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The granitic rocks constitute about 60% of the total
Neoproterozoic outcrops of the Eastern Desert of Egypt.
El Gaby (1975) classified the granites in Egypt into two
groups: (a) synorogenic granitoids, and (b) younger
granites, which include the post-orogenic pink and red
granites. The younger granites of the Northern Eastern
Desert found to be favourable for uranium mineralization
and notably show higher level of radioactivity (Kraiz etal.,
2016). Uranium is one of the strategic elements and is
used as a fuel in nuclear power plants and it is usually
extracted from the ores by one of two leaching methods:
acidic — with sulphuric acid (H2SO4) and alkaline with
carbonates (CO3?) (Frackiewicz et al., 2012). We attempt
to follow up the leaching efficiency of uranium series
from high-grade granite sample with high concentration
of sulfuric acid at different interval time.

The red granite sample from the Northern Eastern Desert
(2352.8 ppm) was crushed and grinded into 63 mesh and
then quartered to obtain representative sample. The
conditions of the leaching procedures were 50 g of sample,
98 % (H2S0.) acid concentration, 60 min stirring time,
1:3 solid/liquid ratios at room temperature. The leaching
procedures performed with two methods to determine the
leaching efficiency. After the leaching process, the
sample was filtered by using filter paper to get pregnant
solution and the second method the sample without filter
to get solution named total. The leachate (pregnant
solution) and total solution were measured by an HPGe
detector at interval time for more than four months. The
detector has a relative efficiency of about 50% of the

3"x3" Nal(Tl) crystal efficiency, connected to
multichannel analyzer card (MCA) installed in a PC
computer.

The analysis of experiments showed that leaching
efficiency of 24U>235U >238U>2%Ra> 214 B>214Pp that start
with 60 % until 23 days and change into
235>238Y>234U>226Ra> 214B>21*P for pregnant solution.
Otherwise, the total solution has leaching efficiency of
226Ra>238U>214B>214ph >Z5 >234 that start with 96%
and at 43 days ??°Ra=23U 80%. Uranium in liquid phase
may be enriched by 2%U isotope relative to *8U of the
solid phase due to (1) the difference in energies of these
nuclides bonds in crystal lattice of solid phase

(Bondarenko and Sobotovich, 1998). (2) This is may be
due to different mobility of 2°U and 23U isotopes in
leaching phase. It is obvious that the ?°Ra represent
higher leachability than its parent 28U in total solution. It
can be estimated that ?°Ra, alpha-recoil atom like 24U,
migrated into deep part by alpha-recoil. As a result, alpha-
recoil radium in the depths of ore grains was leached out,
in strong acid condition (Morimoto,et al., 2003).
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Figure 1. Leaching efficiency of Uranium isotopes
in (a) pregnant solution and (b) total solution.
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In this study, the activity concentrations of 2°Pb and 2'°Po
on the 22 daily air filter samples, collected at CTBT
Yellowknife station from September 2015 to April 2016,
were analysed. To estimate the time scale of atmospheric
long-range transport aerosol bearing 2*°Pb in the Arctic
during winter, the mean transit time of aerosol bearing
210pp from its origin was determined based on the activity
ratios of 2%Po/2%Ph and the parent-progeny
decay/ingrowth equation. The activity ratios of
210po/219pp varied between 0.06 and 0.21 with a median
value of 0.11. The aerosol mean transit time based the
activity ratio of 2°%Po/?!%Pb suggests longer mean transit
time of 2°Pb aerosols in winter (12 d) than in autumn
(3.7 d) and spring (2.9 d).

Ten years 2°Pb and 2Pb monitoring results and
meteorological conditions at the Yellowknife station
indicate that the 2?Pb activity is mostly of local origin,
and that 2Pb aerosol in wintertime are mainly from
outside of the Arctic regions in common with other
pollutants and sources contributing to the Arctic. The
activity concentration ratios of 2'°Pb and '?Pb have a
relatively constant value in summer with a significant
peak observed in winter, cantered in the month of
February. Comparison of the 2°%Pb/?'2Pb activity ratios
and the estimated mean 2°Pb transit time, the mean
aerosol transit times were real reflection of the
atmosphere transport characteristics, which can be used as
a radio-chronometer for the transport of air masses to the
Aurctic region.

“Pb From Its Origin, Days

21

. Ratioof '°Pbto ?'?Pb Activity Concentration
Mean Transit Time of ©

“Samping Date
Figure 1. The Gaussian distribution function fitted
to the profile of 2°Ph and #'?Pb concentration ratios
obtained in the winter of 2015, and the determined mean
aerosol transit time from its origin to the Yellowknife.

Table 1. Activity ratios of 2°Po/?'%Pb and aerosol mean
transit time from its origin by 22 air filter sample collected
at Yellowknife station from September 2015 to April
2016.

Sampling po/pp  Mean
. transit
date ratio .
time, d

2015-09-06 0.18 1.0
2015-09-16 0.17 7.1
2015-10-26 0.09 45
2015-10-30 0.06 2.0
2015-11-19 0.13 9.5
2015-11-23 0.07 7.0
2015-11-28 0.08 8.9
2015-12-20 0.11 10.0
2015-12-27 0.11 14.2
2015-12-31 0.07 11.3
2016-01-20 0.17 15.4
2016-01-27 0.11 11.0
2016-01-31 0.08 9.4
2016-02-12 0.13 8.9
2016-02-28 0.10 12.0
2016-02-29 0.09 10.4
2016-03-06 0.21 7.8
2016-03-25 0.18 21.0
2016-03-31 0.17 23.0
2016-04-25 0.11 7.0
2016-04-26 0.08 0.9
2016-04-30 0.06 0.8
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The separation of trivalent americium (Am?®*) is fairly
hard because its chemical behavior is almost identical to
that of its related trivalent lanthanide and actinide
elements in the nuclear fuel cycle. As a strong oxidant,
bismuthate has been used to oxidize and separate valuable
elements (Hara and Suzuk, 1977) NaBiOs oxidizes Am3*
to [AmO2]** which can then be isolated from other
chemically-similar fission products (Ln®") by solvent
extraction with several phosphate and phosphonate
ligands. The extracted [AmO,]?* can then be either
disposed safely or repurposed in fast reactor fuel. In this
paper, Ce** was employed an acceptable surrogate of
Am3* to futher evaluate the mechanism of oxidation and
separation.

The NaBiOs; nano-sheets were synthesized by a facile
method of oxidizing Bi®* in alkaline solution. The as-
synthesized products were used to adsorb Ce®* in solution
and characterized by XRD, SEM, TEM and XPS. The
results show that the synthesized products have nano-
sheets structure with a size of ~50 nm (Figure 1) and
high selective adsorption performance on Ce®. After
adsorption of Ce®*, all Na cations in NaBiOz nano-sheets
have been fully exchanged and replaced by Ce cations and
the chemical state of Ce and Bi were Ce** and Bi®* in the

Figurel TEM image of ias—prepared NaBiO;

generated products. The XPS analysis shows that
Bi%* species were changed into Bi®* species in the
adsorption process of Ce**(Figure 2). So the adsorption
process of Ce3* contains two process of the ion-exchange
between Ce®* and Na* cations and the oxidation of Ce®*
species, and the selective adsorption process of Ce®* ion
was achieved by an ion-exchange and redox reaction
process.
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Figure 2 EDS spectrum of (a) as-prepared NaBiO3
and (b) after Ce®* adsorption.
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With increased implementation of nuclear energy, nuclear
fuel waste disposal has recently attracted extensive
research interest. The main components of nuclear waste
are lanthanides and uranium (98.5 wt%), which generally
do not pose a long-term hazard. By contrast, tiny amounts
of minor actinides (such as plutonium, americium and
curium) exhibit high radio-activity and toxicity. To
remove the highly threatening minor-actinides from
nuclear waste, many strategies have been developed in the
past few decades such as PUREX (Plutonium and
Uranium Extraction), TRUEX (transuranic extraction).
To date, the most challenging problem in reprocessing the
spent nuclear fuels lies in the separation of Am'' from
Cm'"", because these two elements show high similarity in
the ion radius, charge density, electronic structure and
chemical reactivity. Furthermore, Am'"' is the main
component to account for heat emission after 100 years,
while Cm"" requires careful shielding treatment in each
time of operation due to its high neutron emission activity.
The separation of Am"' and Cm"' will contribute to
reducing a-waste volume and long-term environmental
hazards (Panak, P. J. and Geist, A., 2013).

Although the pyridine resins frequently suffer from the
poor Am/Cm selectivity, the resins have become
promising materials for Am/Cm separation.® In order to
improve the selectivity, a series of pyridine resins with
different substituents embedded in silica beads were
synthesized (Yang, C. T., et al., 2018). We found that:
1) The Am/Cm separation factors (SFamcm) decreased
with electron-donating groups (Me, OMe), and this was
probably due to the enhanced basic and complexing
ability of the nitrogen atom. 2) By contrast, the resin with
the CFs group revealed the best Am/Cm selectivity
(SFamiem=4.2), due to the softer nitrogen atom. 3)
Interestingly, the resins with CI groups exhibited high Cm
selectivity. The separation factors were calculated as
SFcmiam = 2 and 5 with mono-Cl and di-Cl substituents,
respectively.  With the improved resins, baseline
separation of Am"' from Cm"" was achieved

We further analyzed the Cm-selectivity through density
functional theory calculations of the optimized structure,

formed by the simplified ligand model (2-Cl-Py) and
metal centers (Am, Cm). The Am-N bond length was
longer than Cm-N bond length in the optimized structures
(2.843 A versus 2.832 A), indicating a weaker interaction
between Am and the pyridine ligand. Furthermore,
frontier  molecular  orbital  analysis  revealed
comprehensive interactions between Cl(p) orbital and the
Cm(f) orbital, which was significantly weaker in the Am-
system (See the Supporting Information). In addition, the
corresponding frontier orbital energy of the Cm complex
was significantly lower than that of the Am-complex, and
the HOMO-LUMO energy gap of the Cm system was
greater, which helped to improve the stability of the Cm
complex (Yu, J., etal., 2019).

RS pvps  Pd(OAc),, TBAF Z X
‘ J R+ "o — = ‘ R
Z D, Phosphine ligand, z
X:Br, Cl 25~67°C,24 h

60~91% yield

The separation
of Am and Cm

AM(CH;0H);(NO3)4(CINPy) Cm(CH3OH),(NOs}y(CINPy)

Figure 1. The separation of Am'"' from Cm""!
with pyridine-type chromatographic material
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Uranium is a representative element of an actinide metal
that has naturally radioactivity and widely distributed in
the environment (Gongalsky, 2003). Uranium is one of
the main fuel in nuclear energy generation, and it also has
been used in nuclear weapons (Corn, 1993). With the
growing human demand for nuclear energy, the
worldwide uranium consumption is continuous increasing.
For uranium, the most stable and common ionic form is
appears as a complex of the uranyl ion (UO?*), because
uranyl is water soluble, it is readily migrated to
environment. Unfortunately, uranium is radioactive and
chemically toxic, it was reported that human exposure to
uranium could give rise to lung cancer, urinary system
disease and genetic diseases.

Considering the widespread use of uranium and its toxic
properties, the development and improvement of analysis
methods for the determination of uranium are vital.
Therefore, many techniques have been used for the
determination of uranium. Among these analysis methods,
colorimetric detection is a simple, rapid, highly selective,
and low-cost method for metal ion determination.
However, only few reports on the application of this
technique to uranium ion analysis have been published.
Herein, a phosphorylcholine substituted
tetraphenylethene compound (TPE-PC) was prepared as
chemosensors for recognition of uranium. This sensor has
excellent selectivity and anti-interference ability, which
can efficient identification and analysis of uranyl ions
under complicated conditions. Meanwhile,
phosphorylcholine functionalized fiber was synthesized
by Atom-Transfer Radical Polymerization. This
adsorbent exhibits high selectivity for uranyl and good
adsorption capacity. This work illustrates
phosphorylcholine has potential applications in

environmental systems for uranyl ion detection and
extraction.
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Figure 1. Fluorescence spectra of TPE-PC (1.0x10° M)
in the presence of metal cations (each at 20uM)
in 25mM HEPES buffer (with 1% EtOH, pH=7.4).
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Tritium content variation in different kinds of
groundwater in Korea was studied. Three different types
of groundwater such as hot spring water, spring water and
well groundwater, was sampled. Tritium content was
ranged from 8.16 to below detection limit 0.3 TU
in 147 ground water samples. And the average
concentration of three different groundwater was ;
3.11+1.35 TU for well, 2.58+1.28 for spring water and
1.64+1.55 for hot spring water.
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Two-dimensional (2D) early transition-metal
carbides and/or nitrides, known as MXenes, are a new
member of 2D materials that have attracted much
attention since their first discovery in 2011 by the two
groups of Gogotsi and Barsoum.(Naguib et al., 2011)
Gernerally, MXenes are obtained by selective etching
of “A” element from “MAX” phases. (“MAX” phases
have a formula of M"™AX,, where “M”, “A” and “X”
represent an early transition metal atom, a main group
element atom, and C and/or N, respectively.) Owing
to their specific structure that brings about unique and
excellent physical and chemical properties, MXenes
have been widely investigated including for photo-
and electrochemical catalysis, sensors, capacitors,
electromagnetic shielding and several other related
fields. Particularly, due to their low density, unique
interlayer structure and strong affinity for metal ions,
MXenes are regarded as good candidates for heavy
metal removal. More importantly, the precursor of
MXene (MAX phase) have a very highly irradiation
stability, thus the MXene are becoming a popular
adsorbent for radioactive metal element, and recently
a series of reports have emerged in this field (Ying et
al., 2015). Although MXenes have a satisfactory
removal capacity for metal ions, however, the small
interlayer spacing and the lack of active site at the
surface or interlayer (Zhu et al., 2017) is still a major
drawback limiting the investigation of MXenes for
metal ion adsorption.On one hand, the small
interlayer spacing prevents the diffusion of heavy
metal ions reducing the adsorptive capacity. On the
other hand, the lack of active sites at the surface or
interlayer would be negative for chemical adsorption
of heavy metal ions. To overcome the disadvantages
of conventional MXenes, the alkalinization
intercalation of MXenes has been conducted in the
present work. It provides the previously conducted
introduction of OH groups in MXenes. Indeed in this
way the interlayer distance in MXenes is enhanced
and provides the active site for heavy metal
adsorption (Peng et al., 2014). However, the OH
groups on the surface of MXenes are only active for
metal cations that form metal-OH bonds on the
surface of MXenes. On the contrary, the OH group on
the MXenes surface are not active with metal-oxo
anions (e.g. Cr.07%,ReO4,TcO4) and even provides
adverse effect on adsorption (see experiment below).
These metal-oxo anions are always toxic and highly
pollutants, particularly, some of them (TcOs) are
radioactive, which is threatening for the environment
and human beings. Therefore, a new strategy for metal-

0x0 anions adsorption via MXenes is called for. In this
presentation, the Cr(VI) was chosen as a model
contaminant herein, since its high toxicity and similar
behavior as some radioactive metal-oxo anions. The
design of nanoscale zero-valent iron (nZV1) intercalated
Ti3C, MXenes for Cr(VI1) removal could be illustrated as
followed(Scheme 1). Two advantages made this novel
nanocomposite exhibit a very highly uptaken performance
towards metal-oxo anions of Cr(VI).i) the increased
interlayer of TisC, nanosheet compared to that of
untreated TisCp; ii) the introduction of nZVI
into the TisC, preventing the aggregation of nZVI and
providing the synergistic effect that enhanced the uptake
of Cr(VI).

This novel nano-composite should be a superb material
for removal of heavy metal-oxo anions. Particularly,
further development of promising applications of these
materials is expected in particular to remove the
radioactive metal-oxo anions for water purification and
environmental remediation.
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Figure 1. Syntheti‘é route to nZVI-Alk-TizCo.
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lodine isotopes, including*®l (ty, = 8 days) and 3
(twz = 1.6 x 107 years) are mainly generated through
uranium fission process and nuclear accident. lodine
compounds are highly environmental mobile, which
could be gathered in living organisms, particularly in
thyroid gland, and cause severe damage to human
metabolic system (Kulyukhin et al., 2008). Thus, the
removal of iodine for environmental remediation gains a
lot of attentions. Compared with conventional inorganic
or metal based iodine adsorbents (activated carbons, silver
zeolite, oxide materials, etc.), rising porous materials
(POPs, MOFs, COFs) have been significantly involved in
recent years due to their unique porous structure with
functionality. Among them, porous organic polymers
(POPs) including amorphous hyper-crosslinked polymers,
conjugated microporous polymers, and polymers of
intrinsic microporosity, are a new family of porous
materials with high surface area, low density, controllable
functionality and remarkable stability. Up to now, various
POPs have been applied for iodine uptake (Huve et al.,
2018; Ping et al., 2018). According to previous works,
heteroatoms (N, S, etc.) are high affinity to iodine for their
lone electron pair have interactions with iodine, thus
iodine uptake performance could be improved effectively.
In this presentation, two novel PVA-based porous organic
polymers (POP-1 and POP-2) were obtained through the
cross-linking of modified PVA side chains. The as-
prepared POPs present ultrahigh iodine uptake capacities.
Noteworthy, the uptake capacities of POP-2 arrives at 5.9
g/g iniodine vapor, which is the best among all the porous
organic polymers in literatures.
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Scheme 1. Synthetic route to PVA-based POPs.

Subsequently, the mechanistic studies revealed that
N atoms of imidazole are the dominant affinity sites
for I, molecules, that is verified by the X-ray
photoelectron spectroscopy (XPS). In addition, the unique
porous structure of POP-2 that illustrated in Figure 1 also
provides the positive effect for I, uptake. In summary, our
strategy provides a novel efficient way for 1, uptake for
environmental remediation.

POP-1
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Atmospheric nuclear weapon testing during the cold war
in the 1950s and 1960s has been worrying in many aspects,
however, it has been extremely beneficial for
environmental sciences [Levin and Hesshaimer, 2000].
The artificial production of more than 6 x 10%® atoms or
about 0.6 tons of !“C, leading to a doubling
of the *C/C ratio in tropospheric CO; of the Northern
Hemisphere has generated a prominent spike in 1963
(Figure 1). This “bomb-spike” could be used as transient
tracer in all compartments of the carbon cycle
[Levin et al., 2010], but also to study atmospheric
dynamics such as inter-hemispheric and stratosphere-
troposphere air mass exchange. Today, the transient
bomb-radiocarbon signal has levelled-off, and the
anthropogenic input of radiocarbon-free fossil fuel CO;
into the atmosphere has become the dominant driver, now
diluting the *C/C ratio in tropospheric CO; by several
permil each year. While this new transient atmospheric
signal is often too small for tracer applications, it may still
help scrutinising the total global release of fossil fuel CO-
into the atmosphere. In this presentation we will review
some prominent examples where the bomb
14C disturbance has been successfully used to study
dynamic processes in the carbon cycle and discuss current
activities applying this unique isotope tracer for
continental scale carbon cycle budgeting [Levin and
Rodenbeck, 2008; Levin et al., 2011].
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Figure 1: Long-term development of the 4C/C ratio
in atmospheric CO; in the Northern Hemisphere given
as permil-deviation from an internationally accepted
reference material. Zero A*C approximately corresponds
to the natural **C/C ratio in atmospheric CO,,
i.e. the equilibrium value between production
in the upper atmosphere and decay in all carbon
compartments.
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There is only fragmentary information available
concerning the effects of weather and meteorological
conditions on changes in the biological availability of
radioactive isotopes of cesium and their behavior in
the “soil-plant” system. This information is of
particular relevance in areas contaminated by artificial
radioisotopes as a result of accidents at nuclear power
plants. One of the most likely climate change
scenarios for the Republic of Belarus implies a
decrease in water availability in the soil. Therefore, it
is necessary to assess the effect of soil moisture on the
transfer of $3’Cs to monocotyledons and dicotyledons,
as well as the change in the effectiveness of mineral
and organic fertilizers with respect to reducing the
radioisotope accumulation in plants.

This study aims to investigate the effect of soil
moisture on the soil-to-plant transfer of **’Cs in the
shoots of spring wheat and white mustard, as well as
to analyze the modification of the effect of the soil
moisture regime via the application of KCI and the
organic soil improver “EM-Bokashi.”

The upper 10-cm layer of sandy podzolized soil from
the Chernobyl nuclear power plant exclusion zone was
used as a plant substrate. The activity concentration of
187Cs in the soil was 7.3 kBq kg™. The content of
mobile potassium in the soil was 41 mg kg™ (in terms
of K20). The substrate was placed in 1.1-L containers
for growing plants. Fertilizers were included in the
experimental design: KCI at doses of 200 mg kg™ and
100 mg kg™ of soil (in terms of K) and “EM-Bokashi”
at doses of 20 g kg™t and 5 g kg™ of soil. “EM-Bokashi”
is wheat bran fermented with effective
microorganisms (EM - 1%).

Vegetation experiments were performed in a phyto-
chamber with controlled conditions. Three soil
moisture variants were tested: 40%, 70%, and 85%.
The soil moisture was maintained using the
gravimetric method.

The soil-to-plant transfer factor of *’Cs for wheat has
its maximum value for the minimal soil water content
(Table 1). Increasing the soil water content to 70% and
85% reduces the accumulation of the radionuclide by
nearly half. A similar pattern is observed for white
mustard. The soil-to-plant transfer factor decreases by
22% when increasing the soil moisture from 40% to
70% and by 36% when increasing the soil moisture
from 40% to 85%.
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Table 1. Soil-to-plant transfer factors of ¥Cs for
different soil water contents and fertilizers

Water content, % 40 70 85
Spring wheat

Control 0.78 0.42 0.43
Bokashi, 20 g kg™* 0.26 0.21 0.20
Bokashi,5gkg™? - 0.19 -
KCI,200mg kg™ 0.08 0.07 0.06
KCI, 100 mg kg - 0.04 -
White mustard

Control 2.06 1.61 1.31
Bokashi, 20 g kg 0.27 0.13 0.08
Bokashi, 5gkg™® - 0.34 -
KCI,200mg kg™ 0.17 0.29 0.31
KCI, 100 mg kg 0.22

A decrease in the soil-to-plant transfer factor with
increasing soil moisture with the application
of “EM-Bokashi” is observed both for wheat and for
mustard. “EM-Bokashi” in a dose of 20 g kg™
decreases the accumulation of cesium by mustard by
8-16 times. The most prominent effect of the soil
improver was observed in the case with the highest
water content. The accumulation of *¥’Cs in shoots of
wheat decreased by 2-3 times after the application of
“EM-Bokashi.” The highest -effectiveness was
observed for low soil moisture.

The application of 200 mg kg™ KCI made it possible
to significantly reduce the transfer of ¥'Cs to the
aboveground organs of the wheat, and the relationship
of this indicator to the soil moisture became
significantly weaker. The radionuclide transfer factor
into mustard shoots increases with increasing soil
moisture content in the case of mineral fertilizer
application.

Therefore, a decrease in the soil moisture will lead to
an increase in the transfer factors of ¥’Cs to shoots of
monocotyledonous and  dicotyledonous  plants;
however, the effectiveness of potassium fertilizers and
the soil improver “EM-Bokashi” with respect to
suppressing the transfer of radioisotopes into plants
will remain
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Characterization of atmospheric aerosols collected in
Monaco (2004-2008), in sediment traps at 200 m and
1000 m water depths at the DYFAMED (Dynamics of
Atmospheric Fluxes in the Mediterranean Sea) station
(2004) and in the sediment cores collected from 2304 m
water depth at the DYFAMED station (2007) was carried
out with the aim to improve our understanding of the
impact of Saharan dust on the ground-level air, on the
water column and on sediments. The first impact studies
of Saharan dust on the ground-level air and on the water
column has already been presented in our previous paper
(Pham at al.,, 2017). The single-day particle flux
represented 72% of the annual atmospheric

deposition in Monaco. The *¥3"Cs and 2°*24%Py activities of
sinking particles during the period of the highest mass
flux collected at the 200 m and 1000 m water depths
represented about 10% and 15%, respectively, of annual
deposition from Saharan dust events. The annual

deposition of Saharan dust on the sea was
232-407 mBg m? for ¥Cs and 6.8-9.8 mBq m?
for  2%9*240py, which  contributed  significantly

(28-37 % for ¥'Cs and 34-45% for 23°+240py) to the total
annual atmospheric input to the northwest Mediterranean
Sea (Pham et al., 2017). A sediment core collected three
years later (on 20" June 2007) at the same DYFAMED
station allowed to track a large particulate matter
deposition event (up to 19 800 mg m=2 d*) observed in
Monaco on 20 February 2004 through the water column
to the sediment. The recent accumulation of trace metals
(Zn, Pb, Ni, Cu, Cr) in this sediment core has been studied
(Martin et al., 2009), showing that atmospheric deposition
is the main entrance route of anthropogenic trace metal
accumulation in the recent sediments, while lateral
advection of sediments by currents and sediment gravity
flows has been proposed to account for the pre-industrial
concentration of metals.

The activity concentrations of ¥Cs (determined by
gamma-spectrometry), 2%U, 2'Np, 2*Pu, %%u, and
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239+240py  (determined by AMS (Accelerated Mass
Spectrometry) radionuclides and their isotopic ratios in
the sediment core (downward to 8 cm depth) will be
presented and discussed as well (Fig.1). This consequent
phenomenon of Saharan dust deposition (atmospheric
input, water column and sediment cores) offer the unique
case to study origin and the accumulate rates of
radionuclides in the northwestern Mediterranean Sea.
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Figure 1. Profiles of *3’Cs and 23°*249Py in sediment core

Martin, J. et al. 2009. Recent accumulation of trace
metals in sediments at the DY FAMED site (Northwestern
Mediterranean Sea). Marine Pollution Bulletin 59, 146-
153.

Pham, M. K. et al. 2017. Impact of Saharan dust events
on radionuclide levels in Monaco air and in the water
column of the northwest Mediterranean Sea. J. Environ.
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Certified reference materials (CRM) are used to ensure
quality control and metrological traceability through
method validation and calibration of instruments (Parry
2012). Similarity in composition between a CRM and the
material being analyzed is vital for the accuracy and
precision of the measurement. Owing to the wide variety
of sample types encountered across various industrial
sectors, it is often difficult to find appropriate standards
and there are currently insufficient CRM to support
characterization and subsequent treatment of many
radioactive materials.

One sector that suffers from a lack of CRM relates to those
generating Naturally Occurring Radioactive Material
(NORM) (Dal Molin et al., 2018), where accurate
determination of the radionuclides present is vital to
ensure operator safety and cost-efficient waste disposal.
The aim of this project is to develop suitable CRM for
NORM materials of major importance to the UK. Blast
furnace slag from the steel industry and oil pipe scale from
oil fields in Libya have been selected for processing and
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analysis as a CRM. Characterization of the materials was
performed by gamma spectrometry, and homogeneity and
stability testing were carried out on the materials to
calculate an associated uncertainty. An inter-laboratory
comparison exercise has been formulated to assist testing
laboratories worldwide.

This work was carried out as part of a PhD project which
was part-funded by the University of Surrey and the
National Physical Laboratory. The National Physical
Laboratory is operated by NPL Management Ltd,
a wholly-owned company of the Department for Business,
Energy and Industrial Strategy (BEIS).
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Planning, preparation, and training for radiation safety
staff responding to radiological incidents are not only
prudent, but also vital for regulatory compliance.
Practical lessons regarding the effectiveness of
preparedness, and actions in response to a radiological
event, often are learned best as a result of actual
involvement in such an event. This presentation reviews
a case of scrap metal with elevated radioactivity from an
academic administration building during renovation. We
describe the handling of this event by radiation safety
professionals through the planning, recognition, and
evaluation phases.

A load of scrap metal in a dumpster was returned to the
construction site, because the load had set off the radiation
monitor at the scrap metal recycling facility. The
radiation safety emergency responders were notified and
arrived on scene to investigate. The dumpster was about
15 m® and contained mainly metal sheets, ventilation
ducts, and conduits from the renovation project. A
preliminary survey of the contents, using calibrated
detectors with Geiger Mueller and sodium iodide probes,
did not indicate elevated radiation exposure. It was then
decided that the first step would be to determine whether
the content in the dumpster or the dumpster itself had
triggered the radiation monitor at the recycling facility.
After moving the content out of the dumpster, a pile of
broken clay roof tiles was found at the bottom of the
dumpster. Subsequently, the tiles were removed from the
dumpster and bagged, because they were not supposed to
be shipped to the recycling facility. The remaining debris
was loaded to a new dumpster and shipped to the
recycling facility. This load of scrap metal passed through
the radiation monitor successfully. Furthermore, the
potentially questionable dumpster itself went through the
radiation monitor without triggering the alarm. It
appeared that the clay roof tiles set off the radiation
monitor at the recycling facility. In general, clay tiles tend
to have slightly elevated radioactive contents, due to the
inherent presence of naturally occurring radioactive
materials. The radiation level from clay tiles depends on
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both the raw materials and the glazing materials. It is not
unusual to observe higher radioactivity concentration in
the tiles than the average concentration of the earth’s crust.
About 30 bags of disposed clay roof tiles were surveyed
and slightly elevated exposure rates were observed. In
addition, three tiles were collected from those bags for
further characterization using a high-purity germanium
counting system. The radioanalysis indicated uranium,
thorium, and potassium in the tiles that are typical
naturally occurring radionuclides. These radionuclides
are commonly present in the raw materials for building
and construction materials. The concentration for these
radioisotopes in the tiles was found to be significantly less
than the regulatory exempt quantity. Also, the naturally
occurring radionuclide compositions in the clay tiles had
not been technologically enhanced. Thus, the clay roof
tiles were disposed as normal construction debris. We
believe that the radiation monitor threshold at the scrap
metal recycling facility was set too low, thus triggering a
radiation monitor response to the clay tiles in the dumpster.

Figure 1. Renovation debris in the dumpster.
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lodine-131 (1-131) is a major fission product among other
radionuclides released during a nuclear incident. This
radioiodine has a half-life of 8.02 days and the primary
organ of uptake through ingestion or inhalation is the
thyroid gland. For these reasons, nuclear power plants
must routinely monitor 1-131 through air sampling.
Currently, there are two adsorbing media to collect
gaseous 1-131: activated charcoal and silver zeolite
cartridges. Silver zeolite cartridges are generally used
during a post nuclear incident due to its affinity for iodine
while not adsorbing noble gases such as krypton-85 and
xenon-135. After an air sample is collected from a plume,
the cartridge is taken to a low radiation background area
for measuring the activity of 1-131. This is usually done
by using a y-spectroscopy detection system. To use these
detectors, the system must be calibrated using the same
source geometry as in the field. Source geometry refers to
source to detector orientation when counting. Because of
licensing issues, radiation protection requirements, and
financial concerns, it is common to use a single barium-
133 (Ba-133) sealed point source on top of a silver zeolite
cartridge as a calibration standard for air sampling
purposes. This method does not reflect the actual gaseous
I-131 distribution in the silver zeolite -cartridge.
Consequently, gaseous 1-131 activity would be
underestimated due to different source geometries
(i.e., counting efficiencies). This study compares various
geometrical arrangements of both Ba-133 and 1-131
spiked filter media in a silver zeolite cartridge to mimic
the gaseous 1-131 distribution found in the field in order
to establish conversion factors back to a Ba-133 sealed
point source geometry for calculation of proper counting
efficiencies. The results of this study indicate that nine is
the most appropriate conversion factor for estimating
gaseous 1-131 activity measured in the field using
a Ba-133 sealed point source under specific calibration
conditions.
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Figure 1. Counting efficiency vs. source geometry.

This work was supported by Louisiana Sea Grant.
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Two accidents with fuel melt elements have occurred on
the two carbon dioxide-cooled, graphite-moderated power
reactors of Saint-Laurent-des-Eaux on October 1969, 171"
and on March 1980, 13", Additionally, on April 1980, 21%,
a confinement’s loss occurred in a container stored in the
spent fuel pool. These events have led to the radionuclide
releases in the Loire River, among them 2%8Pu and 2%-240py,
To search the traces of alpha emitters in the Loire River,
IRSN sampled a sediment core in 2015 in which the
vertical profile of plutonium concentrations allows to
track these former releases. In this context, this abstract
presents the exploitation of this sedimentary recording to
rebuild impact to biota of these past events. The method
consists first into the decomposition of activities of
plutonium isotopes measured in this sediment coer
according to the contributions due to the releases on one
hand and to the atmospheric fallouts on another hand.
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In a second step, the contributions of the releases are
considered alone to deduce the possible range of activities
of plutonium isotopes that they may have caused in the
Loire River over the period from 1969 to 1983.

This chronicle is finally considered to assess the impact to
biota over this period by applying the level two of ERICA
tool and using the screening incremental dose rate
of 10 pGy.h*. The results show that the hazard risk for
aquatic ecosystems is nearly 8 times less than the
reference level.

http://mww.irsn.fr/FR/Actualites_presse/Actualites/Docu
ments/IRSN_NI_Rejes-plutonium-Loire_17032016.pdf

www.erica-tool.com


http://www.irsn.fr/FR/Actualites_presse/Actualites/Documents/IRSN_NI_Rejes-plutonium-Loire_17032016.pdf
http://www.irsn.fr/FR/Actualites_presse/Actualites/Documents/IRSN_NI_Rejes-plutonium-Loire_17032016.pdf
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The Yenisei River is contaminated with artificial
radionuclides due to the operation of the Mining and
Chemical Combine (MCC), which has been producing
weapon grade plutonium since 1958. The MCC is housing
three uranium-graphite reactors, a radiochemical plant for
irradiated fuel reprocessing, and storage of radioactive
wastes (Vakulovsky et al., 1995). The last reactor of the
MCC was shut down in April 2010, thus stopping the
discharges of the majority of isotopes with neutron-
induced activity to the Yenisei (Shershakov et al., 2010-
2016). We investigated time-dependent trends of artificial
radionuclides in aquatic moss (Fontinalis antipyretica),
zoobenthos (amphipods Eulimnogammarus viridis and
caddisfly larvae Apatania crymophyla), and three
abundant wild fish species (Northern pike Esox lucius,
Arctic grayling Thymallus arcticus, and Siberian dace
Leuciscus baicalensis) inhabiting the Yenisei River in the
vicinity of the radioactive discharge site. Samples of biota,
water and sediments were collected from the Yenisei in
2007-2015. Activity concentrations of radionuclides in
samples were measured using an HPGe-gamma-
spectrometer (Canberra). For calculations, we used
publicly available data on *3’Cs concentration in water of
the Yenisei River and data on annual discharges of
radionuclides to the Yenisei (Radiation situation....,
2007-2016). From our research, we learned that
concentrations of short-lived radionuclides (**Na,
4650,51Cr, 5“Mn, SBCO, 59|:e, 60C0, 6SZn, 1°3Ru, 141'144Ce,
1214Ey, 1Eu, 2°Np), whose discharges to the Yenisei
either stopped or ceased after the shutdown of the reactor
plant at the MCC, decreased in biota samples as well. The
ecological half-life (EHL) of %Zn (0.4-0.7 y) was similar
to the physical half-life of this isotope, while the EHLs of
80Co (1.2-2.1 y) and ?Eu (1.8 y) were shorter than the
physical half-lives of these isotopes. Concentration of
137Cs did not decrease significantly in biota of the Yenisei
after the shutdown of the last reactor plant because the
discharges of this radionuclide to the Yenisei continued at
the same level. On a longer-term scale (since 1973 and
since 1991), concentration of '¥’Cs in fish muscle had
significantly decreased, following the decrease in annual
discharges of this radionuclide to the Yenisei, and the
EHL of ¥Cs was estimated as 6.5-12.8 y. Statistically
significant correlation with annual discharges of *3’Cs was
revealed for the concentration of this radionuclide in
grayling (bodies and muscle); dace (muscle), and
amphipods (Table 1). Despite their ability to accumulate
high concentrations of ¥'Cs, aquatic moss and caddisfly
larvae (analyzed together with their stony casings) were
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not sensitive to interannual fluctuations in the releases of
this radionuclide to the Yenisei.

Among the analyzed fish species of the Yenisei, the
highest activity concentration of 3Cs was revealed in
pike, indicating biomagnification of this radionuclide in
the top level of trophic chain. Concentration of ¥'Cs in
pike tended to decrease with increasing weight of the fish,
indicating negative “size effect” (Figure 1).

Table 1. Correlation between activity concentration of

187Cs in samples of biota of the Yenisei River (Bq kg™ f.w.)
and annual discharges of this radionuclide to the Yenisei

(Bq year?) during 2007-2015.

Sample of biota n R p

Acrctic grayling, body 23 0.69 0.0003
Arctic grayling, muscle 26 0.44  0.026
Siberian dace, body 24 023 0.281
Siberian dace, muscle 17 051  0.037
Aquatic moss 13 032 0.288
Caddisfly larvae with casings 8  -0.03  0.948
Amphipods 12 0.65* 0.021
p - Confidence level, n — number of samples.
*Amphipods were collected from 2009 onwards.
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Figure 1. Concentration of ¥Cs in muscle of pike
of the Yenisei River (Bg-kg™* w.w.) vs. total fresh weight
of the fish body (W, g).

This work was supported by the Russian Foundation for
Basic Research and Krasnoyarsk Scientific Foundation
under grant No. 18-44-240003 and the State Assignment
for Fundamental Research.

Vakulovsky, S. M., Kryshev, I. I., Nikitin, A. I., et al.
1995. Radioactive contamination of the Yenisei River. J.
Environ. Radioactiv. 29, 225-236.

Radiation situation in Russia and neighboring countries in
2007-2015. A yearbook. Shershakov, V. M., et al. (Eds.).
2008-2016. FGBU NPO Typhoon, Obninsk.
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The radiological impact of an accelerator facility on its
environment has to be assessed during the design phase of
the facility and then monitored during its operation. This
involves the calculation of the effective doses to members
of the public (usually critical groups) and their subsequent
comparison with dose constraints and regulatory limits
(Vojtyla, 2009).

These assessments are carried out at CERN using
dedicated computer codes for releases of activated air and
discharges of activated water as well as Monte Carlo
radiation transport codes such as FLUKA (Bohlen et al,
2014; Fasso et al. 2005). The source terms are also
typically obtained by FLUKA Monte Carlo simulations
and can comprise a huge variety of radionuclides,
including B*-emitters produced in high-energy spallation
reactions that are not common in nuclear power plants.
Dose coefficients and dose conversion coefficients for all
the relevant radionuclides are crucial for the calculation
of the effective dose to members of the public from the
given source term.

A dedicated radiological data library has been developed
for the assessment of the environmental impact of
accelerator facilities. The required radiological data
consist of the physicochemical form, decay data (half-life,
decay chains and y-decay radiation), dose coefficients for
inhalation and ingestion and dose conversion coefficients
for several external exposure scenarios. The various data
sets used as sources for the radiological data library will
be presented.

The functional requirements for the radiological data
library are 1) compliance with directives from national
regulators; 2) coverage of all the relevant radionuclides;
3) integration of multiple data sets; 4) data sets for all
relevant age groups; 5) handling of overlapping data sets;
6) traceability of all the data used in the final assessments;
7) extensibility for seamless integration of new data sets
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and 8) flexibility to provide the data in several output
formats. The various requirements will be discussed in
detail together with the strategies to ensure their
implementation. This includes also the use of
approximations when crucial data is not available.

The radiological data library is generated by a dedicated
computer code that implements all these data sets and
requirements and produces the required information for
the traceability of all the coefficients. This code has been
developed in the python programming language (Rossum,
2003).

As of May 2019, the library contains radiological data for
825 radionuclides from 97 chemical elements, satisfying
the operational needs for environmental impact
assessments of the CERN accelerator facilities.

Finally, foreseen updates and inclusions of newly
available data sets as well as the use of these radiological
data for other radiation protection assessments at CERN
will be presented.

T.T. Bohlen, et al, 2014. The FLUKA Code:
Developments and Challenges for High Energy and
Medical Applications, Nuclear Data Sheets 120, pp. 212—
214.

A. Fasso, A. Ferrari, J. Ranft, P.R. Sala, 2005. FLUKA: a
multi-particle transport code, CERN-2005-10, INFN/TC-
05/11, SLAC-R-773.

P. Vojtyla, 2009. Programmes for the evaluation of the
environmental impact, Radiation Protection Dosimetry,
Volume 137, Issue 1-2, November 2009, Pages 134-137,
https://doi.org/10.1093/rpd/ncp197.

G. V. Rossum, 2003. The Python Reference Manual,
Network Theory Ltd., September 2003.
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On 11 March 2011, the Great East-Japan earthquake
occurred had caused the core meltdown accident in the
Fukushima nuclear power plant followed by the leakage
of radioactive materials into the air and ocean. Due to its
long half-life of Cs-137, it becomes an important issue to
assess the impact of marine ecosystems and public heath
resulted by Cs-137 release.

Because Taiwan is geographically close to Japan, the
radioactive materials discharged into the ocean by the
Fukushima nuclear accident may diffuse to Taiwan
through ocean currents. In order to investigate the impact
of radioactive materials released into the ocean from the
Fukushima nuclear accident, the seawaters near Taiwan
were sampled during 2017 to 2018.

In this study, two volumes of seawater (1 liter and 60 liter)
were sampled near Taiwan for the content analysis of
radioactive cesium during 2017 to 2018. Seawater
samples were all filtered by glass microfiber filters with a
pore size of 1.2 um to remove suspended solids. 1 liter of
seawater samples were collected by one-liter Marinelli
beakers and then measured using HPGe spectrometers.
60 liter of seawater samples were analysed by using an
ammonium phosphomolybdate (AMP) co-precipitation
method (The Oceanographic Society in Japan, 2016) and
then measured using HPGe spectrometers.

It was found that the radioactivity of Cs-134 and Cs-137
for all 1 liter seawater samples were less than 0.2 Bg/L.
As for 60 liter seawater samples, it was found that the
radioactivity of Cs-134 was all less than 1.0 mBg/L, while
the radioactivity of Cs-137 was ranged from 0.72 mBqg/L
to 2.68 mBg/L (with an average of 1.82 mBqg/L) as shown
in Fig. 1. According to the results of the IAEA MARIS
database during 2000 to 2010, the radioactivity of Cs-137
for western Pacific ocean is about 1.7+0.6 mBg/L (IAEA,
2005). It showed that the radioactive material released to
the ocean from the Fukushima nuclear accident had no
significant impact on the seawaters adjacent Taiwan.

The RESRAD-BIOTA code developed by Argonne
National Laboratory (ANL) was used to evaluate the
radiological effect for aquatic fish from Cs-137 contained
seawater. Among them, three different sizes of fish were
selected from the common captured fish species to

18

evaluate the maximum allowable concentration of

radioactive cesium of seawater as shown in Table 1.

20+ - . - - - 4
18 119 120 121 122 123 124 125 126 127 128

Figure 1. The distributions of Cs-137 for sixty-liter
seawater samples taken from surface layer.

Table 1. Estimation results of the maximum allowable Cs-
137 concentration of seawater for three different sizes of
fish.

Maximum
allowable
concentration
(mBg/L)

Geometry
Aquatic fish Mass(kg)

(cm)

Small size fish

(Trachurus japonicas and Scomber 1
australasicus)

Medium size fish

(Mugil cephalus and Katsuwonus 10

pelamis)

45*8.7%4.9 108000

50%26%13 84900

Large size fish
(Makaira nigricans and Prionace
glauca)

It showed that the Cs-137 radioactivity in the seawater
was currently 4-5 orders of magnitude lower than the
maximum allowable concentration for Cs-137. Therefore,
it was speculated that the radiological effect of Cs-137 on
aquatic fish in Taiwan's adjacent sea area is not significant.

500 270%66%48 356900

The Oceanographic Society of Japan. 2016. Guideline of
Ocean Observations Volume 9 Natureal and Artificial
Radioactivity. ISBN 978-908553-30-1, Japan

IAEA(International Atomic Energy Agency). 2005.
Worldwide marine radioactivity studies (WOMARS)
Radionuclide levels in oceans and seas. IAEA-TECDOC-
1429,Vienna
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The accident of Fukushima Dai-ichi Nuclear Power Plant
(FNPP1) occurred on March 11, 2011, resulted in the
release of 20-40 PBq radiocesium (***Cs and *¥’Cs) into
the environment. It is estimated that 70-80% of the
FNPP1-derived radiocesium deposited and discharged in
the North Pacific Ocean and most of them are dissolved
in seawater. Therefore, the FNPP1-derived radiocesium
has been spreading throughout the North Pacific along
with the surface water currents and diluted by seawater
mixing. Previous studies revealed that the radiocesium
deposited and discharged in the coastal area of Japan had
been transported eastward to the international date line by
summer 2012 along with the surface current in the
subarctic area of the North Pacific Ocean (Kumamoto et
al., 2016). Then, the high-concentration water mass was
conveyed eastward continuously and had reached to the
eastern subarctic gyre and the west coast of the North
American Continent by 2015, about four years after the
accident (Smith et al., 2017). On the other hand, in the
western subarctic gyre of the North Pacific, the temporal
change in the FNPP1-derived radiocesium after 2012 is
not clear. We collected seawater samples for radiocesium
measurements in the western subarctic gyre in summer
2017, about six years after the accident. Here we present
our preliminary results of the radiocesium measurement
using a Cs-resin on board.

We collected seawater samples at a station (41°N/150°E)
during the cruise of R/V "Hakuho Maru" KH-17-3 in June
2017. Because the activity concentration of the FNPP1-
derived *¥*Cs has decreased to less than 1 Bg m due to
dilution and radioactive decay (its half-life is
about 2 years), it should be concentrated before
measurement. For the cesium condensation, a resin
(potassium nickel ferrocyanate on polyacrylonitrile,
KNiFC-PAN) manufactured by Triskem International
(Sebesta and Stefula, 1990) was used on board. After
adding cesium (**Cs) chloride as a carrier to the seawater
sample (concentration was about 100 ppb), about 40 L
of seawater sample was passed through 5 ml (about 1 g
dry) of the resin at a flow rate of 50 ml min? to
concentrate the radiocesium in the resin. The recovery
rate of radiocesium was estimated to be about 95% from
the difference in the carrier (***Cs) concentration before
and after the cesium condensation. After washing
the Cs resin with pure water, activity concentrations of
13Cs and 'Cs were measured using gamma-ray
spectrometers (Ge semiconductor detectors) in Low Level
Radioactivity = Laboratory, Kanazawa  University
(Hamajima and Komura, 2004).
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FNPP1-derived 13%Cs was detected at depths shallower
than 200 m in the surface mixed layer (0.05~0.14 Bq m9),
which correspond to 0.43~1.19 Bq m™ of the activity
concentrations decay-corrected to the accident day. The
highest decay-collected concentration, 78.2 Bq m was
observed in surface water at a station near our station in
June 2011 (Buesseler et al., 2012). Then the surface
concentration decreased to 26.4 Bq m= in February 2012
(Kumamoto et al., 2014) and 1.47 Bg m=? in July 2014
(Kumamoto et al., 2017), suggesting an exponential
decrease in the FNPP1-derived ‘*Cs between June 2011
and July 2014. This exponential decrease in the western
subarctic gyre is consistent with the corresponding
decrease in the eastern subarctic gyre. If the concentration
in the west subarctic gyre decreased exponentially by June
2017, it could be 0.04 Bg m, which is less than the
detection limit. The higher *3*Cs concentrations observed
in 2017 (0.43~1.19 Bg m?) indicate (1) re-circulation
within the western subarctic gyre and (2) continuous
addition from the FNPPL.

Buesseler, K., Jayne, S.R., Fisher et al, 2012. Fukushima-
derived radionuclides in the ocean and biota off Japan.
Proc. Natl. Acad. Sci. USA. 109, 5984-5988.

Hamajima, Y., Komura, K. 2004. Background
components of Ge detectors in Ogoya underground
laboratory. Appl. Rad. and Isot. 61, 179-183.

Kumamoto, Y., Aoyama, M., Hamajima, Y. et al. 2014.
Southward  spreading of the Fukushima-derived
radiocesium across the Kuroshio Extension in the North
Pacific. Sci. Rep. 4, 4276, doi:10.1038/srep04276.

Kumamoto, Y., Aoyama, M., Hamajima, Y. et al. 2017.
Fukushima-derived radiocesium in the western North
Pacific in 2014. J. Radioanal. Nucl. Chem. 311, 1209-
1217.

Kumamoto, Y., Aoyama, M., Hamajima, Y. et al. 2016.
Meridional distribution ~ of  Fukushima-derived
radiocesium in surface seawater along a trans-Pacific line
from the Arctic to Antarctic Oceans in summer 2012. J.
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with ammonium molybdophosphate and its properties. J.
Radioanal. Nucl. Chem. 140, 15-21.

Smith, J.N., Rossi, V., Buesseler, K.O. et al. 2017. Recent
transport history of Fukushima radioactivity in the
Northeast Pacific Ocean, Environ. Sci. Technol. 51,
10494-10502.
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In 2017 the construction of the NPP Rooppur with two
VVER reactors of Russian design started in the People’s
Republic of Bangladesh. The construction project of this
NPP has been carried out in accordance with the
recommendations and under the control of the IAEA.
The Rooppur NPP site is located on the east bank of the
Padma River, 160 km north-west of Dhaka. In the period
2014-2017, based on a comprehensive survey
of the 30-km zone of the Rooppur NPP, the system of
radioecological monitoring of the atmospheric air,
terrestrial ~ (natural, anthropogenic and agrarian)
ecosystems, as well as freshwater ecosystems, was
developed. The detailed program of radioecological
monitoring was developed; the observation sites were
selected and examined; the objects of monitoring, a list of
observable parameters, a schedule of observations, as well
as the methods of monitoring and technical support were
defined.

In the Rooppur NPP region, significant seasonal
differences are observed both in climatic characteristics
(monsoon season May-September and dry season
December-March) and in agriculture (in both considered
periods of the year various crops are grown). The
influence of climatic features led to the need to estimate
the content of radionuclides in agricultural products and
foodstuffs produced in dry and humid periods of the year.
Therefore, radioecological monitoring in the vicinity of
the Rooppur NPP was conducted in the following periods:
August (2014), April (2015), December (2016) and June
(2017).

The study of aspirator filters on the content of
radionuclides (K, %%Ra, 2%2Th, %Sr, ¥Cs) in
atmospheric air showed that results of measurements were
below the detection threshold of the equipment.

The average content of natural radionuclides in the soils
of agroecosystems in the vicinity of Rooppur NPP is “°K
- 717-855 Bg/kg, for ??°Ra - 44-52 Bg/kg, for 2%2Th - 69-
75 Bg/kg. The average content in the soil *°Sr is in the
range of 0.5-1.6 Bg/kg, and *’Cs 1.2-2.5 Bg/kg.

Gamma survey in the 30-km zone (1.6 thousand
measurements by vehicle and foot) and at the construction
site of the Rooppur NPP (370 measurements) was made.
The minimum detected dose rate was 0.08 uSv/h, and the
maximum - 0.18 pSv/h. The average dose rate
in the 30-km zone of Rooppur NPP was 0.13 uSv/h. In
fact, level of gamma dose rate in this region is due to the
natural gamma background.

The results were obtained on the content of natural and
artificial radionuclides in soils, agricultural products,
foodstuffs (Table 1), surface water (Padma river),
drinking water, bottom sediments, aquatic flora (Table 2).
The content of radionuclides in agricultural products and

20

foodstuffs was very low. The variability of data in the
accumulation of radionuclides in agricultural products is
due to both the varietal characteristics of plants and
weather conditions.

Table 1. The content of radionuclides in agricultural
products and foodstuffs, Ba/kg (2014-2017)

Product 40K gy 1¥7Cs
Rice (straw) 466-923  0.9-5.2 0.8-2.9
Sugar cane 414-629 1.9-3.2 0.7-2.1
Jute 325-905 0.5-1.8 0.7-1.7
Banana (leaves) 688-938 0.7-3.4 0.8-1.7
Natural grass 222-601  1.8-2.6 1.3-1.6
Milk 37-76 0.01-0.2  0.01-0.08
Beef 49-143 0.01-0.7 0.02-0.1
Poultry 75-148 0.02-0.3  0.01-0.09
Eggs 38-45 0.01-0.1  0.07-0.9
Fish 78-124 0.01-0.8 0.01-0.3
Rice grain 12-40 0.3-14 0.1-0.8
Potato 103-183  0.17-0.3  0.04-0.6
Zucchini 34-67 0.01-0.3  0.01-0.08
Eggplant 59-84 0.02-0.2  0.01-0.1
Cabbage 47-61 0.14-0.7  0.03-0.06

Table 2. The content of radionuclides in the components
of freshwater ecosystems, Bg/kg (2014-2017)

Component  “°K 905y 187Cs °H

Surface

water of 03-23 003 00l 5454
0.23 15

Padma

Bottom 350- 0.05- 0.01- <3

sediments 852 35 3.1

Aguatic 347- 0.05- 0.01- <

flora 924 3.9 2.6

Drinking 0.45- 0.01- 0.01-

water 11 007 o008 0%12

On the basis of radioecological monitoring, conducted in
2014-2017 in the 30-km zone of the Rooppur NPP, it can
be concluded that the ecological situation in this region is
safe. The established radioecological monitoring system
will make it possible to register a change of the ecological
situation in the 30-km zone of the Rooppur NPP and
identify the effect of the NPP operation on the ecological
situation in this region.

This work was supported by the Russian Scientific
Foundation under grant No. 18-19-00016.
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In the Council Directive 2013/51/EURATOM
of 22 October 2013, laying down requirements for the
protection of the health of the general public with regard
to radioactive substances in water intended for human
consumption, determination of several radionuclides is
required.

The main sources of drinking water consumed by the
population of Greece are mostly spring water,
groundwater, mainly from drilling operations and surface
water.

Waters play an important role in the migration, diffusion
and redistribution of natural radionuclides in the earth’s
crust. Since these radionuclides are present in soil and
rock, they can also be found in ground and surface water.
Among the natural radionuclides that have to be
determined for the estimation of the Indicative Dose that
has to be less than the parametric value of 0.1 mSv, are
the uranium isotopes U-234 and U-238, which are from
great interest because of their multiple characteristics.
Uranium is a natural constituent of the earth crust and
occurs in all of its rocks, soils and fluids. Due to its
radiological and chemical toxicity leads to health effects
in exposed population. Intake of natural uranium can be
obtained through air, which is low, through food and
drinking water. The concentration of uranium in water is
typically very small, but varies from region to region,
depending on the type of minerals in the soil and bedrock.
Uranium gets into drinking water sources when
groundwater dissolves minerals that contain uranium.
Elevated levels of uranium are more likely to be found in
groundwater, rather than in surface water supplies.

In this study the uranium results which derive from about
1750 water samples of 152 municipalities in Greece are
presented. These measurements have been performed
from 2016 until today and are depicted on a map. The map
has been constructed by the use of the software tool
“Microsoft Power Map for Excel”.

The uranium activity concentrations in the drinking water
samples have been determined after radiochemical
analysis by means of a-spectrometry and ICP-MS.
Considering the results, we observed that the uranium
activity concentrations in the northern part of the country
are higher than in the south, even though a few of them
exceed the derived concentrations for radioactivity issued
in the above mentioned Council Directive. This can be
attributed to the fact that the main source of drinking
water in the north part is mainly groundwater from drilling
operations. The activity ratios 23*U/®U for dissolved
uranium ranges from 1.1 to 3.5. No correlation between
drinking water activity concentrations and incidence rates
of several groups of diseases has been studied yet.

EURATOM
EURATOM.

(2013), Council Directive 2013/51/
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WHO (2005), Guidelines for Drinking — water Quality,
Uranium in Drinking — water, WHO/SDE/03.04/118.
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Two sediment cores (30cm and 44cm in length,
respectively) collected from an alpine ice-scour lake
(Tingming Lake, 3900 ma.s.l.) in south-western China
were analysed for plutonium isotopes to elucidate their
source terms and deposition history. The average
240Pu/239Pu atomic ratios in the two sediment cores
were 0.182+0.029 and 0.183%0.03, respectively,
indicating that Pu originated from the global atmospheric
fallout. The two 239+240Pu depth profiles showed that
plutonium was mainly distributed in the surface layer,
indicating that the distribution of Pu isotopes in the two
sediment cores were dominated by downward diffusion.
An ADE-Peak model was applied to simulate the
distribution of Pu isotopes in the two sediment cores and
the simulated values fitted by ADE model were coincident
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very well with the measured values with the Goodness-of-
fit coefficient of 0.932. Total Plutonium-239 and -240
inventories of the two sediment cores were calculated to
be 56.3 Bg/m2 and 63.9 Bg/m2 respectively, with an
average inventory of 60.1Bg/m2, significantly higher than
the integrated atmospheric fallout of 36 Bg/m2 for 20-
30°N published in UNSCEAR(2000), but comparable
with the global fallout Pu inventory (50.7 Bg/m2)
obtained in the Lake Hongfeng which located in similar
latitude. The sedimentation rate calculated by the
1963/1964 maximum peak was consistent with the one
obtained by ADE-Peak model. Our data suggested that the
studied Tingming Lake would be an ideal setting for
mornitoring atmospheric fallout and environmental
changes in SW China.
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Recent moves within ICRP to develop an integrated
approach to radiation protection of both humans and
non-human biota are focused on regulating dose to
exposed populations based on behavior, size, lifestyle
and “radiosensitivity”. Currently man and 12 reference
organisms are used covering various taxonomic groups,
behaviors, and exposure scenarios - e.g. marine,
terrestrial, sediment or airborne.  However most
biologists agree that particularly in low dose exposure
legacy sites, the factors determining effects and
outcomes are far more complex that this simple
framework suggests. The issue is developing reliable
predictors of system or ecosystem health rather than
relying on biomarkers that give information about
effects on individual cells, organs or organisms.
Approaches to this include the Adverse Outcome
Pathway (AOP) developed as part of the CERAD
project in Norway, which looks at multiple levels of
organization from gene to ecosystem building a
comprehensive picture of effects at multiple levels of
organization in multiple species including humans.
Various camera drone based ecosystem evaluation
techniques have been developed in other areas of
environmental management. These could be applied at
legacy sites where damage to for example tree canopies
or river flow patterns can be used to assess ecosystem
health much like a CAT or MRI scan reveals structural
changes in individual organisms systems. Another more
focused approach used by our group is to look at the role
of non-targeted effects such as genomic instability (GI)
and bystander effects (BE). These mechanisms involve
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transmission of information between different levels of
organization. In the case of BE signals from exposed to
unexposed cells or organisms coordinate response at
higher levels of organization permitting population
responses to radiation to be optimized. Gl is more
complex as it involves not only signaling but also trans-
generational transmission of genetic or epigenetic
changes and may lead to long-term adaptive evolution.
Gl may also be involved in memory or legacy effects,
which contribute a further component to the dose effect
measured in legacy sites. Our recent analysis of the
contributions of memory and legacy effects to the total
effect using data sets from Chernobyl and Fukushima
(voles, birds and butterflies) suggest this type of analysis
may help reduce uncertainties over lab to field
extrapolations. Given the clear discrepancy between
actual data measured in the field and dose effects
generated using databases populated mainly with acute
lab based experimental data, it is imperative that we
strive to develop meaningful holistic systems for
protection of those living in contaminated ecosystems.

This work was supported by the Canadian Natural
Sciences and Engineering Research Council Discovery
Grants Programme, The Collaborative Research and
Development Grants Programme, CANDU Owner’s
Group, Bruce Power, The National Chronic Fatigue and
Immunedeficiency Foundation, Inc and the Canada
research Chairs Program
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Air radioactive quality monitoring in IAEA-Environment
Laboratories, Monaco has been carried out from early
1960’s. The radionuclides of high interested such as "Be,
137Cs and #1%Pb (of different origin) on aerosol filters and
in the wet and dry fallout have been regularly analysed
from 1998 to 2018. Investigation of the behaviour of these
radionuclides in the atmosphere is an important
prerequisite for radioecological assessment studies,
especially for possible accidental releases of
radionuclides from nuclear installations. For the former
case, the maximum 7Be activity concentration was
observed in 2009, and the minimum ones in 2000 and
2018, following the influence of the solar modulation of
cosmic rays on the production rates of 'Be in the
atmosphere by solar activity, respectively (Fig.1). The
peaks of ¥Cs activity concentration found in May-June
1998 was due to the accident at Algeciras in Spain and the
one found in March 2011 was due to Fukushima accident
(Pham et al, 2012) (Fig.2). The deposition velocities of
"Be, ¥Cs and 2*Pb depended on the precipitation rate,
and attained maximum values during dry seasons. These
ongoing observations confirm our previous studies from
1998 to 2010 (Pham et al., 2011)

Variation of the average yearly "Be concentration in the Monaco air with
sunspot numbers

Be yearly concentration and Sunspot number
?
‘: s }
- T
—
—
=] 7

Date

—#-— Beyearly concentration (mBa/m3) Sunspot

Figure 1. Variation of the average yearly "Be
concentration in the Monaco air (blue) with sunspot
numbers (orange; data extracted from SDIC data base
http://www.sidc.be).

For the latter case, temporal variations of "Be, 2°Pb and
137Cs activity concentrations in precipitation in Monaco
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from 1998 to 2018 showed that maxima of "Be and 2°Ph
deposition fluxes which coincide with the peaks of
precipitation amounts observed in different months of a
year. Most of "Be and 2°Pb was washout from the
atmosphere by precipitation. The seasonal variations were
not uniform from year to year, and the amount of
precipitation controlled the deposition fluxes of "Be and
210ph, which was not the case for ¥’Cs. The precipitation-
normalized deposition fluxes of "Be, 21%Ph and *¥'Cs were
generally higher during summer time. Activity ratios of
"Be/?%Ph observed in winter and fall were generally
higher than during summer and spring. Similar seasonal
variations of deposition fluxes have been observed in
Monaco during 1998-2010 (Pham et al., 2013)

80000

70000

60000

50000

40000

30000

37Cs concentration (uBq m?)

20000

10000

o
1986

Chernobyl 1986

4 l\\

Algeciras 1998

-
1

/I

I
Fulushina 2011 | 1

z =z
=y

-~

o ar =

Ty

e = S =

0
1998 1909 2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2011

100

20

80

70

60

50

40

Year

Figure 2. Comparison of 3’Cs concentration
in the Monaco air from the Fukushima accident
with the Chernoby! one (note: *¥’Cs values of Algeciras
and Fukushima events are on the right vertical axis)

Pham, M. K. etal. 2011. Temporal changes of "Be, *¥'Cs
and 2'°Pb activity concentrations in surface air at Monaco
and their correlation with meteorological parameters. J.
Environ. Radioact. 102, 1045-1054.

Pham, M. K. etal. 2012. Detection of Fukushima Daiichi
nuclear power plant accident radioactive traces in
Monaco. J. Environ. Radioact. 114, 131-137.

Pham, M. K. etal. 2013. Dry and wet deposition of "Be,
210pp and *¥’Cs in Monaco air during 1998-2010: Seasonal
variations of deposition fluxes. J. Environ. Radioact. 120,
45-57.
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Extensive epidemiological studies have demonstrated a
statistically significant increase in cancer risk from
prolonged exposure to radon. The concentration of this
gas can be very high in closed environments where it
comes mainly from soil that is in contact with or beneath
the basement or foundation. Radon indoor concentration
can be increased by concrete and other building materials
of mineral origin.

The recent EURATOM Directive 2013/59, considers the
population and workers exposure to all kind of sources of
radiation, including attention to the radon gas. According
to the Directive, the usage of building materials should be
restricted if their Activity Concentration Index (gamma
index) (Annex VII1) is higher than a reference value.
However, even though in scientific literature there are
indications that the internal dose received from radon
exhaled from building materials can exceed the dose
received from external radiation, there are no guidelines
for radon in building materials.

In international standards and scientific literature, besides
the respect of specific activities of 40K, 226Ra and 232Th
(gamma index), introduced for building materials,
reference to alpha dose index is considered for internal
exposure to the radon gas (alpha index), the index depends
on the content of radium in the materials.

As an alternative, the calculation of the mass exhalation
rate, defined as the radon flux emitted from the building
material per mass unit, can be performed (Chao and Tung,
1997).

The radon exhalation rate of a building material is
influenced not only by the radium content but also by
porosity, water content, permeability, emanation power,
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surface preparation, and covering. For this reason, can be
more representative of the real hazard related to alpha-
exposure. One of the limits of this method is the long time
needed, varying from several days to about a month, for a
measurement.

In this study, radon exhalation measurements using the
closed-chamber technique were presented. Tuff samples,
widely used in central Italy as a building material, were
selected to test different procedures.

Chamber leakage and background radon concentration in
the air inside the chamber are basic parameters for the
chamber characterization and the of the mass exhalation
rate extraction.

By studying the growth of radon activity with different
radon measurement techniques and several internal and/or
external detectors interfaced with the closed chamber, tuff
exhalation rate has been extracted.

These studies show that short-term measurements, about
a day, can be made without reducing the accuracy of the
measurement. For completeness, gamma spectrometry
measurements have been performed to calculate the
corresponding alpha index.

European Atomic Energy Community (EURATOM).
2013. Laying down basic safety standards for protection
against the dangers arising from exposure to ionizing
radiation. Council Directive 2013/59/EURATOM.

Chao, C.Y., Tung, T.C.1997. Determination of radon
emanation and back diffusion characteristics of building
materials in small chamber tests. J. of Building and
Environment. 32, 355-362.
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Epidemiologic studies show a relationship between lung
cancer and the inhaled radon (Lubin and Boice, 1997).
The concentration of this gas can be very high in closed
environments where it comes mainly from the soil that is
in contact with or beneath the basement or foundation.
Radon indoor concentration can be increased by the
domestic use of spring water, used for example to showers,
washing, etc. Furthermore, consumption of radon-
containing spring water may increase the risk of stomach
cancer (National Research Council, 1999).

This study presents a comparison between several
techniques and instruments used for measures of the radon
concentration in groundwater. For this purpose, water
samples coming from a reference spring located in an area
north of Calabria (Italy) have been used. This water
source is monitored since summer 2013

The comparison includes, Lucas scintillation cells with
emanometric tool, gamma spectrometry and electret
techniques, an original not commercial method which
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uses a radon closed chamber in which the radon contained
in the water sample degasses spontaneously.

The radon chamber was made of plexiglass with a gross
volume of 125 liters and it is equipped with a gas-tight tap
to insert the water sample, a removable side allows the
entry of the necessary equipment.

A database and a dedicated program have been also
realized for storing and first data analysis of the
measurements. The program is particularly useful for
monitoring in large scale surveys.

The results obtained show that the different techniques are
well compatible using the sampling protocol and the
measurement methodology proposed.

Lubin, J.H., Boice, J.D.1997. Lung cancer risk from
residential radon: Meta-analysis of eight epidemiologic
studies. J. of the National Cancer Institute. 89, 49-57.

National Research Council et al. 1999. Risk assessment of
radon in drinking water. National Academies Press.
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International documents indicate a possible negative
environmental impact as a result of NPP liquid discharges
of 31 radionuclides (IAEA, 2016). National requirements
of the Russian Federation indicate the need for state
regulation of 81 radionuclides in liquid discharges (Order
of the Government, 2015). Analysis of available
information demonstrate the necessity to take into account
the background activity of radionuclides in water cooler
system of nuclear power plants (Ekidin, 2016).
Monitoring of liquid discharge sources allows to control
background radionuclide concentration and determine the
activity contribution in the water supply and waste water
systems of nuclear power plants. The ultralow
background concentrations of radionuclides in NPP water
samples require special instruments and methods for their
determination. The existing highly efficient methods for
radionuclides sorption based on sulfides, dioxides and
ferrocyanides of various metals are selective and can't be
universal.

Using the baromembrane method based on an installation
with osmotic membranes for determination ultralow
radionuclide concentrations in liquid discharges of
Russian nuclear power plants is demonstrated in this
paper.

The standard control methods don't allow to authentically
determine the radionuclides concentration in the form
various metal salts in NPP liquid discharges due to the
small amount of the initial sample (usually 10-20 liters).
The proposed approach allows to concentrate of metal
salts with osmotic membrane by 30-40 times, herewith the
initial sample volume can be reduced from 1000 to 30
liters. After this the remaining 30 liters of the sample
should be evaporated until dry residue. It allows to
measure Cs-137 with detection limit about 5.0-10 Bg/I.
Method verification of concentrating radionuclides in
water using baromembrane method was performed with
another method. A natural sample of water with a volume
of 500 liters was concentrated using an osmotic
membrane and ordinary evaporation. The dry residues
were analyzed with HPGe detector for evaluating Cs-137
concentration. This was made in the radiation laboratory
of the Institute of Industrial Ecology (IIlE UB RAS) and
in the Laboratory of General Radioecology of the Institute
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of Ecology, Plants and Animals (IPAE UB RAS). The
results this intercomparison is presented in table 1.

Table 1. Cs-137 concentration in natural water

Tvpe of sample IIE UB RAS, IPAE UB RAS,
yp P 103 Byl 10° Byl

Evaporation 1 1.9+0.5 1.6+0.4

Evaporation 2 1.6+0.6 1.8+0.4

Osmotic 2.2+0.7 2.840.8

membrane 1

Osmotic

membrane 2 1.7+0.6 1.9+0.8

+ extended uncertainty

The study of various liquid discharge sources made allows
to obtain the results of the metal salts concentration of the
main radionuclides that may be present in liquid
discharges at Russian NPPs in the ranges:

Cs-137: from 1.5-10° to 1.4-102 Bg/l;

Sr-90: from 3.2-10° to 3.8-102 Bg/l.
Depending on the technological processes such
radionuclides as Mn-54 and Co-60 are detected
episodically in dry samples from liquid discharge sources.

This work was supported by the Ural Branch of the
Russian Academy of Science Project 18-11-2-2.

IAEA, 2016. Nuclear Energy Series, No. NG-T-3.15.
INPRO Methodology for Sustainability Assessment of
Nuclear Energy Systems: Environmental Impact of
Stressors IAEA, VIENNA.

The list of pollutants in respect of which measures of state
regulation are applied in the field of environmental
protection, 2015. Order of the Government of the Russian
Federation of 08.07.2015, No. 1316-p. Moscow.

Ekidin A.A., Malinovskii G.P., Rogozina M.A., Vasil’ev
A.V., Vasyanovich M.E., Yarmoshenko L.V., 2016.
Evaluation of the contribution of technogenic
radionuclides to the total activity of NPP emissions on the
basis of a simulation model. Atomic Energy. 119, 271-
274.
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Radioecological studies of river sediments were
conducted in the area of the Lomonosov diamond deposit
located in the Arkhangelsk region. This area is part of the
Avrctic zone of Russia. The Lomonosov diamond deposit
is the largest deposit with commercially exploitable
reserves in Europe. The Zolotitsa River is the main river
flowing around the deposit. The Zolotitsa River has a
special conservation status; it is the largest spawning
ground for Atlantic salmon in the White Sea basin.
Villagers use the waters of the Zolotitsa for drinking. The
only man-made object that can pollute the aquatic
ecosystem of the Zolotitsa River is the mining and
beneficiation complex of Lomonosov diamond deposit
(Karpenko, 2008). Currently, the deposit is under active
development involving the extraction of large volumes of
ore, including a full enrichment cycle, various measures
to ensure the functioning of the mining and processing
industry (the construction of dumps and tailings, water
decrease, cleaning water used for washing of the
concentration plant, and the construction of filtration
fields). Therefore, radioecological research in this area is
extremely important.

Radionuclide activity in bottom sediments and rocks was
measured using low-background semiconductor gamma
spectrometry with HPGe high-purity germanium detector,
and isotopes 234U and 2*U in bottom sediments and waters
are studied using alpha spectrometry. The granulometric
composition of the bottom sediments was determined
using the vibrating screening machine. In samples of river
sediments, physicochemical parameters were determined,
such as the content of organic matter, water-soluble salts,
carbonates (CO3?), and the pH of the aqueous extract.
Average activity concentrations *¥'Cs, ?%Ra, %?Th and
40K amounted to 5.4, 9.0, 11.2, 318.8 Bq-kg'. Rocks
extracted from quarries and stored in rock dumps contain,
on average, almost twice as much ?%Ra and three times
more 22Th than river sediments. The influence of mining
and beneficiation complex on the increase in activity
radionuclides in bottom sediments of Zolotitsa River was
found. The maximum average values of physicochemical
parameters and radionuclides are observed in site of
Zolotitsa River where drainage water is being unloaded
into the riverbed from peatbog-filtration fields. Unloading
of mineralized drainage water in this area, containing
significant amounts of clay particles, leads to an increase
in the proportion of clay component, organic matter,
carbonates, water-soluble salts and natural radionuclides.
Filtration of drainage waters through the swamp massif
also leads to an increase in the mass fraction of organic
matter in the bottom sediments, the source of which are
organic peat compounds. An increase in organic p eat
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organic matter, in turn, leads to an increase in the activity
of technogenic 137Cs in bottom sediments, since organic
complexes of peat deposits fix global fallout
radionuclides (Rosern et. al., 2009).

The radiation hazard parameters of bottom sediments and
rocks from quarries were calculated. The average
absorbed dose rate of gamma radiation Dgr of river
sediments was 24.4 nGy-h’. Radium equivalent Raeq for
bottom sediments averages 47.3 Bq-kg. Raeq and Dr are
slightly higher for rocks from quarries than for those in
bottom sediments. The maximum average values of Raeq
and Dr are characteristic of sandy-clay Vendian deposits
(V2) and are 87.2 Bq-kg™? and 41.5 nGy-h, respectively.
The calculated external hazard index Hex for river
sediments and rocks extracted from quarries does not
exceed 1. The total alpha activity in water does not exceed
the established values of 0.2 Bg/l for drinking water (NRB
99/2009). The values of the radiation hazard parameters
are, on average, at a level below the world average and do
not represent a significant danger to the mining complex
personnel and the population of the mining camp
(UNSCEAR, 2000). However, in the future, with
increasing ore production, deepening of quarries,
increasing pumping volumes and salinity of drainage
waters and with an even greater decrease in the sorption
capacity of peatbog-filtration fields, we can expect an
increase of radioactivity in bottom sediments of the
Zolotitsa River.

This work was supported by the Russian Ministry of
Education and Science (project no. No AAAA-A19-
119011890018-3), the UB RAS (project no. 18-5-5-26),
the Russian Foundation for Basic Research (projects no.
19-55-04001 Bel mol a; 18-05-60151_ Arctic; no. 18-
05-01041_A).

Karpenko, F.S. 2008. The influence of saponite on the
stability of hydraulic structures of tailings in the
Lomonosov deposit. Geoecology. 3, 269-271.

NRB - 99/2009. 2009. Radiation Safety Standards.
Moscow. 72 p.

Rosern, K., Vinichuk, M., Johanson, K.J. 2009. *¥'Cs in a
raised bog in central Sweden, J. Environ. Radioactivity.
100, 534-539.
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radiation. United Nations, NewYork: Report to the
General Assembly with Annexes.
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Recently, due to the indiscriminate disposal of wastewater,
the great attention has been paid to the removal of heavy
metals and radionuclides from liquid media. Wastewater
from industries such as mining, chemical manufacturing,
metallurgy as well as nuclear power plants accidents
contains huge amount of toxic metal ions. Among the
current treatment methods to separate pollutants,
adsorption is preferred most because of its flexibility, ease
of operation, simplicity of design, low cost and minimal
sludge production. The main requirements for adsorbent
are a large surface area and a lot of active adsorption sites.
Most of adsorbents have a major drawback because it is
difficult to separate them from the aqueous solution after
the adsorption. The magnetic materials have been widely
used to solve this problem. However, single magnetic
material usually has limited active sites, hence many
magnetic composite sorbents has been investigated to
improve adsorption capacity.

This study was performed to synthesize and apply
magnetic Prussian blue nanosorbent for removal of Cu (I1),
Co (I1), Ni (11) and Pb (11) (as analogues of **Ni, 53N, %8Co,
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80Co, %Cu and 2Pb radionuclides) from aqueous
solutions.  The  sorption  isotherms, Kinetics
and pH analysis were employed to specify the sorption
mechanism. The influence of initial concentration of
heavy metals, removal time and nanosorbent dosage was
analysed by the response surface methodology (RSM).
The goodness of fit of the model and the significance of
influential variables were tested via the variance analysis
(ANOVA).

Results showed that magnetic Prussian blue nano-sorbent
posed high sorption capacities (Qmax Cu (1) — 138mg/g,
Co (1) -111 mg/g, Ni (I1) — 155mg/g, Pb (11) — 778mg/q).
The sorption corresponded to the Freundlich isotherm and
pseudo-second-order kinetic model, suggesting that the
removal mechanism can be chemisorption (H* exchange)
and/or physisorption (ion trapping). Response surface
model and ANOVA results indicated that initial metal
concentration and sorbent dosage were the most important
factors to the sorption efficiency. The increase of both
factors results increasement of the uptake.
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The contamination of surface and ground waters by heavy
metals and radionuclides became a serious environmental
problem, because these ions tend to accumulate in living
being and even at trace level can cause carcinogenic and
mutagenic diseases. Copper, cobalt, nickel and lead are
the common heavy metal ion occurring in our aquatic
environment. Poisoning of divalent copper (Cu (I1))
causes Kkeratinization, dramatization, itching of hands and
feet. Excessive consumption of cobalt can result bone
defects, low blood pressure and even genetic mutation in
living cells. Severe poisoning with Ni (II) causes
dizziness, headache, nausea, and tightness or pain in chest,
shortness of breath, dry cough, cyanosis and heavy
weakness.  Similarly, lead (Pb (Il)) can cause
encephalopathy, anemia and hepatitis. Conventional
removal methods such as ion exchange, reverse osmosis,
electrochemical treatments are costly and have
disadvantages such as incomplete metal removal or
disposal of secondary wastes. Adsorption is alternative
method, which can be used to remove toxic ions from
aqueous solutions. Nano-magnetic sorbents
functionalized with Prussian blue and graphene oxide
have increased sorption capacity due to a larger surface
area and a lot of active sites from functional groups (-
epoxy, -hydroxy, -carboxy). The aim of this study was to
modify magnetite nanoparticles (FesO.) with Prussian
blue and graphene oxide and further employed it to
remove Cu (I1), Co (I1), Ni (I1) and Pb (1) ions. The batch
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studies were performed in order to simulate experimental
data in treatment of contaminated waters.

Nano-magnetic Prussian blue based graphene oxide
(MPBGO) sorbent was synthesized from a mixture
solution of Fe(Il)/Fe(I11) salts, Ks[Fe(CN)e] and graphene
oxide via in situ co-precipitation method. Adsorption
experiments were performed by mixing known amount of
nano-sorbent with 10ml metal ions solution. The pH of
solutions was adjusted with HCI and NaOH solutions
using a pH meter. The sorption experiments in multi-
metal solutions (when Cu (1), Co (II), Ni (I1) and Pb (I1)
are in one solution) were performed as well. For
desorption study, the metal ion-loaded sorbent was
collected from the sorption experiments and washed with
water to remove the unsorbed metal ions. Then, solid
nanoparticles were mixed with HNOs solution at pH 4.0.
The effect of sorbent dosage was investigated when using
10-30mg MPBGO sorbent for 10ml aqueous heavy metal
solution.

Results showed that the maximum sorption capacities for
Cu(ll), Co(ll), Ni(Il) and Pb(ll) using magnetic Prussian
blue based graphene oxide sorbent were — 138mg/g,
115mg/g, 460mg/g and 443mg/g respectively. Uptake has
increased about 1.5 times, upon increasing sorbent dosage:
40.6%, 67.7% and 97.4% for 10 mg, 20 mg and 30 mg.
Synthesized magnetic nanosorbents can be used several
times — the MPBGO sorption efficiency reached 60%
after third sorption cycle.
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The  measurements  of  natural  radionuclides
concentrations (*®Ra, 2*2Th and “°K) in water bodies
sediments (sea, rivers or ocean) are significant to protect
the sea water ecosystem and to human health from
radiation. Natural radionuclides have been the
components of the earth since its existence. It is widely
spread in earth’s environment and exists in soil, sediment,
water, plants and air.

The aim of this work is estimation of the natural
radioactivity in different sediments samples collected
from four cities (Ras Gharib, Hurghada, Safaga and
Quiseir) along the Egyptian red sea coastal (Figure 1). The
samples were collected from 3 points in each city. The
natural radionuclides activity concentration of %?Ra,
22Th and “°K in Bg/kg is investigated with gamma
spectrometer. The radiation hazard parameters; radium
equivalent activity, annual dose and external hazard were
also estimated and compared with the recommended
levels by UNSCEAR reports.

MEDITERRANEAN SEA

L -

1. Petroleum Company
2. General Beach

3. El-Sakala arca

4. NIOF arca

5. Hurghada Harbor

6. North Safier Hotel
7. Touristic Harbor

8. Abu Tartour Harbor F s
9. Mangrove arca 4
10. N. Flaminko Village
11. Quseir Harbor
12. El Edua area

Egypt (Ras Gharib, Hurghada, Safaga and Quseir).

31

Nearly 85 sediments samples from twelves points in four
cites a long the Egyptian red sea coast were collected for
natural radioactivity investigation. The cities are Ras
Gharib, Hurghada, Safaga and Quseir from north to south
of the red sea coast. The samples collected from 3 points
near the sea in each city. The average activity
concentration values of 226Ra, 222Th and “°K in Bg/kg were
found to be 28, 23.9 and 381.4 Ras Gharib 19.1, 15.1 and
423 at Hurghada 22.2, 19.2 and 477.6 at Safaga and 25.6,
20.7 and 240.4 at Quseir city respectively. These values
are well below the world average of 35 and 30 Bg/kg for
226Ra, 2%2Th respectively. The results were compared with
the reported ranges in the literature from other locations
in the world. At Ras Gharib and Hurghada,
the “°K activity concentration values relatively higher than
the world average 400 Bg/kg. Radiological parameters of
primordial radionuclide are presented in tablel. These
results are considered the first databases for the natural
radioactivity in the costal sediment samples from
Egyptian Red Sea cites.

Table 1. Average of Radiological
of primordial radionuclide in the samples

parameters

Site Raeq (Bq kg™ E ) (nGy?F)DE (HSVhjex

1 100.0 47.2 57.9 0.3
2 94.3 44.6 54.6 0.3
3 80.3 37.2 45.6 0.2
4 90.7 43.6 53.4 0.2
5 59.9 28.7 35.2 0.2
6 69.4 34.0 41.7 0.2
7 65.7 31.3 38.4 0.3
8 92.0 43.7 53.6 0.2
9 101.7 49.4 60.6 0.2
10 66.2 29.9 36.7 0.2
11 78.0 36.2 44.4 0.2
12 70.9 32.9 40.4 0.2
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Study of gross beta activity was conducted in three
Russian cites; Ekaterinburg, Rostov and Nizhny
Novgorod. The cities are located in different geographical
and climate zones. Samples of the urban surface deposited
sediments were collected in autumn in each city. The bulk
urban samples were fractionated with three size fractions:
dust (0.002-0.1 mm), fine sand (0.1-1 mm), and coarse
sand (> 1 mm). Measurement setup equipped with beta
radiometer BDPB-01 was designed to measure the low
levels of gross beta-activity in a small amount of the
obtained size-fractionated samples. According to results
of the study, the gross beta activity depends on the size
fraction and the city. Highest beta activity concentration
was found in the dust fraction which is about the same in
all cities 0.8-0.9 Bq g*. In size fractions of fine sand and
coarse sand the beta activity depends on the city. Among
other cities, the highest average concentration was found
in Ekaterinburg (0.8 and 0.6 Bq gin fine and coarse sand
fractions, respectively), while the lowest — in Nizhny
Novgorod (0.28 and 0.44 Bq g2, respectively). In Nizhny
Novgorod, the relationship of beta activity concentration
with mineral and chemical composition is studied.
Average beta activity in the different fractions of the
surface deposited sediment correlates with uranium,
thorium and organic matter concentration. High
concentration of potentially harmful elements was found
in the dust fraction as well: mean Pb concentration —
48 mg kg? (220% of concentration in the fine sand
fraction), Cu — 135 mg kg* (490%) and Zn -
338 mg kg* (610%). Thus, the gross beta activity may be
considered as indicator of high contribution of dust and
high pollution with Pb, Cu, and Zn in the urban
environment.
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Figure 1. The average gross beta activity concentration
(Bq. g1) with error bar at different fraction size

in three different cities.
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CERN, the European Organization for Nuclear Research
is the world’s largest particle physics laboratory, located
in the canton of Geneva in Switzerland and the Pays de
Gex in France. Its premises consist of several fenced sites
covering 200 hectares, some of them surrounded by fields
and wooded areas owned by the Organization, for an
additional 400 hectares.

CERN facilities include particle beam facilities,
comprising accelerators, transfer tunnels, target and
experimental areas. Such facilities are optimised from the
radiation protection of the environment point of view. The
activation by beam irradiation of the several matrixes lead
to the production of relatively small quantities of
radionuclides, the radiotoxicity of which remain low in
general. Therefore, the operation of beam facilities leads
to small releases of radionuclides as well as low levels of
stray radiation outside the supervised areas. In addition, a

long-term contamination of the environment is impossible.

However, CERN facilities are unique, subject to
continuous evolutions and, consequently, a proper
environmental monitoring programme is required.
CERN, as the facility operator, carries out its own
environmental monitoring programme, which is source
oriented. This programme serves three purposes: The
monitoring and evaluation of the source term (emissions),
the surveillance of various environmental compartments
(immissions) and the reporting of the results inside and
outside the Organization (FOPH, 2018). The scope of the
programme and associated methods are subject to an
agreement by a tripartite committee composed of CERN
staff and members from the Host States authorities, the
Nuclear Safety Authority (F) and the Federal Office of
Public Health (CH). In parallel, the CERN radiation
protection code sets an effective dose objective
(~0.01 mSvl/y) and a limit (0.3 mSv/y) for the members of
the public. The limit values are well in line with good
practices and European regulations.
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In the frame of the monitoring, the Environment Services
exploit around hundred stations that are monitoring and/or
sampling a fraction of atmospheric releases, ambient
aerosols, water effluents and, outside supervised areas, the
ambient dose equivalent induced by the stray radiation.
These stations are transmitting more than 300 signals
related to radiological parameters. In addition,
about 3500 samples are collected and 4500 laboratory
analyses are carried out yearly. These analyses mostly
cover measurements of gross alpha-beta activity, liquid
scintillation counting and gamma spectrometry. The
parameters associated to the measurements allow
minimising errors of the first and second types and offer
a good compromise in terms of sensitivity. To calculate
the effective dose received by the reference population
groups, the quantities derived from the readings of the
stations and the measurement results are combined with
widely recognized dispersion and exposure models
(Vojtyla, 2009).

In practice, members of the public living or working near
CERN’s sites are exposed to low levels of stray radiation
(neutrons) originating in near-surface beam facilities and
to the atmospheric releases of short-lived radioactive
gases (*1C, N, 150, “Ar). The contribution of other
sources of artificial exposure remains minimal. Finally,
the radiological signature of CERN activities in the local
environment is low.

FOPH, 2018, Umweltradioaktivitdt und Strahlendosen in
der Schweiz 2017

P. Vojtyla, 2009, Programmes for the evaluation of the
environmental impact, Radiation Protection Dosimetry,
Volume 137, Issue 1-2, November 2009, Pages 134-137,
https://doi.org/10.1093/rpd/ncp197.
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Long half-lives of a-emitting transuranium elements
(TUE) — 22Am and 238.23%+240py of the Chernobyl source
determine the high radioecological importance of their
potential involvement into biological cycle (Konoplia,
2007). The transfer of the radionuclides in the agricultural
sphere has an impact on the people ultimately. Among

livestock products milk is the “critical" by radiation factor.

During the grazing period small and large cattle can
consume about 75 and 600 kg of soil with grass,
respectively. Due to the small amount of 2*!Am and Pu
isotopes transfer into grass fodder the soil component can
determine the main contribution to milk contamination by
these radionuclides.

Experiments were carried out on 12 lactating goats
receiving **Am and 238239+240py of Chernobyl origin in
the form of soil component addition (mineral soil
— 6 goats and organic soil - 6 goats also) for two terms of
feeding — 80 and 160 days. The total daily intake of TUE
consumed by experimental animals with mineral and
organic soil was about 300 and 1400 Bq-day™ respectively
(Averin, 2014). The method of radiochemical purification
(IAEA, 1999) was used to determine activity
concentrations of TUE in milk samples. The transfer
parameters — transfer factor Fn(day-1") and concentration
ratio CR of americium and plutonium isotopes in goats
milk from soil components of the diet were obtained. The
parameters are calculated taking into account the
international recommendations (IAEA, 2010), (IAEA,
2009).

It is established that the Fn and CR parameters of
americium and plutonium for goat milk are not constant
values but depend on the duration of the soil component
receipt contaminated with these elements. This is due to
the fact that the balance of 2*!Am and 2%823%*240py in the
body of animals does not occur throughout their all
productive life. On 160 days of feeding of organic soil
component 2!Am and 2%823%+240py F, into milk increased
to 4 and 3 times, respectively, compared to Fn, of these
radionuclides on 80 days. Average values of transfer rates
Fm 2XAm and 23**2%Py in the milk of goats from organic
soils in each period 80 and 160 days exceed 1.5 times any
of the parameters over the same period of the mineral soil
(Table 1,2). However, the size of 2*!Am transfer in the
milk of goats for the two types of soil components are
comparable and are in the same order of magnitude with
the reference data of IAEA TRS-472. The sizes of
239+240py transition to goats milk for the periods of 80 and
160 days are in the same order of magnitude
with 21Am-10°-10° day-1" which is a thousandth of a
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percent of the daily intake of these radionuclides in the
diet.

Thus, the results show that the transfer of transuranic
elements 2*1Am and 238:23%+240py; of Chernobyl origin from
the soil component of the diet to goat milk depends more
on the duration of receipt than on the type of soil matrix-
carrier of TUE

Table 1. Transfer coefficients for 2*2Am transfer to goat
milk from soil components of the diet, Fm, day-1?, x10°

Soil Feeding | Animals mean | min | max
component | period | number

organic 80 davs 6 0,49 0,39 | 0,58
mineral ¥s g 0,35 | 0,20 | 0,70
organic 3 1,9 041 | 47
mineral | 100 d8Ys 73 13 069 | 20
IAEA TRS-472 2 records | 0,69 0,37 | 1,0

Table 2. Transfer coefficients for 23%+240py transfer to goat
milk from soil components of the diet, F, day-1?, x10°

Soil Feeding | Animals .

. mean MIin Max
component | period | number
organic 80 davs 6 0,99 0,69 | 2,0
mineral > s 079 045 |12
organic 3 2,7 0,39 | 6,9
mineral 160 days 75 19 |12 |27
IAEA TRS-472 lrecord | 10,0
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Polonium-210 (t12=138.4 d) occurs naturally via 2°Pb
(t12=22.2 y) and 21°Bi (t12=5.012 d) in the 23U decay
series. Marine products such as marine fish are well
known to contain 2'°Po at relatively high concentrations
(Ota et al., 2009). Therefore, it is important to precisely
measure 2°%Po and ?Pb in marine products from the
viewpoint of internal exposure dose evaluation
attributable to food intake. In order to precise evaluation
of internal exposure dose, it is desirable that analytical
method to obtain measured value is evaluated in term of
reliability. First of all in this study, the radiochemical
analysis method of 2Pb and Z#°Po in environmental
sample (Miura et al., 1999, 2000) was verified by the
recovery experiment using the freeze dried fish sample
after addition of known amount of 2Po. Then the
interlaboratory comparison using the homogeneous
bonito powder sample also performed to validate the
method. The aim of this study was to improve the
reliability of 2°Po and 2*°Pb measurements, which have a
contribution to internal exposure dose evaluation.

Sample preparation for Po recovery experiment: The
meat part of fish (Japanese flounder collected from sea of
east Japan area) was freeze dried and homogenized. The
fish was store over 5 years, so it is thought that initially
existent 2%Po was decayed. Procedure for Po recovery
experiment: Polonium-210 was separated from high
purity Pb metal (FUJIFILM Wako pure chemical) using
eichrom Sr resin column. The massic activity of the ?:°Po
solution was determined by a ray spectrometry and liquid
scintillation counting. The radiochemical analysis method
of 22%Ph and 2*°Po (Miura et al., 1999, 2000) is consists
from 3 steps (acid decomposition, extraction
chromatography using eichrom Sr resin column, o ray
measurement sample preparation by electrodeposition).
Herein, ?%Po analysis of the above freeze dried fish
sample was assumed, so a known amount of 2'°Po was
added to the sample before decomposition. The 2%°Po was
added on each separation step. Then, the recovery of 2:°Po
at each step was verified using 2°°Po as internal standard.
Sample preparation for interlaboratory comparison: Five
kg of dried bonito powder was purchased from TOMARU
SUISAN Co. Ltd (Shizuoka, Japan) for interlaboratory
comparison. After homogenising using V-type blender,
the dried bonito powder (100 g each) was bottled
in 500 mL polycarbonate bottle. Then the bonito powder
sample in the bottle was sterilized by 20 kGy
of ®Co v rays. The homogeneity for 10 bottle of dried
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bonito powder sample was studied using the above
verified method. The homogeneity of dried bonito powder
sample was evaluated according to 1SO Guide 35. The
measured homogeneities were shown in Table 1.

Table 1 The homogeneity of the bonito powder sample

Massic activity Sk Upp
Mean+U
200 (125+0.92) Bqkg?! 157% 1.16%
29ph  (0.55+0.33) Bqkg?! 182% 830%

Interlaboratory comparison: The three bottles of sample
and the analytical procedure were provided to the
participants for interlaboratory comparison to validate the
method.

Po recovery experiment: The loss of Po for each chemical
separation step (acid decomposition, extraction
chromatography, o ray measurement sample preparation
by electrodeposition) of the analysis method was
examined. As a result, there was no significant loss of Po
in the chemical separation procedure. Therefore, it was
confirmed that this method shows high reliability as
210po/21%Pp  analysis method in marine fish sample.
Interlaboratory comparison: The reported values of 22°Po
and #°Pb by participants were in agreed the reference
value within their uncertainty. The reliability of this
method has been also confirmed from the interlaboratory
comparison.

This work was supported by the JSPS KAKENHI Grant
Number 15K00551.
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Since the Fukushima Dai-ichi nuclear power plant
(FNPP) accident, radioactive substance inspection for
domestic foodstuffs has been introduced in Japan.
Radiocaesium measurement is being performed by many
laboratories to ensure the food safety using the gamma-
ray spectrometry technique with a germanium detector,
scintillation spectrometers, or non-destructive radioactive
contamination food monitors.

Heterogeneous localization of radioactive material in
agricultural product has been concerned as one of the
factors affecting the result of radioactivity measurement.
Therefore, understanding the localization of radioactive
substances in agricultural product is important as it can be
an index for evaluating the homogeneity of the
measurement sample. In this study, we clarified the
localization of radioactivity in dried shiitake mushrooms
(Lentinula edodes) containing radiocaesium and
examined the effect of the localization on the
homogeneity of the dried shiitake powder.
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Figure 1. IP image of the inside of a contaminated dried
shiitake mushroom (DM-3). The mushroom was sliced
longitudinally from the left edge, and the numbers
indicate the order of slicing.

Seven dried shiitake mushrooms (DM-1 to 7) cultivated
domestically were used. Each of them was sliced
approximately 5-7.5 mm thick in the vertical to the pileus
surface, and the sliced ones were placed with the slice-
surface down. The internal distribution of radioactive
substances was examined by Imaging Plate technique
(BAS SR2040E, FUJIFILM). In all 6 samples, the
distribution of radioactivity inside the mushrooms was not
uniform. It was shown to be localized a higher at the edge
of the pileus of mushroom and lower at the central part of
it (Figure 1). As a result of analyzing the intensity of
radioactivity at the edge of the pileus and the central part
using image analysis technology (ImageQuant TL, GE
Healthcare), the radioactivity difference between edge
and central part in individual shiitake mushrooms was
estimated to be approximately about 2.8-27.4 times.
(Table 1) This result suggests that the radioactivity of
radiocaesium may have the similar distribution as this
result. In order to evaluate the homogeneity of the dried
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shiitake powder sample packed in U-8 container, we
calculated the homogeneity (unom) associated with the
between-bottle homogeneity based on ISO Guide 35:
2006. (Table 2)

Table 1 Estimated radioactivity ratios of edge to central
part in dried shiitake mushrooms.

SampleNo. DM-1 DM-2 DM-3  DM-4

Radioactivity
ratio*

DM-5 DM-6 DM-7

33 2.8 3.9 39 27.4 4.0 6.3

The shiitake mushrooms grown in the same farm were
milled to a uniform particle size by an ultracentrifuge mill
equipped with a sieve (ZM200, Retsch), and the
mushroom powder was thoroughly mixed. Then,
35 U-8 containers filled with the dried shiitake powder
were prepared, and 20 of them were used for measurement.
The mean of mass is 30.00 g (RSD 0.2%), and the mean
of sample height is 48 mm (RSD 1.4%).
Each of 20 samples were measured twice by ORTEC
GEM20-70 and GEM25-70 to determine the activities of
1%Cs and *¥'Cs.

Table 2 Evaluation a homogeneity for dried shiitake
mushroom filled in the U-8 container.

Sr Shb Upb
B4cg Bqg-kg-1 7.14% 3.22% 2.19%
B7cg Bg-kg-1 4.27% 2.90% 0.48%

The unoms of the dried shiitake mushroom powder were
3.22 % for $3*Cs and 2.90% for *¥7Cs. This result is greater
than that of activities in CRM IAEA-473 (milk powder,
133Cs: 1.65% and *¥"Cs: 1.65%) (IAEA, 2015) and wheat
flour (*'Cs: 0.34%) (Furukawa et al., 2018). The
localization of radioactivities in milk and wheat flour is
considered to be more homogeneous than dried shiitake
mushroom. Therefore, these results suggest that the
heterogeneous distribution of radioactive material in dried
shiitake mushroom may affect the homogeneity of
radiocaesium in the mushroom powder sample.

IAEA, 2015. Internal report NAEL/RM/001, Certification
of massic activities of &Sr, ®Sr, 1**Cs and ¥’Cs in CRM
IAEA-473 (milk powder) sample. International Atomic
Energy Agency.

Furukawa, R., Unno, Y., Miura, T., Yunoki, A,
Hachinohe, M., Hamamatsu, S. 2018. Homogeneity of
wheat flour in 5ml containers for certified reference
materials. Appl. Radiat. Isot. 134, 32-34.
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It is well known that massive amount of radioactive
nuclides were spread over eastern Japan resulted from the
accident at the Fukushima Daiichi nuclear power plant
caused by the earthquake on 11 March 2011. At 1 April
2012, 1 year after the accident, The Ministry of Health,
Labor and welfare of Japan established the standard limit
of radioactivity in foodstuff. The standard limit for
radioactive cesium (*3*Cs and ¥’Cs) in general food was
announced as 100 Bq kg. This requires that a number of
foodstuff samples be analyzed against the criteria. Also, it
is necessary to control the quality of radioactivity
measurement. The application of reference material and
participation ~ of interlaboratory = comparison in
measurement laboratories is useful to establish an
inspection system in food market. The aim of this study is
validation of measurement quality about measurement
laboratory for 3*Cs and *¥’Cs in food. For this purpose,
the brown rice grains that contain **Cs and *’Cs were
mixed and homogenized. The certified reference material
(CRM) was developed using the homogenized brown rice
grain, followed by interlaboratory  comparison
for Ge semiconductor detector (Ge detector) and Nal
scintillation detector (Nal detector). By CRM developing,
the certified value of the CRM can be used as the
reference value of that of comparisons. Furthermore, it is
possible to evaluate the measurement variability of the
Nal detector.

Development of NMIJ CRM 7541-b (Miura et al., 2016,
Hachinohe et al., 2016) The brown rice grains (180 kg)
harvested from northeast region of Japan at 2011 was
mixed and homogenized manually using stainless steel
scoop. After homogenization, the brown rice grain was
packed in units of 81.00 g, each in a polypropylene bottle
(U8 type, 300 bottles in total). The bottled samples were
sterilized by exposure to 25 kGy vy ray irradiation. The
homogeneity of the brown rice grain was estimated based
on ISO Guide 35 from the y ray spectra for 24 bottles
recorded using calibrated Ge detector (ORTEC
GEM130225). The certified values of *Cs and *'Cs
were determined using above y ray spectra. The associated
uncertainties of the certified values were calculated from
standard uncertainties related each component. The
certified values are (28.0 + 1.6) Bq kg ! for %Cs,
(54.2 + 3.0) Bq kg* for I¥’Cs at reference date of May 1,
2013. The measurement capabilities of 3*Cs and *’Cs
have been confirmed on BIPM.RI(II)-K1 or
APMP.RI(IN)-S3.

Interlaboratory comparison for Ge detector: The star-
type interlaboratory comparison for Ge detector was
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conducted for the 44 participants. The homogenized
brown rice samples (1.88 kg) was packed in ten 2 L
Marinelli containers for circulation. The typical measured
time of participants was 10800 s.

Interlaboratory comparison of Nal scintillation counter:
The star-type interlaboratory comparison for Nal detector
was also conducted for 143 laboratories. The participants
were used 17 types of Nal detectors. Each of the 17 types
of Nal detectors had different geometrical shapes of the
detector and the shield, so each Nal detector had used a
dedicated measurement container. Therefore,
homogenized brown rice (0.38 kg to 1.2 kg) was filled in
each dedicated measurement container for each model to
prepare a sample for circulation. The typical measurement
times and number of repetitions of participants were
1200 s and 5 times.

The results of the comparisons are shown in Table. 1

Table 1 Summarise results of interlaboratory comparisons
(Reference date: May 1, 2013.)

Detector  Nuclides Median, NIQR, NIQR,
Bqkg! Bgkg! relative
Ge 134Cs 26.8 0.64 2.4%
detector '%Cs 53.1 1.2 2.2%
134Cs*137Cs  80.2 15 1.8%
Nal 134Cs 28.0 2.0 7.2 %
detector  '%Cs 53.6 2.6 4.8 %
134Cs*137Cs  81.8 3.7 45 %

Both of medians are good agreement with certified values
of NMIJ CRM 7541-b as reference values. The relative
NIQR of Nal detector’s comparison shows large value
compared with Ge detector’s one. However, the
variability of Nal detector is a sufficiently acceptable
range as screening use, under considering that the short
measurement time and easy maintenance of Nal detector.

T. Miura, A. Yunoki, Y. Unno, S. Hamamatsu, M.
Hachinohe, S. Todoriki. 2016. The development of SI
traceable brown rice certified reference material for 13*Cs
and *¥’Cs measurement. Radioisotopes.65, 157-167.

M. Hachinohe, S. Todoriki, Y. Unno, T. Miura, A. Yunoki,
S. Hamamatsu. 2016. Preparation of certified reference
materials for radioactivity measurement using brown rice.
Radioisotopes.65, 169-180.
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Being recognized as one of the main problems in low-
energy gamma spectrometry, accurately determining the
efficiency of detection in this region proves to be of
crucial importance in order to produce precise results for
activity concentration of 23U and 2°Pb, both of which can
be found in either environmental samples or nuclear
material (Nikolov et al., 2014). The samples of interest for
nuclear forensics may serve as evidence for an ongoing
investigation; hence a non-destructive method such as
gamma-spectrometry is at all times the preferential choice.
In addition to this, being a non-destructive method for
sample analysis, laboratory applications of gamma-
spectrometry for purposes for nuclear forensics provide
means to accurately determine the isotopic composition of
gamma-emitting radionuclides in a sample and to quantify
the amount of each radioisotope present (Apostol et al.,
2016). In case of special nuclear material containing
uranium and/or plutonium, gamma spectrometry can also
be used for determination of total nuclear material content,
the age of the material (time past since last enrichment),
the presence of reprocessed uranium and the presence of
fission products. The up mentioned information can be of
crucial importance in assisting an investigation by
providing indicators of the origin of the illicit material. In
order to obtain any information about radionuclide such
as uranium from gamma spectrum, the main prerequisite
must be fulfilled, and that is having an accurate reading
for count rate from the lower end part of the spectrum.
This can prove to be difficult for mainly two reasons, line
positioning in the area which naturally has a substantial
background and poorly (inadequately) defined function of
detection efficiency for this energy range. One of the
reasons for the latter is unquantified self-absorption of the
low-energy gammas in the sample and container
(Zivanovié et al., 2012). In the present day, computer
software called Multigroup y-ray Analysis Method for
Uranium (MGAU), in combination with gamma-
spectroscopy is usually applied for characterization and
categorization of samples containing uranium, and full
energy peak efficiencies are obtained by Monte Carlo
simulations with GESPECOR code (Gunnick et al., 1994).
In this work, full energy peak efficiencies were acquired
both experimentally (knowing the activity of uranium in
our sample) and checked with those derived from
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software codes Angle and EFFTRAN (Stani¢ et al., 2019).
The self-absorption effect was tested by carrying out
multiple measurements of uranium ore samples, on the
same Canberra HPGe extended range closed-end coaxial
detector with declared relative efficiency of 100%. The
samples were prepared from the same uranium ore with
different masses, whilst keeping the same beaker

radius. The measurements were taken for a period
of 7-10* s. Therefore, an optimal efficiency to mass ratio
was determined, where the self-absorption effect was
minimal. In addition to this, the advantages and
disadvantages of using Angle and EFFTRAN software
codes for improving efficiency determination in low-
energy region were discussed. In future studies, different
types of beaker geometries will be tested in order to see if
a better efficiency to mass ratio can be achieved.

The authors acknowledge the financial support of the
International ~ Atomic  Energy  Agency (IAEA)
via IAEA Research Contract No. 23159/R0  and  the
Provincial Secretariat for higher education and scientific
research within the project No. 142-451-2793/2018.

A. Apostol et al. 2016. Isotopic composition analysis and
age dating of uranium samples by high resolution gamma
ray spectrometry, Nucl. Instr. and Methods in Phys. Res.
B, 383, 103-108.

R. Gunnick et al. 1994, MGAU: A new analysis code for
measuring U-235 enrichments in arbitrary samples, IAEA-
SM-333/88, IAEA Symposium on International
Safeguards, Vienna.

J. Nikolov et al. 2014. Natural radioactivity around former
uranium mine, Gabrovnica in Eastern Serbia, Journal of
Radioanalytical and Nuclear Chemistry, 302, 477-482.

G. Stani¢ et al. 2019, Angle vs. LabSOCS for HPGe
efficiency calibration, Nucl. Instr. and Methods in Phys.
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219pp determination in aqueous systems is being carried
out for radiological safety estimations as well as in
studies of different environmental and marine
processes. It requires methods which are rapid,
sensitive and precise since its 22°Pb natural levels can
be very low, and measurement assumes previous
chemical separations in samples. Direct measurement
of 2P is quite challenging through beta counting,
gamma spectrometry and liquid scintillation counting
(LSC), due to the low detection efficiencies of low
energy beta and gamma-rays of 2°Pb and the
interferences from rapid in-growth of its daughter
nuclide #°Bi (T2 = 5.013 d).
Investigation of a simple method for 2!°Pb content
estimation directly without any sample pre-treatment,
via Cherenkov radiation detection in a liquid
scintillation counter Quantulus 1220 is presented. The
analysis of 2%Pb by Cherenkov counting is possible
only through the detection of the Cherenkov photons
produced by the daughter nuclide ?*°Bi, which reaches
secular equilibrium with its parent nuclide. The
Cherenkov counting efficiency of the 2°Pb/?°Bi
without wavelength shifters is reported to range
between 14%-18%. Sodium salicylate and ionic liquids,
acting as a wavelength shifters, have been used to
improve the detection efficiency of Cerenkov photons.
Salicylates in the form of the ionic liquids have
been tested since their unlimited solubility in water.
Possibilities to improvement of minimum detectable
activity (MDA) and detection efficiency were explored:
increment of the initial sample volume to be evaporated,
prolonging the sample measurement time and adding
sodium salicylate and ionic liquids to the vial in order to
increase efficiency detection. The preliminary results
presented in Table 1. Efficiency variation will be further
explored by adding greater volumes of ionic liquids to the
vial.
The problem of spectral interference with other
naturally occurring radioisotopes (radium in particular)
was discussed as well.
In this study, we found that the addition of sodium
salicylate and ionic liquids could significantly increase
and the Provincial Secretariat for higher education and
scientific research within the project No. 142-451-
2793/2018.
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the counting efficiencies of °Pb/?°Bi in aqueous
samples due to the production of more scintillation light.
These findings clearly demonstrate the potential of this
method for the detection of 2%Pb content in the areas
where its natural levels are increased, for example, in
waters polluted by mining activities.

Table 1. Detection efficiency and MDA limit
Method used Sample | Counting | Detection
volume | time efficiency
) min) | £(%)
0.02 1000 15.3(4)
0.02 2000 15.3(4)

MDA
BqL*

0.80
0.56

Direct method

Direct method -
longer counting
times

Direct method -
evaporation of larger
volume

Direct method -
addition of 0.2 mg
ionic liquid: sodium
salicylate

Direct method -
addition of 86.1 mg
ionic liquid: sodium
salicylate

Direct method -
addition of 30 pL
ionic  liquid: |-
buthyl-3-
methylimidazolium
salycilate

Direct method -
addition of 30 pL
ionic  liquid: ~ 3-
methylpiridnium
salicilate

0.2 1000 15.3(4) 0.08

0.02 1000 422(25) | 0.29

0.02 1000 31.4(5) 0.39

0.02 1000 25.0(4) 0.49

0.02 1000 28.8(5) 0.42

This work was supported by the Provincial Secretariat for
Higher Education and Scientific Research, Republic of
Serbia within the project “Radioactivity in drinking water
and cancer incidence in Vojvodina”, no. 142-451-
2447/2018, the Ministry of Education, Science and
Technological Development of the Republic of Serbia
within the projects no. 01171002 and 1114300; the
International Atomic Energy Agency (IAEA) via IAEA
Research Contract No. 23159/R0
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Phosphogypsum is a material occurring as a byproduct of
phosphoric acid production (HsPOs) in so called "wet
process" used for the production of fertilizers (Calin et al.,
2015; Cuadri et al., 2014). Phosphogypsum is classified
as TENORM (Technologically Enhanced Naturally
Occurring Radioactive Material) and contain naturally
occurring radioactive elements from series 238U — 2%Ra,
232Th, as well as primordial radioisotope *°K (Calin et al.,
2015; USEPA, 2002). The activity concentration of ?2Ra
in the phosphogypsum can range
from 200 to 3000 Bq kg (USEPA, 1990). In order to use
phosphogypsum for the production of building materials,
the activity concentration of ??Ra should not be higher
than the recommended 370 Bq kg (USEPA, 2002). The
main goal of this paper is determination of the
radioactivity level in phosphogypsum samples for
potential re-use in the production of building materials.

Table 1. Activity concentration of 2%Ra, 22Th, and *°K in
phosphogypsum samples.
Activity concentration

Sample ID (Bg kgl)

ZZGRa 232Th 40K
PG1 488+15 2.8+1.0 <12
PG2 520+11 3.441.0 <10
PG3 737+8 3.34+1.0 12+6
PG4 51245 4.5+0.9 <5
PG5 626+14  2.3+0.9 117+7
PG6 649+9 2.1£0.8 <17
PG7 609+4 3.9+0.8 105+6
PG8 656+4 3.1+£0.9 101+6
Range 488-737 2.1-45 5-117
Mean + Standard o, 75 3181026 47:16
Deviation
World average 50! 50t 500!

L(UNSCEAR, 1993).

The analyzed samples of phosphogypsum were taken
from the chemical industry waste disposal in Elixir
Prahovo, located in Eastern Serbia, in the region of
Prahovo. This industry is producing about 810000 tons of
phosphogypsum as a byproduct in everyday activity of
production of fertilizers.

Phosphogypsum samples were measured 40 days after
preparation, after a secular radioactive equilibrium
between ?2?Rn and 2%Ra was established. The low-
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background gamma spectrometry method was used to
determine the activity concentration of ??°Ra, 2%2Th and
40K in the samples. The measurement time of each sample
was around 72000 s. Samples were dried for 24 hours at
temperature around 110 °C, then crushed and
homogenized to fine powder. Typical sample mass ranged
from 250 g to 300 g. The measured activity concentrations
of 2Ra, 2%2Th and “°K are given in Table 1.

Activity concentration of 2%Ra in all analyzed samples
was higher than value recommended for materials that can
be used in building industry and also much higher than
world average concentration. The use of the analyzed
phosphogypsum is recommended solely as an addition to
natural gypsum. In future studies additional analysis will
be conducted in order to estimate the potential for the use
of those phosphogypsum materials in the production of
new building material which is especially interesting from
radioecology point of view as the large amount of
byproducts would be efficiently reused.

The authors acknowledge the financial support of the
Ministry of Education, Science and Technological
Development of Serbia, within the projects No. 171002
and 43002.

Calin, M.R., Radulescu, 1., Calin, M.A., 2015.
Measurement and evaluation of natural radioactivity in
phosphogypsum in industrial areas from Romania. J.
Radioanal. Nucl. Chem. 304, 1303-1312.

Cuadri, A.A., Navarro, F.J., Garcia-Morales, M., Bolivar,
J.P. 2014. Valorization of phosphogypsum waste as
asphaltic bitumen modifier. J. Hazard. Mater. 279, 11-16.

UNSCEAR, 1993. Sources, Effects and risks of ionizing
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Effects of Atomic Radiation, United Nations New York,
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USEPA, 1990. United States Environmental Protection
Agency (U.S. EPA), Report to Congress on Special
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National emission standards for hazardous air pollutants
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Drinking water may contain radioactive isotopes that
pose potential risks to human health. Isotopes from
uranium-238 series dominantly contribute to the

irradiation risks due to the ingestion of a drinking water.

Because of its potential public health hazard, the surveys
of radioactivity in water sources are necessary.
According to the World Health Organization (WHO),
when activity concentration in drinking water exceeds the
recommended level of 0.1 BqL™ for gross-o. or 1 BqL* for
gross-p activities, radionuclide-specific concentrations
should be brought into compliance with WHO guidance
levels (WHO, 2011).

Gross alpha/beta activity concentrations in investigated
water samples were determinate by liquid scintillation
counter, Quantulus 1220. Ultra-low level liquid
scintillation  counting  coupled to  alpha/beta
discrimination allows rapid and simple determination of
gross alpha and beta activities that are simultaneously
measured through alpha/beta discrimination technique.
The radionuclide content of the drinking water samples
was determined from a cumulative sample by gamma-

spectrometry measurements using the HPGe spectrometer.

The nominal efficiency of the detector is 36% and the
resolution is 1.9 keV. The detector was operated inside the
12-cm-thick lead shield with a 3-mm Cu inner layer. The
sample measurement time was 50 ks. The gamma spectra
were acquired and analyzed using the Canberra Genie
2000 software. For the analyzed radionuclides dose
calculations were carried out. The total dose is the sum of
the dose contributions of the single radionuclides (GDy),
which are calculated from the activity concentrations (Ci)
with the legal valid dose conversion factors (h(gi)) for
adults respectively and an annual consumption (KM) of
730 | year(IAEA, 1996).

In this survey, mapping of gross alpha and gross beta
activity concentrations in drinking water samples (from
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water supplies, wells, fountains and from wellsprings)
from the territory of Vojvodina province, Serbia, were
performed. From totally 820 investigated samples
in 73 water samples gross alpha activity exceeded legally
established level of 0.1 BgL ™. Additionally, the content of
natural radioactive isotopes: ??°Ra, 2*2Th and 23U in the
drinking water samples were determined from a
cumulative sample by gamma-spectrometry
measurements using the HPGe spectrometer. The total
dose due to consummation of these waters was estimated.
In 38 investigated samples total dose GD from
radionuclides in  drinking  water is  higher
than 0.1 mSv year*(EC, 1998).

This work was supported by the Provincial Secretariat for
Higher Education and Scientific Research, Republic of
Serbia within the project “Radioactivity in drinking water
and cancer incidence in Vojvodina”, no. 142-451-
2447/2018, the Ministry of Education, Science and
Technological Development of the Republic of Serbia
within the projects no. O1171002 and 1114300.
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Water Directive 98/83/EC of 3 November 1998 on the
quality of water intended for human consumption.
Official Journal L 330.

International Atomic Energy Agency (IAEA), 1996.
International Basic Safety Standards for Protection
against lonizing Radiation and the Safety Radiation
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The method of tritium activity measurements by
electrolytic enrichment in combination with liquid
scintillation counting is well known for many years (Villa
and Manjon, 2004). In the Water Research Institute in
Bratislava was this system employed since the 60-ties of
the 20™ century.

In 2018 the laboratory of radiochemistry of Water
Research Institute obtained a new electrolytic enrichment
system with higher enrichment factor (varying from 9 to
22, depending on the total ampere-hours used). The
enrichment factor of the previous system was about 6.
Complementary to the new system, also the new LCS
counter QUANTULUS GCT 6220 was added. This
spectrometer has active background suppression function
(Guard Compensation Technology - GCT) and for the
tritium measurement the background counts decreased
from cca 9 cpm (for TRICARB) to approximately 1 cpm.
By combining these two powerful devices the detection
limit for the determination of tritium has improved from
0.6 Bg/l (5 TU) to 0.24 Bg/l (2 TU). Further comparison
of old and new enrichment systems is in the Table 1. In
the article more detailed description of the electrolytic
enrichment will be presented.

Table 1. Comparison of the old and the new tritium
determination systems

Old New
Number of cells 15 20
Volume of cells 250 ml 500 mi
Enrich. factor 5-7 9-22
Background (cpm) 9 1
Det. Efficiency (%) 27 33
MDA (Bg/l) 0.6 0.24

Moreover, we present results of a 2.5-year study of the
tritium concentration in precipitations. During the period
from May 2016 to October 2018 was 28 samples collected
at the Department of Nuclear Physics and Biophysics,
Comenius University in Bratislava. The samples were
processed by electrolytic enrichment method and
measured by liquid scintillation counting (LSC). First four
samples were enriched using the old electrolytic system
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and the rest with the new one. Two samples were not
analysed due to insufficient amount of the sample.

The prime interest of the study at Comenius University is
the measurement of different radionuclides ("Be, 2°Pb,
etc.) in the atmosphere (Sykora et al., 2017).

The seasonal variations of tritium activities in
precipitation are observed, with maximum values in
spring season and minimum in winter (Figure 1).
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Figure 1. Tritium activities in precipitations
in Bratislava.

In the central part of Europe, the maximum tritium
concentrations were found in the period from May to July
due to the penetration of tritium (of cosmogenic origin)
from the stratosphere in to the troposphere. This
phenomenon occurs every Yyear causing seasonal
variations in the tritium atmospheric concentrations
(Rozanski et al., 1991).

Rozanski, K., Gonfiatini, R., Araguas-Araguas, L. 1991.
Tritium in the global atmosphere. Distribution patterns
and recent trends. J. Phys. G. 17, 523-536.

Sykora, I., Holy, K., JeSkovsky, M., Miillerova, M., Bulko,
M., Povinec, P.P. 2017 Long-term variations of
radionuclides in the Bratislava air. J. Env. Rad. 166, 27-
35.

Villa, M. and Manjon, G. 2004. Low-level measurements
of tritium in water. Appl. Radiat. Isot. 61, 319-323.
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Before the Fukushima Dai-ichi Nuclear Power Plant
(FDNPP) Accident in 2011, a possibility of large-scale
contamination by agricultural lands with artificial
radioactive materials had not been considered in Japan
and emergency preparedness guidelines were insufficient
in coping with this scale of accident. The lack of such
guidelines prevented a proper response to the emergency
and subsequent lead to additional public concerns. The
measurement of radioactivity in food and agricultural land
(soil) are essential tasks for keeping the population (not
only for the people who had been living there, but all over
Japan) safe after a nuclear emergency. This indicates that
the need for guidelines for large-scale sampling and
monitoring in agriculture in the case of a nuclear
emergency such as nuclear power plant accident, affecting
food and agricultural land. Emergency monitoring system
was introduced in Japan mainly to provide a public
reassurance for the food quality produced in the affected
areas. We provide the information and generic, non-
country specific guidance on approaches for sampling
food and soil not only to scientists but it will be useful for
policy-makers and decision makers who involved in
nuclear emergency preparedness and response and at
different stages of the nuclear emergency based on
experience learnt from the Tokyo Electric Power
Company’s FDNPP accident.

Successive change of 3’Cs was once increased more than
100 mBg/kg in polishing rice during the global fall era
(around 60’s) (Fig. 1). The average *’Cs after the FDNPP
accident did not reach 100 mBqg/kg in average of all Japan.

—_
o
>

100 (Ba/kg)

-
(=}
El

-
o
=

-
(=}
o

-
o
T

o
Q

-
(=)
-2

87Cs (mBg/kg) in polished rice

960 1970_1980 1990 2000 2010
Fiscal year

Figure 1. Successive change of *¥Cs in polished rice
in Japan. (n=10 to 15) (NARO 2019)
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The radioactive contamination was mainly observed in
Fukushima  prefecture and several prefectures
surrounding Fukushima prefecture (Fig. 2). While the
remediation efforts have been carried out and successfully
decreased the radioactivity of food (i.e. brown rice in

Table 1). |
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Figure 2. Radioactive caesium concentration
(*3*Cs and *¥Cs) in agricultural products
more than 100 Bg/kg in 2011 in eastern part of Japan.

Table 1. Results of monitoring (2011) and all bags
inspection of brown rice (2012-2018) in Fukushima
prefecture, Japan. (Fukushima no megumi, 2019)

Monitored
number
21,189
100%
10,345,686
100%
10,952,194
100%
11,014,640
100%
10,439,072
100%
10,264.859
100%
9,975,884
100%
9,224,043
100%

<50 Ba/kg 100 Ba/kg <
20,205
95.78%

10,343,548
99.98%

51-75 Ba/kg
364
1.7179%
1678
0.0162%

76-100 Ba/kg
219 311
1.0336% 1.4677%
389 n
0.0038% 0.0007%
actual no. 10,951,351 492 323 28
(%) 99.99% 0.0045% 0.0029% 0.0003%
actualno. 11,014,636 1 1 2
(%) 100% 0.00001% 0.00001% 0.00002%
actualno. 10,496,518 4 0 0
(%) 100% 0.00004% 0 0
10,264,859 0 0 0
100% 0% 0% 0%
9,975,884 0 0 0
100% 0% 0% 0%
9,224,054 0 0 0
100% 0% 0% 0%

FY 2011 actual no.

(%)

actual no.
%

FY 2012

FY 2013

Fy 2014

Fy 2015

actual no.
(%)

actual no.
(%)

actual no.
(%)

Fy 2016

Fy 2017
(2018.11.02)

Fy 2018
(2019.5.22)

This work was supported by IAEA CRP D1.50.15 and
KAKENHI 19H01169.

NARO (National Agriculture and Food Research
Organization) 2019.  https://vgai.dc.affrc.go.jp/vgai-
agrip/samples. (access on 22" May 2019)

Fukushima no megumi 2019.
https://fukumegu.org/ok/contents\V2/kome_summary_2.
html. (access on 22" May 2019)
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Radiation dose received by human biological matrices in
any medical imaging modality or radiation therapy is
affected by many parameters such as mass attenuation
coefficients, equivalent atomic number and build up
factors. Exposure build-up factors (EBF) have been
calculated for some biological matrices including nine
different tissues in the energy region 0.05-3 MeV up to a
penetration depth of 40 mfp (mean free path). Geometric
progression (G-P) fitting approximation has been used to
calculate EBF of adipose, skin, muscle, brain, blood, lung,
soft, compact bone, and cortical bone tissues. It has been
observed that the examined biological matrices show
variations in their EBF with incident photon energy,
penetration depth, equivalent atomic number, and their
elemental compositions of (O, C, Ca) with a significant
difference in the intermediate region where Compton
scattering dominates.

The present calculations are essential in estimating the
dosimetric properties of the selected tissues which are
useful in clinical application where the effective dose
estimation is needed such as diagnosis and radiotherapy
applications. The proper knowledge EBF at the surface or
within depths of the human body can be useful for
radiation control. Moreover, the presented factors can
help people working with radiation, such as reactors and
medical radiographic centres, in establish basic rules that
protect their health from radiation hazards.
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Figure 1. The exposure build-up factor for; adipose, skin,
muscle, brain, blood, lung, soft, bone (compact),
and bone (cortical) tissues in the energy region
0.015 -3 MeV at (a)1 mfp, (b)10 mfp.
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Preparedness Project (2017), within the framework of the
European Association of National Metrology Institutes
(EURAMET) & European Commission Horizon 2020
Program (H2020), is being carried out to develop
technology that will be used to deal with radiological
emergency situations.

When a radiological incident occurs, the ground will
become a surface contaminated with radionuclides, so an
analysis of the photon flux and the associated dose
distribution has to be done. Also an analysis of the
influence of the radionuclides present in the soil, such as
Radium and its decay chain, and the influence of Radon
concentration in the air has to be done. Monte Carlo
techniques will be used.

For the simulations, the geometry, composition of the soil
and the photon energies have been defined.

The results have been obtained for heights of 20, 60 and
100 m, calculating the quantities for direct emission
(Uncollided - U) and direct plus scattered (Total - T)
photons.

Figure 1. Irradiation conditions.

A Saturation Radius has been defined as the radius of the
circle for which a convergence criterion is reached for the
quantity (F) analysed.

Table 1: Results of saturation radius for Total at height of
20 m.

Energy (keV) Fluence  Dose

50 256.04  260.61
100 33199 33261
500 468.86  426.34
1000 548.24  475.48
1500 595.13  513.27
2000 636.11 522.56
3000 693.17  592.87
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For Uncollided, the saturation radius is similar for photon
flux and dose. However, for Total there are significant
differences, being lower the saturation radius for dose rate.
That difference is shown in table 1.

Considering the heights and the saturation radius and one
of the detector types of the project, 2 Sodium lodide
(Nal), the influence of radium present in soil and its decay
chain has been simulated, locating the drone at a height of
20 m.

The soil has been simulated taking cylinders of increasing
depth up to 2 m and radius up to 150 m.

The radon influence below and above the detector has
been simulated for a flight height of 20 m for radius
increasing up to 600 m.

For Radium and its chain, and Radon and its chain
considering only those photons with a probability > 1%,
the photon energies have been grouped as it is shown in
table 2.

As an example, for an activity deposited of 1000 kBg/m?
(=100 photon/cm?-s), a Radium concentration of 50 Bg/kg
(0.05 photon/g-s) and a Radon concentration of 10 Bg/m?®
the counting rate are compared. The results in cps are
shown in table 2:

Table 2: contribution to counting rate from sources (cps)
between deposition, Radium and Radon (below and
above).

Energy  Deposition Radium  Radon

(keV) (below/above)

100 781 10.3 2.4/2

1000 280 575 3.9/3.7
2000 180 30.6 1.6/1.7

So, it can be concluded that the radium and radon
influences are not relevant as compared to values due to
the activity deposited onto the ground.

Preparedness Project http://www.preparedness-empir.eu/

Los Alamos National Laboratory. MCNP-6. Monte-Carlo
N-Particle Transport Code System, version 6. New
México. USA, 2005.

IRPA La Habana, Cuba 2018
UNSCEAR 1982
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Radiocarbon (**C) monitoring is very important to assess
the potential environmental impact by nuclear facility
operation. The traditional techniques developed for high
precision 4C analysis are synthesized benzene method
and AMS method. However, due to the limitation of cost
and operability, these techniques are rarely considered in
environmental-level monitoring. Although the gel
suspension counting method and absorption counting
method have been developed as alternative methods under
the framework of radiation monitoring, the self-
absorption of suspended particulate and the residues of
organic amines (e.g. Carb-Sorb E) might have negative
effect on these methods. Moreover, owing to physical
quench, the performance of long-term stability in these
two methods was also found not good enough in previous
practice. Therefore, the development of a low-cost,
reliable and practical method for environmental
14C measurement is still of worth to study. Synthetic
benzoic acid-7-1*C technique is classical in radiocarbon
labeling and is widely used in biochemical and medical
studies. Since benzoic acid has been confirmed to be
soluble and steady in the toluene and 2,6-DIPN, it makes
benzoic acid-7-*C a promising sample medium in
environmental #C measurement.

By using NaOH bubbler and combustion oven (if needed),
the environmental '“C containing samples were first
stored in the form of Na,'*COs;. Sample preparation was
mainly carried out in a self-developed vacuum instrument.
In this vacuum instrument, the *CO, gas was released
from Nay'*COs solution by adding H3PO4, and reacted
with phenylmagnesium bromide, producing benzoic acid-
7-1C solution. Subsequently, the purified benzoic acid
was prepared following with extraction, filtration, and
crystallization. Purity and yield were determined by
HPLC for each synthetic sample. A total of 1.3 g synthetic
sample was added in a low-potassium glass bottle and
mixed with 20 ml of cocktail (Ultima-Gold-LLT)
for 1000 min LS counting (Quantulus-1220).

To evaluate the radioactive analysis performance of this
technique (e.g. detection limit, linear, and long-term
stability, etc.), the background samples (blind coal) and
the standard samples (Na;**COj3, 4 activity levels in range
of 1100~2200 Bg/kg C) were used for 5 batches of
benzoic acid-7-1*C synthesis. To test the method’s
repeatability,  additional 4  batches, including
2 background samples and 2 standard samples at a specific
level, were prepared as well. In each batch of experiment
(9 batches), the synthesis sample was considered to
prepare three replicates LS samples for intra-group
comparison. To further validate this technique in field 1*C
monitoring, three *CO, samples collected in a nuclear
plant were parallelly converted to benzoic acid and
graphite for LS and AMS measurement.
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The synthetic procedure mentioned above is convenient
and repeatable. Only about 2 hours were taken for
sample’s synthesis and purification. The purity of the
synthetic benzoic acid crystal was 91.8%+2.4% (n=9) and
the yield was about 85%. Under the adopted counting
condition (100 min for one cycle measurement, 10 cycles
for one LS sample; counting window 139-356 channels),
the background counting rate was 1.63+0.04 cpm (n=9);
the counting efficiency was 41.7%+0.5% (n=18) and the
LLD was estimated to be 64.0 Bg/kg C. Figure 1a shows
that the linearity of this method has a good performance
(R?=0.998, p<0.01) in a wider range of environmental
14C level. In all measurement, the intra-group and inter-
group deviations were 0.38%-3.06% and 1.24%-3.55%,
respectively. Figure 1b illustrates that the counting rate of
both background sample and standard sample are stable in
5 months. For the field experiment, the results showed
that the specific activity of atmospheric *CO, was in the
ranges from 450.46 to 493.75 Bg/kg C, which is well
consistent with the results measured by AMS (deviation
within £9%).

Although the synthetic benzoic acid technique was
developed in the middle of last century, it is the first time
being used in the environmental “C measurement. Our
preliminary results showed that this method has many
advantages, such as cost effective, easy operating and
reliable. Besides, our sample system was confirmed to be
well repeatable and long-term stability. In the field
experiment, this method showed good performance in a
wider range of environmental C level despite its
relatively higher detection limit. In short, this method is
expected as an alternative approach in environmental
14C measurement, particularly in routine *C monitoring

near the nuclear power plant.
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Figure 1. Radioactive analysis performance of synthetic
benzoic acid method: (a) linearity; (b) long-term stability.
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In 2011, a severe nuclear accident happened in FDNPP
after a gigantic earthquake and resulting destructive
tsunami (Povinec et al., 2013). The major atmospheric
emission of radionuclides started on 12 March 2011 and
continued to the end of March 2011, although several
peaks of radionuclide release occurred due to explosions
in the FDNPP. Dominant radionuclides were volatile ones

such as radioiodine and radiocesium (Total releases; **Xe:

11,000 PBq, **!I: 160 PBq, **Cs: 18 PBq, *'Cs: 15 PBQ).
About 20 % of radiocesium emitted in atmosphere was
deposited on Honshu, the Japan’s main island, whereas
the remaining 80 % were transported towards the North
Pacific Ocean. As a result of radioactivity deposition due
to the FDNPP accident, high radioactive contamination
area with a ¥¥Cs level exceeding 185 kBgq m2 spread
approximately 1700 km? at Fukushima Prefecture and
137Cs deposits exceeding 10 kBgq m2 extended over
24,000 km? [7]. The radioactive cloud spread in the
northern hemisphere (as did the Chernobyl accident)
where FDNPP-derived *3Xe (half-life: 5.25 d), 13! (half-
life: 8.02 d), 34Cs (half-life: 2.06 y) and *’Cs (half-life:
30.1 y) were detected in surface air in North America,
Europe and other regions by national and CTBTO
networks (Hirose, 2016). The atmospheric effects of the
FDNPP-derived *3"Cs rapidly decreased at a time scale of
about 10 days and, after that its decrease rates were
slowdown. The atmospheric effect continued more
than 7 years after the FDNPP accident, although the area
observed its effect, including Kanto plain where is the
greatest population in Japan, covered less than 300 km
from the FDNPP. The atmospheric effects of the FDNPP
accident are still an ongoing issue. In this chapter, we
focus on Japanese atmospheric monitoring activities of
the FDNPP accident and describe its atmospheric effects
observed in Japan.

Initial atmospheric release from FDNPP accident:
radionuclide activities in the air

Outside of the FDNPP site, detailed features of FDNPP-
derived ¥"Cs in surface air of Fukushima Prefecture and
Kanto area were depicted by analyzing filter-tapes of
operational air pollution monitoring stations, in which
continuous hourly-resolution time series of ¥Cs
activities in surface air were obtained during the period of
12 — 25 March, 2011 just after the FDNPP accident
(Tsuruta et al., 2018). Ten ¥Cs peak events were
observed at Futaba (about 3.2 km northwest FDNPP) and
Naraha (17.5 km south FDNPP) sites during the
corresponding period. The highest ¥Cs activity in
surface air (13.6 kBq m) occurred at 15:00 on 12 March
after a vent operation of reactor Unit 1.
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Physical and chemical properties of radionuclide-
bearing particles

For the FDNPP accident, hot particles have been
discovered in airborne dust collected during the period of
15-16 March 2011 and soil by using gamma spectrometry,
autoradiography and scanning electron microscopy with
energy dispersive X-ray analysis. The FDNPP-derived
hot particles in dust were characterized as spherical
radiocesium-bearing particles (diameter: 2.6 um), which
were water less soluble than sulfate particles; radiocesium
in hot particles were embedded into silicate.
Post-accident effects of the FDNPP-derived
radionuclides

After rapid decrease of the FDNPP-derived radionuclides
during the period of April to June 2011, the decrease rate
of the surface ¥’Cs slowed down and the surface
187Cs level was still higher than pre-accident level at
stations within about 200 km form the FDNPP until the
end of 2016 (Doi et al., 2019). As did *’Cs activities in
surface air, the monthly *¥’Cs deposition rates in the
corresponding area until the end of 2018 was more than
one order of magnitude greater than the pre-Fukushima
level. Especially, the annual **’Cs deposition in 2017
increased that in the previous year at several monitoring
sites. To explain these findings, it is supposed that the
post-accident ¥’Cs in surface air and deposition is
governed by resuspension and the atmospheric emission
from the FDNPP including sporadic release events.
However, detail processes remain to be solved.
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Uranium (U) and thorium (Th) are the primordial
radionuclides ubiquitously present in the Earth’s crust.
Both U and Th play a significant role in environmental
sciences to study natural radioactivity and monitor
radiation dose whereas in geological sciences to
understand the sedimentary processes and geochronology.
Indian coastal areas are rich in heavy minerals deposits
such as ilmenite, rutile, monazite and zircon etc. Odisha
coast is one of the well-known high background radiation
areas in India since it is rich in monazites and rutile
(Sahoo et al., 2016). Therefore, Odisha coast was selected
to study geochemical characteristics of U and Th in soil
and sands.

The main goal of the study is geochemical approach to
find the source of enhanced radiation level in the
environment. The concentration of U and Th were
measured using inductively coupled plasma mass
spectrometry (ICP-MS). The mean concentration of U and
This 6.9 £ 6.7 ug gt and 217 + 233 pg g1, respectively
which higher than the bulk continental crust (Wedepohl,
1995). Major element concentrations were carried out
using X-ray fluorescence spectroscopy to understand the
mineralogical composition and chemical weathering of
the samples.

A behavioural study of Th/U and Th/K cross plot (figure
1) was performed to identify mineralogical properties and
geochemical facies (Anjos et al., 2010). The ratio of Th/U
and Th/K varies from 4 to 37 and 3 to 2663 respectively.
Th/K ratios are widely used for the recognition of heavy
and clay mineral associations. Th/U ratios are useful to
interpret the mobilization, transportation and fixation of
sedimentary cycle. Th/U ratios are varying from 0 to 2 in
anoxic environment, whereas ratios varying from 2to 7 in
strongly oxidizing environments. The obtained results
clearly indicate that the samples from the coastal region
are formed in oxidizing and intense chemical weathering
terrestrial environment with an enrichment of radiogenic
heavy minerals (monazites and zircon) and clay mineral
association. Since majority of samples undergoes intense
weathering in oxidizing environment, uranium is leaching
from the soil matrix. Eventually, thorium resides in the
matrix and contributes major exposure of radiation to the
environment. The high ratios of Th/U suggest that the

48

inclusions of placer deposits with enrichment of Th
bearing radioactive mineral (monazite) in the samples.

i Leached U  Enrichment
jaoeE Fixed U -

E OR-1

E ® OR2

A or3

A OR-4

1 N, OR-5

1000 4 e Y o

E Pl Heavy * o
: OR-10)
1 minerals ey
OR-12|
100 E OR-13]
E| | fwl OR-14

X 1 [ TR
E e Clay Bxs
= 0 minerals : R
3 4 o
) OR-21
’ « OR2|
H OR-23|
Micas and Ponzy
13 Feldspars @ ong
OR-27|
A, OR-28|
1 A\ oR-29)
4. OR-30|
0.1 —— ] A Ot
a1 1 10 100 1000
ThiU

Figure 1. Cross plot of Th/U and Th/K ratios from High
Background Radiation Area Soil and sand samples.
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The French Institute for Radiation Protection and Nuclear
Safety (IRSN) is responsible for the radiological
environment monitoring program in France. In this
context radioactivity in environment samples (biotas,
waters, soils, aerosol filters...) is measured in the
laboratory of environmental radioactivity metrology
(LMRE). Many radionuclides are identified and
quantified by low level gamma ray spectrometry,
using 20 Hyper Pure Germanium (HPGe) detectors: the
naturally occurring radionuclides and the artificial ones
present at trace levels, due to the global fallout, or
normally discharged by nuclear facilities, or potentially
released in case of an incident or an accident.

These measurements can also be performed to support
radioecology studies for a better understanding of the
behaviour and transfer mechanisms of various naturally
occurring or anthropogenic radionuclides in the
environment. These samples are characterized by low
activity concentrations but also often by very small
quantities, implying very low activity per sample to
measure. In this case we use well-type HPGe detectors
allowing very high detection efficiencies thanks to their
specific shape: indeed the tube containing the sample is
directly put inside the detector (see Figure 1, left).

This paper focuses on the use of the 3 well-type detectors
of the laboratory, two with very low background installed
in the deep underground laboratory in Modane (LSM),
and the third one with very high resolution (SAGe well,
Canberra) installed in our subsurface laboratory, located
near Paris.

. | s
Figure 1. Picture (left) and Monte Carlo simulation
(right) of the SAGe Well detector (Canberra) at LMRE
(Orsay)
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The detection efficiency has to be determined for each
sample, accounting for the variability of the detection
geometry due to the varying filling heights and of the
attenuation correction due to the sample density and
composition (organic matter, sediments, etc.). The
detection efficiency is calculated by simulation using
MCNP-CP, a Monte Carlo-type code of radiation matter
interaction, which takes into account the radionuclide
decay scheme and thus the True Coincidence Summing
effect. The 3 detectors have been modelled (see figure 1,
right) and models have been fitted by comparing
simulated efficiencies and experimental efficiencies
obtained with standard sources measurements.

The model is then used to calculate the detection
efficiency by fixing the filling height of the tube, the mass
and the sample matrix type. In routine the calculation is
done automatically for 61 photon energies characterizing
32 radionuclides of interest and the sample matrix is
chosen among 6 predefined material compositions (water,
cellulose, ashes, soil...), but it can be performed whatever
the radionuclide of interest and the sample matrix.

This paper describes this particular calibration method,
validated with reference materials measurements. It will
also show the achieved performances in terms of detection
limits illustrated with measurement results of various
environment matrices: sea water in the marine
environment, suspended sediment sampled in rivers, or
rain and cloud waters in the atmospheric field

The sample mass can be of few milligrams and even lower,
and the total activity to be measured per sample is
generally lower than 1 Bg, going down to few
milliBecquerels.

For instance the *¥’Cs activity concentration in rain water
samples can be determined down to 10 uBg/L and in
cloud water samples down to few mBg/L via the
measurement of a dry residue of less than 100 mg. Both
measurements help so study the washout and rainout
scavenging, and thus to improve the capability in
modeling radionuclide deposition in case of a nuclear
accident occurring in foggy conditions at lowland
locations or in cloudy conditions at high altitude locations.
Measurements of filtered waters sampled around
Fukushima from only 1 L implied to determine
187Cs activities down to 1 mBqg and the suspended
sediments mass from 2-5 L of water was lower than 1 mg.
Both challenging measurements participated in the
speciation of radioactive caesium in aquatic environment
and quantification of fluxes to the ocean.
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Organic matter (OM) plays an important role in the
speciation and partitioning of many radioactive isotopes
in the environment. This is especially true for the
transuranium elements americium (Tipping, 2002) and
plutonium  (Santschi et al., 2017). Recently,
a multicomponent model (UNiSeCs) has been developed,
successfully implemented into the geochemical code
PHREEQC and validated (Hormann, 2015). This model
has now been modified for the inclusion of Model VII by
Tipping et al., 2016, which accounts for the binding of
metal cations on humic substances. It has been validated
for Am (see Figure 1) and Pu using results of batch
experiments from the literature (Ramirez-Guinart et al.,
2016; Miner et al., 1982).
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Figure 1. Calculated versus experimental Kq values
for americium

To evaluate the relative significance of OM and dissolved
organic matter (DOM) in comparison to other soil
components like clay minerals or hydrous ferric oxides,
the modified model has been applied to a set of standard
soils (REFESOLS, Kordel et al., 2009), varying the
percentage of components within realistic margins. The
results show that in almost all cases OM and DOM can be
expected to dominate the partitioning of Am, whereas in
the case of Pu, clay content and redox state may also play
a significant role.
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This model can be used for estimating the partitioning of
Am and Pu in agricultural soils. This will be helpful in the
larger project Trans-LARA (https://www.trans-lara.de),
where the environmental transport of these elements will
be predicted.

This work was supported by the German Federal Ministry
of Education and Research (BMBF) under grant FKZ
02NUKO051D.
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In late September 2017, traces of 1°Ru were recorded by
air sampling stations in large parts of Europe. In some
regions, over 100 mBq/m* were measured as one-day
means. Although resulting exposure was far below
radiological concern, and, in addition, below detectability
with the EURDEP dose rate network [1], the event
aroused considerable interest, because this radionuclide is
found only very rarely in environmental media. Earlier
events involving 1%Ru were the Chernobyl accident and a
few incidents in nuclear reprocessing plants.

The main exposure pathway was through inhalation,
leading to up to about 0.3 uSv regionally. Other pathways
are negligible in comparison. The geographical
distribution of inhalation dose, inferred from monitoring
results, is shown in Figure 1 (Bossew et al. 2019).
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Figure 1. Geographical distribution of the individual
inhalation dose. Blank areas: no interpolation possible.
AXis units: m.
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Two years later, the origin of the Ru is still a mystery. The
Ru found in 2017 was not associated with other
radionuclides except minute traces of °Ru. Therefore,
a reactor accident can be excluded. Meteorological and
dispersion calculations performed by several institutes
(e.g. French agency for radiological protection (IRSN),
German Federal Radiation Protection Agency BfS),
unanimously led to a plausible region of origin in the
Southern to Northern Ural region. However, Russian
authorities denied any releases by civilian nuclear
installations in the region.

In this presentation, we focus on summarizing dose
calculations and the geographical distribution of dose. We
also review documented accidents and incidents involving
radioactive ruthenium. Finally, we report on talks with
Russian authorities about the incident, and speculate
about circumstances of the release and its likely origin as
argumentum e silentio.

Although the incident has happened about 2 half lives of
6Ru ago (376 days), we think that with today's
possibilities of radiometric monitoring, and appropriate
monitoring scheme, it should still be detectable in the
environment in the trace of the plume not too far from the
point of emission.

[1] https://remon.jrc.ec.europa.eu/About/Rad-Data-
Exchange

Bossew P., Gering F., Petermann E., Hamburger T.,
Katzlberger C., Hernandez-Ceballos M.A., De Cort M.,
Gorzkiewicz K., Kierepko R., Mietelski J.W. 2019. An
episode of Ru-106 in air over Europe, September—October
2017 — Geographical distribution of inhalation dose over
Europe. Journal of Environmental Radioactivity 205
206, 79 - 92;
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The study of background radiation in the environment is
significant for an objective of establishing reliable
baseline data on the background radiation level.
Background radiation originates from a variety of sources,
both natural and artificial. These include both cosmic
radiation from space and terrestrial radiation from ground.
The Terrestrial radiation emitted from natural sources is
largely due to primordial radionuclides, mainly Th-232
and U-238 series, and their decay products, as well as K-
40, which exist at trace levels in the earth's crust. Gamma
dose rates are affected by both terrestrial radiation and
cosmic radiation, and the effects of terrestrial radiation is
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dominant in the near-ground level. In this paper, in order
to verify the effect between background gamma dose rates
and radionuclides by height, gamma dose rates and
gamma-ray spectrum were measured at a height of the
meteorological tower between 0 and 70 meters using high
pressure ionization chamber (HPIC) and HPGe detector.
The gamma dose rate and peak count of Th-232, U-238
series and K-40 decrease as the height increases. It seems
that above the near-ground level there is more
contribution from terrestrial radiation compared to cosmic
radiation.
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The B¥*+1%7Cs were released to continental environment
along eastern Japan by the accident of Fukushima Dai-ichi
Nuclear Power Plant (1FNPP). The radiocesium level in
seawater was decreased by diffusion (Tsumune et al.,
2012), while the level in bottom sediment was remained
substantial (TEPCO 2019). The radiocesium in marine
sediment was suggested to transfer to benthos (Wang et
al., 2016), and was hypothesized to contribute to the
decrease rate delay of radiocesium level in demersal fish
by feeding those benthos (Tateda et al., 2016). In this
study, to evaluate sediment contribution in radiocesium
transfer in benthic food chain, temporal change of
radiocesium level in stomach content of demersal fish was
analysed and reconstruct temporal radocesium levels
demersal fish using dynamic model.

Using the absorption/desorption Kinetic parameters in
different pore size by sediment adsorption/desorption
model (Misumi et al., 2014), temporal change of
radiocesium concentrations in fine sediment (< 75 um) at
seabed surface off Fukushima were simulated using
temporal seawater level simulated by the regional ocean
model (Tsumune et al., 2012). The *¥'Cs concentrations in
benthos and sediment found in stomach content of
demersal fish were analysed by the underground
measurement facility of the Low Level Radioactivity
Laboratory, Kanazawa University. By tuning the
bioavailable fraction rate in sediment found in the
stomach content of demersal fish, temporal radiocesium
level in demersal fish was calculated, and was verified by
the reported '*’Cs concentrations in demersal fish
inhabiting within 30 km radius from the 1FNPP (TEPCO
2018).

Measured *¥’Cs concentrations were within a range from
23 t0 400 Bq kg-ww* in stomach content of demersal fish
collected at the TEPCO monitoring point T-S4 during
2013 (Fig. 1-b). Fine sediment of 0.16 to 23 g was found
in the stomach, and the concentrations were
6 to 790 Bq kg-d.w. Using food composition as being
primarily benthos with ingestion rate and assimilation rate
of radiocesum, the '¥Cs level in demersal fish was
simulated (Fig. 1-a). The reconstructed radiocesium levels
in demersal fish was almost comparable with the
measured concentrations, suggesting that the entrained
sediment amount were assumed as several times larger
than the ingested benthos.
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Figure 1. (a) Simulated and measured *3’Cs levels in
demersal fish at T-S4. (b) Measured and simulated levels
in the stomach content of the demersal fish collected at
T-S4. The S, F, and SED being contamination source as
seawater, food, and sediment, respectively.
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The B3**137Cs were released to the Pacific coast along
eastern Japan by the accident of Fukushima Dai-ichi
Nuclear Power Plant (1FNPP). The radiocesium level in
bottom sediment was remained substantial even
after 8 years after the accident (TEPCO 2019). The
cesium in sediment was hypothesized to contribute to the
delay of decrease rate in radiocesium level in demersal
fish by feeding those benthos (Tateda et al., 2016).
Therefore, the reconstruction of time series level of
cesium in sediment just after the accident to present is
important to evaluate the possibility of contribution to
food chain. In addition, during 8 years, the fine sediment
particle was considered to be resuspended and removed
from coastal area by lateral transport (Otosaka et al.,
2014). In this study, we reconstruct the *¥’Cs levels in
coastal sediment, especially focusing on fine particle
which was commonly ingested by benthic biota.

Using the estimated absorption (0.1 to 0.7 d-1) and
desorption (0.01 to 0.02 d*) rate parameters derived by
filed observation of seawater and shore sediment along
three coastal study sites (from St. 4 to 6, 30 to 80 km south
from 1FNPP, Fig. 1), temporal change of radiocesium
concentrations in sediment at seabed surface of 18 field
study sites (from TS1 to St.8) off Fukushima were
simulated by numerical model (Misumi et al., 2014)
associated with seawater level simulation by ROMS
(Tsumune et al., 2012). By comparison with measured
decrease trend of 3'Cs level in coastal study points, the
removal rate of fine sediment (particle size < 75 um) by
resuspension/transport was derived.

The simulated levels in fine sediment were well agreed to
observed concentrations at bottom fine sediment off
Fukushima (Fig. 1). Assuming the resuspension/transport
of sediment is primarily by fine sediment, the 8 years
decrease trend of *¥"Cs concentrations at TEPCO
monitoring points (T-S1 to T-S8) were reconstructed by
fitting the model simulated level to observed
concentrations with estimated removal rate by fine
particle resuspension/transport. The annual fine particle
regeneration rate in bottom sediment was estimated as
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4 to 37 % derived by fitting the simulated *3’Cs levels to
temporal observed concentrations (Fig. 1).
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Figure 1. Fitted simulated and measured 3’Cs levels
in bulk sediment at T-S4 of TEPCO monitoring points.
The radiocesium decrease was simulated by initial
desorption rate and the conversion rate to refractory
fraction with fitting to obsereved level assuming
regeneration by fine particle removal from surface bulk
sediment.

Part of the data of this work was generated by the Grant-
in-Aid for Scientific research on Innovative Areas Grant
Number 2411005.
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Many nuclear power plants are located along rivers in
which they release artificial radionuclides through
authorization or incident. Their behaviour is controlled by
hydro-sedimentary processes, biogeochemical
characteristics, potential sinks along the river and transit
times. If these times can be extrapolated from
hydrological model for water and dissolved radionuclide,
it is more difficult to evaluate those of particles and
particulate radionuclide.

The Rhone River (France) is one of the most nuclearized
systems over the world with five nuclear power plants and
two plants (Uranium conversion and spent fuel treatment)
that have released radionuclides along 400 km of the river
since the 50’s. The reprocessing plant is responsible of the
majority of these releases until now, even if an important
decrease is experienced since the end of the 90’s.
Moreover, atmospheric fallout of radionuclides due to
nuclear weapons tests and Chernobyl accident also
affected the Rhone River catchment.

In this river, the transfer of particulate matter mainly
depends on floods which transport up to 90% of the
annual suspended matter flux in less than 10% of time.
This could induce a disconnection between inputs and
output fluxes because releases are not allowed during
floods.

Since 2005, IRSN collects and measures dissolved and
particulate radionuclide with an automatized station
located 30Km upstream of the river mouth. This station
also allows collecting specific samples during flood
events, in order to better estimate the particulate
radionuclide fluxes. This high frequency monitoring,
combined with a performant metrology to measure trace
element in both solid and liquid phase permits to
constitute a long term and high resolution data for a large
spectrum of artificial radionuclides.

The measured radionuclide output fluxes can thus be
directly compared to the releases declared by the
industrials, providing an opportunity to evaluate mass

balance and transit times along the system. Important
results are:

- Fluxes of radionuclide linked to releases and
atmospheric fallouts (238Pu, 239+240py, 242 Am, 137Cs, Sr)
are slightly higher than those declared by the industries.
This is partly due to leaching from the watershed soils but
also due to resuspension of past sediment within the river,
as evidenced by Pu isotopic ratios. - Fluxes of
radionuclide only issued from the nuclear power plant
releases (*Co, °Co, 11OmAg, 1?4Sh, 1%5Sph, >*Mn, 24Cm)
are in equilibrium with those declared, traducing probably
an efficient and rapid export from the system on a yearly
basis, even for particulate radionuclide. Sometimes
however a slight deficit is observed, which could be
attributed to difficulties to measure radionuclides at trace-
level and/or to temporary accumulation within the river.
Transit and resilience times of these radionuclides in the
river system will be presented and discussed based on
their origin and mass budgets.
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Figure 1. Mass balance between artificial radionuclides
released into the Rhone and those delivered
to the Mediterranean Sea (exemple for the year 2013).

This work was supported by the French Water Agency
(Rhone Mediterranean Corsica Agency).
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Isotope ratio measurement is one of the strongest tools to
identify the origin of radionuclides. ***Cs/**Cs (Chinone,
M. et al., 2016) and **¢Cs/**’Cs (Fujiwara, T., et al., 2012)
radioactivity ratios were measured relatively early period
after the accident of the Fukushima Daiichi Nuclear
Power Station (FDNPS). However, *Cs/**’Cs will be
dominant after decades when nuclear facility sites will be
released because of relatively short half-lives of **Cs and
136Cs, 2.07 y and 12.97 d, respectively, and longer half-
lives of 3Cs and %¥Cs, 2.3 X 10%° y and 30.2 v,
respectively. Instead of y-ray measurement for $34Cs/*3’Cs
and 3Cs/'%Cs, chemical separation of Cs from soil and
following mass spectrometry are required to determine
135Cs/137Cs. Therefore, chemical separation method using
calix[4]arene-bis(t-octylbenzo-crown-6) (BOBCalixC6)
was developed in the present study. Triple quadrupole
inductively coupled plasma mass spectrometry (QQQ) is
available fast measurement of %Cs/*’Cs although
precision is low. Whereas, thermal ionization mass
spectrometry (TIMS) is available to obtain precise
135Cs/13Cs although measuring time is long. Required
precision is discussed to identify the origin.

Soil samples were collected at the just outside of fence of
FDNPS (shown in Fig.1). Organic materials in these
samples were burned at 450°C for 1 h. And then, the
samples were transferred into Teflon bombs with each
50 ml of HNOs. The Teflon bombs were inserted in
pressure tight cases, and heated at 200°C for 4 h. After
filtration using 0.1 wm membrane filter, these filtrates
were evaporated near dryness and dissolved in 3 M HNOs.
These 3 M HNO; solutions were contacted with 0.02 M
BOBCalixC6 in 1-octanol solutions to extract Cs, and
then, the organic phases were washed with 0.5 M HNO3
to ensure the removal of Ba and Mo. Extracted Cs was
recovered into 1 mM HCI solutions. At this time,
1-dodecanol was added into the organic phases to improve
the back extraction of Cs. This separation procedure was
repeated 2 times. 135Cs/*%Cs isotope ratios were measured
by TIMS and by QQQ to compare precision of these
measurements.

Obtained 3°Cs/*¥’Cs isotope ratios were corrected to
March 11, 2011 and shown in Fig.1. Only 135Cs/*¥’Cs at
the northwest direction showed higher value. This agrees
with significantly different values of 3Cs/*3'Cs (Chinone,
M. et al., 2016) and **¢Cs/**’Cs (Fujiwara, T., et al., 2012)
in northwest direction. Major source of northwest
direction is considered as Unit 1, therefore, the
radiocesium isotope ratios differ from the other directions
where major sources are considered as Unit 2 and 3.
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Figure 1. *°Cs/**’Cs isotope ratio near FDNPS.
Upper: TIMS, Lower: QQQ

135Cs/*3"Cs near the FDNPS except northwest direction
was 0.3629+0.0005 (0.3622-0.3634) by TIMS
measurement and 0.365+0.008 (0.358-0.375) by QQQ
measurement. These values are agreed within the margin
of error although values by TIMS measurement are an
order of magnitude better precision than those by QQQ
measurement. Using average value and standard deviation
in this study, it was calculated how much *¥’Cs originated
from FDNPS in 1 and 20 Bq of **¥Cs is distinguished from
another source. Where, *°Cs/**¥’Cs of 0.3728 was
assumed as another source. It is possible to guarantee that
at least 0.74 and 16.6 Bq, respectively, originated from 1F
is distinguished by TIMS measurement.

This research is funded by the Secretariat of Nuclear
Regulation Authority, Nuclear Regulation Authority,
Japan.
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Natural radioactivity in two sites at seila area, south
eastern desert of Egypt is measured. Nearly Fifty
locations distributed on the two sites were chosen to
determine the natural radioactivity content in the stream
sediments at these locations with a portable RS-230
Gamma-Ray Spectrometer (1,024 channels). This study
presents Specific activities (A) of 28U, 2%2Th and “K
radionuclides, Radium equivalent activities (Raeg),
external and internal hazard indices (Hex:, Hint), external
and internal level indices (1, 1), activity utilization index
(1), exposure rate (ER) and other important parameters.
The average values of the 28U, %2Th and “°K activity
concentrations in the stream sediments at the first site are
41.7+12,28.5+8.5 and 577+71 Bq kg* respectively. while
they are 37.4+10, 35.2+8.2 and 412+101 Bq kgat the
second site respectively. These values are higher than the
worldwide average of 22U and “°K, 33 and 412 Bq kg,
and less than for 2%2Th 45 Bq kgt according to UNSCEAR
report. Internal level indices Hin is two times greater than
the UNSCEAR level for the first site and three times for
the second site. For the first and second sites, Raeq are
126+17 and 141420 Bq kg™ respectively. The value of I,
in the two sites around 0.5 while I, nearly 0.2 in the most
measurement locations. The average exposure rat in the
two sites are 261+35 and 295+42 pR/h respectively.
Finally, the effective dose rate delivered to the particular
organs (Lungs, Ovaries, Bone marrow. Testes and Whole
body) from air dose indoor and outdoor are estimated
(Figure 2.).

1- Hanfi, M.Y.M., 2019. Radiological assessment of
gamma and radon dose rates at former uranium mining
tunnels in Egypt. Environ. Earth Sci. 78, 0.

2- Gulan L, Milenkovic B, Zeremski T, et al (2017)
Persistent organic pollutants, heavy metals and
radioactivity in the urban soil of Pristina City, Kosovo and
Metohija. Chemosphere 171:415-426.
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desert, Egypt, showing the studied two sites

Figure 2. the effective dose rate delivered to the
particular organs (Lungs, Ovaries, Bone marrow. Testes
and Whole body) from air dose indoor and outdoor.
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Uranium and radon concentration was measured in
200 groundwater samples taken from Goesan area known
as contains Ogcheon metamorphic rock zone (0G2)
which partly include coal bed bearing high uranium
content of 361 ppm (Shin and Kim, 2011). Well depth
ranged from 10 to 220 m having an average depth of 82
m. The geology of the area was classified as three
metamorphic rock zones (OG1, 0G2, and OG3) and two
granite zones (Cretaceous granite and Jurassic granite).
Uranium and radon in groundwater is originated from
uranium in bedrock. To see uranium content of rocks of
the 5 zones, equivalent of uranium (eU) in rocks was
measured using portable gamma ray spectrometer (GR-
320A) at the groundwater sampling point if possible
(Table 1). Higher median value of eU (8.2 ppm) was
found on CGR outcrops. The median eU value of OG2,
known as having high uranium content at the some point,
was not as high as that of CGR and similar to those of JGR,
OGl, and OG3.

Table 1. Eequivalent of uranium (eU) of the 5 zones in the

area (ppm)

Zone Samples Min. Max. Med.
JGR 56 11 6.8 3.8
CGR 25 3.8 11.6 8.2
0OG1 43 11 8.0 35
0G2 38 14 14.9 3.9
0G3 38 1.7 6.8 3.1

The uranium level in groundwater of the area ranged from
0.02 to 293.0 pg/L with a median value of 0.87 pg/L. The
uranium level in groundwater was highest in CGR zone
(Figure 1) and it is well consistent with the results of
uranium content of rocks (Table 1). Most of the samples
were found to have uranium concentrations
below 30 pg/L, the WHO guideline value based on its
chemical toxicity (WHO, 2011), and only four samples
from granite zones (JCR and CGR) exceeded 30 ug/L.

The radon level in groundwater of the area was found to
vary from 1.8 to 1,540.9 Bg/L with a median value
of 58.8 Bg/L which is similar to the national median radon
level of 52.1 Bg/L (NIER, 2015). The percentage of
samples having radon concentration equal to or greater
than 100 Bg/L of WHO guideline value (WHO, 2011) was
found to 25.5 %. The radon concentration was high in the
samples from the CGR (range of 18.9-1,540.9 Bg/L) and
JGR zones (range of 3.3-523.9 Bqg/L) (Figure 2). The
percentage of samples having radon level above 100 Bg/L
in CGR zone was 64.0 % while those in JGR, 0G2, OG1,
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OG3 zones were 39.3, 18.4, 9.3, and 5.3 %, respectively.
Although there is still no guideline value for radon in
drinking water in Korea, it is highly recommended to
reduce radon concentration of groundwater having greater
than 100 Bg/L before drinking, especially in granite zone.
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Figure 1. Uranium levels in groundwater
from 5 geology.
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Figure 2. Radon levels in groundwater from 5 geology.
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The accumulation of radionuclides and toxic heavy metals
into plants and thus into the food chain represents a
potential pathway for human exposure. Hence, detailed
knowledge of the fate of these elements in the ecosphere
including the food chain is required for a reliable
assessment of the resulting risk potential for humans and
wildlife. Our aim is to explore the complex interaction of
trivalent actinides with plant cells on a molecular level
using curium(lIl) as an excellent luminescence probe.
Suspension cell cultures received from callus cells are
suitable models for studying cell metabolism processes in
plants. They retain the ability to form metabolites
characteristic of intact tissues for an adaptation to stress
conditions, in this case curium.

We studied the response of canola (Brassica napus) cells
to curium(lI) exposure (0.7 uM). Time-resolved laser-
induced fluorescence spectroscopy (TRLFS) was used as
direct speciation technique to explore the Cm(lll)
speciation on the cells and in the supernatants. Liquid
scintillation counting (LSC) was applied to measure the
Cm(I1I) content in the supernatants. The possible release
of plant cell metabolites was probed by solid phase
extraction (SPE) with subsequent HPLC analysis.

The bioassociation experiments were performed
in 0.154 M NaCl in a glove box over a time period up to
168 h. After 96 h 70% of Cm(lll) was bioassociated
corresponding to 6.7 NM Cm/Qsresh cents. After defined time
steps the Cm(l11) concentration in the supernatants was
determined as well as luminescence spectra from washed
cells and the supernatants were taken. The Cm(lll)
concentration in the supernatants as a function of time
points to a multi-stage bioassociation process on the plant
cells. Red shifted Cm(lI11) luminescence spectra (+8.6 nm
compared to Cm®(aq)) in the supernatants indicated a
Cm(I11) complexation by substances that were released by
the plant cells already after an exposure time of 5 h. Cell
metabolites could be enriched and extracted by SPE.
TRLFS studies (spectra and lifetime) showed a different
Cm(l11) speciation on cells compared to those found in the
supernatants. To further describe the spectroscopic
Cm(111) speciation in the B. napus system all spectra were
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evaluated with iterative transformation factor analysis
(ITFA, RoBberg et al. 2003). The so obtained results
(single component spectra and time-dependent species
distributions) will be discussed in order to describe the
fate of Cm(lII1) in the presence of plant cells (B. napus).
This new knowledge contributes to an improved
understanding of trivalent actinide interactions with plants
on a molecular level.

Formed
metabolites

cm(lln)
bioassociation

SPE
HPLC
LSC

Cm(lll) speciation

5h

Cm¥_Cm
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Figure 1. Investigation scheme of Cm(lll) interactions
with Brassica napus cells.

The authors are indebted to the U.S. Department of
Energy, Office of Basic Energy Sciences, for the use of
28Cm via the transplutonium element production
facilities at Oak Ridge National Laboratory; 2*Cm was
made available as part of collaboration between HZDR
and the Lawrence Berkeley National Laboratory (LBNL).
This study is part of the project TRANS-LARA which is
funded by the Federal Ministry of Education and Research
under contract number 02NUKO051B.

RoBberg, A., Reich, T., Bernhard, G. 2003. Complexation
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to EXAFS spectroscopy. Anal. Bioanal. Chem. 376, 631—
638.
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The transfer of radionuclides into the food chain is a
central concern in the safety assessment of both nuclear
waste repositories and remediation strategies in
radioactively contaminated sites, such as legacies of the
former uranium mining. The uptake and translocation of
radionuclides, e.g., uranium, is speciation dependent and
induces several stress response reactions, which changes
the plant metabolism. Correlating molecular information
on radionuclide speciation and biomolecular interactions
with physiological performance is a major challenge for
radioecology.

In our previous work we applied isothermal
microcalorimetry as a sensitive real-time monitor to study
the interaction of U(VI) with canola (Brassica napus)
cells (Sachs et al., 2017). Applying this method we were
able to monitor the metabolic activity of the cells in the
presence of U(VI) and to determine the U(VI) toxicity in
B. napus cells. Those was correlated with the
oxidoreductase activity of the cells and the U(VI)
speciation in solution. Based on this work we are currently
investigating the differentiation between chemotoxic and
radiotoxic effects of uranium on B. napus cells applying
natural uranium (Una) as well as 22U as alpha emitter. To
discriminate between these effects, the metabolic heat
flow of the cells at a constant total uranium concentration
of 5x10° mol/L is monitored by isothermal
microcalorimetry applying increasing concentrations of
28y (1x106-1.5x10° mol/L), which correspond to
increasing radiation doses. Applying liquid scintillation
counting (LSC) we determine the amount of uranium that
is bioassociated to the plant cells and estimate the
respective 233U doses for the cells.

Figure 1 shows the characteristic metabolic capacities (Mc)
of B. napus cells as a function of the 233U concentration.
The M¢ values provide a quantitative ranking of metabolic
activities that is independent of cell number and largely
unaffected by normal variations between experiments
(Sachs et al., 2017). The data are normalized to M. values
of B. napus cells that were exposed to natural uranium
only. In the presence of 2 uM 233U a slight increase in the
M. values was observed, which indicates a slightly higher
metabolic activity of the cells. Probably, this is an
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indication for a stress response of the cells to the
radiotoxic  effect of 28¥U. With increasing
233U concentration only a slight decrease of the M, values
was observed. This indicates only a slight effect of the
alpha radiation on the cells compared to those cells that
were exposed to natural uranium, which exhibits a
predominant chemotoxic effect. These first results point
to a high resistance of B. napus cells to the radiotoxicity
of 233U,

This presentation will demonstrate the potential of life cell
microcalorimetry for radioecological studies. We will
present the calorimetric determination of the U(VI)
toxicity in B. napus cells that correlates with
oxidoreductase activity and U(VI) speciation and will
focus on the differentiation between chemotoxic and
radiotoxic effects of uranium.
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Figure 1. Characteristic metabolic capacity (Mc)
of B. napus cells as a function of the 23U concentration
in solution.

We thank Dr. S. Taut for his support in dose estimation as
well as J. Seibt, S. Heller, and J. Philipp for their valuable
help with the performance of the experiments.
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Calorimetrically determined U(VI) toxicity in Brassica
napus correlates with oxidoreductase activity and U(VI)
speciation. Environ. Sci. Technol. 51, 10843-10849.
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Radiation monitoring is increasing in demand whatever it
is monitoring in the surroundings of nuclear power plants,
monitoring of former uranium mines or areas before and
after remediation. During the traditional way of field
monitoring — walking measurements — it is possible to
encounter inaccessible or dangerous areas. For these cases
the drones equipped with proper device can be used to
determine the radiation levels during the field monitoring.
For this type of monitoring the National Institute for

Nuclear, Chemical and Biological Protection (SUJCHBO)

has created the methodology of aerial measurement of
ambient dose equivalent rate (ADER) using the drone
with gamma-spectrometer.

Drones found great use during the radiation monitoring
after Fukushima disaster (Sanada and Torii 2015, Sanada
et al. 2016).

The goal of this research was to evaluate new custom
made spectrometer for aerial measurements and to test the
reliability of method for estimation of ADER near the
ground by aerial measurements.

The gamma spectrometer D230A was tested in special
testing room provided with radioactive source in form of
concrete walls (in the corner) which has higher
concentration of radionuclides from uranium decay series.
There is a bench with ruler attached to the walls pointing
to the center of the room. The values of ADER on the
bench goes from approx. 200 nSv/hr to 1650 nSv/hr.
There is also a cell made of lead bricks to simulate lowest
possible ADER with values under 40 nSv/hr. Device were
compared in 5 measuring points — 4 on the bench in the
range 4 m, 2.5 m, 1.5 mand 0.7 m from source and 5th in
the lead cell. The results were compared with our verified
spectrometer GT-40.

Spectrometer was then tested on the testing field.

This testing field (Figure 1) is characterized by area in the
south-west corner formed by material from uranium waste
dump with increased amount of natural radionuclides
from uranium series with higher values of ADER —
maximum approx. 1200 nSv/hr. There are also parts with
values of ADER lover than 200 nSv/hr. This makes the
Heliport an ideal place for testing devices suitable for
measuring and mapping the distribution of ADER.

The flights on the testing field were done at altitude
of 6, 11 and 16 meters. The measured data are presented
as the maps. Foer each height the 25th, 50", 75, 90™ and
95" percentile were calculated and based on this the
values of ADER at altitude of 1 meter were calculated
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(Figure 2). Then the calculated values were compared to
values measured by walking measurement at altitude of 1

ADRE [nSv/hr]
® 0-250 @ 250-400 O 400-550 © 550-700 @ 700 - 850

Figure 1. Example of ADER distribution on heliport
measured via D230A from altitude 6 m.
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Figure 2. Values of percentiles for each height.

Sanada, Y., Orita, T., Torii, T. 2016. Temporal variation
of dose rate distribution around the Fukushima Daiichi
nuclear power station using unmanned helicopter. Appl.
Radiat. Isot. 118, 308-316.

Sanada, Y., Torii, T. 2015: Aerial radiation monitoring
around the Fukushima Dai-ichi nuclear power plant using
an unmanned helicopter. J. Environ. Radioact. 139, 294-
299.
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The paper presents results of a comparison study of two
air sampling methods for determination of the
radiocarbon level in the atmosphere. The first sampling
method involved static absorption of atmospheric CO; on
the saturated carbonate-free NaOH solution (Kianpour et
al 2012). Second method involved active absorption of the
atmospheric CO; by bubbling the air NaOH aqueous
solution. This kind of comparison has not been done.
Static absorption of atmospheric CO; is not a routine
procedure in the environmental radioactivity monitoring
laboratory, due to various unknown factors that appears
during the CO; absorption process. The only advantage,
but essential, is that of no request of different facilities as
electric power, pump, or high-volume protective cage. It
can be used from mountain’s pasture to wild plain. The
second method, widely used in radiocarbon laboratory,
can quantify the performances evaluation of static
absorption method of atmospheric CO..

The samples were collected in various periods in the
vicinity of the Experimental Pilot Plant for Tritium and
Deuterium Separation (PESTD) from the Institute of the
Cryogenics and Isotopic Technologies (ICSI) placed
about 10 km south from the Ramnicu Valcea city
(Romania), in the Govora industrial area. This facility is
an experimental project in the national nuclear energy
research program, which has the aim of developing
technologies for tritium and deuterium separation. Until
now, PESTD normal operation was with heavy water and
tritiated water below exemption level approved by
Romanian legislation. Foreseen experiments will be done
with tritiated heavy water moderator from Cernavoda
NPP (two CANDU-6 reactors), known to contain about
half of the **C production of a Heavy Water Reactor. The
largest contributor (>95%) to the production of *C in
CANDU reactors is neutron activation of 7O in the
heavy-water moderator. Considering the fact that one of
the important releases of PESTD is gaseous radioactive
effluents, the baseline of atmospheric C-14 was a must for
environmental program. It should be noted that in the
Govora industrial area operates a 315 MW Coal-Fired
Thermoelectric Power Plant and two chemical plants.
This site is a particular one due to the Suess effect caused
by continuously production of fossil CO..

For static absorption of COy, initially a thin layer of solid
NaOH (around 80 g) was put in a plastic tray so it rapidly
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absorbs air humidity becoming saturated carbonate-free
NaOH solution. The plastic tray was placed outside at the
first floor of a three-floor building. The distance between
sampling location and the coal-fired thermoelectric power
plant was approximately 400 meters. The tray was left
outside for a certain period after that the sodium
hydroxide was changed. For active absorption of the
atmospheric CO, was collected by bubbling the air
through two flasks filled with 500 mL of 3M NaOH
solution (Svetlik et al 2010) in the same location as the
plastic tray for static absorption. We choose NaOH
because it can easily react with CO, as alkali solution, and
it has a high absorption efficiency (92%-99%).

For both methods the samples were processed by acid
carbonate decomposition, CO, purification followed by
direct absorption into liquid scintillation cocktail, and
measurement by liquid scintillation method. This consists
in measuring *“C contained in a known quantity of carbon,
as carbon dioxide, obtained from a sample, standard or
background material, counted in an ultra-low-level liquid
scintillation counter Quantulus 1220. “C results were
normalized for deviation of the measured §%C. The
18C/2C ratio was measured by isotope ratio mass
spectrometry on a Delta V IRMS on small aliquots of
sodium carbonate resulted from absorption of CO..
Values are given relative to the VPDB standard, with
overall precision typically £0.1 %o. 5'3C-corrected A*C
data are given relative to NBS oxalic acid activity,
corrected for decay. The measured AMC levels have
demonstrated the similarity of the two methods.

This work was supported by a grant of Ministry of
Research and Innovation, CNCS - UEFISCDI, project
number PN-111-P1-1.1-PD-2016-0532, within PNCDI Il
and monitoring program of Tritium Removal facility
PESTD.
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Uranium-238 series and Thorium-232 series (natural
radioactive nuclides) are widely distributed in the earth's
crust. A material containing significant amounts of
natural radioactive nuclides is referred to as a naturally
occurring radioactive material (NORM). Radiation
exposure to NORM is recognized as a matter of
international concern for its human health risk. In recent
years, a growing number of geothermal power plants has
been operating in the world as one of the energy
generating industries (Bertani, 2015). The geothermal
power plant generates electrical power by using
geothermal fluid which consists of steam and heated
water from the earth's crust. The compounds in the fluid
are dissolved in water under conditions of high
temperature and pressure and can cause the deposition
of scale on the facilities such as pipes (Brown, 2013).
If the scale includes natural radioactive nuclides with
high concentration, the workers in the plant can be
exposed to radiation at possibly high levels. In this study,
the activity concentration of scale and soil and ambient
dose equivalent rate in a geothermal power plant in the
Philippines were measured.

Measurements of ambient dose equivalent rate were
performed in work sites in the geothermal power plant
using a Csl(T1) scintillation detector. Each measurement
was performed at a height of 1 m from the floor or
surface of the ground. The scale samples (Figure 1) were
collected in some work sites. The collected samples
were dried in a convection oven. Each dried sample was
crushed; placed individually in a sample container and
tightly sealed. The sealed containers were allowed to
stand for 30 days to reach secular equilibrium between
226Ra and its decay products. The measurements of
activity concentrations of 23U series, 2°*Th series and
40K in the sealed containers were performed using a
gamma ray spectrometer with a High Purity Germanium
Detector.
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The ambient equivalent dose rates in all work sites were
in good agreement with typical background values and
were less than the country-wide average value of those
obtained in the Philippines. The activity concentrations
of the 23U series, 2%2Th series and “°K in the samples
were lower than the relevant values in the IAEA Safety
Standards.

Figure 1 Photo of the scale for samples.

Bertani, R. 2015. Geothermal power generation in the
world-2010-2014 update report. Proceedings World
Geothermal Congress 2015. Melbourne, Australia.

Brown, K. 2013. Mineral scaling in geothermal power
production. UNU-GTP Technical Report. 39.
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A material containing a significant number of natural
radioactive nuclides such as 23U series and 232Th series is
referred to as a naturally occurring radioactive material
(NORM). The relevant values for the safe handling of
NORM of 10 Bq g* for “°K and 1 Bq g for all other
radionuclides of natural origin were given in the
International Atomic Energy Agency (IAEA) Safety
Guide (IAEA, 2004). Recently, the fossil fuel such as coal
has been used with industrial development. In some
countries, data on activity concentration of natural
radioactive nuclides in coal has been reported. In the
Philippines, although coal is imported and used as an
industrial raw material for coal-fired power plants,
information related to radiation exposure in coal-fired
power plants is scarce. In this study, measurements of
activity concentration of natural radioactive nuclides of
industrial materials, the ambient dose equivalent rate as
well as ?22Rn decay products concentration in a coal-fired
power plant in the Philippines were performed.

A coal-fired power plant in the Philippines was selected
for this study. This coal-fired power plant is one of the
typical plants handling coal in the Philippines. The
processes of work sites in the plant are illustrated in
Figure 1. Measurements of the ambient dose equivalent
rate and ?22Rn concentration in the work sites as well as
measurements of the activity concentrations in raw
materials and by-products were performed. A Nal(TI)
scintillation survey meter was used for measuring the
ambient dose equivalent rates in each work site. Each
measurement was performed at a height of 1 m from the
floor. The activity concentrations of the 238U series, the
232Th series and “°K in samples were determined by
inductively coupled plasma mass spectrometry (ICP—MS)
and gamma-ray spectrum analyses. A measurement of
222Rn decay products were performed by collecting them
on a filter in each work site. The values of ??Rn decay
products concentration (Equilibrium equivalent radon
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concentration: EERC) were calculated from their alpha
counts.

The activity concentrations of the 28U series and 2%°Th
series in the raw materials and by-products were lower
than the relevant values in the IAEA Safety Standards.
The values of the ambient equivalent dose rate in the work
sites was less than an average value of those in the
Philippines. The values of the EERC in work sites were
not quite different to those in BG.
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Figure 1. Process of operation in the plant.

IAEA. 2014. Safety Standards, Radiation Protection and
Safety of Radiation Sources: International Basic Safety
Standards. General Safety Requirements Part 3. Vienna.
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Exposure to trivalent lanthanides (Ln) and actinides (An)
poses a serious health risk to animals and humans. Since
both Ln and An are mainly excreted with the urine, we
investigated the effect of La, Ce, Eu, and Yb (as
representatives of Ln) as well as Am (as representative of
An) exposure on a rat kidney cell line (NRK-52E)
for 8, 24, and 48 h in vitro. Cell viability studies using the
XTT assay and fluorescence microscopic investigations
were combined with solubility and speciation studies
using ICP-MS and time-resolved laser-induced
fluorescence spectroscopy (TRLFS). Thermodynamic
modelling was applied to predict the speciation of Ln and
Am in cell culture medium.

All Ln show a concentration- and time-dependent effect
on NRK-52E cells with Ce being the most potent element
(see Figure 1). Effective Ln concentrations reducing the
cell viability to 50 % (ECso values) range from 340 uM
for Ce to 1.1 mM for Eu. In general, light and heavy Ln
seem to exhibit a greater effect than middle Ln.
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Figure 1: Dose-response curves of La, Ce, Eu, and Yb
after 24 h exposure of rat NRK-52E cells (A) and
derived ECso values + SEM at three exposure times (B).
Values represent means of five to eight independent
experiments, untreated cells equal 100 % cell viability
(dotted line).
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In cell culture medium with 10 % fetal bovine serum
(FBS), the Ln are completely soluble and complexed with
proteins from FBS. Ln speciation is time-independent (see
Figure 2). Comparative experiments with Am are ongoing
and will reveal analogies and/or differences in the effect
of trivalent Ln and An on rat kidney cells.
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Figure 2: Steady-state luminescence spectra of Eu in cell
culture medium and different model solutions.
The dotted lines and open symbols represent data
of the Eu* aqua ion; luminescence bands are labeled
with the respective ground state of the emission
transitions.
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This is the first study revealing the effects of Ln onto
mammalian Kidney cells. Furthermore, our laboratory is
one of the few worldwide, which is able to perform cell
culture studies using radioactive elements like Am.

The results of this study underline the importance of
combining biological, chemical, and spectroscopic
methods in studying the effect of Ln and An on cells in
vitro and may contribute to the improvement of the
current risk assessment for Ln in the human body.
Furthermore, they demonstrate that Ln seem to have no
effect on rat renal cells in vitro at environmental trace
concentrations. Nevertheless, especially Ce has the
potential for harmful effects at elevated concentrations
observed in mining and industrial areas.

This work was supported by the Deutsche Forschungs-
gesellschaft under grant No. HE 7054/2-1.

Heller, A. et al., 2019. Effect of four lanthanides onto the
viability of two mammalian kidney cell lines. Ecotox.
Environ. Saf. 173, 469-481.
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The aim of the study was to examine the possibility of
using a representative of the marine red algae, Vertebrata
fucoides as a natural biosorbent of plutonium isotopes.
23%py — alpha radioactive isotope was used for the study.
On the basis of the research, biosorption of plutonium was
determined, taking into account the influence of pH and
the matrix of eluent.

Algae are a large group of marine macrophytobenthic
plants characterized by very good bioaccumulative and
biosorbent properties in the case of heavy metals and
radioactive isotopes eg. ¥’Cs and °°Sr [1,2,3]. Plutonium
isotopes present in the marine environment occur at
several degrees of oxidation The main source of 2°24py
in the Baltic Sea environment is radioactive fallout after
nuclear weapon tests, and radioactive fallout after the
Chernobyl accident. Because plutonium isotopes can be
released also, although to a small extent, during the
routine operation of the Baltic nuclear facilities (omitting
hypothetical failures), the concentration of plutonium
isotopes should be controlled in the environment due to
their documented harmful effects on marine organisms.
The samples of V. fucoides for the experiment were
collected in the Orlowski Cliff area by the diver in May
and September 2018. The algae samples of defined mass
were immersed in chromatographic columns, and then the
solution of 2%%Pu are passed through them. Water solutions
of 22%Pu with different concentrations (40 + 200 mBq dm"
%) and with different pH (1~ 10) were used as eluates.
Seawater and distilled water was used as the eluate matrix.
After the experiment samples of algae were dried and
mineralised. The eluate was collected into the bottles.
The determination of 2*°Pu was performed in algae
samples as well as collected eluate to determine the
efficiency of the bioaccumulation process. The
radiochemical method was applied using 2?Pu as a tracer.
Measurement of the plutonium isotopes activity after the
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electro-deposition
spectrometry.
The study has shown that bioaccumulation of plutonium
isotopes by a representative of red algae proceeds very
efficiently, however it depends on the chemical conditions
applied during experiment. Different 2°Pu concentrations
in the range from 40 to 200 mBqg dm™ do not affect
bioaccumulation efficiency — this may indicate lack of
"saturation™ effect. The increase in the pH of solutions
based on distilled water reduces the bioaccumulation
efficiency of plutonium. The ranges of biosorption
efficiencies were: 94.6 +~95.8 % at pH=1-3,
56.7 +80.9 % atpH =7 and 30.8 ~47.4 % atpH =9 - 10.
Bioaccumulation efficiency of 2*Pu from the solutions
based on seawater, does not depend on the pH of the
solution, and it stayed in the range 81.4 + 96.5 %.

The results of our research has shown the possibility of
using this species of algae - Vertebrata fucoides - as a
natural biosorbent of plutonium isotopes. This selected
species of algae is characterized by high prevalence in the
marine environment both geographically and the size of
biomass which guarantees the availability of material.

was performed using alpha

Skwarzec B., Bojanowski R. (1992). Distribution of
plutonium in selected components of the Baltic ecosystem
within the Polish economic zone. Journal of
Environmental Radioactivity, 15, 249-263

Zalewska T., 2014, Bioaccumulation of gamma emitting
radionuclides in Polysiphonia fucoides, Journal of
Radioanalytical and Nuclear Chemistry 299, 1489 — 1497

Zalewska T., 2015. Macrophytobenthic bioindicators in
the classification of the marine environment of the Baltic
Sea. Monographs of IMGW ( in Polish).
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The Hungarian uranium company in Pécs produced
22 000 tonnes uranium (tU) before ceasing production
activities at the end of 1997, after 42 years of operation
(International Atomic Energy Ageny, 2005). In 2006,
there was a feasibility study of restarting uranium mining
in the Mecsek Hills near Pécs (Malovics, 2014).
According to International Atomic Agency (2005), during
the Mecsek uranium mine remediation activity one of the
biggest problems has been controlling erosion. During the
process of soil covering, there was an erosion wounding

occurrence on spoil deposit No.1 in Mecsek uranium mine.

To follow the long-term effect, soil and plant samples
were collected from four sampling points of the spoil
deposit No.1; (1) at the top of the deposit - Rn-M11, (2)
on the slope of the deposit — Rn-M12, (3) at the bottom
field — Rn-M13 and (4) at the bottom edge of of the
deposit - radioactive sample. Each soil core sample was
taken from different depths: 0 — 25 cm, 25 — 50 cm,
50 - 75 cm and 75 — 100 cm.

The present research is joining the large monitoring
program that is currently running at abandoned and
recultivated Mecsek uranium mine. The main aim of this
research is to study the effectiveness of soil covering layer
in retardation of migration of radioactive substances on
the cultivated soil deposit No.1. Radon measurement,
gamma spectrometry and fractionation by sequential
extraction of radionuclides were conducted to achieve the
aim of this study.

This research is not yet completed. The fractionation by
sequential extraction of radionuclides is still in progress.
Figure 1 indicates the summary of the results for 222Rn
activity concentration measurements in the soil samples
and Figure 2 indicates the specific activity results for
primordial radionuclides in soil and plant samples
respectively.

Radon-222 results in Figure 1 indicate that the sampling
point at the bottom of the deposit had higher radon activity
concentrations compared to the points on top of the
deposit. In Figure 2, elevated activity concentration of
238U in soil and plant samples indicate that there might be
a migration of radionuclides from the top of the spoil
deposit No.1 to the lower area of the spoil deposit. It might
also be an indication that the 23U and some of its
daughters might be available for biological uptake by
plants.
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Figure 1. Radon results for soil samples.
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Figure 2. Specific activity results for primordial
radionuclides in soil and plant samples.

This research is supported by Stipendium Hungaricum
[Reg. No.: 238700] and by the South African Department
of Higher Education and Training.

Malovics, G. 2014, 04 08. Uranium mine opening in Pecs,
Hungary. Retrieved 09 24, 2017, from Ejatlas.org:
http://ejalas.org/conflict/uranium-mine-reopening-in-
pecs-hungary.

International Atomic Energy Agency. 2005. Recent
developments in uranium exploration, production and
environmental issues: Proceedings of a technical meeting
organized by the IAEA in cooperation with the OECD
Nuclear Energy Agency and DIAMO State Owned
Enterprise held in Straz, Czech Republic, 6-8 September
2004. IAEA-TECDOC-1463, 6-8.
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The large amount of radioactive material potentially to be
released in a nuclear or radiological event is a big threat
to the safety of public health and environment, and causes
important socioeconomic consequences. The intent of
minimizing its impact should imply preparedness
activities that would largely rely, for instance, on an
adequate knowledge of the dispersion patterns and an
estimation of the potential levels of radioactive
contamination.

In the present study, we present a method to identify wind
patterns and to estimate the associated dispersion and
ground deposition patterns. The framework of this study
is the ANURE project, which aims at developing a
methodology to elaborate nuclear risk maps integrating all
these local factors, and is led by EC/DG JRC and
CIEMAT.

We propose firstly to calculate the main transport
directions by means the air mass trajectories calculated by
the HYSPLIT model (Stein et al., 2015), and, secondly,
the dispersion and the ground deposition characteristics
associated with each wind pattern using the RIMPUFF
model system (Mikkelsen et al., 1997). The method is
tested based on the HYSPLIT trajectories and RIMPUFF
simulations of the atmospheric dispersion and deposition
during five consecutive years (2012-2016) at the Almaraz
Nuclear Power Plant, in Spain.

3644 forward air mass trajectories were calculated
(at 00 and 12 UTC, and with a duration of 36 hours) and
1387 simulations of the dispersion and ground deposition
following an hypothetical release from Almaraz NPP
were carried out from 2012 to 2016. The ISLOCA
accident sequence, with 35 hours of offsite radionuclide
release, was taken as reference. Each daily dispersion
simulation was performed for 83 hours (35 hours of
release and 48 hours of prognosis period). Ground
contamination of 131, *°Sr and *3’Cs were estimated at cell
level on a non-homogeneous geographical grid spacing
(radius of 800 km, and a minimum (maximum) cell size
of 2 km (32 km)).

Figure l1a shows the eight clusters (air mass patterns)
formed by using the cluster methodology implemented in
the HYSPLIT. They represent five pronounced air mass
patterns: to the east, to the north, to the northwest, to the
southwest and nearby displacement.

Within each cluster, we have worked with “pure days”, i.e.

those in which trajectories at 00 and 12 UTC grouped into
the same cluster. For each pure day within each cluster,
we took the corresponding simulated spatial distribution
of deposition at the 83 hour. Therefore, for each cluster,
and after considering the whole set of possible pure days
and simulations, there is a vector of a certain number of
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total deposition values in each grid cell. In each vector,
there is a large variability in the deposits. Figure 1b,c
shows the spatial probability distribution of deposits for
two air mass patterns (C2 to the east and C6 to the
northwest) respectively.

a) Cluster means from 3652 forward trajectories

at 3980N 560W

Metors AGL

Figure 1. a) Mean cluster pathways (centroids).
The percent of complete trajectories occurring in each
cluster is in brackets, b) spatial probability distribution
of total deposit for C2 (eastern) and C6 (northwestern)

patterns.

In the nuclear preparedness field, these results can be used
to estimate areas with high probability of being affected
by high deposition values. Figure 2 shows an example of
the different spatial coverage estimation of those areas
needed to be decontaminated (> 1000 kBg/m?) for each
pattern, following the Nordic Guidelines and
Recommendations 2014.
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This method would provide useful guidance in increasing
knowledge of crisis and disaster management for
improving responsiveness, as well as in the definition of
Emergency Planning Zones (EPZ).

Stein, A.F., et al., 2015. NOAA's HYSPLIT atmospheric
transport and dispersion modeling system, Bull. Amer.
Meteor. Soc., 96, 2059-2077.

Thykier-Nielsen, S., et al., 1997. RODOS SYSTEM,
Analysing Subsystem: RIMPUFF, Stand Alone Version,
RIMDOS7, Users Guide, RODOS(A)-TN(95)3.
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Numerous uranium deposits were exploited in France
from 1947 to 2001. Nowadays, all these former mining
sites are remediated and redeveloped. Natural uranium
content in waters is low (around 0.5 pg/L), several
anthropogenic activities (uranium exploration, mining)
increase uranium concentration in the environment
(Drozdzak et al., 2016). If needed, mining waters
containing especially uranium and radium have to be
treated before discharged in to the environment.
Historical radium treatment consists in a barium addition
and is removed with a (Ba,Ra)SO, double salt
precipitation. In some cases (e.g. low sulfates content in
water), this treatment is not very efficient. In addition to
that, barium can be discharged due to an incomplete
precipitation. Aluminosilicate zeolites with their negative
charge framework have already been used for radium
adsorbent (Chatupnik et al., 2013) (Litz and Williams,
2012) and could be an interesting alternative treatment.
The Bois-Nois site in France is a former uranium mine
where tailings have been disposed below water, which
contains 2 Bg/L radium. Three very common and low-
cost zeolites have been chosen and tested to remove ?%Ra
from mining water. Characteristics of this zeolite samples
are presented in Table 1.

Table 1. Characteristics of zeolite samples

Zeolites ChabaziteClinoptilolite Faujasite
Structural code CHA HEU FAU
Origin natural  natural synthetic
Pore size (A) 3.8x3.8 55x3.1 74%x7.4
CEC (meg/lg) 3.7 2.6 5.4
Specific area280 25 510

(m?)

In batch experiment (Liquid /Solid ratio = 1000 mL/g),
radium was totally (R = 100%) and quickly removed after
2 minutes contact time. No difference was observed
between the three materials.
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Figure 1. Radium removal from Bois-Noirs mining water
on CHA, HEU and FAU (??*Ra = 2 Bg/L, F = 600 mL/h)
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Column sorption experiments were carried out through a
13 cm length and 0.8 cm internal diameter vertical column.
Zeolite bed volume (BV hereafter) corresponds to 26 mL.
The influent was introduced down flow at
600 mL/h flow rate. Figure 1 represents radium removal
on the three zeolite samples, with ¢, and ¢ influent and
effluent radium concentration respectively. Chabazite is
the most efficient zeolite with a c/co ratio below 0,1 until
60 000 BV. Chabazite is always efficient although radium
content in material reaches 150 Bg/g.

226Ra uptake was also tested at semi-industrial scale on a
pilot plant (zeolite volume = 300 L, F = 2 m%h). Lab
experiments results were confirmed, and more than
10 000 m® were successfully treated with a c/co ratio
below 0.1.

The environmental impact assessment of Ra-chabazite
was characterized by using batch leaching tests made
according to the standard NF EN 12457-2 as applied on
all wastes. Ra-chabazite stability is excellent during this
test: radium leaching is very low, less than 0,005%.
Radium removal efficiency can be decreased by
channelling and partial clogging in zeolite filter due to a
high suspended solids content in influent. In this case, a
previous filtration system such as sand filter can be used
to reduce particles entering in the zeolite filter.

Zeolites and specially chabazite tuff are very efficient and
selective materials to remove radium from mining water
in spite of very low concentration (~ 50 pg/L). After
zeolite filtration, radium content in effluent is
below 0.2 Bg/L and respects regulatory limit equal
(c <0.37 Bg/L). This treatment is also an eco-friendly and
sustainable process (no chemical) but also low-cost (water
treated cost: 0,05 $ /m3). In 2019, Orano mining will
implement zeolites treatment on several former mining
sites such as the Bois-Noirs site.

Chatupnik, S., Franus W., Wysocka, M., Gzyl, G. 2013.
Application of zeolites for radium removal from mine
water. Environ Sci Pollut Res. 20, 7900-7906.

Drozdzak, J., Leermakers, M., Gao, Y., M. Elskens,
Phrommavanh, V. and Descostes, M. 2016. Uranium
Aqueous Speciation in the Vicinity of the Former
Uranium Mining Sites Using the Diffusive Gradients in
Thin Films and Ultrafiltration Techniques. Anal. Chim.
Acta. 913, 94 — 103.

Litz, J.E., Williams C.S. Radium removal from aqueous
media using zeolite materials. 2018. US Patent 9 908 788
B1.
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Since the early-1980s, samples of marine environmental
materials collected by the Environmental Protection
Agency (and previously the Radiological Protection
Institute of Ireland) around the Irish coast and from the
Irish Sea have been analyzed to determine the
concentrations of artificial radionuclides. This marine
monitoring programme primarily monitors the effects of
radioactive discharges from the Sellafield Nuclear Fuel
Reprocessing Plant on the northwest coast of England.
The main objective of this programme is to assess the
exposure to the Irish population resulting from radioactive
contamination of the Irish marine environment and to
estimate the associated risks to health. The artificial
radionuclides of greatest concern from a dose point of
view are caesium-137, technetium-99 and actinides
(isotopes of plutonium and americium). In addition, the
programme aims to assess the distribution of
contaminating radionuclides and to identify long-term
trends. To assess the exposure arising from this source,
levels of radionuclides are measured in seawater,
sediments and seaweed as well as fish and shellfish landed
at ports along the north-east coast of Ireland, where the
highest levels of radioactivity attributable to Sellafield are
observed.

Fish and shellfish are monitored to determine exposure
from the internal irradiation pathway, sediment is
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analyzed with relevance to external exposures and
seawater and seaweed are sampled as environmental
indicator materials.

A thorough review of the adequacy of the monitoring
arrangements and a habits survey was carried out in 2009.
This review provided information of possible changes in
radiological exposure pathways affecting doses to people,
an assessment of doses to people who consume large
amounts of seafood and those who are exposed to external
radiation over long periods. This led to some changes in
the how the assessment of doses for the Irish population
were derived from these pathways. The Irish marine
monitoring programme has continued throughout the
intervening years to the present time and is reviewed
annually.

The objective of this paper is to provide concentrations of
certain radionuclides in selected indicators (seafood,
seaweed, seawater and sediment) and associated doses to
the Irish population over a 35-year period. The
concentration data have been compiled to assess the time
trends from the early 1980s up to the present. This data
gives a clear and broad picture of radionuclide trends in
the Irish environment due to discharges of low level liquid
radioactive waste from the UK’s Sellafield Nuclear Fuel
Reprocessing Plant.
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The European Spallation Source (ESS) is a neutron source
under construction near the centre of Lund, Sweden. The
spallation reaction in the ESS tungsten target as well as
the activation of materials by its 5 MW linear accelerator
will generate a wide variety of radionuclides including
tritium (®H). Tritium is expected to dominate the source
term of continuous radioactive effluents (in Bq-year™).
The total tritium activity in the target system has been
estimated to reach ~ 10*° Bq after 1 year of operation (Ene
et al., 2015) and approximately 0.6-10*2 Bq is anticipated
to be released annually through the main stack (Ene,
2016). Most of this tritium will be released in the
environment as tritiated water (HTO).

Tritium is highly mobile in the environment, including in
humans. The current levels of tritium in humans before
the start of operation of the ESS were estimated by the
analysis of human urine using liquid scintillation counting
(LSC). Urinary HTO activity concentration were assessed
in 55 participants divided in four groups: ESS staff
members, neighbours of the ESS, members of Lund
general public and exposed workers.

The participants provided a sample of morning urine as
well as information about their beverage intake the day
before the sampling. The collected samples were purified
by filtration on activated charcoal followed by distillation
before measurement by LSC. The effect of the sample
preparation on the isotope fractionation of the urine
samples was determined by isotope ratio mass
spectroscopy (IRMS) of 2H/*H. IRMS was also used to
investigate the isotope fractionation in locally available
tap and bottled waters consumed by the participants.
Activity concentrations for the ESS staff members, ESS
neighbours and general public were found below the
minimum detectable activity (MDA) of 2.1 Bq-L%. Those
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values follow the general trend of a decrease of the global
tritium levels since the bomb pulse in the 1960’s.

Only a few workers from facilities where tritium is
handled showed an activity concentration above the MDA
(2.1 Bq'LY) up to 11 Bq-L™. All of these workers were
directly handling organic compounds labelled with tritium.
They were thus occupationally exposed. Their
contamination was however rather limited compared to
that of other occupationally exposed workers and
especially to those from heavy water reactors where the
urinary activity concentration can reach
up to 100 000 Bq-L™* (Hou, 2011).

The data obtained during this study will be used as a
reference to monitor the transfer of tritium to the local
population once ESS will start its operation.

The study was approved by the regional ethical review
board at Lund University (Dnr 2018/296). The samples
were analysed for their isotopic composition at the Stable
Isotope Service Lab, Department of Biology, Lund
University. This work was partly funded by the Swedish
Radiation Safety Authority (grant SSM2018-1636-1).

D. Ene, K. Andersson, M. Jensen, S. Nielsen, and G.
Severin, 2015, Management of Tritium in European
Spallation Source, Fusion Sci. Technol., 67, 2, 324-327

D. Ene, 2016, Source Term to the Environment from the
ESS Target Station, Proceedings of SATIF13 workshop,
32-47.

X. Hou, 2011, Analysis of Urine for Pure Beta Emitters:
Methods and Application, Health Phys., 101, 2, 159
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A commercial, large-scale nuclear fuel reprocessing plant
in Rokkasho, Aomori Prefecture, Japan is now under final
safety assessment by the Nuclear Regulation Authority.
1311 is an important radionuclide in the safety assessment
of the plant, as is °I, which is discharged by the normal
operation of the plant, because certain marine organisms
are known to accumulate radioiodine. In this study, we
developed a short-term metabolism model of %I in
bastard halibut (Paralichthys olivaceus), a commercially
important fish in the coastal waters of the Aomori
Prefecture, using retention data after ingestion of 12|
incorporated into a freshwater fish (medaka, Oryzias
latipes).

We used 2| (half-life, 60 days) as a tracer in this
experiment. Because adult bastard halibuts are piscivores,
we selected medaka as an appropriate feed. Medaka
samples (mean body weight + SD, 0.28 + 0.11 g) were
placed for 7 days in freshwater containing 200 Bq gt *?°I
and radioactivity was measured using a Nal auto-gamma
detector. The mean radioactivity of the exposed medaka
was 1.2 + 0.6 kBq.

Bastard halibuts (12.9 + 6.5 g) were used >159 days after
hatching for the ingestion experiment. Each bastard
halibut was placed in a closed acrylic tank (400 mm wide
x 300 mm deep x 350 mm high, 8 L water, 20 L air),
individually. The tank was filled with seawater, which did
not contain '¥1, and aerated. During the experimental
period (12 days maximum), bastard halibuts were fed only
medaka containing 1%°I. One medaka containing °I was
fed to each bastard halibut up to six times, after measuring
the radioactivity in the individual medaka, and bastard
halibuts consumed the medaka immediately after feeding.
Bastard halibuts were separated into experimental groups
(n = 4-6) with different feeding periods (1-6 days). The
excreta were removed and the '?°l concentration in the
tank water was negligible.

kel
f Whole body
125' kdecay

Figure 1. Diagram of the compartment model

The gastro-intestinal absorption ratio (f1) and elimination
rate constant (ke, ') are unknown parameters, and the
decay constant (Kgecay) is 0.00049 h2.
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Bastard halibuts were collected 24 h after the last feeding,
and the radioactivity was measured in the tissues. In
addition, certain fish in the group fed medaka for 6 days
were sampled 3 and 6 days after the last feeding.
Whole-body retention of 2°I (excluding that in the gastro-
intestinal (GI) tract) increased with each feeding day and
quickly decreased after the last feeding. Using the
retention data, we constructed a single compartment
model to simulate %1 uptake and metabolism (Fig. 1).
Here, we assumed that the I ingested was promptly
absorbed from the Gl tract. The GI absorption ratio (f1)
and elimination rate constant from the whole body (kei)
were obtained using the least squares method. fi and ke
were estimated to be 0.41 and 0.010 h%, respectively. The
estimated radioactivity in the whole body of individual
bastard halibuts was plotted against that measured (Fig. 2).
As shown in Fig. 2, the model adequately simulated the
short-term behaviour of %1, The biological half-life of
125] was short (approximately 3 days) and indicated the
rapid metabolism of radioiodine in bastard halibut.
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Figure 2. Comparison of the estimated radioactivity
using the compartment model with measurements
in bastard halibut after ingestion of biologically
incorporated 1%

This study was performed under a contract with the
government of Aomori Prefecture, Japan.
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Today, 33 years after the Chernobyl accident, the most
relevant issue is long-term dynamics of radiocesium in the
environment. Detailed analysis of Chernobyl data
covering an extended time period can also serve the
purpose of predicting long-term changes in environmental
radioactivity in Fukushima contaminated areas.

Bottom sediments of lakes and reservoirs provide insight
in understanding long-term dynamics of radionuclides
strongly bound to sediment particles such as *¥’Cs and
241Am. With this in mind, in 2018 a number of cores of
bottom sediments were collected to the depth of 40-70 cm
(depending on  site-specific  bottom  sediments
characteristics) in the deep parts of Lake Glubokoe, Lake
Azbuchin and Cooling Pond (CP) in close vicinity of the
Chernobyl NPP. These water bodies were heavily
contaminated as a result of the accident. The collected
bottom sediment cores were sliced in 2-cm layers, dried
and passed through 2-mm sieve, after which analyzed for
187Cs and ?!Am using y-spectrometry and by standard
radiochemical technique for %°Sr.

The obtained '*Cs and 2**Am vertical distributions in
sediment accumulation zones of the lakes and CP (Figure
1) suggest that almost no vertical mixing of sediments
occurred, and the *3’Cs and 2**Am peaks are well-defined
and not diffuse ones. Assuming that sediment
accumulation rates after the accident are more or less
uniform, layers of bottom sediments can be attributed to
certain time of sedimentation. With ¥Cs activity
concentration in a given layer of bottom sediments
corresponding to ¥’Cs concentration on suspended matter
at that point in time, we were able to obtain the dynamics
of particulate *¥’Cs activity concentrations from 1986 to
2018. Over the time since the accident the particulate
187Cs concentrations have decreased by 4-6 times,
depending on a water body. Using experimental values of
the distribution coefficient Kg, changes in the dissolved
137Cs activity concentrations in the above water bodies
have been estimated for the period of 32 years after the
accident. The estimates of dissolved '¥'Cs concentrations
are in reasonable agreement with monitoring data. The
general trend of the particulate and dissolved *¥’Cs and
241Am activity concentrations in all three water bodies
apparently can be described by the semi-empirical
“diffusional” model. All three water bodies exhibited a
secondary maximum in estimated ¥Cs and *'Am
activity concentrations in water around year 2000, which
is conceivably due to the shutdown of the Chernobyl NPP
in case of CP and remediation activity in the surrounding
areas in case of lakes Azbuchin and Glubokoe.
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Figure 1. Vertical distributions of long-lived
radionuclides in bottom sediments of Glubokoe Lake
(A), Azbuchin lake (B) and Cooling Pond (C).
I is radionuclide inventory in bottom sediments;
S is estimated average sedimentation rate.

This research was supported by Science and Technology
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We developed an advanced environmental transfer and
dose assessment model (AdvETDAM) for radionuclides
discharged from the first Japanese commercial nuclear
fuel reprocessing plant in Rokkasho. Hydrosphere
components of AdvVETDAM consist of aquatic transfer
models for brackish lakes Obuchi and Takahoko, their
catchments, and coastal waters of Rokkasho. During the
final test operation of the plant using actual spent fuel
from 2006 to 2008, a controlled amount of 3H was
discharged into atmosphere and coastal waters from its
main exhaust stack and marine discharge point,
respectively (Figure 1). We simulated the transfer of
discharged H in the coastal waters by using the coastal
marine model, and examined the effects of various input
forcing data on the simulation results.

The coastal marine model simulates ocean current field
and 3H concentration in Rokkasho coast, including the
simplified calculation in Lake Obuchi. The model solves
three-dimensional ocean dynamics with tide and wave
effects, and advection-diffusion equation for the
radionuclides. The double nesting with three simulation
domains was applied, as shown in Figure 1. Six types of
input forcing data were used in the model: offshore
boundary conditions (ocean current, water temperature,
etc.), meteorological data (air temperature, wind
speed/direction, etc.), ocean waves, tides, freshwater
inputs, and release rate of *H. The data for the latter four
parameters were based on the observations.

We examined four types of simulations with different
input forcing data using the coastal marine model. First
simulation is basic type, with inputs of offshore boundary
condition data from the Japan Marine Science
Foundation’s (JMSF) model, and wind data from the
Japan Meteorological Agency (JMA) weather station at
Hachinohe, approximately 50 km south from the marine
discharge point. This simulation is referred to as control
(CTL) run. The JMSF’s model simulates three-
dimensional ocean dynamics in Rokkasho offshore area
nested from ocean general circulation model covering the
western North Pacific. The second simulation type, the
FORA run, used an ocean reanalysis data of FORA-
WNP30 as the offshore boundary condition. Third and
fourth simulation types adopted wind forcing data from
operational analysis data of JMA Mesoscale Model
(MSM), and regional reanalysis data of DSJRA-55,
respectively; these simulations are referred to as the MSM
run and DSJRA-55 run, respectively. In the FORA, MSM
and DSJRA-55 runs, other settings were the same as in the
CTL run.
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The simulated results of ocean currents were compared
with the observations conducted from June 2008 to
February 2009. During that period, we measured the H
concentration in seawater once a month at the Obuchi
Fishing Port, and two times near the marine discharge
point (Ueda et al. 2011).

In the Rokkasho coast, ocean currents in north-south
direction dominate in association with the Tsugaru current.
Overall, the simulated northward currents on the time
scale of a few days were well reproduced by the CTL,
MSM, and DSJRA-55 runs, while that reproducibility was
slightly lower by the FORA run.

Although the CTL run well simulated almost all of the
observed values, some differences were observed from
August to November 2008. The simulated 3°H
concentrations by the FORA run were closer to the
observations in early August and early September than
those by the CTL run. In addition, during late October to
early November 2008, the simulated H concentrations by
the MSM and DSJRA-55 runs better simulated in
comparison to the CTL run. As a whole, the simulated *H
concentrations in the Rokkasho coast were affected not
only by the offshore boundary conditions but also the
wind forcing data for the coastal model, implying that
more suitable input forcing data improve the simulated
results in coastal waters. ~30Kkm
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Figure 1. Simulation domain of the coastal marine model
for the Rokkasho coast.

This study was performed under contract with the
Government of Aomori Prefecture, Japan.
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In addition to smoking, radon is stipulated as the second
leading cause of lung cancer by the World Health
Organization (WHO, 2009). In May 2018, South Korea
discovered that the mattress produced by a manufacturer
added monazite powder containing natural radioactive
substances. The thoron formed by the decay of the
thorium contained in the monazite causes the radiation
dose above the dose limit of 1 mSv/year for the public in
South Korea.

In August 2018, the competent authority of Atomic
Energy Council (AEC) in Taiwan conducted an audit of
the radiation content of commercial mattresses which may
contained monazite powder. The concentration of radon
(included thoron) was determined by using a radon meter
(RAD 7) and the internal radiation dose resulted from the
progenies of radon was evaluated by using the model
reported in ICRP Publication 115 (ICRP 115, 2010). By
the end of December 2018, a total of 18 mattresses were
tested for the content of radon and 7 of which exceeded
the dose limit (1 mSv/year) for the public in Taiwan.
Among them, the sample with the highest internal dose
evaluation results was further tested for the content of
radon at different heights above the mattress and air
conditioning environments. The measurement condition
of 2 cm above the surface is to assume that a user is lying
face down and breathing, while the 10 cm is to assume
that a user is lying on their back and breathing. The
measurement concentration and evaluated dose of radon
and thoron at different conditions were shown as Table 1.

Table 1. Radon concentration vs different air condition

Distance Internal
‘ - from the 20Rn conc.  ***Rn cone. ¢
Air condition 3 3 dose
surface of (Bg/m”) (Bg/m’) (mSviyr)
the mattress SV
Close window, 2cm 11550+160 251£17 78.39
no air
conditioning 10 cm 207767 45.7£5.0 13.81
Close window, 2 cm 1978465 39.844.5 13.1
using air
conditioning 10 cm 86643 26.34£3.6 5.63
Open window, 2cm 750+40 22.34+3.6 4.83
o ne 10 em 362428 342443 24

conditioning

In the case where the window is closed and no air
conditioning, the measured concentration of thoron at a
distance of 10 cm from the surface of the mattress was
about 5 times lower than that measured at a distance
of 2 cm from the surface of the mattress. The
concentration decrease of thoron gas with increasing
height from the surface of the mattress was mainly due to
the short half-life (55.6 second) of the thoron gas.

In this study, it was also found that, except for one specific
mattress which the monazite powder was embedded in the
inner layer of the mattress to shield the emission of the
beta/gamma rays, the concentration of thoron measured
from the other mattresses was linear with the surface
radiation dose rates measured by the surface
contamination monitor, as shown in Figure 1. The above
findings have been found to be useful for rapid screening
of the concentration of thoron gas from the mattresses
which were contained monazite powder.
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Figure 1. Conc. of Rn-220 versus surface counting rate.

WHO, 2009. In: Zeeb, H., Shannoun, F. (Eds.), Handbook
on Indoor Radon.

ICRP 115, 2010, Lung Cancer Risk from Radon and
Progeny and Statement on Radon. ICRP Publication 115,
Ann. ICRP 40(1)
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Polysiloxane based scintillators have been deeply studied
during last years. Polysiloxanes are characterized by high
thermal (up to 200 °C) and chemical stability, and they
can be handled without affecting the light yield. Since
they are synthesized by mixing precursor resins whose
polymerization is induced at 60-100 °C, they can be
produced in different shapes, form large cylinders to thin
foils with thickness ranging from 1 mm down to few
microns. Such flexible and wearable foils are suitable for
several applications.

Radiation resistance tests on polysiloxane scintillators
shown that they maintain their scintillation yield level
after gamma irradiations up to 50 kGy (Quaranta et al.
2010, Quaranta et al. 2013).

By proper doping with boron containing molecules they
are able to detect thermal neutrons with an efficiency
comparable with commercial systems (Quaranta et al.
2011).

Flexible scintillators mixing SLiF and ZnS micro-powders
have been produced exhibiting quite high efficiency and
mechanical stability. The easiness in fabrication allows to
prepare mechanically stable systems suitable for outdoor
applications (Carturan et al. 2019a).

At present, polysiloxane systems have been doped with
luminescent quantum dots in order to obtain hybrid
scintillators (Zanazzi et al. 2018).

Recently, the suitability for the detection of fast neutrons
through pulse shape discrimination techniques has been
demonstrated (Carturan et al. 2019b).

In this work an overview of polysiloxane scintillators
properties and capabilities are presented, with specific
regards to applications in environmental monitoring.
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The emissions of nuclear reactors and radio-isotope
production facilities into the environment are strictly
limited by demanding legal requirements and under close
surveillance to ensure the containment of radiation
sources inside these facilities and appropriately licensed
controlled areas. At the Forschungs-Neutronenquelle
Heinz Maier-Leibnitz (FRM 1I), in addition to on-site
monitoring installations, an external ring monitoring
network is operated independently by the Bayerisches
Landesamt fiir Umwelt (LfU). The network consists
of 12 Geiger-Miiller-based ENVINET MIRA devices to
reliably measure H*(10) at all times.

In March 2019, an ENVINET MONA system consisting
of 2x4l Nal scintillators, mounted in a car and connected
to a GPS, was used to produce a detailed, nuclide-specific
radiation map of the surrounding of FRM Il. Spectra have
been acquired in 1s-intervals and analysed regarding
nuclide-specific activities and contributions to the
ambient dose rate equivalent. This way, natural and
artificial radiation sources could well be discriminated.
Variations in the environmental background dominate the
map and reveal patterns depending on asphalt, building
density and other installations. Very minor contributions
from artificial sources could be identified in the privately-
operated facility for radioisotope production, i.e. Lu-177
and Ga-68. No artificial contributions were found from
the two reactors (FRM and FRM I1) and the nuclear fuel
laboratory.

Since the MONA consisted of two separate detection units,
the directional information was extracted by means of an
analysis of the overall count rate of both detectors. The
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detected direction clearly correlates with the main
radiation sources (Figure 1).

o Productigh facility foFGe68)

s

e
*N
a?Pgdduction facility for LU 1_51'
/ o'
Ga68 / /
3 /
4

............. -

Figure 1: Ambient dose rate (colour-scale) and direction
of radiation sources in the vicinity of a radioisotope
production facility

MONA has been calibrated such that the ambient dose
rates can be calculated from the recorded spectra. These
were in agreement with those from the MIRA ring
monitoring network. The results demonstrate the
reliability of the current monitoring installations as well
as the advantages of spectroscopic measurement
techniques and nuclide-specific environmental mapping.
Furthermore, the directional sensitivity of a multi-detector
MONA can be well exploited to localize radioactive
sources.
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Disposal of radioactive wastes is a key environmental
issue. An adequate classification of them is therefore
important in order to provide a better protection of the
environment and the public. And this because the fate of
them will depend on their characterization as low-,
intermediate- or high-radioactive level wastes.
Decommissioning of nuclear facilities is becoming an
important problem for the governments as the
installations become obsolete with the time. These
processes are known to generate a huge amount of
radioactive wastes which have to be classified in order to
be properly managed.

The classification of radioactive residues is based on there
activity and on the half-life of the radionuclides that they
contain. Their characterization determines the final
destination of the residues. It is carried out through the
measurement of its radioactivity by conventional
radiation counting or spectrometry. These well-
established methods are known to be time consuming and
sometimes dangerous for the professionals which have to
deal, in many cases, with large sample amounts.
Especially when long-lived radionuclides are involved
which, on the other hand, play a very important role in the
waste management problem. In addition, the conventional
radiometric methods have analytical limitations as for
instance the impossibility of giving isotopic ratios in some
cases which, in many problems, are essential to guess the
origin of the residue and the operation of the nuclear
facility. Obviously, new methodologies that overcome
these drawbacks are welcome.

The capacity of Accelerator Mass Spectrometry (AMS) to
provide faster measurements of smaller samples and of
determining isotopic ratios with high precision converts it
in an ideal alternative to afford the problem of
characterization of radioactive wastes.

In this paper, results are presented on the application of
AMS to the determination of several radionuclides of
interest in materials from the decommissioning of a
mothballed Spanish Nuclear Power Plant (NPP). This
work has been carried out within a long-term
collaboration project of our group with ENRESA, the
company responsible of the radioactive waste
management in Spain.

Different samples, such as concrete, sludge, ionic
exchange resins, and others, coming from selected parts
of the NPP, have been analysed for *?°l, 4'Ca, 2**Pu and
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240py by using the 1 MV tandem AMS system at Centro
Nacional de Aceleradores (G. Scognamiglio et al. 2016).
Being the samples very different from those normally
found in environmental studies, new radiochemical
methods has to be developed. An account of them is given
also in this paper. Briefly, a microwave digestion
procedure of the sample and an extraction with CHCl; is
used for the case of %I. As for Pu isotopes, after a
leaching of the sample with HNO3 at 200 °C in pressurized
closed vessels, a chromatographic extraction is performed
with TEVA resins. In the case of %'Ca, the sample is
digested with aqua regia and then Ca(OH), or CaF;
precipitated (C. Vivo-Vilches 2018; J. M. Lopez-
Gutiérrez et al. 2013).

Unfortunately, there are not vey much data in current
literature to compare the data found so far in our work.
Nevertheless, the obtained results show that AMS is a
very powerful tool for the characterization of the
radioactive wastes and its classification. Moreover, the
found 2%°Pu/Z°Pu isotopic ratios demonstrate how AMS
can inform on the origin and the history of the residues.
Future plans in this field will be also given in the paper.
In that sense, radiochemical methods are being developed
for the measurement of other radionuclides of interest as
14C (in liquid wastes), 2"Np, 2Am, as well as U isotopes,
including %%U.

This work has been supported by ENRESA and the
project FIS2015-69673-P of the Spanish government.
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The European Spallation Source (ESS) is a large-scale

user facility currently under construction in Lund, Sweden.

It will be a powerful neutron source for studies of the
structure and dynamics of the materials. An inevitable
side effect of the neutron generation is the production of
various radionuclides, resulting from spallation in the
proton accelerator and target, as well as from neutron
activation of surrounding structures, soil, and air. A
fraction of the radionuclides produced in ESS may be
released to the environment during normal operation, as
well as in potential accidents.

We present an independent assessment of radionuclides
production in ESS target that might be used as a source
term for further radiological impact assessment. Despite
the number of recent publications, knowledge about ESS
target radionuclide composition during and after
irradiation still remains limited (Mora et al., 2018). Our
objective is to bring more clarity to this field of study with
our ESS-independent contribution which may be further
employed by regulatory institutions and researchers. We
are also intending to specify and justify radionuclide list,
which may be relevant for environmental monitoring
during and after operation. For example, evaluation of
production rate and activity of 1“8Gd is of vital importance
as it is one of the most toxic alpha emitters which will be
produced in ESS. ®H has low dose factors, however it is
produced in high quantities and it is very mobile in the
environment, therefore quantification of 3H production is
essential from the perspective of environmental
radiological protection. It is estimated that the total
activity content of ®H in the tungsten target after 5 years
of operation will be 3-10%° Bq (Ene et al., 2015), i.e. in the
same order of magnitude as the annual *H release from an
operational heavy water reactor.

A simplified model of one ESS target sector was used to
demonstrate possible application of FLUKA code
(Bohlen et al., 2014). FLUKA is a general purpose tool
for calculations of particle transport and interactions with
matter using Monte Carlo method. Major components of
ESS target were included in the model, but with simplified
geometries.

We have calculated activities of all radionuclides
after 5 years of operation (designed lifetime of target-
wheel). The obtained activity concentration of
r