizados con la técnica de
autorradiografia convencional, para la misma fluencia de neutrones (Portu et al., 2011
b). A fin de cuantificar la densidad de trazas, inicialmente se midieron las areas
celulares. En la Figura 6a se observa el histograma de area por célula. Luego se
contaron los eventos e interpolaron los valores en una curva de calibracion, a fin de
obtener los valores de concentracion de boro. Como puede observarse en la Figura
6b, no todas las células captan la misma cantidad de boro. La concentracion media es
3317 ppm, valor que es aproximadamente tres veces mayor que el correspondiente a
la incubada originalmente. Este resultado es coherente con la actividad de los
transportadores de aminoacidos neutros (L), cuya eficiencia de captacion es entre 3-4
veces a 1 (Rossini et al., 2014).

Finalmente, se estudié la posibilidad de obtener improntas celulares mediante la
exposicion de los cultivos celulares sobre Lexan a radiacién de diferente longitud de
onda (ej. 360 nm, UV A), a fin de analizar la posibles diferencias en la generacion de la
impronta en funciéon de una variacion de este parametro. En las Figuras 7 ay b se
observan imagenes de trazas nucleares sin formacién de improntas, para el caso de
irradiacion UV A. A partir de nuestros resultados, puede concluirse que los
mecanismos del dano fotoinducido en el detector polimérico, considerado responsable
de la creacion de las improntas celulares, son mas efectivos en el caso de fotones mas
energéticos que los correspondientes a la radiacion UV A. De hecho, se ha
demostrado que las reacciones fotoinducidas en policarbonato son fuertemente
dependientes de la longitud de onda (Rivaton, 1995; Andrady et al., 1991). La ruptura de
cadenas en policarbonato actua mas eficientemente al exponerlo a luz UV C (260 nm)
(Torikai et al., 1993). Como la velocidad de ataque quimico en el material detector esta
relacionada con el peso molecular y la longitud de los fragmentos de cadena, la
posibilidad de revelar las improntas celulares podria asociarse a un aumento en la
velocidad de ataque en las muestras irradiadas con UV C.
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CONCLUSIONES

Se propone un método que permite la observacién simultanea de trazas nucleares
originadas a partir de 4tomos de '°B dentro de las células Mel-J cultivadas sobre folias
de Lexan, utilizadas como SSNTD. Se observé que la exposicién a radiacion UV de
mayor longitud de onda (360 nm) no fue efectiva para producir improntas celulares en
el detector de policarbonato. Se establecieron las mejores condiciones de exposicion a
radiacion UV C y tiempos de etching a fin de obtener imagenes de improntas y trazas
de mayor resolucion. Con este procedimiento, sera posible estimar la incorporacion de
diferentes compuestos borados en diferentes situaciones fisiopatolégicas a nivel
celular. Consecuentemente, sera posible comparar la incorporacion de compuestos
borados en diferentes lineas celulares.
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FIGURAS

Figura 1. Cultivo de células Mel-J sembradas sobre folias de Lexan.
(a) Superposicioén, (b) Monocapa. Magnificacion: 400x.
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2 min

3 min

4 min

Figura 2. Células Mel-J en Lexan. 2 h de exposicién a UV Cy 2, 3, y 4 min de etching.
Magnificacion: 10x.

UvVC4h UvCeh

3 min

4 min

Figura 3. Células Mel-J en Lexan (100x). 4 h 'y 6 h de exposicion a UV C, 3, y 4 min de
etching quimico.
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Control BPA

Figura 4. Células Mel-J en Lexan (100x): controles e incubadas con BPA. 6 hs de exposicién a
UV C y 4 min de etching quimico.
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(a) (b)

Figura 5. Fotografias SEM de improntas celulares para (a) una muestra control y
(b) una muestra con BPA .
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Figura 6. (a) Distribucidn de area celular para un cultivo de Mel-J.
(b) Distribucién de concentracion de boro para un cultivo de Mel-J incubado con BPA (10 ppm).
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Figura 7. Imagen de trazas nucleares sobre Lexan luego de exposicion a UV A.
Magnificacion: 10x.
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RESUMEN. En este trabajo se ha modelado el nucleo de la Central Nuclear Embalse
(CANDU-600) y se ha obtenido la respuesta en reactividad en funcion de la temperatura y
densidad del refrigerante y de la temperatura del combustible. Para efectuar los calculos se
emplearon los codigos de celda WIMS incluyendo la biblioteca de datos nucleares del 2002
WLUP (Wims Library Update Project) y el cddigo de reactor CITVAP.v3.5. La metodologia
empleada esta basada en el uso de secciones eficaces macroscopicas, realizandose en dos etapas,
el calculo de celda y finalmente el de nucleo. La celda se define como una porcion del nticleo,
considerdndose éste como una repeticion periddica de dicha celda, compuesta por el
combustible, el refrigerante, componentes estructurales y parte del moderador. En la etapa del
calculo de nucleo, éste es dividido en regiones homogéneas denominadas “canales” cuyas
secciones eficaces son las obtenidas de la celda considerada como un material homogéneo so6lo
descripto por sus secciones eficaces. En este caso el modelo, parcial, del nucleo contiene los 380
canales, divididos en 12 zonas representando a cada uno de los manojos de elementos
combustibles y, no se han considerado las barras de control y las ajustadoras ni zonas liquidas.
Para las evaluaciones se utilizé una distribucion de quemado correspondiente a 5189 dias de
operacion a plena potencia. Entre los resultados obtenidos se halld que el coeficiente de
reactividad por temperatura de combustible se encuentra en el rango de -0,7 pcm/°C a
0,2 pcm/°C para temperaturas entre 250 y 2900 °C; siendo su valor opr = -0,34 pcm/°C para la
temperatura de operacion a plena potencia y que el coeficiente de reactividad por temperatura y
densidad del refrigerante es act = 3,4 pcm/°C entre condiciones frias y de plena potencia. Los
datos obtenidos se compararon con otros a reactores CANDU de caracteristicas similares.

1 INTRODUCCION

La realizacion de evaluaciones de seguridad nuclear de una central tanto para situaciones
accidentales como para condiciones normales requiere un modelado de la misma que
comprende tanto cuestiones neutronicas relacionadas con el nicleo y el combustible como
termohidraulicas. Desde el punto de vista nuclear, una forma de determinar los cambios en el
nucleo frente a perturbaciones con respecto a condiciones nominales es mediante los
denominados coeficientes de reactividad. Los cambios pueden generarse cuando se perturban
por ejemplo, las densidades del refrigerante y del moderador, o las temperaturas de estos o del
combustible para distintas condiciones de quemado, o de venenos neutronicos quemables. En
particular, los coeficientes de reactividad son esencialmente importantes durante un accidente
cuando las variaciones de las propiedades de los fluidos o del combustible (que realimentan
estos coeficientes) son diferentes a las de operacion normal o condiciones permitidas. Por lo
anterior, la determinacion de los coeficientes es fundamental ya que desviaciones considerables
en los mismos pueden dar origen a situaciones de planta que requieran el accionamiento mas
rapido y, dependiendo de la evolucion de manera mas eficiente, de sistema de seguridad para
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evitar alcanzarse condiciones proximas a los limites admisibles (AECL ). Una discusion
adicional, y reciente, sobre el efecto de los coeficientes de reactividad en la evolucion de
eventos postulados en un CANDU y su relacién con cuestiones de licenciamiento se puede
encontrar en (Kastanya).

Cabe senalar que en el caso de reactores CANDU, se ha puesto énfasis en la determinacion
del coeficiente de reactividad por vacio de refrigerante que, a diferencia de otros tipo de
reactores de agua liviana, es positivo (CNSC; Meneley).

La Autoridad Regulatoria Nuclear (ARN) considera como parte de las tareas de
licenciamiento de la extension de vida de la Central Nuclear Embalse tener la capacidad de
obtener coeficientes de reactividad en diversas situaciones y condiciones. Estos pueden se