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The International Symposium Transfer of Radionuclides in Biosphere -

Prediction and Assessment was held at Mito on the 18' and 19* of December 2002.

This International Symposium was organized by the Interchange Committee on

Radionuclide Transfer in Soil Ecosphere. This project is the 3 d Phase Crossover

Research, which is engaged in cooperation with five organizations: Japan Atomic

Energy Research Institute (JAERI), Meteorological Research Institute (MRI),

National Institute of Radiological Sciences (NIRS), RIKEN (Institute of Physical

and Chemical Research and Institute for Environmental Sciences (IES).

The main objective of this symposium is to discuss and exchange recent findings

and ideas in the area of the behavior and transfer of radionuclides in biosphere. One

of the important topics in this symposium is to discuss a suitable transfer model and

transfer parameters which may be adapted for Southeast Asian countries including

Japan, as environmental conditions and foodstuffs in thi s region are significantly

different from those in Europe and North America. It will be hoped that the

predictions of the consequences of the release of radionuclides in the terrestrial
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environment will be improved through exchange of views and new rsults. The

symposium consisted of 12 invited lectures and 44 poster presentations. The 117

participants attended the symposium, including 19 foreigners coming from 12

countries.

Keywords: Radionuclides, Biosphere, Transfer, Prediction, Assessment
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OpeningAddress

Shiro Matsumoto, Professor, Saitama University

Chairman of Ecosphere Nuclide Transfer Research Interchange Committee

First, I would like to say "Welcome to the International Symposium on Transfer

of Radionuclides in Biosphere -Prediction and Assessment- ". It is great pleasure for us

to hold such a Symposium with participation of famous scientists from abroad.

This symposium is cosponsored by the Crossover Research Promotion Coucil,

co-organized Division of Health Physics and Environmental Sciences, the Atomic

Energy Society of Japan, the Japan Health Physics Society, the Japan Society of Nuclear

and Radiochemical Sciences and the Japan Radiation Society, in co-operation with the

Japan Atomic Energy Research Institute, National Institute of Radiological Sciences and

RIKEN.

The Crossover Research started in 1989 as the project of the development of

basic science and technology for nuclear energy utilization. Its objective is to encourage

active cooperation of specialists of different fields among national research institutes.

A project on the development of transfer model and parameters of radionuclides in

terrestrial environment started in 1991. Now, the development of a dynamic transfer

model of radionuclides in soil ecosphere became 3 phase crossover project which is

engaged in cooperation with five organizations Japan Atomic Energy Research

Institute (JAERI), Meteorological Research Institute (MRI), National Institute of

Radiological Science(NIRS), RIKEN (Institute of Physical and Chemical Researchi and

Institute for Environmental Sciences (IES).

The main objective of this symposium is discuss and exchange recent findings

and ideas in the area of the behavior and transfer of radionuclides in biosphere. One of

the important topics in this symposium is discuss a suitable transfer model and transfer

parameters which may be adapted for Southeast Asian Countries including Japan, as

environmental conditions and foodstuffs in this region are significantly different from

those in Europe and North America. It will be hoped that the predictions of the

consequences of the release of radionuclides in the terrestrial environment will be

improved through exchange of views and new results.

I believe that the discussions in this symposium will be great help to the

crossover research project and also will make contribution to the progress of this field of

radioecology in Southeast Asian Countries.

I'd like to ask active discussion in every sessions including poster and also in

coffee breaks and symposium dinner. I believe the success of this symposium.

- 3 -



This is a blank page.



JAERI-Conf 2003-010

2. Program of the Symposium

- -



This is a blank page.



JAERI-Conf 2003-010

Wednesday 18 December

9:30 - 940 Opening Remarks Dr. S. Matsumoto (Japan)

9:40 - 10:30 Keynote Presentation
. Chair: Dr. M. Saito

An Index of Radioecology, what has been Important?
Dr. S. C. Sheppard (Canada)

10:30 - 12:00 Session I Crossover Research
Chair: Dr B. J. Howard and Dr. S. Matsumoto

Overview of the 3rd Stage Crossover Research on Migration of Radionuclides in

Biosphere
Dr. S. Uchida (Japan)

Status of Development of a Code for Predicting and Assessing the Migration Of

GRound Additions - MOGRA
Dr. H. Amano (Japan)

12:00 - 14:20 Lunch Break and Setting of Poster
(AfterLunchExcursionl3:20-14:10 -MitoKodokan-)

14:20 - 15:10 Session 2 Behavior of Radionuclides in Environment-1
Chair: Dr. S. C. Sheppard

Distribution of Radiocesium in Soils and Organisms of Different Trophic Positions in

Ecosystems
Dr. M. H. Smith (USA)

15:1 - 15:40 Session 3 From BIOMASS to EMRAS,
Chair: Dr. S. Uchida

IAEA' s New Model Validation Programme - EMRAS: Environmental Modelling for
RAdiation Safety

Dr. B. J. Howard UK)

15:40 - 16:00 Coffee Break

16:00 - 18:00 Poster Session

18:0 - 20:00 Symposium Dinner (Koto Performance 19:00-19:30)

7
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Thursday 19 December

9:30 - 11:10 Session 4 Experiments, Models and Assessment
Chair: Dr. M. H. Smith and Dr. M. Doi

Research Activities on Radioecology for the Past Ten Years- Experiments and
Modelling at KAERI

Dr. H. Lee (Korea)
Dynamic Performances of the Fallout Radionuclides in the Environment and Related
Health Risk Evaluation

Dr. S. Morisawa (Japan)

11:1 - 11:30 Coffee Break

11:30 - 12:20 Session Multitracer Technology
Chair: Dr. S. Enotnoto

Multitracer - Preparation, feature and bio-application -
Dr. R. Amano (Japan)

12:20 - 13:40 Lunch Break and Closing of Poster

13:40 - 15:20 Session 6 Behavior of Radionuclides in Environment-2
Chair: Dr. H. Lee and Dr. H. Amano

Radioactive Contamination of Human Foodchains - Recent Findings, Current and
Near Future Studies in Finland

Dr. A. Rantavaara (Finland)
The Transfer of Radionuclides in Terrestrial Environments - Current Research
Activities Results in Vietnam and Further Technical Co-operation

Dr. B. T. Nguyen (Vietnam)

15:20 - 15:40 Coffee Break

15:40 - 17:20 Session 7 Environmental protection
Chair: Dr. A. Rantavaara and Dr. S. Morisawa.

Radioecological Sensitivity

Dr. B. J. Howard (UK)
Ecological Effects of Ionizing Radiation on Population and Ecosystem:
A Computational Model Ecosystem Study

Dr. M. Doi (Japan)

17:20 - 17:30 Closing Remarks Dr. M. Saito (Japan)

8
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P-1-01
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Ecosystems Following a Nuclear Emergency and Its Application to Countermeasures;
W. T. Hwang, K. S. Sub, E. H. Kim, M. H. Han, H. S. Lee and C. W. Lee

P-1-02
Application of MOGRA for Migration of Contaminants through Different Land
Utilization Areas; H. Amano, T. Takahashi, S. Uchida, S. Matsuoka, H. Ikeda, H.
Hayashi and N. Kurosawa

P-1-03
Construction of river transfer models for MOGRA; H. Hayashi, S. Matsuoka T.
Takahashi and H. Amano

P-1-04
Development of Numerical Dispersion Model for Radioactive Nuclei including
Resuspension Processes; M. Chiba, S. Kurita and H. Sasaki

P-1-05

Migration Models of Neptuniurn and Americium in Groundwater under the Present
Condition of Humic Substances; T. Tanaka, Y. Sakamoto, R. Sawada and H. Ogawa

P-1-06
Applicability of Sorption Data Determined by Laboratory xperiment to Evaluation of
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P-1-09
Development of a Dynamic Compartment Model for the Prediction of Tritium Behavior
around NPPs; H. J. Choi, H. Lee, H, S. Kang and Y. H. Choi

9 
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P-1-10
A Computer Program for Assessing the Human Dose Due to Stationary Release of
Tritium; M. Saito and W. Raskob
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Simulation of 7 Be Monthly Depositions Using Normally Available Data on'
Environmental Monitoring and Local Meteorology; T. Sakashita, Y. Nakamura and
M. Doi

P-1-12
Simulation of Atmospheric Dispersion of Krypton-85 Discharged to Atmosphere from

Tokai Reprocessing Plant by Dose Estimation Computer System (SEERRA-11) M.
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Session 2 Aquatic Environment
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Modelling the Dispersion and Scavenging of Plutonium in Marine System; M. Nakano
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P-3-04
Estimation of Deposition Velocities of HT and 14CO2 and Their Fluxes from Surface
Environment with a Development of a Simultaneous Sampling System for the
Speciation of Atmospheric H-3 and C14; H. Amano, J. Koarashi, T. Koma M.
Atarashi-Andoh and T. lida
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Organically Bound Deuterium in Soybean Exposed to Atmospheric D20 Vapor as a
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Korean Experimental Studies on the Radionuclide Transfer in Crop Plants; Y. H. Choi,
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Uptake and Distribution Of 137CS' Stable Cs and K in Rice Plants; H. Tsukada and H.
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The Behavior of Radioactive 137Cs and Stable Cs at the Isolated Undistributed Mountain

Pond in Fukui, Japan; K. Iwamoto, M. Kimura, K. Ando and H. Amano

P-3-10
Time Dependence on Tc, Mn, Sr and Cs Behaviors in Agricultural Soils under Aerobic
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Contamination; T. Soshi, S. Enomoto and 1. Yamaguchi

Session 4 Radiation Effect

P-4-01
Effect of Low Dose Ttium on Mouse Lymphocyte DNA Estimated by Comet Assay; Y.
Ichimasa, K. Otsuka, S. Maruyarna, H. Thuchi, T. Uda and M. Ichimasa

Session 5 Environmental Radioactivity

P-5-01
Measurement of C14 Distribution in Forest around Nuclear Facilities; M. Atarashi-
Andoh, H. Amano, J. Guo and J. A. Khatoon

P-5-02
Chlorine-36 in Soil Collected at Semipalatinsk Nuclear Test Site; S. Tolmachyov S.
Mitarai, N. Momoshima, M. Yamamoto, Y. Maeda and T. Nakashima

P-5-03
Isotope Ratios Of 24OpU/239pU in Soil Samples from Different Areas; Y. Muramatsu,

S.Yoshida and S. Yamazaki

P?-5-04
Background Distribution of 119,24OPu and 137CS of Upland Soils in Rokkasho, Japan Y.

Ohtsuka, T. yogi, H. Kakiuchi, S. Hisamatsu and J. Inaba

P-5-05
Concentrations of Th and U in Soils Collected in Japan; A. Takeda, K. Kimura and S.
Yamasaki

P-5-06
Uranium Isotope Analyses of Soil Samples Collected from Nisshoen, Hiroshima -

Implication on the Fate of U-23 Discharged from the I-Eroshima A-bomb; Y. Fujikawa,
K. Shizurna, S. Endo, E. Ikeda and M. Fukui

Session 6 Multitracer Study

P-6-01

Some Achievements of Multitracer Technique in Experimentad Studies on Metal-

Humate Interaction, Y. Takahashi and Y. Minai

P-6-02
Application of the Multitracer Technique: Transport of Various Elements in the Pregnant
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Rats and the Fetus; R. Hirunuma and S. Enomoto

P-6-03
Development of a Gas-jet Coupled Multitarget System for Multitracer Production; H.
Haba, R. Hirunurna and S. Enomoto

Session 7 Measurement Method

P-7-01
Cosmogenic Radionuclide 22 Na. as a Tracer of Pollutant Transport from Watershed Aea
to Fluvial System; A. Sakaguchi, Y. Ohtsuka and M. Yamamoto

P-7-02
Determination of Ra-226 Concentrations in Environmental Waters by Liquid
Scintillation Counting Equipped with Alpha/beta Pulse Separation Function N.
Momoshima and H. Zhang

P-7-03
Rapid Determination of Long-Lived Artificial Alpha Radionuclides Using Time Interval
Analysis Method; Y. Uezu, J. Koarashi, Y. Sanada and T. Hashimoto

P-7-04
A Method for the Measurement of 99Tc by Quadrupole ICP-MS in Dry Fallout and Sea
Grass Samples; J. L. Mas, M. Garcia-Leon and J. P. Bolivar

P-7-05
ICP-MS Measurements of Iodine and Bromine in Environmental Samples Collected
along the KuJi River, Japan; K. N. Kushita and H. Amano

P-7-06
New Technique for Deten-nination of Long-lived Radioisotopes, Iodine-129, Using
Multiparameter Coincidence Spectrometry- Y. Hatsukawa, Y. Toh, M. Oshima and N.
Shinohara
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3.1 ANINDEXOFRADIOECOLOGYWHATHASBEENIMPORTANT?

S.C. Sheppard'
Editor-in-Chief, Journal of Environmental Radioactivity

ECOMatters Inc.
PO Box 430, Pinawa, Manitoba, Canada ROE ILO

ABSTRACT

The Journal of Environmental Radioactivity JER) has been published for the last 20 years, an
important time fiwne for the discipline of radioccology. Certainly the study of radioecology
accelerated following the Chernobyl incident. As the discipline moves forward, there will be less
emphasis on that incident, and scientists will find a new focus. Issues related to waste management
and decommissioning may come to the fore. There is also a large effort world-wide-to deal more
quantitatively with the estimation of dose and consequences to nonhuman biota. All researchers in
radioecology will have opinions on what topics are important now and will be important in the future.
Inde4 Policy Board members and Associate Editors of JER have provided a number of Editorials in
the Millennium Editorial Series with their perspectives. his paper explores the trends aong papers
published in JER since 1995, using the ScienceDirect on-line search capability to objectively
categorize the papers and quantify the relative numbers of contributions. Obviously, this is somewhat
imperfect, but it does provide an index of what has been important in radioecology, and provides some
quantification to recent statements about the future of radioecology.

KEYWORDS: Radioecology

1. INTRODUCTION
Radioecology is an unusual discipline. Few universities offer formal training in radioecology,

and many practicing radioccologists have learned 'on the job', bringing to radioecology important
knowledge from other more common disciplines. Similarly, research in radioecology is published in
various journals whose primary mandate seems to hav6 little to do with radioecology. None the less,
since it was founded by Dr. Murdoch Baxter, the Journal of Environmental Radioactivity JER) has
captured many of the key papers in radioecology and has continued to grow.

Interest in radioecology has had several peaks, one in the 1970's associated with
understanding the threat of nuclear war, and another in the 1980's and 1990's to follow the effects of
the Chernobyl accident. Future emphasis may deal more with the decommissioning of nuclear
facilities and the opening of nuclear waste disposal facilities. Policy Board members and Associate
Editors of JER have provided a number of Editorials in the Millennium Editorial Series with their
perspectives for the future (e.g., Hunter 20011", Polikarpov 200 1[2), Salbu 200113�. In order to look
forward, it is always instructive to look back. Tis paper explores and quantifies the results of
radioecology, as mirrored in the papers published in JER.

The objective was to explore a number of hypotheses about radioecology as shown by the
papers in JER. Use of an electronic database was considered important so that quantification of the
numbers of papers on each topic was determined objectively. Issues such as the radionuclides studied,
the evironments tudied, the countries doing the work, the integration of risk computations and the
recent change to nonhuman impacts were investigated.

'Tel: 204 753 2747; fax: 204 753-8478.
E-mad address: sheppUd4�ecomatters.co (S.C. Sheppard).

- 17 -



JAERI-Conf 2003-010

2. MIETHODS

The on-line search and document retrieval capabilities of ScienceDirect were used. At present,
this database includes a papers published in ER since 1995, searchable by title, keyword, abstract,
full tex, author and institution. he searches were directed to different levels to best address the
questions. For example, to identify the radionuclides studied, the search was limited to title, keywords
and abstract. For other questions, it was more appropriate to search the full text, which still includes
tide, keywords and abstract The search pararneters are mentioned during the discussion of each of the
topics.

'Me numbers of papers fbr each search topic are reported, recognizing that this is imperfect
because the search phrases may appear in a paper without necessarily reflecting the topic of the paper.
In order to more fidly understand the results, sarnple papers were evaluated in more detail.

3. RESULTS AND DISCUSSION

3.1 Overview

About I 00 papers have 250 -
been published in JER since 200 - 0

1995 a remarkable amount of 150 -
information. The growth rate 100
(Fig. 1) has been linear in the 50 -
last five years, with 25 more Cs 0
papers each year. This is 14% 1995 1997 1999 2001 2003
to 25% growth per annurn. Not year
many research institutes have
seen that rate of increase in

research funding. This suggests Figure 1. Numbers of papers published in JER 1995 to
that radioecology has managed

2002.to attract funding, although it
does not necessarily mean that
the discipline is growing.

3.2 Radionuclides of Concern

One of the challenges of radioecology is the very large number of radionuclides that result
from the various nuclear activities in the world. Depending on the nuclear activity, it is not unusual to
require radioecological data for over 50 elements, and at least as many radionuclides. 'Me result has
been a dramatic emphasis on a few radionuclides considered especially important, and almost no
research on many others. This is very evident in a search of the titles, keywords and abstracts In
Table 1, the numbers of papers listing specific elements are shown. For each, the most common
radioisotope was included in the search term. For carbon, the word carbon was often used in reference
to organic matter, and so was not a useful search term without specifying the isotope.
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Table 1. Ntunbers of papers 1995 to 2002, in decreasing order, that cited the following elements and
associated radionuclides in the title, keywords or abstracL

Element Element Element
cesium 345 plutonium 71 iodine 22
uranium 134 thorium 49 technetium 20
strontium 119 tritium 28 carbon (14C only) 12
radon 109 cobalt 26 neptuniurn 7
lead 74 manganese 24 chlorine (36CI only) I

There is little surprise that Cs, especially 137CS, is the most studied radionuclide. It, along with
9OSr, is a dominant source of dose for many contemporary and historic facilities and events. It may
well merit the more than 2.5-fold greater effort than for the next most important radionuclide.
However, one wonders if it may be more fruitfW at this point to place emphasis elsewhere. Some of
the papers use the bomb-pulse of 137Cs as a tool to investigate processes such as erosion, so the interest
is broader than simply dose estimation. There is a decreasing fi-action of papers in ER that cite Cs
(Fig. 2, indicating that other radionuclides may become of greater interest.

0 The next most prevalent group of
0 60 - radionuclides is primordial, including
CD 50 isotopes of U, h and Pb. Interest in
.U 40 - these is not solely for dose estimation,
1! there are aspects of mineral
S. -,e 30 -
2. 20 - prospecting among the papers. In
%_ addition, several of these
0 10 radionuclides, and especially 2 Pb,
C
't 0 - are used for dating of sediments and
10 geological materials. An important
1. 1995 1997 1999 2001 2003U. related radionuclide is 222Rn. This

ubiquitous radionuclide is a dominant

Figure 2 Fraction of papers that cited Cs in their title, contributor to background radiation
keywords or astract each year from 1995 to 2002. dose, and is one where common

people have effective means to control
their personal exposure. In addition,

measurement of 222Rn can be done without expensive equipment, and so it is an attractive subject for
laboratories that are less-well equipped.

Tritium and C represent unique opportunities for radioecologists to interact with scientists
from other disciplines, and thus far they are not often reported in JER. Both H and C are the most
basic building blocks of life, so the incorporation of H and 14C into biological tissues has very broad
interest. It may be that much of the research on these radioncuclides is directed to other journals
because of this. 'Me behaviour of these radionuclides as emissions from contemporary nuclear
facilities is still urgently in need of investigation. Most interesting would be a more complete
understanding of when and where these radionuclides behave in the same manner as the stable
elements, and when they behave differently.

An interesting observation is that the radionuclides most often problematic for long-term fuel
waste management, 'C, 36CI, 99Tc and 129I, are not often reported in JER. Indeed, the one paper that
mentioned 36CI (Sheppard et al. 1998)141 dealt only with the stable element. These radionuclides were
reported less than one-tenth as frequently as 137CS. The frequency to reporting is almost unchanged
with time, there were 26 papers (8% of total) reported these radionuclides from 1995 to 1998 and 29
papers 4% of total) from 1999 to 2002. Surely this is an opportunity for further research.
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3.3 Countries Involved

It is possible to search the ailiations listed for the authors, and in general these include the
name of the country. It is not unusual for the co-authors of any one paper to a come from different
countries, so that any one paper could be affiliated with a number of countries. Indeed, there have
been concerted efforts to integrate globally, in part because of the ned to integrate eastern and western
Europe, and in part because public and political perceptions favour science that is supported by
multiple countries.

The list of affiliation countries has a fimiliar ordering (Table 2, roughly the same order as
would reflect the size of the nuclear power industry in each country. There is almost certainly a
geographic effect, ER is based in the K and he Netherlands, and the founding Editor was based in
Scotland for many years, so the large number of papers from the UK is not unexpected. There is
probably a language effect, that English-speaking countries may be more often represented in ER than
others with similar research output.

Table 2 Numbers of papers 1995 to 2002, in decreasing order, that cited the following countries in the
address of any one of the authors.

Country N Country Country
UK 157 Poland 22 China 7
USA 93 Denmark 22 Australia 7

Sweden 7 India 2 Monaco 6
Germany 72 Switzerland 19 Taiwan 5
Spain 69 Netherlands 16 Mexico 4
Japan 63 Hong Kong 15 Bulgaria 4
Rrussia 61 Belarus 15 Morocco 3
Italy 46 Ireland 14 Argentina 2
France 45 Turkey 14 Portugal 2
Canada 38 Korea 12 Israel 2
Norway 32 Pakistan 12 Algeria 2
Belgium 30 Hungary 10 Vietnam 2
Ukraine 29 Romania 9 New Zealand 2
Austria 24 Finland 8 Thailand I
Brazil 24 Saudi Arabia 8

lGreece 22 Egypt 8

It is interesting to 0
investigate if there is a change 0 250.C�
in the numbers of papers from Os 200-CD
various countries with time 150-
(Fig. 3. Comparing the coCD 100-
numbers of papers published in CDV_ 5 -
the four years 1999-2002 to IA

M 0those published 1995-1998
indicates that overall there was

oPa 200% increase in the total 9_40s ep co P
number of papers. Most of the 3 CP
top seven countries, the W
USA, Sweden, Germany, raw

and USSR, grew at a lesser rate Figure 3 Percent increase in numbers of papers from
19995-1998 to 1999-2002 for a papers and for the seven
countries that published the most in JER.
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dm the total number of papers, which means that other countries are becoming more active. This is
an excellent result, it indicates that JER, and perhaps radioecology, is becoming more global. It is very
interesting that the growth rate for papers from Japan significantly outpaced the other leading
countries, and grew faster than the total number of papers. This reflects a very notable increase in
world-leading radioecology research in Japan, and also the excellent work of Dr. Y. Ohmorno, the
Associate Editor for JER working from Aomori, and his colleagues who help with ER manuscripts.

3.4 Quantities Reported

The quantities 'activity' and 'concentration' were mentioned in over half the papers published
in JER, and clearly this reflects the emphasis of papers in JER to understand the behaviour of
radionuclides in the environment. Correspondingly, the unit B is very commonly used. Dose is less
commonly described, and this is as expected because not all of radioccology necessarily deals with
dose. The unit of dose to humans, Sv, is used much less = the term dose, indicating that it is not
common for dose to be computed (or that other units for dose were used). The unit of dose not
corrected for tissue weighting, the Gy, is rather uncommon in JER. This implies that there are not
many studies dealing with dose to non-human biota. This has become an important topic in many
jurisdictions, and there is an immense opportunity to scientifically contribute to this topic. It may be
one of the most rapidly growing aspects of radioecology.

Risk can be expressed quantitatively, and it is surprising that the term does not appear more
often in JER. It has many other meanings than health risk, including qualitative interpretations. None
the less, because risk is at least one of the regulatory endpoints important to the nuclear industry, it
may be reasonable to expect more papers in JER to deal quantitatively with risk. Indeed, as more of
the nuclear industry focus shifts to decommissioning and waste management, there will be greater
emphasis on a holistic approach to problems. Risk is an appropriate way to integrate much of the
information provided by radioecologists.

One special topics for radioecology is isotopic ratios and the related concepts of specific
activity, isotopic exchange and isotopic dilution. These concepts are widely used throughout
environmental science, and have also been a topic specifically encouraged in JER. The use of
primordial radionuclides in dating geological aterials is an example of studies of radioactivity in the
environment not directly related to dose and health. Certainly, there remain misconceptions of the
process of isotopic dilution. Many researchers assume the radiotracer will exactly tram the behaviour
of the stable element, as radioecologists we need to be alert to the exceptions to this rule. his is
particularly the case where isotopic dilution models are used in dose estimation.

Toxicity is not a commonly used term in JER papers. In many cases, radiation effects are
described with other terms, and only U is commonly attributed with important, chemical toxicity
effects. The reason U can be chemically toxic more often than radiotoxic is because, with a very long
half-life, it is nearly stable. This leads one to think about other long-lived radionuclides of toxic
elements, and 1291 is a possibility. Sheppard and Evenden 1995)1-51 evaluated the chemical toxicity of I
to terrestrial organisms, and concluded that it was possible for chemical toxicity to exceed radiological
toxicity for '29I in non-human biota.

3.5 Westone Events

The cycles of interest in radioecology has often been traced to the periodic occurrence of
milestone incidents. Initial interest was related to the survivability of nuclear conflict. 'Me major
event was the Chernobyl accident, and this was reflected in the word Chernobyl appearing in 289
papers 29% of the total from 1995 to 2002). Of course, very often this is just a reference to the
accidentasanexampleoftheneedfortheinfon-nationbeingpresented. Similarlythephrase'nuclear
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weapons' was often cited either as a source of the contamination being studied or as a justification for
the research (Table 3.

The next most common event-related phrase was Sellafield (Table 3, and clearly this
encompasses operating fitcilities as well as the notable accident. Ile relatively recent criticality
accident at JCO Company Ltd, Tokai-mura, seems to have been wll described. he interest in
Kosovo is largely the use of depleted U munitions, and Kola is largely related to dumping of nuclear
waste at sea. Three-Mile Island is rarely referenced, and indeed the 4 papers that used the phrase did
not deal with contamination from the accident, but merely cited it as an incident worthy of note.

Table 3 Numbers of papers 1995 to 2002, in decreasing order, that cited the following incident-
related phrases.

Search phrase Search phrase
Chernobyl 289 Kosovo 14

nuclear weapons 105 Kyshtym 12
Sellafield 60 Kola (Peninsula) 10
JCO (Company Ltd., Tokai-mura) 22 Three-Mile (Island) 4

3.6 Specific Topics

In order to explore some of the possibilities for future research, some specific topic areas were
searched. his was not an exhaustive search of all possibly relevant search terms, but was a
correlative search: how many papers referred to two terms that together could have a specific meaning.

Toxicity is referenced in about % of the papers (based on the full text), and of course may be
referring to toxicity of co-contaminants, radiological toxicity or chemical toxicity of radionuclides.
Chemical toxicity of radionuclides is a rther limited subject area, but has received recent interest in
part related to depleted U from munitions and other sources. Only papers used both the term toxicity
and U, and one used 1291 and toxicity. On closer examination, the toxicity mentioned in these papers
was often of co-contaminants such as heavy metals. Although the chemical toxicity of U may
dominate radiological impacts, this has not received a lot of attention by radioecologists publishing in
JER.

The issue of the protection of the environment is a potent research opportunity for
radioecologists. Jones et al. 2002)161 discuss some of the key components.

The use of radionuclides to trace historic events has a nmber of applications. he use of
21 OPb to date sediment cores is well established, although not necessarily simple (Smith 200 1)[7]. ne
concept is that 20Pb as a decay product of Rn is deposited to the sediment surface as the sediment is
formed. If one can assume a constant input of 2OPb, then the age of a given layer of sediment is
indicated by the activity concentration 2Pb. The major difficulty is that the surface layer of sediment
is disturbed and mixed by organisms and hydraulic processes. Some of the successful uses of 2'Vb to
date sediment cores include a mixing model in the computations. About 45 papers cited 2'oPb and
sediment', 15 cited 2'oPb and age', and 6 cited 2'oPb and dating'.

Dendrochronology, the use of tree rings to indicate the time-course of past contamination
events is also interesting. Waugh et al. 1998)1'1 even used both radionuclide geochronology and
dendrochronology to tace past incidents. Again with dendrochronology, there is the P roblem that
contaminants may migrate laterally through the wood. Studies have been done with 1 7Cs, and because
K is so mobile in plants, it takes some care to ensure the 117Cs as measured is correlated to the amount
deposited in the tree ring. Dendrochronology with 14C is especially interesting, because any 4C
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incorporated into the ellulose of the wood will surely not be subject t movement. lsogai et al.
(2002)191 used tis to examine releases from Sellafield.

Chemical speciation is obviously important to the behaviour of all radionuclides, to varying
degrees. Assessment models to date have used the simplistic and probably appropriate Kd model to
deal with solid/liquid phase partitioning. About 29 papers used the term Kd, and a further 9 used
Opartition coefficiene and did not use Kd. However, the assessment models have been less able to
accommodate our present understanding of the chemical speciation of radionuclides. The
corresponding terms have been used with some ftequency in JER papers: 42 used'oxidation', 35 used
'redox', 35 used 'speciation', and 14 used both 'oxidation' and 'reduction'. In some cases, such as for
Tc, the knowledge about chemical speciation has been reflected in the assessment models by adjusting
the Kd to reflect either oxidising or reducing conditions. Bennett and Willey 2002)1'01 have a good
review of speciation and Te transfer to plants, Transfers to plants and animals can be similarly
adjusted. As yet, there have been few models that explicitly predict the geochemical environment for
radionuclides, particularly the effects of diffusion Of O2 into soils and sediments, so that chemical
speciation can be a predicted quantity rather than an empirical adjustment. This is an extremely
important area for the development of radioecology, and is one where the lead may come from the
work being done with non-radioactive heavy metals.

4. CONCLUSIONS

This paper uses publication in the Journal of Environmental Radioactivity JER) as an index of
the discipline of radioccology. Specifically, the papers published from 1995 to 2002 were
electronically searched to reveal trends. Many of the trends were as expected, Cs and U were the two
most-cited elements. The interest in Cs was as high as 50% of the papers in 1995, and has decreased
to less than 35% in 2002. This means that other radionuclides now receive more attention. Some
potentially important radionuclides, such as 60, remain almost untouched. Terrestrial environments
dominate the research, with marine and freshwater next in interest. The transitions between these
environments, such as wetlands and tidal flats, have apparently received less attention, yet they must
be scientifically very interesting because of the gradients in geochemistry and materials. The countries
affiliated with the authors also reveal an interesting change with time. As expected, the dominant
countries for publishing are the dominant countries in the nuclear industry. However, the fraction of
papers from these countries has decreased with time, indicating that many other countries are now
supporting research in radioecology. An interesting exception is Japan, there has been a marked
increase in the numbers of papers from Japan, indicating a very strong interest in radioecology. The
topics of the papers seem to focus on concentrations in the environment, with a secondary interest in
dose as a quantity. Far less prevalent are the concepts of risk and toxicity, areas where radioecologists
might well expand their interests. Finally, terms related to chemical speciation are used relatively
often, but this author suggests that this information has not been utilised to die extent it could in safety
assessment modeling.
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ABSTRACr

In 199 1, we started a series of projects in Nuclear Energy Generic Crossover Research, which is known as

"Crossover Research (CR)". This I st phase was successfully finished with the active cooperation of five

organizations: Japan Atomic Energy Research Institute JAERI), Meteorological Research Institute (MRI),

National Institute of Radiological Sciences (NIRS), the Institute of Physical and Chemical Research RIKEN)

and Power Reactor and Nuclear Fuel Development Corporation (PNQ. Subsequently we carried out the 2nd

phase of CR 1996-1998) A new member, Institute for Environmental Sciences (IES) participated from this

phase.

In the d phase CR a project on "Development of a dynamic transfer model of radionuclides in the soil

ecosphere," is currently being promoted 1999-2003). The following five researches are carried out in this

project.

1) Research into the forms of existence of nuclides and their change in the soil NIRS and JAERI),

2) Research into the transition behavior of radionuclides in plants (IES, RIKEN and NIRS),

3) Research into the relation to the icroorganism and on environmental rernediation (RIKEN, JAERI

and NIRS),

4) Research on the migration of radionuclides from atmosphere to soil and plant MRI and JAERI), and

5) Database construction on transfer parameters (JAERI, NIRS and MRI).

Then, JAERI, MRI and NIRS are working on the development of a dynamic transfer model for

radionuclides on the basis of a gained knowledge about the environmental behavior with the cooperation of

universities, etc.

The dynamic transfer model developed in this project is effective not only for Japan, but also for the

Southeast Asian countries. Besides, this model is capable of predicting the behavior of materials that are

harmful to the environment i.e. hazardous heavy metals discharged in the soil ecosphere.

- 25 -



JAERI-Conf 2003-010
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MODEL, CROSSOVER RESEARCH

1. INTRODUCTION

The Crossover Research (CR) was established in 1989. About two years later, we began the Ist phase

research work. This I st project was successfully finished with the cooperation of five organizations, that is, Japan

Atomic Energy Research Institute JAERT), Meteorological Research Institute (MM, National Institute of

Radiological Sciences (NIRS), the Institute of Physical and Chemical Research (RIKEN) and Power Reactor and

Nuclear Fuel Development Corporation (PNC)'). Subsequently we started the 2nd phase with a new member,

Institute for Environmental Sciences (IES) from 1996 2). Now, we carry out the 3rd phase research work, which

was started in 1999, and it will end in 2003. This 3rd phase research focuses on the transfer of radionuclides in

soil ecosphere". The radionuclides added in the surface soil are found in solid or liquid phases. A pail of the

radionuclides would adhere to the clay minerals, organic materials, and so on. Their forms of existence change

with time, i.e. as a result of the effect of microbial activities, and the radionuclides move in several environmental

media without fixing in one medium. For mass transport elucidation in such a composite system, it is crucial to

carry out researches with researchers specializing in different research fields.

In this paper, we introduce our research activities in the 3rd phase of the crossover research project.

2. CROSSOVER RESEARCH

In the Long-term Program for Research, Development and Utilization of Nuclear Energy in Japan, it was

recommended to break away from catch-up technical development and creative and revolutionary technical

development as one of the leading technical countries in the development and use of nuclear energy. There, in

addition to enhancing basic research and efficiently promoting leading projects, it was proposed that we should

promote with priority the development of basic technology which would lead to breakthroughs in existing

nuclear energy technology, and connect basic research with project development.

Within this nuclear energy generic technology, research which particularly brings together the potential of

multiple research institutions and which requires the promotion of research and development with the ative

interaction between research institutions was named Nuclear Energy Generic Crossover Research (CR). That is,

the CR has a system for national testing and research institutions and special public corporations to work and

cooperate with one another to achieve a synergistic effect and effectively promote research and development

and to spread the developed research achievements to other sectors, including industry and society.

The CR is very big projects that extended into different fields. Table I shows all areas and research topics

in the 3rd phase. Our research topic is "Development of a dynamic transfer model for radionuclides in the soil

ecosphere," which belongs to "Biological Impact of Radiation."
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3. DEVELOPMENT OF A DYNAMIC TRANSFER MODEL FOR RADIONUCLUDES IN THE

SOELECOSPHERE

Human life relies on the soil ecosphere, where we produce most of our food. For the survival of living

organisms, a reproducible and/or clean land environment should be maintained, and it is necessary to be safe

enough to maintain healthy life throughout the future. Therefore, behaviors of radionuclides and harmful

materials in the soil ecosphere should be clarified. If the soil ecosphere is contaminated with these hannful

materials, it needs to estimate the effect in there throughout the future. These days, it is ecognized that

researches on the forms of existence of the pollutants and their changes in soils, and researches on the pollution

to the vegetation is important for better understanding of the behavior of the pollutants, since they showed

different behaviors depending on their fon-ns Te forms and the behaviors of the harmful materials can be

changed in different environments.

The 3rd phase CR project that we belongs to focuses on the transfer of radionuclides in soil ecosphere. hat

is to say, the elucidation of radionuclide transport in the composite system becomes a base of the research

perforn-lance. he research objective is to develop a dynamic tansfer model, which can analyse and predict the

time-related spatial variation and behavior of the radionuclides in various environments after being discharged.

As mentioned above, the radionuclides added in the soil ecosphere could move in several environmental media

without fixing in one medium.

Thus, the research titles for participating institutes in this topic are decided as follows;

1) JAERI: Research into the Transition of C14 and Other Radionuclides with Long Half-lives in the Soil

Ecosphere.

2) MRI: Research Concerning the Impact on the Atmospheric Environment of Radionuclides, Including Their

Effect on the Soil Ecosphere.

3) NIRS: Research and Development of the Transfer and Dynamic Analysis Model for Radionuclides in the

Soil Ecosphere.

4) IES: Researching Concerning the Impact that Agricultural Meteorology has on the Root Absorption of

Plants.

5) RIKEN: Research into Dynamic Analysis Models and Nuclide Transfer in Plant-Microorganisms Complex

Systems.

Following results obtained in each institute are summarized in this proceedings:

MRI: Development of Numerical Dispersion Model for Radioactive Nuclei including Resuspension

Processes 3)

JAERI: Advective-diffusive Tansport of D20 in Unsaturated Porous Media under Evaporation Condition4)

JAERI: Estimation of Deposition Velocities of HT and 14 C02 and Their Fluxes from Surface Environment with

a Development of a Simultaneous Sampling System for the Speciation of Atmospheric H-3 and G
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JAERL Measurement of C- 1 4 Distribution in Forest around Nuclear Facilities6)

NIRS: Time Dependence on Tc, Mn, Sr and Cs Behaviors in Agricultural Soils under Aerobic and Anaerobic

Conditions 7)

RIXEN: Effect of Microorganisms on the Uptake of Radionuclides by Plant, Application of the

Microorganisms-Plant Complex System to the Phytorernediation for Radionuclides

Contamination')

Also, as mentioned above, in CR, we are asked to make collaboration works. In the 3rd phase of our

project, the following collaboration works have been carried out:

1) NIRS and JAERL Research into the Fonns of Existence of Nuclides and Their Change in the Soil.

2) IES, RXEN and NIRS: Research into the Transition Behavior of Radionuclides in Plants and Fungi.

3) RIKEN, JAERI and NIRS: Research into the Relation to the Microorganism and on Environmental

Remediation.

4) MRI and JAERL Research on the Migration of Radionuclides from Atmosphere to Soil and Plant.

5) JAERI, NIRS and MRI: Database Construction on Transfer Parameters.

Besides, we developed a dynamic model for predicting and assessing the migration of materials in

terrestrial environment. An example of components and the transfer processes of the dynamic model in the

atynosphere-soil-plant system are shown in Fig. 1. There are seven components, for example, atmosphere, crops,

soil, and groundwater. The tr-ansfer processes are deposition, weathering, re-suspension, root uptake, fixation,

infiltration, and so on. Figure 2 shows the institutes which have been carried out the experiments and surveys to

clarify the transfer processes of radionuclides in the terrestrial environment and to obtain the transfer parameters

for the model through I st, 2nd and 3rd phases of the Crossover Research. We could develop a dynamic transfer

model of radionuclides in the terrestrial environment and also we could apply parameters obtained through the

research of each participating organization. Subsequently, it is possible to estimate the spatial variation of the

radionuclides in the soil ecosphere over time. Due to this development the infonnation is also useful for

understanding the behavior of pollutants, i.e. using the model for impact assessment and environmental

remediation when the environment is studied for pollutants. The details of the model developed in this CR

project is described by Dr. H. Arnano, et a9"O'-

The dynamic transfer model developed in this project is effective not only for Japan, but also for the

Southeast Asian countries. This model is also capable of the prediction of behavior of materials that are harmful

to the environment such as hazardous heavy metals discharged in the soil ecosphere.
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Table I List of the Yd Phase Crossover Research Projects

1) Radiation Damage Recovery Research: Studies on biological functions involved in the radiation damage recovery
mechanism

• Research into DNA Darnage Mechanism Using Simulation Calculations (JAERf)

• Functional Analysis of Gene Clusters that Promote Recovery from Radiation Damage (JAERI)

• Clarification of the Vital Functions Concerning Recovery of DNA Damage and its Genetic Impact (RIKEN)

• Research Concerning the Structure and Function of Proteins that Promote the Induction of Mutations NHiS)

• Analysis of Higher-order Structure of Sections Sensitive to Radiation (NEID)

• Development of a Nano-level Visualization System, Recognition of Radiation Damage and Analysis of Recovery

Mechanism NIRS)

• Research into the Health Impact of Radon (NIRS)

2) Research Into the Transfer of Nuclides in the Ecosphete: Development of a dynamic transfer model of radionuclides in the

soil ecospheic

• Research and Development of the Transfer and Dynamic Analysis Model for Radionuclides in the Soil Ecosphere (NIRS)

• Research Concerning the Impact on the Atmospheric Environment of Radionuclides, Including Their Effect on the Soil

Ecosphere (NM

• Research into the Transition of C- 4 and Other Radionuclides with Long Half-lives in the Soil Ecosphere (JAERI)

• Research Conceming the Impact that Agricultural Meteorology has on the Root Absorption of Plants (IES)

• Research into Dynamic Analysis Models and Nuchde Transfer in Plant-microorganisms Complex Systems (RIKEN)

3) Research and Application of Positron Beam Technology: Research and Development of Advanced Positron Beam

Applications

• Positron Beam Applications for Materials Research under Extreme Conditions (JAERI)

• Development and Application of Spin-polariized Positron Beams from an AVF Cyclotron (RIKEN)

• Development of Characterization Methods for Surfaces and Sub-surfaces using an Extremely Low-eneigy Pulsed Positron

Beam (AIST)

• Research and Development of Positron Beam Scannning (NIMS)

4) MulduwffResearch:ResearchintotheUpgradingandUseofMulfiu-acerProducfionTechnology

• Development of Multitracer Automatic Separation Units and Research into Their Use in New Measurement Methods

(RIKEN)

• Development of Automatic Chemical Separation Units (NIMS)

• Inftastructure Research Aiming for the Upgrading of Multitracer Production Technology and its Application in Cutting-

edge Science and Technology (NIRS)

5) Attosecond Pulse Laser Research: Research into Development and Use of Attosecond Pulse Laser Technology

• Research Concerning the Gener-ation and Measurement ofAttosecond Pulse Lasers RIKEN)

• Research Concerning Structural Change in Materials Caused by High-speed Electron Excitation (AIST)

• Research Concerning the Generation of Single,-ycle Pulse (AIST)

6) Research into Materials for Nuclear Energy: Studies on Reliability of Advanced Pressure Boundary Materials Used in

Extremely Severe Environments on Nuclear Energy Systems

• The Opfirnization of Metal MCMs and Assessment ofAdaptability to Complex Environments JAERI)

• Research Concerning the Adaptabihty of Ceramic MCMs to Complex Environments (NIMS)

• High-resolution Analysis of Surface and Interface Reactions and the Process by Which Defects are Generated NIMS)

• Optimization of Multi-composite Materials and Structural/Charactefistic Assessment AIST)

7) Analytical Science and Technology Research: Development of ntelligent Systems Technology for Advanced Human

Cooperative Plants

• Research and Development of Adaptive Maintenance Systems Using Robot Groups (RIKEN)

• Research and Development of Plant nspection and Presentation System by Harmonizing Robot Groups and Maintenance

Knowledge Base (AIST)

• Research into Operation and Maintenance Support Systems Based on an Awareness and Understanding of Humans in

Advanced Human Cooperative Plants (NMRI)

8) Computational Science and Technology Research: Computational Science Research into the Behavior of Materials, Fluids,

and Structures in Nuclear Facilities

• Research into Substance and Material Behavior Using Multi-Scale Modeling (JAERI')

• Large-Scale Simulation of Fluid-Structure Interactions with Heat Transfer (RIKEN)

• Computer Simulation of Material Characteristics Taking into Account Microscopic Structure (NIMS)

• High-density Multi-Scale Computation Technology (AIST)
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3.3 Status of development of a code for predicting the migration of ground
additions - MOGRA.

Hikaru Arnano', Tomoyuki Takahashib, Shigeo Uchidac, Syungo Matsuoka',
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aJapan Atomic Energy Research Institute, Tokai-mura, Naka-gun, Ibaraki 319-1195 Japan
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' National Institute of Radiological Sciences, Anagawa 49-1, Inage-ku, Chiba263-8555 Japan
dVisible Information Center, Inc, Tokai-mura, Naka-gun, lbaraki 319-1112 Japan

ABSTRACT

MOGRA (Migration Of GRound Additions) is a migration prediction code for toxic ground
additions including radioactive materials in a terrestrial environment. MOGRA consists of
computational codes that are applicable to various evaluation target systems, and can be used on
personal computers. The computational code has the dynamic compartment analysis block at its core,
the graphical user interface (GUI) for computation parameter settings and results displays, data bases

and so on. The compartments are obtained by classifying various natural environments into groups that

exhibit similar properties. These codes are able to create or delete compartments and set the migration

of environmental-load substances between compartments by a simple mouse operation.

The system features high universality and excellent expendability in the application of

computations to various nuclides.

KEY WORDS: DYNAMIC MODEL, RADIONUCLIDE, MIGRATION, GUI, DATA BASES

1. INTRODUCTION

To evaluate the effects of environmental-load substances such as radioactive ones that impose

environmental loads it is essential to identify the migration patterns and behaviors of these

substances in the environments of the human life sphere. The mechanisms affecting their migration

patterns and behaviors are very complicated and cover a wide range of disciplines including physics,

chemistry and biology. Figure shows the outline of main phenomena related to migration of

environmental radionuclides in the surface environment. In addition, as the human life sphere

contains a mixed variety of land usage modes (including forests, farming fields and rice paddies),

the migration patterns of the substances in each of the various land usage classifications are quite

diverse. Considering these, we have developed a code called MOGRA (Migration Of GRound
Additions) as a migration prediction code for toxic ground additions including radioactive materials

in a terrestrial environment 12]. Here, we describe the outline of MOGRA, and the status of

development of the code.
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Fig. 1 Main Phenomena related to Migration of Environmental Radionuclides in the
Surface Environment

2. OUTLINE of MOGRA

MOGRA consists of computational codes that are applicable to various evaluation target systems,
and can be used on personal computers. The computational code has the dynamic compartment
analysis block at its core, the graphical user interface (GUI) for computation parameter settings and
results displays, data files and so on. The compartments are obtained by classifying various natural
environments into groups that exhibit similar properties. These codes are able to create or delete
compartments and set the migration of environmental-load substances between compartments by a
simple mouse operation. The system features high universality and excellent expendability in the
application of computations to various nuclides. An evaluation begins with a classification of the target
land according to a land usage classification (modularization). Next, desired compartments are set
within each module together with the setting of migration patterns of substances between modules.
The flow of environmental-load substances between compartments is expressed in the
formulae obtained from theoretical consideration and scientific experimental results. When a
compartment in a module is subject to pollution by an environmental-load substance, these
codes can be used to evaluate how and how far the surrounding environments will be polluted
in the future. Figure 2 shows the concept of MOGRA.
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Fig. 2 Concept of MOGRA

3. ANALYSIS METHOD and SYSTEM FEATURE

In MOGRA, the simultaneous ordinary differential equations are solved by using the sixth-step
fifth-order Runge-Kutta method which is called the Fehlberg formula. The dynamic change of the
amount in the compartment m in the Fig. 3 is expressed as follows,

Compartmet m

ucli

ecay ecay

Inflow Outflow
Nuclide i

Compartmet I

Fig. 3 Block diagram of a dynamic compartment model
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dY. kl-.,iY,i + AjYk_-I + A.' + Yj + jotdt lpj-i 'j +q.,,

here,
Y'i ymi Amount of Nuclide i, j in the Compartment-m (atom)
y4i Amount of Nuclide i in the Compartment-1 (atom)

k. Transfer factor of Nuclide i from the Compartment-m to the Compartment-1 (1/y)

kl-.,, Transfer factor of Nuclide i from the Compartment-1 to the Compartment-m (1/y)

/Z K Elimination Factor of Nuclide i from the Compartment-m (1/y)

'�j j Decay constant of Nuclide i j (1/y)

Pj-.i Branching ratio of Nuclide i (-)

qmi Inflow factor of Nuclide i into the Compartment-m (atom/y)

MOGRA is used on a Windows based personal computer. MOGRA is composed with 3

programs and FORTRAN compiler. The 3 programs are MOGRA for Windows, MOGRA

Compartment Model Editor, and MOGRA Calculation Program.
The user of MOGRA can aange the Compartment Model templates connection by dragging

templates and connector. Calculation parameters can be put on GUI. Calculation results are presented

in Tables and Figures on the CRT of a personal computer MOGRA for Windows).

MOGRA Compartment Model Editor creates and compliles compartment models of each module

which will be used on MOGRA for Windows on the GUI of a computer. MOGRA Compartment

Model Editor also compliles parameters of each compartment model.
MOGRA Calculation Program calculates according to the equation described in section 22 using

calculation condition data files from the MOGRA for Windows. The calculation results is brought to

the MOGRA for Windows.

4. STATUS of DEVELOPMENT of MOGRA

Application of MOGRA for migration of contaminants through different land utilization
areas will be presented as a different paper in this proceedings 3].

Recently we have developed databases for MOGRA, called MOGRA-DB which consist of

radionuclides decay chart, distribution coefficients between solid and liquid, transfer factors from soil

to plant, transfer coefficients from feed to beef and milk, concentration factors, and age dependent

dose conversion factors for many radionuclides 4].

MOGRA will be connected with the GIS (Geographical Information System) databases which

consist of soil map, Geornorphological Land Classification Map, Subsurface Geological Map, Land

Utilization Map, and Water Utilization Map, developed by Ministry of Land, Infrastructure and
Transport, Government of Japan. Also will be introduced are the sensitivity analyses, the probabilistic

analyses of environmental parameters. MOGRA will be connected with atmospheric dispersion

models, groundwater flow models and ocean pollution prediction models.

5. SUMMARY

MOGRA (Migration Of GRound Additions) is a migration prediction code for toxic ground
additions including radioactive materials in a terrestrial environment. MOGRA consists of

computational codes that are applicable to various evaluation target systems, and can be used on

personal computers. The computational code has the dynamic compartment analysis block at its core,
the graphical user interface (GUI) for computation parameter settings and results displays, data bases
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and so on. The compartments are obtained by classifying various natural environments into groups that

exhibit similar properties. These codes are able to create or delete compartments and set the migration

of environmental-load substances between compartments by a simple mouse operation.

The system features high universality and excellent expendability in the application of computations

to various nuclides. In this paper, we described the outline of MOGRA, and recent status about
development of the code, which mainly concerns databases and GIS.
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Abstract

There are significant linear relationships between the standard deviation and
the mean of radiocesiurn concentration for samples of soils, sediments, plants,
and animals from Chornobyl and nuclear sites in the United States. The
universal occurrence of this relationship in all types of samples suggests that a
non-normal frequency distribution should be expected. The slopes of these
relationships are similar for fish and mammals from the two regions of the world
but those for plants are not. The slopes for plants are similar for aquatic and
terrestrial ecosystems within each region. We hypothesize that there are
relationships between the four moments of the frequency distribution of
radiocesium (mean, variance, skewness, and kurtosis), and that these
relationships are caused by the functional properties of the organisms and other
characteristics of the ecosystem. The way in which radiocesiurn was distributed
across the landscape does not seem to be a factor in. determining the form of the
frequency distribution.

KEYWORDS: Cs-137, FREQUENCY DISTRIBUTION

1. Introduction

Whether organisms express effects when exposed to a contaminant
depends upon its concentration. Concentrations of contaminants vary according
to the type of contaminant, the trophic position of the organism, and the type of
ecosystem in which they occur (Dietz et a, 2000), as well as the amount of the
contaminant released into the system. Radiocesium is a common type of
contaminant released from atomic explosions in their fallout and from reactor
accidents such as Chornobyl (Whicker and Pinder, 2002). Its concentration is
usually highest in soil or sediment compared to that in plants or animals partially
because radiocesium is often bound tightly to clays. The concentrations in the
biota depend upon the type of sediments or soils characteristic of the ecosystem
in which the organism occurs. 131

The form of the distribution of radiocesium (primarily Cs) among
individuals is another characteristic that is important to the expression of effects.
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Radiocesium often has a skewed non-normal type of distribution, such as
lognormal or Weibull (Pinder and Smith, 1975). The lognormal distribution has
frequently been found to fit the data for a variety of organisms (e.g., Oeksyk et
aL, 2002). This characteristic is frequently mentioned, because a transformation
of the concentration data is required before parametric statistics can be used to
analyze the data. Since this type of distribution has more high values than
expected, only a small proportion of any population of plants or animals may be
exposed to the highest concentrations, and these are the organisms that would
be most likely to show effects caused by the contaminant. It thus becomes
imperative to determine whether the form of the distribution varies with trophic
position and ecosystem like concentrations do. Unfortunately, it takes large
amounts of data to calculate the four moments of a distribution to determine it's
the exact form.

Fortunately, the first two moments (mean and variance) can be reliably
estimated from many fewer data, and an indirect measure of the form of the
distribution obtained. Oleksyk et aL 2002) calculated the relationship between
the standard deviation (square root of the variance; S) and the mean of
radiocesium distributions for a variety of fish and mammal populations from
Chornobyl and the Savannah River Site. They used the slope of that relationship
as an indicator of the type of distribution found in these organisms and found fish
from the two areas had similar distributions, but that the distributions for
mammals and fish were quite different.

Our purpose was to calculate the relationships between and mean of
radiocesium for soil, plants, and animals from Chornobyl and those from nuclear
sites in the United States and then to compare the slopes of the relationships
among sample types, aquatic and terrestrial ecosystems, and locations. We
expected there to be a positive linear relationship for each sample type
regardless of its origin or position within their respective ecosystem.

2. Methods
Data for Chornobyl and Department of Energy sites in the United States

were taken from the literature (Table 1) and used in our analyses when the mean
concentration, its standard deviation (S) or standard error, and sample size M
were given. Care needs to be taken in selecting data from the literature to
include only those that have been counted for sufficiently long time periods so
they do not contain individual samples that are below detectable levels. This is
most likely to occur when some of the samples have very low levels of
radiocesium. The linear relationships between and the mean of radiocesium
concentrations forced through the origin were calculated. Other data were
collected for aquatic plants and sediments from Chornobyl by one of us (O. T-O.).
The majority of the sediment data for Chornobyl and areas around Chornobyl
came from Jagoe et aL 1997, 1998 and personal communications). Methods of
counting for radioactivity of these samples were similar to those described in
Oleksyk et aL 2000).

The mean and standard deviation (S) were calculated for every data set
with eight or more individuals from our own data or from the literature. Linear
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regressions were calculated for the relationships between and mean for each
data set using the maximum likelihood method (SAS, 2000). Regressions were
forced through the origin, and the slope was an estimate of the average
coefficient of variation under this restriction. Pearson's product-moment
correlation coefficients (�, for these regressions were calculated, and plots of the
residuals were examined for trends and other indications of a non-normal
distribution. Since the slope and r are extremely sensitive to outliers in the
distribution, we examined the scatter plots for their presence. Suspected outliers
were subjected to the Dixon's test (Dixon and Massey, 1969; Newman, 1995)
and removed from the correlation analysis, if the test statistic was significant.
Results of statistical tests were considered significant when p = 0.05 and highly
significant when p = .01.

3. Results
Outliers were present in one of the plant populations (Gluboke Lake) and

in one of the sediment sites at Chornobyl (Canal 1). Each of the locations
contained one or more extremely high values for radiocesium concentration, and
they caused large significant increases in means and standard deviations. These
two samples were not included in the rest of the analyses. Two examples of
frequency distributions of radiocesium in Typha latifolia are given in Fig. 1 An
example that could be typical of any population of samples with N less than 40 is
given in Fig. 1A, and the outlier problem is illustrated by the comparison of the
frequency distributions in Figs. A and B. There are two distinct outliers and
possibly four in Fig. B.

The slopes and correlations of the relationship between and the mean of
radiocesium concentrations are given for terrestrial and aquatic soils or
sediments, plants, and animals. All six groups of samples demonstrate a
statistically significant positive linear relationship between and mean (Table 1).
Such a relationship indicates that the data for the samples from our study were
not normally distributed, because the mean and variance are independent
characteristics of normal distributions (Hahn and Shapiro, 1967). When the data
were log-transformed, the relationships between and mean were not significant
for any group, possibly indicating the lognormal nature of the frequency
distributions. There were no apparent trends in the residuals that would indicate
curvilinearity or that their distributions were non-normal.

When an extreme outlier point representing Clethrionomys glareolus from
Tovsty Forest (p<0.001) was omitted from the regression, the slope for mammals
decreased from 103 to 083 ± .05 (r = 091, p < 0.001). The slope for this
regression is given in Table 1. All of the deleted outliers were identified as
significantly different from the main data for that location or from data from other
locations. Outliers in this sense are identified as not coming from the same set of
data or populations.

After removing a high value for one population around the highly
contaminated Gluboke Lake in Chornobyl, which is one of the most radioactively
contaminated places in the world, slopes for rodents from both the Chornobyl and
DOE sites were very similar (Table 1, Fig. 3 and the difference between them
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was not statistically significant (df = 8, F= 0.01, p = 092). The combined slope
between DOE and Chornobyl mammals was 0.88 (r = 086, p<0.001). While the
slopes for mammals from DOE and Chornobyl were almost the same, the slopes
for plants from the two locations differ significantly. The plants from DOE sites
had higher slopes than plants from Chornobyl (Table 1, Fig. 2 There was no
significant difference between the slopes for plants from terrestrial and aquatic
environments from DOE or Chornobyl sites (df = 39, F= 006, p = 082 and df
= 12, F = 002, p = 089, respectively). The slopes for soil and sediments for
DOE sites were not significantly different, but they were higher than the slopes
for sediment or soil samples from Chornobyl. There were also significant
differences between the soil samples from within the exclusion zone and from
around the zone. The slopes for the samples from within the zone were lower
than those for samples around the zone.

4. Discussion
The and mean of radiocesium concentration of every sample was

significantly related regardless of whether it was a soil, sediment, plant or animal
or where it came from. Slopes and correlation coefficients varied apparently as a
function of what ecosystem component was represented. It is not possible to
determine what the form of the frequency distribution was from this analysis, and
this was not our purpose. However, it is likely that the form of the frequency
distribution may be the same for similar types of samples from locations in a
limited area and even from different widely separated areas that have been
contaminated in quite different ways. It is also likely that there must be
relationships between other combinations of the four moments of the distribution.
For example, Oleksyk et al. 2002) reported a positive linear relationship between
kurtosis and skewness but not between either of these and the mean or S.
Unfortunately estimating the latter two moments requires much larger numbers of
samples than are normally analyzed and reported in the literature. In addition,
few studies report the values of the third and fourth moments (skewness and
kurtostis) of the distribution. Oleksyk et aL 2002) found that distributions for
mammals tend to be skewed and leptokurtotic (ie., it was peaked and had more
high values than a normal distribution). This may be a very common tendency
for distributions of radiocesium, and it would be worth knowing its form to study
the factors that cause this distribution and to determine what proportion of plants
or animals may be above some threshold level where radiation effects might be
expected to occur. The degree of skewness and kurtosis would both be
expected to affect this proportion.

There was a difficulty in analyzing soil and sediment data from Chornobyl
sites and from areas with low levels of contamination located around the
Chornobyl Exclusion Zone. Soil and sediment samples from around the
Chornobyl Zone had very high slopes, while those within the Zone were
characterized by low slopes (Table 1). The radionuclide contamination in
Chornobyl is heterogeneous due to the presence of so-called "hot" particles,
those with very high levels of radioactivity (Kravets et aL, 1993). If there are no
individuals in a population with hot particles, then the distribution of the
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contaminant will be less heterogeneous, and there will be a decrease in the
mean and S, as for example in Typha population from Pond located between
the failed reactor and Gluboke Lake on the reactor side of the Pryp'at? river (Fig.
1). In the presence of hot particles, some of the values will be so high that a
population may be excluded from an analysis as an outlier (e.g., Typha from
Gluboke Lake or sediments from Canal 1). Both Gluboke Lake and Tovsty
Forest were passed over by major plumes from the failed reactor, and have
evidence of hot particles in terms of data with very high values.

In contaminated sites with lower levels of the contaminant, such as areas
beyond the Chornobyl Exclusion Zone, the possibility of getting samples wi th
very high activity is minimal. However, a close examination of the individual data
points from soil and plant populations frequently reveals one or two values that
are 510 times higher than the others, but they are not high enough to exclude
the population from the analysis (Newman, 1995). The outlier problem is
particularly acute at Chornobyl probably because of the large hot particles that
were released at the time of the accident. It is also apparent that the slope of the
relationship between and the mean can vary considerably even within a region
(Table 1). This phenomenon needs further investigation.

The spatial distribution of the contaminant in the soils and sediments must
be one of the most important factors determining the frequency distribution in the
biota. The slopes of the relationship between and the mean vary by a factor or
2 to for soils and sediments within and around the Chornobyl Exclusion Zone
(Table 1). The spatial distributions in soils and sediments are influenced by many
factors, but the most important of these are most likely physical factors, such as
wind or rainfall patterns. How these factors interact to create such different
spatial patterns is not known. Since plants are not mobile and usually have
limited root distributions, their contaminant distributions would be more effected
by that in the soils and sediments than those of animals that move across the
landscape. We hypothesize that large amounts of movement, should tend to
make the frequency distributions more normal in organisms at higher trophic
levels.

The effect of movement on the frequency distributions of radiocesium
should result from the animals sampling from multiple non-normal distributions.
Animals, which take their food from a series of places where organisms have
different lognormal distributions for radiocesium, should have more normal
distributions than those of their food items overall. This is simply a consequence
of the central limit theorem, because the sampling distribution of the means of
non-normally distributed data should approach the normal distribution as sample
sizes increase (Kachigan, 1991). The means of a series contaminated
populations of a given type of animal should be thought of as coming from the
non-normal distributions characteristic of lower trophic levels.

Mammals certainly did not have lower slopes for the S-mean relationship
than did plants, however fish had the lowest slopes of any ecosystem component
both in the Ukraine and southern United States. There also appears to be some
interesting similarities in the slopes for plants within a geographical area. These
may be due to these organisms having a similar function within ecosystems from
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different areas. Further speculation about these relationships will require
replication of the effects in other areas to establish the generality of the patterns.

Mammal populations had much more skewed distributions than did fish
populations (Oleksyk et al., 2002). The difference between the distributions of
fish and mammals could be due to the trophic position of the species, although
the species used in Oleksyk et al.'s analyses included forms functioning at
different trophic levels. It is more likely that the difference was due to the type of
ecosystem that the organisms came from (ie., aquatic versus terrestrial type of
the environment). Fish may simply move more through their aquatic ecosystem
than do small mammals in a terrestrial ecosystem, and thus have lower slopes
characteristics of distributions that approach the normal distribution.

Future work should emphasize increased sample sizes for individual
populations, and these ecosystem components should be collected at the same
spatial scale whenever possible. More species of plants and animals need to be
included in the samples. In addition, other animal species that show different
amounts of movement need to be sampled. The goal of future studies in this
area should be to understand the factors that influence the distribution of
radioisotopes and other contaminants among individuals that might be affected
by the contaminants.
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Table 1. The slopes and correlations for the relationships between the standard
deviation and the mean for terrestrial and aquatic samples of soils or sediments,
plants and animals from Department of Energy Sites (DOE) or Chornobyl.

Samples DOE Sites Chornoby 13

Terrestrial
Soils' 0.59: 033 (r2 = 039)*a 0. 34 0. 1 (r2 = 0. 81 ),e
SoiIS4 1.59 - 042 t = 0.92)**f,

Plants' 0.70 t 021 (r2 = 052)" 0.45 006 ( = 0.99)'g

RodentS2 0.83 ± .05 (2 = 083)**c 0.89 03 (r2 = 084)' h

Aquatic **ab 9)*kl
Sediments' 0.59.t 043 (r2 = 079) 0.45 ± 028 (r2 = 03

SedimentS4 1. 1 8 ± 012 (r = 91)**,

Plants' 0.73 ± 021 (r2 = 080)"' 0.39 ± 013 (r2 = 056)*1

Fish' 0.21 ± 002 V2 =0.91 )**d 0.21 002 (r = 0.85),h

*pj.05; **p<0.01

'DOE Sites were Savannah River Site and Oak Ridge

2Oak Ridge Reservation

3 Chornobyl Sites within the Exclusion Zone
4
Areas around the Chornobyl Zone

aSmith et aL, 1982; Briese et al., 1975; Sharitz et aL, 1975; Brisbin, et aL, 1974

b Brisbin et aL, 1989

cGarten, 1980

d Peles et al., 2000

e Chesser et aL, 2000; Malek et aL, 2002; Poiarkov et aL, 1995

fAskbrant et aL, 996

gAskbrant et aL, 1998

holeksyk et aL, 2002

k Jagoe et aL, 1997; Jagoe et aL, 1998; Kryshev, 1995

'Tsyusko

- 45 -



JAERI-Conf 2003-010

4

A. Typha latifolia from Pond 

3

2
Cr
2
LL

0
0 5 10 15 90 25 30 35 40

137c r Bq/g

6

5 B. Typha latifolia from Gluboke Lake

4

3

2

0 L
0 10 20 30 40 50 60 120 130 140 150 160

137Cs Bq/g

Figure 1. Frequency distribution of radiocesium concentrations (dry weight) in

Typha latifolia from the Chornobyl Exclusion zone:

A. Typha latifolia from Pond illustrating expected skewness and kurtosis.

N=35.

B. Typha latifolia from Gluboke Lake illustrating very high skewness and the

presence of outliers probably due to hot particles. N33.
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Figure 2 The relationships between the standard deviation and the mean of
radiocesium concentrations (dry weight) in plant species from DOE and
Chornobyl sites. The regressions were forced through the origin. The
DOE data were for eight species, while Chornobyl data included three
species
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Figure 3 The relationships between the standard deviation and the mean of
radiocesium concentrations (dry weight) for rodents from Chornobyl
(Oleksyk et al., 2002) and from a DOE site (Oak Ridge Reservation;
Garten, 1980). The regressions were forced through the origin. The
Chornobyl data were for five species of rodents while the DOE data
were for one species.
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ABSTRACT

Experiments in a greenhouse have been conducted to evaluate the effects of radionuclides on various

plants. Transfer factors, translocation factors, and other parameters have been measured particularly

for major foodstuffs, such as rice and vegetables. A computer code was established to assess the

environment in case of acute radionuclide release by accident. Verification and sensitivity analysis

have been carried out for the integrity of this code.

Key words radioecology, compartment modeling, greenhouse experiments, KAERI

1. Introduction

The radioecology has been one of the major subjects on which KAERI has concentrated much effort.

In the past, however, the experiments related to the radioecology were basic, and the models were

reviewed conceptually. In the early nineties, after the completion of the greenhouse license for

radioactive tracer use, KAERI scheduled a new program with respect to radioecology. It included

experiments to set up a database of the parameters for overall edible plants and relevant model

development.

Experiments for measuring transfer factors from soil to plant were exclusively conducted.

Radioactive tracers were sprayed onto the soil, avoiding direct contact with the plants in order to

measure the transfer factor affected only by root uptake. The tracers used in the experiments were

mixturesofMn-54,Co-60,Sr-85,andCs-137. TheobjectplantswereChinesecabbage,radish,rice,

soybean, potato, red pepper, and cucumber. Tritium and Iodine were also tested for Chinese cabbage

and rice.

The computer code, KFOOD, was developed for steady state ingestion dose calculation. The

parameters obtained by experiments were applied to assess the steady state dose.

From the late 90s to the early 2000s, another experimental approach has been conducted. A glove

box was used to simulate interception or translocation for tritium or iodine. The radioisotope was

sprayed into the glove box. The soil in the pot was covered by paper to protect the radioisotope from

contacting the soil in the pot. The isotope concentration in the plant after harvest was measured to

yield the translocation factor. For the rice, the mixed radiotracer was also sprayed at scheduled times.

The experimental results elaborated the effect when the exposure was made.

A dynamic compartment model, ECOREA-11, was coded for the assessment of the acute release from
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nuclear facilities to the environment. This is for assessing contingent release from power plants.

The sensitivity analysis and uncertainty analysis have been conducted. The model comparison was

carried out to verify the model calculation.

2. Methods

2.1 Model development

Dynamic models have been developed for assessing the impacts of the radionuclides released by acute

fallout event to agricultural food products elsewhere[1,2]. The models generally contain several

compartments describing parts of the soil and plants, and the relations between the compartments

considering the radionuclides transport. Similarly KAERI has developed the dynamic compartment

model. It comprises of six compartments:plant surface, surface soil, inner tissue, root zone soil, fixed

soil, and deep soil. The schematic view of compartments and the relations between the

compartments is shown in Fig. 

de pos iti on d(Bfo

plant surface Q,, (K,,, + KJQI - K, + K, + A)Bfo
di

d(BQ,,)
inner tissue --- = K,13fo

resuspension r 7777777771 di
-4-0.1

dQ,,
weathering surface soil Q, K�.BO, - K,,, + K, + K,,, + A,)Q,

di
translocation dQ,,

root zonesoil K,,Q, + K,�,Q, 7 K,,, + K_ + + A)Q,,
abs or pti on di

throw dO

MW fixed soil K,,,Q, - K,., +,Zd)Qf,
des pt. at

Root uptake

leaching deep soil Q,, dQd, KI .. IA� - AlQd,
at

Fig. 1. Structure of the dynamic compartment model and related governing equations

In the governing equations, the symbols denote the biomass. The growth rate expressed by Bs is

characterized by the s-shaped function with x-axis being the cultivation time. The six first order

differential equations are calculated by the fourth order Runge-Kutta method.

2.2 Experiments

KAERI experiments have been carried out in a greenhouse. Rice, Chinese cabbage, radish, soybean,

and potato are treated with mixed gamma radionuclides. Then they are farmed as usual. In the

beginning, the radionuclides were exposed to the surface soil to investigate the root uptake effects.

Then the radionuclides were sprayed onto the plant leaves to find out the translocation effects in

separated experiments. After the harvest, parts of the plants are separated and measured in

radloactivities, giving transfer factors or translocation factors. As the rice is the major plant for
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Korean foodstuffs, the soil of the rice plant from different areas of the nuclear power plants was

sampled and tested by radionuclides. The radionuclide exposure to rice cultivated in different soils

was to discover the effect of the soil properties upon the transfer factors. The rice had been planted in

the same pot for years in order to investigate the dependency of transfer factors on time.

Particularly the tritium and the iodine are handled in a glove box to avoid direct contact of

radionuclides in the air with the workers. The glove box 1.2m wide Im long 1.5m high has two pairs

of gloves for handling the materials inside the box. Air in the glove box was sampled periodically to

measure the concentration change of radionuclides in the glove box. Three small fans are used for

the concentration in air to be homogeneous. For the tritium, the HTO solution was evaporated in the

glove box. The external gas generation rig was used for the iodine supply.

3. Results and Discussion

3.1 Code verification

The established computer code, ECOREA-11, needs verification to confirm correct coding of given

governing equations and solutions. The comparison of calculated results by ECOREA-11 and a

commercially available code, AMBER, was carried out. For the comparison, a case was assumed as

follows. The iodine was released from Kori nuclear power plants on May 3 h . The deposited

concentration at rice plant was I Bq/m 2 The parameters for rice growth function were given. The

comparisons are shown in Fig. 2.

20- Caxehebon the ems Co.centalion in the S.rface Soil

3 -

s- ECOREA-11
-AMBER

2 
ECOREA-11
AMBER

.13

0 1

05

0.0
001 6 3b sO Sit 1�0 liO liO 2�O 240

a 30 GO W IM 1�0 1;0 2�0 2�O 2�O
Day aer Deposition Days after Deposition

Fig. 2 Comparison of calculation results of ECOREA-11 and AMBER

As shown in Fig. 2 the results were in good agreement, which implies completion of verfication.

3.2 Sensitivity analysis

ECOREA-11 needs proper parameter values to simulate the case. The sensitivity of parameters was

investigated in order to find how much the uncertainty of measured parameter values affects the model

calculation. The considered parameters are:weathering constant, interception coefficient, deposition

velocity, percolation constant. The weathering constant and the percolation constant affect the

concentration on the leaves much higher than the other parameters. The results for the two
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parameters are shown in Fig. 3.
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Fig. 3 Sensitivity analysis with respect to weathering constant and percolation constant

3.3 Validation

The experimental results from the greenhouse have been used to validate the ECOREA-11. For

example, the computer code calculated first year radioactivity in the edible part of rice that is

cultivated in the soil contaminated by mixed gamma radionuclides. Then computer code calculated

again the second year radioactivity of rice that is re-planted in the same soil after harvest. The

comparison between the calculation and experimental results covered the validation of the code. The

experimental results showed the obvious decrease of transfer factor for Sr-90 in soil to rice, whereas,

there was no relationship of transfer factor with time for Cs-137 in soil to rice.

3.4 Mixed gamma radionuclides exposure

Various plants have been tested to evaluate the transfer factors or translocation factors for different

radionuclides since 1991 in the greenhouse[3,4]. By arranging lots of experimental results, te

representative data was chosen. The values for soil-to-plant transfer factors of Mn-54, Co-60, Zn-65,

Cs-137 are summarized in Table ][3].

Table 1. The values for soil-to-plant transfer coefficients for various radionuclides

crop Edible part Transfer coefficient(Bq-g plantfBq-g dry soil)

Mn-54 Co-60 Zn-65 Cs-137

rice seed 2.4e I 3.6e-3 1.4e+O 3.8e-2

soybean seed 4. e I 1.2e-I 5.3e+O 2.3e-I

carrot root 1.8e-I 2. 1 e-2 1.2e+O 2.3e-2

lettuce leaf 5.5e-I 2. 1 e-2 1.2e+O 4.6e-2

squash fruit 4.6e-2 9.4e-3 3.6e I 3.le-2
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The behavior of transfer factors with time was also investigated. The results of transfer factors

tendency for Sr-90 and Cs-137 are shown in Fig. 4.

Cs-137 Cs-137

71 F

H I

Fig. 4 Yearly measured transfer factors for hulled seed and straw of rice

3.5 Tritium Exposure

The tritium has been treated to evaluate the tissue free water tritium(TFWT) and organically bound

tritium(OBT) in Chinese cabbage, rice, and soybean. Typical specific activity ratio in rice is shown

in Table 25].

Table 2 Specific activity ratio in rice plant xperiments

Exposure time(hr) TFWT(Bq/ml) OBT(Bq/ml) Ratio(OBT/TFWT)

1.0 134000 770 0.0057

1.5 76200 785 0.0103

2.0 32800 970 0.0296

4.0 3400 678 0.1944

6.0 1200 550 0.4583

25 790 330 0.4177

97 630 157 0.2492

Fig. also shows the TFWT concentration in soybean seed depending on the exposure time.

4. Conclusions

The experiments have been carried out to evaluate the soil-to-plant transfer factors or translocation

factors. Various radionuclides were applied to rice and vegetables. The representative parameter

values were obtained, giving valuable input data for model calculation. The dynamic model has been

developed to evaluate the impact of accidental release of radionuclide on the ecological environment.

To confirm the code integrity, verification was carried out by comparison of the developed code and

the AMBER code that is in commercial use. Sensitivity analysis was also conducted to comprehend

- 53 -



JAERI-Conf 2003-010

the effect of parameter uncertainty on the computed results. Validation is being carried out by

comparison of experimental work with computed results. Further international cooperation programs

of the code comparison will be conducted for the validation.

E-W
SEEDS

I EW _. h-I

I E -CO

I E� ......
I.E-05

2 1� , 3 My X 9 N S.P �7

Date of e.pos...

Fig. 5 TFWT concentrations in seeds at the end of exposure and at harvest relative to mean HTO

concentration in air moisture during each-time exposure(sown on May 22, harvested on

Oct. 5).
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3.6 Dynandc Performances of the Fallout Radionuclides in the Environment

and Related Health Risk Evaluation

Shinsuke Morisawa, Dr. Eng., Professor
Department of Global Environment Engineering

Graduate School of Engineering, Kyoto University

Kyoto City, 6068501 Japan

Abstmct
The framework was developed for evaluating the cancer induction mortality risk due to the prolonged

exposure to the fallout Sr-90 in the environment, which was released by the atmospheric nuclear detonation

tests, through dietary intake by considering the effect of foods and feeds iport to Japan. The risk evaluation

fimnework presented was composed of thrw sub-models: the model foe evaluation of the global circulation of

Sr-90, the model for evaluation of Sr-90 concentration in foods and dietary intake, and the model for the cancer

induction mortality risk. Te mortality risk by the radiation-induced leukemia was evaluated based on the

NUREG/CR-4214 model. The model was applied on the reference Japanese for past half century to evaluate

the historical variation of the health risks.

The new framework is presented and discussed on their feasibility to apply on the health risk evaluation

due to the low-level and prolonged exposure to radionuclides in the environment. Te possibility to use some

kind of bio-maikers are discussed to evaluate the potential health risk in advance before the risk w be

actually detected.

Keywords: Fallout radionuclide, Strontium-90, Cancer mortality risk, Mathematical model, NUREGICR-

4214 model

1. Introduction

The recent environmental monitoring data shows that the deposition of fallout SOO to the land surface

has decreased to the lower level these years. However, their radioactivity can easily be dected in an

environment and foods, and has sll been a source of the ow-level and prolonged radiation to the general

public through dietary intake pathway Especially Japanese depends almost seventy percent of foods/feeds

on the foreign countries, so that the Japanese health risks are closely related to the global scale of radioactive

fallout. Here in this study, the mechanistic mathematical model is developed to relate the fallout Sr-90

released into the global atmospheric environment with the cancer induction mortality isk of the reference

Japanese, without introducing the black boxes into the total models as possible.

The health risk evaluation related to the environmental radionuclides has so many and much common

factors with the health risk evaluation for the non-radioactive hazardous contaminants in the environment.

The model could be applied effectively on the non-radioactive contaminants related health risk evaluation. At

the same time in the risk evaluation fields, new techniques have been developed and widely used. For
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example, we can now use the molecular and cell

biological experimental techniques to determine the dose-

response relationships at the DNA, chromosome arid/or
cell level more sensitive than at the sornatic: level. These Atomos re

new techniques and knowledge might help for evaluating Z

directly the potential health risks due to the low-level and s U
prolonged exposure to both radioactive and non-

radioactive contaminants in the envirom-nent. The

framework for the health risk evaluation is discussed.

Cn

2. Exposure to Fallout Sr-90 thmugh Dietary Intake od

Pathway

Human body

2.1 Exposure evaluation modd

The mathematical model was composed of three Fig. Dietaray intake pathways of
sub-models (Morisawa et als., 2000a: Shirnada. et als. radioactive fallout Sr-90

1996). The first one is the global atmospheric crculation sub-model to determine the Sr-90 deposition rate to

the earth surface. The second one is the exposure evaluation sub-model to determine the dietary intake for

life span considering the international food/feed trade, and the last one is the health risk evaluation sub-model

to determine the Japanese Sr-90 body burden and the mortality risk through cancer induction.

The interrelations of three sub-models are shown in Fig.l. Global environment was vertically separated

into four layers; stratosphere, troposphere, land/ocean surface and deep land/ocean, and laterally separated into

ten longitudinal zones with the exception for ocean compartments as is shown in Fig.2. After a in the model

used in this study, the earth was divided into the 54 compartments and the mass-balance relationship of Sr-90

in each compartment was described to get 54 ordinal dilferential equations as follows.

d(K)/dt:=1(1nflow),j - 7, (Outflow),j - 2 pK (1)
i i

Where the dependent variable
rth orthK means the radioactive Surface ani A,

mass inventory of Sr-90 in the Ocean Oc Ocear n
ocean

i-th compartment (Bq). ou
P&C

(hfflow),, and (Outflow)j, 0C

mean Sr-90 input to the i-th

compartment from the
Deep /TTgK7

neighboring jth compartment tic 1= C/
(Bq/month) and Sr-90 output 0C k5cean LL

Ocean
from the i-th compartment to

the neighboring j-th Z

compartment (Bq/month). Fig. 2 Ocean corn artment model
p
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The k means the physical decay constant of 100. N40- 50 zone

Sr-90 (2.89xl0-'month-', 28.8 years). 80'-

The mathematical model (the set of 10 - 0 Observed
0 60'

ordinal differential equations) was solved I

numerically for the past half century usmg the N 40

record of nuclear detonation tests kind, 20 -o Simulated

magnitude, location and time of detonation: C?

JAI, 1985) and the related environmental 5 1970 19 1080 -- 199-5 1990
year

parameters Morisawa et als., 2000b). Fig.3 Sr-90 deposition rate simulated for

N40-50 zone and their observed value

2.2 Results and its reliability 0.35 ......

An example evaluation of Sr-90 0.30 -
deposition is shown in Fig3 together with the 0.25 -
observed data (NIRS, 1963-1999). Fig.4 and 0'E'aO.20 -
Fig.5 show the Sr-90 concentration in polished 0 Simulated

W 15rice and the dietary intake by the reference
Japanese, respectively. These results show 0.10 Observed
that the estimates given by the model 0.05 0
simulations fit well with the observed (NIRS,
1963-1999). f960 1965 1970 1975 1980 1985 1990

Year
Fig.4 Comparison of the estimated Sr-90

concentration in rice with the observed

3. Health risk due to the exposure to fallout 0.8 ........................

Sr-90 R 'O.7
3� 6

0 0.5
93 0.4

3.1 Sr-90 concentration in bone i alculated
The Sr-90 concentration in bone was KO.3 reserved

estimated by ug the retention function A 00 I

reported by the CRP 1972), based on the 10 1965 1970 1975 1980 1985 1990
Year

dietary intake of Sr-90 shown in Fig.5. Ihe Fig.5 Comparison of the calculated dietary
estimated results are shown in Fig.6 together intake of Sr-90 with the observed

with the observed (Japanese Agency for Science and Technology, 1963-1992). Fg.6 shows that the

estimated Sr-90 concentration in bone of the reference Japanese fits well with the observed.

32 Cancer induction risk evaluation

The NUREGICR-4214 model (USNRC, 1993) was modified for evaluation of the lukemia induction

mortality risk due to the low-level and long-term exposure to the radioactive fallout Sr-90 through dietary

intake pathway. The results are shown in Fg.7 together with the estimates for Cs- 137. Fg.7 shows that the

Iffe-span mortality risk due to the leuken-da induction is larger in Sr-90 than in Cs-137, and that the mortality

risk is aready reduced to the lower level recent years. Fig.7 also shows that the Japanese life-span mortality

risk due to the fallout Sr-90 is reduced to less than 10-' level for the Japanese who was borne after 1970's.
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The peaks at 1945 in Fig.7 are due to the Iw 500: -
y - (A) Age cohort - 4 years old)

disturbance of the Japanese population .4,M '-

statistics after the World War IL Observed (Max, mean & niin)300'
The Japanese oective averaged

200 alculated (Range)
mortality risk due to the leukemia induction

100'
is evaluated and shown i Fig.8 for the

specific annual dietary intake of flout Sr- W60 1965 1970 1975 1980 1985 1990
Year90 and Cs-137 respectively. The mortality

risk gradually decrems dim years with a 250
(B) Age cohort (5 - 19 years old):

small peak in 1986 due to the accident of 200.
Observed (Max, mean & min)the Chernobyl nuclear power plant. The 150

expected annual excess death in Japanese Calculated (Range)

by the leukemia nduction due to the dietary 100 
50 llf4ill Z

intake of fallout Sr-90 is shown in Fig.9 - .00

together with the observed total Japanese ?960 1965 1970 1975 1980 1985 1990
rA

annual death by leukemia. Year
W 200.
U Elder than 20 years old:

150-
4. New strategy for risk evaluation Observedmean TI:L)

100 -due to the low-level and prolonged
Calculated (Range)

exposure 50,
00 11,11 all"

4.1 The critical group evaluation 4 060 1965 1970 1975 1980 1985 1990
rA

As is shown in Fig 7, the lifespan Year
leuken-da mortality risk due to the exposure Fig.6 Comparison of the observed Sr-90

concentration in Japanese bone
to fallout Sr-90 has been kept less than the with the calculated

IW level for all Japanese age group, which 10-4

is sometimes refined as the de-mininds risk
-51 10 . ........ ............ ...... .......... 4...........4........... ............

level. We can only estimate the low level
Sr-90

of risk by using s model, but it may be 6
& 10 . . ........ .. ..... . .......

impossible to determine the level of risk 7
7

directly, for example, by the 91.1Z 10 . . ........ ........................ ........... ...........

rA

epidemiological survey. This fact suggests
10- 8.

that a new harnework is required, if we 1920 1930 1940 1950 1960 1970 1980 1990 2000

try, to manage the low level of health risks Birthyear
Fig.7 Japanese lifespan leukemia mortality risk

due to the prolonged exposure to the due to the continuous lifetime dietary
radionuclides in the environment. The Sr- intake of fallout Sr-90 and Cs- 1 37,
90 induced leukemia may be an outcome estimated for each birthyear

that appears at the members of the high-risk group who has the idiosyncrasy sensitive to the radiation, and at

the same time, who has the singular food habits that may result in the larger exposure dose. If this hypothesis
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is worth for consideration, we should 10-6
try to get information and data of the -7

10 . ..... ...... S 90
8

idiosyncrasy distribution among :t4 10 . ..... .... .......... .............
CA 9

Japanese. These year te molecular 10 . ........ .........................
-10

and cell biological techniques to detect 0 C ............. S.................. ................. .................
CZ ... .................. ............ . .................. .................. .................

10 .....................the mutations and/or gene induction 0.
2

' I O - ................. .................. .................. ................. . .................are to be applicable to obtain some
-13

10
promising bio-markers and bio- 19451950 1960 1970 1980 1990 2000

sensors to evaluate quantitatively the Year of radiation

cancer induction and/or mortality risk. Fig.8 Japanese collective average leukemia
lifespan mortality risk due to the annual

The gene diagnosis and gene therapy dietary intake of Sr-90 and Cs-137

may be introduced in near future, ad during each year of radiation

20 :. . . . !. . 0
the probability of the genetic O- O�,e�'ed'de,th'by'le'uke'mi'a'

idiosyncrasy and the genetic high 1 15 . ................ ................... ................... ................... ................. 40001 L.

group may be identified to pevent the Estimated (Upper) 'O Estimated (Central):
................ .................... :................. ................... ................. -30002.z!

10
occurrence of the genetic diseases.

It will be impossible to observe -005 ......... .................< 2000........... T.. .... .......
the events less probable than 10-6, but Estimated (Lo

3 A O 1000
maybe the events with 10- level of 1950 1960 1970 1980 1990 2000

Year
probability. If some quite rare Fig.9 Comparison of the estimated annual excess death

by leukemia due to the dietar
disease may happen at the high-risk y intake of falloutSr-90 with the total observed annual death by leukemia

group who are idiosyncrasy sensitive 0.12

with 1 O' level of probability and at the
0 .1 0 .................. ................................... I...............................

same time have the singular food
> ' 0 .0 8 ..............................................................

habits also with 10-3 level of ..............
N 0 .0 6 ........... ......... I................I.............................

probability, the somatic radiation O,

effects with 10' level of probability 0.04 .......... ....................................................

may be determined. If we can uses 0.02

the bio-markers and bio-sensors, much O-W.003 0.027 0.051 0.075 0.099

more sensitive to radiation and easier Dietary intake of Sr-90 (Bq/person -day)
Fig. 0 Distribution of dietary intake of Sr-90,

to detect than the effects of individuals, estimated by Monte Carlo simulation

it will be promising for us to develop

the framework for managing the quite rare health risks.

For example, Fig.10 shows die stochastic distribution of Sr-90 dietary intake in 1992, which suggests

that the upper 99.99 percentile estimates of the Sr-90 dietary intake is about seven times as large as the mean

value.

4.2 New risk evaluation framework

In the radiation protection field, the health risk evaluation framework is constructed ainly depending

on the human data for example given by the epidemiological survey, but independent on the test animal
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experiniental data. The basic fiwnework for te cancer mortality risk evaluation is simply expressed as
follows.

(Cancer mortality risk) (Cancer mortality risk) (External dose)
(External dose) (Sr-90 deposition)

x (Sr-90 deposition) x (Nuclear detonation tests) (2)
(Nuclear detonation tests)

It should be noted that the equation is universally true, and no need to be validated. Here, the "exterrial dose'

means the dietary/respiratory intake of Sr-90. Te first term of the right-hand-side of the above equation is

now specified based on the epidemiological survey, for example, of the Hiroshuna/Nagasaki A-bomb vctims.

If we can introduce the internal doseand the bio-markers change", eq.(2) is to be expanded as follows.

(Cancer mortality risk) (Cancer mortality risk) (Bio-makers change)
(Bio-markers change) (Internal dose)

(Internal dose) (External dose) (Sr-90 deposition)

(External dose) (Sr-90 deposition) (Nuclear detonation tests)

x(Nuclear detonation tests) (3)

Here, the internal dose!' means the Sr-90 content in the target organsItissues where Sr-90 may accumulate and

cause cancer. The cancer induction risk can be related with the internal dose through bio-markers change, for

example, by the absolute and/or the relative cancer risk evaluation model. Tbe athematical cancer model

could also be applicable. The internal exposure can be evaluated from the external exposure, for example, by

the ICRPs compartment model and/or the Physiologically-based Parmacokinetic (PBPK) model.

If we can introduce the test animal experiments and/or the cell level biological experiments, the

framework shown by eq.(3) may be expanded as follows. Here the "health risk" is used in pce of the

"cancer mortality risk" in eq.(3) for the general illustration of the framework, and the trm following the

"extemal dose'in eq.(3) is summarized in one term, External dose"" in eq.(4).

(Health risk)Huam (Health risk)�� (Change in bio-maiker)H..
Mealth risk)��(Change in bio-marker)&,.�

(Change in biomarker)a../(Intemal dose"

(Change in biomarker)r...J(Intemal dose"..

(Health risk)k� (Change in biomarker)r,,-,,w

in biomarker)&� (Internal dose)-,�.

(Internal dose)��(Extemal dose"
x -

(Internal dose)Tt..,j,,w/(ExtemaI dose)p..jnw

(Internal dose)%,.&� x External dose" (4)
(External dose)-r.�

Here each term of the right-hand-side of eq.(4) can be determined by the releva nt survey, the well designed

experiments and/or the appropriate models.

When we use the animal experiments, we should deal with the inter-species extrapolation error. In the

fiamework shown in eq.(4), the inter-species extrapolation error is to be dealt with separate in three parts: The

first one is the error at the somatic level between human and test animal shown in the first term of the right-
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hand-side of eq.(4), the second oe is the error at the tissue and organ level shown in the second tenA ad the

third one is the enor in the perfon-nances of hazardous materials between human and test artimals shown in the

fifth term of eq.(4). The products of these three inter-species extrapolation eirors will give the conventional

inter-species extrapolation en-or (sometimes alled as "uncertainty fctor) defined as follows.

(Health risk)H./(Extemal dose) H..

(Health risk�r....w/(External dose)r. .,.a

To apply the new health risk evaluation framework, we should design and allocate the new procedures to

identify the relationships defined in eq.(4).

5. Summary

The radioactive fallout Sr-90 released to the global atmospheric environment was related with the

leukemia induction mortality risk of the reference Japanese hrough dietary intake pathways considering the

foods and feeds import. 'Me simulated dietary intake, the concentration in human bone and various foods,

and deposition rate to the land surface fit well with observed value for past half century. The Iffespan

mortality risk was estimated to be little bit larger han 1 Cr6 for the Japanese bom before 1970 and less than IV

for the Japanese bom after 1970. The excess annual death by the lmken-ua induction due to the exposure to

the fallout Sr-90 was estimated no more than 10, which wl be ipossible to iden* in the 125 millions of

Japanese populations.

New framework was presented to evaluate the health risk by itroducing the more sensitive experiments

using the test animal and/or the cultin-ed ells. This new fiwnework may play the important role for

evaluating totally the health risks caused by the exposure to both radioactive and non-radioactive pollutants in

the environment.

This study was financially supported in part by the Grant-in-Aid of Scientific Research, Ministry of

Education, Culture, Sports, Science and Technology, Japan by the contract No.50026340.
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Session5 Multitracer Technology
3.7 MULTITRACER - PREPARATION, FEATURE AND BIO-APPLICATION -

Ryohei AMANO
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5-11-80 Kodatsuno, Kanazawa, 920-0942 Japan

ABSTRACT

Multitracer (MT) is a solution containing many radionuclides together for tracing simultaneously

the behavior of these elements in various systems. Basic principles, wide applications and new

progresses of MT are presented. We suppose that MT is a versatile and powerful tool for movement-
and fate-screenings among related plural elements, and MT sometimes gives us the breakthrough in
studying some confronted themes. Our recent progresses on the bo-behavior of trace elements in brain

are described as typical examples. The future perspectives of the MT will also be outlined.

KEYWORDS: multitracer, tracer technique, bo-application, brain

1. INTRODUCTION

In 1990, Fumitoshi Ambe considered the fusion of cyclotron technology and tracer technology,

and then he and his co-workers realized and developed an exciting new method of radioisotope

utilization, which is named the multitracer (MT) technique.(1,2,3) Their idea was to produce a wide
range of radioisotopes in a target due to nuclear fragmentation using heavy ions with RIKEN Ring

Cyclotron, to remove chemically the target material to yield the carrier-free radioisotopes, and to use

them together as a multitracer in order to trace many elements simultaneously in various systems.
Significant features of the MT technique are as follows: (a) MT is covered a wide range of elements,
including those which are not readily available such a 2Mg, "Ca 4V and 95'Tc A covered elemental

range is dependent on an atomic number of target material. From a Au target, MT solution containing

radionuclides of elements from Be to Hg have been obtained as shown in Fig. 1. (b) All the tracers in

MT solution are in carrier-free state; that is, the multitracer contains little of stable isotopes of the
tracers. (c) One experiment yields information about many elements. (d) Accurate comparison of the

behavior of a number of elements under identical experimental conditions is realized. This is

extremely important for biological studies where individual differences of samples are always
problematic. (e) Serendipity: since many elements are included in a MT solution, it is possible to

discover previously unobserved, interesting behavior of one or more elements, which have not been

the intended or main subject of an investigation.

Hel

B C 0 F Ne

Al Si P S Cl Ar Fig. 1. Elements traceable

Ge Kr using RIKEN multitracers
(silhouetted elements).Cd V 3 Xe

t

La MM Pr1NdVWSMWjNftDy1Ho1 Erk

'Ac ThIPal U 1Np1Puk*r4Bk1Cf1Es1F
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Table 1. Multitracer specification prepared from Ag target, which we have mainly used.

Half-live Activity Main y-ray energy Branch. Mass Chemical
Nuclides (d) (kBq) (keV) ratio (pg) species

7Be 53.29 3.669 477.6 10.4 0.28 7Be"

46SC 83.81 0.061 1120.5 100 0.05 46 SC 3+

48V 15.97 0.523 983.5 100 0.08 ?
I"Cr 27.70 1.721 320.1 10.1 0.50 5I C r3+

52 Mn 5.59 0.356 1434.1 100 0.02 52 Mn 2+

A4 Mn 312.12 0.445 834.8 100 1.55 MMn 2+

58 Co 70.92 0.792 810.8 99.4 0.67 58 Co 2+

59 1Fe 44.50 0.130 1099.3 56.5 0.06 '19 Fe'+
65 Zn 244.26 0.432 1115.5 50.6 1.42 65 Zn'+
75 Se 119.77 1.167 264.7 58.5 2.17 75 Seo,2-

83 Rb 86.20 2.345 520.4 45.0 3.47 83 Rb+
94 Rb 32.77 0.367 881.6 69.0 0.21 'Rb+
8 Sr 64.84 3.574 514.0 96.0 4.08 8 5Sr 2+

&8Zr 83.40 3.703 392.9 97.2 5.63 nZrO'+
97 Ru 2.90 2.625 215.7 85.6 0.15 ?

101MRh 4.34 5.677 306.9 94.0 1 0.52 1 'o'-Rh 3+

These activities were contained in one injection volume for an animal.

So far, the MT technique has been successfully applied in chemistry, biochemistry,
pharmaceutical sciences, medical sciences, nutritional sciences, agricultural sciences, and
environmental sciences in more than 50 laboratories, as summarized in the publications.(4,5) In the
past years our laboratory has been aimed at establishing and developing the MT technology for the
behavior and function of bo-trace elements in bomedical researches, in a collaboration with S.
Enomoto of RIKEN-MT group.(6,7,8) We have mainly used this MT solution, which prepared from
Ag target, to trace simultaneously the behavior of many elements in various identical systems, because
almost the bio-trace elements are covered with the MT solution shown in Table 1. From our
experiences, we suggest that MT technology is a versatile and powerftil tool for movement- and
fate-screenings during several days among the related plural elements, and it sometimes gives us the
breakthrough in studying some confronted themes. In this paper we summarized our latest progresses
on the bio-behavioral study of trace elements in brain. The future perspectives of the MT technique
will also be outlined in life and environmental sciences.

2. OUR LATEST BIO-BEHAVIORAL STUDIES OF TRACE ELEMENTS IN BRAIN

2.1 Brain regional uptake of radioactive Sc, Mn, Fe, Co, Zn, Se, Rb and Zr tracers into normal mice
aged 6 to 52 weeks.(9 I 0,1 1)

The unique property of cerebral capillary endothelial cells is that they selectively restrict the
passage of water and nutrients between blood and brain, forming the blood-brain barrier (BBB) We
have focused on the transportation of various trace elements through BBB and their retention in the
brain. The present work aims to study the brain regional uptake behavior Of 46SC, 48v, 54 Mn, 59Fe , 58CO,

65 Zn, "Se, "'Rb and "Zr, using MT physiological saline solution (0.9%NaCl in .O IN HCI solution,
pH 34), at 48 hours after intraperitoneal injection. Comparative 48-hr uptakes were examined among
the brain regions (corpus striaturn, cerebellum, cerebral cortex, hippocampus and pons plus medulla)
and blood in 6- to 52-week old male C57BL/6N normal mice. The MT solution was expected to give
us new findings concerning the relationship between the regional BBB function and the uptake
behavior of some elements.
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Table 2 summarizes the 48-hr uptake rates of Sc, Mn, Zn, Se, Rb and Zr into the brain regions
aged 6 to 52 weeks. The brain regional uptake rates of the 6 trace elements in aged mice found higher
than those in young mice. The MT solution, moreover, enabled simultaneous tracing of the elements in
the identical brain regions in details and a strict comparison for the uptakes among the regions,
although the uptake by whole brain is very low. Brain uptake distributions were divided into two
groups: heterogeneous distribution for Mn, Sc and Zr tracers and fairly even distribution for Rb, Zn
and Se tracers among all regions. No significant difference was showed in the Zn uptake levels among
all brain regions of young and aged mice. The regional uptake of Mn, however, were different and
observed in the following order: cerebellum > cerebral cortex corpus striaturn > pons plus medulla
= hppocampus in the young brain: cerebellum corpus striaturn cerebral cortex = hippocampus >
pons plus medulla in the aged brain. I should be noted that the regional Mn uptake by hippocampus
was substantially increasing with aging, and that by pons plus medulla was the lowest and unchanged
during aging.

The comparison among the Sc, Mn, Zn, Se, Rb and Zr tracers was well undertaken in the 48-hr
uptake level of the brain regions. In all regions, the uptake rates of Rb were the highest and those of
Zr were the lowest among these 6 elements in normal mice aged 6 to 52 weeks. Scandiurn showed the
second value in hippocampus of aged mice, on the other hand it had lower values than Wo and Zn in
other regions. The variation of Zr in the 48-hr uptake level over the range of age from 6 to 52 weeks
was larger than that of other elements, although its uptake rate were very low. In aged mice the Zr
tracer can be presumed remaining as itis in the brain or affected by the high blood retention. It should
be noted in any event that non-essential Zr is likely to be transported into whole brain with aging and
its transportation may be involved in neurodegenerative changes, such as the decline of BBB.

Table 2 Brain regional and blood 48-hr uptakes of Sc, Mn, Zn, Se, Rb and Zr in normal mice
aged 6 to 52 weeks.

Brain region Regina] uptake rate (% dose/g wet weight)
4(,sC 54 Mn 65 Zn 75 Se K3 Rb 88Zr

6-week-old mice
Corpus striaturn 066 -+-0.13 0.42 ±0.13 0.92 017 0.21 +0.04 1.76 0.13 ND
Cerebral cortex 043 zb 0.08 0.45 ±0.09 1.10 004 0.24 002 1.69 0.07 0.024 ± 0003
Hippocampus 1.23 : 054 0.22 +0.08 1.24 033 0.28 :k 0.08 1.72 0.24 0.062 + 0034
cerebellum N D 0.61 _L 0. 3 1.40 ± 0.15 0.35 004 1.52 0.05 0.045 ± 0037
pons plus medul 037 ±0.04 0.25 ±0.03 1.10 0.03 0.27 003 1.61 0.04 0.030 :i: 0.0 2
blood 0.54 zi: 0. 1 8 0.31 ± 006 0.79 0.05 1.81 +0.15 1.79 019 0.210 ± 0040

1 O-week-old mice
Corpus striaturn 071 a: 0. 7 0.43 ±0.02 0.96 013 0.24 :L 0. 06 1.85 + 0.18 N D
Cerebral cortex 0.42 :f: 0.08 0.46 ±0.10 1.18 +0.06 0.25 +0.02 1.79 zi: 0 I 0.033 ± 0007
Hippocampus 1.12 :L O�21 0.25 ±0.06 1.59 :i:0.85 0.28 ±0.08 1.76 ± 006 0.084 ± 0004
cerebellum N D 0.58 006 1.38 +0.25 0.37 : 006 1.66 ± 017 0.061 ± 0040
pons plus medul 032 : 009 0.27 ±0.06 1.19 +0.05 0.26 003 1.61 ± 0.08 0.042 ± 0014
blood 0.56 0.13 0.30 ±0.04 0.94 ±0.07 2.01 =E: 0 12 1.76 ± 007 0.500 ± 0.110

28-week-old mice
Corpus striaturn 1.48 0.70 0.49 +0.17 1.89 :i-0.33 0.37 0.12 3.25 028 ND
Cerebral cortex 0.66 : 023 0.57 ±0.23 1.51 ±0.65 0.35 0. 3 2.80 096 0.089 �b 0040
Hippocampus 3.14 _- 062 0.49 ±0.11 2.04 ± 079 0.42 0.15 3.38 :j- 0.55 0.255 ± 0097
cerebellum ND 0.85 +0.23 2.07 036 0.57 0.08 2.89 0.42 0.153 ± 0039
pons plus medul 063 ±0.09 0.36 ±0.17 1.80 022 0.43 +0.05 2.97 0.42 0.136 ± 0020
blood 1.66 ± 0.18 1.74 +0.72 1.61 : 029 4.58 ±0.71 2.85 0.49 3.920 ± 0.500

52-week-old mice
Corpus striaturn 1.61 ± 0.58 0.78 ±0.21 1.55 029 0.36 +0.09 3.22 0.34 ND
Cerebral cortex 0.68 ±0.05 0.70 ±0.26 1.68 = 033 0.43 004 3.19 0.29 0.122 ± 0017
Hippocampus 2.71 : 047 0.70 ±0.20 1.62 086 0.56 :LO.12 3.37 0.66 0.165 :L 0066
cerebellum ND 0.80 ±0.20 2.08 +0.34 0.59 + 0.10 2.97 0.32 0.325 ± 0258
pons plus medul 063 + 0.08 0.30 ±0.12 1.74 ±0.24 0.45 A 006 3.02 0.29 0.175 ± 0040
blood 1.82 +0.65 1.97 :i 1. 3 1.61 +0.29 4.76 :LO.54 3.01 : 033 5.100 ± 0920

Each values represents the mean -SD of data from five mice. ND means "not detected"
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2.2 Multitracer screening for in vivo element-element interrelations: Uptake Of 46SC, 54 Mn, 5917e, Co,
65 75 83 -deficient,Zn, Se, Rb, 85Sr and 88Zr by brain and other organs of mice bred under Mn, Zn or Se
-adequate and -excessive diets.(12,13,14)

MT technique was applied to study on screening of in vivo interrelations between radioactive
tracers (46SC, 54 Mn , 59Fe, 11CO 6Zn 7 Se, 13 Rb, "Sr and Zr) and stable Mn, Zn or Se species.
Comparative uptake rates were examined in the blood, 9 organs (thymus, lung, cardiac muscle, spleen,
pancreas, kidney, liver, testes and bone) and brain regions (cerebral cortex, striatum, hippocampus,
thalamus and hypothalamus, midbrain, cerebellum, pons and medulla, olfactory bulb) using the
3-weeks-old mice fed the Mn, Zn or Se-deficient, -adequate or -excessive diets.
There are no storage forms for Mn such as an existing form for iron and no "recall" mechanism for
releasing the mineral from bone. Tissue Mn concentrations, however, fall typically within a narrow
and low-level range. Biliary excretion is known to be a key mechanism for maintaining manganese
homeostasis. We used the 3-weeks-old mice fed the Mn-deficlent, -adequate or -excessive diets with
Mn concentration from 04 to 300.4ppm. Significant diet-related differences were found for 61 Zn
uptake in some organs: The dietary Mn-deficient state induced increase Zn absorption in thymus and
lung in short-time span (during 48 h after injection). On the other hand, no significant diet-related
differences were observed in any brain regional uptake rates except for 54Mn uptake rate. The
screening results are expected to give us new findings concerning the diet-related element-element
interrelations in living bodies. In this experiment, the regional Mn, Na and K concentrations in brain
were examined using the instrumental neutron activation analysis (INAA). Although the brain Mn
concentrations of all regions were increased, the Na and K concentrations were almost constant from
0.4 to 300.4ppm with Mn concentration of the diet. It suggested that the mice bred under the
Mn-deficient diets were nutritionally in the Mn-deficient state in each brain regions and required the
dietary Mn for brain functions. In Mn-adequate mice, the Mn concentration in brain regions was in the
following order: hippocampus =_ thalamus and hypothalamus = corpus striaturn > midbrain = pons plus
medulla > olfactory bulb = cerebellum > cerebral cortex. The homeostasis of the electrolytes such as
Na and K, and the homeostasis of some trace bio-elements such as Zn and Se were also, however,
maintained in the brain under all sorts of diets during postnatal period to 3 week-old. It should be
noted that the homeostasis and short-span regularities in 65 Zn, 75 Se and 8'Rb should be maintained in
the Mn-diet from 04 to 300.4ppm with Mn concentration during the early postnatal period.

0 Zn-deflciengl) 1 Z-&ficient(2) Za-adequate E3 Z-excessive Matcmal Blood Placcnta ArTmiotic Fluid

100

80 Zn _J e c Fetus
0 n

60 nBeZ,
n

,u

U.rz 40 T Zr,

n Ru.20 him, titTac n o

A C
0

CC ST 1-11 HY MB CB PM OB

Fig. 2 Zn concentrations in eight brain Fig. 3 Placenta transfer of trace elements.
regions of Zn-deficient (1) and 2 (Multitracer experiment)
-adequate, and -excessive mice.

CC: cerebral cortex; ST: corpus striaturn; HI: hippocampus; HY: thalamus and hypothalamus; MB:
midbrain; CB: cerebellum; PM: pons and medulla; OB: olfactory bulb. The bar and the line
represent the mean - S.D. (n=5), except for Zri-deficient mouse (1) (n=l). Asterisks indicate
significant differences (*p<0.05, **p<0.0 1) via the Zn-adequate mice.

- 65 -



JAERI-Conf 2003-010

In the MT experiments using Zn-diet mice, we also examined the 3-week-old mice fed the four
kinds of Zn-deficient, -adequate and -excessive diets with Zn content from 07 to 3520ppm. As a result,
no significant difference between the dietary Zn-deficient state (Zn content: 3.6ppm) and Zn-adequate
state (Zn content: 36ppm) was observed in the uptake rates of 65 Zn and other 46SC, 4 Mn, "Co and 71 Se

except for 83 Rb. In addition, significant differences among the organ and brain regional uptakes Of 46SC,

54 Mn, 11CO, 75 Se and 83 Rb were found in the dietary Zn-excessive state (Zn content: 3520ppm) It

indicate that the organ and brain regional uptakes of tracers in Zn-deficient and excessive mice are

strongly correlated with the blood uptakes and retentions of the tracers. The unique findings can be
interpreted on the basis from some differences among Zn-Mn, Zri-Se and Zn-Rb interrelations.

Nowadays we have been gathering information about interrelation of macro-amount Zn and trace
elements, but in future we will discuss in detail the in vivo interrelations.

INAA was also applied for brain regions (cerebral cortex, corpus striaturn, hippocampus,

thalamus and hypothalamus, mdbrain, cerebellum, pons and medulla, olfactory bulb) to study the
regional distributions of the minor (Na, K) and trace (Sc, Cr, Mn, Co, Zn, Se) elements in mice bred

under the controlled diets with Zn content from 07 to 3520ppm. The trace elements were distributed

heterogeneously and concentrated in corpus striaturn and hippocampus. No significant change was

observed in Zn concentration of most brain regions between the Zn-deficient, -adequate and -excessive
state, shown the concentrations of Zn in Fig. 2 The results suggest that homeostasis of Zn is

maintained in all brain regions over a wide range of dietary Zn concentration.

2.3 MT screening for trace element in brain and spinal cord of fetal, suckling and developmental mice:

Search for Mn movement and function in brain during developmental age.(15,16)

To gain a comprehensive understanding of the biological ftinction of Mn, the tracer uptake and
retention behavior and elemental concentration of Mn and other trace metals were studied, using MT,

single tracer, autoradiography and INAA techniques in the brains and other organs of the fetuses,

suckling infants and developmental mice.
First, MT screening for the tracer transfer from 16-days-pregnant dam to fetuses through placenta

46sC, 48v, 54 , 58CO, '9Fe,was examined by evaluating simultaneously the retention and uptake of 'Be, Mn
65 Zn , 75 Se'83 Rb, 95Sr, 88 Zr, 99R-h and 59Ru in the matemal blood, placentas, fetuses and amniotic fluid.

Figure 3 summarizes the transportation behavior of placenta and separates into the 3 groups. The trace

elements, Mn, Zn, Se and Rb, in the group 3 which are easily passing through placenta into fetuses,

was also found to transfer into fetal brain. These elements are required in brain due to their
essentialities. After this MT screening, we took some autoradiographies using 54 Mn and 65 Zn single

tracers to examine in details the exogenous Mn and Zn distribution, respectively In these images, Mn

tracer was found to distribute well in both brain and spinal cord. To understand the distribution of

endogenous Mn, on the other hand, we applied INAA to the brain and spinal cord samples. The brain

Mn concentration in fetal period was found lower than the spinal cord one, and after birth the brain
concentration was increasing with development although the spinal cord kept up the constant level.

Next, the transfer of MT to neonatal pups for 2 days after birth via milk from their dam injected

MT was examined. Moreover, the kinetics of the in vivo MT previously incorporated at fetal stage was

also studied in the brain, blood, liver and parietal bone from I to 28 days after birth. As a result, the
fetal Mn was found to retain in the brain during long time after birth in comparison with other trace

elements in the fetal period. It also indicates that the biological half-life of 54 Mn is longer in brain than

those of other tracers. Using 54 Mn autoradiography, the fetal Mn was found to move evenly in whole

brain and concentrate gradually in the basal ganglia until 3 weeks after birth, when the BBB almost
completes.

54 For well understanding exogenous Mn movements, we examined the brain uptake behavior of
Mn in 5-week-old mice at minutes, I day, 3days and 7 days after intravenous injection and took

some autoradiograms as shown in Fig. 4 From these results, we suggest that first 54 Mn is accumulated

selectively in the choroids plexus immediately after injection, and then taken up into other regions via
cerebrospinal fluid, and 3 days after injection 54 Mn is likely concentrated in piriform cortex and globus

pallidus.
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Fig. 4 Brain uptake behavior of 54 Mn at min, I day, and May after intravenous injection

6h

12h

Sectioned sample Autoradiographic image

Fig. 5. Nasal turbinate and brain autoradiographic images 6 12 hr after
intranasal instillation of 86 Rb ET: ethmoid bone, OB: olfactory bulb
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2.4. MT screening for metal delivery manners into brain: Rb is directly delivered into brain bypassing
BBB.( 7)

Metal tissue uptake is closely associated with metal delivery manner. The aim of this study was to

increase understanding of the blood metal clearance and brain metal uptake, retention and elimination
using delivery techniques (intravenous, intraperitoneal, intranasal, intramuscular, subcutaneous,

intracutaneous, percutaneous, and perroral administration). To do this we applied the MT technique for

accurate comparing among their behaviors. ICR mice (8-week-old, male) were used, and appropriate
minutes, 3hr and 24hr after MT administration, the 0.2mL of blood was collected, and the brain was

excised. These samples were measured using gamma-ray spectra and evaluated in terms of uptake rate
"%dose/g". As the results, the MT techni ue enabled simultaneous tracing of 46sC, 48v, 54 Mn , 59Fe,
58co, 65 Zn , 74 AS, 75 Se, 83 Rb, 85Sr' 88 Zr and 91mTc. The manner of blood clearance and brain uptake was

variable with different injection method. From the results of the brain high uptake of Rb after IN, it
showed that intranasal Rb was transported into the brain twice higher than those of Rb by other sorts

of injections.

To confirm the olfactory axonal transport of intranasal Rb, we also applied 86 Rb single tracer to

examine the difference in the behavior of Rb transport after intranasal and intravenous injections. In
the intranasal group, the physiological saline 86 Rb solution was instilled only into the right nostril. At

different times post dose, blood, liver, and right and left sides of nose and 7 different brain regions
were collected. No significant difference was in the 86 R uptakes between right and left sides after IV

administration, and similar Rb uptakes were observed in different brain regions. Following IN

administration, Rb uptakes within 24 hr were found to considerably differ in different brain regions.
Significant differences were apparently in the 86 Rb uptakes between right and left sides in olfactory

bulb and forebrain regions. The highest uptake was observed in olfactory bulb, followed by the

forebrain and then the remaining part of the brain. In a range of 3 to 12 hr post dose, the 16 Rb uptakes

in the right olfactory bulb after IN administration were 3 to times higher than those of left one, and
were 30 to 60 higher than the IV levels. Over 12 hr after N dose, the uptakes of both right and left

sides became similar each other and were found to be nearly equal to those after IV dose. We conclude
that a fairly part of nasally administered 86 Rb was directly transported from the nasal cavity to the

brain via bypassing BBB.

Moreover, we confirmed the direct transport from nose to brain by 86 Rb autoradiographic studies,

From these images as shown in Fig. 5, 12 hours after intranasal instillation 86 Rb is found to move

within olfactory bulb of the brain. These findings will open a new horizon in pharmaceutical and
medical sciences.

Anyway, as mentioned above in this paper, we showed you how to use the MT technique in your
research and what kinds of information the MT give you.

3 CROSSOVER RESEARCH PROJECT ON MULTITRACER

From the usefulness and versatileness of the MT technique, it has been applied in many research
fields. To develop it furthermore, we took parts in the 3rd stage crossover research project in 1999 and

there put up the following three research-boards; the researches on a new type of MT, rapid group

separation and a new apparatus of MT imaging. Owing to this strategy, the MT technique has been

developed to work and cooperate with one another to achieve synergistic effects in various research
fields. These developments for latest few years are summarized in RIKEN Review No. 35.(2)

Takamiya et al in Kyoto University Research Reactor Institute established a new type of MT
solution consisting of fission products, called FP multitracer (FP-MT), using thermal neutron fission of

... U.(18) This FP-MT solution can be supplied in an ampoule to various researchers in response to

their demands. Especially, this MT solution will be useftil for environmental studies. On the other

band, as one of developments of rapid group separation research, Haba et al in RIKEN plan to develop

a gas-jet coupled multitarget system for MT production and separation. This system has following

advantages: (a)MT can be separated from target without chemical separation. (b)MT can be

transported through a capillary tube to the chemistry room. (c)Target materials can be selected
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diversely to optimize the composition of MT. (d)This MT technique is easy to fusion to a liquid
chromatographic technique. (e)AII of the targets can be cooled with He gas during the irradiation.(19)

By Gono et al in Kyushu University, a new imaging system for MT, MT gamma-ray emission

imaging (MT-GEI) has been designed and is under development to take radioactivity distribution
images simultaneously for plural radioisotopes. The principle of this Ge telescope system is the same

as that of a Compton camera. This camera consists of two segmented (position sensitive) Ge detectors.
At present, preliminary two-dimensional images were obtained using three gamma-ray sources of 60CO,

"'Cs and "'Eu.

4. MULTITRACER IN FUTURE

RIKEN Accelerator Research Facility has undertaken construction of radioisotope (RI) beam

factory as next generation facility. This factory is capable of providing the world's most intense RI
beams. This RI beam factory will prepare our liking and favorite MT. RI beam intensity at RKEN RI

beam factory is presented. Haba and Enomoto tried to calculate the obtainable radioactivity in various
cases. If for an example they use 6'Cu RI beams, which can be directly implanted in solution, they

obtain 61CU solution in the rate of IOGBq/day. This is surprising and sufficient value for applying to

tracer experiments in various fields. We will easily prepare a MT cocktail, as we will like. That is our

dream. If you want to use a MT, please join us. We have the same dream!
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Session6 Behavior of Radionuclides in Environment-2
3.8 RADIOECOLOGY OF HUMAN FOOD CAINS AND FORESTS IN FINLAND

Aino H. RANTAVAARA

Ecology and Food Chains, Radiation and Nuclear Safety Authority (STUK)
P.O. Box 14, FN-00881 Helsinki, Finland

ABSTRACT

Ageing of radioactive fallout also signifies that contributions of various foodstuffs to the human
ingestion dose will change with time. The long-term contamination of forest vegetation has motivated
studies on contribution of wild food to dietary radiocaesium and radiostrontium. Consumption rates of
these foodstuffs have sown variation by geographical regions in Finland, the loss of radiocaesium

during cooking of mushrooms has been found significant, and the approximation of the loss using
survey data on the actual practices in households was also shown important for dietary assessment.

Forest industry needs information for planning its own emergency response, particularly
concerning production of acceptable timber after contamination of forests by radioactive fallout. In

recent years experimental evidence has been obtained for the mitigating effect of forest management

methods, namely soil preparation and fertilisation, on radioactive contamination of forest vegetation.
Thereby realistic options for intervention have been suggested. Further testing will improve the

information on effectiveness of different methods and duration of management influence in different

types of forests. Results from systematic field experiments have also provided data and conceptual

views for forest modelling, e.g. for RODOS a European decision support system for off-site

emergency preparedness.

The future topics in terrestrial radioecology will altogether support production of safe foodstuffs and

safe use of forests after contamination of rural areas. Evaluation of practicability of countermeasures

will greatly benefit from measured radioecological parameters in the contaminated areas and from

additional field tests. Natural radionuclides and their connection to both agricultural and semi-natural

dose pathways ought to be studied. Radiation impact due to bioenergy production and use of ash is
close to forest ecosystem studies. Returning of wood ash to forests will maintain and improve the nu-

trient status of forests in the long term, and would also reduce the uptake of radiocaesium by trees and

other forest plants.

KEYWORDS: COUNTERMEASURES, FOODSTUFFS, FORESTRY, MODELLING,
RADIONUCLIDES

1. INTRODUCTION

Radioecological research started in Finland in the late 1950's when the first soil - grass - milk

pathway studies were initiated at the University of Helsinki. At the same time the lichen - reindeer -

man food chain became important and reindeer herders in both Swedish and Finnish Lapland were
studied for their 137 Cs body burden. Nuclear-weapon fallout activated investigation of the time-

dependent human exposure to radiation via the above mentioned pathways and the whole diet of
Lapps and southern Finns. The Department of Radiochemistry at the Helsinki University acted as a

pioneer in studying Finnish Lapps and their ingestion doses through artificial and natural

radionuclides. "Fe in the Finnish Lapland and transuranium elements in different aquatic and
terrestrial ecosystems and human internal doses from them were further studied 1].
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Agricultural Research Centre has contributed mostly to studies on cultivated soils and field crops,
particularly of feed plants in 1960's but before 1990's. Forest Research Institute has been involved in
collaborative studies on radiocaesium distribution in forests and the effect of forest management
methods on this distribution since early 1990's.

Dietary intake of 137C s and Sr in the era of global fallout and after the Chernobyl accident has
been assessed based on nationwide sampling and analysis of foodstuffs in STUK's Laboratory for
Ecology and Food Chains 2]. The importance of forests and lakes as sources of wild foods and raw
material to the industry, and as milieu for people's free time activities has emphasised the importance
of radioecological studies of semi-natural ecosystems. Radioactive contamination of food chains
activated intensive national and international collaboration after the Chernobyl accident. After the
special nature of forests and freshwater ecosystems became more widely recognized these ecosystems
raised the most interest and concern among radioecologists and modellers 3 4. New aspects such as
simultaneous heavy metal and radionuclide contamination of forest understorey were studied after mid
1990's for 137CS, 9OSr and 239,211pU [5 6.

In recent terrestrial radioecology at STUK the focus has been on field experiments on
management influence on nutrient and radionuclide cycling in forests 73]. Stand specific
measurements have also resulted information for forest modelling 141 and evaluation of practicability
of the management methods for remediation of forests 15, 16]. The aim of this review is to highlight
recent findings of the terrestrial radloecology, and discuss some ideas for future studies.

2. HUMAN FOOD CHAINS

Typical of food production conditions in Finland are northern, mostly subarctic climate, and large
share of lakes (10%) and forests 60 - 70%) to the surface area. Most fertile fine mineral soils are
found in southern Finland, where also the effective temperature sum is essentially higher than in the
north of Finland. Domestic foodstuffs are mostly used, although a comprehensive structural change in
agriculture reduced the number of farms in 1990's. Freshwater fish and wild foodstuffs from forests
are important in the diet of the whole nation, in addition to which most reindeer meat is consumed in
the north. Deposited long-lived radionuclides and their dose pathways to man have been a long-term
study at STUK. Data for estimation of collective ingestion doses have been collected since 1960, with
gradually diversifying sampling programme.

In the first harvest and grazing season after radioactive fallout the human exposure to radiation
through different dose pathways varies in the affected area according to composition of the radioactive
deposition, season of fallout, and environmental conditions in the contaminated food production areas.
Population density and industrial structure, and origin of the foodstuffs actually consumed are self-
evidently of primary importance to collective doses.

Primary deposition and its impact on vegetation during growth period dominate the
contamination of foodstuffs in the first year. Later on, clay soils fix the aesium tightly, and uptake by
plants is efficient especially from peat soils. During the first pasture season milk can be the main
source of 131 1. Fresh vegetables and fruit grown in the open are also significant. Drinking water from
relatively low surface water reservoirs may be a source of 311, 89Sr, 9Sr, 134Cs and 137Cs. Long-lived
radionuclides dominate external and ingestion doses after the decaying of short-lived nuclides in a few
weeks or months. Products from aquatic and terrestrial semi-natural systems can add significantly to
the dietary intake of radiocaesium in several years.

Milk, meat, vegetables and cereals contribute most to the intake of radiocaeSiLIM in the first year
after the deposition event. Runoff takes more radiostrontium than radiocaesium from land to the water
systems. However, radiostrontium concentrations in food and feed plants produced on mineral soils
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decline slower than contents of radiocaesium. The dietary intake of radiocaesium through foodstuffs of

agricultural origin was assessed through regular sampling and analysis in 1960-2000 (Fig. ) 2].

After large-scale radioactive fallout freshwater fishes become contaminated by radiocaesiurn with
varying delay depending on fish feed and on the characteristics of the lake. The maximum activity

concentrations appear in one to three years 2]. Marine fish from brackish-waters of the Baltic Sea will

contain less than one tenth of the content in freshwater fish. Depending on cooking methods of fish,

radiostrontium contribution to intake via fish can also be non-negligible, at least regionally. Since the
second year after the radioactive deposition, the share of fish to dietary radiocaesium is substantial for
several years (Table 1).

Products from forested areas, such as wild berries, mushrooms and game meat, are long-term
sources of radiocaesium in the diet of Finnish people. Their contribution to ingested 137CS will exceed

the intake from fish in less than twenty years after the distribution of fallout. For regional estimates the

actual consumption rates were surveyed for four subregions in 996. With food type specific
corrections for radionuclide losses during cooking a rather realistic assessment is possible. In 1996 it

was also shown that in a number of households more species of mushrooms were decontaminated by

parboiling than traditionally has been suggested for non-radioactive substances to be removed [ 9.

Importance of sources of dietary 1 37 Cs during the period of global fallout from weapon tests

differed from the sources in the post-Chemobyl time. During the nuclear test period agricultural
produce seemed to contribute to the 137C s received via the diet of Finns more than during the period

after the Chernobyl accident (Fig. 1), when intakes are compared in relation to the accumulated

activity in the environment. Fish, contrary to foodstuffs of terrestrial origin contributes to

radiocaesium intake in proportion to surface activity of the accumulated fallout. Subsequent growth

periods of considerable stratospheric fallout made the pathways from vegetation to human diet
important in the 1960's. Since the contamination of domestic animal products was dependent on direct
foliar deposition to plants during growth period, these products dominated dietary intake Of 137CS

through agricultural products in the global fallout era (Fig. 1). The increased consumption of

vegetables and fruit added to the intake through them only slightly in the late 1980's and 1990's.

Freshwater fish and vegetable and grain products were almost equal contributors of 1 37CS in the

diet in 1960-1980 2 Wild foods from forests were also non-negligible sources of 13'Cs during that
same period. Marine and brackish-water fishes, although of low activity concentration Of 37CS

compared to freshwater fishes, added to the ingestion dose because of a higher consumption rate. For
late phase situation, assessment of the whole diet of Finns was made for the year 1996 (Table 1).

Strontium 90 has not been a significant dietary nuclide for Finns during the history of global or

accident-derived radioactive fallout. In the years of maximum deposition rates in early 1960's te

doses exceeded more than tenfold the doses in the following decades, and also the doses received after
the Chernobyl accident 17]. The wild foods from forests are not likely to contribute to ingestion of

9OSr essentially more than similar types of agricultural and garden products replacing wild foods in the
diets of non-pickers and non-hunters (Table 1).

Using the conversion factor of 13 x 10-8 Sv Bq-1 for "'Cs and 28 10 Sv Bq-1 for Sr the

effective committed doses through ingestion were calculated from the per capita dietary intakes in
1960 - 2000. The intake Of Sr through milk corresponds to 0.1 mSv, and double that would be the
approximation for the dose of dietary Sr in 41 years 2 Doses from 37CS in other foodstuffs than

agricultural products and fish were estimated with simple assumptions, which indicate some 0.5 mSv
additional dose from 137CS in food types not assessed in the study referred to 2 In all, in 1960-2000

adult Finns have on average received through the long-lived nuclides 90 Sr and 137CS in foodstuffs an

average internal dose of 2 mSv.
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Figure 1. Dietary 137CS from agricultural products of vegetable and animal origin in Finland in 1960-

2000. Average per capita intake per day.

Table 1. Daily intake of Sr and 131CS from various foodstuffs, including products from seminatural

environment. Per capita estimate for Finland in 1996.

Food type Consumption Consumption 9OSr 137cS

kg % % %

Water 2 Not included 18.4 1.7
Vegetables and

fruit 0.49 32.0 15.1 2.0

Meat eggs 0.17 11.4 5.2 2.5
Cereal grains 0.17 11.4 19.2 2.5

Dairy products 0.63 41.2 35.3 5.7

Freshwater fish 0.011 0.7 1.9 39.4

Marine fish 0.025 1.6 0.3 3.1

Game 0.004 0.2 0.3 7.4

Wild berries 0.017 1.1 4.2 21.0

Mushrooms 0.003 0.2 0.1 14.7

Total 1.5 k ga 100% 0.2 Bq 6.6 Bq

Without water.

3. FORESTS

3.1 Radioactive Contamination and Human Exposure to Radiation

Multiple-use forestry, in addition to wood production comprises hunting, picking of berries,
mushrooms and medical herbs, decorative materials, Christmas tree market, hiking and other

recreational use of forests. Only few of these activities as such would mean substantial addition to
human radiation doses from contaminated forests. Long-term internal exposure through wild foods is
of most concern to local citizens of contaminated areas from the point of view of radiation protection.
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Time-dependent distribution of radionuclides in forests defines also contamination of forest

products and external dose rate in forests, radiocaesium being the main contributor. Dose pathways

ftom contaminated forests to man are related with the time spent in forests and the use of forest

products. Contributions to radiation doses vary with time after deposition and group of people.
Deposited radionuclides on vegetation and ground are sources of external exposure are after the

passage of the radioactive plume. Activities and radiation in forests will be reduced besides by

radioactive decay also by weathering from vegetation and surface runoff from the ground. Downward
migration rate in the forest soil depends on te site and stand conditions.

Wild foods are the major source of long-term internal radiation derived from forests in areas

where people collect mushrooms, berries and herbs, or are hunting for their own use, amounting to at

least a few kilograms per capita a year. External radiation exposure will hardly exceed nternal, even

for forest workers who are assumed to spend their normal working hours outdoors or in a cabin of a
truck or machine. In early phase of fallout situation intercepted radioactive material will retain in tree

canopies for a relatively short time. In dense young forests, where trees are not too high, human

external dose rate is at maximum because the radiation source in the canopy is so close to people in

forests and also due to appearance of short-lived radionuclides.

For analysis of the distribution of plutonium in forests, a pine stand was studied in a wet-
deposition area in Central Finland which received substantially more than average surface
contamination from the 31CS of the Chernobyl release I 1986 [18]. Major part of plutonium was still

in the organic surface layer of the ground, when sampling was carried out in 1998 (Fig. 2 The
activity ratio Of 31pU 239,240 Pu revealed that only in humus layer plutonium was of Chernobyl origin,

and in deeper mineral soil entirely from global fallout (Fig. 3. In a selection of wild foodstuff samples
from the same site and moose meat from a few other sites in dry deposition area also, the detection
limit of 2'240Pu ranged from 07 to 3 mBq kg-' fresh weight. The ingestion dose through wild foods
was derived using surveyed mean consumption rates 19]. For unit deposition of 239,240 pu the annual

-2dose from plutonium in wild foods was estimated lower than 0 I nSv a-' per Bq M

Bq M2 30 0.25

25 M litter 0.2

20 m humus 0.15 M I itter

Ei soil 02 cm M humus
15 0.1 13 soil 02 cm

c3 soil 25 cm

El soil 510 cm 0.05 0 soil 2 cm

0 
0 1 2 3 4 5

1 2 3 4 5
238PU / 239,24OpU

Figure 2 Plutonium 239, 240 in different Figure 3 Activity ratio in soil

horizontal layers of the forest floor in the samples from the wet deposition area in 1998.

wet deposition area analysed in 1998.

3.2. Forest Modelling

A forest food chain and dose assessment model for estimation of the collective health risk

associated with contaminated forests was developed for RODOS a European decision support

system for off-site emergency preparedness 20] during the 4th Framework Programme of the

European Union. The results of this model show for its user the need for intervention and

thereby facilitate planning a well-timed and regionally relevant intervention strategy 4 The

model calculates the doses resulting from dynamic changes in radionuclide distributions in forests.
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STUK and IPSN (Institut de Protection et de Sfirete Nucl6aire), France, developed in co-
operation the first forest model for RODOS system. Algorithms for kerma rate and external dose from
the overstorey and ground layers were developed with Golikov et a]. 2 1 ].

The model calculates the initial distribution of deposited radionuclides in forest from airborne
radionuclide concentrations and from the activities deposited wet. The dynamic processes changing
the distribution with time are weathering, foliar absorption, root uptake, litterfall and surface runoff.
The concentrations of radionuclides in wild foodstuffs are derived from the activity contents in
understorey vegetation for the first year and in soil for later years. Both ground layer and overstorey
are sources of external radiation and cause time-dependent kerma rates in forests. Currently, the model
is under further development for assessment of countermeasures at STUK. The countermeasure
options include both restriction of the use of forests and forest products and reduction of
contamination through management of forests 22].

3.3 Forest Management for Reduction of Radioactive Contamination in Forest Vegetation

Non-wood forest products are of concern to the public for a long time, but slow accumulation of
radiocaesium in timber can in serious fallout situations cause the most harm to forestry. More than
80% of the income of multiple-use forestry in Finland comes from wood.

Significant decrease in uptake of radiocaesium by trees and understorey vegetation has followed
soil preparation and fertilisation in field conditions 713]. The activity concentration of "'Cs in
debarked sternwood has decreased to as low as ten per cent of the content in unfertilised stands, and
has varied depending on dosage and time after the treatment. Both the effect of fertilisation on
radiocaesium uptake in forest vegetation and the duration of the decrease in uptake of caesium from
the soil confirm the remedial potential of forest management for mitigation of contamination. The
effect exceeds significantly the dilution of radiocaesium caused by growth of biomass in most cases.

The intensity of treatment can be adjusted considering the actual condition of forest and the
expected utilisation of the stand in the future. After radioactive fallout there is flexibility in use of
forest resources due to the long rotation period of most tree species; for instance time of felling can be
regulated. Dosage and timing of fertilisation should be adjusted for the actual stand in order to be cost-
effective and optimised for rernediation of radioactively contaminated forests. Measurements of forest
contamination are needed in advance and during large scale investments for rernediation.

Feasibility is good where planning and modem practices of forest management are used. Capacity
for also large-scale operations is on hand provided that forestry sector can meet such a challenge
interactively and take advantage of the flexibility of timing. Environmental and landscape influence
will not be notably negative, if clear felling in large areas is avoided. Reducing the harins from
exceptional radiation to society without causing any basic disturbance to forests would make the
options acceptable to most stakeholder groups. Remediation of contaminated forests shall indeed be in
line with sustainable forestry, which refers to action being "ecologically necessary, socially desirable
and economically possible" 23].

Production of timber can be profitable, when normal aims of forest management are set for
remedial actions. Investment for fertilisation of a hypothetically contaminated stand was shown to give
profit when normal realisation of investment by harvesting in stage of growth thinning followed
reduction of uptake of radiocaesium by trees 16].

Bioenergy options are essential for Finland when the demand to decrease emissions of carbon
dioxide is met. The most relevant way of increasing production of boenergy is to use harvesting
losses of trees for energy in forest industry 24]. After radioactive fallout these losses, containing
branches and needles, will be more contaminated than the remaining parts of trees. Therefore wood
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ash and its use may need surveillance at the plant 25]. The fertilising effect, i.e. reduction of uptake of
radionuclides will follow if nutrient containing ash is returned to forest floor. Soluble minerals,
notably potassium, will mitigate the radlocaesiurn uptake in all plant species in the long term.

4 CONCLUSIONS

Radioecological research has increasingly given information for guidance of agriculture and
forestry after radioactive contamination of rural areas. The results offer tools for profitable production
and remediation of rural areas, particularly forests. Dose pathway analysis related to wild foods, forest
industry and production of bioenergy need radioecological background for 37 Cs as well as for other
radionuclides. Additional testing of management methods for contaminated forests can provide
information for realistic intervention plans to be applied after nuclear emergencies. It is essential that

nation and completing of such data that is needed is d 'on with the consultant
comp one in cooperate
networks capable of giving advice locally for people responsible for production in agriculture and
forestry.
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ABSTRACT

The data on Radionuclide transfer parameters in the environments, which are used in
radioecological models, are very necessary for setting release limits of radioactive effluent and
assessing the radiation dose to Man related to the releases of radionuclides from nuclear facilities.
They strongly depend on climatic, geographic, environmental and pedological conditions. For
temperate environments, they are abundant and have been established fairly well [1]. Meanwhile the
literature data are still scare and dispersal for Tropical and Sub-tropical zones 2 3 Besides, the
improvement of Environmental Transfer Models and Parameters is an important problem so that they
may be adapted for Southeast Asian countries including Japan as environmental conditions and
foodstuffs in this Region are significantly different from those in Europe and North America.

The paper resents measurements results of the dry deposition velocities of atmospheric aerosols
g 7 13?carryin Be, Cs radionuclides and measurements results of soil to plant transfer factors (TF) for

6OCo, 6Zn, 8Sr and 134 Cs resulted from the out door radiotracer experiments with large pots.

The selected soil types (Podzolic, Ferralitic, Ferralic Acrisols, Eutric Fluvisols and Orthi-thionic

Fluvisols soil) and the plants (rice, black bean, cabbage, lettuce, tomato, cucumber, carrot, white

radish, potato) used for the research are the most common in Vietnam.
The measured Vg values (cm/s) are in the range of 0.01 - 184 for 7Be and 195 - 49.77 for 137CS.

An analysis of the associated meteorological parameters showed some correlations between 7Be Vg
with humidity and 137CS Vg with wind velocity.

More than 400 TF (edible part) values were determined and their dependences on some soil

parameters have been shown.

KEyWORDS: 7 Be, 137 Cs dry deposition velocities; 6Co, 6Zn, 8Sr, 134CS TF; factor multiple

regression analysis.

1 INTRODUCTION

The models predicting deposition of materials from the atmosphere require knowledge of the dry

deposition velocity Vg) of the aerosols carrying the substances into the concerned collector. The
value 'of Vg (cm/s) is defined as the ratio of the deposition rate D I/CM2.S) to the atmospheric

concentrations A 1/Crn). If Vg values are known and A can be calculated from source data or

measured, the deposition is given as D = A x Vg. he selected experimental sites spread over a
climatic-geographic region from 11057'N; 108'26E to 10002'N; 105047E. Dry deposition velocity

depends on some meteorological parameters. The parameters in this study were obtained in the nearest
meteorological station.

The soil to plant transfer factor (TF) is one of the most important parameters used in
radioecological models for predicting the concentration of radionuclides from soil to agricultural crops

- 79 -



JAERI-Conf 2003-010

and estimating radiation dose to Man. TF is defined as the ratio of specific radioactivity of dry crops
(Bq/kg) to specific radioactivity of dry soil (Bq/kg) in the rooting zone. 6OCo 65 Zn

The radiotracer technique was applied to determine the soil to plant T. In this study,
8 Sr and 114CS were used as tracers for determining their TF from some types of soil to some plants
such as rice, black bean, leaf vegetables (cabbage, lettuce), fruit vegetables (tomato, cucumber), root
vegetables (carrot, white radish, potato). 60co, 65zn. 137 Cs and Sr are very important nuclides because
60CO, 65 Zn are produced in nuclear facilities as activation products and 137CS' 9OSr are fission products.
The experience has also shown that there is no difference of behaviour Of 7CS & 34CS or Sr & 85Sr.

2 EXPERIMENTS

2.1. Measurements of the Dry Deposition Velocities of Atmospheric Aerosols Carrying 7 Be and 137CS
Radionuclides

Two air sampling stations were set up in the region where aerosol and fallout samples are
collected monthly. The location of the air sampling sites is suitable for such measurements in view of
the existence of several months without any rainfall.

Particulate radioactivity was collected from about 10000OM3 of air on 0.48m2 chlorinated vinyl
polychloride Petrianow filter FPP-15-1.7 using an air sampler 12-UC-34 with flow rate of 76OM3 /h.
The intake was 1.5m above the ground. The filters were compressed into pellets of 36mm diameter
and 10 mm thickness for gamma spectrum measurement.

Dry fallout was collected throughout the month in three stainless-steel trays. Each tray is
cross-sections OAM2 with 10cm high sides. The resuspension of dry fallout particles was prevented by
adding distilled water to a depth of about 1cm. The sample was passed through a filter to separate
suspended and dissolved fractions. The filtrate was subsequently evaporated in vacuum. The residue
was made into suitable samples for gamma spectrometry.

Gamma spectra were measured by using a low background system with high purity Ge detector
of 15% efficiency and 19 keV FWHM for 1332.5 keV 6Co line. The integral background 100-2000
keV) was 1.7cps. The measuring time was often no less than 20h, yielding detection limit for both the
7Be and 137CS in the air and fallout not exceeding 0.02�Bq/M3 and 0.01 Bq/M2 , respectively.

2.2. Measurements of 60CO 6n' 8'Sr and 134 Cs TF Resulted from the out Door Radiotracer
Experiments with Large Pots

The measurements have been carried out under the conditions of: (1) Radionuclides:6OCo 65 Zn
8'Sr and 134CS' the chloride form with carrier; 2) Levels of soil labelling: about 15000, 30000, 45000,
20000 Bq/kg soil for 6Co, 6Zn, 8 Sr, 134CS , respectively; 3) Plants: rice, black bean, cabbage, lettuce,
tomato, cucumber, carrot, white radish, potato; 4) Type of experiments: out door experiments with
plastic large pots of 71 volume (� 600mm x h 250mm), containing about 50 kg of soil/pot; (5)
Method of mixing in a concrete mixer (Paribat S.A. AS130, French) used to label the soils. Out door
experiments with plastic large pots have been implemented by supervising of local agricultural
experts.

The methods and procedures of our experiments followed the protocol for Transfer Parameter
Measurement 4, 5].

Specific activity concentrations of 60CO 6Zn' 81 Sr and 134CS in soil and plant samples were also
quantitatively determined through their gamma lines by using the above-mentioned gamma
spectrometer based on the standard methods 6 7.

By using the standard chemical analytical methods, soil parameters such as pH, exchangeable K,
exchangeable Ca, CEC and organic matter (OM) contents were obtained and included in the
IAEA-1UR standard data sheets. The experimental conditions such as radionuclide concentrations,
farming regimens, types of soil, time of contamination could also be found in the sheets 2 3.
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3. RESULTS AND DISCUSSION

3.1. The Dry Deposition Velocities of 7Be and 137 Cs Radionuclides

The data we used for calculating Vg are monthly measurements of 7 Be and 137CS in both
atmosphere and dry deposit during the dry periods of 1986 - 2001. The measured Vg values (cm/s) are
presented in Table .

Table 1. The averaged 7Be & 37 Cs dry deposition velocities over months of dry periods from
11/1986 to 11/2001 at Dalat (11057'N, 108026'E).

Nuclide Vg (cm/s) Number of

Range Mean Error 95%) observations

7Be 0.01 - 184 0.49 0.17 34

137cS 1.95 - 49.77 16.31 7.70 14
134cS 49.46 1 2.10 1
* 4 Cs dry deposition velocity was obtained in 1211986, after Chernobyl accident. At the same

time, the measured Vg Of 37CS was 49.77 �± I (cm1s).
Table shows that Vg for 137CS is higher by more than an order of magnitude compared to 7 Be.

There is some evidence that 7 Be is on smaller size aerosols than fission products [8].
The measured Vg values of 7 Be and 137CS were about 20 times and 15 times, respectively higher

than those obtained by other authors 9 10, 11, 121. This demonstrates one of the most relevant
features of cold air masses during the winter monsoon periods - behind the cold front, vertical air
motion is descending 131.

Factor analysis

Factor analysis was used to condense the information contained in a set of variables into a
smaller set of new composite variables called factors, which are derived from the correlation structure
of the initial variables. In this study, the principal component analysis included in Statgraphics plus for
windows version 33 software, was perfon-ned to generate the factors, which were then subjected to
orthogonal rotation with the varimax method. '-f 7 137

Application of this approach for the observed variables Be & Cs dry deposition velocities
and meteorological parameters (maximum wind velocity, mean wind velocity, downwind velocity,
prevailing wind frequency, mean humidity and minimum humidity) shows that 71.2% of the overall
variation in the data can be explained by two latent variables. The After Varimax Rotation resultant
factor loadings are given in Table 2 and they corresponded to the following groups of variables: 137 Cs
dry deposition velocity, maximum wind velocity, mean wind velocity, downwind velocity, prevailing
wind frequency (factor ; 7 Be dry deposition velocity, mean humidity, minimum humidity (factor 2.

Table 2 The After Varimax Rotation resultant factor loadings (only loadings >0.25 are reported)

Factor I Factor 2

7Be dry deposition velocity 0.815

137 Cs dry deposition velocity 0.776

Maximum wind velocity 0.924

Mean wind velocity 0.895

Downwind velocity 0.703

Prevailing wind frequency 0.656
Mean humidity 0.937

Minimum humidity 0.489 0.693
The following groups of variables can be distinguished:
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0 137 Cs dry deposition velocity, maximum wind velocity, mean wind velocity, downwind
velocity and prevailing wind frequency: Each variable in this group shows a strong and
consistent linear relationship with another.

0 7Be dry deposition velocity, mean humidity, minimum humidity: he strongest linear
relationships occurred for the pairs 7 Be dry deposition velocity/mean humidity and 7Be dry
deposition velocity/minimum humidity.

Regression analysis

In a multiple regression model, variance (R) and its significance (P value) are used to estimate
the relationship between obtained variables.

0 7Be dry deposition velocity:

For 7Be dry deposition velocity (Vg_7Be) and mean humidity (H mean), the significant
relationship between the variables was found. The total variance of variables is obtained about 29.0%.
The result of fitting in linear model was described by the relationship between Vg_�Be and Hmean as
follow:

Vg�7 = 5.355 .lxH -mean
Since the P-value in the ANOVA table is less than 0.001, there is a statistically significant

relationship between VgL7Be and H mean at the 99.9% confidence level. The correlation coefficient is
fitted approximatively 0539, indicating a moderately strong relationship between 2 variables. The
standard eor of the estimate shows the standard deviation of the residuals to be 0423. These values
can be used to construct prediction limits for new observations of VgL7Be and this fitted model was
showed in Fig. .

2

W. 40
PQ

0.8

0.4

0

74 78 82 so 90

H-me an,

- - - - 95% confidence intervals
------ 95% prediction intervals

Fig. 1. The predicted values for VgL!Be using the fitted model.
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137 Cs dry deposition velocity:

The output shows the result of fitting a linear model to describe the relationship between 37Cs

dry deposition velocity (Vg_137 Cs) and mean wind velocity (U_mean). The equation of the fitted
model is

Vg- 137CS = 2278 + 6.8xU - mean
Since the P-value in the ANOVA table is less than 0030, there is a statistically significant

relationship between Vg_137 Cs and U mean at the 97.0% confidence level.
The total variance of variables is obtained about 33.6%. The correlation coefficient equals 0.580,

indicating a moderately strong relationship between the variables. The standard error of the estimate
shows the standard deviation of the residuals to be 11.311. The fitted model was showed in Fig.2.

50

40

30

10

0

0 0.5 1 1.5 2 2.5 3 3.5 4
U�_mean, nls

- - - - 95% confidence intervals
- ------ 95% prediction intervals

Fig. 2 The predicted values for Vg_137CS using the fitted model.

3.2. Soil To Plant Transfer Factors Derived from Pot Experiments.

456 soil to plant transfer factors (edible part) were determined. Co TF values ranged from 0009
to 0.01 1 for rice, 0. 195 to 3632 for black beans, 0032 to 0230 for cabbage, 0033 to 0277 for lettuce,
0.139 to 0468 for tomato, 0409 to 0686 for cucumber, 0064 to 0.081 for carrot 0107 to 0213 for
white radish, 0356 to 0386 for potato. Zn TF values ranged from 0789 to 0957 for rice, 0931 to
2.453 for black bean, 0732 to 3158 for cabbage, 0909 to 4776 for lettuce, 0579 to 2641 for tomato,
2.204 to 3420 for cucumber, 0560 to 0862 for carrot 1590 to 2237 for white radish, 0924 to 1487
for potato. 8 Sr TF values ranged from 0.051 to 0330 for rice, 0579 to 5892 for black bean, 1436 to
38.500 for cabbage, 2938 to 11.965 for lettuce, 0393 to 4234 for tomato, 2477 to 2797 for
cucumber,1.076 to 1318 for carrot 2654 to 2970 for white radish, 0571 to 0743 for potato. '34Cs TF
values ranged from 00004 to 1400 for rice, 0104 to 0769 for black bean, 0004 to 7500 for cabbage,
0.364 to 2895 for lettuce, 0361 to 1191 for tomato, 1577 to 2301 for cucumber, 0590 to 0.811 for
carrot 0446 to 0652 for white radish, 0563 to 0997 for potato.

The water content of the experimental fresh products, from which their dry matter content could
be calculated, is not different from those obtained in local normal agricultural practice. This means
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that our out door radiotracer experiments with large pots had no effect on the growth and yield of the
crops.

Average TF derived from pot experiments are presented in Tables 3 4 6 and Fig. 3.

Table 3 Average Co TF Bq.kg7l dry weight/Bq.kg-1 dry soil) derived from pot experiments

Plant Type of soil TF - TF range Number of
Mean Error 95%) observations

Rice Ferralitic 0.010 0.002 0.009-0.011 3

Black bean Podzolic 0.939 0.775 0.195-3.632 18

Cabbage Podzolic 0.114 0.033 0.032-0.230 19

Lettuce Podzolic 0.111 0.038 0.033-0.277 20

Tomato Podzolic 0.260 0.054 0.139-0.468 18

Cucumber Podzolic 0.550 0.077 0.409-0.686 8

Carrot Podzolic 0.072 0.032 0.064-0.081 3

White radish Podzolic 0.173 0.144 0.107-0.213 3

Potato Podzolic 0.367 0.040 0.356-0.386 3

Table 4 Average "5Zn TF derived from pot experiments

Plant Type of soil TF TF range Number of
Mean Error 95%) observations

Rice Ferralitic 0.892 0.124 0.789-0.957 3

Black bean Podzolic 1.559 0.286 0.931-2.453 18

Cabbage Podzolic 1.727 0.265 0.732-3.158 19

Lettuce Podzolic 1.877 0.373 0.909-4.776 20

Tomato Podzolic 1.415 0.249 0.579-2.641 18

Cucumber Podzolic 2.759 0.325 2.204-3.420 8

Carrot Podzolic 0.711 0.529 0.560-0.862 3

White radish Podzolic 1.928 0.807 1.590-2.237 3

Potato Podzolic 1.136 0.760 0.924-1.478 3

Table 5. Average 8 Sr TF derived from pot experiments.

Plant Type of soil TF TF range Number of
Mean Error 95%) observations

Ferralitic 0.093 0.027 0.081-0.103 3

Rice Ferralic Acrisols 0.199 0.075 0.128-0.330 6

Eutric Fluvisols 0.112 0.049 0.064-0.170 6

Orthi-thionic Fluvisols 0.080 0.075 0.051-0.110 3

Black bean Podzolic 4.078 0.884 0.579-5.892 11
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Plant Type of soil TF TF range Number of
Mean Error 95%) observations

Podzolic 2.527 0.626 1.436-4.524 16

Cabbage Ferralic Acrisols 23.999 11.017 16.248-38.500 5

Eutric Fluvisols 10.932 1.828 9.444-14.000 6

Orthi-thionic Fluvisols 6.995 0.871 5.700-7.716 6

Lettuce Podzolic 6.233 1.514 2.938-11.965 16

Tomato Podzolic 1.622 0.974 0.393-4.234 11

Cucumber Podzolic 2.637 0.564 2.477-2.797 3

Carrot Podzolic 1.197 0.301 1.076-1.318 3

White radish Podzolic 2.812 0.392 2.654-2.970 3

Potato Podzolic 0.657 0.214 0.571-0.743 3

Table 6 Average mCs TF derived from pot experiments

Plant T�pe of soil TF - TF range Number of
Mean Error 9 %) observations

Ferralitic 0.094 0.022 0.083-0.100 3

Rice Ferralic Acrisols 0.614 0.425 0.089-1.400 8

Eutric Fluvisols 0.094 0.119 0.0004-0.350 8

Orthi-thionic Fluvisols 0.0012 0.004 0.0009-0.0014 2

Black bean Podzolic 0.568 0.077 0.104-0.769 18

Podzolic 1.348 0.165 0.668-1.963 19

Cabbage Ferralic Acrisols 3.459 1.107 0.582-7.500 17

Eutric Fluvisols 0.160 0.141 0.004-0.900 18

Orthi-thionic luvisols 0.463 0.435 0.020-2.560 17

Lettuce Podzolic 1.503 0.283 0.364-2.895 20

Tomato Podzolic 0.716 0.100 0.361-1.191 18

Cucumber Podzolic 1.812 0.191 1.577-2.301 8

Carrot Podzolic 0.701 0.388 0.590-0.811 3

White radish Podzolic 0.544 0.256 0.446-0.652 3

Potato Podzolic 0.712 0.614 0.563-0.997 3

The decrease of the availability of radionuclides in soil with existing time plays an important role
with radionuclide TF. By using the method described in our previous paper 14], the variations of

85mobile form of 6Co, 6Zn , Sr and '34Cs have been investigated [15]. Our results showed that
equilibrium time took about 50 days for 8 Sr and 3 months for the rest radionuclides. TF values given
here are equilibrium data".
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Fig. 3 Average TF derived from pot experiments.
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Factor analysis and stepwise multiple regression analysis:

Factor analysis and stepwise multiple regression analysis have been performed to understand
some correlations between the measured TF and soil parameters. The results of the analysis are
presented in Table 7.

Table 7 The fitted model equations of TF over each kind of soil, plant class and radionuclide.

Nuclide Plant class Type of soil TF equation of the fitted model R2

'co Black Podzolic -2.7786 - .0 x 10-'x Nucl. Conc.- 0.514
bean 0.084 x Ex.K 0747 x Ex.Ca

Cabbage Podzolic -0.1893 - .1 x 10-' x Nucl. Conc, 0.533
0.002 x Ex.K 0066 x Ex.Ca

Lettuce Podzolic -0.1813 + 0.8 x 10-'x Nucl. Cone, 0187
0.014 x Ex.K 0040 x Ex.Ca

Tomato Pocizolic 0.5612 - 09 x 10-5 x Nucl. Conc, 0.647
0.004 x Ex.K - 0009 x Ex.Ca

65zn Black Podzolic -0.9866 - .1X 1,5 x Nucl. Conc.+ 0.570
bean 0.022 x Ex.K 0416 x Ex.Ca

Cabbage Podzolic 1.6075 14 x 10-5 x Nucl. Conc.+ 0.320
0.118 x Ex.K - 0095 x Ex.Ca

Lettuce Podzolic 0.3914 23 x 10-5 x Nucl. Conc, 0.659
0.031 x Ex.K 0147 x Ex.Ca

Tomato Podzolic 1.8365 04 x 10-5 x Nucl. Conc, 0.196
0.059 x Ex.K - 0056 x Ex.Ca

85Sr Rice Ferralitic 0.3464 - 02 x 10-5 x Nucl. Conc. + 0.715

Ferralic Acrisols 0.006 x Ex.K - .008 x Ex.Ca -

Eutric Fluvisols 0.017.x pH - 0033 x OM

Orthi-thionic Fluvisols

Black bean Podzolic 6.3262 - 17 x 10-5 x Nucl. Conc. + 0.283
0.525 x Ex.K - .581 x Ex.Ca

Cabbage Ferralitic -7.2287 - 74 x 10- x Nucl. Conc. 0.743

Ferralic Acrisols - 1394 x Ex.K - 1243 x Ex.Ca +

Eutric Fluvisols 5.537 x pH - 3140 x OM

Orthi-thionic Fluvisols

Lettuce Podzolic 2.5236 16.7 x 10-'x Nucl. Conc. 0715
+ 0247 x Ex.K 0006 x Ex.Ca

Tomato Podzolic -6.9539 32 x 10-5 x Nucl. Conc. 0.521
+ 0780 x Ex.K 0627 x Ex.Ca

134cs Rice Ferralitic 2.8553 - 23 x 10-5 x Nucl. Conc. + 0.972

Ferralic Acrisols 0.052 x Ex.K - 0016 x Ex.Ca -

Eutric Fuvisols 0.288 x pH 0013 x OM

Orthi-thionic Fluvisols
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Nuclide Plant class Rpe of soil TF equation of the fitted model R 2

Black bean Podzolic 0.2876 09 x 10-5 x Nucl. Conc. 0.216
0068 x Ex.K - 0014 x Ex.Ca

Cabbage Ferralitic -5.127 - .0 x 10-5 x Nucl. Conc. + 0.575

Ferralic Acrisols 0.048 x Ex.K - 0269 x Ex.Ca +
0.803 x pH - 0227 x OM

Eutric Fluvisols

Orthi-thionic Fluvisols

Lettuce Podzolic -1.1848 54 x 10-5 x Nucl. Conc. 0.425
+ 0.058 x Ex.K 0227 x Ex.Ca

Tomato Podzolic 1.4324 - 02 x 10-5 x Nucl. Conc - 0.450
0.056 x Ex.K - 0077 x Ex.Ca

In general, there is a strong relationship between TF and some soil parameters (exchangeable K,
exchangeable Ca, CEC, OM, pH and radionuclide concentration). Many correlation coefficients are
higher than 0700.

4. CONCLUSIONS

The measured Vg values (cm/s) are in the range of 0.01 - 184 for 7Be and 195 - 49.77 for 137CS.

In general, the Vg values are higher than those obtained by other authors in other locations. This
demonstrates one of the most relevant features of cold air masses during the winter monsoon periods
at our observation location. The results of fitting in linear model described the relationship between
VgL7Be & H mean and between Vg_137CS & U -mean.

The obtained data on TF show that there are no systematic differences between TF in other
countries and TF in Vietnamese tropical environment.

456 data on T and relevant parameters collected in the past years in Vietnam could be suitable
to insert into the TF data bank of the Region.

There are many strong relationships between TF values and soil parameters (exchangeable K,
exchangeable Ca, CEC, OM, pH and radionuclide concentration) in the cases of 'Co TF for black
bean, cabbage, tomato; 65 Zn TF for black bean, lettuce; 85Sr TF for rice, cabbage, lettuce, tomato; 134CS

TF for rice, cabbage. There are some insignificant relationships between TF values and soil parameters
in the cases of Co TF for lettuce; 65 Zn TF for cabbage, tomato; 85Sr TF for black bean; 134 Cs TF for
black bean.

Because the T often depend on a large number of environmental variables, the experiments on
the T should last for a longer time to generate a larger number of TF with the observations of
additional parameters as the relevant stable isotopes and to form more suitable TF.
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ABSTRACT

After the release of radionuclides into the environment it is important to be able to readily
identify major routes of radiation exposure, the most highly exposed individuals or populations
and the geographical areas of most concern. Radioecological sensitivity can be broadly defined as

the extent to which an ecosystem contributes to an enhanced radiation exposure to Man and biota.
Radioecological sensitivity analysis integrates current knowledge on pathways, spatially

attributes the underlying processes determining transfer and thereby identifies the most

radioecologically sensitive areas leading to high radiation exposure. This identifies where high
exposure may occur and why. A framework for the estimation of radioecological sensitivity with

respect to humans is proposed and the various indicators by which it can be considered have been
identified. These are (i) aggregated transfer coefficients (Tag), (ii) action (and critical) loads, (iii)

fluxes and (iv) individual exposure of humans. The importance of spatial and temporal
consideration of all these outputs is emphasized. Information on the extent of radionuclide

transfer and exposure to humans at different spatial scales is needed to reflect the spatial

differences which can occur. Single values for large areas, such as countries, can often mask large
variation within the country. Similarly, the relative importance of different pathways can change

with time and therefore assessments of radiological sensitivity are needed over different time

periods after contamination. Radioecological sensitivity analysis can be used in radiation

protection, nuclear safety and emergency preparedness when there is a need to identify areas that
have the potential of being of particular concern from a risk perspective. Prior identification of

radioecologically sensitive areas and exposed individuals should improve the focus of emergency

preparedness and planning, and contribute to environmental impact assessment for future
facilities. The concept of radioecological sensitivity should now be extended to a consideration of

doses to biota.

KEY WORDS: Spatial temporal variability, emergency, sensitivity
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1. INTRODUCTION

Certain components of ecosystems can accumulate large amounts of radionuclides. The extent of
variation depends upon the radionuclide and the type of ecosystem. For some radionuclides

(especially Cs, Sr and I isotopes), there is now a good understanding of the underlying environmental

factors leading to high exposure of humans and also improved information on variation in dietary and

social habits. This enables an improvement in the identification of critical groups and quantification

of the extent of their exposure. Furthermore, many factors leading to high exposure can vary both

spatially and temporally, and that this can be important in determining individual doses. Many post
Chernobyl studies have demonstrated that the highest exposures do not necessarily coincide with the

most contaminated areas, especially in the mid-long term after an accident.

A consideration of time and space can therefore help to identify not only the key exposure routes

and associated critical groups, but also the locations where high exposure will occur and where it will
be sustained for longer periods of time. These analyses have been facilitated by the increasing use of

Geographical Information Systems (GIS) combining dynamic models with spatially varying
infori-nation. This has, in turn, prompted a reconsideration of the concept of radioecological sensitivity,

which was first proposed by Aarkrog [I] who defines Radioecological Sensitivity as:

the infinite time-integrated radionuclide concentration in the environmental sample

considered, arising from a deposition of I mCi km -2 of the radionuclide in question".

This definition is further elaborated as follows:

"The radioecological sensitivity of a sample is the infinite time integral of appropriate quantities of

the sample from an appropriate quantity of the radionuclide deposited. The radioecological
sensitivity equals the steady state concentration in the sample of the radionuclide considered from a
constant annual deposition rate of the radionuclide distributed like global fallout throughout the

year."

Aarkrog thus focused on radioecological sensitivity with respect to the transfer of radionuclides
from deposition to the environmental sample. In this paper, we present some of the conclusions of an

EC concerted action which reconsidered radioecological sensitivity with respect to the exposure to

radiation of humans 2].

2. RADIOECOLOGICAL SENSITIVITY AND EXPOSURE PATHWAYS

There is often considerable variability in radiation doses, arising from both routine and accidental

releases of radioactivity. Therefore, radioecological sensitivity analysis should ideally involve the

application of different methods of identifying processes or factors which lead to high radiation

exposure, especially with regard to spatial and temporal variation. It should identify where high
exposure may occur and why. Single food products or species can be considered, or a number of key

parameters to identify areas where sensitive pathways may occur together.
Thus radioecological sensitivity should be considered from a broad perspective because many

different factors can influence the rate of exposure. Some factors are generically applicable to all

radioactive contaminants whereas others would be relatively more important for just a few

radionuclides. An ecosystem can be considered as radioecologically sensitive if it retains

radionuclides for a long time in an available forrn to either Man or other biota. It may also act as a
secondary source, disseminating radionuclides to surrounding ecosystems. Radioecological sensitivity

can thus be broadly defined as the extent to which an ecosystem contributes to an enhanced radiation

exposure to Man and biota.
Enhanced exposure can arise if (i) an ecosystem collects and retains more contamination (high

biomass concentration, high precipitation rates, proximity to nuclear sources, ..) (ii) bioavailability is

high in the affected ecosystem (iii) long retention times enhances external exposure to Man and biota.

Human habits such as dietary habits, occupancy and agricultural practices may also enhance exposure.

Radioecological sensitivity is a very general term, which can be considered from a wide range of

different perspectives. For most pollutants, sensitivity is assessed as the effects of pollutant input on
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various aspects of ecological functioning such as biochemical, physiological, morphological and
behavioural responses. In radiation protection terms, the primary aim has been to provide an
appropriate standard of protection to humans as the final receptor of the radioactive pollutant.
Therefore, the focus of sensitivity analysis is different, but still takes into account the
behaviour/transfer of the pollutant via different compartments of the ecosystem which lead finally to
doses to humans.

Radioecological sensitivity in ecosystems could be considered with respect to internal and external
exposure. The focus here is on radioecological sensitivity with respect to ingestion dose, but the
criteria considered could also be relevant to the other exposure routes.

3. QUANTIFICATION OF RADIOECOLOGICAL SENSITIVITY

Methods of quantifying radioecological sensitivity are summarised in Figure 1. Even though the
concept is applicable to all types of contamination and ecosystem, we have mainly considered
atmospheric deposition onto largely terrestrial ecosystems as a contamination pathway although
aquatic systems have been considered in the report 2 and are briefly mentioned here. Four quantities
were identified, three of which have been commonly used in radioecology or radiation protection,
namely aggregated transfer coefficients, fluxes and individual exposure of humans. In addition, a
fourth quantity, the action load, was identified as a useful sensitivity measure, which defines the
deposition at which the activity concentration in a food product would equal maximum permitted
levels in the period following deposition. These four quantities (rectangular boxes), are each
influenced or defined by different processes or factors (oval boxes). For each of these quantities, both
temporal and spatial variability need to be considered. Spatial variability will depend on factors such
as (i) ecosystem characteristics, (ii) variation in human utilisation of terrestrial and aquatic resources
and (iii) climatic variation. Temporal variability needs to be considered from three perspectives: (i)
physical half-lives of radionuclides (ii) biological half-lives in various ecosystem components and (iii)
ecological half-lives in different ecosystem compartments and types of ecosystems.

Contamination I

..........................................
Blota

exposure
A ggregated transfer ......................................................

coefficient
(m' kg-') Production

ntervent onI harvestinglimit (Bq kg-

et an
social hab ts

Food
tributi Flux

Action loads (Bq y-')
(Bq m-') IF

Individual exposure of
humans

(mSv Bq-1 In 2

Figure I Scheme showing derivation and relationship between the four radioecological sensitivity
indicators. All outputs are temporally and spatially variable.
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Information is needed on the extent of radionuclide transfer and exposure to humans at large
spatial scales, to reflect the sometimes large spatial differences which occur. Single values for large

areas, such as countries, can often mask huge variation within the country. Similarly, the relative

importance of different pathways can change with time and therefore it is important to make
assessments of radiological sensitivity over different time periods after contamination. Thus, we

recommend that radioecological sensitivity is considered for different times after deposition, (e.g. to

estimate doses over I y, 5 y and 50 y) and also for different age groups.

3.1 Transfer To Environmental Compartments

The extent of transfer to different environmental compartments, including food products, has been
quantified using a variety of different transfer functions, including concentration ratios for soil-plant

and transfer coefficients for plants to animals. In Figure 1, we have based the assessment on an area

basis, and therefore the most appropriate transfer function to consider is the aggregated transfer
coefficient, (Tag), defined as the activity concentration in a food product (Bq kg-') divided by the
corresponding radionuclide deposition (Bq m2); with units Of M2 kg-'. The application of Tag values is

most suitable for terrestrial ecosystems, for freshwater and marine systems they are more difficult to

quantify and apply appropriately. Different environmental factors influence the extent to which
deposited radionuclides are transferred to food products. The relative importance of different factors

obviously varies with each radionuclide.

Initially, the source term is critical since the physical and chemical form of the radionuclide
affects its initial bioavailability. For instance, radionuclides in fuel particles deposited after the
Chernobyl accident were much less mobile than those on condensed particles. If environmental

mobility is reduced due to the chemical form of the contaminating radionuclides, their net export from
any ecosystem will also be low. The most radioecologically sensitive source will be one which emits

radionuclides in a highly bioavailable form, or where bioavailability increases in the environment with
time (eg Chernobyl particle dissolution releasing 9Sr).

In terrestrial ecosystems there are many factors which influence the extent of uptake into food
products. For most radioiodine isotopes, only factors influencing short-term exposure such as
interception and weathering need to be considered whereas for radiocaesium and radiostrontium soil to

plant uptake are also important. For animal, diet selection which can vary seasonally and subsequent
gut absorption rates and biological half lives are all important variables.

Marine ecosystems are relatively less radioecologically sensitive compared to freshwater and

terrestrial environments with respect to atmospheric radionuclide deposition. Such insensitivity is a
result of the capacity of marine ecosystems to quickly dilute an input of radioactive pollutant through

processes such as advective currents and waves, coupled with the large volumes involved. Thus, short

term consequences are likely to be more important, in marine ecosystems as dilution will occur over

the long term. Key factors which influence radioecological sensitivity in marine systems include: (i)
dispersion of radionuclides in the marine environment (H) residence times of radionuclides in the

water column (iii) sedimentation rates (iv) concentration factors of marine biota(v) velocity of

interchange within estuarine areas, and (vi) location and harvesting rate.

3.2 Fluxes

The flux is defined as the total amount of radioactivity produced in a specified environmental
product over a given time period (e.g. Bq y-1) which is transferred from one compartment to another.

For collective dose estimation, agricultural production statistics need to be incorporated so that fluxes

of radionuclides can be quantified. To improve the quantification of the collective doses, it is
important to assess the spatial dimension of the key parameters defining radioecological sensitivity.

Identification of high fluxes requires a consideration of both variation in environmental transfer

pathways (discussed above) and of rates of production and harvesting of food. For agricultural
products, national statistics for many countries are compiled into international sources. Such data can

therefore be used relatively easily in assessments of flux. A greater problem is connected with the
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estimation of the extent of harvesting of wild or free food products from extensive ecosystems such as
forests and upland areas, which are rarely quantified.

Key products from terrestrial ecosystems, especially in the short term after an accident and for
routine releases, include milk (and dairy products), leafy green vegetables, meat and cereals. Thus, the
intensity of milk production per unit area is a sensitive criteria for estimation of both individual and
collective dose. For certain EC countries, the production of milk from sheep or goats is important due
to both production rates (Figure 2 and the high observed transfer of radionuclides compared with
cattle. However, some of the categories of food products consumed are not consistent with
radiological measurements, for example, dairy products are sub-divided into different categories
which would have different radionuclide activity concentrations. Thus, the extent of processing of goat
milk, which varies considerably between countries, would influence the total amount of radionuclide
consumed

Soo
450

400

350

300

250

2002
EL 150

IDO

so

0

Austria France Germany Greece Italy Portugal Spain Norway

Country

Figure 2 Annual production of goat milk in different European countries 3]

If there are areas producing food with a low level of contamination, but with a high production,
these areas may contribute significantly to the collective dose. It is valuable to identify these areas
because countermeasures can also be applied with the objective of reducing collective as well as
individual dose. This will be dependent on the most cost effective action from scenario to scenario.

3.3 Action Loads

Radioecological sensitivity has previously been quantified in terms of critical loads, which were
originally developed in response to the impacts of anthropogenic acidifying emissions. The critical
loads approach has been developed to cover a wide range of both pollutants and receptors and can be
defined 4] as:

9a quantitative estimate of an exposure to one or more pollutants below which
significantly harmful effects on specified sensitive elements of the environment do not occur
according to present knowledge'

Critical loads are damage thresholds for pollutant deposition, and imply that if deposition is below
the threshold then there is no effect and thus no problem whereas if it is above the threshold then harm
will occur. From a radioecological perspective, the critical load for a food product has been defined as
the level of radionuclide deposition (Bq 2) which leads to activity concentrations in a food product
above intervention limits at a given time after deposition. This approach was initially developed for
radiocaesiurn using empirically derived aggregated transfer coefficients for clay, loam, sand and peat
soil groups in the mid- to long-term after a radiocaesium deposition event with respect to 137CS transfer
to cow milk [5]. Estimation of critical loads has also been incorporated within semi-mechanistic
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models, allowing the dynamic quantification of radiocaesium critical loads for many food products

after deposition. If critical loads are based on soil to plant uptake, they are not relevant to the early
phase after deposition, when surface contamination dominates. In such circumstances, short terrn

41 action loads" might be defined in the same way as critical loads but which would depend on the

extent of interception and weathering on plant surfaces. Maps or tables of action loads for different

food products can be combined with maps of deposition following any future nuclear accidents for the

rapid identification of areas that are either sensitive or resilient to radiocaesiurn deposition, and

targeting use of resources.
The relevant maximum permitted levels for foodstuffs in the European Community are given in

Table 1. It should be emphasized that these values are not in force now, they will enter into force if an

accident occurs after a decision by the Commission. They will be evaluated and possibly changed

within 3 months.

Table I Maximum permitted levels for foodstuffs 6]

Radionuclides Maximum Permissible activity levels in foodstuffs (Bq kg-1

Baby Dairy Other Liquid
Food Products Products Food

Coesium 400 1000 1250 1000

Iodine 150 500 2000 500

Strontium 75 125 750 125

Plutonium 1 20 80 20

The quantification of action loads provides a useful initial spatially variable reference guide
concerning the amount of a specified radionuclide that would need to be deposited to give rise to

concentrations which exceed intervention levels. For terrestrial ecosystems, they are determined by
interception and weathering rates. Action loads will be site and season specific and are best estimated
using models which describe deposition and weathering mechanistically.

In freshwater ecosystems, action loads for drinking water (from lakes and reservoirs) depend on

the initial runoff and the mean depth, for fish it is more difficult to estimate and probably not
meaningful, but critical loads for later periods will be affected by transfer rates from water and

nutrient levels in water. The concept is less easily applicable for marine systems where considerable
dilution of a surface deposit occurs, and where concern is often more directed to point source
continuous releases into marine ecosystems.

3.4 Individual Exposure Of Humans

The individual indicator with the units mSv per Bq- Im 2 is the end point which is most similar to

that suggested by Aarkrog, although we recommend that this quantity should be considered for a

number of different time periods rather than to infinity. The value requires an estimate of the amount
of radioactivity consumed, estimated from activity concentration in food products and information on

dietary habits. This is then converted to Sv using the appropriate dose coefficient.

The types and amount of food which are eaten are a critical factor influencing ingested dose. The
concept of identifying critical or reference groups with respect to one or a few food products has been

well developed. Well known examples are an aquatic critical group are shellfish consumers in

Cumbria, UK and a terrestrial critical group are reindeer meat consumers. Other radioecologically

sensitive groups due to consumption of a range of products have been identified such as hunters and
gatherers in forests. In general, self-sufficiency with respect to diet and food production tends to make

people more radioecologically sensitive.

4. EXAMPLES OF RADIOECOLOGICAL SENSITIVITY

The considered enhanced improvement in our understanding of radiocaesiurn behaviour has enabled
radioecologically sensitive areas and pathways to be identified in the last decade. One example is the
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Arctic. In the Arctic Monitoring and Assessment Programme (AMAP) an analysis was undertaken of

the "vulnerability" (or sensitivity) of Arctic ecosystems to radionuclide contamination 7 Compared
to temperate ecosystems, the arctic was shown to be much more vulnerable to radiocaesium
contamination and arctic terrestrial and freshwater ecosystems are more vulnerable to atmospheric

radiocaesium contamination than marine ecosystems. The main contributing factors to the enhanced
vulnerability are the high transfer rates to semi-natural products in the arctic, the long ecological half-

lives and the consumption of relatively large amounts of these products by arctic inhabitants,

especially indigenous groups of reindeer herders. The most vulnerable pathway was the transfer of
radiocaesium to humans via lichen and reindeer, however, other products such as milk, freshwater fish

and lamb could also be important. Assessment of critical loads in the Arctic has emphasized that

ecological half-lives are an important aspect of critical loads, since previously deposited fallout may

have a significant long term contamination effect for food products or environmental compartments

with long ecological half-lives [8].
Similarly, after the Chernobyl accident, rural communities in the former Soviet Union with

subsistence economics had persistently higher radiocaesium intakes than inhabitants of cities due to

the use of forests to collect highly contaminated mushrooms and the ingestion of milk from privately

owned cows which grazed on unimproved pasture 9].

5. APPLICATION

In principle, radioecological sensitivity is a generic concept and, in that sense, source- independent.

It is applicable to practices as well as interventions as defined by ICRP1 [10]. However, the practical
application is different for these two different situations. For practices, the radioecological sensitivity

of an area or ecosystem can be taken into account as part of a pre-planning and an optimisation

procedure of a particular source. For interventions, knowledge about radioecological sensitivity
incorporated as part of emergency preparedness can assist in prioritising after an accident has occurred

(e.g. the identification of which areas should be considered first, in what way and when, for instance

by using previously quantified action loads). Nevertheless, radioecological sensitivity is not a concept

that will be used extensively in an acute situation such as directly after an accident. It can be used in
radiation protection, nuclear safety and emergency preparedness when there is a need to identify areas
that have the potential of being of particular concern from a risk perspective. If radioecologically

sensitive areas are identified in advance in an emergency preparedness plan, the efforts to improve the
situation can be implemented faster and be more efficiently focussed on the appropriate

countermeasures in these areas. Identification of sensitive areas may also lead to that identified

problems can be reduced by actions taken in advance, before an accident occurs.
It is of major importance to be able to reliably estimate the doses to individuals, as these are often

the limiting parameter for regulations. In practice, however, these doses are seldom possible to

measure. Dose estimates must therefore usually be based on estimates of diet, social habits, food

availability and dose coefficients. A more direct, and measurable quantity is action load. This can be
related to the intervention limits set by the authorities. With knowledge of the transfer of radionuclides

in the ecosystem, for example expressed in terms of aggregated transfer coefficients, these relations

can be established beforehand in an emergency preparedness plan. In principle, then, some of the
identified problems can be reduced beforehand, before an accident occurs, if this is deemed to be

economically and socially acceptable.

Further work is needed on uncertainties associated with the use of spatial data in radioecological

sensitivity analysis. The concept of radioecological sensitivity should be extended to consider doses
to biota.

IA practice is a human activity that is undertaken by choice but which increases the overall exposure of man.
Practices are controlled to restrict the additional radiation doses. Intervention, on the other hand, is an action
against radiation exposures that already exist with the intention to reduce the exposures.
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INTRODUCTION

Protection of the environment from the effects of radiation is a contemporary topic to deal

with increasing public concern to safeguard the well-beings of future generations. Sustainable

development is a key concept of Rio Declaration at UNCED ' 1992, which requires the protection of

the environment from the effects of radiation as well as radiation protection for human health.

Ecosystem is a self-sustaining system of complexity, and their responses to the impacts are

synergistic and subjected to the demographic stochasticity of the species, environmental stochasticity

and randomness (catastrophes, etc.). Environmental fate and effects of radiation has ranged from

observable DNA damage of the cell to the fare on tissues, individual(s), population (s), community and

ecosystems. One of the key issues to judge the benchmark exposures of radiation for environmental

protection is What is the ecological relevance of laboratory toxicity data, and how to conduct a

laboratory-to-field extrapolation Aim of this study is to develop some mathematical and

computational ecosystem models to deepen understanding of extrapolation from the results of

laboratory ecotoxicity tests to the effects of ecosystem level in the actual field.

MATERIAL AND METHODS

The quantitative, systematic individual-based model, SIM-COSM was developed to simulate

impacts of radiation exposure and other toxicants on an aquatic microbial ecosystem (microcosm)

[Kawabata et al. 1995, Fuma et al. 20001. The microcosm consists of heterotroph ciliate protozoa,

Tetrahymena thermophila B as a consumer, autotroph flagellate algae, Euglena gracilis Z as a

producer and saprotroph bacteria, Escherichia coft DH5 as a decomposer The culture medium is IO m I

of water with inorganic salt and initial organic nutrients, and held in the airtight test tube. It is cultured

statically with fluorescent lamps under 2500 Ix and 12 hrs light-dark cycle at 25 C (Figure 1).

The symbiosis among microbes is self-organized by realizing material cycle and sustained

for more than 2 years after inoculation. The system can not afford to lose anyone of the microbes to

maintain its sustainability (Figure 2 Experimental ecotoxicological tests for (a) gamma radiation

[Fuma et al. 1998a, 1998b], (b) Manganese ions [Fuma et al. 20001 and (c) Gadolinlum [Fuma et al.

20011 are summarised (Figure 3.
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Figure I Interactions between species in the microcosm (Left) and Interrelationships among

constituent elements in the microcosm

(a) Single species cultures [Fuma et al. 1998a]
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(b) Two species cultures [Fuma et al. 1998a]
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(c) Three species cultures [uma et al. 1998a]
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Figure 2 Population dynamics of (a) sigle-species, (b) two-species and (c) three species cultures
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(a) gamma radiation exposure[Fuma et al. 1998a, 1998b]
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(b) Manganese ions [Fuma et al. 2000]
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(c) Gadolinium exposure [Fuma et al. 20011
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Figure 3 Population dynamics of three-species in the Microcosm by the exposures of (a) gamma

radiation [Fuma et al. 1998a, 1998b], (b) Manganese ions [Fuma et al. 20001 and (c) Gadolinium

[Fuma et al. 20011
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Figure 4 Basic concept of the particle-based computer simulation model (SIM-COSM) [Doi et al.

20001converted ftom. microcosm [Kawabata et al. 1995; Fuma et al. 1998a, 1998b, 2000, 2001;

Matsui t al. 2000; Shikano and Kawabata 2000] (Left) and Schemes of dynamic energy budget model

in biochemical systems [Kooijman 2000] (Right)

While, SIM-COSM is developed as a project of StarlogoT, an object-based parallel modelling

languages developed by Center for Connected Learning and computer-based Modelling, North

western University ( http://cc1.northwestern.edu ).

1) The SIM-COSM has lattice of 10201 patches as spatial environments, each one of the patches has

environmental attributes (pH, 02, C02 HCO3 (NW), dissolved organics, etc.).

2) Each ndividual protozoa (Tefrahymena and Euglena) has its own physiological structural and

behavioural attributes (heading direction, current patch address, velocity, structural biomass,

reserve mass, age, cell cycle phase, maintenance rate, breathing rate, assimilation rte, etc.)

3) Tetrahymena behaves by following optimum foraging strategy to quest for Ecoli and eat them

(predator-prey relationship) wasa 1981]

4) Euglena utilizes C02 the patches and synthesize organic substrates in day time (photosynthesis).

5) Ecoh utilises dead protoplasm and metabolic wastes in the patches and break them into inorganic

substrates (CO2 etc.) for the use of photosynthesis by Euglena. (microbial loop)

6) ntrahymena, Euglena and Ecoh respirate 02 and release C02, utilise organic materials and

excrete metabolic materials into the patches.

7) 7�trahymena, Euglena and Ecoli reproduce by cell division (cell cycle, structural biomass), and

die by starvation (reserves mass).

8) Environment and species are assumed to be verticality homogeneous. Gravity is not taken into

'derat'on'n the SIM-COSM.

RESULTS AND DISCUSSION

Population dynamics of microbes in Microcosm and its computer simulations by SIM-COSM are
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shown together in Figure .
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Figure 6 Population dynamics of Microcosm

and SIM-COSM after 5 00 Gy of y -radiation
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Session I Model and Parameter
4.1 A KOREAN RADIOECOLOGY MODEL TO SIMULATE RADIONUCLIDE BEHAVIOR IN

AGRICULTURAL ECOSYSTEMS FOLLOWING A NUCLEAR EMERGENCY AND ITS
APPLICATION TO COUNTERMEASURES

W. T. Hwang, K. S. Suh, E. H. Kim, M. H. Han, H. S. Lee and C. W. Lee

Nuclear Environment Research Division, Korea Atomic Energy Research Institute
P. 0. Box 105, Yusong, Daejon, 305-600, Korea

ABSTRACT

A Korean radioecology model to simulate radionuclide behavior in agricultural ecosystems has been
developed as a module for evaluating the ingestion dose in a Korean real-time dose assessment system
FADAS, which evaluates the comprehensive radiological consequences in an acc'dental release of
radionuclides to the environment. Using the predictive results of a Korean radioecology model, a
methodology for the optimization of countermeasures has been designed based on a cost-benefit
analysis. In this manuscript a Korean radloccology model including agricultural countermeasures was
introduced, and discussed with the sample calculations for the postulated accidental release of
radionuclides to the environment.

KEYWORDS A KOREAN RADIOECOLOGY MODEL, ACCIDENTAL RELEASES,
AGRICULTURAL COUNTERMEASURES

1. INTRODUCTION

Radioactive materials released into the environment during a nuclear accident can lead to the wide
spread contamination of agricultural ecosystems. The accident at Chernobyl in 1986 showed that
agricultural contamination can be affected hundreds and even thousands of kilometers from the

accident site. Mathematical models that simulate the transfer of radionuclides in agricultural
ecosystems have been developed for various purposes. In such models, the behavior of radionuclides

is described by transfers between compartments which represent different parts of agricultural

ecosystems. Equilibrium models, which describe steady-state radioactivity in compartments resulting

from routine releases of radionuclides into the environment, are not appropriate in cases of accidental
releases. In these cases, the transfer of radionuclides between compartments has to be considered

dynamically since radioactivity in compartments does not reach steady-state in a short time for long-

lived radionuclides. We developed a Korean radioecology model[I]to simulate dynamically
radionuclide behavior in agricultural ecosystems (hereafter we call dynamic model) as a module for

evaluating the ingestion dose in a Korean real-time dose assessment FADAS[2], which is a system for

evaluating the comprehensive radiological consequences in an accidental release of radionuclides to

the environment. In an eaher version of the dynamic model, an initial input parameter for the time-

dependent radionuclide concentrations in agricultural products was radionuclide concentrations on the

ground when deposition has occurred. Radioactive contamination in agricultural products may be

evaluated from radioactive air concentrations as well as radionuclide concentrations on the ground,

both of which are measurable quantities in the environment. Recently, the dynamic model has been

improved so as to evaluate the radioactive contamination of agricultural products from both
measurable quantities by taking into account the wet processes. To mitigate radiological consequences

to the public, the competent authorities responsible for radiation protection should be prepared to

intervene with systematic methods based on radiation protection[3]. An action is justified only when

the benefit exceeds the harm resulting from its implementation. The purpose of an optimization

analysis is to aid the responsible decision-makers in determining the form, scale, and duration of the
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action or a combination of actions, so that a maximum net benefit can be expected. A methodology for
optimization of agricultural countermeasures using predicted results of the dynamic model are
designed based on a cost-benefit analysis[3].

In this manuscript, a Korean dynamic model considering feasible countermeasures is introduced,
and discussed with sample calculations for postulated accidental releases of radionuclides to the
environment.

2. MATERIAL AND METHODS

2.1 General Description of a Korean Radloccology Model

Radionuclides can reach humans from many potential exposure pathways in the environment.
The movement of radionuclides along a particular pathway can be envisioned as proceeding through a
series of pathway steps. Each step or compartment of a pathway represents some physical entity or
process by which radionuclides are received from a donor compartment. A Korean dynamic model is
based on such a compartmental approach, which dscribes radionuclide movements between
compartments by ordinary differential equations as follows

dQ n N

=I A, j - Q Y AJ, i = , 2,. - , N
dt j-i j=1,

where
Q1 radionuclide concentration in compartment i (Bq in-' or Bq kg-')

N: number of compartments
All transfer rate constant from compartment i to compartment

Inputs to the model are either the time-integrated radioactive concentration in air (Bq s m-3) or the
cumulative radioactive concentration on the ground (Bq in-'), and the precipitation rate (mm hr-') and
its duration. The transfer processes of radionuclides between different compartments considered in the
model are as follows deposition of radionuclides, interception to agricultural plants, translocation
from leaves surface into edible parts, root uptake from soil into edible parts, reaching into deeper soil
layer, adsorption and desorption in soil, removal by weathering, dilution as the growth of agricultural
plants, resuspension, feedstuff ingestion and excretion of animals. The model considers three critical
radionuclides ("'Cs, 'OSr, 1311) in an accident of nuclear power plants. Nine plant species nce, other
grains, legumes, leafy vegetables, root vegetables, fruit-type vegetables, potatoes, fruits, pasture) and
five animal products (milk, beef, eggs, poultry, pork) are considered. A number of site-specific
parameter values are representative of Korean agricultural and environmental conditions, and are
dependent on radionuclides and plant species. The detailed mathematical formulations and relevant
parameter values have been described in a reference [I].

2.2 Optimization of Agricultural Countermeasures

In the event of a nuclear accident, decision-aiding techniques are used to assist justifying the
actions to be taken and optimizing the protection. The oldest and perherps the most straight-forward
tool of decision analysis in radiation protection is the simple cost-benefit analysis, in which the net
benefit, AB, is quantified only in terms of avertable doses and monetary costs needed to implement
the countermeasures. The 'ustifiable and optimal duration day) of countermeasures can be
determined as follows[3 :

justification AB(r > (2)
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optimization 0 (3)
dr

A variety of countermeasures can be selected for mitigating radiological consequences. Some
countermeasures are w idely applicable to all countries, whereas others are not. In the case of animal
products, a ban on human consumption for a specific period is simple and easy to carry out, but it may
be an extreme countermeasure in view of cost. In most cases, the substitution of contaminated fodder
with uncontaminated one for animals may be more cost effective than a ban on human consumption,
because the cost of fodder is far cheaper than that of the banned animal products.

Based on dose resulting from the consumption of milk produced from one diary cow over one year
after a deposition event, the net benefit from the substitution of clean fodder (AB, and from a ban on

mllk consumption ABb ) can be designed as:

AB, ( = a q(r) H - Vf bf (4)

A.Bb ( = a (r) H - P b (5)

where
a monetary cost of unit collective dose (I 0,000 US (man Sv)-')
q: effectivess of countermeasure

H *: integrated dose resulting from the consumption of milk produced from one dairy cow over0
one year without any action (Sv animal-)

lyr

H = P e(50) f C(t)dt (6)0
0

Vf intake rate of replaceable clean fodder (=IO dry-kg (animal d)-')

bf cost of clean fodder (O. 2 US dry-kg- 1)

b cost of milk (=I US L-)
P: production rate of milk =10 L (animal d)-')
e(50): committed effective dose per unit intake (Sv Bq-')

Qt): time-dependent radionuclide concentration in milk (Bq L-)

The effectiveness of countermeasure, i, is defined as the ratio of the avertable dose to the

projected dose. The values of i, Ho and CQ) can be obtained from the predicted results of the

dynamic model depending on a variety of factors such as the starting time and the duration of
countermeasure.

3. RESULTS AND DISCUSSION

Fig. I shows 117CS concentrations in rice growing period I't May - 31h Sep.) and grains (growin
period of barley - I't Jan. - 3 I't May) at harvest, and in milk (growing period of pasture I't May - 30
Sep.) predicted from the dynamic model. It is assumed that the date of deposition is the 15 th Ag.

(227'h day in Julian day) when a number of agricultural plants are fully developed in Korean
agricultural conditions. It is shown that the difference of radionuclide concentrations in foodstuffs is
strongly dependent on the growth characteristic of agricultural plants when deposition has occurred.
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1.OE-01 0.2 -

.0 -E 1.OE-02 0
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0 0

1.OE-05 L)
C Cr

P 1.01E-06 p �� 0.05

1.OE-07 0

200 400 600 800 1000 1200 200 220 240 260 280 300
Days after a deposition (Julian day) Days after a deposition (Julian day)

- rice ---

(a) rice and grains (b) milk

Fig. 1. Radionuclide concentrations in foodstuffs following deposition on the 15 1h August.

Fig. 2 shows radionuclide concentrations on the ground and in rice at harvest as a function of
precipitation rate during an accidental release. It is assumed that the date of deposition is the 15"
August, the 131C s and Sr concentrations in air are lBq in-' for each radionuclide, and the release and
precipitation are sustained for 24 hours. These results underline that the precipitation is an important
factor in agricultural contamination. It is shown that 137CS is more sensitive than 9Sr in the
contamination of rice due to precipitation.

Fig. 3 shows the net benefit for milk as a function of the duration of the selected counten-neasures It
is assumed that the date of deposition is the 15"' jUly, 117CS concentration on the ground is 50 kBq M-2,

and the actions are implemented with the delay time of days following the deposition. It is shown
that the substitution is a more effective countermeasure than banning for both radionuclides. For 137cS

and 9Sr depositions, the substituting durations for the maximum net benefit are approximately 25 days
and 40 days, respectively.

140 - 10000 so 10000

50 8000130 - 8000 2�
A-

0 40 - 6000
20 - 8000

.0
o 30 4000

110 4000 a 9
-Ca8

P 20 2000
100 2000 0 1 3 4 5

0 3 5 Precipitation rate [mm/hr)

Precipitation rate (mm/hr)

Fig. 2 Radionuclide concentrations on the ground and in rice at harvest as a function of precipitation
rate.

4. CONCLUSIONS

A Korean radloccology model to simulate radionuclide behavior in agricultural ecosystems has been
developed as a module for evaluating the ingestion dose in a Korean real-time dose assessment system
FADAS, which evaluates the comprehensive radiological consequences in an accidental rlease of
radionuclides to the environment. Using the predictive results of a Korean radiciecology model, a

- 110 



JAERI-Conf 2003-010

40Q-

0 300
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(a) 117Cs deposition (b) 9Sr deposition

Fig. 3 Net benefit of the selected countermeasures for milk

methodology for the optimization of countermeasures has been designed based on a cost-benefit
analysis.

A Korean radioecology model considering countermeasures will be improved with the sustaining
field experiments for the reliability of the predictive results. The efforts for finding agricultural
countermeasures, which are feasible and cost-effectiveness, will also be sustained.
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ABSTRACT

The functionality of MOGRA is being verified by applying it in the analyses of the migration rates
of radioactive substances from the atmosphere to soils and plants and flow rates into the rivers. This
has been achieved by also taking their mode classifications into consideration. In this report, a
hypothetical combination of land usage was supposed to check the function of MOGRA. The land
usage was consisted from cultivated lands, forests, uncultivated lands, urban area, river, and lake.
Each land usage has its own inside model which is basic module. Also supposed was
homogeneous contamination of the surface land from atmospheric deposition of Cs-137 (1.0 Bq/M2).

The system can analyze the dynamic changes of Cs-137 concentrations in each compartment, fluxes
from one compartment to another compartment.

KEY WORDS:
MODELANALYSIS, MOGRA, CS-137, MIGRATION, DIFFERENT LAND USAGE

1. INTRODUCTION

MOGRA (Migration Of GRound Additions) is a migration prediction code for toxic ground
additions including radioactive materials in a terrestrial environment 12,3]. An evaluation using
MOGRA begins with a classification of the target land according to a land usage classification
(modularization). Next, desired compartments are set within each module together with the setting of
migration patterns of substances between modules. The flow of environmental-load substances
between compartments is expressed in the formulae obtained from theoretical consideration and
scientific experimental results. When a compartment in a module is subject to pollution by an
environmental-load substance, these codes can be used to evaluate how and how far the surrounding
environments will be polluted in the future.

Currently, the functionality of MOGRA is being verified by applying it in the analyses of the
migration rates of radioactive substances from the atmosphere to soils and plants and flow rates into
the rivers. This has been achieved by also taking their mode classifications into consideration. In this
report, a hypothetical combination of land usage was supposed to check the function of MOGRA. The
land usage was consisted from cultivated lands, forests, uncultivated lands, urban area, river, and lake.
Each land usage has its own inside model which is basic module. Also supposed was
homogeneous contamination of the surface land from atmospheric deposition of Cs-137 (1.0 B/m').
The system can analyze the dynamic changes of Cs-137 concentrations in each compartment, fluxes
from one compartment to another compartment.

Migration behavior of radionuclides depends on their chemical and physical forms. So,

information of speciation should be taken in consideration for making models, whenever possible. If

necessary data is not available for making model, experimental effort is also important to make good

prediction models.
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2. METHOD

2.1 A hypothetical combination of land usage

The functionality of MOGRA is being verified by applying it in the analyses of the migration
rates of radioactive substances from the atmosphere to soils and plants and flow rates into the rivers.
This has been achieved by also taking their mode classifications into consideration. A hypothetical
combination of land usage as shown in Fig. was supposed to check the function of MOGRA. Figure
1 was constructed using the MOGRA for Windows. The land usage was consisted from cultivated
lands, forests, uncultivated lands, urban area, river, and lake. Each land usage has its own inside
model which is basic module. Also supposed was homogeneous contamination of the surface land
from atmospheric deposition of Cs-137 (1.0 B/m').

Forest-1 Forest-2

\14' Urban
River-1

(Upstream)

Cultivated land-1 Lake -. 11vated land-3

Uncultivated Cultivated land-2 River-2
land (Downstream)

Fig. Hypothetical Environment constructed on PC-CRT using MOGRA for Windows

2.2 Model templates

2.2.1 Cultivated Land
Concerning the transfer of radionuclides from cultivated land to plant in Cultivated-Land-Model,
soil to plant transfer coefficient is used. The model is shown in the Fig. 2.

.................................
Conc. in crop ....................................... (Bq/kg) ....

. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . ..............

Inflo"J Soil OM in 9oll (Bq/kc)l

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
..............

O 11110" . .. . .. . .. . .. . .. ..

............... ::::::: ................ ....

Fig. 2 Cultivated Land Model

Definition formula of migration coefficient, P is expressed as follows. Deposition of Cs-137 and
parameters used are shown on Table 1. Some parameter values are quoted from Ref.[51.
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1) Soil to Outflow Pee I
DJE RSAT + P Kd)

2) Conc. in Crop (Bq/kg) P TF
Area-D,'p

Table 1 Deposition and Parameters for Cultivated Land Model

Amount of Area Depth Density
Deposition(Bq) (M) (m) (kg/m')

Soil LOE+07 LOE+07 0.15 1.6E+03

Symbol Value Unit Meaning
Area LOE7 m 2 Area

Di 0.15 m Depth

1 0.4 m/y Infiltration

E 0.3 Porosity

RsAT 0.2 Contents
p 1600 kg M,3 Density

3 kP-1Kd 0.27 m , Kd

TF 5.7E-2 kgd kgw" , Transfer factor

2.2.2 Forest
In Forest-Model, Surface soil is divided in 6 layers including the surface organic layer as shown in
F ig .3 . . . .................

C.- w, deInflow to Woo&

............ ..
m s r s m :

....................

bib. to fitt., ----- I- Litter Con. 0 RI.

s s : + . .... ..... .... .... ... .... .... .
. .... ... . . .... . .

.................... L#Mrl L Conc. W ar
. . ..............

.. . ... .... . . . . .. .. . .... . .

2
Ley. 2 Owc. n

o r . .... .... ..... .... .... .... ... .... .....
m : m m s m s q : .. .... .... .

m s : � r : .... ... .... .... . .. ..
+

....... La" 4 Oo,,c. in �v,4
Wkt

... ......... L" , 6 Go.c. i� " r

.. ...........

. . ............. Deeper zone

.. ..... . .. .... ..... .... .... .. . ... . . ... .. . ... .

Fig. 3 Forest Model

Definition formula of migration coefficient, P is expressed as follows. Deposition of Cs-137 and
parameters used are shown on Table 2 Some parameter values are quoted from Ref.[5].

1 ) Woods to Litter

- 114 -



JAERI-Conf 2003-010

log(2.0)
=��

HL W

2 Litter to Layer 

P log(2.0)
HL L

3 Layer i to Layer i+1

= I
D(i) RUT + P Kd)

4 Layer i to Woods

P TF -R(i)-D -W
D(i)- p

5 Layer to Deeper zone

= I
D(5)- (e RMT + P Kd)

6 Deeper zone to Infiltration

=
HL

Table 2 Deposition and Parameters for Forest Model

Amount of Area Depth
Deposition(Bq) (M 2) (m)

Woods 5.OE+07 1.OE+08 -
Litter S.OE+07 LOE+08 0.1
Layer I 0.0 1.OE+08 0.01
Layer 2 0.0 1.OE+08 0.02
Layer 3 0.0 1.OE+08 0.05
Layer 4 0.0 1.OE+08 0.07
Layer 0.0 1.OE+08 0.15
Deeper zone 0.0 1.OE+08 0.15

Symbol Value Unit Meaning
D W 10 kg M'2 Density of woods
D 0 0.1 M Thickness of Litter
P 0 1000 Cg Density of Litter

D(l) 0.01 rn Depth of Layer I
D(2) 0.02 rn Depth of Layer 2

D(3) 0.05 rn Depth of Layer 3

D(4) 0.07 rn Depth of Layer 4

D(5) 0.15 m Depth of Layer 

D(6) 0.15 rn Depth of Deeper zone

I 0.4 m/y Infiltration of Layer

e 0.3 Porosity of Layer

RsAT 0.2 Contents of Layer

11 -



JAERI-Conf 2003-010

1600 kg rn-3 Density of Layer
P
KD 0.27 m3k g Kd
HL W 10 y Half life from woods
HL L 20 Half life from litter
TF 0.05 -1 Transfer factor at year
R(1) 0.2 Ratio for layer 
R(2) 0.2 Ratio for layer 2
R(3) 0.2 Ratio for layer 3
R(4) 0.2 Ratio for layer 4
R(5) 0.2 Ratio for layer 

2.2.3 Lake/Pond
This model consider Lake/Pond water as a compartment, and Lake/Pond sediment as a compartment,

as shown in Fig. 4 This model considers deposition and resuspention between these compartments.. .. ................
..... .... Concentration .0

fishes (Bq/kc)
V-ft.drs

Lost'... Lak. "star CO.C6.1'.tiom in
lalut weer .3) I

. ... ... ... .... ... .... ... .... ...

..... ....... . . .... ..... ........ .. ...................
anentration in lakWent Wkg)ol

.... ... ..... . ... ....

Fig. 4 Lake/Pond Model

Definition formula of migration coefficient, P is expressed as follows. Deposition of Cs-137 and
parameters used are shown on Table 3 Some parameter values are quoted from Ref.[5 6.

1 Lake water to Lake sediment

P Cp Kdp Sg
D _ W(1.0 + Cp Kdp)

2 Lake sediment to Lake Water

P RESUS
D-S

3 Lake water to Downstream

P RATE F
AERA-D-W

4 Lake water to Conc. in fishes

P CF
ARFA D W

Table 3 Deposition and Parameters for Lake/Pond Model

Deposition Area Depth Density
(Bq) (m 2) (m) (kg/m3)

Lake water LOE7 LOE7 10.0
Lake sediment 0.0 LOE7 1.0 2.65E3

- 116 -



JAERI-Conf 2003-010

-Symbol Value Unit Meaning
-AREA LOE7 7- Area
D-W 10 m Effective depth of lake

water
,3

Cp 5.OE-2 kg M Density of suspended solid

Kdp m- ig � Kd to SS

Sg 1.6E-5 Deposition velocity of SS

D-S 1.0 M Depth of sediment

LOE-4 Resuspension velocity

DENS 2.65E3 kg rn Density

RATE-F LOE8 m y Flow rate

CF 2 mTkg-� Concentration factor

2.2.4 River
In this model, River water and River Sediment are divided as separate compartment (Fig.5).

Deposition and resuspention are considered. Deposition of Cs-137 and parameters for River Model are
shown on Table 4.

. . . . . . . . . . . . . . . . . . . . . .
Conc� in iche& .......................

WOW ......

Dovinstream

tream 06nc� in r iver

Lips Ri. .te, water
. . . . . . . . . . .

... .. .......
...........

. ... . ..... River sediment Cone. in river
...... sedimen M/kg)

...............................................................

Fig.5 River Model

1 River water to River sediment

P Cp Kdp Sg
D _ W(LO + Cp Kdp)

2 River sediment to River Water

RESUS
= ��

D-S

3 River water to Downstream

P RATE F
AERA-D-W

Table 4 Deposition and Parameters for River Model

Deposition Area Depth Density
(Bq) (m 2) (m) (kg/m')

River water LOE7 LOE7 5
River sediment 0.0 LOE7 0.5 2.65E3
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Value Unit Meaning
AREA LOE7 m2 Area
D-W 5 m Effective depth of lake water

Cp 5.OE-2 kjg rn-3 Density of suspended solid
Kdp 2.0 m3 kg-1 Kd to SS

Sg 1.6E-5 m y-I Deposition velocity of SS

D-S 0.5 m Depth of sediment

RESUS LOE-4 m y1 Resuspension velocity

DENS 2.65E3 kg m-3 Density

RATE-F LOE8 m3 y-1 Flow rate

Two dynamic compartment model separately considering dissolved form and particulate form has also
been analyzed by Hayashi et al. in this proceedings 4].

2.2.5 Uncultivated Land
In Uncultivated - Land -Model, surface soil is divided in layers as shown in Fig.6. Contaminant is
transferred to deeper layer by advection.

. .. . . . . . .. .. . . .. .. .
Inflo" Layer Cone in I r1

Laye 2 Cone. in 1 2
(B4/k.7 1 .......... .......

..... Layer 3 Con�=or 3

.................................

Cone in r4........ Layer 4 'T
: : ... W kg

. .. .. . : s s � : � � . .. .. . . .. . .. .. . .. .. .. . .. .. . .. .. . .. .. . .. . .. .. . .. .

. .. ..... ..... Layer Cone. In layer 5
... (Bq/kg)

....................
Deeparzone InfiRration

. . .. .. . .. .. . .. .. . .. . .. .. . . .. . .. .. .. . ... . . .. .. . .. .. . .. .. . .. . .. .. . ..

Fig. 6 Uncultivated Land Model

Definition formula of migration coefficient, P is expressed as follows. Deposition of Cs-137 and
parameters used are shown on Table 5. Some parameter values are quoted from Ref.[5, 61.

1 Layer i to Layer i1, Layer to Deeper zone

= I
D(i) (e R14T P Kd)

2 Deeper zone to Infiltration

P log(2.0)
HL
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Table Deposition and Parameters for Uncultivated Land Model

Deposition Area Depth

(Bq) (MI) (m)
Layer I LOE7 LOE7 0.01

Layer 2 0.0 LOE7 0.02

Layer 3 0.0 LOE7 0.05

Layer 4 0.0 LOE7 0.07

Layer 0.0 LOE7 0.15

Deeper zone 0.0 LOE7 0.15

Symbol Value Unit Meaning

D(l) 0.01 m Depth of Layer 

D(2) 0.02 m Depth of Layer 2

D(3) 0.05 m Depth of Layer 3

D(4) 0.07 m Depth of Layer 4

D(5) 0.15 rn Depth of Layer 

D(6) 0.15 m Depth of Deeper zone

I 0.4 m/y Infiltration of Layer

e 0.3 Porosity of Layer

RsAT 0.2 Contents of Layer

1600 kg M-3 Density of Layer
P

KD 0.27 m kg' d

TF 0.05 Y- Transfer factor at I year

R(l) 0.2 - Ratio for layer 

R(2) 0.2 - Ratio for layer 2

R(3) 0.2 - Ratio for layer 3

R(4) 0.2 - Ratio for layer 4

R(5) 0.2 - Ratid for layer 

2.2.6 Urban
In urban area, drainage is used to be fast, so only surface run off is considered (Fig.7). Deposition

of Cs-137 and parameters used for Urban Model are shown on Table 6.

............

Imflow Surface Run off

Fig. 7 Urban Model

1 Surface to Run off

P log(2.0)

HL
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Table 6 Deposition and Parameters for Urban Model
Deposition Area Depth Density
(Bq) (M) (m)

Surface LOE7 LOE7 - -

Symbol Value Unit Meaning
HL 0.1 Y Half life

IRESULTS

Figure 2 and 3 show some results gained from calculation by MOGRA for Windows. Figure 2
shows dynamic changes of Cs-137 in crops in cultivated land (1), 2) and 3) of the figure during the
growth period, respectively. Peak concentration in the cultivated land 3) appears 25 years after the
initial deposition on cultivated land, because the lake water is used for irrigation to the cultivated land
(3) in this model. Figure 3 shows dynamic changes of Cs-137 fluxes, one is from lake water to lake
sediment, the other is from lake sediment to lake water. These results can easily be seen on the CRT of
a computer using MOGRA.

3.001E-04
-Cs-137 (Bq/kg) conc. in crop(Cultivated land (1))

-Cs-137 (Bq/kg) conc. In crop(Cultivated land 2))

2.50E-04 -Cs-137(BqAg)conc.incrop(Cultivatedia d(3))

2.0012-04

1.50E-04

1.OOE-04

5'OOE-05

O.OOE+00
1.OOE-01 1.00E+00 1.00E+01 1.00E+02 1.OOE+03

Time (Year)

Fig. 2 Dynamic changes of Cs-137 in crops in cultivated land (1), 2) and 3).

1.OOE+01
From Lake water to Lak ediment

1.OOE+00 -- Froml-akesedimenttoLakewater

1.00E-01

1.00E-02

1.0012-03

1.00E-04

1.00E-05
0 20 40 so so 100 120

'nme (Day)

Fig. 3 Dynamic changes of Cs-137 fluxes between lake water and lake sediment.
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4. CONCLISION

MOGRA consists of computational codes that are applicable to various evaluation target systems,
and can be used on personal computers. The computational code has the dynamic compartment model
analysis block at its core, the graphical user interface (GUI) for computation parameter settings and
results displays, data files and so on. The compartments are obtained by classifying various natural
environments into groups that exhibit similar properties. These codes are able to create or delete
compartments and set the migration of environmental-load substances between compartments by a
simple mouse operation. The system features high universality and excellent expendability in the
application of computations to various nuclides. The flow of environmental-load substances between
compartments is expressed in the formulae obtained from theoretical consideration and scientific
experimental results. When a compartment in a module is subject to pollution by an
environmental-load substance, these codes can be used to evaluate how and how far the surrounding
environments will be polluted in the future.

In this paper, the functionality of MOGRA is being verified by applying it in the analyses of the
migration rates of radioactive substances from the atmosphere to soils and plants and flow rates into
the rivers. This has been achieved by also taking their mode classifications into consideration. A
hypothetical combination of land usage was supposed to check the function of MOGRA. The land
usage was consisted from cultivated lands, forests, uncultivated lands, urban area, river, and lake.
Each land usage has its own inside model which is basic module. Also supposed was homogeneous
contamination of the surface land from atmospheric deposition of CS-137 (1.0 B/M2). It was
verified that the system can analyze the dynamic changes of Cs-137 concentrations in each
compartment, fluxes from one compartment to another compartment.
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ABSTRACT

Two dynamic compartment models were constructed as basic river transfer models for MOGRA

(Migration Of GRound Additions) - an environmental load effect predicting code developed by

JAERI (Japan Atomic Energy Research Institute). One model is for the river transfer of one

component where particulate form and dissolved form are in equilibrium. The other model is

structured for the river transfer of two components when the particulates and dissolved forms are

treated individually by separate compartmentalization. In each model the river sediment is set in a

compartment. The sedimentation of particulate form and resuspension of radionuclides in the river

sediment are taken into account. Modeling a river system with MOGRA is done by connecting one of

these models to match the system.

To verify the analysis function of the constructed models, calculation conditions were set using

data of 37CS concentration obtained from Kuji River, Japan. The length of the river was set to 5 km

and was divided into equal parts. The inflow of 137 Cs and parameter values concerning transfer

velocities were set differently in case of normal flow rate and high flow rate. In calculation, high flow

rate caused by rain was supposed to occur after a period of normal flow rate. There is almost no

difference seen between these models when sedimentation velocity is low. There is apparent

difference when sedimentation velocity is high. It is concluded that in selecting and applying models

to real environment enough consideration should be taken as to which system to be assessed and what

the purpose is.

To make it possible to analyze various river systems for various purposes, models need to be

developed, for example, compartmentalizing the watershed. The data needed will be collected with it.

KEYWORDS: Model, 137 Cs, River, MOGRA

1. INTRODUCTION

Discharge of radionuclides via rivers is one of the most important pathways of fallout
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radionuclides deposited on the ground surface which is then eroded or eluded by rain. The migration

Of 37CS which originates in fallout is studied in view of both radiological protection and earth sciences.

In evaluating migration of radionuclides, one component model has commonly used for river

systems [1]. But it is considered that two component model expresses the actual phenomena more

precisely. MOGRA was developed to enable to reflect latest studies 14], and two kinds of river

transfer models were constructed using MOGRA. Structures and characteristics of these models are

stated in this paper.

2. MODEL STRUCTURE

Two dynamic compartment models were constructed as basic river transfer models. In one

component model particulate form and dissolved form are considered to be in equilibrium in river

water, whereas, in two component model particulate form and dissolved form are considered to be

different component and are separately compartmentalized. In each model river water is considered to

be well mixed so that there would be no need to compartmentalize river water to several parts

according to the depth. River sediment is treated as one component. The migration path considered

are (1) Deposition to river sediment, 2) Resuspension from river sediment, 3) Flow out of river

water, (4)lnteraction between dissolved form and particulate form, (5)Inflow from watershed and

(6)Decay of radionuclides, respectively. The structures of these models are shown in Fig.1 and Fig.2.

Modeling a river system is done by connecting one of these models as to fit the actual situation.

2.1 Deposition to River Sediment

The flux of radionuclides in river water to river sediment is the sum of fluxes of deposition of

dissolved form and particulate form to river sediment. In river system, sedimentation of particulate

form is considered to be main phenomenon of deposition. Absorption of dissolved form to river

sediment is considered to be negligible. Flux [Bq/d] of sedimentation of particulate form for each

model is given by the following formulae.

s : s .... . .. .... . ..... . ..
W., ... h.d

Wm ... h.d
.. ..... ... .....

LW

.... . ...... .. ..... ...... ... .. .. ... ...

Ri-, M.,
-7

r:
Pi- d....t .. ................Con Pi"dmonTft/k............................... ..... .... ......

.... .... .... ... kIfihIatiDn ... . ..... .. ........ .
.. ..........

.. . .... .... ..... .. . . ... .. .................... ..

Fig. 1 Structure of one component Fig. 2 Structure of two component

river transfer model river transfer model
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River water to River sediment (1 component model):

Alps S9 d QW
D 1Kdpcp

Particulate form to River sediment 2 component model):

A2p M S9 QP (2
DW

where,

Qw: Amount Of 117CS in the river water [Bql

Qp: Amount Of 137CS in particulate form in the river water [Bql

Sg Sedimentation velocity [m/y]

DW: Depth of the river water [ml

Kdp: Distribution coefficient Kd) Of 137CS to suspended solid [m3/kg]

CP: Concentration of particulate material in the river water [k gIM31.

2.2 Resuspension from River Sediment

Resuspension flux is the sum of resuspension flux of particulate form and desorption flux into

dissolved form. Considering that the former pathway is most important, desorption of dissolved form

is neglected in these models.

Resuspension flux [Bq/dl is given by the following formula that is same for both models.

River sediment to river water (I component model):

Resus
Aisp . QS

Ds (3

River sediment to particulate form 2 component model):

Resus
A2sp QS

Ds (4)

where,

Qs Amount Of 37CS in the river sediment [Bq]

Resus: Resuspension velocity [m/y]

DS: Thickness of the river sediment [m].

2.3 Flow Out of River Water

Flow out flux [Bq/yl is given by the formula that is same for both models.
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FR
River water to lower (1 component model): AlWL = .QW (5

Area -Dw

FR
Particulate form to lower 2 component model): A2PL QP (6

Area DW

FR
Dissolved form to lower 2 component model): A2DL QD (7

Area DW

where,

QD: Amount Of 137CS in dissolved form in the river water [Bql

FR: Flow rate W/A

Area: Area of river [m2].

2.4 Inflow from Watershed

Inflow from watershed may be given more precisely by modeling watersheds, but it is beyond

the scope this paper. Inflow of radionuclides is given by the formula supposing that water with

concentration ConCD[Bq/m3] of dissolved form and concentration Concp[Bq/M3] of particulate form

inflows from watershed by inflow rate F [m3/d]. For 2 component model, inflow of radionuclides in

dissolved form and particulate form should be stated separately.

Inflow from watershed to river water (1 component model):

1klW -IN F (Concp + ConcD ) (8

Inflow from watershed to Particulate form 2 component model):

A2 L = F Concp (9

Inflow from watershed to Dissolved form 2 component model):

,k2D-IN F ConcD (10

where,

Concp: Concentration Of 37CS in particulate form in river water [Bq/M3]

ConcD: Concentration Of 37CS in dissolved form in river water [Bq /M31

F Inflow rate from watershed to river water [m3/dj.

2.5 Interaction between Dissolved Form and Particulate Form in 2 Component Model

There are interaction (i.e., absorption and desorption) between dissolved form and particulate

form while they are transferred by river. The component model is a model which regards dissolved

form and particulate form get to equilibrium at a moment, so there is no need to talk about the

interaction. As for two component model, absorption and desorption should be taken into account.
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Considering the ratio of concentration is 1 : KdP at their equilibrium, fluxes [Bq/dj of absorption

and desorption is given by the following formulae.

Particulate form to Dissolved form 2 component model):

1
A2P A .QP 01 )

1+ Kdp Cp

Dissolved form to Particulate form 2 component model):

A2DP A KdP -CP . QP (12 

1+Kdpcp

where,

A: Parameter to take account of reaction velocity [ 1/d].

For 137CS' the reaction velocity of absorption and desorption is considered to be much smaller

than that of other paths, so A is set O.O.

2.6 Decay of Radionuclides

MOGRA was developed to predict migration of radionuclides and any decay chain of

radionuclides is automatically reflected to the calculation. The formulae are omitted in this paper.

3. CALCULATION AND RESULTS

To verify the analysis function of the constructed models, calculation was carried out. Inflow of

radionuclides from watershed is considered.

3.1 Parameter etting

The size of whole river was set total length of 50km, water depth of 1.5m, sediment thickness of

0.1m and river width of 50m, then the river was divided into equal parts. To each segment one

component model or two component model was assigned. The parameters concerning the size of

compartment is shown in the upper column of Table .
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Table Parameters

Value

Symbol Parameter flow rate) Unit

Parameters Area Area of river segment 5.OxlO' m 2

on DW Depth of river water 1.5 m

size of river D s Thickness of river sediment 0.1 m

Parameters FR Flow rate 8.64xlO 5 4.32x 106 M3 /d

from F Water iflow from watershed 8.64x10 4 4.32x10 5 m 3 /d

Kuji River CP Concentration of suspended solid 10-3 10.2 32.4x 3.20x i�V-M-L
ConCD Concentration of dissolved form 0.11 Bq/m 3

Concp Concentration of particulate form 0.024 / 0.31 B q/M3

Other Resus Resuspension velocity 1.0xio, M/Y

Parameters Kdp Kd to suspended solids 2 3 -1 m /kg

Sg Sedimentation velocity of suspended solids 1.6x 10 -365.0x100

Kuji Riverwas used to set inflow conditions, i.e., concentration (dissolved form and particulate

form) in inflow water from watershed, flow rate and concentration of particulate material [5]. There

seemed almost no correlation between concentration of particulate form in particulate material

[Bq/kg] or concentration of dissolved form in river water [Bq/M3 ] and flow rate [M3 /d], so for each

parameter mean value of observed data were set. As for concentration in particulate material there was

strong correlation with flow rate of R 2=0 .88 and the regression curve was y= 0.062x' 59 . Regarding 0

[M3/S] as normal flow rate and 50 [M3/S] as high flow rate, concentration of particulate material,

particulate form and dissolved form for normal and high flow rate is derived. Derived values are

shown in middle column of Table 1. Particulate material concentration and 137CS concentration are

used in setting inflow condition Of 137CS. Water inflow rate fom watershed was set 1.0 [M3/S] in

normal flow rate and [M3/S] in high flow rate, and flow rate in the river is set as the sum of total

inflow from upper river and the watershed. Water budget in normal flow rate and high flow rate is

shown in Fig.3 and Fig.4, respectively.

Distribution coefficient and resuspension velocity were set after 6]. Sedimentation velocity is

considered to vary widely according to the form of particulate material, so several values in wide

range were selected for calculation [5-8]. These values are shown in lowest column of Table .

3.2 Calculation Conditions

The calculation condition was set supposing 1.0 day in high flow rate caused by a rain occurred

after 100 day in normal flow rate. As stated in section 31 effect of high flow rate is considered by

using different values for flow rate, 137CS concentration in inflow water from watershed and water

inflow rate from watershed. It is noted that starting day of high flow rate was selected so that inflow

and outflow of radionuclides are in almost equilibrium at that time.
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-------------------------------------------------

Watershed
---- ------- ------- ------- -------- -

I M3/S I M3/S 1 M3/s 1 m3/s 1 m3/S

9 v r iver 13 14
se ent 2 seg 3 segment 4 rn3/ se ent

Fig. 3 Water budget at normal flow rate

-------------------------------------------------

Watershed
---- ------- ------- ------- ------- -----

5m3/S 5m3/s 5m3/s 5m3/s 5m3/s

45 55 60 . ver 7

m3 se 2 seg 3 m3/ 9 4 gment 5 M s

Fig. 4 Water budget at high flow rate

3.3 Calculation Results

Analysis was carried out using parameters and calculation conditions stated in section 31 and 32.

For sedimentation velocity values used are 16 * 10,5 m/y, 3.65m/y, 36.5m/y and 365.0m/y. Calculation

results in river segment 3 (i.e., middle part of whole river) are shown in Fig. (Sg=3.65m/y), Fig. 6

(Sg=36.5m/y), and Fig.7 (Sg=365.Om,/y), respectively. When sedimentation velocity is as low as

1.6*10-5m/y or 365 m/y, decline in amount of particulate form due to deposition is so small compared

to inflow and outflow of river water that there was not clear difference in concentration in river water

between component model and 2 component model. When sedimentation velocity is as large as

365.0 m/y there was apparent difference between them.

1 component model 2 component model
4 .5 E-0 1 4 .B E-0 1 .. ... .... .... .... ......... .... ...............................

XI
E COE-01 E 4.OE-01

\River vieter (TotaD
ME-01 ISE-01

3.OE-01 3.OE-01

2.5E-01 te form

2.OE-01 2.OE-01
c

1.5E-01 1.5E-01

C 1.OE-01 I.OE-01
Dissolved form

0 5.OE 2 0 5-OE-02

O.OE-00 0OE-00
-2 -1 0 1 2 3 4 5 6 7 8 9 10 -2 -1 0 1 2 3 4 5 6 7 0 9 10

Days since rin (Day) Days since rain May)

Fig. Results (River segment;3, Sg=3.65 M)
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1 component model 2 component model
4 .5 E -0 1 ....... ................................. .. ....... ........... 4 .6 E -0 1 - .... .. .......... ........... ....................................... .................. ... .. .. .. ....... .

ECOE-01 E4-OE-01

3.5E-01 3 E-01 1`11�ver wter (Total)

HE-01

2.5E-01 /\Pr\.Aate lorM
4) 2.5E-01

2.QE-0 2.OE-01

I.BE-0, 1.5E-01

cI.OE-01
Vomolved torm1.OE-01

05.OE 02
0 05.OE-02

0.0E.00 O.OE-00I
-2 -1 0 1 2 3 4 5 6 7 8 9 10 -2 -1 0 1 2 3 4 5 6 7 8 9 10

Days since rain (Day) Nys since ra in (Day)

Fig. 6 Results (River segment3, Sg--36.5 m/Y)

1 component model 2 component model
4 .5 E -0 1 4 .5 E- 0 1 ..... .. . . .. ... ........................ .... ... .. .............. ............ .

E4.OE-01 'E UE-01

3.5E-01 C9 HE-01
River vater (ToteD

3 OE-01 UE-01 A
2.6E 's 2.BE-01

S2.DE-01 AP-hiculate form
C C

1.6E-01 1.5E-:
LI

r1.DE-01 I.OE-

o:.OE-02 0:.OE-02

OE-00 OE-00
-2 -1 0 1 2 3 4 5 0 7 8 9 1 -2 -1 0 1 2 3 4 5 6 7 8 9 10

Days since rain (Day) Nys since rain (Day)

Fig. 7 Results (River segment3, Sg--36.5 m/y)

In these calculations, the proportion of particulate form to dissolved form in inflow water is set

much greater than that in water in equilibrium. It gives the reason for the 2 component model to

induce lower concentration in river water. The proportion of particulate form in inflow water is greater

in case of high flow rate. It gives the reason for the 2 component model to show larger decline in

concentration after rain than the component model does.

3.4 Conclusion

Two models were constructed and calculations were carried out. For some target systems both

models worked the same. For some other target systems they induced difference in results. These

models differ essentially, and a 2 component model might give more precise analysis results. But with

data obtained until today it is not possible to conclude which model expresses the real environment

better. More research is needed to develop and validate these models.
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Abstract

Global-scale and local-scale dispersion model are developed combining to global and local scale

meteorological forecasting model. By applying this system to another miner constituent such as

mineral dust blowing by strong wind in ad region, this system shows very good performance to

watch and predict the distribution of it.

Key ward

Dispersion model, Kosa, mineral dust, lagrangian, deposition

1. Introduction
To evaluate a special and temporal distribution of radioactive nuclei emitted from various kinds

of atomic facilities, we develop two types of dispersion model, which is different in special scale for

simulation domain. One is a global scale, and another is a regional scale. By using a global dispersion

model we examine cross-boundary transport of radioactive nuclei, which becomes a big problem when

emission aount is large by an accident of atomic facilities. If the accident of atomic facilities is no so

big, problem is restricted in a limited area. In such case, regional dispersion model is used to simulate

fine distribution of radioactive nuclei around an atomic facility.

Accumulated radioactive nuclei in soil, which was formed by deposition processes from

atmosphere, becomes another new emission source through suspension processes occurred in ground

surface. In our model it can do simulate this processes.

2. Modeling

Usually dispersion model has two components. One is a meteorological model, which gives

meteorological fields, especially wind field to transport radioactive nuclei. Another one is a transport

model. This component has further three parts, which are emission part, advection part and deposition

part. Difference between global scale model and regional scale model is only in meteorological model.

2.1 Global scale dispersion model

To get meteorological fields, atmospheric general circulation model, which developed by a

climate research group in Meteorological Research Institute. Usually atmospheric model has a

systematic bias, thus wind fields shift different state from real observed state. We control this

systematic bias by nudging with observational meteorological data. So meteorological fields

reconstructed in atmospheric general circulation model have very near state to the observed one.
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Model's upper boundary is O.4hPa, so it includes the stratosphere. Thus this model can

simulate an exchange processes between the troposphere and the stratosphere, which is iportant

processes for longtime fall-out processes of radioactive nuclei.

Emission of radioactive nuclei from atomic facilities is given by emission scenario based on

the observation data or theoretical estimation. This processes is not so difficult in modeling.

Suspension processes from ground surface is affected by wind speed, atmospheric thermal stability,

surface conditions, such as ground-wetness, vegetation, snow-cover, etc. Our scheme is based on the

Gillette(1977), which emission amount is expressed as following equation,

E=C*U*U*(U-Ut).

C is a coefficient, which is a fitnetion of ground wetness, soil type, vegetation and snow-cover. U is a

wind velocity at ground surface, and Ut is a threshold velocity. Threshold velocity is a minimum

velocity to suspend a soil particle in which radioactive nuclei is included. This is also a fimction of

ground wetness, soil type, vegetation and snow-cover. Under usual condition, Ut is 6.5m/sec.

Diameter of eitted soil particle has very wide range. But for floating particle in the atmosphere

diameter is mainly from 01 micrometer to 10 micrometer, because of gravitational settlement and

limited diameter size of soil particle. In our model it divides IO bins from 0 I to IO micrometer.

As a deposition processes, we include gravitational settlement which is parameterized a

balance of gravitational fallout acceleration force and aerodynamic friction, and washout by rainfall.

To make a cloud particle, soil dust can act as condensation nuclei. Through this processes also removal

of soil-particle is occurred. But in our model this processes is not included.

2.2 Regional dispersion model

Regional dispersion model is only different in atmospheric simulation model from global

dispersion model. We use several regional meteorological models, which reconstruct meteorological

fields from wide scale (several thousand km) to very local scale (several 10 km). Initial condition and

lateral boundary condition are given from another wide-scaler meteorological model.

Dispersion part is almost same to the global dispersion model. Sometime we use a Lagrangian

transport model to know a trace of radioactive nuclei from emission point to deposition point. This

scheme is convenient to estimate a contribution of several emission points to an observed data.

3. Result

One good example for verification of model's accuracy is a simulation of Yellow sand

phenomena, which is often observed in East Asia. Nov 12th in this year, yellow sand phenomena is

widely observed in Japan (Figl. left). By using our global model, this event is well catch up from

almost 5days before (Fig I, right). We want to simulate all history of fall-out of radioactive nuclei from

1960-2000 by inputting the data of atomic bomb.
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Fig 1. Forecasting of dust event over Japan. Each leading time shows amost same pattern.

4. Conclusion
Global-scale and local-scalc dispersion model are developed combining to global and local scale

meteorological forecasting model.Byusingoptimal analysis data meteorological model is nudged and
produces meteorological fields which are very similar to the observation as same as forecasting fields.
Thus our system can do watching the present situation and future situation for the distribution of
radioactive nuclei. By applying this system to another miner constituent such as mineral dust blowing
by strong wind in ad region, this system shows very good performance to watch and predict the
distribution of it.
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4.5 MIGRATION MODELS OF NEPTUNIUM AND AMERICIUM IN GROUNDWATER
UNDER THE PRESENT CONDITION OF HUMIC SUBSTANCES
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ABSTRACT

Column experiments were performed to study the effects of humic acid on the mobility of
237 241,&Np(V) and M( In) through crushed granite media, under the coexistent condition with hun-iic

acid. The migration of 237 Np passed through the colurnn packed crushed granite was not affected by

the coexistence of the hurnic acid. A portion of 24'Am. flowed out at the same rate as that of injected

influents, and the transport of the 24'Arn was not retarded in the columns. The movement of the rest

of 24'Am. was retarded by the granite. The observed migratory behavior of 24'Am, consisting of

retarded and non-retarded portions concurrently, could not be predicted by the widely-accepted,

instantaneous equilibrium sorption model. A different model taking into account the non-equilibrium

state in the complexes of 24'Arn with the humic acid, which is a two species model, successfully

described the observed migration behavior of 241 Am.

KEYWORDS: Humic Acid, Migration Model, Complex, Neptunium Americium

1. INTRODUCTION

Naturally occurring organic substances consist of humic substances such as a hurnic acid and a

fulvic acid. As hurnic substances have substantial chelating properties for transition metals, it is

anticipated that they affect considerably the igration behavior of radionuclides in groundwater[I-3].

From a viewpoint of radiation protection, it is important to understand the influences of hurnic

substances on the migration of radionuclides released from radioactive wastes. Laboratory

experiments were performed to study the effects of humic acid on the mobility of 27 Np(V) and

24'Am(HI) in groundwater. The humic substance used was the Nordic humic acid supplied by the

International Hurnic Substance Society, and the 237 Np and 24 'Am were selected to represent long-lived

radionuclides contained in radioactive wastes originating from nuclear fuel reprocessing facilities.

The fundamental models for analyzing radionuclide migration under the present condition of hurnic

acid were discussed, based on the experimental results.
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2. EXPEREML4NTAIL

2.1 Granite, Hunfic Acid and Solutions

Granite used in the present study was sampled at a Inada, Ibarald, Japan, was fractionated into

the particle size range of 05-2 mm, by sieving with JIS-standard sieves. Solutions used in the

present column experiments were an equilibrated groundwater prepared by contacting the crushed

granite with a synthetic groundwater for I week. Ion concentrations of the equilibrated groundwater

were listed in Table 1. Aqueous solution of humic acid was prepared by dissolving the Nordic

hurnic acid supplied by the International Hurnic Substance Society into the equilibrated sution.

Radionuclides used were 237 NpO2+ and 241 AM31 of the nitrate form. A stock solution was prepared by

adding 2"Np or 24'Am. to deionized water to obtain ca. 104 Bq/cm� in radioactivity, and by adjusting

pH to 4 with 0 I mol/dM3 NaOH solution.

Table Ion concentrations of the equilibrated groundwater.

pH 8.6 SiO2 (mg/drn) 0.2

K (mg/dm') 2.7 C03 2-+HC03 (Mg/dM3) 190

Na + (mg/dm 3 90 CY (mg1dm. 3) 1.2

Mg 2+ (mg/dm) 1.1 N03'(mg/dm 3 3.8

Ca2+ (MgldrM3) 3.8 S04'- (mg/dM3) 15

2.2 Migration Experiment

Migration experiments of 237 Np and 241 Am had been performed by a column system[21.

Migration of 237 Np and 14'Am. through 25 cm-diameter x 25 cm-long columns packed with cushed

granite was observed. Bulk density and porosity of the column were 13 g/cm3 and 50 %,

respectively. Prior to the experimental nms, the packed crushed rock was treated by injecting
re 237 or 241aqueous solutions of the humic acid into the columns. The influents we Np Am-spiked

aqueous solutions of hurnic acid, and were injected into the columns at a flow rate of 0.5 CM3 /min.

The effluents were collected, and the concentrations of 237 Np and 24'Am in the effluents were

measured. The concentrations of the humic acid in the influents were 0 3 and 10 mg/dM3 . The

influents were ultrafiltered with filters of 5,000, 10,000, 30,000 and 100,000 daltons in cutoff

molecular weight to know the molecular size distributions of 237 Np- or 24'Am-complexed hurnic acid.

Before the migration experiments, tritiated water was flowed to examine the water flow through the

column.

3.11ESULTS

3.1 Migration behavior of hurnic acid

Break-through curves of titiated water and humic acid passed through the column were shown

in Fig. 1. The breakthrough curves of the hurnic acid agreed with that of tritiated water. This result
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indicates no interactions between humic acid with crushed granite, and no retarding effect of the

humic acid, under the present experimental condition.

1.2

1
A

0.8

C.)
0.6

0.4
*Tritiated water

A Humic acid: 3mg/dm30.2
0 Hum ic acid: Omg/dm3

0

0 5 10 15 20 25 30 35

Effluent volume (cm 3)

Fig. Breakthrough curves of tritiated water and humic acid passed through the column.

C: Concentration in effluent, CO: Concentration in influent

3.2 Migration behavior of 237 Np and 241,AM

Breakthrough curves of 237 Np and 24'Am passed through the column were shown in Figs. 2 and

3, as well as molecular size distribution of 2"Np- or 241 Am-complexed hurnic acid in the influent.

The breakthrough curves of 237 Np were not affected by the coexistence of the hurnic acid. The

molecular size distributions of 237 Np species were not dependent of that of the hurnic acid, and

indicated that bulk of 237 Np species were smaller than 5,000 daltons. This result shows that the 237 Np

little formed complexes with the hunfic acid.

Hunnic acid Np
100%

1.2

1 Odco- 00 ad, 80 --

0.8 00 0 A0 60 -
0.6 - 0

--- T:-- 40%
0.4 0 itiated water

0 Hurnic acid: rng/drn3 '<5k
02 A Hurnic aid: 3 mg/dr-n3 05k-10k

01 Hurnic acid: 0 mg/dm3 20% 010k-30k
0 M30k-100k

0 20 40 60 80 0% IL I 0 3 10 ' 10k-450nm'

Effluent VIUMO CM) Hurnic acid (rng/drn)

Fig. 2 Breakthrough curves of 237 Np passed through the column,

and molecular size distribution of 237 Np-complexed humic acid in the influent.

Solid line: Breakthrough profile of 237 Np calculated by the instantaneous equilibrium sorption model

- 136 



JAERI-Conf 2003-010

A portion of 24'Am flowed out at the same rate as that of injected influents. This portion of

24 'Am was not adsorbed by the packed crushed granite, and the transport of the 24'Am was not retarded

in the columns. The amount of this non-retarded portion increased with the increase in the

concentrations of hun-iic acid in the influents. The molecular size distribution of 24' Am species in the

influents clarified that, in the experimental case without humic acid (O mg/dM3), insoluble 141 Am
241,Aparticulates larger than 450 nni was dominantly formed. Fractional percentage of insoluble �rn

decreased with increasing humic acid concentration, due to stable complex formation with the humic

acid. The amounts of the 24'Am flowed out were approximately the same as the amount of 241 Am in

complexes with humic acid in the influents. This result indicates no interactions between

24'Am-complexed humic acid with granite, and no retarding effect of this 241 Am. The movement of

the rest of 24'Am was retarded by the granite.

Humic acid Am
1.2 100%

0 Tritiated water
0 0 Humic acid: mg/dm i

1 000co A Humic acid: 3 mg/drn2l 80%
0 M Humic acid: 10 mg/dm3

0.8 0
M M EME MEMO 0 co 60%0.6 0 Mom 0 M CM 0

A, A A A A A'
ME AAA AA A,

0.4 AAAAAA AA 40%
LL 11 <5k

0.2 �05k-10k

AO" 0 20% C110k-30k

0 IE330k-100k

0 20 40 60 80 M100k-450nn
0% M >4WnmEffluent volume rn�) 0 1 

Humic acid (mg/dm 3)

Fig. 3 Breakthrough curves of 24 'Am passed through the column,

and molecular size distribution of 24'Am-complexed humic acid in the influent.

Dotted line: Breakthrough profile of 24'Am calculated by the instantaneous equilibrium sorption model

4. QUANTITATIVE ANALYSES OF RADIONUCLIDE MIGRATION

In a porous geologic medium, a solute transfer with water movement is expressed by the

equation[4]:

a C P OQ (3 2c C

- + D V - (1)a t 0 a t _�_Xl ax
where C is solute concentration in water (Bq/cm 3), Q concentration of solute sorbed on geologic media

(Bq/g), p density of geologic media (g/Crn), 0 water content, D diffusion coefficient (cM2 /min), V

velocity of water (cm/min), t time (min), X length (cm).

Provided the reaction of solute between solution and geologic media is based on an

instantaneous equilibrium sorption, the migration of solute can be explained by introducing the

137 -



JAERI-Conf 2003-010

distribution coefficient:

Q = KdC (2)
and

Rf I (I -fiP Kd (3)
0

(CM3/g)where f porosity, Kd distribution coefficient Rf retardation factor.

Substituting Eqs. 2) and 3) into Eq. (1), we obtain

a a 2Q aQ I
:(D V - ) (4)

a t a X2 3 X Rf 

If the values of Kd, V and D are known, a concentration distribution of solute in the geologic

media can be estimated by solving Eq. 4). By analyzing the breakthrough curve of tritiated water as

a non-reactive tracer, as seen in Fig. 1, the V and D in the present experiments was found to be 0. 18

cm/min and 0047 cm2/min, respectively. The Kd of 237 Np and 241AM in the coexistent condition of

hurnic acid was measured by a batch method. Figure 4 illustrates the influence of hurnic acid
concentration on Kj of 27 Np and 241AM. It was found from the batch sorption experiment that the Kd

of 24'Am for the granite decreased as the humic acid concentration increased in contacting solutions
while the Kd Of 237 Np decreased little.

50 1000

Np 0.01 M 8 = 063
40 n 1 800 n =

bo 30 6W
E E

S 0
a 20 0 Z9 400
Y. 0 0 -

1 0 200 A

0 0

0 1 10 100 0 1 10 1(0

Hun�c acid ffg/dm) Humic acid (mg/dm)

Fig. 4 The influence of hurnic acid concentration on IQ of 237 Np and 24'Am.

Solid lines: Theoretical Kd calculated by using the determined fi and n

In the presence of humic acid L, ationic radionuclide M may form humic complexes in

solution, according to the following equilibrium reaction [5]:

M + nL �74 ML,, (5)

[MLj (6)

[MILLI"

in which [L] is dissociated humic acid concentration including acid dissociation constant, [NU and
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[MLJ show concentrations of radionuclide and radionuclide complexed with hurnic acid, is

conditional stability constant of the complex, n refers to apparent number of humic acid associated

with radionuclide in the complex.

On the assumption that M forms the ML, complex only and L and [MLJ do not sorb onto geologic

media, the Kd for M is controlled by the sorption of cationic M oly as follows,

INUohd
Kd = (7)

[M] [ML.]

Substituting Eq. 7) by Eq. 6) and Kd M corresponding to & of 27 Np and 241AM in system without the

hurnic acid,

KdM
Kd (8)

The Kd evaluation formula Eq. (8) in the case that humic acid does not sorb onto solid phase can be

linearized to Eq. 9)[5],

Log KdM - Kd = n log[L] + logfi. (9)
Kd

From the intercept and the slope in the plotting logi(Kdm-Kd)/Kdl against log[LI, conditional
and for 27 1 for 241parameters fl and n were determined to 0.01 Np, and 063 and Am, respectively.

Theoretical & calculated by using Eq. (8) and the determined fl and n is described as a solid line in Fig.

4. The humic acid concentration dependency of theoretical Y,d for 237 Np and 24'Am could wen

reproduce the experimental results.

(1) Analysis of the 237 Np breakthrough curves

The dynamic Kd measured by the column experiment directly describes the sorption of

radionuclide in migration process as compared with the static Kd measured by the batch experiments.
&M Of 237 CM3/gThe dynamic Np in the present column experiment can be determined to be 0.1 by

fitting the calculated breakthrough profile to the experimental result without hurnic acid. Based on
Eq. (8) with the obtained, 8, n and dynamic KdW the & values at 0 3 and 10 Mg/dM3 of the humic acid

concentrationwereestimatedintocaO.ICM3/gforall. Thecalculatedresultofbreakthroughprofile

of 237 Np is shown as a solid line in Fig. 2 The calculated result was in rough agreement with the

experimental results. Thus the migration of 237 Np under the present condition of humic acid can be

evaluated by the instantaneous equilibrium sorption model.

(2) Analysis of the 24'Am breakthrough curves
The dynamic Kdm of 24'Am cnot be determined from in the present column experimental

system, since no 24' Am was detected in the effluent of the experimental case without hurnic acid. For
the analysis of the 24'Am breakthrough curves, the static 680 CM3 /g) determined from the batch
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adsorption was applied. Based on Eq. (8), the Kd values at 0 3 and 10 Mg/dm 3 of the humic acid

concentration were estimated to 680, 230 and 90 cm3/g, respectively. If interactions between 241 Am

and the crushed granite in the columns are the same as those which occurred in the batch experiments,

the migration of 24'Am in the columns must be evaluated by the widely-accepted, instantaneous

equilibrium sorption model using the single distribution coefficient. As shown with a dotted line in

Fig. 3 however, the observed migratory behavior of 24'Am, consisting of retarded and non-retarded

portions concurrently, could not be predicted by the instantaneous equilibrium sorption model. A

probable cause for this contradiction is that complexes of 24'Arn with the humic acid do not attain

equilibrium under the employed experimental conditions, due to a very short contacting period

between the solutions and the granite.

A different model taking into account the non-equilibriurn state in the complexes of 241 Am

with the humic acid, in which the 24'Arn migration is controlled by individual movements of two

species: one is the hurnic complexes of 24'Arn (MLJ and the other is free 241 Am (M), was proposed as

follows,

QML KdMLCML (10)

Qm = KdMCM. ( 1)

Q:'- ML+ M' C = CML+ CM' (12)
where CML' CM are concentration of ML, and M respectively in water (Bq/cn?), QML' M are

concentration of ML,, and M respectively sorbed on granite, KdM is 680 cm/g, and the distribution

coefficient &ML for ML,, is m3/g in the present condition.

1.2
* Humic acid: mg/dm3

1 A Humic acid: 3 mg/dm3
* Humic acid: 1 0 mg/dm3

0.8

0.6
A

0.4 - go

0.2 - l"

0 _j0 20 40 60 80

Effluent volume (cm�

Fig. 5 Breakthrough profiles of 24'Am, calculated by the two species model: Dotted lines.

Proportional percentages of M and ML, dissolved in the influents were estimated frornfl, n,

andhumicacidconcentration,becauseof[ML,]=fl[M][L]'fromEq.(6). ThepercentagesofML,,at

0 3 10 mg/dM3 of humic acid concentration were %, 45 %, and 70 %, respectively. The

breakthrough profiles calculated by the two species model were described by dotted lines in Fig. .

The two species model successfully described the migration behavior of 241 Am observed by the

present column system.
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5 CONCLUSIONS

Column experiments were performed to study the effects of hurnic acid on the mobility of

237 Np(V) and 241AM(HI) through crushed granite media, under the coexistent condition with humic

acid. The migration of 237Np under the present condition of humic acid can be evaluated by the

instantaneous equilibrium sorption model. On the other hand, the observed migratory behavior of

24'Am could not be predicted by the instantaneous equilibrium sorption model. The two species

model taking into account the non-equilibrium state in the complexes of 241 Am with the humic acid

successfully described the 24'Am. migration.

In natural environment with slow groundwater velocity, the association and dissociation

processes in the complex formation may be regarded as a complete equilibrium condition.

Furthermore analytical area/distance and regional mesh size for estimating the radionuclide migration

will be rather rough in environmental assessment scale. Hence, the igration behavior of 237 Np and

24'Am under the coexistent condition with humic substance may be quantitatively evaluated by

applying the conventional model based on instantaneous equilibrium, or by applying the reaction rate

limited model considering kinetics of 24' Am in complexes with humic acid.
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ABSTRACT

Applicability of laboratory measurements to radionuclide transport in a natural environment

was studied using the data from the field tests. The & values obtained in the laboratory experiments

were input into the instantaneous equilibrium sorption model, which simulates the migration of 85S in
the unsaturated loess. This simulation managed to reproduce results of the aforementioned field tests.
To evaluate more accurately migration behavior of Sr, based on the sorption data obtained by the

laboratory experiments, the hybrid sorption model consisting of the equilibrium sorption process and

the kinetic sorption process was proposed. When compared with predictions using the Kd-based

equilibrium sorption model, the results of the field migration tests of 85 Sr were more successfully

reproduced by introducing the hybrid sorption model.

KEYWORDS: Distribution Coefficient, Field Test, Laboratory Experiment, Sorption Model

1. INTRODUCTION

In the assessment of environmental impacts on subsurface disposal of low-level radioactive

wastes, migration of radionuclides released from the wastes in local groundwater flow systems is one

of the most important paths to the biosphere. Understanding processes of radionuclide migration in

hydro-geologic environments is therefore important for the design and safety assessment of the

subsurface radioactive waste disposal system. The radionuclide igration process is controlled by

the groundwater flow and interactions of radionuclides with geologic materials. The groundwater

flow is characterized in situ. Since radioactive tracers are not permitted for use in natural

environmental fields, their interactions are usually studied through laboratory experiments. The

China Institute for Radiation Protection (CIRP) has its own test field where radioactive tracer use is

permitted. Using the data from the field tests, the applicability of laboratory measurements to

radionuclide transport in a natural environment was studied.
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2 EXPERIMENTAL APPROACHES

Field tests and laboratory experiments were performed to develop a methodology for evaluating

radionuclide migration in unsaturated hydro-geologic environments. Field tests of 85Sr were carried

out at the test site of CIRP, and the migratory behavior of 85 Sr in the unsaturated loess zone was

observed for 2 years. Laboratory experiments included observation of movement of 8S in

loess-packed columns (column experiment) and batch sorption measurements of 5Sr on the loess

sampled at the field test site. The column tests gave direct measurement of the retardation ability of

the loess for 85 Sr mobility, and the batch sorption .measurements provided the most important

migration parameter, the distribution coefficient Kd).

2.1 Field Test

The field test of 85Sr migration was conducted in a pit with a size of 200 x 200 cm at the field

test site[l][2], under artificial waterfall condition in a house. Schematic diagram of the field test pit

is shown in Fig. . As a tracer source the loess spiked 85Sr was distributed on the bottom of pit with

150 x 150 cm. The artificial waterfall was controlled by sprinkling groundwater taken from aquifer

of the field test site. Sprinkling intensity was set at m/h and the sprinkling continued 3 h per day.

Soil cores were taken from the pit periodically (refer Fig.2), and analyzed for distribution of 85Sr.

Migratory behavior of water in the test pit was examined in situ by using tritiated water[ 1] Figure 3

shows the distribution of 85Sr in the pit, within 378 d after starting the field test. The field test

condition is summarized in Table .

The distribution of 85Sr showed that peak position gradually moves to downward from the

tracer layer with test period. The igration distance from the tracer layer was about cm at 378 d.

Core Sampling
Sprinkler

1 V V
A

30cm
E

Cn
'0

Tracer layer( I cm)

< 200cm
Loess Loess racerlayer

Fig. I Schematic diagram of the field test pit. Fig.2 Soil core sampling from the pit.
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0 0 230 days0 4
0 10 A 0 o 378 days

0
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013 0 0

0 0 0 0 0( 0
0 A 0

0 0
A

0 0 0
0.1 0

co 0
0

0.01 -
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Distance from ground surface (cm)

Fig. 3 Concentration distribution of 85 Sr in the test pit.

Table I Condition of field test and column experiment[ 1] [2].

Field'test Column test
Density 2.7 g/cm' 2.7 g/cm'
Porosity 0.5 0.5
Water content 0.3 0.4
Water precipitation 1 1 100 mm 2700 mm
Test period 378 d 341 d
Water velocity 3.3 cm/d 1.9 cm/d
Dispersion Coefficient 2.7 cm2/d -
Thickness of tracer layer 10 mm 3 mm
85Sr in tracer layer 1200 Bq/g 450 Bq/g

2.2 Laboratory Column Experiment

Large-scale column experiment was conducted in laboratory, using undisturbed soil samples

taken from the field test site. Schematic diagram is drawn in Fig. 4 The undisturbed loess column

had 28 cm in diameter and 71 cm in height, and it had disturbed soil layers at the top and the bottom.

Quartz sand with 60-80 mesh mixed with 85Sr solution was placed on the undisturbed soil to be made a

bed thickness of 3 mm, and covered with the disturbed loess and sand. Groundwater taken from

aquifer of the test site was sprinkled for 60 or 30 min per day during 341 days. The details of test

condition were defined as seen in Table I. After stopping sprinkling, soil samples were taken from

the column and measured for distribution of Sr. Figure shows the measurement result.

The distribution in Fig. 5,showed 85Sr was distributed broadly near the source layer position

and the peak position moved 6 cm downward from the original position.
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Fig. 4 Large-scale column experiment. Fig. Concentration distribution of Sr in the column.

2.3 Laboratory Batch Experiment

The detail method of sorption experiment was described in previous report[3]. Sixteen loess

soil samples were taken from depths of 0.5, 1.0, 1.5 and 20 in at each 4 sampling point in the field test

site. Ten milliliters of 85Sr aqueous solution was added to 25 cm3 sample tube containing I g of soil

sample. After 05-168 h from contact between loess and 8 Sr solution, a radiation counting of

supernatant was measured with well type NaI detector.

The ratio (CICO) of the radionuclide concentration at contact time t to the initial concentration

was plotted against contact time, in Fig. 6(a). Apparent Kd corresponding to the concentration at

each contact time t. is shown in Fig. 6(b).

100

0.8 80

E

0.6 -3 60

C) 0.4 C 40

CL
CL

0.2 < 20 -

0 0 .

0 50 100 150 200 0 50. 100 150 200

Contact time W Contact time 

Fig. 6(a) Plot of the ratio (ClCo) of 85 Sr Fig. 6(b) Apparent Kd corresponding to the 85Sr
concentration at contact time t. to the concentration at each contact time t.
initial concentration vs. contact time.

C: 85 Sr concentration in solution (Bq/cM3)

CO: the initial concentration of 85Sr (Bq/cM3)
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The CICO of Sr decreased with the contact time. There were two stages in the curve of the

CICO vs. the contact time of Sr. The CICO of "Sr decreased rapidly in the first stage during initial
CM3/g.0. h and apparent was 30 In the second stage after t = . h the CICO of 85Sr was

gradually decreased with contact time, and Kd value reached to 80 cm3/g at 168 h. The apparent j

values determined at 168 h for 16 samples are between 74 and 98 cm�/g, and a large deference among

four sampling point or a previous tendency based on sampling depth was not found in the sorption

ratios. The mean value was 82 cm�/g.

These results show that bulk sorption of all four radionuclides onto the loess was controlled by

fast reactions. However, considerable portion of the 5Sr was controlled by slow reactions. This

indicates it may be necessary to take account of kinetics into sorption process, for the quantitative

understanding in sorption process of 85 Sr.

3. ANALYSES OF FIELD TEST RESULTS WITH SORPTION DATA DETERMINED

BY LABORATORY EXPERIMENTS

3.1 Equilibrium Sorption Model

Neglecting radioactive decay, one dimensional mass conservation of 85Sr in loess layer can be

described by the following form[4];

a P aQ a2C ac- + D V - (1)
at 0 at ax

where C i 85Sr concentration in water (Bq/cM3), Q concentration of 8 Sr sorbed on loess (Bq/g), p

density of loess (g/CM3), 0 water content, D diffusion coefficient (cm2/min), V velocity of water

(c m/min), t time min), X length (cm).

Provided the reaction of solute between solution and loess is based on an instantaneous

equilibrium sorption, the migration of 85 Sr can be explained by introducing the distribution coefficient:

Q = KdC (2)
and

Rf= I 0 -fip Kd (3)
0

wheref porosity, Kd distribution coefficient (CM3/g) Rf retardation factor.

Substituting Eqs. 2) and 3) into Eq. 1), we obtain

aQ a2 Q aQ I
(D V - ) (4)

t a X Rf 

If the values of V and D are known, a concentration distribution of solute in the geologic media

can be estimated by solving Eq. 4).
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3.1 Applicability of Sorption Data Obtained from Column Experiment

In the present column experiment, mean water velocity through experimental period is 19

cm/d in Table 1. Since the migration velocity of 85Sr is estimated to 16 x 10-2 cm/d, from the

movement of the peak position in Fig. 5, the Rf of 85 Sr in the column experiment is determined to 119.

Dynamic Kd is calculated to 40 CM3/ g based on Eq. 3).

The Kd values obtained in the laboratory column experiment were input into the mathematical

model Eqs 2 3 and 4), which simulates the igration of 85Sr in the unsaturated loess. This

simulation managed to reproduce results of the aforementioned field tests, as shown in Fig.7.

Tracerlayer

1000

e 12 days
& 25 days

'-t-0 100 C6 83 daysCr
M ,an o 230 days

.0 10 0 o 378 days
0

14

0
A 0 00 '4 0

0
A

i a a00 00.1
0

0

0.01

20 25 30 35 40 45 50

Distance from ground surface (cm)

Fig. 7 Concentration distribution of 85Sr in the test pit, estimated by

the instantaneous equilibrium sorption model.

Lines: Estimation calculated by the instantaneous equilibrium sorption model.

Symbols: Results of the field test.

3.2 Applicability of Sorption Data Obtained from Batch Experiment

Figure 6 showed apparent increase gradually from 30 CM3/g to 80 cm3/g with lapse of

contact time, in which apparent Kd values are including the dynamic Kd value obtained from the

column experiment. The equilibrium sorption model is realized on the assumption that the

interaction is caused by Henry's type sorption isotherm and the equilibrium condition is attained

instantaneously. Therefore, adapting apparent Kd at 168 d to the apparent Kd of equilibrium sorption

model may be in a fault. Attempts were made to improve the reproducibility by modifying the

sorption process model of Sr on loess.

The sorption of Sr tended to be dependent on reaction'time, since the CICO reduced with

contact time, as shown in Fig. 6(a). In the consideration of reaction rates in the sorption and

desorption processes, the sorption model can be expressed by[5]

Q
- = kC- k2Q, (5)

t
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where k, is rate constant of sorption (CM3/ g/d) and k2 is rate constant of desorption (1/d).

The relationship between CICO and contact time, as shown in Fig. 6(a), indicated that the

sorption of 85Sr was consisted of two stages, fast and slow sorption. The fact that there are both the

immediate and gradual processes induces to apply a reversible non-equilibrium sorption model,

considering both equilibrium and �inetic in the sorption process[5]:

Q = KdOC (6)

Q2
- =kC-k2Q2 (7)

t

Q= Q + Q2, (8)
where Q, is concentration of 85 Sr adsorbed in the instantaneous equilibrium process (Bq/g), Q2

concentration of 85Sr adsorbed in the Inetic process (Bq/g), and distribution coefficient

corresponding to the instantaneous equilibrium (cm3/g).

Hence, the interaction of 85Sr with soil can be expressed by the following equation obtained by

substituting Eqs. 6) and (8) into Eq. 7);

a Q a 
Kdo - + kC - k2(Q - KdOC). (9)

t t

Tracerlayer

1000

12 days
25 days

100 0.� 83 days
co ;O o 230 days
C o 378 days0 10

'4g 0

C 0
0 0

0 0 00 0
0 0 0 0

0 0
U) 0.1 0 0 a

0

0.01

20 25 30 35 40 45 50
Distance fom ground surface (cm)

Fig. Concentration distribution of 15 Sr in the test pit, estimated by the hybrid sorption model.

Lines: Estimation calculated by the hybrid sorption model.

Symbol: Results of the field test.
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The k, and k2 were determined by the method of Mahara et al.[6] from the results of batch

sorption experiment. The k and k2 were obtained to 20 CM3 /g/d and 0.1 I/d, respectively, and Kdo

was predicted to 30 CM3/ g at h from Fig. 6(b). The 1 Sr distribution under the field test condition,

estimated by the hybrid model using the sorption parameters Kdo, k and k2 was presented in Fig. .

The results of the field igration tests of 85Sr were more successfully reproduced by introducing the

hybrid sorption model.

5 CONCLUSIONS

The Kd values obtained in the laboratories were input into a mathematical model which

simulates the igration of 85Sr in the unsaturated loess. This simulation managed to reproduce

results of the aforementioned field tests.

Attempts were made to improve the reproducibility by modifying the sorption process model

of 85Sr on loess. It was found in the laboratory experiments that sorption of 85Sr consisted of two

stages, fast and slow sorption. This fact implies that, instead of -based equilibrium sorption

models, a reversible, non-equilibrium model may have to be applied to formulate sorption of S on

loess. The reversible, non-equilibrium model is a hybrid model, consisting of the equilibrium

sorption process and the Idnetic sorption process. When compared with predictions using the

Kd-based equilibrium sorption model, the results of the field migration tests of 85Sr were more

successfully reproduced by introducing the hybrid sorption model.
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4.7 ExperimentalandAnalyticalStudyonRemovalofStrontiumfromCultivatedSoiI

Satoshi FUKUTANI and Tornoyuki TAKAHASHI
Nuclear Safety Research Division,Research Reactor InstituteKyoto University; NodaKurnatori-ChoOsaka
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Abstract ; Experimental and analytical study was done to estimate the removal of strontium from cultivated

soil. The continuous batch tests were made and uneasy desorption form or immobility form was proved to

exist.2-Component Modelwhich considers easy desorption and uneasy desorption form fractionwas

constructed and it showed good explanation of the continuous batch test results.

Key Words; Strontium, Batch Test, Cultivated Soil Sorption/Desorption 2-Component Model

LIntroduction

For a mid/long term evironmental assessment of radionuclides added to cultivated soft by an accident of

nuclear power plants, 1-component modelwhich is constructed on an assumption of distribution equilibrium

between liquid and solid phase in the softhas been used generally.On the other handlt has been reported

that an increase in frequency of water replace of the soil-water batch system leaded to a decrease in

amount of the trace element eluted from the sofll).It has been also observed that 2-Component Modelwhich

was composed of fast and slow migration rates of the elementgave better explanation of monitoring data

of strontium-90 in Japanese cultivated soi12). In the present report we have studied the removal of strontium

from cultivated soil experimentally and analytically.

2.Experimental

In this study three soil-solution systemsthat solutions were stable strontium solutioncalcium solution and

radioactive strontium-85(hereafterabbreviated Sr-85) solutionwere put to the continuous batch test.The

soil was sampled from the paddy field at AgriculturalFood and Environmental Science Research Center

of Osaka Prefecture.The stable strontium solution was prepared from SrCl 29 the calcium solution was

prepared from CaCl 21 and the Sr-85 was obtained in solution state with HCI.Three types of concentration

were prepared for stable strontium and calcium solutionsrespectively.Those were 2.4x101,4.8x10-1,2.4x10-

2mg/L for the stable strontiumand 3.2x101,6.5x10-1,3.2x 10-2MgfL for the calcium.These three types were

denoted 'high(concentration)','middle(conc.)', and 'low(conc.)' from now. Concentration of the strountiurn-

85 was 5.Ox 101Bq/L at the start of experiments.pH values of the solutions were 57-6. 1,provided that pH

of the Sr-85 solution was controlled by (CH 3)4 NOH.The continuous batch test was defined in this study as

follows;firstthe each solutions and the soil were mixed in a sample tubeand its solid/liquid ratio was /

10;herefor the stable strontium systems and calcium systemsthe soil amount was 3g and the solution

amount was 30mlfor the Sr-85 systernsthe soil amount was 1.2g and the solution amount was 12mi.Then

the tubes were shaken by hands once a dayand after 7days elapsedthe tubes were centrifuged

(3000rpm,10min.) and supernatant liquids was collected for measurements.Herethe amount of collecting

supernatant liquid was 56 of a whole liquid in one sample tube;that was 25ml for the stable strontium

systems and calcium systems and 10ml for the Sr-85 systerns.And after cellectingultra pure water was

added into the tubes.This replacement of each solution had been done every 7 days and the batch test was
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continued for 10(for stable elements) or 14(for Sr-85) weeks.The collected liquid samples were measured

by Inductive Coupled Plasma - Mass SpectrometryoCP-MSH.Packard;HP4500) for stable strontiumby

Atomic Absorption Spectroscopy(AASShimadzu;AA-646)for calciumand by Germanium semiconductor

detector for radioactive Sr-85(Ortec;GMX30190-p).

3. Results and Anal3jical

For stable strontium systems and calcium systemswe got 12 plotted curves of relationships between

concentration in the liquid phase and times of the liquid replacementthose were strontium concentration in

the strontium solution systemsstrontium concentration in the calcium systemscalcium concentration in

the strontium systemscalcium concentration in the calcium systemsand 3 types(highmiddlelo'w of

concentration for each solution.Those plots were shown in Fig. 1,here,'Sr-Ca - Wmeans 'concentration of

strontium in the high calcium concentration solution system'.Sr-Sr plots shows strontium concentration in

� Sr-Sr H Fig. Results of Continuous Batch Test
[O Sr-Sr=-M Stable Sr and Ca System

10, Sr-Sr L
1j, 0 Sr-Ci- H

Sr-Ca M e.g. 'Sr-Ca Hmeans'concenttationof
A.1& Sr-Ca L

100 �) �) �) strontium in the high calcium concentra-
�) + Ca-Sr-H tion solution system'

x Ca-Sr M
d Ca-Sr7L Compareing with strontium concentration
Ca 10-1
U Ca-Ca H values in the calcium solution systemsit

Ca-Ca MOMCB - Ca_Ca L appears that salts concentration have10 - little effect on the desorption of
1 5 10 stroutiun-L

Tmes of Batch Test

the liquid phase decreases gradually with increase
in times of replacement. But even after 10 weeks 7 1600

6 1400 (i.e. 10 times of replacement),strontium was
nn1200

detected in liquid phaseand the concentration 5
values were in order of initial concentration of 4 10008W
so)ution.That means strontium which had sorbed .53

tj 600
on the soil at the first solid-liquid contact was 2 400

desorped from the soil.Compareing with strontium blo 200
SL0 0,0 0,0 -0 0 &

concentration values in the calcium solution U)0 0

systenisit appears that salts concentration have 0 5 10 15

little effect on the desorption of strontium. Tmes of Batch Test

In Fig.2,the results of mesuaring strountium-85 Fig.2 Results of Continuous Batch Tbst

are plotted with tmes of the replacement of liquid and Solid-Uquid Distribution Ratio; Sr-

as abscissa against Sr-85 concentration (its decay 85 System

is corrected) in liquid and solid-liquid distribution

ratio of Sr-85 as ordinates. In the same way as

stable strontiumSr-85 concentration in liquid

phase decreases gradually with increase in times
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Fig.3 Conception diagram of tis model Fig.4 Conception diagram of the actual environment

of replacement.Fig.2 also shows that solid-liquid distribution ratio of Sr-85 increasesand it means that the

Sr-85 rate of sorption fast on the soil increases.

A conception diagram of this model is shown in Fig.3.In the actual environmenta form of the threethose

are easy desorption, uneasy desorptionand immobility formis supposed to change to the other form(shown

in Fig.4),but this study the changes of the form are negleced.As shown in Fig.3,it is assumed that the added

elements are sorbed as each form and don't change the form.

Fig.5,and Fig.6 show measurement values and the regression curves which were obtained from E(1 or

Eq.(2) by the least squares method.

C./Co=q,(I-R r,)n-'r,+q2(1-Rr2y -Ir2 0.14
q

.......... E r 0.12 - Sr-85 measurement

C,/C,=Ip(l-R rIY-Ir,+(1-p)(1-RrY-Ir 2) /fpr,+(l- 0.1 - Regression curve

p)r 21 .......... Eq(2) 0.08 -

0.06 -

Where, C;concentration of the element in liquid 0.04 -
dat the nth replecement(Bq/1 or mg/1),C,;initial 0.02 -

concentration of the element in liquid(Bq/1 or mg/ 0 0

1),q,;ratio of easy desorption form fraction(-) 19 0 5 10 15

q2;ratio of uneasy desorption form fraction(- Times of Batch Test

),rl;removal rate constant of easy desorption(-) Fig.5 Regression Curve and

r2 jemoval rate constant of uneasy desorption form Measurement Values of Continuous

fraction(-),R;ratio of replacement liquid volume Batch Test;Sr-85 System;

to whole liquid volume;R=25/30 or 10/12 =51 Regression curve is obtained from C /C

" 06,p;ratio of easy desorption form fraction to whole model by te least squares method and

desorption from fraction;p=ql/(q,+q) Parameters are q=0.100 , q2=0' 163

When initial amount of the element in the system r,=0.960, r 2=0.127
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1.2 Fig.6 Regression Curve and Measurement

0 Sr-Sr-M Values of Continuous Batch Test;Sr-Sr-MSr-

U 13 Sr-Ca M measurement Ca-M and Sr-85 System;

'05 0.8 - 0 Sr-85 Regression curve is obtained from C./Cirnodel

Z - Regression.curve
by the least squares method and Parameters are

0.6 -
follow.

0.4 - P r'
0 Sr-85 0.383 0.955 0.121

.12 0.2 - Sr-Ca M 0.103 0.972 0.075
I; -
1:4 Sr-Sr M 0.133 0.901 0.081

0

0 5 10 15

Tmes of Batch Test

is knownwe can estimate the concentration of the element in liquid phase by using Eq(I).In this study the
Sr-85 system is applicable to the case.On the other hand, when initial amount of the element in the system

is unknownEq(1) cannot be used because the immobility form fraction cannot be known.Therefor Eq(2),in

which ratio(p) is used for q and q 2"S used for the case of stable strontium and calcium system.The

regression curves show good coincidence with measurement values in Fig.5 and Fig.6.The analytical

results show that the 2-component model is usefull for the estimation of distribution from soil to iquid

phase of strontium.

4.Summary

Continuous batch test shows increase of distribution ratio with times of water replacement.That means

uneasy desorption form or immobility form exist in the system.2-Component Modelwhich considers easy

desorption and uneasy desorption form fraction immobility forin includeditfl fs 3-Component),gives good

explanation for the experiment
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4.8 Application of 3-Component Model to Removal of Cd and Se in Continuous Batch

Experiments and Effect of Soil-Drying on Mobility of Cd and Se in Cultivated Soil

Department of Environmental Science and Technology, Kyoto Univ. Satoshi Okada

Research Reactor Institute, Kyoto Univ. Tompyuki Takahashi

Research Reactor Institute, Kyoto Univ. Satoshi Fukutani

Research Reactor Institute, Kyoto Uiv. Masami Fukui

Research Reactor Institute, Kyoto Univ. Masahiro Saito

Department of Environmental Science and Technology, Kyoto Univ. Tohru Mitsuno

It is important to investigate the mobility of heavy metal in cultivated soil when soil
contamination is considered. In this report cadmium and selenium were focused because they
are toxic heavy metals. Cd mainly occurs as cation and Se mainly occurs as anion. Cd and
Se were added to cultivated soil and continuous batch experiments were done to investigate
their long-term mobility. By applying 3-component (easily soluble fraction, uneasily soluble
fraction, and non-soluble fraction) model to the results, we concluded that 3-component
model would be good to estimate the long-term mobility of Cd and Se in cultivated soil.
After continuous batch experiments, the soil was air-dried or oven-dried to investigate the
effect of soil drying and heating. It was revealed that dried and heated soil could release more
Cd than wet one and oven-dried soil could release more Cd and Se than air-dried one. It is
necessary to consider the effect of soil drying and heating when we investigate the mobility
of heavy metal in soil.
Key Words: cadmium, selenium, continuous batch experiments, 3-component model, soil-
drying

1 Introduction

Hurnan beings must not contaminate farmland for sustainable agriculture. But soil contami-

nation has occurred. Cd in soil has been increased from anthropogenic sources such as smelters

and agricultural application of fertilizer and sewage sludge. Se in agricultural land, drainage

water, fly ash, agricultural chemicals or fertilizer affects wild animal and surroundings. Es-

pecially in California, Se contamination is very serious. These heavy metals in environment

pose a significant human health risk. Common traditional methods of remediating soil contam-

inated with heavy metals such as Cd and Se include some kind of excavation and relocation of

the contaminated soil to hazardous waste landfill Aother traditional method is capping the

polluted area with impermeable soil and/or concrete layer to prevent leaching of heavy metals

into environment. These days, new methods such as soil washing and electrochemical treatment

are noticed. But these methods lose soil fertility. A more recent approach to remediating is

phytoremediation'). This method is promising, but it is important to investigate the mobility of

heavy metal in cultivated soil. Moreover it is also important to estimate the long-term behavior

of heavy metals.

In order to investigate the removal of Cd and Se in cultivated soil, they were added to the

cultivated soil and continuous batch experiments were done. By applying 3-component model to

the results, we considered the validity of the model. Considering that cltivated soil become dry

or wet by evapotranspiration, precipitation, and on-farm water management, we investigated

the effect of soil-drying on the mobility of Cd and Se in cltivated soil.

2 Materials and Methods

2.1 Soil
Paddy soil was collected from Agricultural, Food and Environmental Sciences Research Cen-

ter of Osaka Prefecture in April in 2001. The soil was air-dried and sieved to remove rocks

and roots over 2mm. The water content of air-dried soil was about 0030. The fundamental

properties are presented in table .
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Table 1: Soil properties

pH(H20) pH(KC1) EQdS m') CEC(eq kg-') TOC(%) Sand(%) Silt(%) Clay(%)

6.2±0.1 5.2±0.1 0.13±0.019 0.057±0.014 1.6 61.7 20.6 17.7

2.2 Continuous Batch Experiments and 3-Component Model
There were 2 kinds of test in tis continuous batch experiments, i.e. Cd-treated test and Se-

treated test. 3g of soil and 30ml of Cd or Se solution were put into a centrifuge bottle, and 5

duplicates were made. Cd-solution was made by dilution of CdC12 solution (standard solution

for AAS, Wako). Cd-solution pH was adjusted to 66 by ammonia. Cd-solution contained

1.3ppm of Cd. Se-solution was made by dilution of SeO2 solution (standard solution for AAS,

Wako). Se-solution pH was adjusted to 62 by ammonia. Se-solution contained 1.4ppm of Se.

The bottles were shaken by hands once a day. After 7 days, they were centrifuged (30OOrpm,

10min) and 25ml of supernatant liquid was collected. These samples were analyzed by ICP-MS.

25ml of ultra pure water was added into a bottle after the supernatant iquid was collected, and

this batch experiments had continued for 10 weeks.

start In systems Out 
ste

The Istwee

ICOPI(I-rR) COP20

The 2d week - _r _r2

PI(I-rR)P-11CO 0 _r2

The dh week ri

Easily soluble fraction is shown on the left, uneasily soluble fraction is shown in the middle, non-soluble fraction

is shown on the right. R=25/30

Figure 1: 3-component model
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If substances in soil axe divided into 3 components, i.e. easily soluble fraction, uneasily soluble

fraction, and non-soluble fraction, then we get a following equation.

C. = P14 25 ri )n-1 r, + P2(1 - 25 T2) n-1 T2
co 30 30

where Cn; Cd or Se concentration in supernatant liquid at the nth experiment(pg/L), Pi; the

ratio of easily soluble fraction(-), P2; the ratio of uneasily soluble fraction(-), rl; removal rate

constant of easily soluble fraction(-), r2; removal rate constant of uneasily soluble fraction(-).

When the ratio of non-soluble fraction is defined as P(-), PI P2 + P = 1. Since the values

of P, P2, rl, and r2 are unknown, the method of least squares was used to decide them. 3-

component model was utilized in order to estimate the long-term behavior of heavy metals. The

concept of 3-cmponent model is shown in Figure .

2.3 Soil Drying and Heating Experiment
After the continuous batch experiments, 15 samples in each test (Cd-treated test and Se-

treated test) were divided into categories, i.e. 3 kinds of air-dried soil (water content was 052,

0.30,and 004) and 2 kinds of oven-dried (60'C) soil (water content was 004 and 0.00), and the

effect of soil drying and heating was investigated. Ultra pure water was added into centrifuge

bottles (soil/solution=1/10) after soil was dried, and the bottles were shaken by hands once a

day. After 7 days, they were centrifuged (30OOrpm, 10min) and 25ml of supernatant liquid was

collected. These samples were analyzed by ICP-MS.

3 Results and Discussion

3.1 Continuous Batch Experiments and 3-Component Model
The results of continuous batch experiments are shown i Figure 2 (Cd-treated test) and

Figure 3 (Se-treated test). Solid-liquid distribution ratio is also shown in them. In this batch

experiments, Cd or Se were added only once at the beginning of the experiment. After that,

25ml of iquid was removed and 25ml of ultra pure water was added. The concentration of heavy

metals therefore diminishes, but the degree of diminishing was less than removal ratio =1/6)

by exchanging iquid. This is because Cd or Se once sorbed by soil was released. Solid-liquid

distribution ratio tended to increase as time passed. This indicates that the ratio of uneasily

soluble Cd or Se increased as time passed. Solid-liquid distribution ratio of Cd is much higher.

than that of Se. It may be because Cd mainly occurs as cation in soil and Se mainly occurs as

anion in soil.

In equation (1), the values of Pi, P2, rl, and r2 are unknown. Then the method of least

squares was used to decide them. Observed values, regression curve, Pi, P2, P3, rl, r2 and R-

value are shown in Figure 4 Cd-treated test) and Figure 5 (Se-treated test). R-value's axe more

0 Cd Cono a oldAWd cation rtio 13 So Cana. olid dWalbution ratio

30 Om WC 300
X

25 X 5M C 500 250
X j i 0

20 4000 400 200
Z.9 15 3000 - .5 300 150X Z 21 i X :9

10 0 2000 1 0 2DO 100 iI

5 1000 so 100 so 

0 0 0
20 40 80 so 0 20 40 so so

elepeed tkne(day) *impend One(dwy)

Figure 2: Cd conc. in liquid observed and Figure 3 Se conc. in liquid observed and solid-

solid-liquid distribution ratio liquid distribution ratio
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P,=0.00907 �0 PI=O. I 76
.5 0.02 13 1a 0.35

PeD.D373 PeD423

Pd=0.954 0.3 PpO.398
A

0.015 r,=1.14 Mffe*WM ou-0 0.25

tributim & unenally ri-0.123 0.2 q=0.287

0.01 We firseti.n 58 d buti.n f un..Wly R-0.985
0.15 s.luble featim

a an f ."IV oontribution af easily
0 *wtJ.n 0.1 soluble firzatim
j3 0.005

0.05

0 0
0 2 4 a 10 0 2 4 a a 10

Time 8 Bate: Experiment Mines of Batch Experiment

Figure 4 Cd conc. ratio in liquid observed and Figure 5: Se conc. ratio in liquid observed and

estimated estimated

than 095 in each test. Therefore 3-component model may be good to estimate the long-term

removal of Cd and Se in soil. P3 in Cd treated test is much more than that in Se treated test and

r2 in Cd treated test is less than that in Se treated test. This is probably because Cd mainly

occurs as cation in soil and Se mainly occurs as anion in soil. r, value in Cd treated test axe

however, as much as that in Se-treated test.

3.2 Soil Drying and Heating Experiment
The effect of soil drying is shown in Figure 6 Cd-treated test) and Figure 7 (Se-treated test).

Dry soil released more Cd than wet one. Tis may be because of degraded organic matter and/or

oxidative condition. And oven-dried soil released ore Cd than air-dried one. Oven-dried soil

released more Se than wet one. But air-dried soil released as mch Se as wet one. This ight

be because Se was volatilized while the soil was air-dried. These results indicates that it is

important to consider soil drying and heating when we estimate the behavior of heavy metals

in soil and treat soil for experiments and so on.

9

all * Air-died 35
7 11 301 Air-dried
a- 0 Overt-dried 251 0 Oven--dried

:3 20

15 ... ............... .........................
C 3
0 2 ........................... ...... ...... 10

5 Se Cano. at Everinwnt,
0 1- Cd Conc. at UA Batch Expedment

0 0
0.0 0.1 02 0.3 OA 0.5 0.5 0.4 0.1 0.2 0.3 0.4 0.5 0.6

Water Content Watet, Content

Figure 6 The effect of soil-drying on solubility Figure 7 The effect of soil-drying on solubility

of Cd of Se

4 Conclusion

This study revealed that 3-component model would be good to estimate the long-term mobil-

ity of Cd and Se in cltivated soil and that dried and heated soil could release more Cd and Se

than wet one. Traditional methods of remediating area contaminated by heavy metals are not

satisfactory because heavy metals could not be removed completely. It is therefore important
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to estimate the long-term behavior of heavy metals. Then 3-component model can be available

to estimate it. Soil drying and heating can be used for remediating.

It is necessary to investigate the application of 3-component model to the field soil and the

effect of soil-drying on the change of the sorption condition of Cd and Se in soil and on the plant

uptake.
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ABSTRACT

KAERI has developed a new model to find the relationship between the tritium release rate and

tritium concentration in the environment. The model was based upon a dynamic compartment model.

In this paper three kinds of global tritium cycling model were compared to estimate the natural

background concentration of tritium in Korea. The dry and wet deposition rates were calculated
using a computer program called DEPOS to derive a source term. The mechanisms considered for

the transfer of tritium between the compartments were evaporation, groundwater flow, infiltration,
runoff, and hydrodynamic dispersion. Also, transfer coefficients between the compartments were

obtained using realistic geographical data. In order to illustrate the model various release scenarios

were developed, and the change of tritium concentration in groundwater and surface water around the
nuclear power plants was estimated.

KEYWORDS: TRITI-UM DYNAMIC, COMPARTMENT, ENVIRONMENT, DEPOSITION

1. INTRODUCTION

The nuclear facilities including nuclear power plants in Korea should measure the concentrations

of tritium and radionuclides of importance in groundwater and surface water around the facilities

periodically according to MOST Notice 2001-25. The Notice also asks Power Plants to assess the

accumulation trends of the radionuclides in the surroundings using the measurement data and to

predict the change of concentration in the case of an unexpected release of the nuclides. Only with

the measurement data i t was not easy to predict the change of tritium concentration in the future.

Also, the recently introduced periodic safety review of the nuclear power plants operating for more

than ten years asked for the prediction of the change of radionuclide concentration around the NPPs

for a further 10 years.

We reviewed the past record of discharge rates and concentrations of radionuclides around the

Korinuclearpowerplant,whichhastheoldestnuclearreactor. WefoundthatH-3,Cs-137,andSr-

90werethekeyradionuclides. Weselectedtritiumastherepresentativeradionuclide. Eventhough

tritium was the most abundant radionuclide released from the NPPs, so far the interest in the behavior

of tritium is focused on the atmospheric dispersion, its concentration in the plants, and ingestion dose
rates. Since the ingestion dose rate from tritium was calculated using a specific activity model, the

modeling of tritium concentration in groundwater or surface water did not draw attention.

KAERI (Korea Atomic Energy Research Institute) has developed an approach to find the

relationship between the tritium release rate and tritium concentration in the environment. For the

mathematical modeling we assumed that tritium came from two different sources. That is to say, one

is the natural background tritium mostly originating from the interactions of cosmic ray and upper
atmosphere and from the past atomic bomb tests, and the other is the tritium from the nuclear facilities

in operation. hi this study we developed a model for the Kori nuclear power plants.

For the modeling of natural background concentration we used the NCRP' seven compartment
model [1]. Four sources were considered for the modeling of natural background concentration.

The sources of tritium are the interactions between gases of the upper atmosphere and cosmic rays,

nuclear bomb tests, and consumer products as well as nuclear power plants. The source terms were
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determined using data in the reference 2 Three models including the model by Killough and
Kocher 3] were compared with the background concentration in Korea.

This paper outlined the current status of the development of the compartment model regarding the
tritium behavior around the Kori nuclear power plant. The annual averaged X/Q values provided by
XOQDOQ and the tritium discharge rates were used as a starting point of our dynamic compartment
model. We developed an independent FORTRAN program, DEPOS to calculate the dry and wet
deposition rates of tritium. Since the sectors were the basis of the /Q calculation, the simple
deposition calculation based on the sectors caused very elaborate work for the calculation of source
terms for the compartment modeling. The DEPOS was prepared for solving this problem. The
northern area around the Kori nuclear power plants were represented by compartments in which
tritium was assumed to be completely mixed. Before deriving the transfer coefficients, we visualized
the area with three-dimensional topography using a digital map. This made it easy to define the
compartments. Several kinds of transfer coefficients that represented the transport of tritium between
the compartments were derived. In order to predict the future weather, World Weather Generator
Database given in a Visual HELP program was used. Runoff and infiltration were calculated using
the Visual HELP program. Groundwater modeling was conducted using computer programs,
FEMWATER and NAMMIJ. The differential equations in the dynamic compartment model were
solved using a computer program called AMBER. Also, the change of tritium concentration was
predicted using the compartment model in'the case of the accidental release of tritium.

2. NATURAL BACKGROUND CONCENTRATION OF TRITIUM IN KOREA

KINS (Korea Institute of Nuclear Safety) measured the tritium concentration of tap water in the
whole country every year 4]. The recent data showed the concentration of about 0.8 Bq/L in tap
water. The global tritium cycling models were used to estimate the natural background concentration
of tritium in Korea. NCRP 62 [1] suggested two kinds of 7 compartment model for the global
cycling of tritium. One is for the whole world, and the other is for the northern hemisphere.
Transfer coefficients between the compartments were cited from the recent UNSCEAR report [5].
Four different kinds of sources were considered for the modeling. The sources of tritium are the
interactions between gases of the upper atmosphere and cosmic rays, nuclear bomb tests, and
consumer products as well as nuclear power plants. The results were compared with that of the
model by Killough and Kocher. Fig. I(a). showed the results of the calculations with 3 different
models. The northern hemisphere model of NCRP 62 showed the best results compared with the
concentration of tritium in the samples of tap water in 2001. Fig. I(b). showed the contributions to
the tritium concentration from all sources calculated with the northern hemisphere model. The
results showed the cosmic rays were the most significant source in these days.
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Fig. 1. (a) Comparison of three different models. Northern hemisphere model in NCRP 62 showed
the best results. (b) Contributions of sources to the tritium concentration.
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3. DEPOSITION OF TRITIUM

Tritium released from the nuclear power plants are transported by advection and diffusion where

tritium or tritiated compound (HTO) moves along a gradient of concentration from high concentration

to low concentration. Removal of tritiated compound from the atmosphere takes place by the

deposition. The atmospheric removal processes are classified into dry or wet deposition.

According to Briggs et al. 6], the amount of radionuclides dry-deposited onto the soil was obtained by

multiplying the atmospheric concentration near the soil and dry deposition velocity. In the

calculation of the chronic wet deposition of HTO the washout ratio approach was preferred 7.

According to washout ratio approach, the wet deposition rate of tritium was calculated using a wet
deposition velocity like a dry deposition velocity. The dry and wet deposition rates of tritium onto

each zone were calculated using a computer program, DEPOS, developed by authors.

Fig. 2(a) showed the discharge rates of tritium and inert gases from the Kori NPPs from the year

1991 to 2001. The annual tritium discharge rate from 4 reactors at Kori site was around 0 TBq.

Fig. 2(b) showed the deposition rates in each zone. The deposition rates have increased for the latest

three years. The deposition rate onto zone-2 showed the highest due to the relatively large area.
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Fig. 2 (a) Discharge rates of tritium and noble gases from Kori uclear power plants. (b) Deposition

rates in each zone.

4. COMPARTMENT MODEL

Most of tritium exists in the forrn of HTO in the environment. HTO deposited onto the soil

beh aved just like water: some of them were evaporated into the atmosphere, others moved along with

the surface water or groundwater. Since HTO was very mobile in the environment, their behavior

could be described using a compartment model. Fig. 3 showed the compartments for the modeling of

tritium movement. The mass transfer between the compartments was expressed using the following

mass conservation equations:

d,,' =-Zk,,A'+Ek,,A' -XA'+S'
dt n I M J I I

where A,' is the amounts of tritium in the compartment-i [Bqj,

kII is the transfer coefficient between compartment-i and compartment-j [yr"],

2! is the tritium decay constant [yr-1],

SI' is the source term in the compartment-i [Bq ye"].

The computer program, AMBER [8], was used for the numerical solution.
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Fig. 3 Compartments and transfer coefficients for the modeling of tritium movement in the

environment.

5. SOURCE TERMS AND TRANSFER COEFFICIENTS

For the purpose of deriving the transfer coefficients in the compartment model, the geography of

the Kori site was investigated using a digital map. Fig. 4 showed the topography of the Kori site.
The northern area of the site (denoted by AA to AB) was selected. The northern area was divided

into 3 zones depending on the deposition rates. The deposition rates in 3 zones given in Fig. 2(b)

were used as the time-dependent source terms.
There were twenty sectors in the northern area. The sectors were grouped into 3 zones. Each

zone was divided into 2 compartments, top-soil and deep soil. Six compartments were introduced for
the soil layer in the northern area. The atmosphere and sea compartments were introduced as sinks.

Theporosityofthetop-sollwasO.3,andthatofthedeepsollO.I. Total8compartmentswereusedto
describe the tritium behavior in the environment.

The transfer of tritium between the compartments was mainly due to evaporation, groundwater
flow, infiltration, runoff, and dispersion. The ten year average precipitation rate and evaporation rate

were used to derive the transfer coefficients. The annual precipitation rate was 1390 mm, and the

annual evaporation rate was 1,150 mm. The transfer coefficient of evaporation between the

atmosphere and the top soil was calculated by dividing the evaporation rate with pore volume of

compartment.
Tritium deposited on the soil moved with groundwater flow. According to the FSAR of Kori

nuclear power plants, the groundwater flow around the Kori site directed from the land to the seashore.

Hydraulic gradient was 13%, and hydraulic conductivity was estimated within the range of 10-3 _ -5

cm/s. The hydraulic properties of the site were not measured in detail. Groundwater flow was

described with the following Darcy's law. The groundwater flow rate across the vertical cross

section between the compartments was obtained with the hydraulic gradient 013 and hydraulic
conductivity of 10-4 CM/S.

Hydrodynamic dispersion could lead te movement of radionuclides 'in the environment. The

coefficient of hydrodynamic dispersion can be expressed in terms of two components, molecular
diffusion and kinematic dispersion. The amount of tritium transferred between the compartments

was calculated with the effective dffusivity of 43 x 10-4 M2 /yr. The transfer coefficient was in the

order of 10-'o yr-'. It was so small that the mass transfer of titium due to diffusion was not

cons'dered.
The kinematic dispersion can be calculated by the following equation:

Dk = a, v (2)
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where a, isthedispersivity[m],

v groundwater flow velocity [m/y].

The dispersivity of I m was used conservatively in the calculation.

6. RESULTS AND DISCUSSION

The changes of tritium activity were calculated with the time-dependent source terms given in Fig.
2(b). Fig. showed the tritium concentration in zone-1, zone-2, and zone-3. As shown in the Fig. ,

tritium concentration in top-soil-I was estimated to around 65 Bq/L. Natural background tritium
concentration of 0.8 Bq/L in the top soil, which was estimated using a Northern hemisphere model.

Those values showed a little higher tritium concentration in the top soil. It was believed that the

washout ratio used in wet deposition rates was not measured. If the value was adjusted, we could get

more realistic tritium concentration. Since the validation of the model is ongoing, we expect to find

the best parameter values later. Also, the more accurate calculation would be obtained if the

compartments were refined and input parameters were supplied with in situ data.

The change of tritium concentration was predicted in the case that the source terms increased 100
times in the tenth year of the release for one year. This accident scenario was introduced to show

how the environment of our interest reacted against the sudden spike of tritium release. For the

calculation it was assumed that the meteorological and hydrological states of the site were not changed.
Fig. 6 showed the result of the calculation. The result showed that the sudden increase of tritium

concentration in the top soils return to initial steady state concentration within 10 years after the

accident if the release rates returned to the original value.
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Fig. 4 Contour map of Kori-site.
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Fig. 5. Concentration of tritium in each zone. Fig. 6 Change of tritium concentration in the
case of accident release.

7. CONCLUSION

A dynamic compartment model was developed to predict the tritium behavior in the environment
including groundwater and surface water. The model showed the relationship between the tritium
release rate from the nuclear power plant and the tritium concentration around the Kori site. The
atmospheric tritium concentration in each sector according to the direction and the distance was
obtained u sing t he release rates a nd X /Q values. The d eposition rates o nto z ones w ere c alculated
using a computer program, DEPOS.

The northern area of the Kori site was selected as the most important based upon the wind profile
around the Kori site. The northern area of the site was divided into 3 zones for the modeling. The
transfer coefficients between the compartments were derived from the site characterization data
around Kori site, a nd the source t erms w ere d erived f rom t he d ry a nd w et d eposition r ates. Five
different kinds of mechanisms were reviewed for the tritium movement in the environment. Among
them, the transfer coefficient of evaporation was most important.

Tritium concentrations in surface soil water and groundwater were calculated using the
compartment model. The results showed that most of the tritium deposited onto the land released
into the atmosphere and the sea and was not accumulated in the surroundings. The tritium activity in
top-soil approached steady state within around IO years, but the activities in the deep soil, atmosphere,
and sea approached more slowly.

The change of tritium concentration was predicted in the case that te source tenn increased 100
times in tenth year of the release for one year. This accident scenario was introduced to show how
the environment of our interest reacted against the sudden spike of the release. The result showed
that the sudden increase of tritium concentration in the top soils return to the initial steady state
concentration within 10 years after the accident if the release rates returned to the original value.
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ABSTRACT

The computer program TriStat (T itium dose assessment for stationary release) has been developed to

assess the dose to humans assuming a stationary release of tritium as HTO and/or HT from nuclear

facilities. A Gaussian dispersion model describes the behavior of HT gas and HTO vapor in the

atmosphere. Tritium concentrations in soil, vegetables and forage were estimated on the basis of specific

tritium concentrations in the free water component and the organic component. The uptake of

contamination via food by humans was modeled by assuming a forage compartment, a vegetable

compartment, and an animal compartment. A standardized vegetable and a standardized animal with the

relative content of major nutrients, i.e. proteins, lipids and carbohydrates, representing a standard

Japanese diet, were included. A standardized forage was defined in a similar manner by using the forage

composition for typical farm animals. These standard feed- and foodstuffs are useful to simplify the

tritium dosimetry and the food chain related to the tritium transfer to the human body.

KEYWORDS: TRITIUM, DOSIMETRY, FOODCHAIN, STATIONARY RELEASE

1 INTRODUCTION

In the case of an accidental release of tritium to the environment, the acute concentration of tritium in

the various compartments is of main concern when discussing tritium dosimetry. On the other hand, in

the case of a stationary release, the environmental inventory of tritium will increase and reach a

saturation level that is ultimately determined by the amount of natural and man made production and the

physical half-life of tritium. The man-made tritium will increase the total burden of tritium in the

biosphere and subsequently increase the internal radiation dose to humans.

The food chain for humans is complicate. It is very difficult to define the composition and origin of

a diet for individual cases. To obtain the best approximation of the averaged human dose from tritium

intake under a stationary environmental tritium level, it is necessary to assume an averaged composition

of the foodstuffs. To accomplish this, the average consumption rates of individual and grouped

foodstuffs for the Japanese population were referred to and a reference human diet was composed.
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Complementary to this, a reference animal was created to represent all animal products taken up by the

reference Japanese population. This reference animal is described as "reference animal", hereafter.

One of the main aims of the present work was the development of a program in which the necessary

parameters can be easily put in and modified via a user friendly graphical interface.

2. METHOD

2.1 Basic Structure of TriStat

The basic structure of TriStat is shown in Fig.l. The TriStat program is based on the computer

code NORMTRI, developed by Raskob 1). However, some new concepts and modification were

included in TriStat. TriStat aims to provide a conservative estimation of the tritium dose to humans

under standardized release and meteorological conditions. The atmospheric tritium concentration is

calculated by using a subroutine program where the atmospheric dispersion of tritium in the primary

plume is described by a Gaussian plume model. In the present modeling, it is assumed that the wind

blows with equal probability in all directions. The HTO and HT concentration in the primary plume is

calculated by using for all directions the common frequency of individual atmospheric stability and the

corresponding average wind velocity. The secondary emission of HTO after dry deposition of HTO and

HT is assumed to take place instantaneously after the deposition event. The HTO concentration in the

atmospheric moisture and that in the soil moisture is assumed to be in equilibrium.

The calculation of the contribution of the secondary emission from the soil, the crops and the other

plants is generally time-consuming. Wherewith the assumption, that the distribution of the wind

directions is isotropic, an equal number of grid points along the horizontal on the ground surface were

defined. Reemission was considered for distances which were three times further away than the point of

interest for the dose estimation.

2.2 Reference Animal

About 70% of the animal forage consumed in Japan is imported from other countries.. The plant

species used for forage are different from those used in European countries. At present, to the

knowledge of the authors, the information about the feeding habits of each animal species is scarce.

Furthermore, Japanese animal farms are operated in a wide range of climate conditions from subtropical

to temperate zones. Therefore, as a first approximation of the feeding habits, the list assumed for the

German animal forage by Raskobl) was adopted by averaging the values for winter season and summer

season. The contribution of sheep as a foodstuff was neglected since they are of minor importance in the

Japanese diet.
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Fig.1 Structure of TriStat

The major Japanese animal species used as foodstuffs are cow, beef, pork and chicken. The amount of

forage, fed to these animals is assumed to be same as those for German animals. The consumption of

animal foodstuffs is by an average Japanese person is listed in Table together with the assumed forage

consumption (kg/d) of each animal. The consumption of each type of forage was weight-averaged under

due consideration of the number of individual farm animals. The reference animal is defined as an

animal that consumes the above weight-averaged amount of individual forage. The forage of the

reference animal is denoted as "reference forage" hereafter. In a similar manner, the total water uptake

from breathing and skin absorption by the reference animal was calculated and is also shown in Table. 1.

2.4 Reference Vegetable

The nutrients in the Japanese diet are mainly taken from cereals, beans, fruits, vegetables, potatoes,

meat, milk, and eggs. The total daily intake and nutrient composition of these foodstuffs is given in

Table 1. For the purpose of tritium dosimetry, it is convenient to divide these foodstuffs to two groups,

i.e. vegetable foodstuff and animal foodstuff. Hereafter, the group of vegetable foodstuffs and of animal

foodstuffs is denoted as "reference vegetable" and "reference animal" respectively.
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Table 1. User input data for TriStat (1)

Dietary intake by reference animal

Cereal Potato Hey Grass Manjoc Silage Water

Daily intake(kg/day
wet weight) 1.49 0.06 0.86 3.36 0.34 2.34 17.24

Water content 13 80 14 80 13 65 100

Content of organic 87 80 86 20 87 35 0
matter %)

Reference food

Cereal Beans Fruit Vege- Potato Meat Milk Egg
table

Protein content N 6.8 9.8 0.5 1.4 1.7 17.7 3.3 12.4

Lipid content %) 1.7 6.9 0.1 0.1 0.8 16.6 3.8 11.2

Carbohydrate content 65.7 8.7 12.9 4.6 16.9 0.7 5.5 1
M
Organic matter 74.3 25.4 13.6 6.1 19.5 35 12.5 24.6
content M

Water content 25.7 74.6 86.4 93.9 80.5 65 87.5 75.4

Daily intake of reference Japanese (g/d)

Cereal Beans Fruit Vege- Potato Meat Milk Egg Drink
table water

Organic matter 229.5 16.9 19.1 15.5 12.3 25.1 14.6 9.9 0

Water 79.4 49.7 121.5 239 50.9 46.6 102.1 30.4 2000
Total intake 308.9 66.6 140.6 254.5 63.2 71.7 116.7 40.3 2000

Redh* 0.58 0.73 0.57 0.58 0.59 0.85 0.74 0.84 0

Uptake from breathing and skin absorption in reference animal

Breathing rate ( M3 /day) 40.6
Skin absorption rate (rn3/day) 20.3
Total water uptake (kg/day) 0.55

reduction factor for the hydrogen content in the organic matter

2.5 Dosimetry

In this report, the term "specific concentration" is used as a term that means the tritium content (Bq)
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per unit weight (kg) of a forage plant, vegetable foodstuff, or animal foodstuff.

The specific HTO concentration in a plant is given by

spHTOp j 11 x relHumid x spHTOair (I - relHumid ) x spHTOsoil (1)

where

spHTOp specific concentration of HTO in plant water (Bq/kg)

relHumid relative humidity of air

spHTOair = specific concentration of HTO in air moisture(Bq/kg)

spHTOsoil = specific concentration of HTO in soil water(Bq/kg)

1.1=discrimination factor for HTO transfer between atmosphere and plant leaves

In the present model, spHTOair is equal to spHTOsoil since HTO deposition and reernission is assumed

to be in equilibrium. The total HTO and OBT intake is summarized as follows.

HTOin - stHTO x stTotal x (stFW / 100) + edHTO x edTotal x (edFW / 100)

+ WaterIn x spHTOair (2)

OBTin-stOBTxstTotalx(stOrgllOO)+edOBTxedTotalx(edOrgIlOO) 3)

where

HTOin = total HTO intake (Bq/d)

stTotal = daily intake of animal foodstuffs (kg/d)

stFW = free water content in the sum of all animal
190 foodstuffs (%)

160 edHTO = specific HTO concentration of the reference
140

120 vegetable (Bq/kg)

100 Emission rate lgT/y edTotal daily intake of vegetable foodstuffs (kg/d)

80 Chemical form: edFW free water content in sum of all vegetable
60 HTO

foodstuffs (%)
40

20 OBTin=total OBT intake (Bq/d)

0 . I
0 1000 2000 3. RESULTS AND DISCUSSION

DhUnce W Two example results obtained with the TriStat
Fig,2 Tritium concentration in air

moisture program are shown in Figs.1 and 2 for the case of an

HTO release. The meteorological conditions are the

same as defined by the tritium working groUP4) of the BIOMASS (BIOspheric Modelling and

ASSessment) program in one of their scenarios within The main purpose of the present work is to

estimate the dose to the Japanese population from the uptake of food under the routine operation of
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fusion facilities. The Japanese diet can vary widely. Therefore, as described before, the concept of a

reference animal, reference forage and reference diet was used for the model development. Each of these

various food groups are represented by a reference foodstuff. For the dose assessment, it is necessary to

obtain parameters on the contents of free water, organic matter, and organically bound hydrogen for all

food groups including drinking water. These parameters could be easily modified the model. Although

there is a large variety of foodstuffs and dietary habits, the variation of these parameters is restricted

because the demand for nutrients has a common basis for all humans. By varying the parameters for a

9.0 given human population, the average and variation

7.0 of the dose for this group will be obtained. A further

study on this subject is now in progress.

6.0 E.1..1...1.lgT 11170 In the case of an HTO release, the contributions

5.0 of drinking water, vegetable foodstuffs, animal

-t foodstuffs, and breathing and skin absorption to the
to total dose were 68.0, 22.0, 5.4,and 46%

Vegetable footlatuffs

3.0 Drinkwoter dose respectively. This result indicates the importance of
Breathing and simin absorption

Total drinking water as a source of tritium intake. Tritium
2.0

intake through breathing and skin absorption is of

1.0 minor importance in case of a chronic exposure to

0.0 tritium. TriStat gives a conservative estimate of the
0 Soo 1000 1500 2000 internal dose from tritium intake. It can be a very

Distsect(a)

useful tool to justify decision on potential fusion

Fig.3 Internal dose to human body locations and to gain public acceptance for fusion

due to tritium intake from the power as the results are easy to communicate with
environment the Japanese population.
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ABSTRACT: Monthly depositions of Beryllium-7 were simulated using normally available data on

environmental monitoring and local meteorology over a 5-year period, from 1986 to 1990. The

washout scheme of ApSimon et al., the constant dry deposition velocity 0.002 ms-'), and the rainout

scheme of Kasibhatla et al. (K scheme) were used for simulation. Seasonal variations in the

observed depositions were relatively well simulated by the present parameterization, however, there

was a tendency for simulations to exceed the observed values, when heavy rain was measured. The

revised parameterization of rainout scheme was introduced and improved the overestimation. The

result may suggest that aerosols containing 7Be are removed at a relatively high rate from the

formation area of raindrops.

KEYWORDS: aerosol, rainout, washout coefficient, dry deposition velocity, natural radionuclide

1. Introduction

Beryllium-7, with a half life of 53.3 d, is a natural radioactive nuclide which is generated by nuclear

reaction with cosmic rays and quickly attached to submicron particles. Beryllium-7 is important as a

tracer to understand atmospheric transport and transfer from the atmosphere to the terrestrial

environment, e.g. the soil ecosphere, of aerosolEl- 21. However, there are a few studies of7 Be transfer

from the atmosphere to the terrestrial environment over several yearsE'l. On the other hand, there are

a lot of normally available and high quality data on 7Be measured routinely throughout Japan, as well

as meteorological data. Therefore, it is important to apply these data to the study of the behavior of

7Be. In the present study, we examined the simulation of 7Be monthly depositions from 1986 to

1990 using normally available data on environmental monitoring and local meteorology.

2. Methods

2.1 Measurement Data
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Figure I shows the measurement sites for environmental monitoring and local meteorology At the

EPRCI Environmental Pollution Research Center of lbaraki Prefecture) in Mito, 7 Be monthly

averaged concentration in the atmosphere and monthly deposition were measured by a high volume

air sampler at an airflow rate of about 007 m' min-' and a water basin of a 5000-cm2 area with a

diameter of 79.8 cm, respectively. Hourly precipitation at the JAERI (Japan Atomic Energy

Research Institute) station in Tokai about 10 km away from the EPRCI were also used for local

meteorological data.

Japm JAERI

EPRO

lbaraki

C7

Fig. 1 Sites of environmental monitoring (EPRCI) and local meteorology (JAERI).

2.2 Parameterization

Aerosols containing 7 Be are mainly removed from the atmosphere by washout, dry depositions, and

143rainout. We used the washout scheme of ApSimon et al . Washout deposition of month j,

D.h G) I consisting of n discrete time intervals was parameterized by

n -
D .). (j =lAiCjHTm,,

0.8
where washout coefficient Ai in s-1 at the time interval i is defined by Ai = .0 x 10-'R, using the

7rainfall rate P, in mm h-', Cj in Bq m-' the monthly averaged Be concentration at the EPRCI,

T,,t in s is a single time interval equal to 3600 s, and H, (m) is the effective height of rainfall (500

ni). The constant dry deposition velocity 0.002 ms-') was applied for the dry deposition of 7 Be
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aerosols. The constant is a reported value on dry deposition of aerosols containing 7 Be [3] . Dry

deposition of monthj, Dd,,, G), consisting of n discrete time intervals, was calculated by

Ddy G) Vd C Tt (2)
jA

where vd in ms-' is the dry deposition velocity 0.002). Rainout deposition of month j, D, G)

consisting of n discrete time intervals was given by

?I -D,.. (j) Y (3)(aA. -I., (I - aA. H, c j Ti.,

where a (0.582) is a proportion of the rainout deposition contributed by stratiform clouds to the

total rainout deposition, and A,,, and A. estimated by the K-scheme [51 are the scavenging efficiency

in S-1 of stratiform cloud and the convective cloud at the time interval i (See details in Appendix A-1),

respectively. Finally, monthly depositions were calculated using Eqs. 13) by the following

equation;

Diotal D.j. + D..h + Dd,), (4)

3. Results Discussion

Simulated 7Be monthly depositions were compared with the observed values as shown in Fig. 2.

Seasonal variations 1986 - 1990) in the observed depositions were relatively well simulated by the

present parameterization. However, there was a tendency to exceed the observed values, when

heavy rain was measured. To investigate the cause of the overestimation, the correlation coefficients

between observed monthly depositions and rainfall and simulated ones were calculated (Fig. 3. Te

former was 049 and the latter was 065. The result showed that the overestimation was not caused

by merely rainfall per month. Decrease of7 Be in clouds in hourly rain was introduced (See details in

Appendix A-2). 'Me revised parameterization reduced the overestimation (Fig. 2 and resulted in a

higher correlation coefficient (r--0.70) than that of pre-parameterization. Our findings suggested that

aerosols containing 7 Be were removed at a comparatively high rate from the formation area of a

raindrop.
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Fig. 2 Cmparisons of the observed monthly depositions of 7Be and simulated ones by K-scheme
and the revised K-scheme. The solid lines show the variation with time in the observed monthly
depositions; the dashed lines with display the results with the K scheme; the dashed lines with 
indicate the results with the revised K scheme; the dashed lines with represent the simulated
monthly dry depositions; the dashed lines with are the simulated monthly dry and washout
depositions. At the top of each figure, the hatched boxes indicate the monthly precipitation amount.
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Fig. 3 Correlation between observed monthly depositions and rainfall or simulated ones.

4. Conclusion

Our results show that normally available data on environmental monitoring and local meteorology

could be used enough in analysis of 7 Be monthly depositions. Application of the present

parameterization in the other site or area is necessary in future.
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Appendix

A-1. Rainout scheme of Kashibhatla et a[']

On the parameterization of rainout process, scavenging efficiency A, (s-') was defined by

A, = Rp. IL.H, (A-1)

where R (m s-') is the rainfall rate, p (kg M-3) the density of water, L. (kg m-') the cloud liquid

water content, and H (m) the vertical extent of the rainfall. The following parameters reported by

ReWld et a.123 were used: (a) for A,, of typical stratiform clouds, L... = .5 X 10-3 kg M-3 and

H = 3170 m, and (b) for A,, of typical convective clouds, L., = 25 X 10-3 kg M-3 and

H� = 8680 m.

A-2. Revision of K-scheme [6]

To consider decrease of 7 Be concentration in cloud by rainout, the following relation was introduced,

Ai' = I - exp _ Rip_ ' Tin, (A-2)
T�lt L,.,,H

where each parameter is the same one as in Eq. (A-1)
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4.12 Simulation ofAtmospheric Dispersion of Krypton-85 Dischax-ged to Atmosphere trom

Tokai Reprocessing Plant by Dose Estimation Computer System (SEERRA-11)

Masanori TAKEYASU and Minoru TAKEISI-H

Environmental Protection Section, Radiation Protection Division, NC Tokai Works

4-33, Muramatsu, Tokai-Mura, Naka-Gun, lbaraki, 319-1194, Japan

ABS'I'RACT

SIERRA-H Simulation System q for Emergency Dose by Released Radioactive Substances) has been

developed in JNC Tokai Works, in order to estimate both air absorption dose rate and air concentration in an

accidental situation. Calculated values by SIERRA-H were compared with those of air concentration and air

absorption dose rate observed by environmental monitoring stations under the normal operation of Tokai

reprocessing plant, the agreement between calculated and observed concentrations was about 50 % in factor of 2,

and that was about 80 % in factor of 2 in terms of dose.

KEY WORDS: real-time smulation, atmospheric dispersion, Krypton-85, reprocessing plant; SEERRA-II

1. MIRODUCY[ON

SIERRA-H (SimWation System (H) for Emergency Dose by Released Radioactive Substances) has been

developed in JNC Tokai Works, in order to estimate both air absorption dose rate and air concentration in an

accidental situation. On the other hand, under the normal operation of Tokai reprocessing plantW),

Krypton-85 Kr-85) is discharged from the 90 rn high stack to the atmosphere, which causes temporal increases

of air concentration and air absorption dose rate around the plant.
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For the verification of SIERRA-H, calculated values by SIERRA-H were compared with those of air

concentration and air absorption dose rate observed by environmental monitoring stations under the normal

operation of TRR

2. OUTLINE OF SIERRA-H

Numerical method of calculation of atmospheric dispersion of effluent and dose rate in SIERRA-Il is based

on EXPRESS code [1]. In SIERRA-H, three-dimensional mass-consistent wind field around TRP with

three-dimensional nested grid system is calculated by using topographic data and on-line local meteorological

data in NC Tokai Works and JNC Oarai Engineering Center, then atmospheric dispersion of effluent is

calculated by a random walk particle diffusion method by using on-line stack data of TRP, and finally air

concentration and air absorption dose rate are calculated by using the KDE(Kemel Density Estimator) method.

Outputs of SIERRA-H are contour maps of these results with the spatial resolution of 50rn(L)X50m(W)X

20m(H) in every 10 minutes.

3. COMPARISON WITH OBSERVED DATADURING KRYPIrON-85 DISCHARGE FROM TRP

Observation data was obtained at 13 points located about several hundred meters to a few kilometers of the

stack from March to June 26 and from October 10 to December 11 in 2001 under TRP operation. Fig. shows

that the example of comparison between calculated and observed concentrations. From Fig.1, the fluctuatio of

calculated value is similar to that of observed one. Fig. 2 shows the scatter diagram between calculated and

observed cumulative concentrations obtained from the integral of value of concentration during one series of

increase period. Fig. 3 shows the same in terms of dose rate. The agreement between calculated and observed

concentrations was about 50 % in factor of 2, and that was about 80 % in factor of 2 in terms of dose.
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Session2 Aquatic Environment

4.13 MODELLING THE DISPERSION AND SCAVENGING OF PLUTONIUM
IN MARINE SYSTEMS

Masanao NAKANO'

Japan Nuclear Cycle Development Institute Tokai Works,

Tokai-mura, Ibaraki, 319-1194 JAPAN

ABSTRACT

An Oceanic General Circulation Model (OGCM) has been developed for modelling the dispersion

of plutonium (Pu) and other non-conservative tracers in the marine system. A plutonium scavenging
model as well as an advection-diffusion model has been incorporated into the OGCM.

It appears that the best way to validate a numerical model for the dispersion of non-conservative

tracers in the global ocean would be to calculate radionuclide concentrations in the ocean from
atmospheric nuclear tests (global and local fallout) and to compare them with observations. This paper
concentrates on predictions of the distributions and vertical profiles Of 119,140pU in the water column of

the Pacific Ocean, both from global fallout as well as from local fallout from nuclear weapons tests at
Bikini and Enewetak Atolls.

The water profile concentrations, water and sediment inventories of 239,24OPu have shown generally

good agreement between calculated and observed data. Nevertheless, the present model cannot

calculate the water profiles in the north North Pacific or the west coast of the American continent very
well, mainly because of the underestimation of the effect of biological productivity on Pu scavenging
and its removal from the water column in these regions.

KEYWORDS: scavenging model; plutonium; water column; sediment

1. INTRODUCTION
There has recently been growing interest in the development of predictive computer models for

studying the dispersion and scavenging of plutonium from

(1) authorised discharges from Sellafield and La Hague reprocessing plants.
(2) unpredictable or accidental releases from radioactive waste dumping sites.

(3) Mururoa and Fangataufa nuclear weapons test sites.
(4) sunken nuclear ships and submarines.

(5) global fallout from past atmospheric nuclear tests.
It would appear that there are fewer papers dealing with Pu modelling than with modelling of Cs

dispersion in the ocean. This is because of the complex physical, chemical and biological processes

involving Pu in the marine environment. However, Pu is a very important radioactive element for

radiological assessment studies due to its high potential contribution to human radiation doses.

2. METHODS

2.1 Oceanic General Circulation Model (OGCM) and Advection Model

A modified version of the robust diagnostic OGCM described by Fujio et a]. 1] has been applied

in the present study. The model covers the world ocean with real topography and divides it

horizontally into 2 x 20 grids and vertically into 15 levels. It covers the world oceans from 790S to

750N, with the exception of the Arctic Ocean, which is not included in the present model. The model

consists of equations of motion, continuity, state, advection and diffusion. Based on the annual
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average hydrographic data of Levitus[2] and the wind stress data of Hellerman and Rosenstein[31, the
annually averaged velocity fields have been determined diagnostically.

The basic model equations of OGCM are given by Eqs.(I)-(6).

,-Iu I0 + (uO V)U + W au + Jk x u -- VP+ AHV'u + AV alu + minor terms (1)
at az PO aZ 2

ap
- - _P9 (2)az

O�W
Veu+-= 0 (3)

az

ao + u 0 V) + ao = KH V20 + K a20 + Y( * 0) (4)
at az aZ 2

as U 0 V) + W as = KH V2S + KV a2S + Y( * S) (5)
at az aZ2

p = FO, S, P) (6)

where u is the horizontal velocity vector, V is the horizontal gradient operator, w is current of
z-directionj is Coriolis coefficient, p(po) are (averaged) density of seawater, P is pressure, AHand Av
are horizontal and vertical viscosity coefficient. The inor terms" in Eq.(l) express the inertial and
diffusion terms arising from the curvature of the earth. And where g is gravitational acceleration, *)
and S(*) are (observed) potential water temperature and salinity, KHand Kv are horizontal and vertical
diffusion coefficient, is restoring strength. In this study, the value of 1/100 day-' is used for y. The
International Equation of State EOS80) is used to calculate seawater density in Eq.(6).

The advection process can be expressed as the initial value problem by Eqs.(7)-(8). Let x(t) be the
position vector of a particle at time t, and u(x) be the three-dimensional velocity vector at position x
calculated by the above robust diagnostic OGCM. The tracking is expressed as the initial value
problem by the equations.

dx
= (X) (7)

dt

= O at t=O (8)

The random walk method was applied for the description of the diffusion of radionuclides in water.
The distance (L) of the movement caused by diffusion can be expressed as Eq. 9).

L = Rr2-4Kdt (9)

where K is the turbulence coefficient and R is a uniform random number (-0. - 0.5). The time
step (dt) of the calculation was 10 days. According from the parameterisation of Cs mode][4], 1.3X
108 CM2 s-1 and 03 CM2 s-' are used for the horizontal and vertical turbulence coefficient.
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2.2 Scavenging model

The one-dimensional, two-phase Pu model, which was applied at Tahiti (southeast part of the
Pacific Ocean), developed by Perianez[5], has been adopted in the present OGCM model. Transfer
between the dissolved phase and the particulate phase is subject to the kinetic transfer coefficients of
k, (adsorption) and k2 (desorption). The particulate phase sinks with the sedimentation velocity of wz.

According to Livingston et al.[6], only a very small fraction of material originating at the sea
surface actually arrives at the seabed. The process of sedimentation can be viewed in two different
ways. "Normal sedimentation" occurs when Pu adheres to fine particles and is desorbed later during
the scavenging process. On the other hand, during "fast sedimentation", defined by the sedimentation
rate coefficient (), Pu is trapped by large particles or plankton and sinks very quickly and is. never
desorbed. The scavenging model and parameters used in this study is schematically shown in Fig. .

Dissolved � 0_�ki articulate Phase
Phase (Plankton, etc.)

1ki Sedimentation; Wz (trils)

ki(z) 1 16XJO-6exp(-0.045z)(s-1)Fast Sedimentation z: depth(m) 

Particle Absiorption; k(s-1) k2 1.1 6 x 1 0-5 (s-1)

Fast Sedimentation; De� :orption; k2(s-1)
(reaching seabed instantaneously IF 0.01
and never desorbed) Wz .1 (cm S-1)

_77777 /777777777-

Fig. 1 A simplified scavenging model used in this study.

2.3 Concept of the model validation

Since 1945, 10.87 PBq of 219,14OPu has been input into the earth as global fallout from 543
atmospheric nuclear tests[7]. The fallout from most nuclear tests has been distributed globally (global
component), but the fallout from Bikini and Enewetak comprised a substantial amount of local
component as well. The amount of 239,24OpU in local fallout from Bildni Atoll (I I'N, 1651E) and
Enewetak Atoll (I IIN, 1621E) was estimated in the present paper from 239 ,24OPu analyses of surface
soils collected in the Marshall Islands by Simon et al.[8].

The estimated annual marine deposition Of 239,24Op i shown as squares in Fig. 2.
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Fig. 2 Annual marine deposition Of 239,24OpU from global and local fallout estimated on the basis of
UNSCEAR 2000) 9Sr data and the number of atmospheric nuclear tests.
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3. RESULT DISCUSSION

3.1 Three dimensional velocity field

The annually averaged velocity field in the surface layer is shown in Fig.3. Generally, good
agreement is recognized between the calculated and measured velocity field. But some parts of the
calculated currents are different with the measured ones.

Since the Arctic Ocean is not considered in this study, the North Atlantic and Norwegian current is
not realistic very much. These currents should flow toward the Arctic Sea, but the northward flow is
very week. Also the East Greenland current to the south should be stronger. The Canaries and Guinea
Current look also a little week because of the effect of this topography.

Because of the coarseness of the grid system, the Equatorial Countercurrent is not recognized in
the calculated flow. The seawater in the region between 3 degrees north and 10 degrees north moves
northward in this study.

80 ----------------------

Depth 25m6D (k = )
40 30c-m-/s 3

(D 20
7

-2

-4

-60

-8
6 �D 4b do 6b 16o 1o 14o 16o 16o 260 2�O 240 260 280 300 320 340 360

Longitude
Fig.3. Annual current field at the surface depth (25m)

3.2 Vertical profiles of the water column in the Pacific Ocean

Over 100 water profiles Of 219,24OpU collected from 1970's to 1990's were calculated and compared
with the observed ones. Generally, there is good agreement between the measured and calculated
results for 219,24OpU concentrations in water profiles. For example, the profile shown in Fig.4, situated

M-3in the centre of the North Pacific, the peak concentration in 1973 was around 80 rnBq . It gradually
decreased to around 30 mBq M-3 observed in 1997. The present model can calculate this long-term
decrease very well. However, some profiles did not show good agreement between the calculated and
observe d values. In te deep sea, resuspension from the seabed to deep water was observed, however,
the present Pu model does not include this process.

The 119,240Pu profiles in the north of the North Pacific were calculated larger than the observations.
There may be three reasons for this overestimation:

(1) The horizontal grid of this model is 2 degrees, therefore it is impossible to include the
Aleutian Islands. There is some possibility to overestimate the flow from Alaska Sea to
Bering Sea, which is rich in Pu.

(2) The present model does not cover the Bering Strait either, so no inflow or outflow to the
Arctic Ocean is considered in the model. No inflow means no Pu inflow to the Arctic Sea,
and no outflow means no dilution by the seawater of the Arctic Sea that has less Pu.
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(3) This region is well known for its high biological productivity. As mentioned above, P is
transferred more rapidly downwards by the scavenging process and therefore different
sedimentation coefficients should be used here.

N. Pacific Eq. Pacffic S Pacific
31N, 71E 14N. 159E 225.139W

Pu-239,240(rnBqlm� PU-239,240(MBCVM� Pu-239�40(rnE�ft)

0 50 100 150 0 50 1 00 150 0 50 100 160
0 0 - 0

1 000 100 1000
000 2000

2 200
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- Cal. 073) 400 -Cal. 0979) -

4000 ( otg (=7) 0 Obs. 17) 4000
------- C4. 0997) ....... Cal. 0007)
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Fig. 4 Comparison of calculated and observed water profiles

3.3 239,24OpU in seabed sediment

Fig.5 shows the 239,24OpU inventories in seabed sediment in the North Pacific Ocean. The
experimental values collected from 1978 to 1997 were gathered by Livingston et al.[6]. The calculated
contours (adjusted for 1980) agree well with the experimental results, except for areas at high latitudes.
As mentioned above, biological productivity at high latitudes in the North Pacific is very substantial
and therefore Pu is rapidly scavenged downwards from the water column to sediment.

7- 300
0 Krorr73119781

KH-80-2 11 1101 711= 100

MBC I 981,821

401 J-K-R Epedilon ;W_� 30
A 11994,951

35,,
29 0 IAEA97119971742 I 1 0

UPG-1 -- Data from the GLOMAR
3 4 0 6 4 11978-19961

25�� -
3-ib

15 66 F- 1
0
2

10' J 3
4 0

5 lo 0 3 1
3 0 Pli-239,240

inventory9

0 (BqJm2)
in sediment

at 980
150 160 170 180 190 200 210 220 230 240 250 260 270

East Longitude (deg.)

Fig.5. Observed (points) and calculated (isolines) 239,24OpU inventories in seabed sediment collected
in the North Pacific Ocean.
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4.14 HYPERACCUMULATION OF RADIOACTIVE ISOTOPES BY MARINE ALGAE

Toshiaki ISHII, Shigeki HIRANO, and Teruhisa WATABE

Research Center for Radiation Safety, National Institute of

Radiological Sciences, Hitachinaka, lbaraki 311-1202, Japan

ABSTRACT

Hyperaccurmilators are effective indicator organisms for monitoring marine pollution by heavy metals

and artificial radionuclides. We found a green algae, Byopsis maxima that hyperaccumulate a stable

and radioactive isotopes such as Sr-90, Tc-99, Ba- 1 38, Re- 1 87, and Ra-226. B. maxima showed high

concentration factors for heavy alkali earth metals like Ba and Ra, compared with other marine algae

in Japan. Fur-then-nore, this species had the highest concentrations for Tc-99 and Re-187. The

accumulation and excretion patterns of Sr-85 and Tc-95m were examined by tracer experiments. The

chemical states of Sr and Re in living B. maxima were analyzed by HPLC-ICP/MS, LC/MS, and X-ray

absorption fine structure analysis using synchrotron radiation.

KEYWORDS: hyperaccumulation, algae, Tc-99, Re-187, Ra-226

INTRODUCTION

Hyperaccurnulator plants are effective for mineral exploration, or biorecovery and detoxification of

metal-contaminated soils [I and 2 We found a new hyperaccumulator useful for estimating marine

pollution by ravy metals or radioisotopes and for studying the mechanisms of bioaccutnulation of

elements by organisms.

MATERIALS AND METHODS

Fifty species of marine algae were collected from the coast of Japan in 2000-2002. Ba and Sr were

determined by ICP-AES (detection limits=O.l ppb), and Re-187 T2=4.35xI0'0y, abundance

ratio=62.6%) was analyzed by ICP-MS (detection limit=O.l ppt) after ca. I g of dry matter was

wet-digested in high-purity of a nitric acid and hydrogen peroxide. Sr-90 (TI/2=28.78y) and Tc-99

(TI/2=2.lllx]O'y) were measured by low background 3-ray spectroscopy. Ra-226 (TI/2= I 600y)
was analyzed by a liquid scintillation counter. Before measuring radioactivity, we digested 10-50 g of

ash samples and then perfon-ned radiochemical procedures such as adding of a yield tracer, ion

exchange, solvent extraction, etc. Gamma ray spectroscopy was applied to 50 g of ash samples of
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marine algae (counting time=200,000 sec). X-ray absorption fine structure analyses were carried out to

clarify the chemical forms of Re and Sr in living bodies of algae at BLO I I with a SPring-8 of JASRI

and at BL12C with a Photon Factory of KEK. HPLC-ICP/MS and LC/MS were also applied to the

supernatant of the homogenate of living bodies of B. maxima. Accumulation and excretion

experiments of Sr-85 (TI/2�--�.84d) and Tc -95m (TI/2=61.2d) were also perfonned using living six

species of marine algae to compare data from stable and radioisotope analyses for field samples.

RESULTS AND CONCLUSIONS

Concentrations of stable and radioisotopes

Table I shows concentrations of elements in geen algae Byopsis maxima and Ulva pertusa. The

concentrations of all elements in B. maxima are considerably higher than those in U. pertusa In

particular, the Re concentration Re- 1 85+187=5,490,000 pg/g dry, Re- 1 87=5.6 mBq/g dry) was 22,000

times higher in B. maxima than in U. pertusa. The Re concentrations in 48 species of algae, excluding

the genus Bryopsis, ranged from 51 to 29,1 00 pg/g on a dry weight basis (mean± sd; 5200 ± 4800

pg/g). Although there is little information on the Re contents in land plants and marine algae, a brown

alga Pterygophora californica was reported to have the highest Re concentration (I 1700 pg/g dry)

among 21 species from the California coast 3 Therefore, B. maxima was defined as a true Re

hyperaccumulator in the plant kingdom. The concentration factor (CF) was calculated to be 7.4xI0'

(7.lxl 04 on a wet basis) from the Re concentration 742 pg/niL) in Pacific Ocean seawater 4] B.

maxima also showed a high concentration 1.03 pg1g dry=660 4Bq/g dry) of Tc-99 belonging to the

same V/7 group as Re in the periodic table. Ahough Tc-99 was detected in some species of marine

algae, such as Sargassum thunhergii 18-270 Pq/g dry), Sargassum hemiphyllum 130 Pq/g dry),

and Hizikiafusiformis 42 [tBq/g dry), the concentration of Tc-99 in almost all of Japanese marine

algae collected in 2001-2002 was less than the minimum detectable amount (15 pBq/g dry--3

mBq/20Og dy).

On the other hand, the brown algae Fucus vesiculosus from Sellafield in England had very high

concentration of Tc-99 17 B/g wet weight) [5]. Although the concentration of Tc 99 in scophyllum

nodosum from Cape Wrath in Scotland was 41 mBq/g wet weight [5], A. nodosum from Norway and

Table I Concentrations (pg/g dry weight) of elements in green algae

collected from the same location and at the same month March in 2001)

Element Bryopsis maxima (N=3) Ulva perfusa (N=3)
(Isotope) (mean±sd) (mean±sd)

Ba 4.63 x 109 ± 1.9 x 108 1.72 x 106 ± 1.1 X 101

Ra (as Ra-226) 2.14 x IO 1 ± 4.5 x I O' 1.95 x 02 ± 1.6 x 10-3

Re 5.49 x 106 ± 3.7 x 1 O' 2.51 X 102 ± 2.3 x I '

Sr 1.31 x 10' ± 1.1 x I O 3.21 X 107 ± 2.7 x 106

Tc (as Tc-99) 1.03 x 10 0 ± 3.5 x I ' < 236 x 10-2 ±
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Canada indicated low concentrations of Tc-99 40 mBq-Norway, 04 mBq-Canada on a wet weight

basis). It was estimated that a wide difference in Tc-99 concentration occurred in seawater of

Atlantic Ocean.

As shown in Table 1, B. maxima had the highest accumulation of alkali earth elements. For example,

the Ba concentrations 4,630 gg/g dry) in B. maxima were 2700 times higher than in U. pertusa B.

maxima was defined as a Ba hyperaccumulator because the average concentration of Ba in 50 species

of marine algae in Japan was 519 ± 489 gg/g dry wt. Since the Ba concentration in seawater is

0.015 gg/g, the concentration factor of Ba by B. maxima was calculated to be 310,000 29,000 on a

wet basis). The average concentration of Ra-226 in 12 species of Japanese marine algae was 0225 ±

0.178 pg/g dry wt. In contrast, B. maxima showed a very high concentration of Ra-226 21.4 pg/g

dry--780 mBq/g dry). Since the mean concentration of Ra-226 in ocean seawater is 000013 pg/g, the

concentration factor of Ra-226 by B. maxima was calculated to be 165,000 (15, 800 on a wet basis)

Gamma ray spectra of B. maxima and U. pertusa are shown in Fig. 1. 185.7155 kev of U235 must

be overlapped with 186.1010 kev of Ra-226. We think that no significant amount of 235 was

present in B. maxima, because 143.762 kev and 163.332 kev of U-235 were not observed. Furthermore,

clear peaks of Bi-214 and Pb-214 derived from Ra-226 were found in the spectrum of B. maxima. As

can be seen in Table I and Fig. L, B. maxima was recognized to be a Ra hyperaccumulator. The Sr in B.

maxima had the highest value 13,100 pg/g dry) among algae. We think that B. maxima is a Sr

hyperaccumulator since the "Hyperaccumulation level of Sr" is 5,000 pg/g dry 6]. Usually, the Ca

concentrations in marine organisms are I I 00 times higher than the Sr concentrations. It was unique

that the Sr concentrations in B. maxima were almost equal to the Ca concentrations (I 0800-20,81 

�tg/g dry). As a result of radiochemical analyses of Sr-90, B. maxima showed the highest value 2.8

mBq/g dry= 027 mBq/g wet) among algae. Its CF value for a wet basis was calculated to be 160,

since the radioactivity of Sr-90 in the seawater around Japan was approximately 161 mBq/L 0.79-2.2

mBq/L) 7].

Chemical forms of Re and Sr in the living condition

XAFS analysis indicated that the Re in B. maxima existed in the Re (W) state, but its tetrahedral

symmetry was broken. As results of XAFS analyses, HPLC-lCP/MS and LC/MS, it was estimated that

Re and Sr in B. maxima were bonded to constituent materials such as polysaccharides and proteins,

although they are present in ionic forms in seawater.

Accumulation and excretion of radioisotopes

Figure 2 illustrate accumulation and excretion curves or calculated concentration factors of Tc -95in

for six species of algae. B. maxima had the highest CF 28,000) among them. In the case of Sr-85 B.

maxima also showed the highest CF value 120) of Sr-85 among species.

Future roblems

1. The presence of special genes: The genus Biyopsis may possess a special ability to

hyperaccumulate heavy elements, since Biyopsis corticulans had the same tendency as B. maxima.
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It remains to be clarified whether groups of Bryopsis have special genes controlling the

hyperaccumulation mechanisms of elements or protection systems against the DNA damage from

large quantities of radiation from natural or artificial radioisotopes.

2. The fate of Rn-222: How does Rn-222 derived from Ra-226 behave in a living body?

3. Constituent materials with high affinity: What kinds of substances in algae are related to the high

accumulation of elements. Is it possible that effective collecting reagents for rare metals such as Sr,

Ba, and Re, and artificial radioisotopes such as Sr-90 and Tc-99, will be developed if chemical

forms of these elements in B. maxima are clarified?
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4.15 AVAILABILITY OF MOLLUSKS AS "BIOLOGICAL MONITOR"
TO MONITORING OF THE LONG -LIVED SILVER ISOTOPE

RELEASED INTO THE MARINE ENVIRONMENT

Teruhisa WATABE, Setsuko YOKOSUKA and Akiko KUROSAWA

Laboratory for Marine Radioecology, National Institute of Radiological Sciences
Isozaki 3609, Hitachinaka-shi, Ibaraki 311-1202, Japan

ABSTRACT

The species of mollusks often show unique physiological properties and the elemental
composition different from those of fishes as observed in the blood constituents. Much higher
concentrations of metal elements such as cupper, zinc, cadmium and so on have been reported for
squids and bivalves than other organisms. The present study reports the results of gamma
spectrometry analyses for two species of gastropods (Buccinum isaotakii and Buccinum strialissimum),

one of the important species of mollusks, inhabiting on the sea bottom at the depth of some hundreds
meters off the coast and for squids (Todarodes pacificusThysanoteuthis rhombus, etc.) landed at
several fishing ports in Japan. It would be noted that '08'Ag (half-life time: 418.21y) was commonly
detected in the viscera of both gastropods and squids usually at the radioactivity level higher than 117CS.

A discussion on the distribution and inventory of 108mAg in the water column was attempted on the

basis of the data on its specific activity, which was derived from the data on stable silver for the

samples of interest obtained by analyses using ICP-AES. Special attention was directed to the efficacy
and applicability of the mollusks having an affinity for this element to the environmental monitoring

as indices.

KEYWO]RU)S- '08n'Ag. MOLLUSKS, MONITORING, INDICES

1. INTRODUCTION

Marine mollusks are often used as a "biological monitor", namely a tool with which the extent of
environmental contamination caused by chemical substances, heavy metals and radionuclides are

determined. Extensive efforts have been made in the environmental surveillance programme using the
biological monitor as in "the Mussel Watch Project" for instance, which has been carried out by the

National Oceanic and Atmospheric Administration as an element of the National Status and Trends

(NS&T) Program in the United Sates. The Project intends to explore the temporal and spatial changes
of the environmental quality by monitoring a suit of contaminants in the tissue of bivalve mollusks

(mussels and oysters) collected in the intertidal to shallow subtidal zones at over 200 sites in the
country. It reveals that mussels and oysters serve as useful indicators of the environmental quality

because they accumulate some contaminants in their tissue at levels many times higher than in the

surrounding water and they adjust quickly to changes in contamination (http://www.epa.gov/

owow/estuaries/guidance/nmg43.html).

In the era when the level of radioactive contamination was elevated by the worldwide fallout due

to the atmospheric nuclear detonation tests, higher levels of radioactivity were sometimes reported in

stds than other marine organisms and the accumulation of anthropogenic radionuclides such as 6Co,
1 Ag and '08'Ag was observed in the livers of squids [1 2 Although the possible radiological

impacts of such anthropogenic radionuclides in the marine environment to the humankind become of

less importance with the course of time, care should be taken to the fate of long-lived radionuclides
such as 108'Ag, which is still remaining in the marine environment and often observed in the livers of

squids in the current monitoring programs. The squids especially among cephalopods are one of the
most important species of mollusks in the fish industry and are possibly to be used as one of the most

- 192 -



JAERI-Conf 2003-010

useful biological monitor in the radioactivity surveillance program. They move about the open sea
and are usually caught far off the shore; therefore, they would serve as an indicator of the
environmental quality of an area of the sea as a whole, although they cannot be used for comparison of
the differences between near points of the coast.

In the present study, the chemical properties were investigated for squids by determining the

composition of stable elements including those specifically observed in the mollusks, i.e. cupper,
cadmium etc. The availability to a biological monitor of the gastropods, another important group of

the mollusks was also examined by investigating the accumulation of anthropogenic radionuclides,
"'Cs and 'O'mAg of particular concern as well as stable silver for two species of Buccinidae. The

results of analyses of ""Ag and stable silver for the gastropod specimen were also compared with
those for some species of squids.

2. MATERIALS AND METHODS

Squids were collected at the fishing ports in Hokkaido, Ishikawa Prefecture and Fukui Prefecture,

and through the fish processing companies in Hokkaido, Aomori Prefecture and Myagi Prefecture.
The fish processing companies usually deal not only inshore squids but also those caught in the

pelagic fishery or imported from the countries mainly facing the Pacific Ocean. In the present study,
one of the most commercially important species, Todarodes plus (Japanese common flying squid)

was collected from seven points in the districts mentioned above another three species of the same

family, Ommastrephidae; Ommastrephes bartramii (neon flying squid), Nototodarus sloani

(Wellinton flying squid) and Illex argentinus (Argentine shortfin squid) were collected from the fish

processing companies. In addition, Thysanoteuthis rhombus (diamondback squid) was obtained at a

port in Fukui Prefecture. The amount of some tens kilogram was used for analyses of radioactivity for
each species. Individual organisms were dissected into three parts, i.e. mantle, arms including eyes

and funnel and viscera including liver and other organs. The samples in ceramic dishes were orced-
air dried at I I OOC dried, incinerated to ash at 450'C in a muffle furnace. The sample reduced into ash

was pulverized in a ceramic mortar, put into a plastic cylindrical vessel having an inside diameter of 

cm and 5cm height and served for gamma spectrometry analysis using a Ge semiconductor detector
(EG&G ORTEC Model GMX-30200) coupled with a PHA (EG&G ORTEC Model MCA-7700). The

counting efficiency of the measuring device was determined by counting a set of the standard samples
which had the same geometry as the samples and were tagged with known radioactivity 3 3Ba and
1 52 Eu. Following the gamma spectrometry analysis, the samples were served for an analysis of stable

silver. The amount of one gram of ash sample was taken in a tall beaker and completely decomposed

with nitric acid and hydrogen peroxide on a hot plate. Nitrates dried up in the beaker were dissolved

with nitric acid and hot water and transferred into a volumetric flask for adjusting the volume to 100
ml as well as the concentration of HN03 t IN. Then, the concentration of silver in the solution was

determined by using ICP-AES (Shimazu ICPS-7500).
The elemental composition was investigated for Todarodes plus collected in Hokkaido by

analyzing seventeen stable elements such as Na, Mg, Al, P, K, Ca, Cr, Mn, Fe, Co, Ni, Cu, Zn, Sr, Ag,
Cd and Ba. Nineteen samples of squids were dissected into three parts, which were lyophilized and

milled in a blender, successively. The amount of one gram of dry sample was used for preparation of

solution for measurements in the same procedures as mentioned above. The stable element

concentrations were determined by using ICP-AES (Shimazu ICPQ I 1 2W).

Two species of Buccinidde, Buccinum isaotakii and Buccinum striatissimum, were collected from
2000 to 2002 at the fishing ports in Ibaraki Prefecture and Fukui Prefecture, respectively, where they

were landed. They are commercially distributed usually within a local market and consumed as a

local specialty. A total of some tens kilogram of each species was used for the present study. The soft

part of an individual organism was separated from outside shell by cracking with a plastic hammer

after weighing and heating in a microwave oven, and dissected into two parts, i.e. edible part including
ventral muscular foot and proboscis and viscera including digestive gland, gonad, gill and other organs.

Each of edible part and viscera from all individuals was mixed and lumped together; thus,

approximately to 4 kilogram of composite sample of edible part and viscera was obtained for each

- 193 -



JAERI-Conf 2003-010

specimen. The samples were dried, incinerated to ash, and served for wet decomposition in the same
manner as that for the squids for gamma spectrometry analyses and stable silver analyses.

3. RESULTS AND DISCUSSION

An example of gamma spectrum obtained for Buccinum by 200,000 second's counting was
represented in Fig. 1. The gamma spectrum for viscera of mollusks was usually characterized by
prominent photo-peaks corresponding to 46.5391 keV, 63.292 keV, 92.381 keV, 92.802 keV,
185.7155 keV, which were emitted fro 2 Pb, 214 Th and 131U. In addition to those from naturally
occurring radionuclides, gamma rays at 433.937 keV, 614.276 keV and 722.907 keV from 108'Ag
were observed for most of all the mollusks studied and that at 661.660 keV from 137CS was also
observed for squids. The existence of 108'Ag was not observed for the samples other than viscera,
although radioactivity concentration of 137Cs was rather higher in edible parts, i.e. foot or mantle than
viscera. This meant that the metabolism of these radionuclides was different one another in the
organism Radioactivity concentrations of mollusks were schematically represented for mantle and
liver, respectively in Fig. 2(a) and Fig. 2(b) in which radioactivity of 108'Ag was determined for the
peak at 722.907 keV (branching ratio: 90.818%). The least measurable levels of radioactivity
concentration corresponded to approximately 15niBq/kg-fresh both for 108'Ag and 137CS, when the
threshold level was chosen three times of the fluctuation of the background continuum of spectrum.
The 108mAg concentrations observed in gastropods in the present study were slightly higher than the
values of 10 to 30 mBq/kg-fresh reported for oysters (Crassostrea gigas) from the early 1980s to the
early 1990s on the northeast coast of Japan 3 whereas the 108'Ag concentrations in squids were
comparable with those reported 4]. It would be worth notice the fact that the level Of 37CS was less
than the detection limit in edible parts of snails, or much lower, if any, than in those of squids. Species
of Buccinidae are widely distributed in the coastal sea around Japan Islands and inhabit in mud of the
bottom at the depth of some hundreds to one thousand meters, where the 137 Cs burden would be
smaller than in the environment of surface water of the sea. These species are classified into
carnivores from the standpoint of feeding habit and fed on bivalve mollusks, other gastropods and
echinoderms as well as dead organisms which deposits onto the bottom. It is likely that the lower
levels Of 37CS in species of Buccinidae than in squids reflected the smaller burden Of 37CS in the
bottom environment than in the surface waters where squids lived their entire lives, although some
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Fig. I Gamma spectrum of the viscera of snail, Taki's Buccinum (Buccinum isaotakii)
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extent of the "'Cs transfer occurred with deposition of dead organisms as a feed. On the other hand,
the biological availability of silver was considered to be much higher than that of cesium, judging
from the similarity of the vertical profile of silver concentration in the sea to that of nutrient elements
such as phosphorus [5]. Vigorous biological activity would deplete the level of '08'Ag released in the
surface of the sea by incorporating into the existing silver cycling in the ecosystem and resulted in a
rapid downward transfer. Thus, the level of 108'Ag would become comparable in the environment
between the surface waters and the bottom of the sea.

The elemental composition of squids were given in Fig. 3(a) and Fig. 3(b) respectively for the
mantle and the liver in terms of the probability distribution of the data of concentrations (ppm on the
dry-weight basis). Five of seventeen elements of interest in the present study, namely Al, Cr, Co, Ni
and Ba, were not usually detected or present just In small numbers of sample, if any. Essential
elements such as K, P, etc. were distributed in squids within a narrow range of concentration, whereas
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Fig. 3(a) Elemental composition in the mantle of squid, Todarodes pacificus
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Fig. 3(b) Elemental composition in the liver of squid, Todarodespacificus
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elements likely to be classified into non-essential elements such as Cd, Ba etc. were distributed in
wider ranges of concentration. The elemental composition of squids was characterized by relatively
high concentrations for Cu and Zn especially in the liver and the presence of their chemically
analogous elements, i.e. Ag and Cd respectively. The results suggested that squids accumulated
cupper in its liver by approximately 6400 times as much as its concentration in seawater, whereas it
accumulated silver by approximately 5400 times.

The presence of stable silver was observed only in the viscera of mollusks in which radioactive
si'lver was detected. A comprehensive study 4] on radioactive and stable silver concentration the
liver of various species of squids showed that concentrations from 85.4 to 3 0 pig/g-ash were obtained
for Todarodes pacificus caught off the coasts of Japan from 1991 to 1993, whereas the values from
250 to 411 gg/g-ash and from 58.8 to 188 gg/g-ash were observed respectively for Ommastrephes
bartrami caught in the north-west Pacific from 1983 to 1992 and other species caught in the south
Pacific from 1979 to 1993. The stable silver concentrations corresponding to 25.0 to 88.8 gg/g-ash for
Todarodes pcificus and 95 to 10.4gg/g-ash for pelagic squids in the present study were slightly lower
than those reported. The values of 'O'mAg specific activity were, however, comparable or a little bit
higher than those reported. The relationship between 'O'mAg radioactivity concentration and stable
silver concentration in the viscera of mollusks was shown in Fig. 4 Figure 4 showed that a
remarkably high value of 108MAg radioactivity for diamondback squid resulted from a high extent of
accumulation of silver existing in its dwelling environment. Some differences were observed in
accumulation of silver between two species of Buccinum studied; i.e. Buccinum stratissimum
accumulated silver a few factors of magnitude more highly than Buccinum isaotakii. It is likely,
however, that there were no great differences in the burden of 108'Ag in the environment between the
coast facing to the Pacific Ocean and that to the Sea of Japan, because of identical values of '08'Ag
specific activity between snails caught in the respective region of the sea. The comparable values of
168m Ag specific activity between the bottom-dwelling snails and the mid-water swimming squids
suggested rather uniform distribution of 8mA8 from the surface to the bottom of the sea than stratified
distribution Of 137CS. It would be reasonable that the 108'Ag specific activity in the viscera of mollusks
was equal to that in seawater, so long as any discrimination was not caused in the silver cycling in the
environment including its metabolisms in organisms between radioactive and stable silver. If a round
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Fig. 4 The relationship between 108mAg radioactivity concentration and stable silver concentration in
mollusks
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value of 50 B /g is applied to the 108'Ag specific activity in the environment of the Sea of Japan, the
inventory of 158. Ag per unit area could be estimated to be 19 MBq/kM2, when the concentration of

0.28 ppb 6] for silver in seawater and the depth of 1350 m for the mean depth of the Sea of Japan 7]

both being taken into account. A study on the inventory of the fallout radionuclides in the sea reported

that the total amount of 137Cs in a water column was estimated to be comparable to the cumulative
deposition of the radionuclides observed in the cities on the latitudes corresponding to the sampling

points for the Pacific and to be less by approximately 30% less than the terrestrial deposition for the
Sea of Japan; that is, the total amount Of 137CS in a water column were estimated to be 127 mCi/krn'

and the respective terrestrial deposition were 147 mCi/krn' from 1945 to 1977 for the Pacific,
whereas' 17CS in a water column were 130 mCi/krn' and those of the terrestrial fallout were 173

mCi/kM2 for the Sea of Japan [8]. The cumulative radioactivity of 137Cs due to the terrestrial

deposition was calculated at 19 and 26 GBq/km 2as of 1990 after correction of physical decay in two
fallout 37CScities facing the Sea of Japan. If the amount corres onding to 70 % of the total terrestrial

ill remains in the Sea of Japan, the inventory of IT
st Cs per unit area of the sea would be approximately
1.5 GBq/kM2 . Roughly speaking, the inventory of 108'Ag would, therefore, correspond to I Of 37CS

in the environment in the Sea of Japan and the abundance ratio would increase with course of time.
Silver radioisotopes, particularly "'mAg, are regarded as one of the most important radionuclides

in the monitoring program to be caff ied out near the nuclear power plants, because of a high yield in

the neutron activation process ((Yy of 9Ag 472 b) as well as its relatively long half-life time 249.79
d). The element of silver is composed of two isotopes of mass number, i.e. 107 Ag and 19Ag, the

natural abundance being 51.8397 and 48.4647 %, respectively. When the neutron activation process
produces unit radioactivity of 'Ag in a nuclear power plant, radioactivity of "'mAg to be

simultaneously yielded can be estimated to be 13 X 104 times that of mAg, if the cross section of

107 Ag (;.f 0338 b) being taken into account. On the other hand, the isomers of mass number of 107
would be yielded by fission of 235U by neutrons at thermal energies, although the fission yield is fairly
small (0 146 %) 9]. The corresponding amount of 108'Ag to the yield of the isomers may be produced

in the fuels of the nuclear power plants. Not only nuclear power plants, but spent fuel reprocessing
plants are likely, therefore, to be the source of release of the radionuclide into the environment It

would be meaningful to trace the existence of 108'Ag in the monitoring program as a measure for
judging whether radionuclides released from the plant are accumulated in the environment or not, even
if it does not respond the release from the plant so sensitively as other short-lived radionuclides.
Mollusks can be used as a 'biological monitor' for this purpose and gastropods are possibly more
advantageous than others, squids for example, because they provide information on the environmental
quality specifically to the area of interest.
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ABSTRACT

The dry deposition of pollutants released into the atmosphere must be evaluated to estimate the

radiological dose of terrestrial plants and foodstuffs in the ecosystem. Especially, the atmospheric

dispersion and dry deposition models have been widely developed to predict and minimize the

radiological damage for the surrounding environment after the TMI-2 and the Chernobyl accidents. A

Lagrangian particle model for the evaluation the long-range dispersion has been firstly developed in

Korea since 2001. The particle tracking method was used for the estimation of the concentration

distribution of the radioactive materials released into the atmosphere. The model is designed to

estimate air concentration and ground deposition at distances up to some thousands of kilometers from

the source point in the horizontal direction. The turbulent. motion is considered to separate the

treatment of particles within the mixing layer and above the mixing layer. Also, the dispersion model

is designed to receive the results of the MM5 model being operated by KMA(Korea Meteorological

Administration). The test run of the long-range dispersion model has been performed in the area which

covered extends from 102.470 E to 173.340 E and from 12.27' N to 53.72' N in Northeast Asia. The

release point of Cs-137 assumed in the east part of the China. The long range dispersion model has

been firstly developed to estimate the radiological consequences against a nuclear accident. The model

will be supplemented by the comparative study using the data of the ETEX experiments.

KEYWORDS: long range, atmospheric dispersion, dry deposition, radiological consequences

1. INTRODUCTION

A study of the long range dispersion of the pollutants released into the atmosphere began to

investigate the movements of the heavy metals and the effects of the acid rain since early 970.

Especially, the atmospheric dispersion models have been widely developed to predict and minimize

the radiological damage for the surrounding environment after the TMI-2 and the Chernobyl accidents

[I]. The intercomparison and validation study among the long range models were performed through

the ATMES(Atmospheric Transport Model Evaluation Study) project under auspices of IAEA/WMO

in 1992[2].
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The extent of the local scale dispersion model is considered up to a few hundred kilometers in

horizontal scale and within the mixing height in vertical scale. In contrast with the local scale model,

the computational domain of long range dispersion model can be considered with synoptic scale from

a few hundred kilometers to a few thousands kilometers in horizontal scale and from surface to

troposphere in vertical scale.

The dry deposition is an important removal process for some atmospheric pollutants. The uptake of

the pollutants at the earth's surface, either by soil, water and vegetation, reduces arborne

concentration levels at locations a far distance, while potentially increasing exposure levels at nearby

locations due to the deposition material. The dry deposition flux of pollutants to the surface is

calculated from the product of the dry deposition velocity and the atmospheric dispersion model to

predict airborne concentrations. So it Is important to obtain the accurate evaluation of airborne

concentration in a dispersion model to estimate the flux of dry deposition on the surface.

There are many nuclear power plants in the region of Northeast Asia. It is necessary to develop a

long range atmospheric dispersion model for the radiological emergency preparedness against a

nuclear accident. From this viewpoint, a Lagranglan particle model for the evaluation the long range

dispersion was initially developed in Korea since 2001. The Monte Carlo method was used for the

estimation of the concentration distribution of radioactive materials released into the atmosphere. The

model designed to estimate air concentrations and dry deposition as well as wet deposition at distances

up to some thousands of kilometers from the source point in a horizontal direction. The turbulent

motion is considered to separate the treatment of particles within the mixing layer and above the

mixing layer. Also, the wind field in the dispersion model is designed to receive the results of the

MM5 model[3] being operated by KMA(Korea Meteorological Administration). he dry deposition

velocity for each radionuclide is introduced to calculate the flux of dry deposition in the dispersion

model.

2. METEOROLOGICAL DATA

The wind patterns are the one of the most important parameters in the operation of the dispersion

model. The meteorological prediction data in the region of Northeast Asia are produced using the

mesoscale weather forecast numerical model named MM5[3] at KMA(Korea Meteorological

Administration) in Korea. The computational area covered extends from 102.47' E to 173.34' E and

from I 27' N to 53.720 N. The spatial resolution is about 30 km and the grids are composed of 190 x

170 pints in horizontal direction. The vertical coordinate system has the 25 levels from I I hPa to 0

hPa. The meteorological data are produced with 3 hours time interval on twice a day. The archived

data is the wind component, temperature, humidity, geopotential height, precipitation, mixing height,

heat flux, surface pressure and others.

3. LONG RANGE DISPERSION MODEL

The particle to depict the characteristics of pollutant in Lagrangian type model can be released to

- 200 -



JAERI-Conf 2003-010

evaluate the transport and diffusion process of pollutant in atmosphere. The concentration is calculated

by tracking the trajectory of Lagrangian particle. Lagrangian type models can treat the rapid

concentration gradient near a source point easily and don't also cause the numerical dispersion.

The particle is advected by the averaged wind components and dispersed by turbulent motion in three

dimensional space. The movement of the particle is represented by the sum of the movements due to

the advection and the turbulence. The new position of a particle after time step Al is represented as

follows.

X, (t + At) = X, (t) + v, (t)At + v, (t)At

Where v are the averaged wind componentso=1,2,3) and v are turbulent components of wind.

The horizontal displacement due to turbulence is computed by:

v' (t)A = F2 �,AtR (2)J

Where K =1,2) are the horizontal diffusion coefficients and R is random numbers picked up from a

Gaussian distribution having mean value and standard deviation equal to to I respectively[4] To
calculate the vertical component of vt)At, two situations have been distinguished like within mixing

layer and above mixing layer 4].

v,(t)At = �2KAtR (above mixing layer)

V, (t)At = hpbl Z,)R (within mixing layer) (3)

Where K3 is the vertical diffusion coefficient, hphl is the mixing height and Z9 is the height of the

topography.

The concentration in Lagrangian particle model is calculated in the domain of interest by counting

the number of particles in arbitrary control volume. The concentration is equal to the number of

particles divided by volume of the box. If the control volume has dimension Ax, Ay, Az and

contains Np number of particles, then the air concentration cxyz) at center of the box may be

computed as follows.

C(X, Y, Z = A� (4)
A.xAyAz

Dry deposition is calculated over the same grid of air concentration 'and accumulated over each time

step as time integrated air concentration. At each time step, the increment in deposited amount on

ground is given by:

c(t + At)dy = c(l)[ - exp(- vdAt A (5)
hPb1
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Where vdis the deposition velocity of each pollutant and it considers with an averaged value. Wet

deposition depends on the rainfall intensity and it is given by:

c( + At),,, = c(t)[1 - exp(-AAt)] (6)

Where A is the scavenging coefficient.

4. TEST RESULTS

The test run was performed to check the connection system of the meteorological data and to

investigate the physical aspects of basic parameters in dispersion model. The simulation of the long

range dispersion model was performed in the area which covered extends from 102.47' E to 173.34 E

and from 12.27' N to 53.72' N in Northeast Asia. The grid system in dispersion model was the same

with the one of the meteorological model. The release point of Cs-137 assumed in the east part of the

China. The total release amount of Cs-137 assumed about 104 TBq and the release duration was about

24 hours. The released height considered about 50 m from surface. The horizontal and vertical

diffusion coefficients were set with 45 x 104 M2/s and I M2/S in the whole computational domain

respectively. The calculation was performed from 24:00 GMT on January to 00:00 GMT on 9

January 2002.

The predicted wind and the calculated concentration profiles using the basic meteorological data are

represented in Fig. 1, Fig. 2 and Fig. 3 respectively. The computed concentrations are mainly advected

toward the southeast part of release point by the wind fields and dispersed widely by horizontal

diffusivity. From the predicted wind patterns, the wind vector showed the predominant movements of

the west-south direction from the release point until 12 hours after release. It inferred that the

radionuclides moved from the south part of Taiwan to south part of Japan, because the wind of the

west-south direction blew up to the south part of Japan on 6 January to 18:00 GMT. From the

computed concentration profiles, the radioactive cloud moved along the east coast of China at the

initial stage and spread the west coast of Japan. After that, the cloud moved toward Taiwan by the

strong north-west wind and gradually moved to the south-east part of coast of Japan by the south-west

wind. The radioactive cloud expanded in the south part of Japan after 45 hours from release.

5. CONCLUSION

A three dimensional Lagrangian particle model was developed to evaluate the characteristics of the

long range atmospheric dispersion. The developed Lagrangian particle model is effective tool to

simulate the atmospheric dispersion of airborne pollutants. The weather forecast data are the one of the

most important parameters to calculate the concentration in long range dispersion model. The

calculated concentrations are mainly advected toward the southeast part of release point by the wind

fields and dispersed widely by horizontal diffusivity.

The developed long range model will be utilized as a basic tool to evaluate the atmospheric

diffusion and the radiological dose assessment in the national emergency preparedness system named
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CARE(Computerized technical Advisory system for the Radiological Emergency preparedness)[5].

And then, the particle model will be modified by the comparative study using the data of the ETEX

experiments[6].
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Fig. 1. The predicted wind profiles in the region of Northeast Asia.
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Fig. 2 The calculated air concentration profiles in the region of Northeast Asia.
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Fig. 3 The dry deposited concentration profiles in the region of Northeast Asia.
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4,17 Contribution of aeolian dust for the resuspension of the anthropogenic radioactivity

2Yasuhito Igarashi', Michio Aoyamal, Katsurni Hirose', Akira Wada' and Sadayo YabUki
'Weteorological Research Institute, I-] Nagamine, Tsukuba, 305-0052 JAPAN
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Abstract: Monthly depositions of Sr and ... Cs have been observed at the Meteorological Research

Institute. Although the current atmospheric Sr and 117CS concentration level became extremely low,

these radionuclides have been found in the atmospheric deposition samples. These radionuclides in the

deposited materials are originating from the so-called resuspension processes. In this study, the ogin

of the resusupension is considered in terms of activity ratio Of 117CS /9,Sr in the samples as well as

additional observational results of monthly radioactivity deposition in 2000 at a couple of the

monitoring stations in Japan. Focuses are on Asian dusts and other aeolian dusts as possible sources

for the re suspension. We need to consider the larger time and spatial scales for the origin of the

resuspension.

Keywords: atmospheric deposition, 9Sr, 117Cs, resuspension, surface soil and Asian dust

1. Introduction

In order to elucidate the current concentration level of the anthropogenic radionuclides and their
137CS

transport processes in air, we have been monitored monthly depositions of Sr and at the

Meteorological Research Institute (MRI), Japan (36'03'N, 140'08'E snce 1957. After the Cernobyl

'dent, has been fortunate that neither atmospheric nuclear test has been conducted nor the svere

nuclear accident has occurred, which resulted in no additional severe contarination ' the atmosphere.

Accordingly, the present global atmospheric Sr and 117CS concentration levels became extremely low.

Nevertheless, these radionuclides have still been detected in the atmospheric deposition samples at the

MRI (see Figure 1). The decrease of the radioactivity deposition at the MRI no longer exhibits the

stratospheric half residence time of aerosols, and it is far slower. It becomes obvious that these

radionuclides are supplied from other reservoir than the stratosphere. nere are only two major

reservoirs of the withropogenic radionuclides on the earth; one is the land surface and the other is the

ocean. We could know the contribution from the ocean is negligible from the sea salt deposition at the

MRI and contents of the radionuclides in the surface seawater- We could have reasonably assumed,

therefore, that those anthropogenic radionuclides were resuspended with surface soils, and the

resuspension is the major component in the radioactivity deposition. In other words, suspension of

dust (surface soil particles) is the source of such anthropogenic radionuclides in ambient air. We have

suggested a noble hypothesis that the recent depositions of anthropogenic radionuclides observed in

Japan are not pmarily due to the local resuspension (originating from neighboring farming fields,

etc.) but the long-range transport of Asian dusts (Igarashi et al., 1996; 2001). Hrose et al. 2002) has

argued that the monthly 9"40Pu depositions, obtained from the same samples as described here, show

a typical seasonal variation with a maximum in spring season (March to April). This seasonal pattern

also corresponds to seasonal cycle of soil dusts oginating from the East Asian ad area.

Since there may be still opposed arguments over our hypothesis, further observation of

radioactivity depositions at a couple of sites, likely to be influenced by Asian dust transport; Nagasaki

(32-44'N, 129-52'E) and Yonagum (24'28N, 123'00'E), were carried out in 2000. In this presentation,

the observation results together with data interpretation in terms of 117CS/90Sr activity ratios are

described.
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Figure I Temporal trend in 137CS annual deposition at the NM during Figure 2 Sampling stations over Japan

the years of 1980 to 2000

2. Methods

DEPOSITION SAAVLES
2Monthly precipitation and the deposited dust (total deposition) were collected by using a 4 M plastic

open surface collector installed in the observation field of the MRI, Tsukuba. In the year of 2000,
additional sampling of monthly deposition was conducted in Nagasaki Marine Observatory and
Yonagum Island Observatory (Figure 2 using an open surface collector with a surface area of 3.69M2
(0.923 m2 x4). The total deposition sample was evaporated to dryness and the residue obtained was
subjected to the 137Cs determination by y-ray spectrometry. After that, Sr was dctcrr'ned by low
background 0-counting coupled with radioche 'mical separation. Details of experimental procedures are
described elsewhere garashi et al., 1996; Otsuji-Hatori et al., 1996).

SURFACE SOIL SAAfPLES
SurfiLce field and paddy soil samples were collected within some km range ftom the MRI in 1993 and
2000. Other dust depositions were collected in September 1996 from side gutter of the traffic laneetc.
The samples were air-dried and vegetation root, pebble, etc. were removed carefully. After further
drying in an oven at II VC, the samples were sieved so as to obtain suspension-able fraction. Finally,
the fraction passed 53-gm mesh was obtained and subjected to the activity measurement. The samples
were also collected in an Asian continental desert area between 1992 and 1994 by a Japanese-Chinese
cooperative work for desertification (Okada et al., 1992; Yabuki et al., 1993). The swnples were
treated as the same manner with the Japanese soils and subjected to the activity measurement.

S URFA CE SOIL DA TA TAKEN FROM THE A= DA TABA SE
Ministry of Education, Culture, Sports, Science and Technology (MEXT) offers a service of the
environmental radioactivity database through Japan Chemical Analysis Center. 9Sr and "'Cs
concentrations in surface soil swnples collected during the 1990s over Japan were provided ftom the

database.

3. Results & Discussion
In order to solve the issue of the origin of the resuspension, first of all 117Cs/90Sr activity ratios in the
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atmospheric deposition samples were compared with those in various surface soil samples (Table 1) It
was found that the average activity ratio of 117CsPOSr in the deposition samples at the MRI ' the
1990s (average: 21 n=92) was not close to that of the surface paddy and field soils taken in
neighborhood (median: 66, n=13), which had been considered as the primary source for the
resuspension. Additionally, no road and roof dusts, likely sources, exhibited low activity ratio such as
2 to 3 The frequency dstribution of the 137CS/90Sr ratio in the deposition samples was narrow, while
that of the surface soils was stretched out. This was further confirmed for the data of the Japanese
surface soils during the 1990s (median: 53, n=584), from the MEXT database for environmental
radioactivity. It seems that Sr and 117Cs deposited and adsorbed on the soil particles during the 1960s
to 1970s (original activity ratio of 137CS/9OSr has been claimed as 16 (Krey and Krajewsky, 1970))
have been gradually fractionated through the leaching processes in Japan. These findings suggest that
the radioactivity deposition in Tsukuba is a mixture; there must be remote sources other than local
sources for the resuspension.

From the viewpoint of the carrier, the resuspension is the dust suspension. It is, therefore,
natural to consider large-scale meteorological dust events (the Kosa phenomena) (Uematsu et al.,
1983) as the above-mentioned remote sources. The Asian dust transport is active in spring and autumn
in the eastern Asia, however, weak events (Iwasaka et al., 1988) also seem to contribute to some extent
even in summer. So as to examine the above-mentioned possibility, the ty in th
sol'I samples taken in the ad area in the Asian continent were obtained (Igarashi et al., 2001). Results
are shown in Table 1; the median was 22 (n=6), exhibiting the lower ratio as close as the original
value 1.6?) in the ad area. Assuming a simple two-components model of isotope dilution equations
by substituting the 13'Cs/9OSr ratios, we can obtain how much radloactivities are brought by the Asian
dust from the continent. It is, thus, estimated that the Asian dust ay transport about 90% of Sr and
70% of 7Cs depositions observed in Tsukuba in the 1990s (Igarashi et al., 2001). The estimates.
suggest a large portion of anthropogenic radionuclides in the deposition samples is transported from
outs'de Japan, which is surprising.

Table 1 Summary of activity concentration and 17 Cs/"Sr activity ratio in Tsukuba soils and Taklimakan sods and
deposition samples

Sample 117CS rnBqlg) 'OSr (mBq/g) 117Cs/9Sr ratio
concn. concn.

Taklimakan soil (n=6)
Max. 31.54 11.0 3.6
Min. 5.01 2.22 1.7

Median 16.32 6.34 2.2. ........... .. . .. ... ........... . .. ....... ..... ...... ...................... .......................... ........... .............. ........... ...................... ..... . . .. .. ................ ........... ............. ... .................. .. ........ ........ ....
Tsukuba soil (n= 3)

Max. 19.77 4.39 13.2
Min. 3.27 1.01 2.1

Median 12.4 1.73 6.6..... ................................ ......... .... ... .................... ..... ........... ..... .......... .............. ..... ------- . ..... . .. .............. ......................... .... .... ................ ....... ..... ............. ...... ................. ...... ........ ............................... .. .. .......... .............................. ......... ............... ....
Monthly deposition sample during 1992 to 1999 (Bqlg)*

(n=92)
Max 26.11 8.37 4.7
Min. 1.868 0.97 0.7

Median 5.56 2.83 2.1
*A few anomaly data for Sr are discarded.
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Figure 3 The Sr and 137CS monthly deposition observed in Tsukuba, Nagasaki and Yonaguni in the year of 200

Figure 3 depicts results of the observations in Tsukuba, Nagasaki and Yonaguni in the year
of 2000. The Sr and 117Cs deposition maximum was found in the spring in common, which is most
likely to be caused by the active Asian dust events in spring. Therefore, our hypothesis seems to be
basically correct. However, the seasonal change of the 137Cs/90Sr ratio showed different trends from
our first expectation. Only in summer or autumn the activity ratio was low (lower than 2 while
through other seasons the ratio was in the range of 3 to 5. These seasonal trends of the 117Cs/90Sr ratio
are also in common for Tsukuba, Nagasaki and Yonagum. It is certain that wide areas over the
Japanese islands are fluenced by Asian dust in spring. But it may not hold low activity ratio such as
2 or lower, which is different ftom our expectation. Instead the activity ratios were 3 to in spring
months, when high depositional fluxes are observed. The higher 117Cs/90Sr ratios may 'indicate dusts

117CS.emission area may have some precipitations that cause the fractionation of Sr and It is thus
suggested that the Asian dust in spring may be pmarily from cultivated area that has some
precipitation instead of the and area. On the contrary, the low activity ratio recorded in summer or
autumn may suggest that the aeolian dust, oginally coming from the ad area exhibiting low
117CsPoSr ratio, is contained even in the maritime air, probably as a sort of the global background.

From the satellite observations, etc., it is suggested that we have aeolian dust events all over
the seasons over the globe. We may need to consider a larger time and spatial scales in considering the
origin of the resuspension of the anthropogenic radioactivity, which is the equal question as to where
the aeolian dust events occurred. Potential sources for the resuspension of the radloactivities are
summarized in Table 2 The contribution of the Japanese surface soil to the resuspension may be far
smaller than hitherto considered. Only limited time in a year, i.e. windy and desiccated seasons, there
may be the resuspension from the local contamination of Sr and 137CS in the surface soil. So as to
clarify these newly raised issues, fiirther approaches including a chemical transport model study (Lee
et al., in press) are necessary.
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4. Conclusions
In conclusion, we can reasonably assume that the Asian dust from the continent influences deposited
radioactivities in Tsukuba, Japan. However, the dust seems to be originated not only from the desert
but from the semi-arid or cultivated areas in the Asian continent with a small precipitations.
Considering the I 3'Cs/90Sr ratio as an index for the precipitation rate at the emission area of the aeolian
dust, we may need to take into consideration a larger spatial scale, e.g. hemispheric scale, for the
resuspension phenomena.

Table 2 A summary of potential sources of the resuspension

137Cs/90sr Season

Components Emission place ratio influenced

Asian dust Loess Plateau About 3 to 4 Spring to

(Kosa) Gobi desert As low as I to 3 early summer

Asian dust Takhmakan desert Relatively low Spring to

(Kosa) As low as I to 3 early surnmer

Aeolian dust Nliddle East?, Sahara? As low as I to 3 Sununer to
autumn?

Japanese surface Within Japan Relatively high Spring and

soil about 57 winter
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ABSTRACT

Advective-diffusive transport of HTO in unsaturated media was investigated empirically using

deuterated water (D20) and columns filled with glass beads. The tortuosity factor was evaluated by

numerical model calculations corresponding to first experiment for diffusion under no-evaporation

condition. Temporal variations in depth profiles of D20concentrations in the columns were observed

by second experiment, which considers the transferring and spreading of D20 by pore-water flow

caused by evaporation. Measurements and model calculations indicated that diffusion was about two

times more efficient than dispersion for D20 SPreadingprocessunderthis evaporation condition.

KEY WORDS: tritiated water (HTO), diffusion, advection, transport, unsaturated media

1 INTRODUCTION

Tritium is one of the major long-4ived radionuclides which are discharged from nuclear facilities.

The ttium released into the atmosphere could be mainly in chemical forms of tritiated water (HTO)

and tritiated hydrogen (HT). It is well known that HTO is transferred from the atmosphere into the soil

by washout with precipitation[ 12]. Although HT is 25000 times less radiotoxic than HTO, it can be

rapidly oxidized -by microorganisms in the surface soil layer to form HTO[3-71. The tritium, entering

the soil as the chemical form of HTO through these processes or direct application of HTO to

groundwater, may cause a contamination of unsaturated soil and may be re-ernitted from the soil to the
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atmosphere, since it can move easily up and down through the soil column according to the soil

moisture status and other related factors. Therefore, understanding and modelling of HTO transport in

unsaturated soil is required to assess the eission potential of tritium and environmental safety[8-1 1.

In this study, two kinds of laboratory experiments were performed to investigate transport of

HTO in unsaturated media. The first measurement was carried out on steady-state diffusive transport

and the second one concerns advection and dispersion caused by water flow in pore space. Columns

filled with glass beads and deuterated water (D20) were used in the experiments as an unsaturated

media and a substitute of HTO, respectively. The experimental data were compared with calculation

results of a numerical model including three major transport processes of diffusion, advection and

dispersion. Some parameters in the model were obtained from separate experiments and relative

importance of transport processes under evaporation condition was evaluated by the calculations.

2. EXPERIMENTAL METHODS

2.1 Column Preparation

Five columns made of polymethy1mathacrylate with a base area of cm cm and a height of 5

cm were used in the experiments. The upper end of the column was completely opened and the bottom

tip has 61 small openings with 3 mm diameter. One side of wall can be detached from the column

body if necessary. The column was filled with glass beads with weighing after absorbent cotton was

laid on the bottom to avoid passing the beads from the small openings. The glass beads had a diameter

of 02 mm, a bulk density of 136 g cm-3 and a particle density of 261 g cm-3. The particle size is

classified as fine sand in the soil classification system based on standard of International Soil Science

Society[12]. The columns with beads were immersed in deionized water for half a day in order to

prepare a steady-state depth profile of water content. Then the columns were drawn from deionized

water and set in the containers to keep ground water level of 50 cm depth from column surface. The

groundwater level was adjusted by pouring water into an inlet of the container. The amount of water

evaporated from column surface was determined from the decrease in the weight of column and

container once a day. After weighing, deionized water was supplied into the container until the

groundwater level had reached the depth of 50 cm. It was considered that the steady-state depth

profiles of water in the columns were established after 10 days because the evaporation rates almost

became constant.

2.2 Experiment for D20 Diffusion in Unsaturated Media

Column I was used to obtain background depth profiles of water content and D20 concentration

in column. For column 2 deionized water in container was replaced with D20-enriched water with a
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concentration of approximately I (i.e. 10000 ppm) after covering column surface with a film to

suppress evaporation. After 288 h water content and D20 concentration in colum 2 were determined

by following method.

2.3 Experiment for D20 Advection-Dispersion in Unsaturated Media

For columns 3 4 and with groundwater of deionized water, about 20 I of D20 with a

concentration of 100 % were injected into the point of 38 cm depth from column surface. The glass

beads were taken from these columns and analyzed by following method after 79 h for column 3 199

h for column 4 and 312 h for column 5, respectively. During the experiment, the amount of water

evaporated from column surface was determined and the groundwater level was adjusted by the same

way as column preparation.

2.4 Determination of Depth Profiles of Water and D20

To determine water content and D20 concentration in the column, the column was first pull out

from the container and then the sidewall of the column was removed. The samples of glass beads were

taken from the column every cm from the surface up to a depth of 20 cm and every 3 cm between a

depth of 20 cm to 50 cm for diffusion experiment, and every cm up to a depth of 20 cm and every 2

cm below a depth of 20 cm for advection-dispersion experiment, respectively. Each beads sample was

preserved in sealed vessel and was mixed well to homogenize the taken sample. The beads sample was

divided into two portions for measuring water content and D20 concentration. The water content was

determined by oven-drying the sample at 105 'C. To measure D20 concentration, the beads sample

stored in a flask was heated to 105 'C, flowing high purity nitrogen gas 99.99 %) at 0.5 1 min-' for 45

h. The water vapor from beads sample was collected by a cryogenic trap with liquid nitrogen. For

collected water sample, D20 concentration was measured using a gas chromatography (GC; GC-1413,

Shimadzu, Japan). Thereafter, for a water sample with a D20 concentration lower than 300 ppm, the

concentration was re-ineasured with an isotopic ratio mass spectrometry (R-MS; MAT252 plus

H/Device, Finnigan MAT Co.) to obtain accurate value. In the IR-MS, the ratio of the deuterium and

hydrogen in the water sample was measured and compared with that in a standard sample[ 1 1, 1 3].

3. MODEL DESCRIPTION

The transport of HTO in unsaturated media is caused by a combination of two movements that

are a movement of water in the media and a movement of HTO within the water. The transport, under

isothermal conditions, is described by a system of coupled equations that can be solved in tandem[ I 11.
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CAPJ""- '-[K(4v )("- - I (1)at Oz Oz

O(OC) a 'C]
D (O)-' fq(O)C] (2)

1 1 Oz Oz

The first equation is Richards equation for moisture flow in unsaturated media, where V. (m) is the

matric head expressed as a unique function of volumetric water content (volume fraction),

C,,(V,.) the specific water capacity defined as MlOip and K tp ) (m s1) the unsaturated

hydraulic conductivity. The second equation is the advection-diffusion equation that expresses solute

transport in porous media without reaction with materials. In this equation, C (Bq 1-1) is HTO
(M2 S-1)

concentration in water and D 0) is the effective dispersion coefficient of HTO in porous

material. These two equations are linked by the advective water flux ) (m s-1) estimated by

q(O = K(O) 441. - 1 (3)
( Oz

The functions evaluated empirically by van Genuchten were used to describe the relation of and

K to matric head ;p.:

M
0-6 = 1 (4)

O., - 0, I + (al4im )"

2

K (0) 0 O, 1/2 0 0, I/M M

(5)
K, 0, 0, 0, 0,

where 0, is the volumetric water content of saturated media, namely total porosity, 0, the residual

water content and K, (m s1) the saturated hydraulic conductivity. The parameters a, m and n

are the constants depending on the type of unsaturated media[ 14].

The effective dispersion coefficient in the pore is expressed as the following relationship, in which

the first term refers to molecular diffusion in liquid phase, the second term to molecular diffusion in

gaseous phase and the third term to hydrodynamic dispersion in liquid phase:

D, (0) = rOD,, + fic(O, _ O)d D. + ctjq(19)j (6)
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where (dimensionless) is the tortuosity factor for diffusion in porous media, D (M2 s-') the HTO

diffusion coefficient in bulk water, 23 x 10-9 M2 s-1, (dimensionless) the vapour-4iquid distribution

factor, D, (M2 S-1) the HTO diffusion coefficient in bulk air, 2.2x 10-5 M2 s-', and a m) the

hydrodynamic dispersivity. Parameters c and d are constants in the relationship.

4. RESULTS AND DISCUSSION

The water-retention characteristics for all columns are presented in Fig. , which shows the water

content as a function of the depth from column surface. The columns used in diffusion and

advection-dispersion experiments had an almost same distribution of water content.

Fig.2 shows the depth profiles of D20 concentration obtained in diffusion experiment. Although

advective flow of pore-water did not take place under no-evaporation condition in this experiment,

D20 was transported upward by molecular diffusion from watertable in the column 2 The

concentration of 202 ppm was observed at the position of 37 cm depth, which was somewhat higher

than the background concentration of about 150 ppm. In the simulations by numerical model, 5 cm

deep column was divided into 50 layers with uniform intervals of cm. No evaporation was applied to

an upper boundary condition. As this condition conducts no advective water flux in the column, the

depth profile of water content does not change during the objective period. A lower condition was

defined as constant water content of 04 and constant D20 concentration at groundwater level, which

were obtained actually in the experiment. The parameters in water-retention characteristic curve,

0

Column 2
10

20 - ----- ------- ---- ----- - - ------------------------------

B.G. level

Column I30 - ------------- ---------------
Column 2

Column 3
40 Column 4 -- - ---------- ---------------- -

......... Column 

50
0 0.1 0.2 0.3 0.4 0.5 102 103 to4

Volumetric water content [vol./vol.] D20 concentration [ppm]

Fig.1 Water-retention characteristics Fig.2 D20 concentration profile
of columns in diffudsion experiment
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Equation

40 --------------

50

0 0.1 0.2 0.3 0.4 0.5 10 2 10 3 104
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Fig.3 Water-retention characteristics Fig.4 Measurements and calculations
curve used in the model. of D20 concentration in diffusion

experiment

equation 4), were determined by fitting to the observed water-content profile after setting 0, to 002.

The measurements and the curve used in the model calculations are shown in Fig.3. The effective

dispersion coefficient was estimated with the values of = I X 10-3, c = 453 and d = 333. The

only parameters that determine the D20 concentration profile are the tortuosity for diffusion in the

pore space, because D20 transport is independent of advection and dispersion processes under

no-evaporation condition. The calculation results for diffusion experiment, which obtained by

changing the tortuosity factor 'r, are shown with experimental one in Fig.4. The D20 profile

calculated with r = 06 agreed well with the observations. The tortuosity factor estimated by

considering only diffusion process was used in the following calculations.

With respect to the calculation for advection-dispersion experiment, the evaporation rates

observed experimentally was used as an upper boundary condition. Since it is known that K, has a

wide range and is order of 10-4 cm s for fine sand, the K, of I X 10-4 cm s-I was used in the

calculation[12]. The hydrodynamic dispersivity of cm was also used to estimate the dispersion

coefficient[ 151. Fig.5 shows the experimental data and calculated D20 concentrations for columns 3 4

and 5. Discrepancies of concentrations between measurements and calculations were observed near

the watertable and the calculations generally underestimated the measured concentrations to some

degree. Experimental procedure including the injection of D20 into columns may produce the rapid

downward transfer of D20 into the watertable in experiment. An upward shift of peak of D20

concentration and a spreading of D20 were observed with elapsed time in the measurements.

Evaporation conducts water flow and D20 advection in the pore space, resulting in the upward shift of
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the peak. The model calculation provided

0 the water flux of approximately 59 X 10-7

Measured (79h)
Measured (199h) cm S-1 in the column. This was

10 Measured (312h) comparable to the flux of 46 to 93 X
Calculated (79h)
Calculated (199h) 10-7 cm s-' by observations. The spreading

--------- Calculated (312h) of D20 is, on the other hand, can be
20

understood by a combination of diffusion

and dispersion in the pore. The
------------30

coefficients of diffusion and dispersion

were estimated by model calculations to

40 ------------- be 5.5 X 10-6 and 30 X 10-6 CM2 S-1,

respectively. This indicates that the

50 diffusion is predominant processes to
0 500 1000 1500 2000 2500 D20 spreading in column under this

D20concentration [ppm] evaporation condition.

Fig.5 Measurements and calculations
of a0 concentration in advection-
dispersion experiment

5. CONCLUSIONS

Laboratory experiments were performed to investigate HTO transport in unsaturated media, using

D20 and columns filled with glass beads. Profiles of water content and D20 concentration were first

measured as a function of depth under no-evaporation condition to evaluate tortuosity factor on D20

diffusion in pore space. The comparisons between numerical model calculations and measurements

provided the tortuosity of 06 for diffusion in this porous material. Furthermore, behavior of D20

injected into column was observed by advection-dispersion experiment. Observations were compared

with calculations of model including three major transport processes of molecular diffusion, advection.

and hydrodynamic dispersion. The results evaluated that the diffusion was about two times more

efficient than the dispersion for D20 spreading process under this evaporation condition.
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ABSTRACT

Concerning atmospherically released tritium (T) and C14 we have developed a new method,
which can analyze their fluxes and the deposition velocities. Firstly, a simultaneous sampling system
for the speciation of atmospheric tritium and C14 has been developed. This system determines
varieties of chemical forms of tritium and C14, namely tritiated water (HTO), elemental tritium gas
(HT) and tritiated methane (CH3T) for tritium, 14CO2 and 14C H4 for C14, respectively. Secondly, a

new method was developed to determine HT and 14CO2 deposition velocities. This method can

determine their fluxes and the deposition velocities without any tritium and C 14 sources.

KEY WORDS: DEPOSITION VELOCITY, FLUX, BT,'.'CO,, SPECIATION

1. INTRODUCTION

Tritium (T) and C14 are cosmogenic radionuclides which are produced by the reactions of cosmic
rays with the elements of air, mainly by spallation and neutron capture reaction. They are also one of

typical radionuclides which are released from not only nuclear detonations, but also nuclear facilities,

and add some radiation doses to biosphere 1-51.
Deposition velocity is an important parameters which assesses deposition of amospherically

released radionuclide 6 Also important is estimation of fluxes of radionuclides between
atmosphere and surface nvironment. This is especially true for gaseous radionuclides such as tritium

and C 14.
Concerning atmospherically released tritium (T) and C14 we have developed a new method,

which can analyze their fluxes and the deposition velocities. Firstly, a simultaneous sampling system
for the speciation of atmospheric tritium and C14 has been developed. This system determines
varieties of chemical forms of ttium and C14, namely tritiated water (HTO), elemental titium gas
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(HT) and tritiated methane (CH3T) for ttium, 14CO2 and 14 C H4 for C14, respectively. Secondly, a

new method was developed to determine HT and 14CO2 deposition velocities.

This method can determine their fluxes and the deposition velocities without any tritium and C-

14 sources. A large-scale field experiment is not necessary. The fluxes are measured by using a

chamber and parts of the sampling system.

Using these systems, deposition velocities of HT and 14CO2 and their fluxes fi7om surface

environment have been estimated.

2. METHODS

2.1 Development of a simultaneous smpling system for the speciation of atmospheric tritium and

C 14

The main chemical forms of atmospherically released T and C14 are tritiated water (HTO),

elemental tritium gas (HT) and tritiated methane (CH3T) for tritium, 14CO2 and 14 C H4 fr C 14,

respectively

A simultaneous sampling system for the speciation of atmospheric tritium and C14 has been

developed. This system determines varieties of chemical forms of tritium and C14, namely tritiated

water (HTO), elemental tritium gas (HT) and tritiated mthane (CH3T) for tritium , 14CO2 and 14C H4

for C14, respectively. Detail description of this system has already been reported elsewhere including

its pnciple 7]. Figure I shows its block diagrams 7].

Trapped Forms HTO HTO 14CO2 HT HT CH3T & 14 CH

Electronic rite m.SAA ca!31�3t

meter wolei co)umM column

rite
n

Tridulm-froe Water

AU Out

Fig. Block Diagram of Simultaneous Sampling System for the Speciation of Aftnospheric H-3 & C14 7]

2.2 Development of a new method to determine fluxes and deposition velocities of target materials.

A new method was developed to determine fluxes and deposition velocities of target materials

using the flow-through chamber method. This method can determine their fluxes and the deposition

velocities without any sources 8,9]. Figure 2 shows the outline of this method.
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Fig.2 Flux Measurement with Flow-through Chamber Method

The time change of target gas concentration in the chamber is expressed as follows.

dC1dt=FS1V+CaU1V-CU1V (1)

Here,

C: Concentration of target gas in the chamber [g/m'] or [Bq/m'],

Ca: Concentration of target gas in the atmosphere [g/ in'] or [Bq/ M3],

F. Flux of target gas from soil [g/ rn' h or [Bq/ in' h],

S: Bottom area in the chamber [M2],

V. Volume of the chamber [M3],

U. Air flow rate [M3 /hI,

T- Sainpling time [h],

QOUt(T: Total volume of target gas sampled in the sampling time[m'],

exc: Time needed to exchange the air in the chamber [h].

When t equals to 0, C equals to Ca. Then C(t) is expressed as follows.

C(t) =Ca+FS1TJ(1-e)cp(-t1exc)) (2)

Total volume of target gas sampled in the sampling time is expressed as follows.

Qout(T=(TJCa+FS)T-FSexcfl-exp(-Tlexc)) 3)

Then, mean flux of target gas while sampling is expressed as follows.

F=(Qout(T-UCaTI(ST-Sexc[I-exp(-Tlexc)] 4)

Here, UCaT equals to total aounts of inflow target gas into the chamber while sampling.

The steady state concentration Cs of the target gas inside the chamber after sufficient time can be

obtained by Eq.2 as

Cs= Ca FS111J. (5)

The deposition velocity of target gas (Dt) is expressed by dividing its flux by its concentration near the

ground surface according to the definition 6], and expressed in formula as follows;

Dt=FlCa (6)
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3. RESULTS AND DISCUSSION

3.1 Determination of atmospheric H-3 and C14

Concentrations of atmospheric H-3 and C14 in the site of Tokai Research Establishment, Japan

Atomic Energy Research Institute are determined using the developed methods. Atmospheric HTO,

HT , CH3T and 14 C02 are determined, respectively. Their concentrations, for example, are 10.6

mBq /M3 for HTO, 10.4 mBq /M3 for HT 73 mBq /M3 for CH3T, 303 mBq/gC for 14 C02, respectively at

Oct. 911, 1996. Atmospheric 14 C H4 concentration can not be determined, because of its quite low

concentration.

3.2 Measurement of HT and 14CO2 fluxes and deposition velocities

HT and 14CO2 fluxes have been measured at the site of Tokai Research Establishment, Japan Atomic

Energy Research Institute according to the method described in section 22. Two samplers were

necessary to determine the Cs and Ca at the sme time. Table I shows some results of flux

measurements according to the Eq. 5. The flux of HT was from the atmosphere to the soil surface.

This is because atmospheric elemental tritium (HT) used to be oxidized in the microorganisms in the

surface soil. On the contrary the flux Of 14CO2 was from the surface soil to the atmosphere. This is

because the source of C 14 sll exists in the surface soils, in case of no major artificial sources of C 14.

C-14 in the surface soil is mainly attributed to the atmospheric nuclear detonation in early 1960's[2].

The depth profiles of C 14 show highest concentration of C 14 in the very surface soil layer I .

Deposition velocities of target materials can be calculated according to the Eq. 6 The calculated

deposition velocities of HT are a little bit lower than the values reported previously. This is because

the measured soil was sandy soil which showed lower oxidation activity of HT by microorganisms

Table I
Examples of HT & CO, flux and deposition velocity on the ground
�surface
.............................................. 6.............................. .... .

Date Place Form Flux(Bq/M2$) Vg(M/8)

......................................................................................... sm.

July 13-17, 1998 JAERI, Tokai.site HT 4.2X10-7 7.3x10-6
Sep. 101-14, 1998 JAERI, Tokai-site HT 6.6x10-7 1.4x10-5
Mar.13'17,2000 JAERI, Tokai-site HT 3.7x10-5
Nov.06,2000 JAERI, Tokai site C02 -2.2x10-5
Nov.13,2000 JAERI, Tokai site C02 -2.7x10.5
NOV.22,2000 JAERI, Tokai site C02 -2.0x!O-'
Nov.28,2000 JAERI, Tokai site CO, -2.5x10-5
.................................... .....................................................

4. CONCLUSION

Concerning atmospherically released titium (T) and C14 we have developed a new method,
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which can analyze their fluxes and the deposition velocities. Firstly, a simultaneous sampling system

for the speciation of atrhospheric tritium and C14 has been developed. This system determines

varieties of chemical forms of tritium and C14, namely tritiated water (HTO), elemental tritium gas

(HT) and tritiated methane (CH3T) for ttium, 4CO2 and 14 C H4 for C14, respectively. Secondly, a

new method was developed to determine HT and 14CO2 deposition velocities. This method can

determine their fluxes and the deposition velocities without any tritium and C14 sources.
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ABSTRACT

Heavy water vapor release experiments were carried out in a greenhouse using deuterium as a

substitute for ttium and uptake and loss kinetics of D20in leaves and formation, translocation and

retention of organically bound deuterium (01313) in bean of soybean exposed to 1320under different

growth phase were investigated. Rate constants of 1320uptake in leaves of soybean in the daytime

release were 06 - 61 hr-1 and several times higher than those in the nighttime release. Rate

constants of D20 loss in leaves after daytime release were almost the same as those after the nighttime

release. No significant difference in the half time of D20 loss was observed between daytime and

nighttime releases. After D20 release, 01313 concentration in bean in daytime experiments increased

with time until 3 - 4 days of the experiments and then decreased with time. The OBD concentrations in

bean in daytime release were several times higher than those in nighttime release while the extents of

decrease of 01313 concentration were somewhat lower than those in the daytime experiment.

KEYWORDS: tritium behavior, ritiated water, heavy water, soybean

1. INTRODUCTION

A great amount of tritium gas will be used in the future nuclear fusion reactors as fuel for DT

reaction. Tritium is released in the environment during normal operation or by an accident. Among the

chemical forms of tritium released in the environment, tritium gas is less toxic than ritiated water

(HTO), but it can be oxidized to HTO by microorganisms in the soil and HTO has the most important

contribution to dose estimation. Especially as for tritium taken into human body via food chain, the

dose due to organically bound tritium (OBT) is 23 times higher than that due to HTO (ICRP 1995)[1].

Studies on OBT formation and translocation to the edible parts of vegetation in the local envirormient

are limited 2-4] and required for dose assessment purpose. However it is difficult to do tritium elease
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field experiments in Japan due to public acceptance problem. Mus heavy water (D20) vapor release

experiments in a greenhouse were carried out in the Nfito campus of baraki University using using

D20 as a substitute for HTO[5-6]. In this study, uptake and loss kinetics of D20 in leaves and

formation, translocation and retention of organically bound deuterium (OBD) in soybean were

reported.

2. EXPERIMENTAL METHODS

Two greenhouses, a long rectangular parallelepiped (1.8m x 1.8m x 3.6m) covered with vinyl

sheets, were put on a campus field, one for daytime release and the other for nighttime release. D20

vapor generated by an ultrasonic humidity supplier containing 20% D20 was introduced with dry air

into a greenhouse for hours. Daytime release was usually conducted from 8:00 to 16:00 and

nighttime release was from 20:00 to 400 in next morning. The temperature in the greenhouse was

controlled by air conditioner and a shade on the roof if necessary. Table I shows the average

temperature and relative humidity at the sampling point of soybean in the greenhouses in 6 times of

daytime release experiments and times of nighttime ones held in three years from 1999 to 202.

Table I Temperature and relative humidity during D20 release
Daytime Nighttime

Day of D20 release Temperature Relative humidity Temperature Relative humidity
Exp. No daytime, nighttime (0c) (%) (0c) (0/0)

1 99/08/21, 99/08/22 31.0 65.4 21.6 84.7
II 00/08/10, 00/08/10 30.3 51.2 23.9 89.1
Hi 00/09/12, 00/09/12 22.7 78.8 22.9 96.2
IV 02/04/30, 02/04/30 18.5 90.2 18.1 98.5
V 02/08/27, 31.4 60.6
VI 02/09/12, 02/09/12 32.2 59.0 22.9 99.0

An early-ripening variety of soybean (Glycine max) was'seeded in greenhouse grounds on June 6

and harvested on October 23 in 1999 [5]. Soybean used in the 2000 experiments was seeded in pots on

June 6 or 2 , flowering on July 16 and harvested on October IO. In 2002, young soybean plants in pots

were used on April 30 experiments and ripened beans were harvested on June 22, while soybean used

on August 27 and September 12 were late seeded in pots and grouped A (about August 14 and 

(about August 18 ) by its flowering day. Collection of water from soil or tissue free water of plants

was performed by a microwave oven. For determination of organically bound deuterium (OBD),

non-exchangeable OBD, plant samples were dried for 48 hr in an oven at 600C and followed by two

times repetition of drying up after bathing with water. The dried samples were burned under high.

oxygen pressure in a chamber and the combustion water was collected using a cold trap.

D20 concentration in a sample was determined by gas-liquid chromatography equipped TCD 7].

The D20 uptake kinetic parameter of plant sample was calculated by fitting plant sample data to a

kinetic model by Belot et al [8]: Cp = C. (I -e-k), where Cp is D20 concentration in a plant sample at

time t C. is the steady state concentration and k is the rate constant. In this study, we modified the
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equation as Cp using D20 concentration ratio instead of D20 concentration, i.e. Cp is

D20 concentration in free water of a plant sample (Cp)/ D20 concentration in air moisture (C.) around

sampling plant at time t, and then C,.. is the steady state concentration ratio, and calculated k and

Cr,. by a computerized non-linear least square method (NLIN procedure of statistical analyst

systems: SAS). The rate constant of D20 ss in plant was calculated by a equation: Cp = Co e7k, where

Cp is D20 concentration in free water of a plant sample at the elapsed time (t) after the end of release,

Co is D20 concentration in air moisture at time t = (the end of release). Translocation index (TLIa)

[9] was calculated as follows: TLla = 0131) in soybean bean (ppm)/mean D20 concentration in air

moisture at steady state (ppm). Another translocation index TLlp 3] was also calculated as follows:

TLlp= 01313 in soybean bean (pprnymean TFWD in soybean leaf at the steady state of exposure (ppm).

For comparison, D20 concentration in air moisture at the steady state during the daytime and

nighttime releases was normalized to 20000 ppm, respectively

2. RESULTS AND DISCUSSION

In the daytime release, D20 concentration of tissue free water in soybean leaf rapidly increased

and reached almost a constant level during the release and the rate constants of D20 uptake in tissue

free water in leaf were several times higher than those in the nighttime release (Table 2 The

calculated steady state concentration ratios (C,,.0 of plant leaves were 0.5-0.8 in daytime releases,

0.4-1.1 in the nighttime, which were almost the same as observed data in both releases. The rate

constants of D20 uptake in bean and hull (Exp. 1) were very low compared with those in leaf and Cr,,..

in bean was about one-half that in leaf in both releases.

Table 2 Rate constant k) and steady state concentration ratio (C,,,.) of

D20 uptake from air to soybean

Daytime release Nighttime release

Exp. No. Sample, Exp. k (hf Cr k (hr-') C.

I Leaf, Aug. 99 3.0-4-1.7 0.6:i-0.0 0.7+0.3 0.4±0.1

I Bean, Aug. 99 0.2:i--0.4 0.3=F0.2 0 I =FO.O 0.2:1-0.0
1 Hull, Aug. 99 0 I ±-O I 0.5=i:0.5 0 I ±-O.O 0.3+0.0

H Leaf, Aug. 00 1.5±0.3 0.5=L-0.0 0.4+0.2 0.8±0.2

HI Leaf, Sept. 00 0.9±0.4 0.7±0.0 1.6±0.6 l.0:W.0

IV Leaf, Apr. 02 1.4+0.4 0.8+0.1 0.6=FO I 1.0+0.0
V Leaf, Aug. 02 6.14-1.5 0.8=L-0.0

VI Leaf, Sept. 02 5.7+1.9 0.7=L-0-0 0.5+0.1 1.1+0-1

Cp/C.=Cr.(1 -e -kl)

CP: TFVVD concentration in plant (ppm)

C. D20 concentration in air moisture (ppm)

Cr,,,. Steady state concentration ratio (Cp/C.)

k Rate constant of D20 uptake from air

t Time after the start of exposure (h)
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Table 3 Rate constant (k)*' and half time 2 ) *2 of TFV*7D loss from soybean

Daytime release Nighttime release

Exp. No. Sample, Exp. k (hf t1/2 hr) k hr-') t1/2 (hr.)
I Leaf, Aug. 99 1.1+0.2 0.7 0.5-4-0.1 1.3
H Leaf, Aug. 00 0-8=1-0 1 0.8 1.0+0.0 0.7
III Leaf, Sept. 00 1.24-1.1 0.6 1 I 4-0. 1 0.6
IV Leaf, Apr, 02 0.9+0.1 0.8 0.6+0.1 1.2
V Leaf, Aug. 02 1.4-4-0.1 0.5
VI Leaf, Sept. 02 1.24-0.2 0.6 0.9+0.0 0.8

-1, CP=COe -kt *2, e -ktl 2 =1/2

Table 3 shows the rate constant and half time of D20 loss in free water in leaf of soybean after the

release. The loss rate constants in leaf were 08-1.4 in the daytime release and almost the same as

those in the nighttime ones and no significant differences were also observed in half times of D20 loss

in leaf.

Soybean is used as various kinds of processed foods and the recent annual consumption of

soybean is 65 kg per person in Japan. Among the chemical form of tritiurn taken into body, the dose

due to organically bound tritium (OBT) is above 2 times higher than that due to HTO. Thus studies on

formation and translocation of OBT to the edible parts of vegetation and its retention are required. Fig.

I shows changes of OBD concentration in various parts of soybean, leaf, pea (bean), hull stem and

roots, exposed to D20 vapor until harvest (the release experiments in 1999). In the daytime and

nighttime releases, OBD concentration (ppm) in bean increased with time until 4 days of the

experiments and then most of OBD decreased within 10 days. OBD concentration in hull also

increased to about 14 that of bean but hardly decreased with time. At the start of release

experiments, beans in hulls were very thin and sall and thereafter rapidly grown. Te decrease of

OBD concentration included both the dilution of OBD with newly synthesized organic matter and the

metabolic consumption of OBD for growth. Figure 2 shows growth of bean and decrease of water

content toward maturation. In this country, boiled young green soybeans used to be one of favorite

foods in smmer. Thus there are two harvest times in case of soybean.

In Fig.3, translocation indexes (TLIp) of young green beans (G) and ripened yellow beans (Y in

three daytime and two nighttime release experiments were compared. In 2000 experiments, soybean

on August 10 was in the middle stage of the steep growth period of bean and on September 12 was in

the retardation phase of bean growth. TLIps in young green beans and ripened yellow beans from

soybean exposed to D20 in a steep growth period of bean were low as 02-0.3 in daytime release and

more lower in nighttime release (Fig.3). In 2002 experiments, soybean on August 27 was in the early

stage of growth phase (Fig. 3 and on September 12 was in the early retardation phase (Fig. 4. In Fig.

4, beans of group A were somewhat mature than those of group B. The highest TLIp was observed on

beans (group B) of early retardation phase of growth, 43% at 92hr after the start of daytime release on

September 12 and then decreased to 0.8% at 692hr. TLIps in green beans in nighttime release were

about 1/5 those in daytime release, while TLIp in ripened yellow beans was about 12. In case of

spring wheat exposed to HTO vapor, only slight decline of the pecific OBT concentration in
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the ear during growing period were observed [101. Tran8location index TLIa (/0 of OBD to

bean, OBD in soybean at harvest (ppm)/mean D20 concentration in air moisture at steady state

(ppm), was shown in Table 4 Except the results of experiment No. IV, harvesting times of beans were

Soybean, daytime release (I 999) Soybean, nighttime release 1999)

500 500
0 Leaf o Leaf

400 0 Pea 400 0 Pea
Hull ... Hull300 300

.0 6 Stem Stem
200 ... X. -- Root 200 ... Root

too 100

0 0 0
-too -1000 400 goo 1200 1600 0 400 Soo 1200 1600

Time (h) Time (h)

Fig. I Changes of OBD concentration in leaf, bean (pea), hull, stem and root of soybean during and after D20 exposure

0.9 120

0.8 0
0 100

0.7
0

0.6 Ilk go

0.5
0 60

0 0.4 0 A
13

0.3 o wetweight 40

0.2 calculated wet weight
A water content 20

0.1 - 0 ------- water content

0 0 0

0 10 20 30 40 50 60 70
Day after flowering

Fig. 2 Growth of soybean and changes of water content of bean

G(t)=Gmaxexpj-exp(-k(t-Q)j Flowering day: 02/8/14,16
Gmax = 067-+0.05 D20 exposure: 02/9/12
k 0 10-+0.03
tc 17.3±2.3
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0.70

0.60

0.50 13 Daytime rlease

E Nighttime rlease
0.40

E� o.30

0.20

0.10

0.00

00/8/]OG- 00/8/]OY- OOJ9/12G- 00/9/12Y- 02/8/27C- 02/8/27Y-
614h 1476h 176h 676h 176h 920h

Fig.3 Tanslocation index (1/6) in young (G) and ripend (Y) soybean in 2000

(August and September) and 2002 (August)

4.5

4.0 13 Daytime A

13 Daytime 
3�5

M Nighttime A

3.0 M Nighttime 

2.5

E- 2.0

1.5

LO

0.5

0. 0

8h(G) 92h(G) 104h(G) 692(Y) 704h(Y)

Fig, 4 TLI p (%) in young(G) and ripened (Y) soybean harvested at 892,104,

692 and 704 hours after the start of D20 eVosure on 02/9/12

Table 4 Tanslocation index (TLIa) in oung and ripened soybean at harvest

TLIa %)

D!)jime release Mig�� e release

En. No. En. Date You�g bean Ripened bean You�g bean Ej2ened bean

I Aug. 99 0.08 0.08

11 Aug. 00 0.11 0.13 0.04 0.15

III Sept. 00 0.43 0.33 0.22

IV Apr. 02 0.00 0.00 0.00 0.00

V Aug. 02 0.21 0.15

VI Sept. 02 (A) 2.87 0.70 1.00 0.62

VI STt. 02 3.41 0.63 0.88 0.39
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shown in Fig. 3 and 4 As for soybeans used in April 30 release experiments, flowering started on June

I and harvesting dates were June 27 for green beans and July 27 for ripened yellow beans and OBD

was not detected in either case. Very high TLIa values observed in young green beans (group A and B)

of September 12 experiments were owing to specific growth phase, i.e. the early retardation phase of

bean, and short time pass after the release-stop when the apparent translocation of OBD to bean was

maximum. TLIa of group beans, which were about 4 days younger than group A beans, was at first

somewhat higher and then slightly lower than those of group A beans, probably due to high growth

and storage phase of beans with ative metabolism.
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ABSTRACT

'Me experiment of the exposure of tritiated methane (CH37) to plants was carried. Pants were
put in the airtight container that H3T gas was added. 'Me amount of hght hat it irradiate pants was
changed, and the amounts of photosynthesis as the metabolic change activities of the pants were
adjusted, and processes of assimilation to the plant of CH3T were evaluated under a constant
temperature. The leaves in the container and the inside gas were collected in every interval, and tritium
concentrations the samples were determined.in

It is observed that CH3T concentration in the container decreased under both the light and dark
conditions. On changing from dark to fight condition, there was no change in the decreasing tendency
of the CH3T concentration. These show that tritiated methane would be taken in the pants without the
photosynthesis process, but through the oxidation by microorganism on pants.

KEY WORDS: tritium, methane, plant, photosynthesis

1. INTRODUCTION

Most titiu () released from a variety of nuclear facilities is generally in the molecular fbrm
(tritiated hydrogen gas - HT or T2 - referred to here as FM or the oxide form (tritiated water - HTO,
DTO or T0 - referred to here as HTO). Some tritium ay also be released in various organic
chemical forms, mostly as tritiated methane gas (CH4-.T,,- referred to here as CH3T) [1]. Tritiated

methane will be released from not only nuclear detonation but also nuclear fusion reactors and burial
sites of radioactive wastes cluding tritium 2]. Among them the migration behavior of discharged
HTO and HT are rather well known cluding uptake by plants, but knowledge of discharged organic

forms of tritium is lacking 2]. In the environment, the chemical form of the released tritium may

change. Tritium released as HT may be converted to HTO with subsequent transformation to OBT,

some released as HTO ay become bound as OBT in biota. Photosynthesis is the mechanism by
which most of the pmary production occurs in ecmystems. Plant incorporates carbon dioxide into

organic molecules through photosynthesis. Stomata in the leaf can open or close to control the
movement of carbon dioxide in and water vapor out of the leaf. Tritiated water vapor is easily taken in

the body plants through their stomata. The possibility of direct uptake of atmospheric tritiated

methane by plants was suggested by Belot 3] and Amano 41, though methane gas is known as inert
in photosynthesis of plant.

It is u'nPortant in public health to evaluate the intake of tritiated compound to the plant in

steady state and toward an unusual release from the nuclear power facilities. lt is necessary to clear the
intake mechantsm of tritiated methane to the plant in detail.

2. EXPERIMENTAL

2. t. Overview of the experiment

The experiment of the exposure of tritiated methane to plants was planned. Plants were put in
the airtight glove box chamber that tritiated methane gas was added. Several potted plants having

different photosynthetic processes were exposed to tritiated methane in the enclosed chamber over
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three days. The exposure chamber was constructed of acrylic boards. The volume of the chamber was
ca. 140 L. Over the upper part of the chamber, there are nuorescent lamps. The plants were exposed to
a total of 98 MBq of tritium in the form of methane nuxed with the chamber. he mthane carrier gas
was 630 ppm. Photosynthesis is the tight reactions, and the intensity depends upon the light intensity.
The amount of fight irradiate pants was changed, and the amounts of photosynthesis as the metabolic
change activities of the plants were controlled, and processes of assimilation to the pant of tritiated
methane were evaluated under a constait temperature. The temperature in the chamber was withi 26
+/- I T during the whole expermient. The intensity of light was shown in Table 1. Exposure began in
the dark condition. Tritiated methane gas in a gss break-seal ampoule was released into distilled
groundwater which has no tritium, to prevent the exposure of tritiated water and soluble tritiated
molecules to pants in the hamber. The potted plants exposed to tritiated methane included young
tomato (Lycopersicon escitknium MELL.) as a C3 plant, Indian corn (Zed flu7p L) as C pant, and aloe
(Aloe arborescens Miff.) as a CAM pnt. Each pot was covered with a pstic film to prevent the
reaction of methane gas with the potted soil [5]. In addition, the surfaces of covered film and the side
wall of chamber were sterilized by 70% ethanol solution to prevent the Microbial interaction with
methane gas. Only the leaves and branches were eposed to tritiated methane.

Table 1. Light intensity in the chamber during the experiment.

Tune Intensity

(h) OX)
- 4

4 - 4.5 500

4.5 - 30,000

- 12 20,000

12 - 20 10,000

20 - 0

2-2. Sample treatment

The leaves in the chamber and the 'inside gas were collected every interval, and ttium
concentrations in the samples were determined. The tritiated methane in the air was collected
periodically -in 5mL-glass vials and sealed with septum caps the glove box chamber. After CHT
exposure, the collected air was introduced into ylinder of the ionization chamber (Ohkura Electric),
and Concentrations of CH3T in the dumber were determined.

The leaves were collected periodically in 5mL-glass vials and sealed with caps in the glove
box chamber After three days of exposure, sealed leaf samples were added to distilled water with no
tritium, to extract the tissue fi-ee water tritium the exposed leaves - The extracted water was added to
a liquid scintillator, Pico Fluor LLT and radioactivity measured using a liquid scintillation counter,
Packard 2250 LSC. The tritiated water vapor in the chamber was collected by adsorption on molecular
sieves (MS-5A) -in 20-mL glass vials. Then, they were added to distilled water with no tritium to
dilute the adsorbed tritiated water vapor, and radioactivity supernatant fraction measured with
Packard 2250 LSC.

3. RESULTS AND DISCUSSION

3. t Tritium ncentration - the chamber

Fig I shows accumulation of tritium in the form of CH3T with elapsed time after the itiation
of CH3 eposure. Amount of CH3T in the chamber was showed arithmetic decrease at the begmning
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Of the CH3T exposure in spite of dark ondition. Photosynthesis process does not work in the dark
condition. The decrease in amount of CH3T in the dark condition means w photosynthesis process
did not involved in metabolism of nv!thane gas.

too

10 
to
C

0 5 10 15 20 25
Time (h)

Fig. 1. Time course of trittated nudiane (CH37) in the experimental chamber
(Me plots were average in duplicate.)

The dew condensed on the 'inside wall of the chamber was observed. Relative humidity was
anticipated to be saturated the chamber at the end of CH3T exposure, because of the water
transpired from plants the chamber. Fig. 2 shows accumulation of tritium in the form of HTO in
water vapor with elapsed time after the initiation of CH3T exposure. The drastic increase of HTO at 4h
from the sart of exposure was meant to be resulted in the oidation of CH3T, and strongly suggests the
microbial oxidation of methane gas. The temporal decrease of HTO concentration at Sh fimm the start
of exposure was observed. The decrease was assumed to be resulted in the trativiiation. 1-figh
intensity of light 30000 x) between 4.5h and Sh promoted the wnspiration from the plant body, and
water vapor with low tritium concentration was released in the chamber After 12h from the star of
CH3T exposure, most tritiated methane was oxidized to tritiated water, and trilium concentratio in
water vapor bcame steady value.
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0 15000
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0
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Time (h)
Fig. 2 Changes of HTO concentrations the concentration the experimental chamber.

(The plots were average in duplicate.)

3.2. Tritium concentration vegetation

Tritium was detected in the exposed leaves of C3 and C4 plants in the tissue free water Fig. 3
shows accumulation of tritium in the form of FWT in several potted pants with elapsed time after the
initiation of CH3T exposure. FWT concentration in leaves of the tomato which are C3 plants gadually
increased. FW17 concentrations in leaves of the Indian corn which is a C pnt was almost the same
level as the C3 plaits at 0-20h, but FWI' in the aloe which is a CAM pnt stayed at a very low level
during the whole of CH3T exposure, because of the short duration of the exposure of light by which
photosynthesis activity proceeded. After 20h, WI' concentrations leaves of tornato as C3 plant less
increased compared with the Indian corn as C4 pWA. There seems to exist potential mechanisms for
transfer of bitium from bitiated methane in air to HTO in plant leaves. Some microorganisms living in
the surface of plant leaves may convert some amounts of CH3T to HTO. Trkiated methane may be
oxidized on the leaf surface by methane oxidizing bacteria to tritiated water, which could transform
into leaf cells where they could be readily metabolized and/or involve tritium exchange with cell water.
Tritium was consider to be tansferred into the leaves as water vapor after conversion of CH3 to
HTO.

LA)w FWT/HTO ratio (< 0.01) was observed in each plait. These values were quite low
compared with the reported value 6]. High humidity ay account for the low transpiration rates. A
concentration of carbon dioxide in the chamber was increased to over 8000 ppm at the end Of CH3T
exposure. The low ratios arose fi-orn suppress the transpiration through the stomata owing to large
amounts Of C02 and high humidity in the chamber However, the HTO concentrations in the chamber
were reflected on the FWT in vegetation 7-91.

Mm suggests did the trausfer of hAmted methane to plants is general phenomena in C3 and 4
plant not dependent on the difference of the photosynthetic through conversion of CH3T to HTO.
CAM pnt closed its stomata in daytime, so titium did not ease into aloe.
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Fig. 3 Changes of FWr concentrations in vegetations (tomato, Indian coms, aloes)
M the experimental chamber.

(Me plots wem average in duplicate.)

4 CONCLUSIONS

Tntjuurn was detected the pant leaves which are exposed to tritiated mhane. CH3T was

rapidly oxidized into HTO in the dark condition. That is indicated that photosynthesis could have low

or no nfluence on the oxidation of CH3T. CH3T was thought to be oxidized through the nucrobial

processes on the plant surfitce in tis experiment. The mechanism of accumulation tritiated methane in

plant 'LS not dependent on the photosynthesis-
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4.22 KOREAN EXPERIMENTAL STUDIES ON THE RADIONUCLIDE
TRANSFER IN CROP PLANTS

Y. H. CHOI, K. M. LIM, G. S. CHOI, H. J. CHOI, H. S. LEE and C. W. LEE

Nuclear Environment Research Division, Korea Atomic Energy Research Institute,
P. 0. Box 105, Yusong, Daejon, 305-600, Korea

ABSTRACT

In Korea, data on the radionuclide transfer in crop plants have been produced almost exclusively
at the Korea Atomic Energy Research Institute (KAERI), where experimental studies have been
carried out for last about 20 years. These works are briefly outlined in this paper, which shows results
with emphasis on rice data.

Soil-to-plant transfer factors of radionuclides including radiocesium and radiostrontiurn were
measured through greenhouse experiments for various crop species. Not only conventional transfer
factors but also those based on the activity applied to unit area of the soil surface were investigated.
Field studies on the transfer of fallout ... Cs were carried out for rice and Chinese cabbage.

As for parameters in relation to direct plant contamination, interception factors and translocation
factors were obtained through greenhouse experiments. Plants were sprayed with radioactive solutions
containing 5Mn, 17CO, 85sr, 103RU and 134Cs at different growth stages. Experiments on the plant

exposure to airborne HTO and I2 vapor were also carried out.

The transfer parameters generally showed great variations with soils, crops, radionuclides and

isotope application times. Most experiments were designed for acute releases of radioactivity but some

results are applicable to steady-state conditions, too. Many of the produced data would be of use also

in other countries including Japan.

KEY WORDS: KOREA, EXPERIMENT, RADIONUCLIDE TRANSFER, CROP PLANT

1. INTRODUCTION

Radionuclides released from the nuclear facilities to the atmosphere transfer to crop plants via

direct and indirect pathways. The direct pathway begins with the plant interception of deposited

radionuclides and ends with the translocation of radionuclides to plant edible parts. The indirect

pathway consists of the root uptake following radionuclide deposition onto soil.

The values of the parameters on the pathways are generally known to greatly depend on
environmental and agricultural conditions. Such variability of the parameter is a main source of

uncertainty in predictions by food chain models, which can considerably be reduced by using realistic

parameter values.
A number of studies on the radionuclide transfer in crop plants have been carried out in Western

countries for last several decades 1,2]. However, their soils, climates, agricultural practices and crops

of interest are much different from Koreans. So, it is not desirable to use their data for Korean food

chain dose assessment.
With the understanding of these circumstances, the KAERI (Korea Atomic Energy Research

Institute) has carried out many experimental studies for last about 20 years to produce domestic data

on the radionuclide transfer in crop plants 3]. In Korea, this kind of work has been done almost

exclusively by the KAERI.
This paper is to briefly summarize the works having done up to now. 'Me future plans for

experimental works are also included. A considerable part of the present results would be applicable to

Japanese models because many crop species are of common interest in Korea and Japan.
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2. INDIERECT PATHWAY EXPERIMENT

2.1 Investigation of TF ix

The conventional soil-to-plant transfer factors (TF,,,i,,, unitless) for rice, barley, soybean, peanut,
sesame, Chinese cabbage, lettuce, radish, carrot and garland chrysanthemum, were investigated
through pot experiments in a greenhouse. Table I gives physicochernical properties of the
experimental soils and Table 2 gives the results for rice.

Field studies were carried out to investigate "'Cs Tsmi" for rice and Chinese cabbage. Mature
plant and associated soil samples were collected at paddy and upper-land fields located all around
Korea. Table. 3 gives physicochernical properties of the field soils for which Ts.i,, could be
determined and Table 4 summarizes the results.

In the field study, Tsmi,, of "'Cs for rice seeds were an order of magnitude lower compared with
those from the greenhouse experiment. Ibis is attributable to aging of fallout 131CS in the field soil for
years to decades.

Table 1. Physicochernical properties of the soils used for the 'ITMix experiment

Soil pH O.M. T.N. A.PT. Exch. Cation (cniol/kg) C.E.C. Sand Silt Clay Soil
code (1:5) (%) (%) (PPru) K Ca Mg Na (molft) (%) (%) (%) texture

A 6.4 0.42 0.01 440 0.36 4.5 0.29 0.14 7.5 78.9 16.4 4.7 SL

B 4.4 0.94 0.07 310 0.16 1.8 0.12 0.03 6.7 71.4 20.6 8.0 SL

C 6.1 0.68 0.05 375 0.18 3.3 0.12 0.02 4.7 81.9 15.3 2.8 LS

D 5.6 0.93 0.07 59 0.16 3.9 0.42 0.15 5.4 71.9 20.9 7.2 SL

E 4.6 2.43 0.16 208 0.11 3.2 0.25 0.11 7.2 67.3 26.7 6.0 SL

F 7.7 2.60 0.14 57 0.36 13.2 1.12 0.14 10.1 46.9 38.6 14.5 L

* 5.5 2.00 0.11 24 0.25 3.2 1.32 0.13 10.5 6.2 63.1 30.7 SiCL

* 6.0 - - - - - - - - - - - SL

A. PT.: Available phosphate.

Table 2 T%�. of radionuclides for rice seeds in different soils

TF.j. (Bq/kg-plant per Bq/kg-dry soil)
Plant part Soil

Mn Co Zn Sr Cs

A 2AE-01 4.5E-03 1.2E-01 2. 1 E-02

B 3.2E-01 6.OE-03 2.7E+00 - 6JE-02

C 2.3E-01 2.3E+00 - 1.8E-02
Hulled Seeds

D 1.2E-01 2.2E-03 5.8E-01 - 3.OE-02

(dry) E 5.2E-01 5.9E-03 2. 1 E+00 - LOE-01

F - LOE-02

G - - 4.OE-02
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Table 3 Physicochemical properties of the soils for "'Cs TFsmi,, obtained through field studies

Soil pH O.M. ATT. C.E.C Sand Silt Clay Soil
code (1:5) N (ppm) (cmol/kg) N M M) texture

FR-A 5.5 3.74 378 11.4 58.6 27.4 14.0 SL

FR-B 5.8 3.24 149 10.2 65.0 21.0 14.0 SL
FR-C 5.5 1.69 125 12.8 52.9 30.1 17.0 SL
FR-D 5.6 2.24 153 7.5 39.3 40.7 20.0 L
FR-E 5.7 6.55 786 14.6 47.9 38.1 14.0 SL
FR-F 5.5 1.94 27 9.5 50.3 29.6 20.1 L
FR-G 4.9 3.12 3 7.3 60.2 22.3 17.5 SL

FR-H 5.8 2.14 213 8.6 59.7 19.9 20.4 SCL
FR-I 4.3 2.07 69 14.7 23.0 51.1 25.9 SiL
FR-J 5.0 1.95 230 6.5 65.6 17.1 17.3 L

FR-K 5.6 2.52 132 9.1 43.5 40.1 16.4 L
FR-L 6.4 1.83 408 9.3 42.0 36.7 21.3 L

FC-A 5.4 3.52 1052 9.9 69.2 22.8 8.0 SL
FC-B 5.9 3.67 1024 12.5 67.5 23.5 9.0 SL
FC-C 6.2 2.88 1077 7.5 67.6 23.4 9.0 SL
FC-D 6.1 1.96 880 9.9 65.3 25.7 9.0 SL
FC-E 5.5 1.66 161 8.7 68.9 17.1 14.0 SL
FC-F 5.1 2.36 1275 11.3 61.8 20.8 17.4 SL
FGG 6.4 2.71 1515 8.9 73.8 13.4 12.8 LS
FGH 6.8 4.79 832 14.1 72.9 11.9 15.2 SL
FC-I 5.9 2.21 1325 9.8 72.2 15.6 12.2 SL
FC-J 4.2 2.41 2038 9.7 63.4 22.3 14.3 SL
FC-K 5.8 3.17 627 14.0 31.3 53.3 15.4 Sil,
FC-L 5.6 3.00 828 9.8 52.3 28.2 19.5 SL

Table 4 Ts.,j., of fallout 137CS for rice and Chinese cabbage i agricultural fields of Korea

Hulled rice seeds (dry) Chinese cabbage top (fresh)

Soil 'rFmix Soil 'rFmix

FR-A 2.3E-03 FC-A 1.3E-03
FR-B 7.lE-03 FC-B 6.8E-04
FR-C 1.9E-03 FC-C 6.2E-03
FR-D 6.9E-03 FC-D 1.7E-02
FR-E 2.OE-03 FC-E 1.8E-03
FR-F 1.2E-03 FC-F 5.1E-03
FR-G 1 I E-02 FGG 3.8E-03
FR-H 9.8E-03 FC-H 1 I E-03
FR-I 8.2E-03 FC-I 2.2E-03
FR-J 6.6E-03 FC-J 2.6E-03
FR-K ME-03 FC-K 1.3E-03
FR-L 7.7E-03 FC-L TOE-03
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Table 5. Physicochemical properties of the soil used for the TF,,,,,, experiment

Soil pH O.M. A.pT. Exch- Cation (cmol/kg) C.E.C Sand Silt Clay Soil

code (1:5) (%) (pprn) (cMOI/k9) N) textureK Ca Mg

I-A 5.2 0.91 87 0.12 1.84 0.69 4.2 79.0 17.0 4.0 LS

�)5 4

Roe seed
Rice

E

104

7

4..... ...

T

lOr4

lu' . . . . . lo-5

-id 6 1`0' �0' �O 40 5D 60 70 80'90 100 110 120 -10 0 10 20 3D 40 D 60 70 80 D 100 110 120

Time of application (days after taioaftg) Tirm of applicafion (days after than

Fig. 1. TFs,,,,,, for hulled nce seeds. Fig. 2. TFs,,,,, of HTO for OBT in hulled

seeds and straws of rice.

Table 6 Physicochemical properties of the soils collected near Kori and Younggwang NPP sites

Soil pH' O.M. T.N. ATT. Exch. Cation (cmol/kg) C.E.C. Sand Silt Clay Soil

code N) M (PPm) K Ca Mg Na (cmong) M (%) (%) texture

KA 5.0 1.82 387 - 0.19 2.6 1.42 0.49 8.4 27 55 18 SiL

KB 5.2 2.02 1423 - 0.05 2.6 1.66 2.80 9.2 54 39 7 SL

KC 4.9 1.31 1044 - 1.22 3.7 1.32 2.19 9.7 47 38 1 5 L

KD 4.8 2.07 1762 - 1.80 3.0 1.09 3.14 8.6 47 45 8 L

KE 6.4 2.47 1677 - 1.16 8.3 1.59 3.49 14.4 49 44 7 SL

KF 5.1 4.70 3132 - 1.70 4.2 1.26 0.82 11.2 3 56 13 L

YA 4.9 3.88 2323 94 0.43 4.5 1.91 0.37 14.5 2 54 25 SiL

YB 5.1 3.32 1811 5 1 0.43 4.4 1.58 0.41 11.1 36 45 19 L

YC 6.1 3.12 2015 202 0.35 8.8 3.08 0.40 13.7 23 60 17 SiL

YD 5.8 2.45 1521 387 0.75 5.1 4.02 3.86 10.7 27 64 9 SiL

YE 5.9 2.84 1702 216 0.79 2.5 2.57 1.47 11.4 18 I 68 14 SiL

1 2.5
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Table 7 Transfer factors (TF.,e.) of 'Sr and `Cs applied to various paddy soils at different times

Application time TF. (M2 /kg)
Soil Plant part

DAT (d) DBH (d) Sr Cs

KA 2.613-04 4AE-05
KB 5.5E-04 1.lE-04
KC 1 I E04 3.8E-05
KD 6.5E-04 1.413-04
KE Hulled rice seeds 9.5E-05 5.6E-05

-17--18 161-163 KF (dry) 3.9E-04 2.OE-04
YA 2.113-04 1.6E-04
YB 2.5E-04 1.5E-04
YC 1.7E-04 1.9E-04
YD 3.2E-04 6.OE-05
YE 1.8E-04 2.413-05

KA Hulled rice seeds 2.5E-04 1.3E-04
KB (dry) TOE-04 2.7E-04
KD 7. E04 4.513-04

2 133
KA Straw 1.2E-02 2AE-04
KB (dry) 2.5E-02 5.7E-04
KD 2.6E-02 LOE-03
KA 5.5E-04 LOE-03
KB Hulled rice seeds 1.3E-03 2.7E-03

83-84 6 KD (dry) 1.8E-03 4.2E-03
YA 4. E04 2.5E-03
YD 7.8E-04 4.213-03

DAT days after transplanting, DBH days before harvest.

2.2 Investigation of TF.,,,

TTs,,,,. (M2 kg-'), defined as the ratio of radionuclide concentration in unit weight of plant matter to
activity deposited onto unit area of soil, were measured for "Mn, 60CO 8Sr, 3Cs, HTO and iodine
(Csl) in up to 7 crop species using various types of the soil container. Table gives physicochemical
properties of the soil. Figs. and 2 show some results for rice. This kind of TF is appropriate when
radionuclides are localized near the soil surface as after an acute soil deposition during the plant
growth 4 TFs.,e. can also be used for radionuclides distributed down to a certain depth either
uniformly or not only if data on the initial deposition are available.

Small lysimeters 30 cm wide, 30 cm long and 40 cm high) were designed to collect undisturbed
soil blocks and used to produce site-specific Ts.,,,. of 'Sr and ... Cs for rice. Soil blocks were taken
without disturbance at 18 paddy fields near 3 NPP sites in Korea. The lysimeters filled with soil were
carried to a KAERI greenhouse where radioactive solutions were applied onto the water surface at 23
different growth stages. Table 6 gives physicochernical properties of the soils collected near Kori and
Younggwang NPP sites and Table 7 summarizes the results for these two sites.

3. DIRECT PATHWAY EXPERIMENT

3.1 Exposure to mixed RI solution

Carrier-free solutions containing chloride forms of Mn, 57co, 85sr, 103 Ru and 134CS (5-70 kBq mV
each as of the harvest date) were manually applied to the whole above-ground parts of rice,
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Fig. 3 Interception factors of radionuclides for rice and radish plants at different growth stages.

Table 8. Translocation factors of radionuclides applied at different growth stages of rice and radish

Application time Translocation factor JLF a

Plant pai t DAT (d) DBH (d) Mn Co Sr Ru Cs

37 112 5.2E-04 5.9E-04 2.4E-04 5.5E-05 1.2E-02
Hulled 65 84 3.9E-04 2.OE-03 2. 1 E-04 4.9E-05 3.4E-02
Rice 87 62 2.5E-04 1.6E-02 2.OE-04 2. 1 E-04 4.3E-02
seeds 100 49 5.7E-03 4.OE-02 5.6E-03 1.2E-03 8.4E-02

114 3 5 1.6E-02 6.6E-02 1.3E-02 3.8E-03 LIE-01
132 1 7 7.2E-03 8.2E-03 9.7E-03 3.5E-03 2.2E-02
29 5 5 2.6E-03 1.2E-01 3.6E-03 4.2E-03 9.2E-02

Radish 42 42 1.9E-03 1.2E-01 2.9E-03 1.3E-03 1.3E-01
root 5 3 3 2.OE-03 7.8E-02 3.OE-03 1.2E-03 LOE-01

64 20 2AE-03 6.OE-02 2. 1 E-03 1.3E-03 9.3E-02
72 1 2 3.6E-03 4.9E-02 2.OE-03 9.OE-04 8.6E-02

a ratio of the total activity in seeds or roots to the total plant deposition.

Chinese cabbage, radish and soybean plants using a home spray at their different growth stages. This
process was performed in an exposure box mounted on bigger ysimeters in the greenhouse. Fig. 3
shows interception factors for rice and radish and Table gives translocation factors for rice seeds and
radish roots [5].

3.2 Exposure to HTO vapor

Rice, Chinese cabbage, radish and soybean plants growing in pots were exposed to HTO vapor
for I h in plexiglass boxes outdoors at their different growth stages. A small glass bottle containing 2
ml of an HTO solution 9.3-18.5 MBq ml-') was put into the heating unit attached inside the box. HTO
was evaporated by electricity heating. Figs. 4 and show HTO absorption factors for rice leaves and
OBT production factors for hulled rice seeds, respectively. In addition, TFWT reduction factors were
also determined.
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3.3 Exposure tol2vapor

Potted rice and radish plants were exposed to stable I, vapor for 80 min in a transparent box at
their different growth stages. I2 vapor was generated through the natural sublimation Of I2 crystal,
which was put in the box at a dose of 35-60 mg for each-time exposure. Figs. 6 and 7 show absorption
factors and translocation factorsof 2vapor for rice plants, respectively. The translocation factor, being
in the range of 33 x 10-5 47 x 0-4, tended to decrease as the date of exposure approached harvest. Plant

120 0. -

IOD - 0.4 -

F

80 - 0
t 0.3 -

60 - .0

'D 0.2 -
2

40 - CL
0

d;Vt 0 0.1 start of heading(
2 - 8/14) 1

0 0.0
a(11 a/18 a2i ao am vi 9t5 wo 9ig 8111 8/18 821 825 8/2B 91 9/5 910 19

Date of exposure Date of exposure

Fig. 4 HTO absorption factors for rice leaves Fig. 5. OBT production factors for hulled seeds
(% ratio of the initial TFWT conc. to of the mature rice plants (% ratio of OBT
the mean HTO conc. in air moisture conc. in Bq ml-'- combustion water to
during exposure). the initial leaf TFWT conc.).

1.0 
straw

0.9 - Ear

0.8 

0.7 -

) 0.6 -

0. -

.0 0.4 -

0 0.3 -
CI) 2K10r` -

0.2 -

0.1 

0.0 Iq
July 7J*21Ag.IIAug.18Aug.23Sep.1 Sep.ASep.1500.5 W7 W ASep,150ct.5

Date of exposure Date of exposure

Fig. 6 Absorption coefficientsOf 12vapor Fig. 7 Translocation factors Of I2 vapor
for rice straws and ears (ratios of (ratios of the total I in ulled seeds at
plant conc. in g g-'-fresh to air harvest to the whole plant deposition).
conc. in g I-').
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deposition velocityof 2vapor roughly estimated for rice ears was slightly lower than Uchida et al. 6]
reported.

4. ON-GOING AND URURE SUDIES

Annual variations in Ts.,,. of 'Sr and "'Cs for rice are being investigated in paddy soils
collected near Younggwang and Ulchin NPP sites 13 years ago. The experiment on the exposure of
Chinese cabbage plants to i, vapor has been completed and the results will come out soon.

For the period of 2003-2006, optimal doses of chemically analogous ions are going to be looked
for to establish an effective agricultural countermeasure against the soil contamination with
radiocesiurn and radlostrontium. Experiments on the plant exposure to airborne 4CO2 and HTO are
also planned for the same period.

5 CONCLUSIONS

Experimental works on the radionuclide transfer in crop plants having carried out at the KAERI
for last about 20 years, are befly outlined. Most experiments were designed for acute releases of
radioactivity but some results are also applicable to steady-state conditions if they are time-averaged
over the whole growing period in reasonable ways.

Greenhouse experiments where plants are grown in pots or lysimeters with the application of
soluble forms of isotopes are apt to overestimate the radionuclide transfer in crop plants. This needs to
be taken into account at the time of applying present results to a food chain model. Many of the
produced data can be referred to for food chain dose assessment in other countries, especially Japan
because various kinds of crops including rice are of common interest in Korea and Japan.
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4.23 UPTAKE AND DISTRIBUTION OF ... Cs, STABLE Cs AND K IN RICE PLANTS

Hirofumi TSUKADA and Hidenao HASEGAWA

Department of Radioecology, Institute for Environmental Sciences
1-7 lenomae, Obuchi, Rokkasho-mura, Kamikita-gun, Aomori 039-3212, Japan

ABSTRACT

The uptake and distributions Of 137CS' stable Cs and K were determined for rice plant
components, including polished rice, rice bran, hulls, leaves, stems and roots. The distribution of
137CS in polished rice and rice bran was similar to that of stable Cs, while that of K was different.
The concentration ratios of Cs/K in leaves increased in older leaf blade positions, which meant that the
translocation rate of stable Cs, was slower than that of K. At harvest the dry weight of polished rice
accounted for 34% of the entire rice plant, while the distributions of stable Cs in the polished rice and
the non-edible parts were 7 and 93%, respectively. These findings suggest that the transfer and
distribution of stable Cs in rice plants are different from those of K, and the behavior of stable Cs
provides a useful analogue in predicting the fate Of 137CS in an agricultural environment.

KEYWORDS: RICE PLANT COMPONENT; TRANSLOCATION; 137CS; STABLE Cs; K

1. INTRODUCTION

Polished rice is a staple food in Asian countries (including Japan) and ingestion of polished rice
is the most important pathway of radionuclides into humans. On the other hand, the non-edible parts
are returned to the soil as fertilizer and are used as an ingredient in livestock feed. Therefore, the
distributions of radionuclides in rice plant components provide important information for
understanding the dynamics of radionuclides in an agricultural field. Cesium-137 is an important
radionuclide for the assessment of radiation exposure to the public because of its high fission
yield, long-half life, great transferability and wide distribution in the environment. The
purpose of the present study is to obtain information on the distribution Of 137CS' stable Cs and K in
rice plant components for a better understanding of the fate Of 131CS in the agricultural environment.

2. MATERIALS AND METHODS

Rice plants (Oryza saliva cv. Mutsuhomare) were cultivated in an experimental field
(40-57'46" N, 14 1 2 I54" E), which was maintained in a manner similar to a typical rice paddy field
in Japan. The soil properties (soil type; andosol) are shown in Table 1. As shown in Table 2 the
concentrations Of 137CS' stable Cs and K in the surface soil sample were within a similar order of
magnitude as previously reported values [1]. Rice plant samples were collected from the field at

Table 1. Soil properties in the soil sample

pH Electric Organic C CEC AEC Coarse Fine Silt Clay Soil
conductivity sand San texture

dS rn-' % crnol kg-' %

6.2 0.05 6.1 11.8 <0.5 16 29 22 33 LiC")

Light clay.
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Table 2 Concentrations of "'Cs, stable Cs and K in soil

and rice plant components

Sample 137 Cs Cs K

Bq k mg kg-'

Soil 4.4 0.4 3.4 7900

Rice plant components

Polished rice 0.0048 + 0.0011 0.00091 680

Rice bran 0.041 0.013 0.013 18000

Hull 0.0038 3400

Straw 0.0067 16000

Root 0.0031 5800

harvest time 177 days after sowing) to determine the distribution and translocation of stable Cs and K

in rice plant componentsincluding grain, straw (leaves stem) and root samples. Rice grain samples

(about 50 kg) were gathered from all of the harvested plants from the entire field, and were used to
determine the distribution Of 137CS, stable Cs and K in the rice grain com .ponents after separatio ito

polished rice, rice bran and hull samples (Fig. 1.). Concentrations of stable Cs and K were
determined by ICP-MS and AAS, respectively. Concentration Of 117CS in the samples was measured

by means of Ge y-ray system after igniting the samples below 450'C.

3. RESULTS AND DISCUSSION

The concentration Of 137CS in polished rice was 00048 I 0.00 I Bq kg-' and the soil-to-plant

transfer factor of 137CS in polished rice was 0.00 II .0003. The transfer factor of stable Cs was

0.00027, which was a fourth of that for 117CS. Similar observations have been reported for polished

rice [1 2 potatoes 3 leaf vegetables 41 and mushrooms [5]. Tese findings indicated that the
bioavailability fractions of 137 Cs and stable Cs in the soils were different, even though most of the
fallout 137Cs had been deposited for more than several decades. The concentrations of 1 137 Cs in

tio of 117C lr,�polished rice and rice bran were different by more than 10 fold (Table 2, whereas the ra S,

25 20 -
0 tw

bb 13 Cs bbtw 20 tOK
1 5 �e

Rice bran
St

0 'bo 1 5
Polished 2nd 4- _x 0

0 40'n- . 10
a �Ll

//3- .2 -0 10

th4 5
5

th
0

0
0 0

Brown rice 1 2 3 4 5

Position of leaf blade
young old

Leaf blade position

Fig. 1. Rice plant components. Fig. 2 Concentrations of stable Cs and K, and

the ratio of Cs/K (o) at different leaf positions in

rice plants.
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in polished rice 5.3 12 Bq mg-') was consistent with that in rice bran 3.3 .0 Bq mg-') within Ir
of counting errors. The 137C s/K and Cs/K concentration ratios showed considerable variation.

These findings suggest that the translocation rate Of 131CS in rice plants should be similar to that of

stable Cs, however, those of Cs isotopes and K are different.
The concentrations of stable Cs and K were determined for the different leaf blade positions of

rice plants, from the youngest to the oldest leaves (Fig. 1), The concentrations of stable Cs in leaf

blade positions increased from the youngest to the oldest leaves, whereas concentrations of K
decreased with aging (Fig. 2. Therefore, the Cs/K ratio at each leaf blade position significantly

changed, with a 30 fold difference between first and fifth leaf positions (Fig. 2. A similar

observation was reported for the concentration ratio of Cs/K in the outer (older) leaves which was

higher than that in the inner (younger) ones 6]. These finings indicate that K in rice plants is more
transferable than Cs, which is dependent upon the age of the rice plants, and their trarislocation rates

are different, suggesting that the translocation mechanisms for Cs and K in plants may be different as

previously reported 7].
As mentioned previously, the distribution Of 131CS in rice grain samples was similar to that of

stable Cs. Consequently, the percentage distribution of stable Cs in rice plant components including

polished rice, rice bran, hulls, straw (leaves stem) and roots should be comparable with that of "'Cs.

The concentrations of stable Cs in rice plant components exhibited a more than 10 fold difference
(Table 2 The entire root system could not be completely collected from the soil in the present study,

therefore, the root weight was estimated to be 4 of the entire rice plants. This value was
determined by using pot experiments in a growth chamber where the rice plants were grown in
conditions relatively similar to an agricultural field [8]. Percentage distributions of dry weight and

stable Cs content in rice plant components, such as polished rice, rice bran, hulls, straw and roots, at
harvest time are shown in Fig. 3 The edible component, polished rice, accounted for 34% of the dry

weight, while the non-edible components accounted for 66%, with 50% as straw. The distribution of

Cs in rice plants was 7 in polished rice, while in the non-edible components straw contained 73%,
followedbyricebran(]O%),hulls(7%)androots(3%). Thesefindingssuggestthatmorethan90%

of the Cs uptake by rice plants is utilized in the soil-plant system and/or transferred to feed-livestock
pathway. The distribution of K in polished rice was only 2, while 98% was in the non-edible parts.

This indicates that the distribution of K in rice plant components is different from that of Cs.

O Polished rice
0 Rice bran
0 Hull
E3 Straw (leaves stem)
0 Root 7�c

3%
10%

34%
7%

we it

0% -

4%

8%

Fig. 3 Distributions of dry weight and stable Cs in rice

plant components at harvest time.
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4 CONCLUSIONS

The distributions of 31C s and stable Cs in the rice grain were similar, while those of Cs and K in
rice grain and leaf blades were variable. These findings suggest that the translocation rate of Cs in
plants is different from K. Consequently, studies utilizing the transfer and distribution of stable Cs
could provide a useful analogue in predicting the fate Of 131CS in agricultural environment.
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Undisturbed Mountain Pond in Fukui, Japan

Kazumi IWAMOTO', Makio KIMURA', Kenji ANDO' and Hikaru AMANO'

Fukui Univ. of Technology, Fukui-shi, Fukui, 910-8505, Japan
Japan Atomic Energy Research Inst., Tokai-mura, lbaraki, 319-1195, Japan

ABSTRACT

The behavior of radioactive "'Cs and stable Cs at the isolated undisturbed mountain pond in
Fukui, Japan was studied for the pond water, the sedimentary grains and the sl new the pmd.
The concentrations of Cs and stable Cs in the pond water ranged from 023 to 0.85 B/m' and

3
from 0.005 to 0.018 mg/m , respectively. The sedimentary grains were sorted by sieving into
fractions with diameter from 2 mm to less than 38 pm. 'Me concentrations of 13'Cs and stable Cs

in the sorted grains were measured,. and those of the adsorbed state were dtermined by subtracting

the concentration of the grain matrix. The adsorbed concentrations increased with decrease in
particle diameter and depended less on the kind of samples. The in-situ distribution coefficient
Kd depended largely on particle diameter and increased with the decrease in diameter. The

values of Kd ranged from about 20 to 1200 d/kg for stable Cs and about 15 to 1000 noAg for
131CS, and the Kd of "'Cs seemed to be sghtly smaller than that of stable Cs. 'Me concentration

of stable Cs in the sedimentary mud was found to be close to that of the fine gins. The

concentrations of stable Cs in the soil near the pond was about 77 mg/kg, and that of "'Cs was
about 06 kBq/kg for the surface layer soil and decreased with increase in soil depth.

KEYWORDS: Isolated mountain pond, Radioactive and stable Cs, Adsorption on sedimentary
grains, Distribution coefficient.

1. INTRODUCTION

In recent years, the igration and sorption of radioactive cesium in such environment as soil,

lake or river have been studied extensively 1,21, but the studies including both the radioactive and

stable cesium are few although the studies on such plant ecosystem as the soil-plant and/or
fimgus-animal pathway have been carried out 3,4]. In Fukui Prefecture, which is located at the

central part of Japan and facing the Japan Sea, there is a small isolated undisturbed mountain pond
named "Yasha-ga-Ike". The researches on the water and the sedimentary grains of this pond
have been carried out since 1998, as described in the following.

The pond "Yasha-ga-lke", with maximum depth of 75 m and about 40 are of water surface is
located at an elevation of II 00 m near the rige of mountain. 'Me pond is supposed to be formed
by landslide of the surrounding mountain of chert formation in the latter period of the diluvial

epoch. The outline of the pond is shown iFig.1a, in which a bold line indicates the contour of

water surface, a thin line the beach, a dotted line the portion of mud sediment and a bold double
dotted line the ridge line dividing the Prefectures. An arrow shows the path to the pond and the
ridge, respectively. Three side of the pond is surrounded by steep slopes except the left side in

the figure, which is facing the Japan Sea and a small flat portion coverd with bush is found. 'Me

watershed of the pond is small and no river flows in and out. The pond water is said to have
never run dry, and a small Japanese diving beetle "Yasha-Gengoro" specially protected due to its

rareness lives in the water. Thus this pond is regarded as an isolated undisturbed non-volcanic
pond, and it is supposed that a the fallout from the sky in the area has been accumulated. As to

the sediments of the pond, mud covers the central deep portion, and cIastic gains of different sizes
are found in the shallow place near the beach. 'Me grains are also found at the flat beach covered
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with water and snow in winter. Th smples Steep up-slope Ridge Line
of pond water and sedimentary grains were Trees

taken, and the neutron activation analysis, Fukui Gifu
gamma-ray spectrometry and ICP-MS were Trees Pref

Ponapplied to determine the concentrations of the
(Area: 40are) Steepradioactive and stable cesium in the samples. Up-slope

The concentration of any constituent element 0 Wn-
of the grain was found to decrease with Deepest Pt (7.5m)%
increase in particle size, and the adsorptive Bush I
behavior of trace elements onto the grains was I udSediment
confirmed [5,81. The concentrations of both
radioactive "'Cs from the global fifflout of the
weapon testing in the sixties and stable Cs in F7at enl --------
the pond water were determined 6 The
ratio of "'Cs concentration to stable Cs in four
water samples was about 50 MBq/kg. The Path
distribution behavior of stable Cs and Bush Mat Bush Up-slope rees

radioactive "'Cs between the sedimentary Fig la The pond "Yasha-ga-Ike"
grains and water in the pond was studied 71,
and the in-situ distribution coefficient Kd, defined as the ratio of the concentration in the adsorbed
state and in the water, was obtained. The Kd depended largely on particle diameter and increased
with a decrease in diameter.

'Me chemical composition of the grain matrix, exclusive of the adsorbed constituent elements,
was obtained by averaging the results of eight samples analyzed by the neutron activation method.
The composition expressed by wt. of main elements in oxide form is as follows: A1203 321,
Fe2O3 145, MgO 0.81, K20 077, TiO 014, Na2O 004, MnO 002 and BaO 0.01. The sum is
6.45 wt. and the rest is considered to be Mstly SiO2. These values seem to coincide with
the typical ones of the chert composition.

It is the purpose of the present study to evaluate extensively about the behavior of radioactive
137 Cs and stable Cs not only for the water and sediments in the pond, but also for the soil around
the pond- Therefore, the samples of water and sediments in the pond and of soil in the flat place
near the path to the pond were taken and the concentrations of radioactive 1 37 Cs and stable Cs were
measured by gamma-ray spectrometry, neutron activation analysis and ICP-MS analysis. The
behavior of radioactive 131 Cs and stable Cs in and around the pond are evaluated and discussed.

2. EXPERIMENTAL PROCEDURES

2.1 Concentration of radioactive 131CS and stable Cs in the pond water

As described in the previous report 6], nine samples of pond surfitce water as shown in Table
I were taken from the shallow place near the beach at different occasions from June 1999 to
October 2001, where the temperature of water varied from 12.5 to 25.5 'C. The water samples
were analyzed by ICP-MS to determine the concentration of stable Cs. The in-situ collection
of radioactive 137CS was carried out four times at the pond by pumping die water to the packed
column of acrylic fiber adsorbent, impregnated with copper hexacyanocobalt ferrate. In this case,
the water taken from two neighboring sites of about 10 m apart from the beach and 25 cm deep
was supplied to two separate column systems at the rate of 100 d�/hr up to about 500 dm 3. The
fibre was dried and packed in small vessels to measure the adioactivity by gamma-ray
spectrometer.

2.2 Concentration of radioactive 137Cs and stable Cs in the sedimentary gins

As described in the previous report 7 nine samples of sedimentary grains from the shallow
place of about 50 cm depth near the beach and one grain sample from the beach were taken at the
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Table I The rain and Water Samples and their Notations 7]

Exp. No. Sampling Water Samples for Stable Cs Samples 137CS

Date -Temp('C) Grain Water Grain Water
D June 9 99 18.0 1313 DW DB* DW*

F Oct. 16,199 15.0 FB FW FB*
G Nov. 7 99 12.5 GB GW GB* GW*
H May 23,'00 19.0 HB HW HB*
I July 17, '00 25.0 113, IY 1W IB* IW*
i Oct. 14, '00 15.5 JB JW
K May 20, ' 1 20.0 KB KW

L July 23, '01 25.5 LB LW LB LW*
N Oct. 13, I 14.0 NB NW NB*

Note IY sample was taken from the beach.

same time when the water was sampled as shown in Table 1. The grain samples were dried and

sorted by sieving into II fractions of diameters; 2 - I mm, I mm - 71 0 Am, 710 - 500, 500 - 355,
355 - 250, 250 - 180, 18 - 125, 125 - 90, 90 - 63, 63 - 38 and < 38 Am. The sieves were
chosen so as to meet the ratio of the opening dimension of any screen to that of the next saller
screen is square root of two. For each fraction of sorted grain samples, neutron aivation

analysis and measurement of "'Cs radioactivity were carried out. The samples of about 8 mg

were irradiated for 20 sec and 60 min, respectively, by KURRI (Kyoto University Research
Reactor), and the gamma-ray spectrometry was applied. The concentrations of about 25 elements
such as Na, K, Rb, Cs, Mg, Ba, Cr, Mn, Fe, Co, Al, Sc, La, Ce etc. were obtained, although only
Cs is referred in this study. In order to measure the concentrations of "'Cs in the particles, the
gamma-ray spectrometry was applied to particle sample of about 60 g kept in the plastic vessel
with 6 cm diameter by 2 cm high. 'Me decay corrections for the samples were made as to
February 2000, when the measurement of the first sample 1313 was done.

In the previous works, the adsorptive behavior of trace eements [5,81 and cesium 7] was

confirmed by the surface rubbing-off and the nirtic acid leach techniques. Therefore, the

concentration of the adsorbed "7Cs and stable Cs was obtained by subtracting the

concentration of grain matrix, which is determined by extrapolating the particle size to an

infinitive, from the whole concentration of the particle, respectively.

2.3 In-situ distribution coefficient of radioactive and stable Cs between the sedimentary grains and

pond water

From the concentration data on the adsorbed Cs on the sedimentary grains and the pond water,
the in-situ distribution coefficient, Kd, defined as the rafio of the concentration in the adsorbed state
and in the water, was calculated, and compared among the samples and between radioactive and

stable Cs.

2.4 Concentration of radioactive and stable Cs in the sedimentary mud

The samples of sedimentary mud were taken at two places of 25 in and 45 in in water depth,

using the edge for slime coupled with auger handle. The mud can be taken into the space of 0
cm in diameter and 50 cm long of the edge portion. The mud samples were dried, and neutron
activation analysis and measurement of 13'Cs radioactivity were carried out in order to determine the

concentrations of radioactive and stable Cs.

2.5 Concentration of radioactive and stable Cs in the soil sample

The soil smples were taken from the flat area near the path to the pond by using a thin-wall

tube with 75 mm of inner diameter. The area is covered with bush and slopes slightly toward the
pond. The soil was taken out from the tube by dividing every 2 n,4 and dried. After removing
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the small pebble with diameter larger than 2 mm, the concentration Of 3CS in the soil was
measured by the gamma-ray spectrometry by Ge (Li) detector for the dried sample of about 60 g
in the plastic vessel with 6 cm diameter by 2 cm high.

3. EXPERIMENTAL RESULTS AND DISCUSSION

3.1 Concentration of radioactive 131CS and stable Cs in the pond water 61

Each time of collecting "'Cs at the pond, two systems of the column were used and the
average of the results was adopted as a representative. The results of 13'Cs concentrations in
the pond water are 023, 027, 0.85 and 084 B/M3 for the water samples of DW*, GW*, IW* and
LW*, respectively, and they are plotted against the water temperature in Fig. 1. The
concentration seems to depend on the water temperature.

The concentration of stable Cs in the pond water is shown in Fig. 2 for nine water samples.
The Cs concentrations varied from about 0.005 to 0.018 ing/in' and the temperature changed from
12.5 to 25.5 C. The concentration seems to increase with increasing the temperature of pond water.

1.0- 0.025-
137C S........ 0.020 . ................ .............. dtable-C................. 0 ............... ..................... ; ................

0.6 ................................... . ................ . ................. ................. 0.015 . ................ ................. ................. ............... ...............
0,8 . ................. ................. ....
0.4 . ................................... 1................. .................................... ..... ............... .1110.010 . ........... ............................. ................
0.2 ................ ...... ...... ...... ........

........... ............ ........... 0.005 ................. ................

O.Ot 0.0001 i
5 10 15 20 25 W 5 10 15 20 i5

Pond Mter Temp. M) Pond Water Temperature M)
Fig. 1 "'Cs Conc. vs. Water Temp. Fig. 2 Stable Cs Conc. vs. Water Temp.

3.2 Concentration of radioactive I 3Cs and stable Cs in the sedimentary grains

(1) he concentration of radioactive ""Cs and stable Cs in the whole grains

ne concentrations of stable Cs for the eight grain samples of DB, FB, GB, 1B, IB, IY LB
and NB and those of "'Cs for the six samples of DB*, FB*, GB*, IB*, LB* and NB* are measured
and plotted against the average diameter of the sieved particles in Fig. 3 and 4 respectively 7] It
is seen that the concentrations of both stable Cs and "'Cs increase with decrease in diameter, as
reported for many stable elements in case of DB and GB samples [51, and that the difference of
concentrations among samples is not so large.

to- 0.30-

9 137Cs::a Cs ---- e ----- Ds is 0.25-
wvwww� i ...... . .............................................. -------- ---------- ---------------------

8 013- la,
---- FO ly
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5 -- ...... ........... ........... .......... ----------- ----------- .......... 0.16 - ..... i---------- ----------- ---------- .......... .......... --------------------- ...........
LI 4 -- ----------- ---------- --------- ---------- ............ I----------
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3 . . ........ ......
1-0 ......

2 --- 8 0.05 . . ........
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Fig. 3 Concentration of Stable Cs in the Grains Fig. 4 Concentration of Radioactive "'Cs in the Grains
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(2) The concentration of the adsorbed "'Cs and stable Cs

The concentrations of the adsorbed 131Cs and stable Cs were detrmined by subtracting the
concentration of grain matrix, which is determined by extrapolating the particle size to an infinitive,
from the whole concentration of the particle given in Figs. 3 and 4 as described in the previous
report 7]. The matrix concentration thus determined varied aong the samples from 1.3 to 24
mgikg for the stable Cs and 0025 to 0060 kBq/kg for the "'Cs and the average values are about
2.1 mg/kg for the former and about 003 kBq1kg for the latter. All the data of the adsorbed
concentrations are shown in Fig. for stable Cs of eight samples and in Fig. 6 for "'Cs of six
samples 7]. It is to be noted in these figures that the adsorbed concentrations of stable Cs and
"'Cs are pretty close aong the samples, respectively, although they were taken under different
conditions of season and temperature as shown in Table .

025-
Stable Cs i7 ------------ ---------- -------- ......... ----------- !........................ ---------- :137C S :

---- DO -- AA- 18 020- i ...... . ---------- ........... .......... ---------------------------------- ----------
.......... ......

FB zk ry ---- DO' air

..... A,---- Go LB 0.15, --- ---------- ----------- ...... .....5. ................. ---------- I------- ........ ---- FB' e LEr
HO NOLi .... GW M.4 - ............ --------------------------------------------- ..........

0.10- .. ......................... .......... I............ ..........
...................... ----------- ........... ........... ..........3-

2 -- ----- ... ........... .......... ........... ........... .......................
0.05 .... ... . . ................... .................................. ..........

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

------------
0- I 0.00-

0 20D 400 GM 800 1000 1200 140D IODD 0 200 400 800 M low 12M 14W IBM
Average Particle Diameter (ju m) Average Particle Diameter ju M)

Fig. Concentration of Adsorbed Stable Cs in the Grains L Fig. 6 Concentration of Adsorbed "'Cs in the Grains

3.3 In-situ Distribution Coefficients of Stable Cs and 137CS

The distribution coefficient Kd was calculated using the data on the concentrations of stable Cs
and 117Cs adsorbed on the particles and those of the pond water, as described in the previou report
[7]. The in-situ distribution coefficients of the stable Cs for eight smples of DB, FB, GB, B,
113, lY, LB and NB and those of radioactive 137CS for the samples of DB*, GB*, IB* and LB* are
plotted against the particle diameter in Figs. 7 and 8, respectively. 'Me comparison is made
between the in-situ Kd of the radioactive 1-17CS and stable Cs in Fig. 9 From these three figures,
the followings cm be sn for sble Cs and radioactive 117CS. (1) The Kd depends largely on
particle diameter in the range from 2 nim to less than 38 gn and increases with the decrease in

Stable Cs .... Cs
1000,. 1000 - t ........ I......

IR A -, ...... ----------- - ----- - -----
6 ---- FS 1Y *---- DS' 113. . .

iV :�� ---------- i::.: M: .... ----------- Go 9 LB ... .... ---- r LB......................
4 --- -- - 0 HO NB

A
100 . ------ ---------- . ....... ...... .. ..........
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--- ------ - ---
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a 200 4W 000 800 IOW 1200 14M 1WO

0 2�0 400 WO OM 1000 120D 1400 1
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Fig. 7 In-situ Distribution Coeff. Kd of Stable Cs Fig. In-situ Distribution Coeff. Kd of "Cs
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diameter. (2) The change of Kd among
samples is small, although the samples were 1000� ... ........ ............................................ ...... .

taken at different conditions. 3 The Kd of ---------�
DB

"'Cs seems to be slightly smaller than that of
E GEr

stable Cs. 4 The values of Kd ranged from GB

3 .... IB'about 20 to 1200 /kg for stable Cs and about
15 to 00 M3/kg for "'Cs. The Kd seems to I 100-.
be influenced by the concentration in the water, LB'

since the adsorbed concentrations do not diffeT LB

largely among samples as seen in Figs. and 6.
'A

10 i
3.4 Concentration of adioactive and stable Cs in 0 200 400 600 800 1000 1200 1400 1600
the sedimentary mud Average Dianwter (p m)

Fig. Comparison of Kd between Stable Cs and ... Cs I

Three mud samples were taken fom different places of 25 in depth, and four samples from 45
in in depth. The results of the concentration
of stable Cs are shown in Fig. 10, and the 14-

average concentration is about 90 mg/kg. 12 - ------ . . ... .... .........

This value is pretty close to the values of 7 to 9 .... .... ... ........
nig/kg determined for the very fine grains with 8- ----------------- . ........... .............

diameter of less than 38pm ' The same CO 6 ....... .........L............................ ..................

tendency was found for most of the other 1154 +
Of 117CSelements. The radioactivity was 2.5m 2.5m 2.5m 4.5m 4.5m 4.5m 4.5m

preliminary measured for one sample, which 8 Depth from the Water Surface (m)

gave the value of 00087 kBq/kg. Further data Fig. 10 Conc. of Stable Cs in the Mud Samples BX

are required for discussing the behavior.

3.5 Concentration of radioactive and stable Cs in the soil samples

Five soil samples named as 01Z, 02Z, 03Z, 04Z and 05Z were taken at intervals of about 0
in in the flat area near the path to the pond and dried. Each sectioned soil sample after removing
the matter larger than 2 mm in diameter is
analyzed by gamma-ray spectrometry and one -a 1.( Cs: stable Cs137CS
sample by neutron ativation in order to obtain

of 3 0 Csthe concentrations Cs and stable Cs The so A
results are shown in Fig. I . It is seen that (1) ---------- ---------- ----------- ----------- 0 o1z,0
the concentration of stable Cs has nealy constant 02Z

0Avalue of about 7.7 mg/kg, and (2) the 0.0 ---------- -.*-.W ------------ A 03Z-

concentration of "'Cs is about 06 kBq/kg for v 04Z'

the soil of surface layer and decreased with
0.0 6 05Z-

increase in soil depth. 0 5 10 15 2C

Depth Of Soil (cm)
Fig. I Conc. of Stable CS 17 CS i 1 the Soil

4. CONCLUSION

The behavior of radioactive "'Cs and stable Cs at the isolated undisturbed mountain pond in
Fukui, Japan was extensively studied for the pond water, the sedimentary grains and the soil near

the pond. of 31C q/M3
The concentrations s and stable Cs in the pond water ranged from 023 to 0.85 B and

from 0.005 to 0.018 nig/irO, respectively, and seemed to increase with the temperature between 12.5
and 25.5 'C. The samples of sedimentary grains were taken, and sorted by sieving into fractions
with diameter from 2 mm to less than 38 gn. The concentrations of "'Cs and stable Cs in the
sorted gins varied from about 004 to 025 kBq/kg and from about 2 to mg/kg, respectively.
The concentrations of the adsorbed state of 13'Cs and stable Cs in the sorted grains were determined
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by subtracting the concentration of the grain matrix, respectively, from the concentration of whole
particle. The adsorbed concentrations increased up to about 7 mg/kg with decrease in particle
diameter to less than 38 Lm and depended less on the kind of samples. The in-situ distribution
coefficient Kd, defined as the ratio of the concentration in the adsorbed state and in the water,
depended largely on particle diameter and increased with the decrease in diameter. The values of

1000 M/kg 37Kd ranged from about 20 to 1200 m/kg for stable Cs and about 15 to or Cs, and
the Kd Of 131CS seemed to be slightly smaller than that of stable Cs. The concentration of stable
Cs in the sedimentary mud was about 77 mg/kg, which is close to that of the fine grains.

The concentrations of stable Cs in the soil of the bush area near the pond was about 77 mg/kg,
and that Of -7CS was about 06 kBq/kg for the surface layer soil and decreased with increase in soil
depth.
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4.25 TIMEDEPENDENCEONTcMnSrANDCsBEIIAVIORSINAGRICULTURALSOILS
UNDER AEROBIC AND ANAEROBIC CONDITIONS

Kelko Tagarm and Shigeo Uchida

Environmental Toxicological Sciences Research Group, National Institute of Radiological Sciences,
Anagawa 49-1, Inage-ku, Chiba-shi, Chiba 263-8555, Japan

ABSTRACT

In order to investigate the time dependence on behaviors of Tc, Mn, Sr and Cs in two soils
(Andosol and Gray lowland soil) under two different water contents, corresponding to upland and
paddy field condition, a radiotracer experiment was carried out. At 1 3 7 14, 30, 60 and 180 days,
three soil fractions, (a) water soluble and ion exchangeable, (b) specifically adsorption, and (c)
organically bound fractions, were determined by selective extraction methods with 0.05M calcium
chloride (CA), 0.5M acetic acid and 0 I M sodium pyrophosphate, respectively.

The results showed that the relative amount (Qa) of CA extractable Cs decreased rapidly to almost
zero within a few days after being freshly introduced to the soil samples. TheQa of CA extractable Sr
in all the samples was amost the same during 6-month. For Mn, theQa fCA-Mn in Gray lowland
sot'Is decreased throughout the experiment but the soil redox conditions did not affect on the change.
theQraof CA-Mn in Andosol was much lower than that in Gray lowland soils. Interestingly, for Tc, the
Q,,,s of CA-Tc was lower in the anaerobic condition than in the aerobic conditions in both soils. Due to
the reduce of the amounts of water soluble and exchangeable forms of these elements in soils, the
amounts of these elements entering the food chain probably decrease gradually with time.

KEYWORDS: TECHNETIUM, SELECTIVE EXTRACTION METHOD, SOIL WATER
CONDITIONS, AGING EFFECT

1 INTRODUCTION

The development of nuclear energy is seen as having crucial importance because its use has a
much smaller negative impact on global environmental issues than other electricity generation systems.
However, nuclear energy generates many radioactive wastes. The management of these wastes is
inseparable from the peaceful use of nuclear energy. Even though the wastes were strictly managed, a
possibility of their release into the environment still remains. From the viewpoint of the dose effect on
humans, a soil-to-plant system is one of the important paths between released radioisotopes and
humans.

For any given nuclide, only a fraction of the total quantity in the soil may be available for root
uptake by plants. The available fraction has an impact on a food chain and the environment. For some
nuclides, the amount of the available fraction may change substantially over time through a process
sometimes called "aging". The degree of nuclide association with soil components depends strongly
upon soil pH, the redox conditions prevailing, extent of organic matter degradation, and grain size
distribution. To assess the potential effects of soil contamination instead of total concentration
speciation of toxic heavy metals in the environment has been carried out using extraction methods [I-
51. The extraction methods have not been used to follow the change of extractable fraction as a
function of tme.

In this study, we carried out a radlotracer experiment to obtain the aging ffect on Mn, Sr, Cs and
Tc in soil under two different water contents, corresponding to upland and paddy field conditions.
These elements are important from the radloccological point of vew. To separate some fractions of the
elements in soil, a single extraction method was adopted. Among the radioisotopes a special attention
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was paid on Tc because the environmental behaviour of Tc in soil seemed to depend on the redox
potential in a soil-water system 69]. Technetiurn-99, which is one of T's isotopes, has been
introduced into the environment by nuclear weapons tests and nuclear industries. The nuclide is an
important radionuclide because of its long half-life (2.IxIO' y), high fission yield from ... U and '"Pu
(ca. 6%), and high adsorbability by vegetation.

2. EXPERIMENTAL

2.1 Sample preparation

Andosol and Gray lowland soil (GLS), were used in this study. Pertinent properties of these soils
are shown in Table 1. After being air-dried, the soils were passed through a 2-mm mesh sieve. Samples
(300 g) of each soil type were weighed into plastic vessels. A small quantity of delonized water,
containing the four radionuclides, 54w 85sr, 137 Cs and 9mTc, was uniformly mixed with each sample.
The chemical forms in which 54 Mn, "Sr and 137CS were as chlorides. For 95' Tc, pertechnetate ion,
Tc04_ was added to the soils. Then delonized water was added to adjust the soil water content to a
desired level as follows: 1) waterlogged Andosol (AW) 2 Andosol with a typical upland moisture
content (AF) 3 waterlogged GLS (GW); and 4 GS with an upland field moisture content (GF). The
water contents for numbers I and 3 were similar to those in paddy fields, that is, the waterlogged
condition. The vessels of numbers I and 3 were kept closed to allow the anaerobic condition to
develop. With this preparation, four different soil samples were made sigly. All samples were stored
in the dark while bing kept at room temperature for 6 months.

2.2 Extraction method

At 1 3 7 14, 30, 60 and 180 days, 20 to 25g amounts from each soil sample were used for the
extractions. The extraction method used was a part of the method of McLaren [1] and the reagents are
listed in Table 1. The extractions were done in polyethylene containers; the soil sample (ca. 2 g) and
solutions were shaken at 2O'C for 18 h in an end-over-end shaker at 150 rpm. After that, the leachates
were separated by centrifugation at 3000 rpm for 10 min. All extractions were carried out in duplicate,
To determine the water content of each soil smple, 5 to IO g of the soil from each batch test was also
transferred into a beaker accurately weighed and air-dried.

2.3 Activity measurement

Activities of the radionuclides in each supernatant were measured with a Ge detecting system
(Seiko EG&G). Thirty ml, of the supernatant were put into a plastic vssel and counted for 3000 to
5000 seconds. The counting efficiency was calculated using water blanks spiked with known amounts
of 54w, 85sr, 137 Cs and 95mTc in the same volume.

Table I Reagents used in the extraction

Reagent Fraction Soil Solution amount Cod
weight (g) (ML) e

0.05 M calcium chloride Exchangeable and water soluble 2 40 CA

0.5 M acetic acid Specifically adsorbed 2 40 AA

0 I M sodium pyrophosphate Organically bound 2 200 PY

Note: All soils were extracted at their experimental moisture contents for wch the mass of the
leached soil was chosen to be equivalent (±5%) to the air-dry weight listed above.
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3. RESULT AND DISCUSSION

In Fig. I the relative amount (Qa) of the radionuclides extracted by the three reagents is expressed

as function of time. Te Qa is described by the following equation:

Q. = cV/(Rm)

where c, V, R and in are activity of 4 Mn, "Sr, "'Cs and 9mTc In each of the leachates (count/mL),

volume of the extractant (mL), the initial activity of each radionuclide in soil per unit mass of soil

(count/g air-dried) and mass of soil (g air-diied), respectively.

3.1 Technetium-95m

In the soil surface layer, Tc is thought to have a high mobility because it forrns the pertechnetate

ion (TcO4_) in oxic aqueous solutions. Van Loon 10] reported that Tc was transferred to plant in the
anionic form. The high transfer factors for Te to plants determined by solution culture experiments

could be explained from this characteristic. The nuclide is also toxic to plants as the pertechnetate

form (Landa [11]). Uchida 121 reported that the Tc transfer factor for leaves of strawberry grown in
the wet forest around Chernobyl area was much lower than that of the typical forest around the area.

The result indicated that most of the plant available Tc was in the soil solution or in a readily

removable part.
As can be seen from Fig. I -A, B, C and D, the QraS of 95mTc in soil samples under aerobic and

anaerobic conditions differed, while the QraS of 4 Mn, and 137CS showed almost the same trend under

both conditions. Comparison of the results of the Qa values of CA-Tc and AA-Tc were almost the

same. It seems that the Tc which strongly adsorbed on the Andosol or GS soil samples might be
negligible. Under the aerobic condition, the Qra for Andosol samples kept at a constant value of 0.8
during the experiment wile that for GLS dropped to 0.5. Under the waterlogged condition, the Qra for

Andosol was decreased to 02 and that for GS decreased over time and became almost .

The results for the single-stage extractions of 9mTc with PY are sown in Fig. I-E and F. It is

probable that the amount of Tc extracted with other leachates includes the CA extractable Tc and thus

the relative amount of PY fraction was calculated after subtracting the relative amount removed by the
CA. One day after Tc was nally added to the aerobic and anaerobic soils, the Qra of PY-Tc was

negligible compared to the CA or AA fractions. Then, in the anaerobic soils, the PY fraction gradually

increased for 30 days then became almost constant, while no Qra of PY-Tc increments was found in
aerobic soils. From the rsult, it was found that some part of the non-CA extractable T tnsformed to

PY extractable, that is, organically bound forms.
These Tc reductions under the anoxic condition may be attributed to the tnsformation of Tc

under the low redox potentials in the soil produced by waterlogging. The pertechnetate was

transformed to lower oxidation forrns, sulfates or organically bound forms such as T602, TO(OH)2,

TcS2 or TC2S7 (Lieser 6]; Brookins 13]). The sulfides might occur because H2S gas can be produced

in rice paddy fields under the waterlogged condition. As mentioned above, Tc04' is the most available

form for plants. Thus, these changes of Tc in its chemical form under the anoxic condition affected less

Tc transfer from soil to plants. This suggested that Tc transformation from soil to plants (not only rice

but also any oer higher plants grown under the anaerobic condition) became less with time after Tc

addition to the soil.

3.2 14Mn, "'Sr and 117CS

From a long-term effect on humans, Sr (half-life = 28.8 y) and 117CS (half-life = 30 y) are

important radionuclides because these are generated in thermal fissions of 21'U and 219pU with about

6% fission yields. The amounts of both radionuclides generated from the fissions are close to that of

99Tc, therefore, the behaviours could be good indicators of Tc. Mn tkes place just above Te so that it is

interesting to compare the behaviours under the same soil conditions.
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Fig. 1. Time dependence on the amounts of CA-, AA- and PY-extractable Mn, Sr, Cs
and Tc in soils under paddy field and upland field water conditions.

- 261 -



JAERI-Conf 2003-010

The CA-extractable 14 Mn varied with the soil types. The Q,,, of CA extractable 14 Mn decreased

rapidly within a fw days, such that each Qa was almost zero within the experimental period for

Andosol (Fig. I-A), while the value in GLS was almost 07 at the beginning of the experiment but
decreased gradually to 02 at the end of the experiment (Fig. I-13). The Qm for 54 Mn extracted by AA

were hgher than those of CA and decreased linearly with time during the period in both soils (Fig. I C,

D) . The Q,�, of PY decreased all the time as well. These results implied that the residual part Mn was

increased all the time. No significant differences were observed between Andosol and GLS samples
under both aerobic and anaerobic. Although Tc is 'ust below Mn in priodic table, the behaviours ofJ
the elements were different under anaerobic conditions. It was clear that following the introduction of

Mn into the soils, its availability would depend on soil types and characteristics.
For 15 Sr, the QaS of CA and AA were almost the same during the experimental period (Fig. I A-D).

Interestingly, for Andosol, the Qr. of PY was smaller than the values of CA or AA (Fig. I E), though
the QaS of three extractants for GLS showed the similar values and these Q,�,s kept constant all the

time (Fig. I F). It is difficult to explain why PY extractable Sr in Andosol was smaller than CA or AA

though the PY fraction was expected to contain CA and AA extractable fractions. Soil characteristics

might affect on the extractability. Among the studied radionuclides, Sr showed the h hest mobility in
these soils (except Tc in aerobic Andosol) and did not affected by the soil water conditions. Most part

of Sr was plant available in both soil types and water conditions in the experimental period.

Most of the 137 Cs rapidly sorbed to the soils, and within a week hardly any of the nuclide could be

extracted by the CA solution (Fig. I-A, B). The QraS of AA-Cs were a little bit higher than those of

CA-Cs (Fig. I C, D). For QraS Of P-CS (organically bound Cs), about 0 I was found in both soils and
the values tends to decrease very slowly (Fig. I-E, F). The chemical behaviour of Cs was not affected
by aerobic and anaerobic conditions, and we concluded that Cs added to any soil of similar mineralogy

HI be fixed rapidly under any condition. In both soils, 117CS was rapidly converted to non-

exchangeable forms after its addition. It is inferred that elements that arc not in solution or retained on

ion exchange sites are not readily available for plant uptake. Therefore, for Cs, not only due to the
negligible amount of plant available fraction but also the decrease of organically bound fraction during

the experiment indicated that Cs is hard to transfer from soil to plant in these soil types.

4. REFERENCES

1. McLaren, R.G. and Crawford, D.V, Studies on soil copper -1. The fractionation of copper in soils, J.
Soil Sci. 24, 1973) 172.

2. Tessier, A., Campbell, P.G.C. and Bisson, M., Sequential extraction procedure for the speciation of

particulate trace metals, Anal. Chem. 51 1979) 844.
3. Iu, K.L., Pulford, I.D. and Duncan, H.J., Influence of waterlogging and lime or organic matter

additions on the distribution of trace metals in an acid soil, Plant and Soil, 59 1981) 317.

4. Livens, F.R. and Baxter, M.S., Chemical associations of artificial radionuclides in Cumbrian soils, J.

Environ. Radioact. 7 1988) 75.

5. Quevauviller, , Rauret, G., Muntau, H., Ure, A.M., Rubio, R., L6pez-SAnchez, J.F., Fiedler, H.D.
and Gnepink, B., 1994. Evaluation of a sequential extraction procedure for the determination of

extractable trace metal contents in sediments. J. Anal. Chem., 349 1994) 808.

6. Lieser, K.H. and Bausher, C., Technetiurn in the hydrosphere and in the geosphere Chemistry of

technetium and iron in natural waters and influence of redox potential on the sorption of technetium.

Radiochim. Acta, 42 1987) 205.

7. Sheppard, S.C., Sheppard, M.l. and Evenden, WG. A novel method used. to examine variation in Tc

sorption among 34 soils, aerated and anoxic, J. Environ. Radloact., 11 1990) 215.

8. Tagami K and Uchida, S., Aging effect on technetium behaviour in soil under aerobic and
anaerobic conditions. Toxicol. Environ. Chem., 56 1996) 235.

9. Tagami, K. and Uchida, S., Microbial role in immobilization of technetium in soil under

waterlogged conditions. Chemosphere 33 1996) 217.

10. Van Loon, L.R., Desmet, G.M. and Cremers, A., The influence of the chemical form of technetium
on its uptake by plants. In: R.A. Bulman and JR. Cooper (Editors), Speclation of fission and

activation products in the environment. Elsevier Appl. Sci. Pub., London, 1985) 352-360.

- 262 -



JAERI-Conf 2003-010

11. Landa, E.R., Thorbig, L.J.H. and Gast, R.G., Uptake and distribution of technetium-99 in higher
plants. In: Biological Implications of Metals in the Environment, CONF-750929 1977) 390-401.

12. Uchida, S. Tagami, K., Riffirn, W., Steiner, M. and Wirth E., Separation of Tc-99 in soil and plant
samples collected around the Chernobyl reactor using a Tc-selective chromatographic resin and
determination of the nuclide by ICP-MS. Appl. Radiat. Isot. 53, 2000) 69.

13. Brookins, D.G., Eh-pH diagrams for geochemistry. Spnnger-Verlag, Berlin Heidelberg 1987) 97-
99.

- 263 -



JAERI-Conf 2003-010 JP0350621

4.26 Bacterial Contribution to Iodine Volatilization in the Environment.
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ABSTRACT

The roles of microorganisms in iodine volatilization from the environment were studied. More

than 100 bacterial strains were isolated from various environments such as soils, seawater and marine

sediments, and were examined their capacities for volatilizing iodine. Approximately 40% of these

bacteria showed significant capacities for volatilizing iodine. Gas chromatographic determinations

revealed that the chemical species of gaseous iodine is inethyl iodide (CH31). Phylogenetic analysis

based on 16S ribosomal DNA showed that these "iodine-volatilizing bacteria" are widely distributed

through the bacterial domain. The iodide-methylating reaction was mediated by an enzyme protein

with S-adenosyl-L-methionine (SAM) as the methyl donor.

We then estimated bacterial contribution to iodine volatilization from soils. Iodine in soils was

volatilized mainly as CH31. CH3 eission was enhanced in the presence of glucose or yeast extract,

but was inhibited by autoclaving of soils. Little CH3I was produced under anaerobic conditions.

Furthermore, the addition of streptomycin and tetracycline, antibiotics which inhibit bacterial growth,

strongly inhibited CH31 emission, while a fungal inhibitor cycloheximide caused little effect. These

results suggest that iodine in soils is volatilized as CH3I mainly by the action of aerobic soil bacteria.

Similar experiment was carried out by using sea water samples. The emission of iodine from sea

waters occurred biologically, and bacterial (and also other microbial) contribution was confirmed.

Our results suggest that iodine is methylated and volatilized into the atmosphere as a result of

bacterial activities. Since bacteria are so abundant and widespread in the environments, they may

significantly contribute to global iodine volatilization. This indicates that if "'I would be released

from nuclear facilities, weapons testing or ground storage of nuclear wastes, the pathway of

volatilization by bacteria should be considered in the assessment of its environmental migration.
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1 INTRODUCTION

Iodine-129 '91, half-life: 16 x 1' yr), one of the most persistent anthropogenic radionuclides in

the environment, has been released as a fission product from nuclear weapon tests and nuclear fuel

reprocessing plants. Radioactive iodine will have the same environmental and geochemical

properties as stable iodine 'I), and will be rapidly dispersed in the environment since its predominant

chemical forms (F and 100 are highly soluble and mobile. Thus, a better understanding of the

behavior of stable iodine through the biosphere is necessary to ensure the safety of "I. In the

biogeochemical cycling of iodine, the pathway of volatilization is one of key processes. To date,

various organisms such as plants [1], wood-rotting fungi 2 and marine algae 341 (including kelps

and phytoplanktons) have been known to possess the capacities for volatilizing iodine. However,

there have been few studies on microbial capacities for volatilizing iodine despite their great biomass

in the environment. In this presentation, we report the roles of microorganisms, especially bacteria,

in the volatilization of iodine from the environment.

2. MATERIALS AND METHODS

2-1 Isolation and phylogenetic analysis of iodine-volatilizing bacteria.

Various environmental samples such as soils, seawater and marine sediments were serially diluted,

and spread on agar media. Colonies grown on the media were randomly picked up and purified.

Each isolate was then grown in liquid media, and I mL of the culture was transferred to a 120-mL

serum bottle containing 18 mL of the liquid media. Iodide solution (I ml) containing 2 uM of

potassium iodide and approximately 30 kBq/mL of Na'251 was also added. Under these experimental

conditions, final concentration of stable iodine was 0.1 yM. After serum bottles were sealed with

butyl rubber stoppers, cultivation was carried out for 48 hours with shaking. olatile organic iodine

was collected and determined as described below (see 13 Radiotracer experiments). Bacterial

strains were judged to have capacities for volatilizing iodine when their emission rates were calculated

to be more than 0.01%. For phylogenetic analysis of iodine-volatilizing bacteria, 16S ribosomal

DNA (rDNA) was sequenced. 16S rDNA was amplified by PCR using bacterial consensus primers

Eu8f and EuI492r. Approximately 450bp were sequenced with an ABI Prism 310OGenefic

Analyzer (Applied Biosystems) by using the primer complementary to Escherichia coli positions

536 to 518. The obtained 16S rDNA sequences were subjected to BLAST search

(http://www.ncbi.nim.nih.gov/BLAST/) to determine 16S rDNA similarities.
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2-2 Determination and identification of alkyl iodides by GC-ECD

Alkyl iodides emitted from soil samples or bacterial cultures were determined with a Shimadzu

14A GC equipped with an electron-capture detector (ECD, 'Ni source operated at 200'Q. CH31 was

identified using a Hewlett-Packard (HP) 5890A series GC equipped with a PoraPLOT Q-HT

capillary column and coupled to an HP 5972A mass-selective detector.

2-3 Radiotracer experiments

Eighteen milliliter of soil solution or fresh sea water was transferred to a sterile 120-ml, serum

bottle. After that, I mL of iodide solution containing 2UM of potassium iodide and 30 kBq/mL of

Na'25I was added to the serum bottle. In order to change the composition and the level of soil

microbial populations, one of the following compounds was also added. Yeast extract (final

concentration of I g/Q was used to stimulate the microbial activity. Cycloheximide (final

concentration of 150 mg/L), an antibiotic for eukaryotic microorganisms, was used to inhibit the

activities of filamentous fungi, yeasts and algae. A mixture of streptomycin sulfate and tetracycline

hydrochloride (final concentration of 25 mg/L each), antibiotics for prokaryotic icroorganisms, was

used to inhibit the bacterial activities. Serum bottles were sealed with butyl rubber stoppers and

incubated with reciprocal shaking 120 rpm) at 30'C in the dark.

After the incubation for 7 days, volatile organic iodine was collected in an activated charcoal trap

by sweeping under nitrogen gas flushing 5,61. Volatile inorganic iodine such as 12was also collected

in a silver wool trap. The activity of 211 collected in the traps was measured with an NaI scintillation

counter (Aloka ARC-380). To assess the amount of the volatile iodine production quantitatively we

used "emission rate" which is defined as the total amount of "I collected in the activated charcoal trap

divided by the total aount of "I in the serum bottle. The detection limit of this method was an

emission rate of approximately 0002%, and emission rates of more than 0.01% could be clearly

detected with just small errors.

3. RESULTS AND DISCUSSIONS

3-1 Isolation and characterization of iodine-volatilizing bacteria

More than 100 bacterial strains were randomly isolated from various environmental samples such

as soils, seawater and marine sediments, and their capacities for volatilizing iodine were examined.

When they were cultivated with iodide, approximately 40% of the strains showed emission rates of

morethanO.01%,implyingthatiodine-volatilizingbacteriaareubiquitousintheenvirornnent. Based

on 16S rDNA sequences, phylogenetic analysis of iodine-volatilizing bacteria was carried out. As
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shown in Table 1, they were distributed in Proteobacteria (a, and y subdivisions), Cytophaga-

Flexibacter-Bacteroides (CFB) group and High GC gram positive bacteria, indicating that iodine-

volatilizing bacteria are not confined to any particular group of bacteria and are found throughout the

bacterial domain. Strain 16 a bacterium which is closely related to Mycobacterium chubuense,

showed the strongest ability to volatilize iodine, and emitted more than 5% of total iodine during the

cultivation for 3 days (Fig. 1). GC-ECD analyses revealed that gaseous iodine emitted by bacteria is

mainly CH31 6]. Production of other alkyl iodides such as C21151 I C3H71, 2-C3HI and CH2Cl1 was

not observed.

6

Growth (OD 660)
5

4

0.1 mission rate (0/6) 3

2

1

0.01 0
0 12 24 36 48 60 72 84

Hours

Fig. 1. Time course of iodine emission by strain 16 grown in the 1/10 x PTYG medium.

The results are the means of duplicate analyses. In most cases, standard errors were less

than 10%. Symbols: 0) cell growth, 0 emission rate of iodine.

3-2 Biochemical aspects of iodine volatilization by bacteria

By using crude extract of Rhizobium sp. MRCD19, the iodide methylating enzyme activity was

measured 6 It was found that S-adenosyl-L-methionine (SAM) could serve as methyl donor for

methylation of iodide. Only very low methylating aivity was detected in the absence of SAM.

The K. values for iodide and SAM, calculated from Lineweaver-Burk plots, were 026 and 0024 mM,

respectively. It is interest if this type of enzyme would be widely distributed in

bacteria.
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Table 1. Iodine-volatilizing bacteria isolated from various environmental samples

Source Strain Most related Taxonomic Similarity Rate of volatilizatioi
organism group (%) (% x 101)

Forest soil 0-2 Methylobacterium fiqjisawaense Proteo-ot 99 9.7

0-4 Pseudomonas putida Proteo-y 99 11.1

0-5 Pseudomonas cedrella Proteo-y 99 10.9

0-9 Flavobacterium spiritivorum CFB 94 55.2

0-11 Sphingomonas mali Proteo-a 96 156.0

0-12 Sphingomonas herbicidovorans Proteo-a 97 25.0

6-3 Mycrobacterium phyllosphaerae High GC 95 11.9

Paddy soil 1-6 Mycobacterium chlorophenolicum High GC 97 5562.4

2-1 Xfycobacterium hodleri High GC 98 26.1

4-3 Curtobacterium citreum High GC 95 46.2

5-2 Variovorax paradoxus Proteo-P 99 21.8

54 Sphingobactertum comitans CFB 92 206.9

5-5 Hymenobacter actinosclerus CFB 93 27.4

MRCD19 Mesorhizobium loti Proteo-a 99 148.7

Sea water B-1 Pseudoafteromonas agarovorans Proteo-y 99 20.2

B-7 Pseudoalteromonas aflantica Proteo-y 98 12.5

S-1 Pseudoafteromonas carrageenovora Proteo-y 99 27.7

S-6 Pseudoalteromonas distincta Proteo-y 98 28.7

Brine water K-3 Cytophaga ntarinoflava CFB 92 35.5

K-5 Cytophaga marinoflava CFB 94 60.8

K-6 Cytophaga marinoflava CFB 94 79.9

K-7 Aeromarinobacter lutaoensis Proteo-y 97 78.6

Marine sediment U-3 Arenibacter latericius CFB 95 106.2

U-5 Arenibacter latericius CFB 94 22.4

U-9 Flavobacterium xanthum CFB 91 12.3

C-1 Cyclobacterium marinum CFB 94 149.8

C-3 Cyclobacterium marinum CFB 96 131.9

C-7 Arenibacter latericius CFB 94 71.8

C-11 Paracoccus versutus Proteo-a 94 12.2

C 12 Arenibacter latericius CFB 91 73.6

C- 15 Sphingomonas terrae Proteo-cE 95 396.6

C- 8 Pseudoalteromonas tetraodonis Proteo-y 100 32.5

C 19 Cyclobacterium marinum CFB 91 1488.6

Algae Ao I Pseudoalteromonas agarovorans Proteo-y 99 23.2

Ao-2 Pseudoalteromonas tetraodonis Proteo-y 100 43.0

Ara-4 Pseudomonas aeruginosa Proteo-y 100 10.7

Ha-3 Pseudoalteromonas agarovorans Proteo-y 98 16.2
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3-3 Microbial contribution to iodine volatilization from soils

By using GGECD and the radiotracer technique, we then attempted to estimate microbial

contribution to iodine volatilization from soils. When 4 soil samples were incubated with mM of

iodide ion for 20 days, 03 to 16 nmol/L of CH31 was produced (Table 2 Production of other alkyl

iodides was not observed. The addition of glucose often enhanced CH31 production strongly,

suggesting that CH31 is produced biologically. Little CH31 was produced under anaerobic conditions.

Table 2 CH3I emission (nmol/L) from soils incubated with I rnM iodide ion

Additive Soil I Soil 2 Soil 3 Soil 4

No iodide <0.0-5a <0.05 <0.05 <0.05

IodideP 0.8 0.3 1.6 0.3

Iodide + glucosec 50.6 d 0.4 7.2d <0.05

Iodide (anaerobic)e 0.1 <0.05 <0.05 <0.05

acl�lproductionwasunderthedetectionlimitofGC-ECD. bSoilswereincubatedaerobicallywithiodide. c
Soilswereincubatedaerobicallywithiodideand5O niMgIUCOSC.dCl-�lwasalsovcrifiedbyGC-MS. Soilwere
incubated under N CO, atmosphere. Under this anaerobic condition, CH was not produced even when sods
were incubated with various electron donors such as glucose, methanol and organic acids.

Since the detection limit of the volatile radioiodine by the mdiotracer technique is very low, it

allowed us to investigate iodine emission under environmental levels of iodine [5]. Eight surface soil

samples were incubated with radioactive iodine tracer 'I) for 7 days, and volatile organic iodine was

collected and quantified to calculate the emission rates. As shown in Fig. 2 autoclaving resulted in

strong decreases in the emission rates of rice paddy soils, indicating that the iodine eission

occurred biologically. Yeast extract, added to stimulate the microbial activities, often increased the

emission rates dramatically. The addition of bacterial inhibitors (streptomycin and tetracycline)

completely inhibited the iodine emission, while a fungal inhibitor cycloheximide did not show

significant inhibitory effect (Fig. 2.

Although it has been considered that iodine in soils should e volatilized under anaerobic

conditions 7 our results suggest that iodine volatilization occurs under oxic conditions.

Furthermore, Figure 2 clearly indicates that soil bacteria rather than flamentous fungi or yeasts make

a significant contribution to the iodine emission, i. e. CH31 production. Therefore, we consider that

iodine volatilization from soils occurs mainly as a result of aerobic soil bacteria existing in an oxic soil

layer.
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Fig.2. Microbialcontributiontoiodinevolatilizationfromsoils. Emissionratesofthese

5 soils under the normal condition (Fresh) were 0023 00609 0027 0016 and 0014%,

respectively. Relative emission rates of autoclaved soils, soils amended with yeast extract,

with a mixture of streptomycin and tetracycline (Stp+Tc), or with cycloheximide are also

shown. Note that the relative emission rates of soils and D amended with yeast extract

were 1162 and 806%, respectively.

3-4 Microbial contribution to iodine volatilization from sea waters

Similar experiments were carried out by using sea water samples. As shown in Fig. 3 iodine

emission from sea water was completely inhibited by autoclaving or filtration (membrane filter with

0.22 pm pore size). This clearly suggests that iodine volatilization from sea water occurs

biologically. However, the addition of bacterial inhibitors was less effective than that observed in

soil samples, and cycloheximide also showed significant inhibitory effect (Fig. 3. From these results,

it was presumed that iodine in sea water is volatilized by the action of both bacteria and eucaryotic

microorganisms (fungi, yeasts and phytoplanktons).
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Fig. 3. Microbial contribution to iodine volatilization from sea water. Emission rate of

the sea water sample under the normal condition (Fresh) was 0.008%. Relative emission

rates of the sea water with various treatments are also shown. Note that the relative

emission rates of the sea water amended with yeast extract were 1812%.
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ABSTRACT

Effects of the microorganisms to the uptake of rddionuclides by host plant of endophyte

(Neotyphodium lold) to perennial ryegrass, rice pathogenic fungi Gihherella fujikuroi to rice,

Fusarium species that is symbiotic to tomato was monitored using the multitracer technique. Perennial
ryegrass colonized by endophyte showed lower uptake rate rather than the plant without endophyte.

Gibberella fujikuroi was able to increase the uptake of radionuclides (Cs, Sr, Mn, Zn and Co) by rice

via infection. Uptake rate of Mn and Co by infected rice plant was elevated to almost two times as that

of non-infected plant. The effect of five nonpathogenic strains of oxysporum, F. spio rycopersici

(N.P.F.) isolated from tomato rhizosphere was analyzed. Each strain shows uptake enhancement of

some radionuclide by plant. At least one strain shows critical enhancement of the uptake of Sr and Cs

both.

KEYWORDS: RADIONUCLIDES, PHYTOREMEDIATION, PLANT, MICROORGANISM,
MULTITRACER

1. INTRODUCTION

Radionuclides released by nuclear power plants into the environment are a potential risk to human
health. Consumption of food contaminated with radionuclides, due to their transfer from soil to plants

and then to livestock, is a significant pathway for human exposure to radionuclides. To decrease such

exposure doses of humans, it is desired to eliminate radionuclides from the soil. Phytoremediation is a

good method to remove radionuclides from the soil (1). We have shown that several factors influence
the uptake of radionuclides by plants, including soil profile and pH in the soil 2 Rhizosphere

microbes are also often known to affect the uptake of radionuclides from the soil by the plant 3).

Fusariurnu is one of a major fungi widely colonizing in plant rhizosphere. Some genuses of Fusarium
causing diseases on a wide variety of plants but many others are not harmful to the host plant.
Endophyte is other good example of symbiotic fngi to the plant. Endophytes are fangi that live inside

grass, for example, in tall fescue (Festuca arundinacea) and perennial ryegrass (Lolium perenne). The

endophytes do not harm the grasses, but they sometimes produce toxins that are harmful to livestock.
On the other hand, infected plants can grow better and show higher drought tolerance and resistance to

insects than non-infected ones 4 But the influences of microorganisms on the uptake of

radionuclides by plants remain unclear. In this paper, we analyzed the effect of microbes on the uptake
by the plant. Effects to the uptake of radionuclides by host plant of endophyte (Neotyphodium lolii to

perennial ryegrass, rice pathogenic fungi Gibberella ftijikuroi to rice, Fusariurn species that is

symbiotic to tomato was monitored using the multitracer technique.

2. MATERIALS AND METHODS
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2.1 Preparation of multitracer solution

A disk target of Ag was irradiated with a 135-MeV/nucleon 14 N ion beam accelerated by the
RIKEN Ring Cyclotron. The irradiated Ag target was dissolved in HN03 and Ag was simply
precipitated as AgCl with conc. HCI and filtered. The throughout was evaporated to dryness and was

dissolved in ultrapure distilled water for the experiment (5). Commercially obtained 137Cs was added
to this solution and the final. solution is carrier and salt free and has a pH of 6.8.

2.2 Isolation of microbes

For isolation of root associated Fusarium species, root of tomato and rice grown in cultivation
fields was collected. The root surface was briefly sterilized with 70% alcohol for 15 sec, washed with
sterilized distilled water, and was placed on PDA based Fusarium selective medium containing
chloraniphenicol (I 00,u g/nil). After IO days incubation, colonies of microorganisms grown from the
root tissue were separated and maintained on PDA plate medium.

2.3 Cultivation of plants and Microorganisms

Genetically identical strains of perennial ryegrass that were infected with an endophyte
(Neotyphodium lolii) and non-infected strains were kindly supplied by Dr. Shimanuki (National
Grassland Research Institute, MAFF, Tochigi, Japan). Plants were grown in plastic pots containing 150
g of sterilized horticulture soil (Kureha engei baido, Kureha Chemical Industry Co., Tokyo). A
multitracer solution was administered to each pot. The same amounts of solution were absorbed by
filter paper for comparison. The plants were cultivated in a green house at 25-300C and under 15,000
to 17,000 lux light for 12 hrs a day. After 4weeks, aerial part of the plant was collected and dried in
500C. Then the radioactivity was measured

For inoculation of ftmgi with tomato and rice plant, each strains of ftmgi were cultured in PDA
broth at 25C for I week until sufficient spores were formed. In 2weeks after seeding, liquid cultures
of each fungal strain were drenched directly to the soil. In the two weeks that followed, the aerial part
of the plant was sampled.

2.4 Gibberellic acid treatment

10ml of Gibberellic acid (GA3) solutions in each concentration (600mg/l, 450mg/l, 300mg/I and
150mg/1) were applied to soil directly at the same time of seeding. Plant was cultivated in greenhouse
condition and additional GA3 treatment was not performed until sampling.

2.5 Measurement of gamma-ray spectra

After cultivation for an appropriate period, the aerial part of plants were corrected and dried at
509C for overnight and subjected to gamma-ray measurement with hyperpure Ge detectors. The peak
areas of the spectrum were computed by analyzing software, Gamma Studio (SEIKO EG&G Co.
Ltd.).

3. Results and discussion

3.1 Effect of Endophyte to perennial ryegrass

Figure I shows the uptake rate of several elements (Sc, Mn, Co, Zn, Se, Rb, Sr, Cs in Fig. I -a, Na
and Tc in Fig. I b). In the non-infected strain, the uptake rates of Na and Tc were high, about IO% for
Na and 32% for Tc. For other nuclides, such as Sc, Mn, Co, Se, Rb and Sr, the uptake rates were
relatively low 1% to 8%). The uptake rate of Cs and Zn was less than 1% 0.14% Cs and 077% Zn).
In the endophyte-infected strain, almost all of the element's uptake rates were reduced. N.Iolli is
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known to produce toxins and give some benefit to host plant, such as better growth, higher drought

tolerance and resistance to insects 4). Lower content of trace elements in the endophyte-infected plant

was possibly leaded by increase of water content of the plant that provide drought tolerance.

7 0: Edphyt - 50

6 0: E,dphyt: 0: Endophyte
Endophyte

M NO

4 3Z30

3 (U
�c 2 0

2

I _LL 0.F1 7)

Mn SC co Zn Se Rb Sr Cs 0

a) Elemen b) Na Elemen Tc

Fig. 1. Influence of endophyte on the uptake of radionuclides by perennial ryegrass. a) uptake of Sc,

Mn, Co, Zn, Se, Rb, Sr, Cs. b) uptake of Na and Tc by perennial ryegrass. Data was expressed as the

3.2 Gibberellafujikuroi to rice

Gibberellafujikuroi was isolated from rice rhizosphere. This strain was able to increase the uptake

of radionuclides (Cs, Sr, Mn, Zn and Co) by rice via infection (Fig 2 Uptake rate of Mn and Co by
infected rice plant was elevated to almost two times as that of non-infected plant. It was observed that

elongation of plant body in the infected rice. Gfujikuroi is known to be able to produce large amounts

of Gibberellines (GAs). Some of GAs act as natural plant hormones, controlling developmental

process such as the induction of hydrolytic enzyme activity during seed germination, stem elongation,
flower induction and seed and pencarp growth 6). But the influence of GAs to the metal uptake by
plant was not clear. Table I shows the effect of GA3 on the uptake of radionuclides by rice.

Administration of 150mg/l GA3 showed almost same effect as Gfujikuroi infection.

3. 5

rminfecte.
3

1, 2. 5

41

0. 

0

Co Cs Mn Sr Z. Rb
Nudide

Fig. 2 Influence of Gibberellafujikuroi on the uptake of radionuclides by rice
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Table 1. Influence of Gibherella fuiikuroi and oibberelline on utake of radionuclides bv rice

Control G.fujikurol Gibberelline A301 /Ml)
600 450 300 150

Uptake amount (%/plant)

Mn 1.39 2.65 2.62 2.55 2.18 2.41

Co 0.07 0.24 0.18 0.10 0.17 0.18
Zn 0.71 1.21 1.44 1.24 1.06 1.16

Rb 1.63 2.55 3.14 2.90 2.83 2.48

Sr 0.08 0.15 0.14 0.13 0.14 0.18

Cs 0.02 0.04 0.05 0.04 0.04 0.03

Shoot dry wt. (g) 0.209 0.234 0.331 0.309 0.299 0.29

Root dry wt. (g) 0.076 0.073 NT* NT NT NT

*Not tested

No co
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Fig. 3 Uptake rate of radionuclides by tomato infected with Fusarium strains. Control: without

infection. TI, T2, T3, MI, M2: Tomato plants that infected by Fusarium strains isolated from

tomato rhyzosphere. Data was expressed as percentage to the activity of the control per gram dry

weight of the plant that inoculated with nonpathogenic strains of Fusarium (TI, T2, T3, MI and

M2). Error bar shows standard deviation derived from 4 replicates.
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3.3 Fusarium oxysporum to tomato

Nonpathogenic strains of F oxysporum, F. spio rycopersici (N.P.F.) were isolated from tomato

rhizosphere and 5strains (TI, T2, T3, MI and M2) were used for further study. Figure 3 shows the

uptake rate of several elements from the soil to the aerial parts of the plant (Na, Mn, Co, Sr, Cs, Tc,
Rb). The tomato plants treated with T showed moderate enhancement of the uptake of Na, Co, Cs

and Rb. The uptake rates of Sr and Zn were almost the same as that of the control and the Mn uptake

rate was less. T2 increased the uptake of the same elements as TI as well as Tc. MI and M2 enhanced

uptakes of Co, Cs and Rb. M2 also increased Sr uptake. T3 showed significant increase in the uptake

in all elements except for Na. Enhancement of the uptake of both Sr and Cs was observed in T3 and

M2-inoculated tomato. In terms of phytorernediation for contaminated soil by long-lived radionuclides

such as Sr or Cs, the use of microbes like N.P.F. T3 or M2 to enhance uptake of these elements by
plants is suggested. At least one strain shows critical enhancement of the uptake of Sr and Cs both. A

fungus was recovered from sterilized 'root of tested plant cultivated with T3 strain but not from aerial
part (data not shown). It means that T3 can invade and colonize into the root. It has been reported that

an arbuscular mycorrhiza (AM) fungus into marigold can transport several metal ions to the plant
through its hyphae 7). There for, T3 may be able to transport these elements like AM fungus.

The ideal plant for phytorernediation should be fast growing, high biomass, deep toots, easy to

harvest and tolerant and accumulate metals in their aerial part. But no plant has been described that

fulfils all that criteria. In tenns of phytoremediation for contaminated soil by long-lived radionuclides

such as Sr or Cs, the use of rhizofttngus that can increase the uptake of radinuclides by plants should

provide good improvements of clean-up efficiency.

4. Conclusions

Effect of microorganisms on the uptake of radionuclides by plants was monitored using mutitracer
technique. Perennial ryegrass colonized by endophyte decreased nuclides uptake compare to not

infected plant. N.P.Fs isolated from tomato rhizosphere enhanced the nuclides accumulation in tomato

plants via infection. G. fujikuroi increased nuclides uptake in rice. Gibberelline treatment showed
almost same effect on nuclides uptake by rice plants as G. fujikuroi infection. These results suggesting

that microorganisms is a important element that affect uptake of nuclides by plats, and te using

microorganisms combined with phytorernediation suitable plants may improve the removal efficiency

of radionuclides from contaminated land.

This research was supported in part of Grant for Nuclear Cross-Over research.

5. References

I D. E. Salt et al., Phytoremediation, Annu. Rev. Plant Physiol. Plant Mol. Biol. 49 643-668 1998)

2. S. Gouthu et al., Studies on some parameters that may influence the uptake of radioisotopes by

plants from soil, RIKEN Accel. Prog. Rep. 30 117 1997).
3. J. A. Entry et al., Phytoremediationo of soil contaminated with low concentrations of radionuclides,

Water, Air, and Soil Pollution 88 167-176 1996)

4. M. R. Seigel et al., Fungal endophytes of grasses, Ann. Rev. Phytopathol. 25 293-315 1987)

5. S. Arnbe et al. Multitracer a new tracer technique - ITS principle features and application, J.
Radioanal. Nuclear Chem. 195 2) 297-303 1995)

6. B. Tudzynski, Biosynthesis of gibberellins in Gibberella fujikuroi: biomolecular aspects Appl
Microbiol Biotechnol 52 298-310 1999)

7. H. Suzuki et al., Transport of trace elements through the hyphae of an arbuscular mycorrhizal
fungus into marigold determined by multitracer technique, Soil Sci. Plant Nutr. 47(l), 131-137

(2001)

- 276 -



JAERI-Conf 2003-010 JP0350623

Session4 Radiation Effect
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ABSTRACT

This paper deals with low dose effect of HTO on mouse lymphocytes DNA (in vitro

irradiation) estimated by the comet assay using CR male mouse of 20 to 23 weeks old.

Lymphocytes were isolated by centrifugation of whole blood sample on Ficoll-Paque solution

and embedded in agarose g 'ust after mixed with HTO. After lymphocytes were exposed to

17-50 mGy of HTO, the agarose gel slides were washed to remove HTO and cell lysis treatment

on the slides was conducted before electrophoresis. The individual comets on stained slides after

clectrophoresis were analyzed using imaging software. No significant DNA damages were

observed.

KEYWORDS: tritiated water, mouse, lymphocyte, comet assay

1 INTRODUCTION

The comet assay, a single-cell gel electrophoresis technique, has been reported as a rapid

and highly sensitive method of detecting DNA damage in individual cells directly after acute

radiation exposure [1]. Although detection of DNA damage by this assay method in cells of

animal exposed to low dose of X ray 231 or gamma rays 45] were reported, few detection

data in animal cells due to internal radiation exposure was reported. As for tritium transfer to

DNA in mice tissues, in the previous paper 6 we reported that almost no significant

differences were found between the dose rates from DNA-bound tritium in each tissue of mice

which were chronically fed with one of titiated organic compounds, T-thymidine, T-leucine, T-

glucose, or tritiated water (HTO) as dnking water of 70 kBq tritium/l during long-terms of 180,

240 and 300 days. In this study, w intended to evaluate the effect of tritium beta radiation of up

to mGy on the DNA damage in mouse lymphocytes irradiated in vitro by single cell gel
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electrophoresis, comet assay.

2 EXPERIMENTAL METHODS

Animals

The ICR male mice, 20-23 weeks of age, were used in this study. Animals were kept with

solid food and water ad libitum under controlled temperature 22±2 'C) until use.

Whole blood samples from ICR mail mouse were collected in heparmized tubes and

lymphocytes were isolated by centrifugation on Ficoll-Paque PLUS (Amersharn) at 400 x g for

20 min, washed with balanced salt solution (BSS) and suspended in BSS.

HTO treatment and slide preparation for the comet assay

An aliquot of lymphocyte suspension was mixed with aliquot BSS containing HTO (final

concentration 1.5MBq/ml) and kept on ice. Slide preparations were processed essentially

according to the method of Singh et al 2 and CometAssay' Instructions (TREVIGEN, Inc.,

Gaithersburg) 7 After every 4 hr (0,4,8,12h), 20gl of each suspension were mixed with

200gi of LMAgarose (TREVIGEN) at 40'C and 50gl of gel placed on the microscope slides

previously prepared with the bottom layer of agarose. Then slides of HTO treated sample were

washed 4 times with BSS to remove HTO and kept in a humidified container at 4C to prevent

drying. As negative control, BSS without HTO was used. As for positive control, two slides

prepared with gel layer of cell suspension in BSS without HTO were submerged in BSS

containing 10gM H202 or 25�LM KMnO4 for 30min at 4C and then washed twice likewise

with fresh BSS.

Comet assay

The alkaline comet assay was conducted essentially as developed by Singh et al 2]. All the

slides were immersed in prechilled Lysis solution(TREVIGEN) for 60min. After lysis the slides

were drained and placed on a horizontal clectrophoresis chamber, filled with alkaline buffer

(0.3M NaOH, ImM EDTA, pH>13) at 4C. Slides remained in the alkaline electrophoresis

buffer for 20min to allow unwinding of DNA and conversion of alkali-labile sites to single

strands breaks. Electrophoresis was carried out for 20min at 25V (IV/cm). After electrophoresis,

the slides were washed with TE twice, immersed in 100% methanol, and then 99.5 eanol at

4'C for 5min, respectively

Each sample area of slides was stained in SYBR Green I (Molecular Probes) diluted 10'-fold

with TE. After drying, slides were observed by using an Olympus epi-fluorescence microscope

(BX40, 20OX magnification with an excitation filter of 470-490nm and a barrier filter of

590nin) equipped with a digital camera (DP50; OLYMPUS) and a PC-based image analysis
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system (SCG32 version 250, KEIO Inc., Japan). About 100 comet cell images were scored

from each sample and DNA migration (defined as damaged DNA length) [1] was used for

analysis.

3. RESULTS AND DISCUSSION

Lymphocytes from ICR mail mouse (A, B, C, D) were internally exposed to HTO

(I.5MBq/nil) for 4 8, and 12 hours and then DNA damages in individual cells were analyzed by

using the comet assay method. Figure I shows the frequency distribution histogram of DNA

migration from control and in vitro HTO treated lymphocytes isolated from mouse A.

40 control 40 HTO exposure]

30 Oh 3D
20 20 Oh
10 10
0 RR M. ............ RR . .

0 10 20 30 40 50 0 10 20 30 40 so

40 40

3D 4h 30 4h
2D 20

16.6mGy10 10
0 0

0 10 20 30 40 50 0 10 20 30 40 50

E' 40 35
8h 30 8h

30 25

2C 205 33.2mGy
ic� 110

n 5
0 V

0 10 20 30 40 50 0 10 20 30 40 50

40- 40 -

30 12h 30 12h
20 20 9.8mGy
10 10

1'. - I RR .........
0 10 20 30 40 50 0 10 20 30 40 50

DNA Migration (i i )

Fig. IFrequency distribulion of DNA Migration of mouse lymphocytes treated
lArith HTO (1.5MBq/ml) or balanced salt solution for negative control.
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T'hc accumulated doses of 4 8, and 12 hours of HTO exposure were 16.6, 33.2 and 49.8 mGy,

respectively. The distributions of DNA migration in control lymphocytes were almost the same

as those in HTO treated lymphocytes at a dose of 16.6 niGy to 49.8 rnGy and no significant

damages were detected. As for the lymphocytes isolated from the other three mice (13, C D,

the similar results were obtained (data not shown). Figure 2 shows the mean DNA migration

with D from control and HTO treated lymphocytes from four independent experiments using

mouse A, B, C and D. No statistically significant (p<0.05) increase in DNA migration was

observed in the HTO exposed lymphocytes groups in all the four mice (the Student's t-test). The

detections of DNA damage in human lymphocytes in vitro exposed to low doses 0.032-0.256

Gy 2 0.05Gy 31) of X-ray and 0.05Gy of garnma rays 4] by the comet assay method were

reported. In rat lymphocytes, DNA damages induced by the exposure to 660inGy of "'Cs

garnma rays were detected [5].

30

control HTO exposure

�5
16.6mGy 3 3.2mGy 49.8 rnGy

20

15

I 0z
12:1

5

0

0 4 8 12

Exposure time (h)

Fig. 2 The mean DNA migration obtained from control and HTO exposed
lymphocytes from four independent experiments (mouse A, B, C and D).

Hydrogen peroxide is known to induce apparent DNA double strand break and

36ARM H202 induced significant damages [1]. As shown in Fig. 3 the comet images with

marked tail pattern like apoptotic cells were observed from every mouse lymphocytes treated

with I OgM H202or 25gM KMnO,. These results were valid for the positive control of the

alkaline comet assay technique.
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100i M H 202 251 M KMnO 4

Fig. 3 Photomicrographs showing the images of positive control cells

treated with H202 or KMnO,.
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Session5 Environmental Radioactivity
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ABSTRACT

A simple analytical method of C14 measurement using fast bomb combustion and liquid
scint'nation counting (LSC) has been developed for measuring C14 distribution in the terrestrial
environment. Specific activities of C14 in cedar leaves and soils collected from an area around
nuclear facilities and control areas were measured using this method. Depth distribution of Cs-137 in

'Is was also measured at the same sampling sites and compared with the depth distribution of G 4.
C-14 specific activity in cedar leaves examined around nuclear facilities exceeded that in the

control areas by to 30 mBq (g carbon)-'. The depth distribution of C14 in forest soil shows that G
14 has peak values in the top 10 cm of the soil profiles ascribed to the highest bomb C14 level in the
1960's. The data were made available to assess the behavior of fallout C14 in the surface
environment.

KEYWORDS: C14, Cs-137, Stable isotope ratio, forest

1 INTRODUCTION

Because of the long radioactive half-life of C14 5730 yr), fallout C14 from former nuclear
weapon tests remains in soil and C14 flux from the soil surface to the atmosphere was observed in a
forest [1]. Patterns of C14 enrichment in soil profiles provide important information for estimating
carbon turnover and carbon flux from soil. C14 is also released from nuclear power plants and
nuclear reprocessing plants. Recent increase in the peaceful use of nuclear energy has made
monitoring of C-14 in the environment more important.

Many studies have been performed to establish the low-level C14 specific activity in organic
materials using liquid scintillation counting (LSQ and accelerator mass spectrometry (AMS). For
LSC, the benzene synthesis method is usually adopted because of its high counting efficiency.
However, using benzene synthesis-LSC method requires relatively large samples (several gms of
carbon) and complex preparation procedures, and a method using AMS is relatively costly. For these
reasons, direct C02 absorption and the LSC method have an advantage when many samples must be
measured. We have developed a simple analytical method of C14 measurement using fast bomb
combustion and LSC C14 specific activities in cedar leaves and soils collected from an area around
nuclear facilities and control areas were measured using this method. The depth distribution of Cs-137,
total carbon content and stable carbon isotope ratio in soils were also measured at the same sampling
sites and compared with the dpt dstribution of C-14.

2. METHODS

2.1 Sampling and pretreatment of cedar leaves and soils
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Soils, litters and cedar leaves were collected at Tokal Village and Satomi Village in 2001 and
2002 in Japan 2 31. Fig. I shows the location of the sampling points. There are nuclear facilities in
Tokai Village, including a nuclear power plant and a spent fuel reprocessing plant. Satomi Village is a
control site. Litter was divided into 2 layers. After removal of litters, soil samples were collected at
depths of 02 and 25 cm, then collected in increments of cm up to 60 cm from the soil surface. At
the sampling points in Satomi Village, newly fallen leaves were collected as the cedar trees were too
high to take their leaves directly. At the sampling points in Tokal Village, tips of cedar leaves were
collected.

The samples were dried in an oven to attain constant weight. Litters and cedar leaves were
ground into very fine powder. Soil samples were ground and sieved through a mm. mesh after
removal of stones, roots and plant debris by hand picking.

N

Tokai
Kuji Riv�7

N
E

500 km D's

C I
omi

0 Nuclear facilities

kai A BO

ito j km 0

lbaraki Prefecture Shinkawa River

Fig. I Location of soil and cedar samples. Points A to E indicate sampling locations in Tokai village.

2.2 Analytical method of C-14 specific activity

C-14 specific activity in plant and soil were measured using fast bomb combustion and LSC 2,
31. Fig. 2 shows a schematic diagram of the set-up. A sample containing organic material was burned
under high oxygen pressure 300 psi) in a fast oxygen combustion bomb apparatus (DELFI SCIENCE
INTERNATIONAL, 'Inc). About 456 g samples were burned at a time. A cold trap using liquid
nitrogen caught the generated gas mixture, including CO2. The cold tp was then warmed to room
temperature and the trapped gas was passed through a water trap (Drienitc, W A. Hammond Drierite
Co. Ltd.) and a C02 tap [Molecular Sieve (M.S.) 4A, Union Carbide Co.]. The C02 trapped by M.S.
4A was released using a furnace 420 'Q and purged into a C02 absorbent material (CARBO-SORB E,
Packard Ltd.) mixed with a scintillation cocktail (PERMA FLUORE E', Packard Ltd.) with nitrogen
gas. After absorption Of C02, the 20 ml or 100ml mixture of reagents was ppetted into a 20 ml glass
vial or 100 ml Teflon vial and weighed. The amount Of C02 fixed in the absorbent was evaluated by
the gravimetric method. The C14 radioactivity was measured with a low background liquid
scinti 'llat'on counter (LSC-LB 111, Aloka) by 500-minute counting. NIST reference material SRM-
4990C [oxalic acid with 18.4ldpm (g carbon)-'] was used to determine the counting efficiency. The
average counting efficiency was 60 %. The detection limit in this experimental condition was 20 ml3q
(g carbon)-', so environmental C14 levels [about 250 ml3q (g carbon)-'] could be evaluated by this
method.
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N2 gas

02 gas Flow meter Drierite M.S. 4A Silica gel

500 ml/nidn KMnO4

Sam e Vacuum pump
ou

Oxgen combustion
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Thermometer PE RMA FLUORE E 15ird
DTierite

420'C =3-

N2 gas Cooling water

HC
C Silica gel

Flow meter
40 ml/min Ice water

Tubular furnace

20ml 0 Liquid Scintillation Counting
Glass vial

Fig. 2 Schematic diagram of experimental set up 2]

2.3 Carbon stable isotope ratio and carbon content measurement

Less than 10 mg of samples were sealed into tin capsules and combusted with an on-line sample

preparation system, i.e. elemental analyzer (NCS-2500, Thermo Quest) linked through a gas

punfication system to an isotope ratio mass spectrometer (Isoprime-EA, Micromass Ltd). The data are

expressed in C notation by 8"C (%o) � (Rsample /Rstandard - 1) x 1000, where Rsample and Rstand.,d are

the molar ratios of the heavy to light isotope of the sample and standard (PDB), respectively.

Carbon content in soils was measured using total carbon analyzer (TOC-5000 connected with

SSM-5000A, SIMAZU).

2.4 C137 radioactivity measurement

About 250-500 g of samples were sealed in a plastic container 13 cm in diameter) and counted

on a germanium gamma detector coupled to a multichannel analyzer (MCA 7700, Seiko EG & G) Cs

-137 radioactivities were determined by its y emissions at 661.6 keV. Counting geometry was almost

the same for all samples. The data obtained are expressed in relative concentration (RC) by RC = CPM

of each layer maximum CPM of each profile.

3. RESULTS AND DISCUSSION

C-14 specific activities in cedar leaves were 249 and 247 mBq (g carbon)-' in Satomi Village and

256-278 mBq (g carbon)- I in Tokal Village, respectively (Table 1). Momoshima et al. reported that
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about 20 mBq (g carbon)-' excess was observed around the nuclear power plant in vegetation samples
in comparison with the areas located far from nuclear facilities 4]. In this study, C14 specific activity
in cdar leaves around nuclear facilities exceeded that in the control areas by 830 mBq (g carbon)-'.

Table I C-14 specific activity in Japanese cedar leaves 21

Location C-14specificactivity (mBq/gcarbon)

Satomi Village

Site 249±4"

Site 2 247±4

Tokai Village

A 2784-4

B 256+4

C 262±4

D 265±4

E 259±4
'Counting error lcr

The depth profile of carbon content and stable isotope ratio, Cs-137 relative concentration and C-
14 specific activity in forest soil were measured for 3 sampling points (Tokai A, Satomi site I and
Satomi site 2 The results are shown in Fig. 3 Fig. 4 and Fig. 5, respectively. In these figures, the
sampling depth in the soil profile is expressed as a negative value and positive I cm and 2 cm in soil
depth show old and fresh litter on the soil surface. Toka A is forested mainly with cedar, also with
some deciduous trees. Satomi site I is forested with cedar and deciduous trees and site 2 is forested
only with cedar trees. The annual ring count shows that the cedar trees were planted 30 years ago in
Satomi site 2.

The total carbon contents in 3 sampling points show about 50 in litter, and this decreased
dramatically in the upper 10 cm. The carbon isotope ratios (813C) show 27 - 30 oo in the litter. This
value is the same as that in the fresh leaves. C values increased with increasing soil depth, but the
tendency shows a difference among 3 sampling points. For Toka A and Satomi site 2 which are
forested mainly with cedar, the 613C value increased gradually from litter to 60 cm depth. For Satorni
site 1, in which the proportion of deciduous tree is high, the C value increased steeply between litter
and soil, and then the variation of 13C in deeper soil was gentler than that for other sampling points.
The variation of 513C was probably caused by isotopic fractionation in the process of microbial
decomposition. Microorganisms preferentially use lighter carbon sources in metabolic reactions
associated with litter decomposition and soil organic matter oxidation, and then the residual soil
organic matter should become progressively more positive in its 13C values. Stable carbon isotope
w'II be a very useful signal for estimating turnover of soil organic matter.

Both Cs-137 relative concentration and C14 specific activity have a peak in the depth profile.
The specific activity of C14 and Cs-137 in the atmosphere increased dramatically in the 1960's as a
result of atmospheric nuclear-weapon tsts, and continually decreased to the present. Therefore, the
highest peaks of Cs-137 and C14 in the soil profile are ascribed to fallout from nuclear-weapon tests.
For Tokai A and Satomi ste 2 the highest concentration of Cs-137 was observed in the horizon of
5-10 cm and 57.5 cm, respectively, and the highest concentration of C14 was observed in the
horizon of 25 cm for both sites. For both stes, the peak of Cs-137 was in deeper soil than that of C-
14. The second peak of C14 in the horizon of 15-20 cm for Satomi site 2 was probably due to
disturbance when the trees were planted. For Satorm site 1, the highest peak of Cs-137 in soil profile
was observed in shallower soil 25 cm) than that for other sites. This is probably because the
difference of the vegetation affected the sedimentation rate. The litter in Satomi site 1, in which the
proportion of deciduous trees is high, was decomposed more easily and the soil sedimentation rate was
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lower than that in other sites. Though a C14 peak was observed the horizon of 5-10 cm in the soil
profile for Satomi site 1, the peak concentration was lower and the dispersion of the measured value
was big. The reason is not certain yet, but there is a possibility of soil disturbance by earthworms.
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Fig. 3 Depth profiles of carbon content and stable isotope ratio 3]
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Fig. 4 Depth profiles of Cs-137 relative concentration [31
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Fig. 5 Depth profiles of C14 specific activity 3]

4 CONCLUSION

A simple and quick method for C14 measurement has been developed. C14 specific activities
in cedar leaves and soils collected from an area around nuclear facilities and control areas were
measured using this method. Depth distribution of Cs-137, total carbon content and stable carbon
isotope ratio in soils were also measured at the same sampling sites and compared with the depth
distribution of C14.

C-14 specific activity in cedar leaves around nuclear facilities exceeded that in the control areas
by to 30 mBq (g carbon)-'. The total carbon contents in all sampling points show about 50 in litter
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and decreased dmatically in upper I cm. The 8"C values show that the turnover dynamics of soil
organic carbon could be described very well by progressive enrichment values of 8"C. The depth
distribution of C14 and Cs-137 in forest soil shows that C14 and Cs-137 have peak values in the top
10 cm of the soil profiles ascribed to the highest concentration levels in the 1960's as a result of
atmospheric nuclear-weapon tests. However, difference of the vegetation and behavior of both
radionuclides affected the depth of the peak.
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ABSTRACT

of 36CIConcentration was determined in soil sample collected at the former Soviet Union (FSU)

Semipalatinsk Nuclear Test Site (SNTS). The radiochemical separation procedure has been developed

for chlorine isolation from soil matrix and interfering radionuclides, and 36CI determination was

performed by liquid scintillation counting (LSC) and projectile X-ray accelerator mass spectrometry

(PX-AMS) techniques.

The concentration of 36CI was determined as (1.5 ± 07) mBqtg by LSC. 36CI/Cl atom ratio

measured by PX-AMS at Kyushu University Tandem Laboratory (KUTL) was found to be (5.0 ± 16)

x IWO and the activity of 36CI was calculated as 2.0 ± 06) mBq/g. The'separation of competing

atomic isobars of 36 S and 36CI was satisfactory achieved by projectile X-ray detection technique.

Currently developed at the KUTL 36CI-PX-AMS system can be applied for 36CI analysis at 36CI/Cl

atom ratio level of I -1 1.

KEYWORDS: CL-36, SOIL, ACCELERATOR MASSS SPECTROMETRY, LIQUID

SCINTILLATION COUNTING, SEMIPALATINSK NUCLEAR TEST SITE

1. INTRODUCTION

Today much attention has been paid to the determination of long-live radioactive isotope of 36 C,

[TI/2 = 3.01 t 004) x 105 yrs]. Determination of 36C I has been carried out for purpose of scientific

investigations and nuclear waste management studies. It has been widely used as a tracer for

� Present Address: Internal Dosinietry Laboratory, Japan Atomic Energy Research Institute, Tokai-mura, Naka-
gun, lbaraki-ken, 319-1195, Japan
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hydrological and atmospheric studies, geochronological dating for very old objects (beyond 50,000

yrs) and estimation of the erosion rate of the earth surface [1]. In the field of nuclear waste

management 16C, is a key nuclide for the monitoring of radioactive release from nuclear waste

facilities 2].

In the environment, 36CI i produced by tree major reactions: (1) spoliation of Ar, K and Ca

nuclei by energetic cosmic rays, 2) (n, p) reaction of 36 Ar with slow neutron, and 3) thermal neutron

activation of 35CI. Besides natural production, a large amount of 36CI was produced by nuclear weapon
of 35CItesting carried out at the Pacific atolls during 1950s; thermal neutron activation in seawater was

abundance and spallation of Ca in coral was small 1]. As a result of peaceful use of a nuclear energy,

36CI is produced at nuclear power stations and released to the environment from nuclear fuel

reprocessing plants 3].

Accelerator mass spectrometry is genera ly us or t determination of such long-I ved

radionuclides. However, 36CI can be detected by radiometric methods because it emits ray with

rather high energy 708.6 keV, 98.1 %) 4]. This work generalized the results of 36 Cl analysis in

soil sample colleted at the former Soviet Union (FSU) Semipalatinsk nuclear test site (SNTS by

liquid scintillation counting (LSC) and projectile X-ray accelerator mass spectrometry (PX-AMS at

the Kyushu University (Fukuoka, Japan).

2. EXPERIMENTALS

2.1. Soil sampling

IC..kb Rpb1l. The soil sample (d 4.7 cm depth - cm) was

collected at the FSU SNTS - "Technical Area (Fig. 1 on

October 22, 1995. The sampling point locally referred as

"Bolapan" is placed around the top of the b k of a crater

along the Chagan River. The crater was formed by a single

underground nuclear explosion test on 15 January 1965. The

soil was oven dried, ground and subjected to analyses.

....... .....
2.2 Equipment

The 36CI activity was measured with an Aloka low-
T.hWW r

background liquid scintillation counter (Aloka LB-II).

Measurements of 36CI/Cl atom ratio were carried out on

pelletron-type tandem accelerator at Kyushu University

Tandem Laboratory (KUTL). Stable Cl- concentration wasFig. Sampling location at the SNTS
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measured by DIONEX 2000i ion chromatograph system.

2.3 36CI isolation from soil sample

To extract chlorine from soil matrix, grams of the sample were incinerated for 10 h at 450' C

and fused for 4 h with NaOH at 300' C followed by dissolution of the fusion cake in de-ionized water.

After decrease in pH of the solution, precipitates formed were discarded by centrifugation. The

volume of the supernatant was adjusted to I liter. The aliquots of 900 ml and 100 ml, suitable for 36CI

measurement by LSC and PX-AMS, respectively, were taken for further 36CI purification. Prior to

LSC measurement it was necessary to purify 36CI from the interfering a4p-radionuclides, and in case

of PX-AMS' 36CIS stable isobar of 36S (0.017% of natural sulphur) should be eliminated. The specific

analytic .al procedures used for 36CI purification prior to 36CI-LSC and 36CI-PX-AMS have been

described in details previously 5,6].

2.4 . 36CI analysis in soil sample from the FSU SNTS

2.4. 1. Liquid scintillation counting

The residue after radiochemical separation contained 36CI was transferred to a 20-ml Teflon vial

with I ml of 1 M de-ionized water and mixed with 19 ml of Ultima GoIdTm LLT scintillation

cocktail (Canberra Packard). After cooling for one day under dark condition in the liquid scintillation

counter, activity of 36C Iwas measured for 999 min by Aloka low background scintillation counter. The

background samples were prepared by ixing 19 ml of scintillation cocktail with n-d of 75 mM

NH4NO3 + 0.5 M NH4Cl solution and counted for the same time. Background counting rate, counting

efficiency, stability of gel and quenching characteristics have been also examined. All analyses were

done in triplicate.

Aw -na Ion SO.Me 2.4.2. PX-AMS measurements
0 kV

Guessfin "hmcW(GVW

loins A schematic layout of the setup of
cap present 36CI-PX-AMS system at the Kyushu

Un-

MW University Tandem Laboratory (KUTL is
GM) illustrated in Fig.2 7 Projectile X-ray

T. .�i Sim

detection (PXD) technique, that identifies

ions with different atomic numbers by

Fig. 2 Schematic layout of PX-AMS system at KUTL characteristic X-rays they emit when
for 36CI analysis

- 290 -



JAERI-Conf 2003-010

slowing-down in a thin target, was applied to detect 36CI . The induced characteristic X-rays: Kal of Cl

(2.622 keV) and Kal of 2.308 keV) were detected and distinguished by a high pure Ge detector [8].

3. RESULTS AND DISCUSSION

A typical raw X-ray spectrum of the soils sample is given in Fig 3-a. The spectrum shows rather

good separation of isobaric 16CI and 36 S by the PX-AMS; however, the tails of 36 S and 36CI peaks are

20 (a) I I I slightly overlapped. To eliminate the overlapping, 36s

15 CIA at = 2623 KeV background subtraction from the target holder material

was carried out 6]. No 36S peak was observed after the
10 Ti:K at = 4511 KeV
S:K I = 2308 KeV background subtraction (Fig 3-b) suggesting the

5 absence of the contamination during sample

0 preparation.
20 100 150 200 260 MO 3W 400 Table I summarized results of 36CI analysis in soil

(h) I I I collected at the FSU SNTS performed by LSC and PX-
is CIA at 2.623 KeV

AMS techniques. The results show that 36CI

'n:K a = 4511 KeV concentration measured by both methods are in a good
S:K = 2.3N KeV

5 consistent within the experimental error. The results of

0 1 A 161M� 36CI analysis measured by PX-AMS and LSC are
100 150 200 250 300 350 40 practically identical for Run 3, and are significantly

Channel

Fig. 3-(ab) X-ray spectra of the soil sample close for Run #1. The only discrepancy is between PX-
from SNTS before (a) and after (b) background AMS and LSC.results of Run 2. The reasonable
subtraction

explanation that 36CI concentration measured by LSC

has a lowest value, might be caused by uncompleted recovery of C1 from soil matrix by the alkali

fusion, and due to loss of Cl during radiochemical isolation as it has been reported previously [5].

Table I Results of 36CI analysis in soil sample from FSU SNTS by PX-AMS and LSC

36C,/Cl X 1-10 Concentration, mBqtg -soil
Run

atom ratio* PX-AMS LSC*

#1 5.2 ± 04 2.1 ± 02 1.7 ± 03

#2 5.4 ± 04 2.1 ± 02 1.2 ± 03

#3 4.3 ± 03 1.7 ± .1 1.7± 02

tAverage 5.0 ± 16 2.0 ± 06 1.5 ± 07

-mean with I a SD

t - mean with SEM at 95% CI
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Thus, 36CI activity measured by LSC in Run 2 might be underestimated. These factors have impacted

on the calculation of 36CI activity in case of the LSC measurements, and do not imply to the results of

36CI-PX-AMS as we dealing with determination of 36CI/Cl atom ratio. The obtained results showed

that both techniques can be successfully applied for 36CI analysis in soil collected at the "Technical

Area E"of the SNTS . 36CI concentration measured in the SNTS's soil is about 1000 times higher than

that in the general environment 1], and roughly 100 times higher than that reported for Hiroshima's

rocks 91, and a factor of 1000 lower than that in concrete wastes from decommissioned nuclear power

plants [10].

Based on the activity value of 20 ± 06 mBq/g, the thermal neutron fluence is calculated as (1.5

0.7)xlO" n/crn'. As in our calculation we considered 36CI production only by the reaction 31CI(n,

y)36CI with thermal neutrons and did not take into account its production b 39K(n , a36CI with fast

neutrons, hence, the value of the thermal neutron fluence is the highest estimate.

4. CONCLUSIONS

Concentration of 36CI has been measured in soil sample collected at the FSU SNTS by LSC and

PX-AMS techniques. The activity of 36CI determined by LSC was in a good agreement with that

measured by PX-AMS. Thus, both techniques can be successfully used for the analysis of samples

with high 36CI concentration. The 36CI concentration of 2.0 ± 06) niBqtg and 36CYCI atom ratio of

(5.0 ± 06) x 107'0 were used as starting points for the estimation of thermal neutron fluence at

'Technical Area B" of the SNTS.

By the pX_AMS, 36CI _ 36S isobars separation has been achieved even in the presence of sulfur at

high concentration. The present 36CI-PX-AMS system of the Kyushu University is capable to detect

36CI/Cl atom ratio of Iff". However, further improvements of the system should be done in order to

reduce the detection limit to 36CI/Cl = 1-14 _ 1-13, the level generally occurred in the environment.
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ABSTRACT

Plutonium concentrations and 24OpU/239Pu atom ratios in soil samples from Japan and other

areas in the world (including IAEA standard reference materials) were determined by ICP-MS. The

range of 24OpU�39Pu atom ratios observed in 21 Japanese soil samples was 0.155 - 0194 and the

average was 0. 1 80 ± 0.01 1, which is comparable to the global fallout value. A low ratio of about 0.05,

which is derived from Pu-bomb, was found in samples from Nishiyama (Nagasaki) and Mururoa Atoll

(IAEA-368), while a high ratio of about 031 was found in a sample from Bikini Atoll (Marshall

Islands). The ratio for Irish Sea sediment (IAEA-135) was 021, which was higher than the global

fallout value, suggesting the influence by the contamination from the Sellafield facility. The

110p,1?3lpU atom ratios in soils from the Chernobyl area were determined, and the ratio was found to

be very high (about 04), indicating the high bum-up grade of the reactor fuel. These results show that

the ... Pu�"Pu ratio can be used as a finger print to identify the source of the contamination.

Keywords

Plutonium, ICP-MS analysis, isotope ratio, soil, different areas

1 INTRODUCTION

Plutonium is one of the most important radionuclides in the field of radioecology. There are

different anthropogenic sources of Pu in the environment [1]. Atomic weapons testing introduced the

major deposited fraction of Pu to the global environment. High Pu levels are known for the nuclear

weapons testing sites such as in the Marshall Islands, Mururoa Atoll, Nevada and Semipalatinsk. In the

Nishiyama area (Nagasaki/Japan) elevated Pu concentrations were observed 2 Plutonium has also

been released into the environment through operation or accidents at nuclear facilities such as

Sellafield/UK, Kyshtym/Russia, Chemobyl/Ukraine, etc. The deep-sea disposal of packaged waste

around the Farallon Islands (Califomia/USA) and in the North Atlantic would be potential

contamination sources in the marine environment. Accidental bum-up of the SNAP9A satellite in 1964

also released Pu, which was used for the battery, into the atmosphere.

However, there is only a limited volume of quality data available on the isotope compositions of Pu

(specifically, 241pU?11pU ratio). This is mainly due to the fact that 239 Pu and 240 Pu have similar alpha

energies and cannot be easily resolved by alpha spectrometry. We have developed a reliable method
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for the determination of ... Pu and "'Pu by ICP-MS (Inductively Coupled Plasma Mass Spectrometry)

[3].
In this paper, we report the analytical methods for Pu by ICp_MS 2pU�IlpU ratio in soil (or

sediments) samples from different areas (e.g. Japan, Chernobyl, the Marshall Islands) and the
differences in the 210pU�39Pu ratios according to the soil profile.

2. MATERIALS AND METHOD

Analytical procedures used were based on the method reported previously 3 4 Only a brief

description is given here. Samples (1-10 g, depending on the concentration level) were mixed with a

known amount Of 242pU tracer (CRM 130, New Brunswick Laboratory) in a Pyrex beaker and treated

with M HN03 (more than times the sample weight). Special attention should be paid to the high

production Of C02 bubbles during the acid dissolution step to avoid loss of sample. The beaker was

covered with a watchglass and boiled on a hot plate (180-200'C) for about hours. The warm

supernatant (leachate) was then filtered through a glass fiber filter. The residue in the beaker was

treated again with M HN03 for about 30 minutes, then filtered. This leaching procedure was usually

repeated at least twice. The filtrates were collected in a beaker, and heated on a hot plate until a thick

wet paste was obtained. The paste was then dissolved in HNO3, and diluted with deionized water to

adjust the solution to M HNO3- Chemical form of plutonium was converted to tetravalent Pu (IV),

which is the only retainable form in the chromatography column, with NaNO2- Sample solution was

loaded onto the column containing 2 mL of Dowex X8 at a speed < 2 mL min-'. The resin was

washed with 40 mL of M NO3, then with 40 ml, of 10 M HCI. Finally, plutonium was eluted from

the column using 40 mL of NH41 (5%)-10 M HCI solution which reducing Pu (IV) to Pu (111). In order

to remove iodine, the eluant was treated with 4 mL of HN03 and I mL of H202, and the solution

heated to dryness. The residue was then dissolved in 4 HN03 and plutonium isotopes measured by

ICP-MS using a quadrupole-type mass spectrometer (Q-ICP-MS; Yokogawa PMS-2000) and also high

resolution-type (HR-ICP-MS; Finnigan Element).
Concentrations of 239Pu and 24OpU were calculated from the results using isotope dilution methods.

Three separate measurements of each solution digest were performed-normally the internal precision

of these measurements was around 5% A plutonium isotopic standard (NIST-947) with a known
240pU�19PU ratio was also used to check the accuracy of the isotopic ratio measurements, and to correct

for any mass bias.

3. RESULTS AND DISCUSSIONS

3. 1 24OpU �3911`u ratios in Japanese soil samples

Analytical results for 21 Japanese soil samples collected from different places showed that the
concentrations Of pU (239+24OpU) ranged from 015 - 43 Bq/kg (dry weight basis). The concentrations in

surface soils collected from forests were higher than those from agricultural fields. The range of
140pU�NpU atom ratios observed in the Japanese soil samples was 0.15 - 0194 (excluding
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NishiyamaNagasaki sample) and the average was 0. 1 80 + 0.01 1. These values were comparable to the

global fallout value of 0176 0014 reported by Krey [5], which was based on the mass-spectrometric

measurements of various soils (about 60) collected world-wide. Variation between the lowest to

highest ratio might be due to the influence of different fallout events, since a variety of nuclear

weapons has been tested world-wide. Differentiation of the 140pU� '9Pu ratio might also occur during

the migration of Pu in the environment (e.g. in soil), because chemical species of Pu would depend on

individual fallout.

In order to know the vertical distribution of Pu in soil, samples were collected at 4 different

depths (0-2cm, 2-5cm, 10-20cm and 20-30cm) at the same point in a pine forest in Aomori Prefecture.

It was observed that Pu concentration was markedly higher in the surface soil layer (specifically in the

0-5 cm depth) than in deeper layers (see Table 1). This suggested that the migration of Pu into lower

soil layers was very slow and most of Pu is still retained in the surface soil for more than 30 years after

the fallout peak (around 1963) A tendency was observed for the 24OpU�39 Pu ratio to increase with

depth, although the differences were not so large. If these differences had been statistically significant,

there could be a possibility that species having a higher 24OpU�19pU ratio migrated in the soil faster than

those having a lower ratio. However, it is necessary to analyze more samples from different areas,

before we can confirm this hypothesis. There was also a possibility that the difference of the isotope

ratios and the Pu chemical forms were related to the different origin of the fallout, which were

influenced by the type and scale of the explosion.

Table I Concentrations of 29Pu and 24OpU and their atom ratios in soils from a forest in Aomori

Prefecture (on a dry weight basis).

Depth 231PU 21pu 239�240pU 240PU/239 PU

(cm) (13q/kg) SD (Bq/kg) SD (Bqlkg) SD (atom ratio) SD

0-2 1.88 + 0.020 1.14 0.012 3.02 + 0.023 0.166 0.001

2-5 1.62 + 0.015 1.01 0.019 2.62 + 0.024 0.170 + 0.004

10-20 0.45 + 0.008 0.29 0.003 0.74 + 0.008 0.174 ± 0.002

20-30 0.09 ± 0.001 0.06 0.002 0.15 + 0.002 0.194 + 0.005

3.2 Comparison of the 240 Pu�391?u ratios from different areas

The 240pU�MpU atom ratios analyzed by us for samples oginating from several different areas

(including IAEA standard reference materials) are summarized in Figure 1. Details on the samples

from the Chernobyl area and from the Marshall Islands were published elsewh ere 6 7.

The value for surface soil collected from Austria (IAEA-SOIL-6 ) was 0191 0.005, which was

somewhat larger than the Japanese soil, but within the range of the global fallout value of 0176

0.014 reported by Krey [5].

Ocean sediment from Mururoa Atoll (IAEA-368) had a value of 004 ± 0.008. This suggested that

Pu was derived from the testing of a Pu-bomb in which 239pU was enriched. However, the NO pu� 39pU
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atom ratio for samples from the Marshall Islands (IAEA-367) showed a high value of about 030,
although the concentration Of 2391240pU in these two marine sediments was similar. The high 24OpU�39 Pu

atom ratio for samples found for the Marshall Islands sample was similar to the ratio reported by

Komura et al. [81 measured in two samples of Hemp-palm leaves 0.338±0.051 and 0318±0.033) used

in the Japanese fishing boat, No. Fukuryu-Maru (Lucky Dragon), which was directly contaminated

in a thermonuclear bomb test at Bikini Atoll. The difference of the atom ratio observed in Mururoa

Atoll and the Marshall Islands may be due to the type of the weapons tested. Since several different

tests were probably carried out in both islands, we could not conclude that the values mentioned here

were representative for these areas; they are just for examples based on our analytical results in

standard reference materials.

The ratio obtained for the Irish Sea sediment sample (IAEA-135) of 0211 was higher than the

global fallout value. The higher value would be influenced by the contamination from the Sellafield

facility. Our value was comparable to the ratio 0.20) reported by Yamamoto et al. 9 in a sediment

sample oginating from the Sellafield area. Fish flesh from the Ish Sea (IAEA-134) showed a similar

value of 0200 to the Irish Sea sediment sample, suggesting that the origin of the contamination

seemed to be the same.

Japan (n=21)

Austga
(IAEA- 'il-6)

Nagasaki

Irish Sea
(LkEA 135)

Irish Sea (fish)
(MEA-134)

Marshall (Bikini)

Marshall (Lunit)

Mururoa Atoll
(IAEA-368)

Kystim (Ural)

Chernobyl

0 0.1 0.2 0.3 0.4

24OpU/239Pu Ratio

Fig. I 24OpU?3lpU atom ratio in samples from different areas

The very low value of the 24OpU?19pU atom ratio 004) observed in the sample collected from

Nishiyama/Nagasaki indicated the influence of Pu from the bomb dropped in August 1945. The low

ratio observed in a sample from Kyshtym of about 007 indicated the Pu was related to the

contamination due to the release of nuclear materials from the nearby military facility.
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Analytical results for surface soil samples collected from the 30 Km zone of the Chernobyl reactor
showed very high 240pii�39pu atom ratios of about 041 6 There were almost no differences in the

140 PuP9Pu ratios between the samples analyzed in our study, although the 219+24OpU levels varied very

widely, i.e. 63 - 1430 Bq kg-', depending on the distances from the reactor and also on the soil layers.

The ratio observed in the Chernobyl area was much higher than that attributed to weapons fallout. This

high ratio should be related to the high bum-up gade of the reactor fuel. The 240pu� 39 Pu ratio

observed might be used in identifying the distribution of the Chemobyl-derived Pu in the environment.

As already mentioned that the average 240pii�39Pu atom ratio in global fallout was around 018;

it is interesting to consider which significant sources (nuclear weapons types, etc.) contributed to this

ratio. In our previous study 7] on Pu analysis in soil samples from the Marshall Islands, we saw there

was a large variation of 40PuP9Pu ratios, depending on the type of devices having tested. For example,

samples from Bikini Island (Bikini Atoll) had a high 241pii� '9Pu ratio of 0302-0.306. This Island

received direct contamination from the fallout originating from the Castle-BRAVO thennonuclear test

(15 Mt) at Narnu Island (Bikini Atoll) in March 1954. On the other hand, the very low 211pii�19pu ratio

of 0065 with a high Pu concentration 1420 Bq kg-') was observed in.a sample from Runit Island
(Enewetak Atoll), in which Pu bombs were tested. As mentioned above, one 211pii�39pU ratio found in

Nishiyama/Nagasaki was also very low, 0037, due to the influence of Pu bomb fallout. If we consider

the mixture of Pu isotopes from the above-mentioned two major sources, Pu bombs and thermonuclear

bombs, the mean 24OpU�39 Pu atom ratio might be similar to the average ratio found in global fallout.

However, data are still lacking on source specific 24OpU�39 Pu ratios from different nuclear weapons

tests, including thermonuclear tests other than the BRAVO bomb.

The determination of the Pu isotope ratio is important in understanding the source of the nuclide

and the ratio can be used as a finger print in the environmental monitoring of Pu.
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Abstract

The background distributions of Pu and 137CS in soil were investigated in Rokkasho, Aomori
Prefecture, where the first commercial nuclear fuel reprocessing plant in Japan is now being
constructed. Soil core samples to m depth were collected at 13 upland fields in Rokkasho and control
sites in Hachinohe and Hirosaki. Since fields under yam (Dioscorea babatus) cultivation, which is a
common crop in Rokkasho, were dug to approximately 1 rn depth at harvesting, depth profiles of
fallout radionuclides are heavily disturbed for most fields in Rokkasho. The mean inventories of
239+240pu and 137CS in three fields with no yam cultivation history were 116 Bq M-2 and 34 kBq M-2,

respectively and similar to values in Hachinohe. However, the inventories were approximately a half
of those in Hirosaki. The mean ratio of 24OpU/239Pu for all studied fields was 0.1 ± 004, and similar to

that of global fallout. The Pu concentrations correlate very well with 137CS (r = 097) in spite of heavy

disturbance of soil, and the ratio of 239+240PU/137CS was 0037 ± 0007, which is a typical value for

global fallout.

KEYWORDS: plutonium, cesium-137, background, upland soil, Rokkasho

1. Introduction

The first commercial nuclear fuel reprocessing plants in Japan is being constructed in

Rokkasho Village, Aomori, Japan (Fig. 1) and the plant will be completed in 2005. Since a large

amount of plutonium and fission products will be handled in the plant, it is important to get

background levels of Pu and other related radionuclides in soil around the plant. Plutonium isotopes
which exist in the general environment include 238pU"119pU, 240pu and 24'Pu. The last isotope , 241pU' is a

P-emitter, while the other nuclides have a-decay. 239Pu and 24OPu are more abundant than the other

isotopes. Since it is difficult to distinguish a-rays from 239 Pu and 240pu by conventional semiconductor

detectors used for measurement of Pu in the environment, these two nuclides are usually reported
together as ,2391240pU,�.

Over 10 Bq of 231+240pu have been released by atmospheric nuclear weapons testings 11, and

distributed worldwide (so-called global fallout Pu). The mean 239+240pu deposition was reported to be

approximately 58 Bq M-2 in the 40-50 degrees latitude band of the Northern Hemisphere [1]. After

deposition onto the ground surface, the most plutonium has been found in the surface layer of soil in

undisturbed fields 2 3 4 Isotopic ratio of Pu can be used to estmate the source of the Pu, when the

isotopic composition of plutonium produced by nuclear reactors and fuel plants is different from the

global fallout Pu. For example, a mean 24OpU�39pU of global fallout Pu was reported to be

approximately 0.18 [5], based upon the data for atmospheric aerosol 6 7 soil [8 9 and ice core

samples [10]. Lower 24OpU�39pU isotopic ratios than the global fallout Pu have been observed in soils

of Nevada Test Site [11] and Semipalatinsk Test Site 12, 13]. On the other hand, a higher ratio of 0.4
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was reported for the Pu from the Chernobyl reactor accident because of the release of high burn-up
nuclear fuel 141. In this study, we aimed at getting the background level of not only the Pu
concentration and but also the 24OpU/239pU iotopic ratio considering the usefulness of the ratio as an
indicator of the Pu source.

Cesium-137 (137CS) is another
important radionuclide because of its
high fission yield and relatively long 7
half-life. Nuclear weapons testings
have also released approximately 948
PBq Of 137CS worldwide [1]. In the

1Y
case of accidental release of
radionuclides from nuclear facilities,

Of 137CS/pUratio may be different from
that of global fallout, and could be
possibly used for distinguishing the
isotope origins. Therefore, 137CS in soil Aomori Prefecture too

okkashowas also measured in this study.
We made a measurement plan '50

137 CXof Pu and Cs in soil of Rokkasho
area with examination of upland soil, QI Hachin
paddy fields, pastureland, forestland
and uncultivated fields, year by year.
This is the first paper for the results of
upland soil.

7

Fig. Sampling location
2. Materials and Method

Soil core samples (�=75 mm) to a in depth were collected at 13 upland fields in Rokkasho
and control sites in Hachinohe and Hirosaki (Fig. 1) in June 2001. Since humic andosol is the most
common soil type in the upland fields in Rokkasho, all the sampling sites were of this soil type. Root
vegetables like yam (Dioscorea babatus) are commonly cultivated in Rokkasho Village. In sites with
the yam cultivation, we anticipated that soil to over in depth is stirred using cultivate farming
equipment such as a trencher. The soil core samples were collected from five places on each sampling
site, and the samples were divided into 35 layers having different properties. Then soil in a layer of
the same properties was mixed to make a composite sample for each layer. In one sampling site, five
cores samples were separately analyzed to check site variation.

Plutonium in samples was measured by a quadrupole-type ICP-MS (VG Elemental,
PO-Excel-s) with an ultra sonic nebulizer after radiochemical separation using an anion exchange
resin (Dowex W). The 137CS in samples was analyzed by a Ge semiconductor detector (Seiko EG&G�
ORTEC, relative efficiency 8

3. Results and Discussion

3.1 Vertical distributions of 239+240pu and 137CS in upland soil

Vertical plutonium distributions in the soils without yam cultivation history are shown in Fig. 2.
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239+24OpU concentration (Bq kg-')
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Fig. 2 Vertical distributions of 239+24OpU in sites 2 4 and which had no history of yam

cultivation. Vertical and horizontal bars mean depth range of core and 95%

confidence limit of the concentration, respectively.

All of them show a typical pattern: the concentration in the surface layer is the highest, and this

decreases rapidly in the lower layers.

Each five core-sample was separately analyzed for site 3 with yam cultivation history. The

results of Pu measurements are shown in Fig. 3 In this site, the vertical distribution patterns and the

inventories of Pu differed between the sampling places. The difference of the inventories showed there

was a horizontal disturbance due to yam cultivation activities. Therefore, the inventories of Pu and

117CS in the upland fields without yam cultivation history are discussed in the next section.

231+210pU concentration Bq kg-')

0.0 0.5 1.0

0 I - I - 13-3 1'3-43-1 3-2 I'M

IR
,2 50

100

150

186 109 264 352 167
Inventory (BqM

Fig. 3 Vertical 239+240pu distribution of five core samples in Site 3 which had yam

cultivation history. Vertical and horizontal bars mean depth range of core and

95% confidence limit of the concentration, respectively.

3.2 Inventories of Pu and 137CS in Aomori

The measurement results of Pu and 137CS in fields without yam cultivation history are

discussed here: three sites in Rokkasho and control sites in Hachinohe and Hirosaki (total five sites).

The mean and standard deviation of plutonium inventories in the three upland fields in
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Fig. 4 Inventories of 239+24OPu and 137CS in Rokkasho, Hirosaki and Hachinohe in

Aomori Prefecture. Dash lines show the value for Rokkasho value from the
radioactive fallout rate in Misawa (See text).
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Fig. The correlation between logarithmic monthly 9Sr deposition in

Misawa 181 and Tokyo 191 during 1962-1970.

Rokkasho were 116 ± 47 Bq M-2 , respectively, and the mean value was similar to that in Hachinohe

(103 Bq M-2) . However, the mean inventory was approximately a half of that in Hirosaki 223 Bq M-2).

Inventories Of 137CS in Rokkasho, Hachinohe and Hirosaki were 34, 25 and 63 kBq M,2,
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Fig. 6 Correlation between activity of 239424OPu and that Of 37CS Of

upland samples in Rokkasho

respectively, and there was a higher inventory on the Sea of Japan side of the Japanese islands than on

the Pacific Ocean side (Fig. 4. This result agreed with previous work on the fallout deposition rate or

soil inventories of Pu. For example, Katsuragi et al. 16] found that the Pu fallout rate in Akita City

which is on the Japan Sea side was about two times higher than that in Tokyo. Yamamoto et al. 17]

also showed the 2391240pU inventories in rice-field soils on the Japan Sea coast area were 25 to 3 times

higher than those on the Pacific coast area. The 2391240pU inventory in Rokkasho which we found was

similar to that in wate Prefecture 17] which is the southern neighbor of Aomori Prefecture and on the

Pacific Ocean side.

The Environmental Measurements Laboratory reported monthly 9Sr fallout rates for 1962 -

1970 at Misawa City [18] which is located immediately south of Rokkasho. The monthly 9Sr

depositions are plotted against those in Tokyo 19] in the same month and year (Fig. 5). Both cities

have deposition rates which correlated well with each other (r = 079, n = 103), therefore we could

suppose the same deposition pattern through the fallout era in both locations. In Tokyo, 67 of

cumulative Sr fallout in 1957 - 1994 was deposited in 1962 - 1970. The cumulative Sr deposition in

Misawa City in 1957 - 1994 was estimated to be 26 kBq M,2 assuming the same deposition patter as

that in Tokyo. When we adopted a mean 117CS/ 9OSr or 239+240pu/90Sr ratio in Japan 19], the cumulative

depositions of 37 Cs and 219+24OpU in Misawa City were estimated to be 30 kBq M-2 and 110 Bq M-2,

respectively. The estimated values are plotted in Fig. 4 and were similar to those in Rokkasho and

Hachinohe.

3.3 240 Pu/239Pu and 239+24OpU/137 Cs ratio in upland soil

The 2lpU/219Pu ratios of all samples including those from fields which had yam cultivation

history are plotted against 239,24OpU concentrations in Fig. 6 The mean ratio and standard deviation

were 0. 18 ± 0.04, respectively. The mean ratio was similar to that of global fallout 1, 5 6 71.

The concentrations Of 9121pU correlated very well with those Of 137CS (r 0.97) and the ratio

of 239+240PU/137CS was 0032 0007, which is typical for global fallout [1] (Fig. 7. This result implied

that behavior of plutonium isotopes and 137 Cs resembled each other in the upland fields of Rokkasho

in spite of heavy disturbance of the soil.
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Fig. 7 Range of 239+24OpU concentration and 240pU�3)Pu atomic ratio of
upland soils in all samples.

4. Conclusions

The concentrations of 239+24OPu and 137CS, and 24OPu/239Pu atomic ratio of upland soil in
Rokkasho and control areas were investigated, and the following results were obtained.

1. Since fields were dug to approximately m deep at yam harvesting, depth profiles of fallout
radionuclides were heavily disturbed for most fields in Rokkasho. The Pu concentrations
correlated very well with 137CS (r = 097). This indicated almost the same behaviors for Pu
and 137CS in the upland fields of Rokkasho in spite of heavy disturbance of the soil.

2. The mean inventories of 239+240 Pu and 137CS in three undisturbed field in Rokkasho were 116
Bq M-2 and 34 kBq M-2 , respectively and similar to those in Hachinohe. However, the
inventories were a half those in Hirosaki. This mean that there were higher inventories on the
Sea of Japan side of the Japanese islands than on the Pacific Ocean side, which agreed with
previous work on radioactive fallout in Japan.

3. The mean isotopic ratio Of 24OpU/239pU for all studied fields was 0.18, and similar to that of
global fallout. The mean ratio of 239,24OpU/117CS was 0032, which is a typical value for global
fallout.
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ABSTRACT

We present the results of an analysis of Th and U content in 514 Japanese soil samples. The soil
samples were taken from arable lands and forests throughout Japan and were analyzed for Th and U
concentrations by inductively coupled plasma mass spectrometry after N03-HCIO,-HF digestion.

The median values of Th and U concentrations in 514 soil samples were 78 mg kg-' and 17
mg kg-', respectively. The contents of these elements varied among soil groups. Tese differences
were attr'butable to the rock type of the parent material. Andosols, which are abundant mafic type
parent materials, contained the least aount of Th and U. The U content in surface soils in agricultural
fields, where it was apparently influenced by the application of P fertilizer, tended to be high. For
example, in soil samples from a long-term experimental field, it was obvious that U had accumulated
in the surface soil from the successive application of fertilizers during 45 years. Furthermore, this
tendency for U to increase by the application of fertilizers was more clearly observed when the U/Th
ratio was used rather than the U content alone.

KEY WORDS: SOIL, URANIUM, THORIUM SOIL GROUP, AGRICULTURAL FIELD

1 INTRODUCTION

Thoriurn and U are naturally occurring radionuclides in the environment. Since the Th and U
'Is affects the terrestrial rad'at'on, it is important to clarify the distribution of these

elements in soils. Athough concentrations of Th and U in surface soils in Japan have been reported [1,
21, little nformation on these elements in the soil profile, including the subsoil, has been obtained. We
previously reported the contents of these elements in soil profiles in various parts of Japan 3]. In this
study, those data are reviewed and summarized from the viewpoint of soil groups. In addition, the
factors that influence the elemental composition, including parent rock type, weathering, and
agricultural practices, were discussed for a better understanding of distributions of Th and U in soils.

2. MATERIALS AND METHODS

Soil samples were taken at the time of sampling of the soil monoliths that are currently displayed
in the soil museum of the National Institute for Agro-Environmental Sciences (NIAES), Tsukuba,
Japan. A total of 514 soil samples collected from ach layer of 78 sampling sites nationwide were
analyzed (Fig. 13). After digestion with HNO3, HCIO,, and HF, concentrations of ... Th and ... U were

determined by inductively coupled plasma mass spectrometry. Other elements were measured by

inductively coupled plasma atomic emission spectrometry (Al, Fe, and Ti) and by spectrophotornetry
(P). Details were given in our previous paper 3].
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3. RESULTS AND DISCUSSION

3. 1. Concentration Ranges of and Correlation between Th and U

The median values and concentration ranges of Th and U in 514 soil samples were 78 mg kg-'

(0.30-69 mg kg-') and 17 mg kg-' 008-14 mg kg-'), respectively. These results agreed with those
from other reports [1, 21. However, the concentration ranges of the elements were wider than those
previously reported, presumably reflecting the much wider variation in samples used in this study. A

highly positive correlation was found between the concentrations of these 2 elements (r=0.90),

perhaps because native Th and U behave similarly in soils, as these two elements strongly resemble
one another chemically.

3.2. Soil Groups

The soils studied belonged to II soil groups according to the FAO-UNESCO soil classification

system. Because the number of pedons belonging to the Regosols (5 pedons), Podzols 3), Fluvisols
(2), Planosols 2 Alisols (1), Hstosols (1), and Luvisols (1) groups was limited, we excluded these

'I groups from the following dscussion and considered only the Andosols 28), Cambisols 13),

Gleysols 12), and Acrisols (10) groups (Fig. 1).

The concentrations of U and Th varied among soil groups (Fig. 4. Andosols had significantly
lower concentrations of both Th and U than the other 3 soil groups. On the other hand, the contents of

these elements in Cambisols and Acrisols were relatively high. Our result does not contradict those
reported previously 2 41. It is known that volcanic ash, from which Andosols arc derived, generally
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has low concentrations of radioelemcnts 4]. Acrisols are mainly distributed in the southwestern part

of Japan, where acidic rock is the main parent material. Gleysols have ntermediate levels of these
elements. Alluvial processes would influence the concentrations of radioelements in soils on alluvial

plains 4].

3.3. Rock Type and Weathering

In considering the influence of parent materials, we need to examine the relationship between the

elemental composition of the soil and the rock type. We used a grouping method based on F2O3/AI203

and A120,/TI02 in soil that dvides soils into 4 lithological groups, with group I being the most rnafic

and group IV the most felsic (Fig. 5). We chose this grouping method, because 't is useful for
evaluating the rock types of soil materials, regardless of their degree of weathering. Each soil sample

was classified according to this grouping. The median values and interquartile ranges of the elemental
concentrations of the soil samples in each lthological group are shown in Fig. 6 The concentrations of

Th and U tended to increase from groups I to IV, as the rock type became less mafic and more felsic.

This accords well with the known fact that both these elements are concentrated at the felsic end of the
rock series 6].

The proportions of each lithological group in each of the 4 major soil groups studied are shown in

Fig. 7 More than 70% of Andosols were classified into groups I and 11, indicating that the Andosols

were proportionately more mafic. In contrast, Acrisols and Gleysols were more likely to be felsic

(groups III and IV).
We therefore inferred that the elemental compositions in each soil group (Fig. 4 reflected the

parent rock types to a certain extent. In particular, we considered the lower contents of Th and U in

Andosols to be xplained by the elemental characteristics of the parent materials.

To clarify the effect of weathering, we selected soils of lithological group III which was abundant

in samples of each soil group, and compared their elemental compositions arriong soil groups. The

results are shown in Fig. 8. Although Acnisols are considered to be heavily weathered soils, those soils

in this rock type group had rather higher contents of Th and U. It is therefore likely that the

concentrations of Th and U in soils strongly depend on the compositions of parent materials, and the

influence of weathering is not obvious in Japanese soils.
Thoriwn and U contents were slightly higher in the horizon (Fig. 9, perhaps reflecting the

leaching and lluviation of these elements ding the soil formation process. Little information is

available from previous studies about the relation between the soil horizon and the contents of these

elements. Thus, further studies are needed to account for the distribution of these elements in each

horizon. 1 5

*Th
Du 1.0

-It ] I mafic
7 b

-14 0.8
Mi 0 Hi 

a IV felsic
0.6

(U Pk 04
5

U b U C IV

a 0.2

0 0.0
AN GL CM AC 0 20 40 60

Fig. 4 Median values and interquartile ranges of AI203/Tio2

concentrations of Th and U in some s oil groups.
Values labeled with the same letters (a, b, or c are not Fig. 5. Lthological groupings of soil as

significantly different (P < 0.01) between groups defined by Araki and Kyurna 1985)

according to the Wilcoxon rank-sum test. [5].

AN: Andosols (n = 220), GL: Gleysols (n 79), CM:

Cambisols (n = 70) AC: Acrisols (n = 53)
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and U in lithological group III. ranges of concentrations of Th and U in
Values labeled with the same letters are not each horizon. Values labeled with the same

significantly different (P < .01) btween groups letters are not significantly different

according to the Wilcoxon rank-sum test. (P < 0. 0 1) between horizons according to

AN: Andosols (n = 49), GL Gleysols (n = 42) CM: the Wilcoxon rank-sum test.
Cambisols (n = 25), AC: Acrisols (n = 30) A horizons (n = 201), B horizons (n = 106),

C horizons (n = 86)

3.4. Agricultural Fields

We expected that the elemental composition of agricultural soils would b affected by agricultural

practices. Of the 78 sampling sites in this study, 33 were in agricultural fields (Fig. 1). To compare

element concentrations in agricultural and nonagricultural soils, we calculated the ratio of the content
of P, Th and U in the surface horizon to that in the subsurface horizon (Fig. 10). Subsurface soil here

refers to the horizon immediately subjacent to the plow layer in agricultural fields, and to the horizon
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at approximately 20cm depth below the soil surface in nonagricultural fields. When this ratio was
appreciably greater than 1.0, anthropogenic contamination of soil through agricultural practices was
inferred to have occurred. The ratios for U and P in agricultural soils exceeded 1.0, and were

ificantly hgher than those nonagricultural soils, although the ratio for Th in both types of soils

was nearly equal to .0. This observation suggests that concentrations of U in the plow layer were

increased by agricultural activities. The possible accumulation of U in agricultural soils as a result of

applications of P fertilizer has been reported previously 7, 8].
Two soil profiles in this study were collected from plots in a long-term experimental field for the

successive application of fertilizers at Nagano Chushin Agricultural Experiment Station (lat 3607rN,

long 137057'E). The soil in this upland field is an Andosol. The experiment began in 1938, and our

'I samples were taken n 1982. One profile was from the control plot, to which no fertilizers had

been applied for 45 y. The other profile was from the NPK compost plot, which had received

chemical fertilizers and compost made from rice straw. The amounts of P applied at the year of
sampling 1992) were 350 kg 205 ha-', though the amounts somewhat varied from year to year. The
vertical distributions of P and U in these two plots are shown in Fig. IL The concentrations of U and P

in the surface horizon of the NPK compost plot were substantially higher than those in the surface
horizon of the control plot, whereas the distributions of these elements in the subsoil were similar in

both plots. This result suggests that the concentrations of U in surface soil increased as a result of the

successive application of fertilizers. The concentration of U in the surface soil of the NPK compost
plot was 21 mg kg-' higher than that in the control plot, owing to the application of fertilizers for 45

successive years. Furthen-nore, the U/Th ratio was distinctly higher only in the surface soil of the NPK

+ compost plot, compared with that ratio in all other soil samples from the two profiles, which fell

within a very narrow range irrespective of the application of fertilizers or sampling depth (Fig. 11).

The U/Th ratio can be a useful indicator of U accumulation in soil due to the application of P

fertilizers, because such fertilizers contain 10-200 times more U than do soils, whereas the Th content

is lower in fertilizers than in soils 7].
Granato et al. 1994) reported that the concentration of U in soil increased significantly after the

application of 202 kg 205 hal y-' for 10 y, but it did not change significantly from the application of

134 kg 205 ha-' y-1 for 6 y [8]. Hamamo et al. 1995), however, reported that U did not accumulate in
'I that had been heavily fertilized with P fertilizer for 17 y, because U had leached out of the

fertilized zone and into the groundwater that drained from the fields 9 On the other hand, Tsuniura

and Yarriasaki 1993) found that virtually all the water-soluble U in fertilizers applied under flooded

conditions was absorbed by soils 7 Therefore, the degree of accumulation of U in soils depends on
many factors, such as soil type, rate of fertilizer application, quality of fertilizer, and precipitation.

Andosols, which occupy 52% of all upland fields in Japan, have typically received a heavy

application of P fertilizers for a long time, because this soil group has very low P fertility and a very
low recovery rate of applied P fertilizer by agricultural plants [101. Therefore, the further accumulation

of U in such agricultural soils might be expected in the future.

2.2 IL

0 2.0 AAgicultural fields (n=33)
V 1.8

)KNonagricultwal fields (n=45)
1.6

1.4 T
1.2
1 .0 .............................. ... X

0.8
V2

P Th U

Fig. 10. Median values and nterquartile ranges

of the surface/subsurface ratio of P, Th, and U
in agricultural and nonagricultural soils.

significantly different (P < .0 1).

- 311 -



JAERI-Conf 2003-010

P (g kg") U (mg kg") U/M ratio
0 1 2 3 0 2 4 6 0.1 0.2 0.3 0.4

0 0 0

25 25 25 -

50 50 50

7 5 75 75

100 100 100
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field. Fertilizers were applied to the NPK compost plot for 45

0 NPK+compost plot
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4 CONCLUSIONS

We determined the concentrations of Th and U in 514 soil samples collected from 78 sampling
sites in Japan and analyzed them from the viewpoint of soil groups. The concentrations of both
elements were lower in Andosols and higher in Cambisols and Acrisols, apparently reflecting the
parent rock type. The concentration of U in surface soils tended to be higher in agricultural soils, and
this tendency was obvious in a long-terin fertilizer application experimental field. The U/Th ratio is a
useful indicator of the accumulation of U through a 'cultural practices such as the application of P
fertilizer to soils.
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Abstract
In the previous study, we detected excess U-235 and Cs-137 from a plastered wall tainted with the streaks

of black rain from the Hiroshima A-bomb (Little Boy), thus proving that at least part of unexpended 231U

that was contained in the bomb fell with the black rain. In the present work, we tried to detect excess 235U

discharged from Little Boy into the nearby environment by measurement of 31 U/"'U ratio using ICP-MS in

soil core samples collected from dried-up ponds in Nissyoen (Nishi-ku, Hiroshima, Japan), a private

garden.

Depth profile of 231U/231U ratio in one of the core samples showed slightly higher 231U/211 U ratio in the

deeper layer where the concentrations of fallout Cs-137 from atmospheric nuclear tst were smaller. Black

rain reportedly fell in Nissyoen after the detonation, but apparently the amount of 21U that should have MI
I 21U/211with the rain was not high enough to significantly increase natura U ratio there.

KEYWORDS U-235, U-234, U-238, Nisshoen, Hir oshima A-bomb

1. Introduction

The Hiroshima A-bomb was a uranium bomb which contained 51.55 kg of 2 'U according to Sublette

(1). At the estimated bomb-yield of 12 18 kt, fission of 684 - 1082 g of the 231U should have occurred,

leaving approximately 50 kg of 21U to be discharged into the environment.

The exces 2U was first detected in the environmental samples from Hiroshima in August

2000, when we analyzed uranium in a plaster from wall that had black rain streaks on it 2). The wall

once belonged to a house in Takasu, Hiroshima, Japan, located approximately 3 km west of the

hypocenter. The wall was the only physical remains of the black rain from the Hiroshima A-bomb.

Our findings showed that at least part of the bomb material (i.e. 21U) fell with the black rain. Excess

211U, therefore, can be a fingerprint characteristic of Little Boy also because most atmospheric nuclear

explosions after Hiroshima utilized Pu rather than eriched uranium.

The fate of discharged enriched uranium in the environment is of interest because 211 is
of 2Uamong the most common materials in the nuclear ndustry. The fate may also provide the

inforination on the spatial distribution of radioactive fallout from Little Boy in the nearby environment.

This is because less is known on the dstribution of radioactive fallout compared with that of direct

radiation and induced radioactivity ). As amounts of FP generated by Little Boy were much smaller

than those deposited in Hiroshima from the other atmospheric nuclear explosions, contents of FP in

current environmental samples from Hiroshima alone could not be used to investigate the distribution

of radionuclides dscharged from Little Boy.

In the present work, we tried to find excess 23'U discharged from Little Boy by measurement

of U/"U ratio in soil samples collected from dried-up ponds in Nssyoen (Mitakihoranachl, Nshi-
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ku, Hiroshima, Japan).

2. Materials and Methods

2.1 Soil Sample Collection

Nissyoen is a 1300 in pvate garden owned by a family since the Edo period and was recently

donated to Hiroshima University. It is located 3 km north of the hypocenter as shown in Fig. I

together with the area of rain that fell after the detonation (refer to 4)). The black rain reportedly fell

there after the detonation. The garden had a dried-up pond that should have received the rainwater

then.

Total 9 soil cores were collected at the site in August, 2001. Of the cores, eight were from

the dried-up pond, one was from the flat surface of the garden. An implement called geoslicer 5) was

used to collect cores that were 9 cm wide and 25 cm thick to the depth of 20 - 30 cm. Obtained

cores were sectioned at an nterval of lcm in depth and oven-dried at 105 'C. Soil samples were used

as they are for gamma-ray measurement. The samples were pulverized to pass 150 mesh sieve prior to

chemical procedures.

2.2 Reagents and Instruments

All the reagents used were of analytical grade unless otherwise specified. HNO3, HCIO, and HF were

those especially prepared for a class-100 environment (AA-100 grade, Tama Chemical Co.). Lithium

mctaborate and lithium tetraborate were those prepared for X-ray fluorescence measurement.

All the vessels used were made of metal-free materials such as polyethylene, polycarbonate and Teflon.

A crucible used for borate fusion was made of graphite.

For analysis Of 31CS, gamma-rays were measured with a low-background spectrometer composed of

294 cm' Ge detector (EG&G Ortec, GEM-50195-P) shielded with 125 mm of lead and 50 mm of old

iron.

Uranium isotopes and metal elements were analyzed by ICP-QMS (inductively coupled plasma -

quadrupole mass spectrometer) model HP-4500 from Yokogawa Analytical Systems (Tokyo, Japan),

equipped with Nickel sampling and skimmer cones, a shielded torch, quartz double-pass spray

chamber, and micro-flow nebulizer (Agilent Technologies, CA, USA).

2.3 Chemical Procedures

100 mg of dry-ashed 450 , 24 hrs) soil samples were decomposed by a mixture of HNO3, HC104

and HF in sealed Teflon vessels under microwave irradiation in an MDS-2000 microwave oven(CEM

Co., Mattews, NC), or by borate fusion at 980 'C. Acid decomposed samples were treated

consecutively with H2SO4 and a mixture of HN03and HC104 to eliminate fluorides of uranium that

interfere with the chemical separation before being dissolved in 2N HNO3. Fused samples were

dissolved directly in 2N HN03and were filtered to remove suspended silicate.

Separation of uranium from samples dissolved in 2 N HN03 solution was done in a class - 100

environment by loading them on a column packed with U-TEVA resin (Eichrom Technologies Inc.,

Darien, IL) followed by elution of U with 0.01 N HN03 Details of our separation procedures are

described elsewhere (5) .
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2.4 Analytical Procedures

Counting time of Ge detector for gamma-ray measurement was 80,000 sec for each sample.

The analyses for uranium were done at integration times of 24.0 sec, 15.0 sec and 06 sec: at

mass numbers 234, 235 and 238. The mass-scanning rate was 1000 times per second. Analytical

sensitivity for uranium was 77,000 cps/ppb at the sample consumption rate of 100 ttL/rmn. The
natural uranium standard solution SRM 4321B, certified for 134U, 235U and 238U contents, purchased

from the National Institute of Standards and Technology (MD, USA), was used for the mass-

discrimination correction of ICP-QMS after dilution to ca. 20 ppb. Three repetitive measurements

were conducted per a mass spectrometric analysis of the sample. In order to minimize analytical error,

each sample was analyzed at least 4 times (i.e., 12 repetitive measurements) choosing different date

and time for the analysis of the same sample as much as possible.

The analytical precision of

uranium isotope ratio measurement was

examined by an intercomparison between

our ICP-QMS instrument and multi-

collector inductively coupled plasma mass

spectrometry (MCICP-MS) in Lawrence

'N" Livermore National Laboratory in US for

14 soil samples collected from a former

nuclear tests site in the Marshall Islands

(6). The average relative bias on
235u/238U and 234U/238 U atom ratios between

instruments was only 007% and 06 ,

respectively, and was smaller than the

internal precision of ICP-QMS itself. The
maximum relative bias of 235U/238U andFig. Location of Nissyoen in Hiroshima, and the

rain area proposed by Masuda(1986) 114U/131 U atom ratios observed between

the instruments was ca. 02 and 20 %, respectively.

3. Results and Discussion
Of the 9 cores collected in Nissyoen, core nos.2 and 4 were analyzed for "'Cs contents, 235u/238u atom

ratios and 114U/1`U activity ratios. Shown in Figs. 2 and 3 are profiles of "'Cs and 231U/231 U atom ratio

in cores no.2 and 4 respectively. Figs. 4 and show profiles of 3 Cs and 231U/131 U activity ratio

(calculated from atom ratio) in cores no.2 and 4 respectively. Because the previous experiment

showed that the average relative bias of our uranium isotope ratio measurement was better than the

internal precision of ICP-QMS itself 6), maximum relative bias of 02 % (2"U/ ... U) and 2 

214U/2111U) was also shown in the figures to indicate the confidence limit of our data.

Comparison between 131CS profiles in Figs.2 and 3 shows that the soil from sampling station

no.4 was disturbed, probably due to anthropogenic activity while the soil from station no.2 was not

much disturbed. The 13'U/2"U ratio in core no.2 was slightly higher in the deeper layer (from the depth

of 4 cm to 9 cm) where the concentrations of fallout Cs-137 from atmospheric nuclear test were

smaller. Observed 2"U/2"U atom ratios in core no.2 were slightly higher in the deeper layer where
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131U/2concentration of' "Cs from the atmospheric nuclear test was lower, whereas the "'U atom ratios in

core no.4 were relatively constant to the depth of 12 cm.
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Fig.2. 137CS and IIU�MU atom ratio in core no.2
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Fig.4. 234U?3 'U activity ratio and 137 Cs in core no.2
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Fig.5 Cs and U?"U activity ratio in core no.4

The depth profile of2IIU/2"U activity ratio shown in Fig. 4 (core no.2) showed the isotope

ratio variation with depth. Such variation, however, was also observed in soil collected from the other

part of Japan and cannot be attributed to the effect of the bomb (8). The activity ratio variation in core

no.4 (Fig. 5) was less than that observed in core no.2 probably because the soil was disturbed there.

4.Conclusion

Slightly higher ... U/ .. U ratios in the deeper layer of soil, where the concentrations of fallout Cs-137 from

atmospheric nuclear test were smaller, were found at sampling station no.2 in Nissyoen. The investigation

of other soil profiles and comparative measurement using the instruments oher than ICP-QMS is ncessary

to confirm whether such variation in IIIU/131 U ratio is the effect of the Hiroshima A-bomb.

Acknowledgments

We thank Prof. Harada, former director of Hiroshima University, for allowing us to collect samples at

Nissyoen, Mitakihomnachi, Hiroshima, Japan. We also thank Ministry of Education, Culture, Sports,

Science and Technology for providing us the funds.

- 318 -



JAERI-Conf 2003-010

References

(1) Sublette C., Nuclear weapons frequently asked questions Version 217, 1997. Available at:

http:Hwww.fas.org/nuke/hew/Nwfaq/Nfaq8.html, Accessed 7 October 200 .

(2) Fujikawa, Y., Shlzutna, K., EndoS. and Fukui, M., Anomalou 2U/2'8U ratios and metal elements

detected in the black ra in from the Hiroshima A-bomb, Health Physics, in pnt 2002).

(3) Shizurna, K., Iwatani, K., Hasai, H., Hoshi, M., Oka, T. and Okano, M., 3CS concentration in soil

samples from an early survey of Hiroshima atomic bomb and cumulative dose estimation from the

fallout, Health Phys. Vol. 71 1996) 340.

(4) Masuda Y., Re-investigation about "Black Rain" after Hiroshima A-bomb, Tenki, Vol. 36

(1989) 69.

(5) Nakata, K., Shimazaki, K., J. Geography, Vol. 106 1997) 59 (in Japanese).

(6) F 'ikawa, Y. Sugahara, M. Ikeda, E. and Fukui, M., Analysis of trace actirude elements in soil

organic matter -Optimization of sample processing to improve chemical separation of U and Pu J.

Radloanalytical Nucl. Chem. Vol. 252 2002) 399.

(7) Hamilton, T., Fjlkawa, Y., Williams, R., Martinelli, R., Saito M., Brunk, J., Shizurna, K., Keh, S.,
and Ikeda, E., Comparative measurements of 21U, 235u, 234u (and 231U) in soil smples from the

Marshall islands using inductively coupled plasma spectrometry, MARCIV Conf. submitted

(2002).

(8) F 'ikawa, Y., Fukui, M., Sugahara, M., Ikeda, E. and Shimada, M., Variation in uranium isotopic

ratios 234U/231U and 23'U/total-U in Japanese Soil and Water Samples _Application to

Environmental Monitoring, Proceedings of International Radiation Protection Agency, 10 2000)

P-238-1.

- 319 -



JP0350630
JAERI-conf 2003-010

Session6 Multitracer Study
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ABSTRACT: Recent achievements of the experimental studies on environmental behavior of trace

elements using the multitracer have clarified the roles of metal-humate interaction in natural and

artificially perturbed environments. The apparent stability constants of the metal-humates

determined by the multitracer indicated that the humate form could be the major fraction of the

dissolved species for the trivalent cations in the aquifer. Application of the multitracer for the batch

experiments of adsorption of trace metal cations onto mineral surface showed that the amounts of

adsorption can be estimated from some experimental parameters including the stability constants of

the metal-humate. The multitracer technique could be a beneficial tool to elucidating the

transportation mechanism of the trace constituents in the environment.

Keywords: multitracer, humics, stability of metal-humate, adsorption, clay minerals.

1. Introduction

Behavior of trace elements in natural or artificially perturbed environment could be influenced by

various factors. In particular, adsorption on surface of minerals has been regarded as one of the

important processes controlling the fate of those elements dissolved in the aquifer. Laboratory

experiments on adsorption of trace elements on minerals have provided useful information applicable

to elucidating the environmental behavior of those elements. Multitracer technique [1] is one of the

methods quite useful in laboratory studies on adsorption of the trace elements. Our group has been

conducted some research projects using this method to study metal-hurnate interaction and its

influence on adsorption onto clay minerals 2-4]. This paper is a summary of achievements

performed in those projects by our group and RIKEN's multitracer research team (formerly directed

by Dr. F. Ambe and currently by Dr. S. Enomoto). Some of the future perspectives in multitracer

studies on transfer of trace elements from aquifer to biosphere are also noted.
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2. Complex formation of metal-humates.

Populations of chemical species of trace elements dissolved in the water system controls the

adsorption behavior of those elements on minerals. Humic substances, naturally occurring organic

polyacids, can interact with various metal ions through some processes [5]: e. g., complexation,

oxidation and reduction, and coagulation. Humic substances are formed via decomposition of dead

plant bodies by microbial in soils. Those substances can be regarded as mixtures of similar organic

polymolecules under different stages of decomposition. Due to the mixture nature of the humic

substances, researchers sometimes encounter difficulty in handling of humic substances if they wish to

know some details on metal-humate interaction through fine experiments. The multitracer has

developed the method to minimize errors in inter-comparison of particular metal-humate interaction

pH
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14 SC X CT
. -0 -Cr ... 0- Eu
-ED-Fe Tm
4- -G a... &--Yb

13 Y Lu
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8

7

0.3 0.4 0.5 0.6 0.7
Degree of ionization (x)

Fig. 1. Apparent stability constants of humate complex with trivalent cations at various pH or

degree of ionization of humic acid. 3].
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with those for the other metal ions.

Stability constants of humic acid complexes of nearly 20 elements were determined simultaneously

using the multitracer method. Solvent extraction with di-(2-ethylhehyl)phosphoric acid (DEHP) was

applied for the determination. Since the multivalent cations bound with humic acid are retained in

the aqueous phase, the extraction proportion is a function of the stability of the humate complex.

Concrete procedures to obtain the apparent stability constants from the extraction data were described

in some studies 3, 5 61

In Fig. were plotted the apparent stability constants of humate complex with trivalent ions against

degreeofionization(CI)ofhumicacidandpH[3]. Theapparentstabilityconstantsforthosecations

increasedwiththeincrementof a orpH. ApparentpK,,ofhumicacidincreasedwith a orpH,

similarly[6,7]. TheapparentincrementofthestabilityconstantsandpKawithincreasing a orpH

can be explained by the increment of electrostatic interaction between the ionized humic acid and each

metal cation. Similarly, the stability constants of divalent cations increased with the increment of a

or pH. The apparent stability constants of the metal-hurnates depended on charge and ionic radii for

the metal ions. The ion with high charge and smaller radii tended to have stronger affinity with the

humic acid. Comparison of the stability constants with those for other ligands, like carbonate,

indicated that substantial population of trivalent cations, e.g., ions of rare earths, could be bound with

humic substances in the natural aquifer. Multitracer technique is quite useful to accumulate

information simultaneously on metal-humate interaction under the strictly same experimental

condition.

3. Influence of metal-humate interaction on adsorption on mineral surface.

Multitracer experiments were carried out to determining the distribution coefficients for trace

elements between mineral surface and water 2 4. Compositions of the soil-forming minerals are

not always homogenous. This implies that careful experiments are necessary to keep analytical

quality for determining the adsorption. The multitracer method should be useful to conduct the

inter-e'lemental comparison for the adsorption. Because, the -r -ray spectrum for the multitracer in

the aqueous solution taken from the emulsion of mineral powder gave the direct information for the

inter-elemental comparison. Such advantage of the multitracer method to conducting the adsorption

studies is quite beneficial to obtain quantitative data on influence of metal-humate formation on the

adsorption.

Suspension of kaolinite or amorphous silica in aqueous solution spiked by the multitracer was

separated by a membrane filter. The adsorption values or the distribution coefficients for the

multitracer were determined from the -ray spectrum.
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The distribution coefficients for trivalent cations in the solutions bearing humic acid (Fig. 2)

showed that the solid-solution distribution could be regarded as a function of the degree of

metal-humate complex formation 4]. The trivalent cations were adsorbed on kaolinite or silica

above pH in the absence of humic acid whereas the considerable amounts of them were distributed

in the aqueous phase bearing humic acid. In the pH region, the stability constants of the humate with

the trivalent cations were enough large to retain the metal ions as the humate dissolved in the solution.

In weakly acidic to neutral pH region, the adsorption of Gd(III) and Lu(III) agreed with the adsorption

of humic acid. The adsorption behavior of those ions suggested that the cations would be adsorbed

on the mineral surface as the humates. In the lower pH region, the adsorption of those cations from

the humic acid solution differed from the adsorption of humic acid. The lower stability constants of

the humate for the trivalent cations in the pH region indicated that smaller proportion of the cations

can form the humate complex. The discrepancy in the adsorption between the trivalent cations and

humic acid may be an evidence for formation of other species.
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Fig. 2 Dissolved fraction of Gd(III) and Lu(III) in kaolinite and amorphous silica suspensions.

Closed triangles: the distribution of the cations in the absence of humic acid; open circles and open

squares: the distribution of the cations in the presence of humic acid; dotted curves: the distribution

of humic acid 4].
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Fig. 3 Dissolved fraction of Co(II) and Zn(II) in kaolinite and amorphous silica suspensions.

Closed triangles: the distribution of the cations in the absence of humic acid; open circles and open

squares: the distribution of the cations in the presence of humic acid; dotted curves: the distribution

of humic acid 4].

For divalent cations (Fig. 3, similar results on the adsorption were obtained 4]. However, the

adsorption of the cations were not identical to the adsorption of humic acid. The stability constants

of the humates with the divalent cations were lower than those for the trivalent cations. This suggests

that substantial amounts of divalent catons were not bound to humic acid in the weakly acidic to

neutral pH region. The experimental results indicated that at least three types of interaction worked

to affect the adsorption behavior of trace elements: (1) metal-humate complexaton, 2) adsorption of

free metal ion on mineral surface, and 3) adsorption of humic acid on mineral surface.

4. Transfer of trace elements into the biosphere: perspectives.

The polyacid nature of humic substances prohibits penetration of trace elements as humate

complexes. The complex formation would be regarded as a factor for retaining the metal ions in the

solution. Adsorption of humics on membrane of plant body may decrease the surface area active to

uptake the ions. This implies that the functions of humics in transportation of the trace elements into
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the living bodies are not positive. However, it should be noted that the metal-humate formation can

be a factor for retaining the ions in environment close to the biosphere. Detailed studies on the fate

of the metal-humates on the membrane surface of the living body are necessary to elucidate the roles

of humics in transportation of trace elements in the environment.. The multitracer method has great

advantage to obtain reliable data for inter-elemental comparison which is extremely difficult in such

complicated systems.
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ABSTRACT

The placenta functions as a barrier between fetus and mother, providing regulation of heat

exchange, respiration, nutrition, and excretion for the fetus. There is limited information on the

transport of trace elements from the mother to the fetus. Transfer of trace elements via the placenta to

the fetus rats was examined by the multitracer technique, which can be used to evaluate the behavior

of many elements under the same experimental condition. In this experiment, the multitraer solution

contained the following elements: Be, Na, Sc, V, Mn, Fe, Co, Zn, Ga, As, Se, Rb, Sr, Y, Zr, Tc and Ru.

We examined the time courses of uptake of various elements in the placenta and the fetus. From these

results, we observed a significant difference in time dependency between each element. The elements

were divided into three groups. Based on the results, it was considered that the placenta is highly

selective because essential elements are readily transported across placenta/membranes to the growing

fetus, whereas nonessential metals hardly penetrated the placental barrier that protects the fetus from

toxic effects.

KEYWORDS: MULTITRACER, ELEMENTS, FETUS, PLACENTA

1. INTRODUCTION

Radioisotopes have been extensively used to tace the behavior of elements in organisms. The

production of radioactive multitracers using the RIKEN Ring Cyclotron was first reported in 1991

[1,21. The radioisotopes in the multitracers are salt- and carrier-free, which is extremely important for

animal experiments because the behavior of elements can be traced without toxic effects on animals

[3,41. Since a vast amount of information can be obtained in one experimental run using the

multitracer technique, both the effect of differences between individual animals and the number of

animals required are minimized.

It is great of important to study the transfer of various elements via the placenta from the mother to
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the fetus. The placenta functions as the barrier between the fetus and the mother, providing means of

regulating of heat exchange, respiration, nutrition, and excretion for the fetus. However, to our

knowledge, no systematic study has been conducted on the behavior and accumulation of various

elements in the pregnant rats and the fetus. In the present study, the multitracer technique was applied

to the study of the fetoplacental transport of various elements in the pregnant rats. First, we examined

the time courses of uptake of various elements via the placenta to the fetus rats. Second, we

investigated the influence of the uptake of various elements by the fetal growth.

2. EXPERIMENTS

A multitracer solution containing various radioisotopes was prepared from a silver (Ag) target

irradiated with 4N beam of 135 MeV/nucleon from RIKEN Ring Cyclotron. The irradiated Ag target

was dissolved in (1:1) HN03. Then Ag was precipitated as AgCI with conc. HC1, and AgCl was

filtered out. The solution was evaporated to dryness under a reduced pressure. The residue containing

the multitracer was finally dissolved in a physiological saline solution.

The thirteenth-, seventeenth-, and nineteenth-day pregnant dams of the Wistar strain were

purchased from Japan SLC, Inc., Japan. The physiological saline containing the multitracer (0.1 ml)

was injected into the tail vein of pregnant dams. The seventeenth-day pregnant dams were sacrificed

under ether anesthesia at 3 12, 24 and 48 hours after injection. We examined the time dependent

uptake of various elements. The thirteenth- and nineteenth-day pregnant dams were sacrificed under

ether anesthesia at 24 hours after injection. We examined influence of the uptake of various elements

by the fetus growth. The maternal blood, the placentas, the fetuses, the fetal brains, and the amniotic

fluids were determined by yray spectrometry. The observed 'Y-ra . ed on the basis of their

energies and half-lives.

3. RESULTS AND DISCUSION

.The behavior of 7Be , 22Na , 46SC, 48V, 52 Mn , 59 Fe, 16CO, 65 Zn , 67 Ga , 74 As, 15 Se, 14 Rb, "Sr, 87, 88zr,

96 Tc, 101mRh, and 103 Ru was determined from the yray spectra. From these results, it was classified

into three groups by a large difference in the behavior of elements.

Group I elements, such as Be, Sc, V, As, Y, Zr, Tc, Rh, and Ru, were detected in the placenta.

However, in our experiments, the radioactivity of these elements in the fetus and the amniotic fluid

was not sufficiently high to be detected. Group I elements were transported from the maternal blood to

the placenta and were mainly accumulated in the placenta. Almost of group I elements induce toxicity

at a high dose in the living body, therefore, the present results suggest that Group I elements are hardly

penetrated the placenta membrane.

Group 11 elements, such as Na, Rb, Sr, Co, and Ga, were transported from the maternal blood to

the placenta and retained in the placenta, fetus, and amniotic fluid. Figure I shows time dependence of
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uptake rate of Rb, Sr, and Co in the maternal blood, the placentas, the fetuses, the fetal brains, and the

arnniotic fluids. The uptake rate of Rb, Sr, and Co in the 13th-, I 7th-, and 19th-day fetuses is shown in

Fig. 2.

Rb Sr Co

0.1 0.1
E

14 0.01 0.01 0.01

0 .OD] 0.0 I 0 001
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 

Ti me (h) Time (h) Ti me (h)

Fig. 1. Time dependence distribution of Rb, Sr, and Co in maternal blood (*), placenta 13), fetus

fetal brain (A), and arnniotic fluid (X)

Rb Sr Co
0.3 - 0. - 0.3 -

0.2 - 0.6 - 0.2 -

0.4 -
0.1 0.1

0.2

0i0 0
11 13 15 17 19 21 11 13 15 17 19 21 11 13 15 17 19 21

Stage of pregnancy (day) Stage of pregnancy (day) Stage of pregnancy (day)

Fig. 2 The uptake rate of Rb, Sr, and Co in the fetus

Sodium was remained constant in all tissues, and the uptake of Na was not dependent on time at 3-

48 hours after injection. The uptake of Na was not depended on stage of pregnancy (on 13th-, l7th-,

and 19th-day pregnant). On the other hand, the uptake of Rb in the placenta slowly decreased with

time and that in the matemal blood, the fetus, the fetal brain, and the arnniotic fluid increased with

time. The uptake of Rb in the placenta was higher than that in the fetus at 348 hours after injection.

Rubidium is essentially an intracellular ion, physiologically quite similar to K, and is consequently

distributed throughout the body. The uptake of Rb in the fetus was increased by the fetus growth (on

13th-, 17th-, and 19th-day pregnant).

The uptake of Sr in the fetus was higher than that in the maternal blood, the placenta, and the

arnniotic fluid at 348 hours after injection. In the fetus, the highest uptake of Sr at 3 hours after

injection was detected and the uptake of Sr decreased with time slowly. The transfer of Sr from the

placenta to the fetus proceeds readily, because Sr and Ca not only share similar chemical and physical

characteristics, but they also have a similar involved in biological processes. Calcium was stored
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mainly in the bone. The uptake of Sr is reported to be via ion exchange of the elements with Ca in

bone [5j. The distribution of Sr is similar to that of Ca, which means that most part of the body burden

is deposited in the bone. The uptake of Sr in the fetus was increased by the bone growth in the fetus.

The transfer of Co from the placenta to the fetus is as yet unknown. In the present study, the

uptake of Co in the placenta, the fetus, and amniotic fluid decreased in a time-dependent manner. The

uptake of Co in the placenta was higher than that in the fetus. The uptake of Ga was low in the

placenta and the fetus. The uptake of Ga in the fetus decreased in a time dependence. The uptake of

Co and Ga in the fetus was not depended on stage of pregnancy.

Group III elements, such as Mn, Fe, Zn, and Se, were transported from the maternal blood to the

placenta and mainly accumulated in the fetus. They were hardly detected in the amniotic fluid. Figure

3 shows time dependence of uptake rate of Mn, Zn, and Se in the maternal blood, the placentas, the

fetuses, the fetal brains, and the amniotic fluids. The uptake of these elements in the fetus was

correlated with the fetal growth (on 3th-, 17th-, and 19th-day pregnant). The uptake rate of Mn, Zn,

and Se in the 13th-, 17th-, and l9th-day fetuses is shown in Fig. 4 These essential elements

accumulated into the fetus across the placenta from the dams, because these essential elements have

important role in the development fetus.

Mn Zn Se
0.1

0.0.1 0.01

rL X

0.01 0.01 -1 0.001
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 

Time (h) Time (h) Time (h)

Fig. 3 Time dependence distribution of Rb, Sr, and Co in maternal blood (*), placenta 13), fetus

fetal brain and amniotic fluid X)

Mn Zn Se
0.8 0.8 - 0.6 -

0.6 - 0.6 -& 0.4 -

0.4 - 0.4 -
0.2 -

5 0.2 0.2

0 0 0
I I 3 15 17 19 21 1 1 13 15 17 19 21 11 13 15 17 19 21

Stage of pregnancy (day) Stage of pregnancy (day) Stage of pregnancy (day)

Fig. 4 The uptake rate of Mn, Zn, and Se in the fetus
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Although the uptake of Mn in the placenta was low, that in the fetus and fetal brain is very high at 48 hours

after injection. These results suggest that the uptake of Mn in the fetus was mainly accumulated in the fetal

brain, because Mn is related to neural development.

Ile uptake of n in the placenta was similar to that in the fetus at 48 hours after injection. Although the

uptake of Zn in the placenta slowly decreased with time, that in the fetus and the fetal brain increased

with time.

The uptake of Fe from the placenta to the fetus was very rapid and that in the fetus is very high at 3-

48 hours after injection.

Selenium is an essential trace element to mammals that constitutes the active center of glutathione

peroxidase 6 Selenium plays numerous protective roles against oxidative injury, including the

peroxidation of membrane lipids and the degeneration of DNA and /or proteins. However, Se in high

doses has been known to cause injury to the fetus. The uptake of Se in the placenta and the maternal

blood was higher than that in the fetus at 348 hours after injection. It was suggested that the fetus need

Se only in a small amount but Se has a very important and acute role in these organs.

4 CONCLUSION

The uptake of various elements in the maternal blood, the placentas, the fetuses, the fetal brains,

and the arnniotic fluids was determined using the multitracer technique. It was concluded that the

placenta is a highly selective filters; because essential elements such as Group III elements are readily

transported from the placental membrane to the fetus, whereas nonessential elements such as Group I

elements have difficulty penetrating the placental barrier that protects the fetus from the toxic effects

of these elements.
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4.37 DEVELOPMENT OF A GAS-JET COUPLED MULTITARGET SYSTEM

FOR MULTITRACER PRODUCTION

Hiromitsu HABA, Rieko HIRUNUMA, and Shuichi ENOMOTO

Cyclotron Center, RIKEN, Wako, Saitama 351-0198, Japan

ABSTRACT

A gas-jet coupled multitarget system for multitracer production is under construction at the

RIKEN accelerator facility. The multitracer is separated from the target material without chemical

separation and the radioisotopes with short half-lives of less than I minute are available for tracer

experiments. The composition of the -radioisotopes in the multitracer can be optimized by changing

the target material and stack. The radioisotopes of special interest are concentrated by an automated

liquid chromatography apparatus based on ion exchange or solvent extraction.

KEYWORDS: MULTITRACER, GAS-JET COUPLED MULTITARGET SYSTEM, RIKEN

RING CYCLOTRON

1. INTRODUCTION

In 1990, the multitracer technique was developed by Ambe [1] using the RKEN Ring

Cyclotron (RRC). Radioisotopes of a large number of elements were simultaneously produced by

target fragmentation from metallic targets such as Ti, Fe, Cu, Ge, Ag, and Au irradiated with 35

MeV/nucleon IC, 6 and "N beams from RRC. Ambe and coworkers started to use these

radioisotopes together as the multitracer in order to trace the behavior of many elements

simultaneously in the fields of chemistry, biology, medicine, engineering, and environmental science.

After the heavy-ion irradiations, the multitracer was chemically separated manually from the target

material 2 3 Thus, carrier-free and salt-free multitracer solutions were applied to various

experiments. Recently, two technical developments were reported for the preparation of the

multitracer 4-61. Takamiya el a 4 ] produced multitracers using the thermal neutron fission of

235 U at the Kyoto University Reactor (KUR). They separated the fission products from the U02

target using NaCl as a catcher material. On the other hand, Shibata et aL 6 found that the

multitracer solution is obtained quickly and easily by amalgamating the Au target irradiated with

- 332 -



JAERI-Conf 2003-010

RRC.

We plan to develop a gas-jet coupled multitarget system as a novel technique for the

multitracer production. In this paper, the concept of this system and the advantages expected are

briefly presented.

2. GAS-JET COUPLED M`ULTITARGET SYSTEM

schematic of the gas 'et coupled multitarget system is shown in Fig. This setup is

under construction at the E313 beam line and the hot laboratory of the RIKEN accelerator facility.

The 135 MeV/nucleon 14 N (or 12C, 160) beam from RRC passes through the thirty multiple targets of

about I gm in thickness with 10 mm spacings. The recoiling multitracers are stopped in He (or Ar)

gas, attached to aerosols such as NaCl and KCI, and are continuously transported through a capillary

tube to a chemistry room, where the multitracers are collected on a glass filter. Then, the multitracer

solutions are obtained by washing the filter with a suitable solution and subjected to tracer

experiments. The beam finally enters a stack of the thick metallic targets such as Ti, Ag, and Au of

about 200 lam in thickness. After the irradiation, the long-lived multitracers were chemically

separated by the same procedure as applied previously 2 3.

Multitarget chamber

...........

Multitracer Hot laboratory
14N (12c, 16o) H

beam 0 Glass filter

oling water Dissolution

Multitar et 11 oF1 0 Gas out
(Cu, Ag, Au, etc.: Thick target foil

- pm x 30) (Ti, Ag, Au, etc.: - 200 pm)

.......................................

Multitracer solution
Aerosol enerate

NaCl, KCI, etc.
Automated liquidHe (or Ar) gas 777777T , F�l chromatographyF _,!V I -

(7- apparatus

Oven Aerosol cluster

Tracer experiment

Fig. 1. Schematic of the gas-jet coupled multitarget system for multitracer production.
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Advantages of the gas 'et coupled multitarget system are expected as follows. ) the

multitracers are separated from the target material without elaborate chemical separation and

transported to the chemistry room within a few seconds. Thus, radioisotopes with short half-lives of

less than I minute are available for tracer experiments. 2) the targets with various chemical forms

are prepared by electrodeposition or vacuum-evaporation techniques. The composition of the

radioisotopes in the multitracer can be optimized by changing the target material and stack. 3) the

radioisotopes of special interest are concentrated by an automated liquid chromatography apparatus

based on ion exchange or solvent extraction. 4) the targets are continuously cooled with He gas

during the irradiation. Thus, the beam intensity of more than I pl.LA will be acceptable, though the

present maximum is about 0 I ppA due to the irradiation in a vacuum chamber.
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Abstract

Cosmogenic radionuclide 22Na has been examined in the Lake Biwa system to evaluate its

usefulness as a tracer of the transport of conservative (soluble) pollutants. 22Na was measured by using

the ultra low-background Ge-detector 'stalled at underground (Ogoya Lab.) after si le chemical

separation. The method consists of pre-concentration of 22 Na by ion exchange resin column from a

large volume water sample of more than 500 liters, elution with 4M HCI from the resin, and removal

of main metal components (Ca, Mg, etc.) and4oK(K). The 22Na concentrations found in the lake and
/M3river water samples were in the extremely low range from 25 to 32 mBq and from 27.4 to 37.4

mBq/M3 , respectively By considering the atmospheric deposition of 22Na, mass balance of22Na from

watershed to river and lake was constructed. 'Me in= residence times of 22 Na in the southern basin,

northern basin and watershed area of Lake Biwa were successfully estimated as about 18 days, 53
of 2years and 94 years, respectively. The estimated residence times 2Na in the southern and northern

basis agreed well with the values of ca. 14 days and 56 years reported for the lake water themselves.

Especially, the evaluation of 22Na residence time from the watershed to river might be helpftil in

tracing the fate of geochemically similar pollutants the watershed.

KEYWORDS: cosmogenic radionuclide,22Na, pollutants, mean residence tme, Lake Biwa

1. Introduction

With creasing deforestation and agricultural activity, soil erosion and dissolution and transport of

fertilizers and pollutants including hazardous materials have become an object of public concern. They

are slowly but steadily polluting aquatic systems and its watershed area. Naturally occurring
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1 2 7 137CS 239,240PUradionuclides such 10Pb and Be have been successfully used as well as fallout 9Sr, and

from the atmospheric weapons testing[l][2]. Thus, though there has been rapid development in the use

of environmental radionuclides to evaluate soil erosion and to trace the pollutant transport, yet the

processes from watershed to river and lake are not well known.

Sodium-22 (TI/2= 26 y, P+, y: 1274.5 keV) is one of the cosmogenic radionuclides which are

produced by spallation reactions between Ar in air and secondary cosmic rays. Since Marquez et al.
7observed Na in rai water 1957[31, this nuclide as well a Be (TI/2 = 53 d, y: 478 kev) have been

used as a tracer for aerosol transport between the troposphere and stratosphere[4)[5]. However , 22Na

has not been applied to other fields of geochemistry than the atmosphere because its level is extremely

low. The 22 Na is supplied by precipitation to the ground. If it was possible to measure this 22Na in the

hydrosphere, it could become a useful tracer in the elucidation of geochemical processes of

conservative materials because sodium is completely soluble in aquatic systems. In a preliminary

exper ment, 22Na was found to be detectable in lake or river water samples of more than 500 liters in

combination with the ultra low-background Ge detector in the Ogoya Underground Laboratory[6][7].

The counting eor was, however, too large to discuss 22Na application as a racer in the water system.

There was severe interference with detection of the 1274.5 keV peak emitted directly from 22Na

because of the rise of the base line by Compton scattering of the 1460 keV y -ray from 4K.
22Na has been used in attempts to quantify the tran rvati e pollutants

In tis work, sport of conse IV
t, 2from watershed area to aquatic system. We developed a simple chemical method for separa mg 2Na

(Na) from 4K (K) and the main metal components (Ca, Mg, etc.) of fresh water[8]. Ile 22Na

concentrations were measured by using a large volume fresh water samples of more than ca. 500 liters

in Lake Biwa, Japan and nearby rivers, in combination with the ultra low-background Ge-detector

installed at underground (Ogoya, 270 mwe). The mean residence times of 22Na in Lake Biwa water

system were successfully estimated by considering mass balance of 22 Na from watershed to river and

lake.

2. Feature of study area

Lake Biwa is situated in the center
Table I Physical properties of Lake Biwa.

of the Japanese archipelago and is the Unit Noth Basin South Basin Total

Surface area km2 616 58 670.49
largest freshwater basm' in Shiga Volume X10 9m3 27.3 0.2 27.5

Prefecture of Japan, with a ttal Surface Maximum depth m 103.58 8 103.58

M2, Mean depth m 43 4 41
area of 670 k volume of 27.5 x 109 Altitude m 85.614

3 Circum ference ion 235.2
in and maximum depth of more than 2

Catchment area km 3174

100 m[9]. It is one of the ancient lakes

to be compared with the Caspian Sea in central Asia or Lake Baikal in Russia, and is also famous as a

take of the stratification. It has more than 500 'put rivers and its outflow is only Seta River that is a

tri'butary of Yodo River flowing down to Osaka Bay The physical properties of this lake are given in
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Table .

The water of Lake Biwa has been utilized for drinking by fourteen million people in the Kinki

district (Kyoto-Osaka-Kobe metropolitan areas).

3. Material and method

3.1 Sampling N

Lake water samples were taken at depths of 10, 20, 30 and

40 in in the northern part of the lake 135'58'00 N,

35010'30" E). Vertical profiles of water temperature,

conductivity, pK chlorophyU-a and turbidity were also

monitored by F-probe (Fine Scale Profiler) at the sampling

station before water collections. River water samples were 0Z
0 10(km)collected at the mouth (above ca. 3 km from each estuary) of L----i

the Ado and Yasu Rivers. The sum inflow for these two S LO waor
'A

rivers is about 25 of the total fluvial water inflow[IO]. A livenmwom
§ IM Furthermore, at the Seta River which is only one rve, us W

3
output, te sainples were also collected in June, Oct. 2001, W 9M

and Feb. 2002. Fig. I Study area around Lake Biwa.

3.2.1 Pre-concentration of 22 Na in the lake and fluvial water

In order to effectively pre-concentrate 22Na from a large volume of fresh water, an ion exchange

column method was applied. The sampler consisted of a pump connected to a cartridge filter holder

(Toyo Roshi Kaisha, Ltd., Japan, TCW-05-PPS, pore size 0.5 meq.) and an ion exchange resin column

(73 m x 430 mm; Organo Co., Japan; Amberlite resin mixture: cation exchange resin (IR 120B) and

anion exchange resins (IRA 410). A total volume of ca. 1800 mL of resin was used for a three time

margin, considering a sample size of ca. 500 mL based on major cationic concentrations in the water

of Lake Biwa[I I] and exchange-capacity of the resin. The water volume passing through the column

and flow speed were checked by a volume monitor (Aichi Tokei Denki Inc., Japan, NQ5-PTL) and

speed monitor (Aichi Tokei Denki Inc., Japan, N05-PTN), respectively. The flow speed was

controlled as ca. 2 liters/min using the spigots of the column and about 500 liters of water were passed

through in 45 hours. After sampling, the column was brought back to our laboratory (LLRL) and its

resin was transferred into a 10-liter beaker. The sodium, including other cations, adsorbed on the resin

was removed by washing the resin with 4M HCI for 3 hours. The obtained solution (ca.3 liters) was

concentrated to I liter and weighted. A part 30 g by weight) of this concentrate was taken up to

correct for the Na recovery from water. The remaining concentrate was evaporated to dryness, and

obtained residue was at first packed into a plastic case for y-ray measurements of natural and artificial

radionuclides such as 137CS' 713e and 21 OPb.
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3.2.2 Simple chemical separation of Na

After y-ray measurements, the residue was treated according to the chemical separation developed

by Sakaguchi et al.[8]. Briefly mentioned, the scheme consists in removal of the main metal

components such as Ca and Mg as carbonate precipitates and of potassium (40K) as potassium

tetraphenylborate K[B(C6H5)41. At last, a disc-shaped y-ray counting source 35 nun diameter) was

prepared by compressing the obtained residue with a hydraulic pressure of ten tons. The source discs

were wrapped in thin "clear-wrap" (pol inyl chloride) film and doubly sealed in a polyethylene bag

(0.05 mm thickness).

3.3 Measurements of nNa and stable Na in water samples

A coaxial-type pure Ge detector (Eurisys Measures, France; 400 ML detector volume and 93.5 

relative efficiency) installed at the Ogoya Underground Laboratory (Kanazawa University, LLRL) was

used in te present study. The Ogoya Underground Laboratory has a 135 rn thick rock covering

corresponding to a 270 in water equivalent (mwe) depth, and the intensity of cosmic rays is about

1/200 that at ground level. The detector was specially designed for low-level counting and shielded

heavily with 20 cm of lead and I cm of old lead (2 10Pb-ftee) as part of an Himer shield to lower the

number of background y-rays from surrounding materials. The rest of the inner shield was filled with

N2gas obtained from liquid nitrogen 'Me counting source was placed on the top of the detector and

measurements were made for 3 to 7 days to attain a statistical error for the major peak of less than

10 %. The detection limit for 22Na 1274.5 keV) is ca. 03 Bq per sample for 3-day measurement.

The efficiency of the detector used was calibrated by using commercial 22Na standard sources. Stable

Na concentrations in lake and river water were also measured by inductively coupled plasma atomic

emission spectrometer (Varian, Liberty, UK).

3.4 Atmospheric deposit and measurement of 22 Na and 7Be

Monthly precipitations (dry and wet deposition) at study area (Otsu and ffikone) were collected

ftom 1977 to 2000. A layer of water at a bucket 0.2 m2) was maintained to avoid resuspension of dry

deposition. The sample was evaporated to dryness and was packed into a plastic case 60 mm" x. 35

mm) for the determination of 7Be by usual Ge detector installed at LLRL. In this case, '2Na is

undetedable because the surface area of the bucket is very small for 22Na detection. The deposition of

22Na was, therefore, evaluated on the basis of the amount of 7Be depositions in Otsu and Hikone, and

annual mean 22Na/7 Be activity ratios in deposition at LLRL (Ishikawa Pref), where is located at 150

km north away from Lake Bwa- The precipitation samples at LLRL were collected by using 0.5 M2

stainless basin. 'Me obtained samples were treated the same manner as described by Yamamoto et
7al.[12]. After measuring Be, its sample was ignited in an electnic fiimace at 450 C overnight. The

sample was packed into plastic tubes (18 mm' x 60 mm) to determine 22 Na by using well-type Ge

detector (Eurisys, France; 21 mm' x 60 mm well-size and 64.7 relative efficiency) installed at
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Ogoya Underground Laboratory.

4. Results and discussion

4.1 Radiochemical separation of 22 Na in water samples

To check the chemical 'eld of 'Na, tracer experiments were performed by using simulated

solutions containing major metal ions (Ca, Mg, Na K Si, etc.) at concentrations corresponding to

those in about 500 liters of Lake Biwa water[II] and a known amount of '2Na. Removal rate of

potassium was also determined by using 4K in the simulated solutions. The experiments were

repeatedly carried out to find the best conditions to separate Na and K. Recoveries of 22Na were found

to be 98 ± 2 % (n = ). More than 95 WOK, which interferes with detection of22Na, was removed

in this scheme. Ile weight and volume of samples before chemical separation were reduced to ca. 1/6

and 1/10, respectively.

4.222Na concentration of lake and fluvial waters and deposition rate to the lake

The results of the 22 Na measurements in the lake and river water are shown in Fig. 2 together with

the water temperature for the corresponding samples. 0 10 20 (-C 0 20 40 q/_3)

The recoveries of 22Na were 85 - 99 for aH water (mB

samples. The 22Na activity concentrations in Lake 10 Jun.20011

Biwa water were in an extremely low-level range from Fe 20112

3 Al�19.9 to 32.3 mBq/M . Lake Biwa is strongly 20 Jr.

(thermally) stratified from mid-May to Ifflid-December, 30 '00- 20111

but 22Na concentrations were not largely different

between surface and deep water. A total activity 40(In
Ado i-ninventories in the northern and southern basm's were Yasu IW

estimated to be 737 and 74 MBq, respectively. The Seta

"Na values in river water were within the range ftom Fig. 2 Vertical dishibution of 22Na concentration in
M3 lake and rivers water samples, and water temperature.27.4 to 40.0 mBq/ (Fig. 2)

'Me average deposition of 'Be measured at Hikone and Otsu ranged from 196 X103 to 208x 103

Bq/M2/y. 'Me 22Na/7 Be activity ratio for annual deposition at Ishikawa was 109 x 10-4, which agreed

well with the value (1.00 x 10-4) observed during the period ftom January 1992 to December 1993 at

Fukul Prefecture located nearby Ishikawa. By using these data, direct 22Na deposition to the study area

was estimated to be 021 mBq/M2/y on average. The total deposition rates to the northern and southern

lake surfaces were calculated to be 136 and 12 MBq/y, respectively.

2.2 22Na balance and mean residence times in Lake Biwa system

By referrir�g these obtained results, mass balance of 22Na from watershed to river and lake was
- e tmes Of 2

constructed as shown in Fig.3. The mean residenc i 2Na in Lake Biwa water system can be
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calculated from the input-output of the following one-box models by a set of 3 equations related to the

southern basin, northern basin and watershed area:

(D Southern basin Als/At As In An - Is -(.+ As) Ts = I I As

(2) Northern basin AWAt An le AC - In (.X+ An) Tn = I An

Watershed area Ale/At A - l - + AC) TC= II AC

Where, A is the atmospheric

deposition flux of Na to the Ac i i
An

lake surface (GBq/y) I is the 1W
OC

total inventory of 22Na in each kn

part (GBq), is the decay

constant of '2Na (1/y), k is the

removal rate from each part

(1/y) and is the mean Fig. 3 The ass balance of 22Na in Lake Biwa system.

residence time I/ k) of 22Na in each part.

In these equations, the most difficult parameter to evaluate is the value of Ic-kc, that is, the fluvial.

input of 22Na from rivers of more than 500 rivers. Although we measured 22Na contents in two rivers at

this time, more data are needed to evaluate exactly the total input of 22Na from rivers. Therefore, we

attempted to evaluate it from the southern basin in which the proper mass-balance of 22Na might be

structured.

In the southern basin, deposition (As) of 22Na from atmosphere and input (In An) from the northern

basin to the southern basin were 12 MBq/y and 138 MBq/y, respectively. The total inventory (Is) of

22Na in the southern basin was evaluated as 74 MBq. Substituting the above values of '2Na fluxes into

the steady state equations, one at first obtained the 22Na residence time of ca. 18 days in the southern

lake. his value for 22Na agreed well with the values of ca. 14 days being reported for water itself in

this basin[131. hen, in equation 0, atmospheric input (An) to the northern basin was 136 MBq/y

and total inventory In)of 22Na in the northern basin was calculated to be 737 MBq from the mean

22Na concentration in the northern basin and total water volume of this basin. From In -kn = 138

MBq/y and In = 737 M13q, the residence time of 22Na ( - n) in the northern lake was estimated as ca.

5.3 years, which was compatible with 56 years evaluated for water itself114]. Substituting this value

for An 1/ r n) in equationO yielded 193 MBq/y for the fluvial input of 22Na (l -AC to the northern

basin. Solving the equation(I with the atmospheric input to the whole watershed (Ac = 670 MBq/y)

and fluvial output (Ic-kc = 193 MBq/y), the total inventory of 22Na in the Lake Biwa watershed was

estimated as 1805 MBq and the mean residence time of this nuclide in the watershed was evaluated as

about 94 years.

As the land in the Lake Biwa watershed is used in the many forms, we attempted to examine the

obtained residence time of 94 years in further detail by using a two-box model. In this model, the

surface of watershed is split into a tardy transport box" TB) and a "rapid transport box" (RTB as
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shown in Fg.4. The latter can be represented by the surface of the river and reservoirs network with its

immediate surroundings and by surface devoid of storing capacity of land such as residential area.

The TTB is comprised of infiltration capacity soil such as forestland. The two-box model can be

expressed by a set of 4 equations:

(A) TTB:FST=1T_01+AT) Ts INT

RTB TTO RTB : F -S = 1 - X+ k,,) TR MR
FT� 03FRa 67

(M I'fkT+1RkR=0F (Fluvialoutput)
=n 477 (M ST+SR=l

where F is the atmospheric deposition flux to the

OF 193 catchments area surface (GBq/y) I is the total
inventory of '2Na in each pan (GBq), S is the

fraction of watershed surface attributed to the

Fig. 4 Two-boxes model of Lake Biwa watershed area. boxes, and ). and k are dentical to those described
above. In Lake Biwa watershed, the surface of the

RTB corresponds to ca. IO of the total watershed surface 9]. When the residence time of 22N in

RTB was assumed to be ca. 2 days, although it is speculative, the residence time of 22Na in TTB

becomes about 14 years. Although more works, especially with respect to RTB and TTB, are

necessary to refine this interpretation and allow for quantification, the evaluation of 22Na residence

time from the watershed to river might be helpful in tracing the fate of geochemically similar

pollutants in the watershed.

Conclusion

The following conclusions were drawn from this study on the cosmogenic radionuclide 22 Na

measurements :

1. A simple analytical method was developed for the dtermination of 22 Na from large volume fresh

water samples of more than 500 liters in combination with the ultra low-background Ge-detector

installed in the Ogoya Underground Laboratory.

2. The method was successfully applied to determination of 22 Na in water samples from Lake Biwa

and its fluvial areas. The 2Na activity concentrations in lake and river water were found to be in

the extremely ow range from 19.9 to 32.3 and from 27.4 to 40. 0 mBq/M3 , respectively.

3. The mean residence times of 2Na ' the southern and northern basm's were estimated as about 8

days and 53 years, respectively. These results were compatible with those reported for water

themselves. The mean residence time of this nuclide in watershed of Lake Biwa was calculated

about 94 years. Further works with respect to RTB and TTB are needed.
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ABSTRACT

A sensitive analytical procedure for determination of low-level 226 Ra concentration in environmental water

was developed. he procedure is based on collection of 6Ra in water by co-precipitation with BaSO4,

radiochernical separation of M Rn, which is grown from the decay of 226 Ra and alpha activity measurement for

222Rn and its daughters by liquid scintillation counter equipped with alpha/beta pulse separation function. Each step

in the analytical procedure was examined: the amount of Ba added to the water on the collection step and recovery

of BaSO4; the dissolution of BaSO4 with EDTA solution; emanation of 222Rnand following trap of 22 Rn on glass

beads in U-tube cooled at liquid nitrogen temperature. The 212 Rn and daughter nuclides activity was measured by

liquid scintillation counting and alpha counts are extracted from 3-dimentional spectrum obtained by liquid
226Ra concentration in iver water of

scintillation counting. This sensitive method was applied to deten-nine n

Kumamoto prefecture, Japan.

KEYWORD: RA-226 DETERMINATION, LIQUID SCEVITULATION COUNTING, PULSE

SEPARATION, ENVIRONMENTAL WATER

1. Introduction

226 Ra is of particular environmental concern because of its long half-life and possible risk of significantly

increase in internal adiation dose of both individuals and whole population groups by ingestion pathway. There

has been much interest in development of improved methods for its deten-nination in a variety of sample tpes,

especially for low-level environmental water samples. 'Me deten-nination of 226Ra has been performed by liquid

scantillationcoun�ng(LSC)[1,2,3].When 222 Rn was isolated fom 9?6Ra, it will reach radioactive equilibrium by

about 4 h from 222Rn to 2po, yielding 3 alpha and 2 beta emissions. The LSC is one of the best echniques for

measurement such samples using Pulse-Shape Analysis (PSA) 4], which separates alpha fi-om beta/gamma pulses

and is now available in commercial LS instruments. More precise determination of222Rn concentration is possible

by use of this technique.

In this study, we developed a sensitive analytical procedure to determine 26Ra concentration in

environmental water samples using an alpha/beta-separation liquid-scintillation counter and applied to river water

samples in Kumamoto Prefecture, Japan.

2. METHODS

2.1 Recommended procedure for deten-nination of'16 Ra in water.

10 L of water sample are collected and filtrated with 045 membrane filters. 100mg BW+ carrier

(Ba(NO3)2) is added to the filtrate and acidified with H2SO4. After standing over night 22611a is recovered as
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Ba(Ra)S04 precipitate on a 045 pm membrane filter. The BaSO4 precipitate is dissolved in 066 M

EDTA4Na-NH40H solution heated at 85 V, and then neutralized with concentrated HN03. It is then sealed in a

Rn-bubbler for 30 days to attain adioactive equilibrium between 226 Ra and "2 Rn. The 2')?Rn grown in the

Rn-bubbler is emanated with introduction of N, gas to the Rn-bubbler and is passed through the glass U-tube in

which 2g of tansparent glass beads is placed and cooled down by immersing n liquid nitrogen. After the 22) Rn

emanation, 7 ml of scintillation cocktail (Ultima Gold AB, Packard) is injected into the both sides of the U-tube

with a syringe at cooled condition. Then the U-tube is taken out from the liquid nitrogen and sonicated for min in

30 'C water bath. Finally, the glass beads are transferred to a 20 ml low-potassium glass counting-vial by washing

the U-tube with 13 ml scintillation cocktail. The activity

is measured with the Triathler LS counter (HIDEX) for

I 00 min at least 4 h after the emanation. The alpha 100
pulses, ?"Rn 2po and "'Po, are extracted from the

80spectrum and decay connected to the time of emanation.

To establish the above sensitive analytical
60

procedure we examined each step of the analytical
>procedure, which are (1) BaSO4 precipitation recovery

40
from water, 2) Dissolution of BaSO4 with EDTA4Na C4

solution, 3) Emanation of 272 Rn from Rn-bubbler 4 20

222Rn collection on glass beads, (5) Determination of

alpha activity by LSC 0
0 2 4 6 8 1 0 2

Ba 2+ (mg L
3. RESULTS AND DISCUSSION

3. 1. BaSO4 pecipitation recovery from water Fig. 1. Recovery of BaSO4 with different

The recovery of BaSO4 on the 045 pm initial concentations of Ba2+ carrier.

membrane filter was illustrated in Fig. I as a function

of initial Ba�+ concentrations. It is clear that the 25

recovery of BaSO4 increases xNith an increase in the

initial concentration of Ba2+ carrier, at BW' carrier

concentrations more than mg L-1, the recovery of

the BaSO4 was satisfactory high, about 95 %. From Z 1 51�
7-the practical aspect higher co-precipitation yield is
< 10

preferable and a decrease in recovery is supposed on

environmental waters due to impurities in the water,
5 pe

which would enhance solubility of BaSO4. We, then, 14�

decided to use 10 mg 1:' concentrations of Ba2' 0

carrier and treatment of 10 L of environmental 0 20 40 60 80 100 120

waters for 226Ra determination. We examined Ba 2+ (mg)

chemical recovery for IO L scale, the chemical yields Fig. 2 Solubility of BaSO4 (as BW)
of BaSO4 precipitate were ranged from 82.7 to
96.9 %, showing a good recovery. in 0.66M EDTA4Na-NH40H solution
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3.2. Dissolution of BaSO4 with EDTA4Na solution

The results of BaSO4 dissolution with 0.66M EDTA4Na-NH40H solution is shown in Fig. 2 the X-axis

represents amounts of Ba in BaSO4 and the Y-axis represents the volume of the 0.66M EDTA4Na-NH40H

solutions.BaSO4precipitatewasdifficulttodissolve inEDTA4Na-NH4OHsolution,ifithadlowerpHthanlI

and lower concentration than 0.66M ad without heating at 85 V on a hot plate, suggesting strong chemical

characteristic of BaSO4 for dissolution. From Fg. 2 it would be concluded that complete dissolution of BaSO4
226

containing 100 mg Ba, which is planed to use on Ra analysis, would be possible when 20 ml volume of the

0.66M EDTA4Na-NKOH solution is used. After dissolution the solution was neutralized with HN03 and

preserved in a Rn-bubbler for more than one month at scaled condition. No reformation of BaSO4 precipitate

occurred during the preservation and no damage of the Rn-bubbier was observed, especially choking of the glass

filter.

33 ) Emanation of 22 Rn from Rn-bubbler 4.0

Dissolution of2 "'Rn in water is a function of 3.5

temperature and decreases with an increas ' 3.0

of 2Rntemperature. The release from the -0 2.5

Ril-bubbler at room temperature is shown in Fig. 3 2.0
2f-

The Rn-bubbler contained I 0 mg Ba prepared by

dissolution of BaSO4 with 0.66M 1.5

EDTA4Na-NH40H solution. The sharp increase and 1.0

stabilization of the signal intensity was observed 0.5

within 10 min after starting the introduction of N2 0.04L

gas at a flow rate I 0 ml min", which suggests small 0 2 4 6 8 1 0 1 2 1 4

bubbles formed at the glass filter of the Rn-bubbler Time (min)

effectively transfer 712 Rn from the solution to air.
Fig. 3 Emanation of 222Rn with time from

Rn-bubbler by N2 bubbling
3.4. mRil collection on glass beads

The recovery of 222 Rn by glass beads cooled

at liquid nitrogen temperature is summarized in Table 1, anging from 63.3 to 67.0 and an average Is 63.9

2.5 %, measured at 4 h after emanation under radioactive equilibrium. The recovery measured at one day after

emanation is almost similar to that at 4 h, suggesting all the

222 Rn adsorbed on the glass beads at liquid nitrogen Table 1. Recovery of 222Rn with U-tube

temperature was dissolved and moved to scintillation cocktail.

We carried out experiments using silica gel with similar size Recovery %)

as the glass beads. The comparable recovery of ""Rn was No. 4h 24h

observed on the measurement at 4 h after emanation, 1 64.5 63.2

however, the recovery sometimes increased next day, 2 63.3

probably indicating that some of the 112 Rn was tightly kept at
3 67.0

deep site of the cavity in silica gel and was slowly move to 4 60.9

scintillation cocktail. Te strong adsorption N2 on the silica av. 63.9± 25

gel was also occurred and it made dfficult to transfer silica
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gel to a 20 ml counting vial. Formation of N2 bubbles oen spilled over scintillation cocktail out of the U4ub as

the scintillation cocktail went to rnelt. On the other hand o serious adsorption of N2 gas occurred on the glass

beads.

3.5. Determination of alpha and beta counts in the spectrum by LSC

Typical 2 and 3-dimensional spectra of 222 Rn and daughters activity constructed from an Excel data file are

shown in Fig. 4 In the 3-dimensinal graph, pulse height corresponds to decay energy and the pulse length index

(PLI) denotes decay time of pulse, which gives basis of alpha and beta identification. The larger PLI is oginated

from alpha decay, while smaller PLI from beta decay. As seen in te 2-dirnansinal graph, pulses originated from

beta decay have PLI smaller than 1 and distributed as a long sland, mostly concentrated i low pulse height

region. The pulses originated from alpha decay ae distributed in larger PLI egion such as two-island connection
214powith different decay energy. The island with larger decay energy (larger pulse height) would be attributed to

222 211powith apha decay energy of 769 MeV and that wth lower decay energy to Rn 5.49 MeV) and (6.00

I I I I I I I I I I I ] I n i t i a l I I I I I I I I I
J+_30

180-200

CC M 160-180
25

.20
120-140

I is
ml 12------ 6 15

80-100
VW--A
------- ------ 10 E360-80

III Fair TTFF 40-60

I -FEED
20-40

E10-201 6 11 16 21 26 31 36 41 46 51 56 61

Pidst Height

Counts EIISO-200

200- M 160-1 0

180 ED140-160

160 120-140

140 -
121100-120

120 

100 SEBO-100

�§o El 0-80

60 I'D 40-60
40 0 20-40
2 0 LIO-20

0

11 16 3
21 26 I

3 3 ; 2 Pulse Yen-th Idex

Puase Hei_-ht 56

Fig. 4 Typical 2 and 3-dimentional spectra of 222Rn and daughters measured

with the Triathler LS counter
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MeV). The closer decay energy of112Rn and 211po was not able to distinct because of poor resolution in LSC. The

optimum PLI position for this sample would be 15. The alpha counts can be obtained by summation of all the

counts with inthethickborderregionsur-roundingthealphaisland.

226
).6.Lowerlimitofdetectionand RaconceiitrationinriverwateratKamamotoJapan.

The lower limit of detection (LLD) for any radiometric method is given by the following equation for a

given sample and counting tme:

LLD = 271 465 B ". (1)

Where is the background count and is 64 for I 0 min measurement. We use IO L of water sample and

the alpha count obtained by LSC is 3 times that originated fi-om decay of222Rn. When we assume I 0 % recovery

of 222 Rn from the Rn-bubbler, the minimum detectable concentration (MDC) of ')'6Ra in water is calculated to be

0.22±0.04 mBqL-' at % level of the significance. The 226Ra concentrations in Shira river, Kumamoto, Japan were

in the range of 0.65-0.8 mBq U' (Table 2, which is lower compared to other countries.

Table 2 Concentrations of Ra-226 in tap and Shira river waters

Sample Sample Sample Volume Recovery Conc. Gross Conc. Net
(L) N (mBq L) (mBq L)

I Distilled water (BG) I 83.1 0.82 0.10

2 Tap water I 0 82.2 1.06 ± 0.10 0.24 ± 0.11

3 River water I 0 88.1 1.48 ± 012 0 ± 1

4 River water I 0 84.2 1.61 ± 014 0.79 ± 0.18

5 River water I 0 86.6 1.63 ± 012 0.80 + 013

Range of River Water 0.65 ± 0.80

Mean of River Water 0.75 021
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ABSTRACT

It is important to monitor long lived alpha radionuclides as plutonium (238pU, 219*140pU) in the

field of working area and environment of nuclear fuel cycle facilities, because it is well known that

potential risks of cancer-causing from alpha radiation is higher than gamma radiations. Thus, these

monitoring are required high sensitivity, high resolution and rapid determination in order to

measure a very low-level concentration of plutonium isotopes. In such high sensitive monitoring,

natural radionuclides, including radon (122 Rn or 2'oRn) and their progenies, should be eliminated as

low as possible.

In this situation, a sophisticated discrimination method between Pu and progenies of 222 Rn or

22ORn using time interval analysis (TIA) , which was able to subtract short-lived radionuclides using

the time interval distributions calculation of successive alpha and beta decay events within

millisecond or microsecond orders, was designed and developed. In this system, alpha rays from

214po, 216 Po and 212po are extractable. TIA measuring system composes of Silicon Surface Barrier

Detector (SSD), an amplifier, an Analog to Digital Converter (ADC) a Multi-Channel Analyzer

(MCA), a high-resolution timer (TIMER), a multi-parameter collector and a personal computer. In

ADC, incidental alpha and beta pulses are sent to the MCA and the TIMER simultaneously. Pulses

from them are synthesized by the multi-parameter collector. After measurement, natural

radionuclides are subtracted.

Airborne particles were collected on membrane filter for 60 minutes at 100L/niin.. Small Pu

particles were added on the surface of it. Alpha and beta rays were measured and natural

radionuclides were subtracted within times of 145msec.by TIA. As a result of it, the hidden Pu in

natural background could be recognized clearly.

The lower limit of determination Of 239pU is calculated as 6 X 10-9 /CM3 . This level is

satisfied with the derived air concentration (DAC) Of 239pU (8 X 10-9 /CM3) in Japan.

KEY WORDS: Time interval analysis, Subtraction, Plutonium, Progenies of Radon and Thoron
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1. INTRODUCTION

The monitoring of long lived alpha radionuclides such as plutonium 238 Pu , 239,24OPu is

extremely important around working area of nuclear fuel cycle facilities, because potential risk of

cancer-caused by alpha radiation at the internal exposure is well-known to affect highly rather than

that of gamma radiation. From this situation, the monitoring of x eitters requires high sensitivity,

high resolution and rapid procedure even in very low-level concentration. Activities from natural

radionuclides, including radon (222 Rn or 22ORn) and their progenies, should especially interfere the

highly sensitive monitoring of artificial o emitters. Such interfering signals could be excluded as

low as possible by applying time interval analysis (TIA) of pulses.

A sophisticated discrimination method between artificial a emitters like PU and progenies of
222 22 1,2,3Rn or Rn as natural radionuclides using time interval analysis (TIA) , could be attained.

The components of artificial x emitters could be evaluated by subtracting short-lived natural

RI-components, based on the TIA-calculation of successive alpha and beta decay events within

millisecond or icrosecond orders, from whole decay events. In TIA-counting systems alpha rays

from 24po 26 Po and 212po with short lives are selectively extractable. The TIA measuring system

composes of a silicon surface barrier detector (SSD), an amplifier, an analog-to digital converter

(ADC) a multi-channel analyzer (MCA), a high-resolution timer (TIMER), a multi-parameter

collector and a personal computer. In the ADC, each incident alpha and beta pulse is sent to the

MCA and the TIMER simultaneously. Pulses from them are synthesized by the multi-parameter

collector. After measurement, natural radionuclides are subtracted.

2. PRINCIPLE

In case of measurement of natural radionuclides, the probabilities of successive incident pulse

pairs (parent-progeny) in detector are quiet high because natural radionuclides (such as progenies

of Rn) have short-lives. On the other hand, in case of measurement of long-lived radionuclides

such as Pu, these probabilities are quiet low within several inutes of measuring time. In the TIA

method, short and long-live radionuclides can be discriminated using the above differences of

probability characteristics. Alpha and beta rays are measured by silicon surface barrier detectors.

After statistical treatment of these energies and time intervals of incident pulses, natural

radionuclides are subtracted from the energy spectrum. Relevant decay pairs in a natural decay

series by TIA are shown in Fig. 
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Fig. I Interested decay pairs in natural decay series

The half-lives of microsecond or illisecond order can be extracted by the TIA method. In a

previous paper4), the TIA-MTA method was discussed in terms of selective detection sensitivity

of pair events related to alpha-decaying nuclides processing millisecond order lives, such a 216po

(half-life of 145ms) 27 At (32.3nis) and 215po (1.78ms). Using a SSD with high sensitivity depth,

TIA is applied to beta-alpha decay pairs such as 214po (0. 164ms) , 212po (0.293,u s) and 213po (4.2

,a S).

With regard to radioactive decay events, the time period of pulses due to decay events

has been handled from the viewpoint of interval distribution functions in two types

consisting of single and multiple time interval analysis (STA and MTA)9). Conceptual

expression of the time interval analysis of STA and MTA are shown in Fig.2.

STA: MP(t)dt M[ a(C A exp f -(C+ A )t I a b C exp(-C -t)]dt

MTA: MP(t)dt M[ a, A exp(- /1 t) + Cdt

A B C D E F

Time

(1) Single Time Interval Analysis (STA) Method

A-B, B-C, C-D, D-E....

(2) Multiple Time Interval Analysis MTA) Method

A-B, A-C, A-D, A-E ....

B-C, B-D, B-E ....

C-D, C-E, C-E....

Fig. 2 Differences of pulses extraction method between STA and NITA
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Here, the following assumptions and definitions of probabilities were taken into account

P(t)dt Prob [An interval started by an event at t=O is terminated by a certain event in dt

after delay of t.]

• t Prcb [An event that has occurred is started by a truly objective parent decay

event.]

• b Prcb [An event that has occurred is started by a background decay event.]

Therefore, the following relation is readily understood.

a,+ ab I

C Count rate of random events

11 Decay constant of correlated event

3. EXPERIMENTAL

This system comprises of a silicon surface barrier detector (ORTEC BA-030-450-2000-S

sensitivity depth; 2000,u m), an amplifier, an analog-to-digital converter, a multi-channel analyzer

(laboratory equipment, List adapter LN-9100-2M), a. timer (laboratory equipment, time list

LN-9000T) and a personal computer. This detector is sufficient to offer a high energy-resolution

(less than 30 keV at 5.5 MeV) on alpha ray spectrometry and high efficiency in alpha and beta

rays. Discrimination of incident pulses using these time interval differences between alpha and

beta pulses can be realized within microsecond in this system. The diagram of this TIA system

is shown in Fig.3.

PU
Tn

Laboratory equipment Laboratory equipment
480I/A LN-9100-2M Multi parameter collector

Laboratory equipment
A OUT List Mode ControUer

ORDERA 8 AB

Pulses are coincided between SCA OUT and TIME

IBM AFFIVA ona Compute

Fig. 3 Diagram of TIA system
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Both alpha and beta pulses measured by SSD are sent to the analog-to-digital converter (ADQ

and then followed to both the timing data analyzing (high resolution timer, resolution; I sec.) and

energy data processing (multi channel analyzer) circuits. Pulses occurring in the time and energy

spectra are collected in multi-parameter collector and registered into hard disk memories. After

counting, the time interval and energy spectra are drawn to extract the natural decay series

components from each multip le time interval distribution and these natural radionuclides are

subtracted from te gross energy spectrum.

In order to prove the TIA theory, a subtraction experiment involving natural radionuclides

from the gross energy spectrum without chemical separations was carried out as described below.

Airborne particles were collected on a membrane filter (polytetrafluoroethylene MILLIPORE

FSLWO4700 pore radius:3 gm for 60 minutes at 100L/niin.by Tokyo-Direc. Inc. CSP-50 in its

JNC Tokai works. After adding small Pu particles, which were kept in vinyl tape, to the surface of

measuring sample, the filter was covered with a thin polyester filter in order to preventing from

contamination. Alpha and beta rays were measured by SSD for 60 minutes. After measurement

natural radionuclides were subtracted by TIA.

4. RESULTS AND DISCUSSION

The energy spectrum of airborne particles using conventional alpha spectrometry is shown in

Fig. 4 In this figure, the horizontal and vertical axes refer to channel of energy and counts per

channel, respectably; beta peaks that contained progenies of Rn and alpha peaks that contained Pu

and progenies of Rn are shown on it. This spectrum could not separate Pu isotopes such a 238PU

and 239,24OPu because the surface of the measuring sample was covered with a thin polyester film.

Furthermore the energy peak from Pu was moved to a lower energy level due to self-absorption of

alpha rays.

nuclides

Cd a nuclides (Pu+Rn)

U loll
a nuclides (Rn)

0

1001
0 200 400 600 800 1000

Channel

Fig. 4 Energy spectrum of airborne particles by conventional alpha spectrometry
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Thus an attempt was made to subtract natural radionuclides (such as Rn and its progenies)

using TIA from the gross energy spectra. Fig. shows the result of subtraction within 16 times of

145 msec.. In this case, 145 msec." refers the half-life of 216po, which is the longest half-life in the

natural decay series extractable by TIA, and 16 times" refers to life-time, respectively. However,

the peak of alpha nuclides contained progenies of Rn in this figure.

I N.

nu�lides

Ce nuclidts (Pu+ R6)
----------- ------------- -------------

U

10(4 .......

0 200 400 600 800 1000

Channel

Fig. Energy spectrum of airborne particles subtracted using TIA within 16 times of 145msec.

Thus, the extracted time interval was changed from 1.5 times to times of 145msec. because

efficiency of this detector is 20%. In this situation, only 20% of alpha-alpha or beta-alpha pairs

were obtained simultaneously for subtraction of natural radionuclides from the gross energy

spectrum. The results of the natural radionuclides subtraction experiment are shown in Fig. 6.

10

13 nucbdes a nuclides (Pu)

CZ

--------- --- -- -----_U I o

0U

10 200 400 000 800 1000

Chamel

Fig.6. Energy spectrum of airborne particles subtracted using TIA within times of 145msec.

In this spectrum, peaks of progenies of Rn disappeared and Pu was recognized clearly. At this

step the energy resolution, was poor; however the basic theory of TIA was proved, because

progenies of Rn were subtracted from the gross energy spectrum. In the future, optimization of
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conditions for subtraction should be required.

The lower limit of determination Of 239p i calculated as 6 X 10-9 B/CM3 in this situation

(sample volume; 6 X 106CM3; counting time: Ihour; background counting time: lhour- background

count rate: .cpm; efficiency: 30%). This level is in accordance satisfied with the derived air

concentration (DAC) of "9Pu (8 X 10-9 Bq/cM3) in Japan.

5. CONCLUSION

In order to using a new discrimination method TIA, natural radionuclides, which was

interference of Pu measurement in airborne samples, such as progenies of Rn were subtracted from

energy spectrum without chemical separations. The lower limit of determination Of 139pU in this

monitoring system is satisfied with the DAC in our country. This new discrimination system is

useful for measuring of long-lived nuclides without any chemical separations. The author try to

improve this TIA system for practical application of radiation monitoring.
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ABSTRACT

A method for the detection of "Tc by ICP-MS in environmental samples is proposed and
explained in detail. This method combines the capabilities of anion exchange chromatographic
TEVA-Spec' resin with prior isotope concentration using solvent extraction to Tn'butylphosphate.
The problem that the excess of Mo in the solution analyzed by ICP-MS causes in the instrumental
response at m/z ratio 99 is described in detail, and the proposed solution takes the form of the referred
radlochemical method. The realistic limits of detection of this technique (bearing in mind the
particular methodology here applied) are in the range of 20-70 mBq/kg when treating mass amounts in
the range of 20-125 g dry weight. A few environmental samples proceeding from a region unaffected
by any closer nuclear industry (the Southwest of Spain) are analyzed for checking '9Tc concentration.

Keywords: Technetium, ICP-MS, sea grass, fallout.

1. INTRODUCTION.

"Tc is a pure beta emitter with a long half-life, T,2= 2 x 1 O' y, which appears during the fission
Of 29pU or 2"U at a relatively high fission rate of some 6. Its environmental relevance is well
established, though sub-ppt "Tc levels in non-perturbed sites pose serious lmitations to traditional
radiometric methods 1,2). In the last years, many authors have shown the use of inductively coupled
plasma mass spectrometry (ICP-MS) as a powerful tool for the dtection of '9Tc in environmental
samples 3-6), and even some of these methods have been successively improved, expanding thus the

range of potential sample matrix that they are able to analyze 7 It is well know that the major

counting interferences are due to the natural isotopes Ru 12.6 relative abundance), due to isobaric

overlap, and 9Mo 24%) and "Mo 9.6%), due the first to hydride generation and the second one to

an excessive abundance to sensitivity. This could be really a major problem when quadrupole ICP-MS

devices are involved in the measurements, as the typical concentrations of Mo could be as high as
three orders of magnitude greater that those of Ruthenium or Technetium in natural soils. In our

Of I OX I -6,typical conditions, the abundance sensitivity could be estimated in the range which means

that when Mo is present in the final analyzed solution in a concentration in the order of I ppb or

greater, concentrations of '9Tc as high as I ppt could not be detected (8). The magnitude of hydride

generation effect is well lower than for abundance sensitivity.

In this paper, a method for "Tc measurement by ICP-MS is developed and its abilities to
decontaminate from Mo and Ru are analyzed. This method is applied to a few environmental samples
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coming from a region out of the direct influence of any nuclear ndustry. Some conclusions on the
obtained results could be arisen.

2. MATERIALS AND METHODS.

2. 1. Samples and Materials.

The ICP-MS here involved is an Ar-feed commercial quadrupole spectrometer (Hewlett-Packard
4500) that works with a Babyngton-type nebulizer. For a counting time of 0.1 s, in the nstrumental
conditions found optimizing by the variable control method at mass 99, and when Tunning detection
mode is used, the instrumental limit of detection is in the range of 02 pg/g, that is, two orders of
magnitude lower than the found using the autotunning method. These operating conditions have been
checked using the deformable five dimensions Spendley's Smplex algorithm as applied to five of te
ion lenses.

The chemical recovery is calculated using the nternal standard method. The chemical tracer is
the 140.5 keV gamma emitter 99mTc, obtained from 9Mo generators from a Nuclear Medicine Service.
Even not being the better option 9), this one is easily achievable, and besides its very low half-life
(6.02 h) and its decay to '9Tc, it has been shown (10) that this tracer could be added to the sample in
amounts as high as 0.5-1 MBq wthout very hard effect on the limit of detection, if several simple
cares are taken account regarding the tracer elution from the clinical generator. In this case, the
classical IUPAC definition of Limit of Detection (understood as the equivalent concentration to 3 of
the blank counting) must be adapted to achieve a more realistic Minimum Detectable Mass
Concentration. The gross counting rates due to interferences and due to te own tracer are given
account. Therefore, is assumed that theoretically every sample could have a slightly different MDMC
value according to the chemical recovery there obtained. The gamma counting was performed using a
NaI(TI) solid scintillation detector EG&G Ortec.

The method performances were characterized using the chemical recovery (RQ) for tracer, the
concentration factor (CF) for Tc and the decontamination factor (DF) for Ruthenium and Molybdenum,
being these two numerical quantities depending on the initial sample mass involved in the analysis.

For checking the suitability of the method, two soil samples, previously analyzed for other
elements (I 1), were used. Their negligible Tc contents could be 'ustified on base of their origin from
layers below the surface of a metal extraction quarry. That hypothesis is supported on their very low
organic matter contents and the activities of some other man-made radionuclides such as "'Cs under
the limit of detection of the semiconductor Ge(HP) used. Once checked the method, it was applied to
the analysis of two samples of sea grass (Zostera Marina) collected in the Southwest of the Atlantic
Spanish coast, at Huelva. The other sample here analyzed is a dry fallout sarnple collected in the
rooftops of the Faculty of Physics Sciences of the University of Seville (Spain). This one corresponds
to a very dry period in this region, from April to July of 2001, and could serve us to support some
other works that uses rainwater as environmental monitor for "Tc.

2.2. The chemical method.

A detailed scheme of the proposed method appears in Fig. 1. About 30 g of dry weight sea grass
or 125 g of atmospheric deposition are used for the analysis. After sample tracing and pretreatment, Tc
remains dissolved in ca 250 ml of 8M HNO3, too concentrated to be load directly onto a TEVA-Spec
resin. Thus, a matrix adaptation to H2SO1 is carried out through a reduction-precipitation step, and
then the Tc is concentrated using a solvent extraction process to TBP. Some Ru decontarnination is
perforined 'n the washing step. After back extraction, Tc is concentrated in a volume almost ten times
lower than for the previous leaching, in a matrix easily adaptable to the TEVA-Spec resin management.
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As not .IM HNO, but 0.5M HN03 is used to load the Technetiurn onto the column, some
differences could appear against
previously published results of other
authors (7,12). Anyway, if great Solid sample
amounts of Mo are involved, this I
process of sample concentration and Bath in 5% NH40H, add tracer

purification using this Evaporate to almost dryness incineration at 450' C for 1.5 h
chromatographic extraction could be
repeated until three times with te Leaching with 150 nil M HN03 30 rn!

30% HO, under re flux (T<80' C)same microcolumn. In these I
conditions, and if little sample Whatman CF/G glass fiber filtering

volumes are involved in the I
chemical separations 13), the resin Adjust pH to 34 using 525% NH40H rduce Te using FeSO4-7H20

performances are not affected. This Add FeC13-7H20 carrier, adjust pH to 9 with cone. NH40H

way, the DF for Mo could be Dissolvc precipitate using M kso4l o2ddize with (NH4�S2(8

increased in more than three orders Solvent extraction to prc Iviously equilibrated TBP

of magnitude. Wash organic phase with the same volumc of 3M H2SO4+ HF
I

The results for these two Back xtracion to 25% NH40H i In the presence of Xylcnc twice)

samples appear in Table 1. The Evaporate to dryness, scavengc residue with 20 nil 0.5M HN03

chemical recoveries are qualitative, Filter through 3 nil of Dowex 5OW-X8 cation exchang rsin

in the range of 30 %. This means Load solution onto TEVA Spec rsin
that optimizing this technique in the Wash the colunuu us Iin& 40 ml M HN03
future is necessary. However, the X
achieved US for technetium are Elute Te with 8M HN03

relatively high, and high enough DF Evaporate to almost dryness, Irceovcx- with 0.5M HN03
for Mo and Ru are achieved. The
different values of DF for Mo are Gamma countLng - p ICP-MS counting

not yt explained. Anyway, these
values assures than even when so Figure 1: Detailed scheme of the applied method for Tc
high abundance sensitivity appears concentration and purification.
at the spectrometer, counting
overlaps from the adjacent mass will
be avoid.

Table 1. The obtained results for two test soil samples used to check the method performances........................................................................................................................................... .......... I........... I........................................

Sample Recovery (%) CF for Tc MDMC (Bq/kg) DF for Ruthenium DF for.............................................. ..... ..... ... .. M o ly b d e n u m. .... ... .. . ......... ... ...... ............ .... .. ................... .................. .......... .. ...... I...... ............... ..
S63 32.Otl.4 4.55±0.20 0.013 ;--9500 500

S64 29.0:0.4 3.98±0.19 0.024 ;--9500 3500.......................................................................................................................................................................................

The method could be easily adapted to the analysis of other environmental samples as borehole
water or rainwater. The only differences appear, of course, in pretreatment and the aqueous and
organic phase volumes involved in the solvent extraction process. An experimental evaluation of the
MDMC dependence on the water volume analyzed is shown in Figure 2.
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3. RESULTS AND DISCUSSION.

The obtained results for the dry fallout sample (DFS) and the two samples of sea grass (ZM I and

ZM2) are shown in Table 2 The CF values for technetiurn are quite different depending on the type of

sample, as the initial masses
involved are too. The DFS sample

2 .5 - . ..... . ......... ....... ..... ............. ....... ........... .......... ...
presents a mass activity that really is,

into the uncertainty intervals, equal
-2.0 . .... ...... ................. ... ... ..... ... ............... ................................... .............. ....

than the MDMC. This shows the Cr
extraordinarily scarce contents in co

3 .5 - ............... . . ..... ..... .. ............. .................... .................... ..... .... .. ..........

"Tc of samples from regions not

directly affected by nuclear
.0 . .. ..... .... ...... ..... ................... . .. .........

industries, and supports the

hypothesis of an almost complete 0 .5 . ......... ...... ....... ................ .. ................... .................. ........... ........ .. ...............
back to the earth surface of the Tc 0

injected into the stratosphere due to 0 .0 . ................ ....... ... . . ... . .. ...... ........... ...... .................. .......................atmosphe ic nuclear tests

after a mean residence time of about 0 5 1'0 1'5 iO 25 �O
18 months 14). Some other data Water sample volume (1)

dealing with the analysis of

Technetium in rainwater, which

support this result, are to be Figure 2 Experimental dependence of Minimum

published. There are not too much Detectable Mass Concentration with the water volume

other data concerning the Tc; analysed using the method described in the text. Line is
contents in atmospheric deposition. depicted to guide the eye.
Tagarni and Uchida (15) recently
published some of these data calculated fi7om samples taken at Hitachinata (Japan), estimating them as

lower than 04-0.9 mBq m-' month-'. Our result shows an activity deposition equal to or lower than

0.06 mBq m` mondf 1. And then, very high agreement between the referred conclusions is observed.

Table 2 Obtained results for two sea grass samples (ZM1 and ZM2), and a dry fallout sample
(DFS).

Sample Chemical Yield (%) CF MDMC (mB g).. ..9rc mqqA-............. ........................................................................................................................... qA ... .... ...... .S)....
DFS 35.6±0.9 4.4±0.1 16 19±5

zM1 32.0:0.8 1.04-±0.03 70 66±19

ZM2 26.3-,..0.7 0.84-±0.03 77 6Ot28

Regarding the sea grass samples, no detection of Tc was possible, as expected. Their

concentrations in samples of biological concentrators such as seaweed, coming from the same region,

were in the range of 0 1-0.4 B/k-g dry weight 16). With the results shown in Table 2 it results clear
that the concentrations in sea grass are below 007 B/kg d.w. This is according to the CF values given

in the literature 17) for these two marine species, being for sea grass more than three orders of

magnitude lower than for seaweed. Different results to those previously explained would have

suggested some other local sources for 'Tc not yet identified.

4. CONCLUSIONS.
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A method for the detection of "Tc by ICP-MS in environmental samples is proposed. The
method combines the capabilities of anion exchange chromatographic TEVA-SpeCT' resin with prior
isotope concentration using solvent extraction to Tn'butylphosphate. The interferences in the mass
counting are analyzed and the combination of the radlochemical method and the optimization of
counting conditions allow minimizing them. "Tc is used as a tracer of the method. This causes the
need of re-defining the limit of detection so as to take into account the contribution to the counting at
the mass of interest. The values are in the range of 20-70 mBq/kg when treating mass amounts in the
range of 20-125 g dry weight. Some previsions on the possible range of 99Tc concentrations in
environmental samples proceeding from a region unaffected by any closer nuclear industry (the
Southwest of Spain) are made, and subsequently checked by applying this method.
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ABSTRACT

From a viewpoint of monitoring the distribution and transfer of long-lived radioiodine (129 1) and
possible hazardous brominated substances, I and Br contents in various environmental samples
collected in the Kuji River area, Japan, were studied by ICP-MS. The feature of the change in
concentrations of I and Br, as well as those of other general properties such as pH etc., in Kuji River
watershed were coincident with each other. It is considered from te obtained data tat te
environmental conditions, especially those of the soil of the area, mainly control the distribution of I
and Br in the river water. The circulation characteristics of I and Br showed different features in
different transfer media, which could be ascribed to the different chemical properties of these elements

in each media. It was also shown that the distributions of I and Br are varied even within a small

zone of about 20 km width around a high mountain of this area, which is also considered to reflect the
environmental characteristics of the district.

KEYWORDS: ICP-MS, IODINE, BROMINE, RIVER, SOIL, TRANSFER

1. INTRODUCTION

In nuclear accidents such as that at Chernobyl in 1986, radio-iodine has been always one of the

main concerns because of its high mobility and hazardous property toward people. This element is

accumulated in human thyroid glands and plays an important role for growth, though in the case of

radio-iodine, it can be a cause of cancer [1]. Seki et al. 2 has measured stable and radioiodine
content in Japanese thyroid glands and reported that the 191/121 1 ratio in Japanese is much lower than

those of people in Europe and USA. In the radioiodine isotopes, "'I with a half-life of 802 I d is of
prime importance from a short-range viewpoint. On the other hand, 1291 with a half-life of 1.57xl 07 

is an important radioisotope from a viewpoint of long-range monitoring of radiological environments.

1291 is produced in a nuclear reactor and partly released into the environment via reprocessing plants
etc. 1291 is also created and released by atmospheric nuclear tests and, though in small quantities, by

natural fission and atmospheric nuclear reactions with cosmic rays. Once released into environment,
1291 shares its fate with natural stable iodine (127, ) because of its very long half-life.

Bromine, the same halogen element with iodine, has two stable isotopes: '913r 50.69%) and 8 'Br
(49.31%). Thehalf-livesofanyradio-brominesarerelativelyshort;thelongestoneis35.3h of 82 Br,

so that radio-hazards by this element seem small from an environmental viewpoint. Recently,

however, this element is often noted in connection with environmental endocrine disruptors (EEDs),

so called environmental hormones 3 This element is widely used in brominated flame retardants
(BFRs), and can be transformed into EEDs such as poly-brominated dibenzo-dioxines by such

processes as incinerations.

From the above viewpoint, we studied the occurrence and transport of these elements in a

natural environment selecting a Kuji River area, Japan, as a work place. This area is close to

Tokai-mura a central region of nuclear research activities in Japan having several nuclear plants and
facilities, so that general environmental studies 4], and also in connection with radioisotopes such as
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"'Cs, Pb etc., have been carried out for this area [5, 61.
We employed here inductively-coupled plasma mass-spectrometry (ICP-MS) for the detection

of I and Br because of its high sensitivity on the total element concentration analysis 7]. Fluvial
transports of these elements along the KuJi River, and of some other adjacent rivers, were studied.
Some other environmental samples such as soil, precipitations, seawater, etc., were also examined on
the I and Br contents. From the data obtained, transfer behavior of I and Br in this area is discussed.

2. METHODS U1
Mt. izo Us U2

2. 1. Study Area N

The KuJi River area is located at almost
the center of Japan and at about I 10 km
northeast from Tokyo (Fig. 1). This region is
well afforested and used widely for agriculture, M2

having annual precipitation of about 1400 mm. Di

The main stream is officially 124 km, Main shearn of Kuji river

originating at the north side of the top of Mt.
Yamizo, which is 1022 rn high. 1-'-O'�_ D2

Fig. 1. Map of Japan and the Kuji river
2.2. Sampling

The river-water and soil samples analyzed in this work were taken on November 12, 2000,
along the main stream of the Kuji River from the source to the mouth. The day of the sampling was a
cloudy and relatively cool (about I 'C) one, without precipitations for more than a week. The soil
samples were collected at the bank near the sampling points for river water. These samples were
black Andosol soil, collected from the surface at about I cm depth. Rainwater samples were
collected several times in November and December 2000, in Tokai village. Seawater sample was
taken in December 2000 at the at Mizuki-hama seashore, about 4 km north of the Kuji River mouth.
River-water and snow samples in the direction of north, east, south, and west from the top of Mt.
Yamizo were taken on January 19, 200 1, at the spots of almost the same distance (about IO km) from
the top.

Eight sampling spots, from U, to D, are indicated in the map (Fig. 1). U, stands for the spot
at the source of the river in the upstream. The sampling spots come down, via middle-stream and
downstream, finally to the down-most spot (Dm) that is close to the mouth of the river. The U, and
Dm are actually about I km lower and upper from the source and mouth of the Kuji River, respectively.
These eight sampling positions are given in the figures by the distance from the source, presuming that
the total length of the KuJi River is 100 km, which is quite close to the length practically measured by
an automobile along the river, though its geologically precise length is 124 km.

2.3. Reagents

Iodine and bromine standard solutions were prepared by dissolving analytical-grade reagents
of KI and KBr supplied from Kanto Chemical Co. Inc. quantitatively with ultra-pure water produced
by a Milli-Q system.

2.4. Measurements
The river-water samples were filtered with 045 filter-syringes, and then introduced to

ICP-MS (Yokogawa H4500). For the snow samples, top clear layer of the melted snow were
analyzed. From the wet soil samples, I and Br were extracted with ultra-pure water at room
temperature for 24 h. Some soil samples were dried at 60 and 1500C, and then I and Br were
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extracted with ultra-pure water in the same manner. The tubing line of the ICP-MS was rinsed with
ultra-pure water, I M N03 solution and 25% TMAH solution (TAMA Chemicals), before and after
the measurements of the samples to avoid memory effect.

3. RESULTS and DISCUSSION

3. 1. General properties of the KqJ i River water

All the eight river-water samples were analyzed right after the sampling for general properties
such as pH, oxidation-reduction potential, electric conductivity, and ion concentrations for Na', K'
andNO3, the change of which are shown in Fig. 2a, Fig. 2b, Fig. 2c, and Fig. 3 respectively. The pH
of the river water was between 7 and 8. Considering the pH of rainwater in this area, 46 for example,
the pH of the Kuji River water was relatively high, which seems to reflect the properties of the soil and
underground water around this area. One obvious feature in the pH change is that there is a small
jump between the second (Ul) and the third sampling point WA This feature holds true for the
changes of the other properties. The increase of oxidation-reduction potential, electric conductivity,
and ion concentrations are reasonable considering the increasing inflow of manmade wastes into the
river along the stream. At the final sampling point Um, the electric conductivity and ion
concentrations jumped up. This phenomenon can be explained by the mixing of river water with
seawater. Temperature of the river water increased, for example from 14 to 16'C in October 2000 as
it flows down to the mouth of the river.
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Fig. 2a. pH of Kuji-river water. Fig. 2b. Oxidation-reduction potential
of Kuji-river water.
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Fig. 2c. Electric conductivity of Kuji-river water. Fig. 3 Ion concentrations in Kuji-river water.
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3.2. 1 and Br Concentrations in the Kuji River

The concentration of I in the river water is about one order of magnitude lower than that of Br,

as shown in Fig. 4 over the whole length of the stream. At the source of the river, both the

concentrations of I and Br are very low, then gradually increase, and at the final spot (U .. ) the values

jump up abruptly. An interesting feature of the concentration change of I and Br is that there is a

transition point between the second (Ul)

and the third (U2) sampling point. This (2090 ppb) 
feature is the same as those observed in the

change of general properties of the river 50
water, as discussed in 3.1. The
concentrations of I and Br, however, do not OL 40 rl

increase through the middle and down C 30 Source
stream of the KuJi River. This feature -2 Mouse

seems to indicate that the I and Br are not c 20
introduced to the river water through 4) 1) (Middle-stream) (Downstream)

anthropogenic pathways of waste materials, 0 10 -- -

at least at present. The I and Br 0 0 4- 0

concentrations suddenly increased at the 0
mouth, which can be explained by the 0 20 40 60 80 100
mixture of seawater with river water. Distance from the source (km)

Fig. 4 and Br concentrations in Kuji-river water.

3.3. Transfer of I and Br from the Soil

Fig. shows the amount of extracted I and Br from the wet soil samples collected along the
Kuji River at the same time with the sampling of river water. The general feature is quite similar

with that shown in Fig. 4 on those for the river water. Noteworthy for this figure is that there is also a
small jump in the extracted amount of both I and Br, between the second (Ul) and the third (U2) points,

which is a common feature shown in Fig. 4 for the river water samples as well as for other

observations. After the third point (U2 to

the downstream (1312), the change of I and

Br amount are relatively small. This 1200
feature is considered to indicate that, in the

Kuji River area of today, inflow of '5 1000
(a --*- 13

manmade wastes into the river does not ba

change the I and Br concentrations. ';ib 80015
Considering the total I content in Andosol L.

M

in Japan, which is reported 24-45 �tg/g for -o 600C
M Source Mousedry soil [8], the amounts of I and Br -
'O 400extracted from the soils with water were

only a small portion. When the soil T
V 200

samples were dried at 60 and 150'C, the LU
extracted I and Br were increased several 0

times. Then the transfer of I and Br from 0 20 40 60 80 100
soil to water flow is affected by the heat Distance from the source (km)

treatments, which can occur by the sunshine

in the natural environment.

H& 5. Extracted I and Br from the surface soils

along the Kuji river
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It is interesting that the pH effect on the transfer from soil to water showed opposite tendency
for I and Br, as shown in Fig. 6 As the pH of extraction solution went down, extracted amount of Br
dramatically increased, while that of I decreased on the contrary. Considering the lower pH of
rainfall of today, transfer ratio of I and Br may have changed in the environments. From the obtained
data in this work, however, the contents of I and Br in the river water seems to be directly governed by
the characteristic of their transfer behavior from soil to water. Fig. 7 suggests this characteristics, in
which the ratio of the concentration of I&Br in the river water and that of extracted I&Br from the
soils showed very small change over the whole length of the Kuji River, with only an exception at the
mouth. There is no obvious jump for the concentration ratios in Fig. 7 between the second (Ul) and
the third point (U2). This feature also suggests that the soil property mainly affect the I&Br contents
in the river water.

2.0

.21000000 41
T 1.6 1 (river/soil)

U) 100000 Br .2 1.4 --*--Br (river/soil)
41

4b 1.210000
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1000 0 0.8

0.6
100
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10 (X 0.2

X
LU I 0.0 IF--

2 4 6 8 10 12 0 20 40 60 80 100
pH Distance from the source (km)

Fig. 6 Extraction of I and Br from Andosol
soils with buffer solutions of different pH. Fig. 7 River/soil concentration ratios for I and Br.

3.4. Circulation of I and Br in the Environment

In the course of environmental circulation of I and Br, the ocean should be the largest reservoir
of these elements, although they are almost immobilized and trapped in large quantities for long time
in the sea sediments and sedimentary rocks of upper continental crust 9]. From the ocean, land Br
are transferred to the atmosphere, the process of which might be closely related with bioactivities [IO],
and then to the ground as precipitation (rainfall or snow). They move along with river water and
underground water, finally to the ocean again, while some part of them may be trapped in the soil or
vegetations, or be re-released to the atmosphere. As
shown in Fig. 8, and Br content in the seawater is win
much larger than those in other media. It is noted 10"
that the Br content in sea water greatly surpasses the I .0

CL 013r
CLcontent, while in the rain the concentration of I and Br 1000 Circulation

becomes almost the same level. Thus the change of 241
100

the concentrations of these elements shows unique 4r

feature depending on the media of them. It should be 8 10C

pointed out, though, that the data for soil in Fig. does 00I
not indicate the total content of I or Br. but shows the Sea Rain 1now (Soil) River

extracted amount from the soil with water in this 0. I(Soil): extracted values of Ul3r from soil.

experiment, and the actual content in soil is generally
much larger (O 1-60 ppm for 1). Fig. 8. Typical concentrations of I and Br in

the environmental samples around Kuji River
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The feature of extracted amounts of I and Br from the soils, however, seems to affect the
feature of those in the river water, as discussed in 33.

Chemical state and transfer mechanisms of I and Br between different media are still under
investigation and discussion [II, 12, 13]. From a standpoint of human environment, it can be said
that the practical sink for I and Br is soil, so that the hazardous form of these elements, such as
radioiodine and poisonous brominated substances, will be accumulated in soi], although the chemical
form of the element will be crucial in determining the fate of the elements.

3.5. 1 and Br Contents in the Rivers Around Mt. Yamizo

The Kuji River flows from the north side of the top of Mt. Yamizo, which stands on the border
between lbaraki and Fukushima prefecture, and turn sharply to south and finally reach the pacific
ocean (Fig. 1). The meteorological and geological conditions of the area around Mt. Yamizo should
be different depending on the direction from the mountain. Such different environmental conditions
may affect the distribution and bihavior of I and Br in this area. From the above viewpoint, we
collected river water samples at four points of about 10 km from the top of Mt. Yamizo in the direction
of north (Fujino River), east (Kuji River), south (Oshi river) and west (Naka River). The pH of the
rivers ranged from 76 to 83, while the pH of snow collected at the four directions were 49 to 67.
The pH of rain collected in Tokai-mura in the same month was 46, so that the pH of river water is
rather high compared to those of precipitations in this area. The I and Br concentrations in the four
directions are shown in Fig. 9 The general feature of the concentrations for both elements is quite
similar, except for the data of the west. The inconsistency of I and Br concentration tendencies in the
western river is unknown. Preliminary measurements of extracted I and Br from soils taken at four
directions showed various values, which were not necessarily accordant with those for river water
samples. There should be several factors that affect the distribution and transfer of these elements,
not only the meteorological and geological conditions but also some anthropogenic supply of these
elements and artificial alternation of natural environments. It is generally considered that the
meteorological, geological and some other artificially-introduced conditions complicatedly affect the
distribution and transfer behavior of these elements.

N N
15 100

r

W E W E

S S

Fig. 9 and Br concentrations in the rivers around Mt. Yarnizo.
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4.43 New Technique for Determination of long-lived radioisotopes, odine-129,
Using Multiparameter Coincidence Spectrometry

Yuichi HATSUKAWA, Masumi SIHMA, Yosuke TOK Nobuo SIHNOHARA,
Kosuke KUSIHTA, and Takashi Ueno

Japan Atomic Energy Reasearch Institute, Tokai, lbaraki, 319-1195 Japan

ABSTRACT

Multiparameter coincidence y-ray spectrometry based on g-g coincidence is widely used in the
field of nuclear structure studies, and has produced many successful results. In Ns study, feasibility of
the method for neutron activation analysis of long lived iodine isotope, 1291, was investigated.

KEYWORDS: Iodine-129, Multiparameter coincidence spectroscopy, Neutron Activation
Analysi

1. INTRODUCTION
Iodine-129 is an important radioisotope in envirom-nental study, because its long half life 1.57 x

106 year). Iodine-129 is produced in nature as a result of spontaneous fission of heavy elements in the

earth's crust and reaction of xenon with cosmic rays. Recently significant amount of radioactive iodine

has been emitted to envirom-nent from nuclear reprocessing plants and nuclear test explosions. To

study the contribution of the artificial radioactive iodine, the development of a reliable and practical

method for the determination of 291 is required. In this study, we developed a new technique for the

determination of 291 using multiparameter coincidence spectrometry.

In the case of neutron activation analysis, measurements of y-rays from trace elements are

strongly interfered by the y-rays ftom major elements, e.g., 24Na. So usually chemical separation

processes are required to eliminate the major elements for detection of the small peak of gamma ray

from 129J. Mulitiparameter coincidence spectroscopy using 2 Ge detectors was already applied to

neutron activation analysis('). This method, however, has the disadvantage of low efficiency. In this

study, to improve the low efficiency of multiparameter coincidence spectrometry, an array of 12 Ge

detectors with BGO Compton suppressors was used. Iodine samples were irradiated at JAERI's

research reactors with neutron flux 35 x 1013 nCM-2S-1 . Gamma-gamma coincidence of multiple

y-rays from the radioisotopes produced by neutron capture reactions was.measured with a array of

12-Ge detectors with BGO Compton suppressors, GEMIN112), located at the tandem accelerator

facility in JAERL We already applied this method to the determination of trace elements in the rock
(3)samples In this study we also applied the multiparameter coincidence method for the determination

of low level of 129J.
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2. EXPERIMENTAL

2.1 Sample preparation

The ratio of 29I/127I in the algae sample collected from lbaraki prefecture in Japan was measured

by neutron activation analysis using multiparameter coincidence measurement by making use of the

129j(n,7) 1301 reaction. About 100 grams of the algae sample was carbonized. After chemical

purification, the iodine was precipitated as PbI2 (56mg). The scheme of the chemical procedure is

shown in F . 1.

Algae specimen
(about 100g)

Ashed NaHS03

HO HO

Organic phase Aqueous phase
SUP

PbN03INH2NO,
H202

Ccl, Pbl2 56 mg)

Solvent extraction

Aqueous phase Organic phase

Fig. I Scheme of the chemical separation procedure of iodine purification from algae sample

2.2 Irradiation

The sample was sealed in a quartz tube with 6 mm diameter. Two standard samples containing

known amounts of natural iodine 20 mg) and "9I 12 ng) were also prepared. The samples were

irradiated for 2 hours in the Tpipe of RR4 research reactor with thermal neutron flux of x 10"
-2 -I

ncm 
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2.3 Measurement

After irradiation, y-y coincidence measurement of the algae sample was performed without any

radiochemical purification using GEMINI. The energy resolutions of the Ge detectors were 20-2.3

keV FWHM at 13 MeV, and the typical detector efficiencies were 40-70 relative to 3 x 3 NaI

detector, The double folded y-y coincidence events were recorded on a magnetic tape event by

evenet. The Iodine sample collected from algae was measured for 22 hours, while the standard

samples of '29I and natural iodine were measured for 10 hours and 3 hours, respectively. All the

samples were measured together with a 13'Ba standard source to perform dead-time calibration for the

detector system. The total amount of iodine in the algae sample was calculated using the 1271(n,

2n) 126 I reaction of the standard sample of natural iodine. A 4096 x 4096 channel matrix was created by

off-line sorting of the experimental data. Fig.2 shows a partial decay scheme of 1301, which includes

some dominant gamma ray energies. In this study, the 536-740 keV pair was analyzed because of the

low background.

130i 12.3 6h

46.7%

418
418.01 keV

739-.48 keV
I 

668.54 keV

536.085 keV

13oxe stable

Fig.2 Partial decay scheme of 30I.

3 Results and Discussion

Figure 3 shows a coincidence Ey-Ey matrix obtained from the algae sample. In the matrix the

y-y coincidence peak can be observed at 536-740 keV The isotopic ratios of 29 I/ 127 1 is determined to

be 35 x 10"" with the reported dataO). Ile ratio measured in this work was consistent statistically
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with that of algae from other regions of Japan. Detection limit of this method is estimated to be
about 12II/1271 =10-13

�536111-6685 5X 17395
75 counts 56coubts

Fig. 3 Two-dimensional matrix obtained from PbI2 obtained from the algae sample.
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5. Summary Remarks
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Summary Remarks

Masahiro SAITO
Research Reactor Institute, Kyoto University, Kumatori-cho, 590-0494 Japan

How and to where should the radioecologist extend the horizon of radioecology ? This
question was one of the main concerns of the participants.

Some people are pessimistic about the future of radioecology. They feet that their working
field is shrinking. However, a promising future must be created by the optimists in this

research field. In fact, the level of environmental radioactivity is decreasing. The
experimental fields for observing moderate or high levels of radioactivity are restricted to

accidentally contaminated areas or areas in the vicinity of nuclear facilities. On the other hand,
the advancement of technology to detect extremely low levels of radioactivity is opening a

new field in radioecology.
From the viewpoint of possible hazardous effects of radiation to human health, the risks

from anthropogenic radionuclides may be comparable to or less than those from natural
radionuclides, with the exception of accidental cases. Many kinds of toxic chemicals exist in

the environment and are being produced for such purposes as medical and industrial use. The

study of the combined effects of trace amounts of environmental toxicants is just on the

starting line.
The participants in this symposium probably detected some signs of a new stage of

radioecology. The lectures presented by the invited speakers well reviewed the present status

of radioecology. Dr.Sheppard, the editor of Environmental Radioactivity, pointed out that
the number of papers concerning environmental surveys is increasing while those concerning

mechanisms have tended to decrease. This tendency appears to demonstrate that the
researchers' main concern still lies in field survey. However, on the. other hand this trend

also shows that how difficult it is to describe the underlying mechanisms of the observed

behavior of radionuclides in the environment. To access to the underlying mechanisms of the
behavior of radionuclides, the development of technology alone is insufficient. The
information obtained by various researchers must be exchanged and discussed from various

standpoints. It was impressive that many new data were presented by Asian scientists,

including the survey data on tropical plants. This tendency is encouraging to widen the scope

of radioecology.
The techniques in environmental radiation detection have become more and more

sophisticated. The detection limit for radioactivity determination became several orders of

magnitude lower than that of few decades ago. In several radionuclides, the best
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determination of radioactivity is accomplished by non-radioactive assay methods such as ICP-

Ms.

The border line between radioecology and the ecology of other trace toxicants has become

obscure. From the aspect of risk assessment as a common currency, the environmental

behavior of several kinds of environmental toxicants should be studied urgently. The

biological effects of ionizing radiations have been extensively studied by radiation biologists.

However, the combined effects of radioactivity and other environmental toxicants have

scarcely been studied. In future research, the quantitative of trace amounts of chemicals,

heavy metals, and other toxicants in comparison with the effect of ionizing radiation will be

undoubtedly one of the most important subjects. Prof Morisawa of Kyoto Universiy

addressed to the importance of risk assessment about prevailing trace amounts of man-made

toxicants. But this kind of work is difficult because of time-consuming experiments using

experimental animals or other living organisms. Such work could not be accomplished by a

single laboratory. An international cooperation system to facilitate collaboration of various

institutes is eagerly anticipated. This symposium was undoubtedly a milestone toward te new

era.

The topics presented in the symposium will be briefly reviewed below. I am afraid this

review can not cover all topics due to the limited number of pages.

The term "ecology" includes the concept of interaction of various living organisms and the

stability of a ecological system as a whole. The effect of an environmental toxicant must be

estimated as the effect on the system stability of a given ecological system. The study of

environmental risk from this viewpoint is a new current that appeared recently in the

academic world of ecology. Recently, a simple microcosm composed of three species of

microorganisms has been utilized to test toxicity of environmental toxicants, including

radioactivity. Comparative assessment of ecological toxicity using the microcosm has been

undertaken by a research group of NIRS.

Cooperation of laboratory workers and modelers is essential to establish a good model of

a given radionuclide in the biosphere. Modelers aim to simplify their concerned ecological

system while the laboratory workers have a tendency to chase more and more sophisticated

experimental results and observations that depend on their technical backgrounds.

High sensitivity, high resolution and rapid determination are required for long lived

radionuclides for risk assessment in cases of long-term exposure. The advanced technology of

1CP-MS, alpha/beta pulse separation in liquid scintillation counting and time interval

analysis method were introduced by several presenters. These advanced techniques will

contribute to modeling the environmental behavior of long lived alpha nuclides such a 226 Ra9

238Pu and so on.
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So far, radioactive tracers have been used to study the behavior of specific elements in the

biosphere. For instance, tritium has been used effectively in hydrology. It is noteworthy

that cosmogeni C 22Na joined the group of natural tracers and may contribute as a tracer of

pollutant transport. This new technique comes on the scene with the aid of the ultra low-level

Ge detector in the Ogoya Laboratory.

The development of multi-tracer technology is widening its applicability. The field of

application for this technology include chemistry, biochemistry, agricultural science, medical

sciences, environmental sciences, and so on. Multi-tracer technology is especially

convenient for studying the behavior of plural radionuclides in living organisms and transfer

to and from circumstances. A drawback of this technology in environmental transfer study

could be the difficulty in controlling the specific activities of individual radionuclides. To

apply multi-tracers to quantitative study of radionuclide transfer in the biosphere, some new

ideas are expected to appear.

Survey data on radionuclide concentration obtained in the vicinity of nuclear facilities, at

nuclear test sites, in Hiroshima, and in non-contaminated areas were presented by several
authors. The nuclides reported on include 14C, 11CI, 40pU 29pU, 117Cs, Th, and U. Most of

these studies were accomplished by use of advanced and expensive machines. The data

obtained surely contributed to elucidating the behavior and origin of these long lived

radionuclides. What is expected in the next stage of such sophisticated measurement

techniques? What can we talk about by using the common currency of risk? This question

will hopefully be answered in the next symposium.

Accumulation of radionuclides in the aquatic biosphere is of major concern for Japanese,

reflecting the fact that about 7 of the nutrients is supplied from sea foods. Dispersion

and scavenging of plutonium in marine system, accumulation of radionuclides by marine

algae, and the use of mollusks as biological monitors were the focuses of three Japanese

research groups.

The use of the term "behavior" refers to a wide range of space and time. Some people have

shown interest in the global behavior of man-made radioactivity that is carried by the wind

originated in continental suburbs and others in the 117Cs accumulation in an isolated pond

located in a mountainous area of Japan. The data for tropical plants presented by Australian

and Vietnamese colleagues opened the author's eyes. This symposium perhaps gave many

participants their first exposure to the data concerning radioactivity transfer to tropical plants.

From the aspects of radionuclide intake through food chains, the rice plant is an important

rate limiter, especially for Asian people. Results of studies related to the intake of tritium,

Mn, Co, Zn et al. by crop plants were presented by Korean and Japanese participants. The

intake through dietary food depends on the regional dietary customs. Therefore, these studies
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are of importance for further development of human risk assessment model for peoples living

in Asian countries.

The modeling and determination of related parameters for the description of

environmental behavior of radionuclides was a principal theme of the symposium.

Seemingly, modeling has two purposes. One is the description of the underlying mechanism

of the real environmental behavior of radionuclides and the fate of specific radionuclides in as

much detail. The other is the estimation of the risk caused by exposure to the radionuclides

either externally or internally. Such risk assessment is necessary both in the case of

emergency and stationary operation of nuclear facilities, etc.. Sophisticated computer

programs were shown by Korean and Japanese colleagues from these aspects. The behavior of

radionuclides such as Sr in the soil was well described by the two compartment model.

These presented models and related programs are basically made by using linear relationships

between variables. However, I find it curious that the ecosystem is essentially composed of

non-linear subsystems. An example of such non-linear modeling was shown by Dr. Doi of

MRS in his invited lecture. Introduction of non-linear equations into other dynamic model of

radionuclide behavior will be a sub .ect of future research.

In conclusion, radioecologists are playing a role in support of environmental decisions as

an interface between industry and the public. On the other hand, they also research from

their curiosity. In either direction, the importance of partnership of researchers increases.

The valuable time for discussion extended to the coffee break and the banquet time in the

evening where the impressive and fascinating Japanese traditional stringed "Koto" was

performed by the women players' group of Mito. The Nfito symposium accomplished its

purpose successfully and established a new map for the future of radioecology.

To the surprise of the author, there was 117 participants, including overseas participants

from 12 countries. This success is owed to the efforts of the organizing committees despite

their limited time for preparation and management. The assistance of the stuff from JAERI,

MRS and JAIF is greatly appreciated.
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1 0.101972 0.224809 1 10.1972 9.86923 7.50062 X IO' 145.038

9.80665 1 2.20462 0.0990665 1 0.967941 735.559 14.2233

4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959

I Pa-s(N-s/m)=10 P *T X)(g/(cm-s)) 1.33322x 10 1.35951 X 10 1.31579x 10-' 1 1.91368 X 10

ojj ft I M2/,=104St( - MI/S) 6.89476 X IO 7.03070 X 1 2 6.8046OX 0-2 17 149 1

-T j(= 1 07 erg) kgf-m kW-h cal OtR il�) Btu Ift bf eV I cal� 4.19605J (otlwiU

1 0.101972 2.77778 1 7 0.238889 9.47813 X 10 0.737562 6.24150 X IO" 4.194.1

1 9.90665 1 2.72407 X IO 2.34270 9.29487 IO 7 23301 6.12082 IO 4.1855J (15V)

3.6x 10' 3.67098 X IO' 1 9.59999x 10' 3412.13 2.65522 IO' 2.24694 102' 4.1868J
1 3967-9X IO 3.08747 2.61272 X IO

4.18605 0.426858 1 16279 X 10 I I PSH.LP-0j)

1055.06 107.586 2.93072X 10- 252.042 1 778.172 6.5 515 X 102' 75 kgf-m/s

1.35582 0.138255 3.76616 X IO-' 0.323890 1.28506X 10-' 1 8.46233 X IO" 735.499W

1.60218 X IO 1.63377 X IO 4.45050 10 3.82743 X 10 " 1.518 7 10 1.18171XIO I

Bq ci Gy rad C/kg R rem
ME

1 2.70270 XI I 1 3876 I 100

3.7 X IO" I 0.01 1 2.58 10 0.01 I

(96'j 12)] 26 11 M�f:)
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