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FOREWORD

An International Conference on the Protection of the Environment from the Effects of
Ionizing Radiation, organized by the International Atomic Energy Agency (IAEA) in
co-operation with the United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR), the European Commission (EC) and the International Union of
Radioecology (IUR), will be held in Stockholm, Sweden, from 6—-10 October 2003. This
Conference will be hosted by the Government of Sweden through the Swedish Radiation
Protection Authority (SSI).

This publication contains contributed papers submitted on issues within the scope of the
conference, which were accepted following a review by the Conference Programme
Committee. These papers have not been edited, although some modifications have been made
to ensure a unified format and minor corrections to the text have been made where required. It
is intended that, after the conference, the contents of this publication will be made available in
the form of a CD ROM as part of the proceedings of the conference. Authors wishing to make
slight modifications or corrections to their papers are encouraged to contact the Conference
Secretariat.

The primary objective of this Conference is to foster information exchange, with the aim of
promoting the development of a coherent international policy on the protection of the
environment from effects attributable to ionizing radiation. This Conference is one in a series
of meetings organized by, or held in co-operation with, the IAEA on this subject. It will
include a review of recent developments in this area, and consideration of their implications
for future work at national and international levels. The topics on which contributed papers
were requested are as follows:

—  Existing environmental protection approaches;
— Development of an international assessment framework;

—  The scientific basis for environmental radiation assessment;

—  Development of management approaches.

This publication has been arranged in the order in which related Topical Sessions appear in
the Conference Programme. Under each Session heading, papers are arranged in alphabetical
order of the Member State of the first author.

The views expressed in the papers are the responsibility of the named authors; they do not
necessarily represent the views of the Governments of Member States, the TAEA or
co-operating organizations.



EDITORIAL NOTE

In preparing this publication for press, staff of the IAEA have made up the pages from the
original manuscript(s). The views expressed do not necessarily reflect those of the IAEA, the
governments of the nominating Member States or the nominating organizations.

Throughout the text names of Member States are retained as they were when the text was
compiled.

The use of particular designations of countries or territories does not imply any judgement by
the publisher, the IAEA, as to the legal status of such countries or territories, of their authorities and
institutions or of the delimitation of their boundaries.

The mention of names of specific companies or products (whether or not indicated as
registered) does not imply any intention to infringe proprietary rights, nor should it be construed as
an endorsement or recommendation on the part of the IAEA.
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A radiological case study of quantitative, probabilistic ecological risk
assessment, using recently developed assessment tools

J.R. Twining®, J.M. Ferris®, I. Zinger®, D. Copplestone°

* Australian Nuclear Science and Technology Organisation, Lucas Heights, NSW,

Australia
b

Environment Agency, Warrington, United Kingdom

“Environmental Research and Consultancy, University of Liverpool, Birkenhead, United
Kingdom

Abstract. A case study of tritium release into a marine ecosystem demonstrates the feasibility of combining
recent dose-estimation software (radiological impact assessment for coastal aquatic ecosystems, Version 1.15)
with dose-response data selected from the FASSET Radiation Effects Database (FRED) to provide a basis for
quantitative and probabilistic ecological risk assessment. The ecological risk assessment software, AQUARISK,
fits probability distributions to both ‘exposure’ and ‘response’ data (matched as either dose or dose-rate) and
uses a convolution algorithm to evaluate the overlap between the two distributions. Probabilistic estimates of
exposure criteria are derived from the distribution fitted to the selected response data. Using only ‘lowest
observed effect” and ‘highest no effect’ dose-rates, a quite low criterion for the protection of 95% of species (15
uGy hr', with a 95% lower uncertainty limit of 3 pGy hr™') is estimated. This compares with the proposed
Canadian criteria for aquatic biota, with the 1/10™ safety factor applied (i.e. 5 to 10 uGy hr''). A conservative
scenario, assuming constant exposure to undiluted effluent, estimated a very low likelihood of environmental
damage in this case study.

1. INTRODUCTION

Quantitative ecological risk assessment, based on comparison of the probabilities of exposure and
response, has an increasingly accepted place in management of the non-radiological, ecological impact
of human activity. This approach to ecological risk assessment is premised on the existence of many,
usually laboratory-based, studies of the responses of various biota when exposed to pollutants. The
publication of databases, such as the recently completed FASSET Radiation Effects Database (FRED;
[1]) that brings together large amounts of published information on the effects of ionizing radiation on
different biota, potentially facilitates the application of quantitative and probabilistic ecological risk
assessment to assess the effect of radioactive pollutants in ecosystems. This study reports an example
of the combined use of three pieces of software that a) estimate the exposure (dose or dose-rate) of
ecosystem components based on available activity concentration monitoring data, b) provide response
data for potentially affected organisms and c) estimate a probability of affect in the receiving
ecosystem.

2. METHODS

2.1. Calculation of exposure

The ‘Radiological impact assessment for coastal aquatic ecosystems’ software (Version 1.15; [2]) uses
concentration factors (CFs) to calculate both external and internal dose to a series of ellipsoidal
reference organisms — weighting factors for habitat and the primary radiation types are incorporated.
Average monthly tritium concentrations for liquid effluent from a research reactor facility [3] ranged
from 1.23 x 10°t0 9.9 x 10’ Bq m™ (mean = Standard Deviation, SD, = 1.62 + 2.80 x 10’; n = 12) and
were used for calculation of exposure data. Default CFs and weighting factors for tritium (Low energy
beta = 3) and habitat (proportion of time spent in contact with water or sediment) were used. Weighted
dose-rates (external plus internal in pGy hr') for six relevant groups of biota (i.e. zooplankton,
macrophytes, fish eggs, benthic molluscs, small benthic crustacea and pelagic fish) were calculated.
Calculated dose-rates for pelagic fish ranged from 1.2 x 102 t0 9.7 x 10" uGy hr" (mean + SD = 1.60
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+2.75 x 10"'; n = 12) and for fish eggs from 1.50 x 107 to 1.20 x 10~ pGy hr' (mean + SD = 1.93
+3.39 x 10, n = 12). The dose-rates for other groups were equivalent to those for the fish. Exposure
data were transferred to a spreadsheet for input to the ecological risk assessment software.

2.2.1. Assumptions
(1)  The assumptions made in the Assessment Spreadsheet 1.15 are detailed in [2].

(2)  For this study, organisms are continuously exposed to the average concentration (monthly) of
tritium in undiluted liquid effluent (i.e. a worst case scenario). This conservative assumption
implies that the receiving ecosystem is captive at the beginning of the liquid effluent pipeline.
The exposure scenario therefore ignores the anticipated dilution of effluent in its passage from
the liquid waste storage facility to the sewage treatment plant (typically ~25 times; [3]), then on
to the cliff-based outfall and, after release, in the near-shore marine environment. The scenario
also ignores any behavioural aspects (e.g. movement) of many marine organisms that would
limit their exposure to the effluent.

(3) Estimated exposure, expressed as a dose-rate, can be reasonably converted to a monthly dose
according to the formula dose (Gy) = dose-rate (uGy hr'") x 24 x 30.4 / 1000000.

(4) Calculated dose-rates (and doses) from exposure to tritium are for inorganic tritiated water [2]
and are additional to the background from the range of radionuclides naturally found in
seawater.

2.2. Selection of response data

The FASSET Radiation Effects Database (FRED) comprises published information from laboratory
and field studies describing the exposure of various organisms to radiation. In the present context, the
challenge was to readily select from this large database information specifically useful in quantitative
risk assessment. Both acute and chronic response data for relevant wildlife groups (aquatic
invertebrates, aquatic plants, crustaceans, fish, molluscs and zooplankton) were copied into a
spreadsheet using the data transfer option available within the database [1]. A simple data filtration,
based on classificatory information provided within the FRED, was applied to exclude data with
doses/dose-rates identified as ‘background’ and where both the standardized dose and dose-rate
equalled zero. Data that were not either Lowest Observed Effect Dose-rates (LOEDR) or Highest No
Effect Dose-rates (HNEDR) were then excluded, leaving a total of 554 HNEDR and LOEDR response
entries from some 123 references. Of these, some 83% were for fish. It should be noted that
identification of LOEDR and HNEDR in the FRED is only based on references specifying these
values. As a result, other relevant references will have been excluded.

2.2.1. Assumptions

(5)  After conversion to standardised units (uGy hr"), all response data are comparable regardless of
the radiation type to which the biota were exposed.

(6) Responses identified with HNEDR or LOEDR within the FRED are the most relevant for risk
assessment. This represents a conservative data selection because it includes dose-rates (or
doses) for which no effect of radiation was measured and excludes dose-rates (or doses) for
which more serious effects were observed.

(7)  All response effects are equally valid. These include, for example, feeding behaviour, effects on
weight and/or size, changes in blood haemoglobin, chromosomal abnormality, sterilization of
adults, percent survival of different life stages and after various time periods, and lethal doses to
50% of populations. This is also conservative, insofar as some of the biochemical changes,
though measurable, may not translate to real population effects.



TAEA-CN-109/114

2.3. Ecological Risk Assessment

AQUARISK [4] fits probability distributions, separately, to both exposure and response data and uses
a convolution algorithm to evaluate the overlap between the two. Probabilistic estimates of exposure
criteria (dose or dose-rate) are derived from the distribution fitted to the response data selected from
the FRED. Five combinations of exposure and response data were run. Exposure data included either
all six groups of biota or just dose or dose-rate to fish. Response data were varied by a) selecting either
chronic or acute data or using both together and b) selecting data regardless of radiation type (e.g.
alpha, beta, gamma) or using only data for published studies that used tritium specifically.

2.3.1. Assumptions

(8) The assumptions made within AQUARISK are detailed in [4]. These always err on the
precautionary side, i.e. towards realistic but slight overestimates of impact.

(9)  Only response data with non-zero dose or dose-rate values are accepted for distribution-fitting
within AQUARISK (i.e. zeroes are ignored).

(10) Chronic response data are most relevant to the chosen exposure scenario. Acute exposure and
response data are best compared on a dose basis.

3. RESULTS

When both chronic and acute response data are included (columns 1, 2 and 3 in Table 1), the estimated
dose criteria for 5 and 10% effect levels (i.e. protection targets of 95 and 90% of species, respectively)
range from 15 to 1300 pGy hr''. This range is comparable with the various guidelines given in Table
3.1 of [2] which range from 50 to 1000 pGy hr”' for aquatic organisms. If a 95% species protection
target is adopted, the estimated dose criteria range from about 15 to 30 uGy hr''. A more precautionary
approach is to use the 95% lower uncertainty limit of this distribution, giving criteria ranging from
about 0.1 to 10 uGy hr’', significantly less than any given for aquatic systems in [2]. Note, however,
that the comparatively few response data available for studies specifically using tritium (column 3,
Table 1) increases the uncertainty, leading to a very low HCs gs.

TABLE 1. RESULTS OF ECOLOGICAL RISK ASSESSMENT, USING AQUARISK

DATA (1) () 3 “4) %
INPUT EXPOSURE %6 groups Fishonly Fishonly 6 groups 6 groups
RESPONSE (acute/chronic?) Acute and Acute and Acute and Chronic  Acute only
Chronic ~ Chronic  Chronic  only

RESPONSE (radiation type?) °All All Tritum  All All
radiation radiation only radiation  radiation
types types types types

EXPOSURE data: n = 72 12 12 72 72

RESPONSE data: n = 422 347 16 113 387

Units: uGy hr'  pGyhr'  uGyhr' uGyhr' Gy

DOSE “HCs 50 15 33 18 0.65 0.3
CRITERIA 495% lower limit (HCso5) = 3.1 8.0 0.08 0.10 0.23
“HCyo50 860 1290 150 8.3 0.62
495% lower limit (HCq,05) = 290 420 2.1 2.3 0.50
ECOLOGICAL Likelihood of exceeding HCs 5o = 0.001 0.001 0.002 0.05 0.000
RISK Likelihood of exceeding HCs g5 = 0.007 0.003 0.32 0.29 0.000
Species Affected (% + SD) = 02+04 01+£01 02+03 08+22 0.0+03

* Doses from exposure to tritium were calculated for zooplankton, macrophytes, fish eggs, benthic molluscs,
small benthic crustacea and pelagic fish.

® Radiation types are listed in the FRED as alpha, beta, gamma, mixed and x-ray.

“ HCs 50 and HCg 50 are Hazardous Concentrations (HC) estimated to affect 5 and 10% of species, i.e. to protect
95 and 90% of species, respectively.

d HCs 95 and HC, 95 are lower bounds for the corresponding HCs, determined with 95% confidence.
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Selection of chronic response data (column 4, Table 1), gives an estimate of HCssy of about
1 uGy hr', with a 95% lower uncertainty limit of 0.1 uGy hr”'. Hence, using chronic data only, which
most closely represents the exposure scenario that assumes continuous monthly exposure, reduces the
adverse effect criteria by more than an order of magnitude. Selection of acute response data (column 5,
Table 1) gives an estimate of HCs 5o of 0.3 Gy, with a 95% lower uncertainty limit of 0.23 Gy.

From 0.0 £ 0.3 to 0.8 + 2.2% percent of species are estimated as potentially affected (%SA =+ 1
Standard Deviation) in the conservative exposure scenario adopted in this study — in all cases, the error
includes a zero effect. The first three combinations of exposure and response data (columns 1 to 3,
Table 1) all estimate a similarly low 0.2% SA. The greatest % SA is estimated when chronic response
data alone are selected from the FRED and zero % SA is estimated when acute response data are
selected. The likelihood of exceeding the HCssy (Table 1) is estimated to be 5% or less, and the
likelihood of exceeding the more stringent HCs o5 (Table 1) is at most about 30%.

4. DISCUSSION

Given the conservative selection of response data (i.e. using only HNEDR and LOEDR data), it is
perhaps not surprising that AQUARISK estimates a quite low criterion for the protection of 95% of
species (15 puGy hr', with a 95% lower uncertainty limit of 3 uGy hr''). This estimation is most
closely aligned with the Canadian criteria for aquatic biota, with the 1/10™ safety factor applied (i.e. 5
to 10 uGy hr''; [2].

The methods used here were chosen to make the integration of the three pieces of software as
straightforward as possible and represent very much a ‘first pass’. A very wasteful selection process
was applied to the FASSET Radiation Effects Database as a result, with only 10% of the available data
entries retained. Nevertheless, the response data can be seen as appropriately precautionary and in
sufficient quantity for statistical purposes. It should be noted that the FRED is limited by the quality of
the information existing in the literature and interpretation of data in the FRED should be cautious,
guiding its users to read the original literature. LOEDR and HNEDR values are determined purely
according to statistical assessment of their data by the experimenters, and a review of LOEDR and
HNEDR entries within the FRED may be valuable. Ideally, a consistent reporting approach should be
adopted in future experimental work to ensure that response curves can be generated, and that all basic
data are reported - this is often not the case at present. Nonetheless, the FRED provides a very useful
resource.

We have demonstrated the potential for integrating available software packages to produce a
quantitative, probabilistic, ecological risk assessment relevant to the release of radioactive liquid
effluent into a marine ecosystem. A very low likelihood of environmental damage is estimated for this
case study, even when based on overestimates of the likely real dose to biota in the receiving
ecosystem.
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Obtaining and development of an environmental impact assessment
Methodology for isolation hazardous wastes

J.L. Peralta Vital, R. Gil Castillo, R. Castillo Gomez, D. Leyva Bombuse

Center of Radiation Protection and Hygiene (CPHR), Ciudad de la Habana, Cuba

Abstract. Taking into account, the experience of the practical applications of the safety assessment in the
radioactive waste management, the International Atomic Energy Agency (IAEA) recommendations in the topic
of radioactive waste isolation, the standards and national and international legislation about noxious substances
to the environment and their restriction limits, the best international practices and accepted and adopted
approaches of isolation hazardous wastes sites, under Cuba particular conditions, a methodology is developed to
obtain and/or confirm the hazardous wastes safety isolation, as a tool able to carry out the assessment of
facilities to build and/or place where hazardous wastes isolated from the environment, for the risks of its
contamination. The methodology, embraces the evaluation of technical, economic and social topics, allowing
development of a process of documented site and a safety assessment that allows estimation of the environment
possible impact for hazardous waste isolation. Their main contribution resides in the creation of a scientific-
technique necessary guide for the evident demand of carrying out the most organised, effective and hazardous
waste safety management. The obtained instrument, keeps in mind the analysis of all hazardous pollutants
(radioactive and non radioactive), being alone shown in this work the approaches selection for the obtaining
and/or evaluation of the best site and the steps description to continue for the definition of the main scenarios
and models to take into account in the valuation of the possible liberation and incorporation roads to the
environment of the non radioactive pollutants in the safety assessment of hazardous wastes isolation.

1. INTRODUCTION

The growing concern to evaluate the degradations in the environment and the human, has created the
necessity of development different methodologies which allow to determine the possible risk
associated to anyone practice. The methodologies existent, with the objective of carry out the
environment impact assessment (E.ILA) for radioactive and not radioactive waste isolation, are not
adjusted to the Cuban particular conditions [3, 4]. The wastes, that can not be recycled or reused by
their characteristics, will require of the search of appropriate solutions for its isolation, guaranteeing
the total protection. Based on the experience obtained in the radioactive waste final management, has
been development a Methodology for evaluate the most feasible and safety hazardous wastes isolation.
The developed Methodology is conformed by two stage, first one, the site selection and evaluation
where the hazardous waste will be isolated, several criteria are taking into account (scientific-
technicians and economic-social) in order to evaluate the site useful; the second stage embrace the
safety assessment which allows to evaluate the possible behaviour of the hazardous waste isolation
system for the current and future conditions. [3, 4]. The safety assessment includes the E.ILA of the
facility or site for the hazardous waste isolation. There are different listings about toxic substances,
this Methodology use the list accord to the Basel Convention classification.[5].

2. CREATED METHODOLOGY FOR THE CONFIRMATION OF THE SURE ISOLATION OF
HAZARDOUS WASTE

2.1. Site selection criteria

The site selection process is defined taking account the following approaches:

(1)  Geology: The geologic conditions should be stable, with rocks of high physical-mechanics
resistance, the land should not have flaws neither important fractures which affect the stability
of the host rocks.

(2)  Seismology: The permissible values for maximum earthquakes of project (100 years) and
maximum of calculation (for 10 000 years) are respectively of V and VII (according to the MSK
scale).
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(3) Topography: The characteristics of the relief should be not very abrupt which to facilitate the
subsequent erosion neither it should be low that it facilitates a possible flood due to torrential
rains.

(4)  Hydrology and hydro geology: The site should be sufficiently far from bodies of superficial
waters (not less than 1Km.). The aquifer should not possess waters aggressive and drinkable to
the consumption. The aquifer regime and the movement of the underground waters should be
minimum.

(5)  Social-economical condition: Low population density and to be relatively far from important
facilities and little economic and social development actual and perspective, not important use
of the land and the possible affectation to cultivation and mineral locations of economic
importance.

(6)  Natural extreme events or due to human: The process should be preceded of the occurrence
probabilities analysis and consequences of natural ends events or due to the man intrusion. Such
are: weather events ends, flaws of near basin to the location, possible sabotages, acroplane fall,
direct impacts of explosive, etc. The probabilities of occurrence of such events should be
minimum,.

(7)  Environmental impact: The site selection should be endorsed of a study which shows the
environmental baseline of the region selected, as well as the evaluation of the most relevant
environmental impacts and factors inside the facility to locate. The results should justify the
technical and socio-economic favourable of the site proposed and the importance of the facility
in the general development of the country with the indispensable minimum affectations to the
global environment.

2.2. Develop of the methodology

It has been created a Methodology as the Guide for the gradual definition of the site [3, 4]. This
methodology includes since a national study to regional scale, until the selection and characterisation
of the most favourable sectors. The Figure 1, show the Methodology scheme.

o

National Inventory ‘

I
I ’ Regional identification ‘

111 I

Geology study (1:50 000) 1—' Selection of favorable regions

Social economical develop assessment

Preliminary environment Impact

10
Geology ingenier research (1: 10 000) 4—' Selection of favorable regions ’—> Preliminary safety assessment and
environmental baseline creation
A%
—

Gedology ingenier research (1: 5000) Proposal of area to licensing

assessment and Safety assessment

Monitory of the rocks and VI
the radionuclides release License of the site ’—> Safety assessment final paper

FIG. 1. Methodology scheme by the process of site selection.
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Site selection process

National inventory (I): Taking into account the requirement, the best international practices, and
the Cuban particular conditions, is necessary a national search of the most favourable geologic
formations.

Regional identification (Il): The geologic formations are technically evaluated to regional scale
E-1:100 000 and according to the acceptance criteria adopted for the site, the most favourable
regions are selected.

Selection of favourable regions (IIl): There are an evaluate of their socio-economic
development and in their environmental and geologic state to scale (E-1: 50 000) and the most
favourable regions are selected.

Selection of favourable sectors (IV): In the areas selected, are carried out a series of complex
geologic investigations (geologic, engineer-geologic, geomorphology, hydrological,
geophysical, etc.) to detailed scale (E-1: 10 000). The probability of extreme events mentioned
above is also evaluated.

Proposal of the area to licensing (V): There are the same investigations to Scales: 1-2 000 and
1-5 000, after of confirms the proposal site with investigations to scale 1: 2 000 it can pass to
the stage VI (“License of the site”). The safety assessment is developed in the area of site
isolation, in the case of facilities already existent, its should be initiate the investigations and
safety assessment, starting from the stage V.

Evaluation process of the environment impact due to the hazard waste isolation

The fundamental objective is evaluate the role of each one from different pathway to the environment
and the human for several pollutants that could be released from hazardous waste facility isolation.
Being adopted a conservative scenario, the failure of different barriers of the facility is supposed in the
time and the later transport of the toxic pollutants by environmental geologic, until the biosphere for
different pathway.

2.4.1. Safety assessment process

Enviroment Safety Assesment

Preliminary
Enviromental

Assesment

Assesment Context
Impact

| Svstem Description |

NO

—

CHEMICAL SCENARIO JUSTIFICATION

Radioactive
Waste

RADIOACTIVE SCENARIO JUSTIFICATION

Formulate and Implement models |

Interpret Results

Adequate
Result

Qmprovement Propos:D

Disposal System
Not acceptance.

FIG. 2. Scheme of the safety assessment process.
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The adopted methodology [3, 4], establish the assessment context, identify the scenarios to evaluate,
define the models to use and finally evaluate the results (impacts, etc.), comparing it with the defined
limits (endpoints). The safety assessment process includes activities such as:

Assessment context: It is the initial stage where are included the fundamental elements of the
analysis which are: Assessment purpose (the analysis objective is included, what will be
analysed), Assessment time schedule (period of time evaluated), Safety indicators (impact, risk,
environmental concentrations, etc.) and Types of waste to assess (hazardous wastes and
physical form).

System description: It requires the information about hazardous wastes characteristics,
conceptual design and the characteristics which allow to establish the conceptual model of the
disposed wastes release.

Obtaining, generation and scenarios justification: Taking into account the possible pathways
release, is possible to evaluate as scenario the not controlled release (bad practical isolation).
For no-radioactive wastes assessment, the identification and justification scenarios process will
be carried out through an E.I.A. methodology, its main steps are:

1 Identification of the Project actions, which cause impact in the physical environment
d p phy
(initial stage, construction stage, operation stage, closure and restoration stages).

(2)  Definition of impacted environmental factors (natural and socio-economic) by the Project
actions. In the Physical environment (biotic, not biotic and perceptual environment) and
the Socio-economic environment (social cultural and economical).

(3) Determination and classification of the environment impact.

(4) Importance calculation of the classified impacts, using the equation below:
Ip=+[3xI+2xEX + MO + PE + RV + ST+ AC + EF + PR + MC]

where:

Ip: the importance impacts; I: Intensity; EX: Extension; MO: Moment; PE: Persistency; RV:
Reversibility; SI: Synergy; AC: Accumulation; EF: Effect; PR: Periodicity; MC:
Recoverability. The coefficients details are described in the environmental impact study [1].
Once obtained the Ip values for each impacts, a summa of results is carried out and according to
the signs and the amount, the project acceptance are evaluated. Then, using matrixes approach,
the importance and impact evaluation are defined.

(5) Proposal of preventives, mitigates and correctives Measures. Monitoring plan definition.

The measures, can be preventives, mitigates and correctives according to the importance
of the impact and the Monitoring Plan includes the sequence of actions and the fulfilment
of the proposal measures. In the Identification of the exposure pathways, according to the
results obtained in the preliminary E.ILA, the relevant pathways of the release of no-
radioactive pollutants from the isolation systems are selected. The scenarios, take into
account all physical environments where occur the release, discharge, transport and the
final incorporation of the no-radioactive pollutants to the environment and the human.

Formulate and implement models: The conceptual model is became to mathematical models
which describe the different processes, allowing to find a quantitative solution of the problem.
The environmental models are used for the relative concentration determination of the pollutant
in each compartments (water, soil, air, biota, etc) and to know the degradation process that can
influence the behaviour of the pollutant [2, 3].

10
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3. RESULTS INTERPRETATION AND ANALYSIS

The final step is the comparison of the results with the established approaches. The objective is to
evaluate if the installation or the activity are sufficiently safe in relation with the risk. The effect of the
toxic substances is associated to their final concentrations and the pollutant specific toxicity, therefore,
the possible negative impacts should take into account the standards, requirements or accomplished
studies which allow take an idea of their toxicity. In the comparison process, appear several
uncertainties, this situation makes that the methodological approach of the safety assessment requires
of uncertainties and sensibility analysis.

4. CONCLUSIONS

Have been created and developed a Methodology for the obtaining and confirmation of the hazard
waste safety isolation, as tool able to carry out the evaluations of planned and current facilities or sites
used to isolate hazardous wastes from the environment.

5. RECOMMENDATIONS

The Methodology should be generalised during the hazard waste isolation process.
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Abstract. The report provides and overview of radiation safety and environmental protection legal framework
applicable to radioactive waste management in Latvia. There are some details about waste generations and safety
assessments of radioactive waste repository, which were used to draft recommendations for modernisation of
national legal system and enhancements of infrastructure. The ideology of the report is based on a widely used
approach for protection of the environment from potential negative impacts from radiation — insurances of
protection for public should ensure adequate protection for the entire environment (the assumption is that
mankind is the weakest part of the environment and if we could adequately protect the general public then we
are able to protect all other parts of the environment).

1. INTRODUCTION

Satversme (the Constitution of Republic of Latvia) stated in Article 111 - “The State shall protect
human health and guarantee a basic level of medical assistance for everyone.” and in Article 115 -
“The State shall protect the right of everyone to live in a benevolent environment by providing
information about environmental conditions and by promoting the preservation and improvement of
the environment.”

The Parliament and the Government of Latvia have devoted many efforts to establish the framework
legislation and the system of supervision and control for protecting humans and the environment from
ionising radiation.

2. LAWS AND REGULATIONS

The basic law dealing with the protection of people and environment against the hazards of ionising
radiation in the Republic of Latvia is the Law on Radiation Safety and Nuclear Safety (2000). Latvia
had the similar law since 1994, which now recently was modernised and updated. The principles of
radiological protection includes the well know ICRP protection principles of justification, optimisation
of protection and exposure limitation.

The EU and IAEA requirements and ICRP recommendations in the field of the radioactive waste are
included in the Cabinet of Ministers Regulations — procedure for licensing, protection against ionising
radiation, protection against ionising radiation transporting radioactive materials and practices
involving radioactive waste and related materials. More over, Latvia has acceded to Joint Convention
on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management (2
February 2000) and to Convention on Nuclear Safety (1 November 1995).

The requirements for process of the environmental impact assessment (thereof and forward — EIA) are
determined in Law “On Environmental Impact Assessment” and the Cabinet of Ministers Regulations
“On Procedures for Environmental Impact Assessment” (No.213, 15.06.1998). The Law and
Regulations, mentioned above, implement EC Directive 85/337/EEC, which was amended by the
Directive 97/11/EC, that require assessment procedure and planning (building) permission in Latvia.

12
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3. REGULATORY BODY AND RELATED AUTHORITIES

A basic principle for regulatory framework is - only the Parliament or the Cabinet is entitled to issue
legally binding regulations to be applicable for any legal or natural person. Therefore all legal acts and
regulations in this field had been issued by them.

The Ministry of the Environment conducts the governmental policy for the radioactive waste
management and the Radiation Safety Centre (established in July 2001, being under the supervision of
the Ministry of the Environment) provides supervision and control for all practices with radiation
sources.

In according with Latvian legislation the State EIA Bureau co-ordinate questions for EIA procedure.
The aim of the State EIA Bureau is to prevent or to reduce adverse impact on the environment caused
by activities of natural persons and legal entities.

4. CURRENT STATUS, PLANS AND PRACTICES

The activities with radioactive waste in Latvia are managed by the limited liability non-profit state
company “RAPA” Ltd. (Salaspils Nuclear Reactor (thereof and forward — Reactor) and Near-surface
Radioactive Waste Repository in Baldone (thereof and forward — Repository)). The main tasks for
RAPA Ltd. are to provide radioactive waste collection, transportation, storage and disposal with no
risk to the people health and for environmental and to safe maintenance of Reactor. The company is
fully financed by the State, and receives supplementary funding from the import tax on radioactive
substances.

Latvia has neither any nuclear power plant nor any nuclear fuel cycle facility. The Reactor - Soviet
designed water pool type research reactor (IRT) — with the nominal thermal power 5 MW located in
Salaspils (25 km distance from Riga). This Reactor in June 1998 was finally shut down. In addition to
the other producers of radioactive waste from the medicine, industry and science, the Reactor is the
major operator in Latvia that have significantly increase the yearly amount of radioactive waste for the
Repository in recent years and will do so also in nearest future.

The concept for decommissioning of the Reactor was approved by the Cabinet of Ministers on 26
October 1999 - the decommissioning of the Reactor shall be carried out until full dismantling of
facility till “green field” status. Up to now for these purposes the Reactor received financing from
Latvia’s Environmental Protection Fund and international assistance. There are allocated also funds
from the State budget.

Radioactive waste from decommissioning of the Reactor is proposed to be disposed in the Repository.
The free space of the Repository is currently around 600 m® (in vault No.7; vaults No.1-6, with the
total volume 480 m?3, are now filled and closed), which is not sufficient for purposes of
decommissioning of the Reactor and it is necessary to build a new radioactive waste vault. The main
problem related to spent fuel - there is no any repository for storage and dispose of long-lived and
high-level activity radioactive waste in Latvia. Spent fuel management considers several options — to
send reprocessing or disposing to the state-origin or another country.

5. SAFETY ANALYSIS OF THE RADIOACTIVE WASTE MANAGEMENT

During 2000-2001 a consortium of EU radioactive waste management agencies “CASSIOPEE”,
within the framework of European Union financed programme, performed a “Long Term Safety
Analysis of Baldone Radioactive Waste Repository and Updating of Waste Acceptance Criteria”
(forward — Safety Analysis). The main objective of that project was to provide advice to the Latvian
authorities on the safety enhancements and recommendations for updating of waste acceptance criteria
for disposal facility and has included the following main activities:

— analysis of the current status of radioactive management waste and at the Repository in
particular;

—  development of the short and long-term safety analysis, including the planned increasing of
capacity for disposal and long term storage and the analysis for the post-closure period;

13
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—  development of the EIA, for the foreseen installations, considering the non radiological
components;

—  proposal of recommendations for future updating of radioactive waste acceptance criteria;
—  proposal of recommendations for safety upgrades to the facility.

The recommendations of Safety Analysis deal with general aspects of the management (mainly storage
versus disposal of long-lived sources), site and environmental surveillance, packaging (qualification of
containers, waste characterisation requirements), the design of an engineered cap and strategies for
capping. These recommendations are reflected in radioactive waste management regulations and the
draft of Concept of the radioactive waste management (forward — the Concept).

The main practical conclusions from long-term safety analysis are included in the Concept. The prior
aim of the Concept is to stimulate the development of the environmentally sound and population
friendly system of the radioactive waste management, ensuring sustainable economic development in
accord with the fair social system for the protection of human health and the environment.

The Concept extra aims:

—  to construct a new radioactive waste storage vault in the Repository - to ensure the disposal of
all the radioactive waste from the decommissioning of the Reactor;

—  to construct a long-term storage for spent sealed sources that must not be stored in a near-
surface repository and to investigate the possibilities for construction of a geological depository
in Latvia;

—  to improve the radiation safety in the Repository:

(1)  to enhance the long-term safety and decrease to an acceptable level the potential influence
to the population, it is necessary to erect additional barriers above the closed vaults of
waste;

(2) to improve the system of radiation monitoring in the Repository;

— to implement compensation mechanism to the local government for the risk associated by the
radioactive waste repository.

6. ENVIRONMENTAL IMPACT ASSESSMENT

EIA is a multi-stage procedure, which is required prior for construction of significant facilities that
may leave harmful impacts on the environment. This procedure includes a set of measures, which
envisages review of the state of the environment at the given territory, review of the environmental
impact of the facility, preparation of proposals for reduction or prevention of negative impacts, as well
as development of necessary monitoring requirements for monitoring of remaining impacts.

According to the Regulations of the Cabinet of Ministers No.301 “On the Procedure for the Issue of a
Special Permit (Licence) or Permit for Activities involving lonising Radiation Sources and Procedure
for Public Dispute on the Establishment of Ionising Radiation Facilities of State Significance or on
Essential Modifications thereto” (3 July 2001) EIA process will be perform before requesting a
Special Permit (Licence) for the establishment of ionising radiation facility of national significance or
the performance of essential changes therein.

The EIA procedure starts with a sending of notification by the proponent to the State EIA Bureau.
After that the State EIA Bureau makes the decision about the necessity of EIA, requiring of additional
information from the proponent, if necessary, and should send a written notification of the decision
within 2 weeks from the date of registration of the notification to the proponent.

In case of EIA is considered necessary for a project the State EIA Bureau prepares and sends to the
proponent an EIA programme on which the EIA report is based. The proponent is responsible for the
realization of the EIA according to the EIA programme and should submit the EIA report to the State
EIA Bureau for evaluation. The State EIA Bureau in the evaluation of the EIA report should take
relevant authorities’ conclusions and the result of the public hearing as well as expert’s opinion into
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account. After including of possible amendments the proponent should submit the final EIA report to
the State EIA Bureau. The final EIA report should also include the evaluation of the impacts of the
proposed activity and its alternatives including alternative zero. EIA procedure is over when the State
EIA Bureau publishes a notice that it has given its opinion on the final report, and notifies to the
opportunity to examine the aforesaid opinion and the final report.

The time of action of the final report is three years. And the final the proponent shall submit to the
relevant public or municipal institution the final report and opinion of the State EIA Bureau on the
final report together with documents required by other normative acts.

The process of the EIA in the field of radiation safety and nuclear safety has not been performed in
Latvia yet. According to the law “On Environment Impact Assessment” the EIA is necessary for:

)

2

15

Decommissioning of the Reactor. This process is taking place during the year 2002—2003 by the
Ministry of the Environment.

According to the Programme of the EIA it is necessary to indicate such questions in the final
EIA report for the decommissioning of the Reactor:

analysis of legislation requirements and international commitment;
description of the Reactor and this locality;

description of the Concept for decommissioning of the Reactor;
location of the radioactive and other hazardous materials and waste;
environmental and public impacts;

measures for reducing environmental impacts;

radiological and other type control in the object;

measures for late decommissioning stage;

possible problems regarding with other measures, deficiencies and other aspects which
interrupt the project;

the summary and evaluation of the results of the Public Hearing;

a non-technical information summary.

Expansion of the Repository to hold of radioactive waste from decommissioning of the Reactor.
The Ministry of the Environment started the EIA process for expansion of the Repository in

2003.

The Safety Analysis presents the results of the preliminary EIA of constructing, operating and
restoring the new vault and information from this project will be used in further EIA process.
According to Safety Analysis it is necessary to analyse and describe:

environmental effects of construction, operational and institutional (a period of
institutional control for 300 years) phase of project — noise and vibration, traffic, land-
take, air quality-dust, water pollution, visual effects, flora and fauna, labour, socio-
economic benefits, resource usage, environmental monitoring;

description of local environment (existing site, locality, population, flora, fauna and
landscape, topography, geomorphology and geology, water resources, air quality, climate,
recreational use, industry, transport);

non-radiological impact (safety of workforce, safety of the public);

radiological impact (to analyse pathways and scenarios, main hypotheses).
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7. CONCLUSION

The legislation in the field of radioactive waste management and environmental impact assessment are
developed according to EU, IAEA requirements and ICRP recommendations. The aim of the field of
the radioactive waste management is to stimulate the development of the environmentally sound and
population friendly system of the radioactive waste management, ensuring sustainable economic
development in accord with the fair social system for the protection of human health and the
environment.

REFERENCES
[1] Constitution of the Republic of Latvia, Adopted by the Constitutional Assembly of Latvia
on 15 February 1922, regarding amending Law of 30 April 2002.
2] CASSIOPEE, Long Term Safety Analysis of Baldone Radioactive Waste Repository and

Updating of Waste Acceptance Criteria, Contract Num. B7-0320/2000/166079/MAR/C2,
Final Report (CAS-BAL-FIN-01) and Preliminary Environmental Impact Statement (CAS-
BAL-TEC-03) (2001).

[3] DREIMANIS, A., Long Term Safety Analysis of Baldone Radioactive Waste Repository
and Updating of Waste Acceptance Criteria (2002).

16



TAEA-CN-109/93

Emission of the radioactive substances into the atmosphere and
Druksiai Lake from Ignalina Nuclear Power Plant in 2002

R. Sumskis, G. Klevinskas

Radiation Protection Centre, Kalvariju 153, LT-2042 Vilnius, Lithuania

Abstract. The paper presents the overview of the emissions of the radioactive substances into the atmosphere
and Druksiai lake from the Ignalina Nuclear Power Plant (INPP) (Lithuania) during 1984-2002. The paper also
covers the estimated annual doses to the critical group of population in 2002.

According to the legal acts of Lithuania, the public exposure from all controlled practices (excluding natural
background radiation and medical exposure) shall not exceed 1 mSv per year and the annual dose constraint to
the general public due to operation and decommissioning of nuclear facilities - 0.2 mSv.

The results of the paper reflect the situation which shows that public annual exposure due to operation of INPP
in 2002 has not exceeded annual dose constraint.

1. INTRODUCTION

The legal basis for radiation protection allowing to protect people and the environment from the
harmful effects of ionizing radiation is established by the Law on Radiation Protection of the Republic
of Lithuania (1999) and other legal acts. The basic radiation protection requirements are set by the
Lithuanian Hygiene Standard HN 73:2001 ,,Basic Standards of Radiation Protection” (2001). The
Lithuanian Hygiene Standard HN 87:2002 ,,Radiation Protection in Nuclear Facilities” (2002) sets out
radiation protection requirements for workers working at nuclear facilities and for radiation protection
of members of the public during the operation and decommissioning of nuclear facilities. Based on the
requirements of the HN 87:2002, the annual dose constraint to the general public due to operation and
decommissioning of nuclear facilities shall be 0.2 mSv. Limitation of discharges of radionuclides into
the environment from operation of nuclear facilities is regulated by the Lithuanian Environment
Normative Document LAND 42 — 2001 ,Limitation of Radioactive Discharges from Nuclear
Facilities, Permitting of Discharges and Radiological Monitoring” (2001), where the maximum
permissible levels of radioactive discharges from the Ignalina NPP are given. Overview of the
emissions of the radioactive substances into the atmosphere and Druksiai lake from the Ignalina NPP
in period 1984-2002 and particularly, in 2002, estimated annual doses to the critical group of
population is presented in the paper.

2. BACKGROUND INFORMATION

Ignalina Nuclear Power Plant (INPP) with 2 reactors of RBMK type is located close to the borders of
Belarus and Latvia. The plant was built on the bank of Lake Druksiai. Visaginas is a satellite town
situated about 6 km from the INPP and has about 33000 inhabitants. The first Unit of the INPP was
put into operation on December 31, 1983, the second Unit - on August 30, 1987. The projected
thermal power of a single Unit of the INPP is 4.8 GW. The electric power is equal 1.5 GW. The INPP
uses water from Lake Druksiai for cooling of the reactor.

The radiation state in the environment objects of the sanitary zone and within a 30 km radius
monitoring zone of the Ignalina NPP in 2002 was estimated according to the results of the samples
which have been taken by the Ignalina NPP from sanitary and monitoring zone.

17



TAEA-CN-109/93

3. PRINCIPLES OF RADIOACTIVE RELEASES TO THE ENVIRONMENT ACTIVITY
LIMITING

Public exposure from all controlled practices (excluding natural background radiation and medical
exposure) shall not exceed 1 mSv per year [1]. Dose assessment shall be made for critical group
members. Different critical groups can represent different release routes (e.g. into air or water) as well
as different radionuclides. As members of the critical group can be irradiated by other controlled and
non-controlled (exempted) [1] sources simultaneously the average annual dose to the critical group
members due to operation of nuclear facility, including short-time anticipated operational transient,
shall not exceed the dose constraint. The established dose constraint for releases from operating and
decommissioned nuclear facilities, is 0.2 mSv/year [2].

Only those subjects may release radioactive substances into the environment (in liquid, gaseous or
solid form) that have obtained respective permission in advance [3]. Permission for radioactive
discharge is the legal document qualifying the discharge of radioactive materials into environment;
this document contains radioactive discharge limits for atmosphere and water [3]. In Lithuania, the
subjects who are willing to get the permit shall have to submit the Ministry of Environment an
application for the permit, the plan of radioactive discharge as well as the plan of radiological
monitoring.

For calculation of doses to the critical group members, site specific dose factors and discharge limits
have been assessed, taking into account the peculiarities of radionuclide migration in Ignalina NPP
environment and site-specific life style and nutrition features of critical group members. In cases if the
number of data is not sufficient, the conservative approach has been used to aximise dose calculation
factors. Critical group members dose assessment has been performed as follows [3]:

— in the case of farmers — external exposure from immersion in the cloud and radionuclides
deposited on the ground as well as resuspension of deposited radionuclides and internal
exposure due to inhalation and ingestion of radionuclides in the food stuffs;

— in the case of fishermen — the external dose, resulted by radionuclides in the lake water and in
the coastal zone sediments as well as the internal dose resulted by the fish used for food;

— in the case of gardeners — external dose resulted by the exposure from radionuclides deposited
in the irrigated soil as well internal dose due to consumption of food from irrigated garden and
inhalation of resuspensed particles.

Calculated dose conversion factors and discharge limits for atmospheric and aquatic releases from
Ignalina NPP are given in [3].

4. VARIATIONS OF RADIOACTIVE EFFLUENTS FROM IGNALINA NPP

The release of the radioactive substances into the atmosphere from the INPP during 2002, have been
changing day-to-day: for the noble radioactive gases from 74 GBg/day to 5.9 TBq/day, for the
radioactive aerosols from 0.7 MBg/day to 21.3 MBg/day, for "*'I - from 5.18 MBg/day to 62.9
MBg/day.

The maximal value of the noble radioactive gases release per month, from the INPP in 2002 was 19.95
TBq in June, the minimal value — 2.77 TBq in May. The maximal value of the radioactive aerosol
releases per month from the INPP in 2002 was 151.7 MBq in August, the minimal value — 16.56 MBq
in December. The maximal value of the "*'I release per month from the INPP in 2002 was 863.6 MBq
in August, the minimal value — 65.51 MBq in March.

The total value of the noble radioactive gas release from the INPP was 100.8 TBq in 2002 (as
compared to 96.4 TBq in 2001), the total value of the radioactive aerosol release was 0.91 GBq in
2002 (as compared to 1.34 GBq in 2001), the total value of the *'I release was 2.49 GBq in 2002 (as
compared to 1.95 GBq in 2001). The INPP during its all operation period (1984-2002) has released
total activity of 22.97 PBq of noble radioactive gases, 101.15 GBq radioactive aerosols and
366.78 GBq of *'I. All results are given in the Table 1.
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TABLE 1. EMISSIONS FROM INPP DURING 1984-2002

Year Noble gases, TBq Radioactive aerosols, GBq 11, GBq
1984 2200.00 2.90 3.60
1985 4900.00 38.40 80.30
1986 3200.00 8.60 147.00
1987 1600.00 4.07 34.40
1988 2100.00 3.26 38.00
1989 2300.00 1.74 2.74
1990 2400.00 0.98 4.26
1991 1800.00 10.60 10.10
1992 703.00 2.15 1.18
1993 485.00 1.46 0.53
1994 290.00 8.23 2.93
1995 283.00 4.18 7.22
1996 159.00 7.79 11.50
1997 99.70 1.31 6.28
1998 123.00 0.84 6.94
1999 70.57 0.80 2.72
2000 61.29 1.59 2.64
2001 96.40 1.34 1.95
2002 100.80 0.91 2.49

The outage of Unit 1 in 2002 lasted from June 22 until September 29; the outage of Unit 2 lasted from
April 6 until June 8, 2002.

The highest release of the radioactive aerosols from the INPP was recorded from April to October,
during this period there were released about 76% (690.3 MBq) of all radioactive aerosols in 2002
(907.7 MBq). This period coincides with the outages Unit 1 and Unit 2. The releases from the INPP
range all over the year from 65.5 MBq in July to 161.5 MBq in March, however two months — August
and September - differs on the big amount of released radioactive substances. In August and
September of the 2002 the discharged activities of "*'I were 863.6 MBq and 432.4 MBq.

The annual dose estimated due to noble gases released from the INPP for the critical group of the
population was 0.067 x 10 Sv. The annual dose due to radioactive aerosols and "*'I was 0.159 x 10°®
Sv. All radioactive substances released to atmosphere from the INPP in 2002 contributed to 0.226 X
10 Sv annual dose for population (dose constraint value for atmospheric discharges is 0.1 mSv/year).
Table 2 illustrates annual dose for the critical group of the population caused by releases to
atmosphere from the INPP from 1991 to 2002.

Values of the radionuclides activity in the discharged water from the INPP during 1985-2002 is
presented in Table 3.

TABLE 2. ANNUAL DOSE FOR THE CRITICAL GROUP OF THE POPULATION CAUSED BY
EMISSIONS TO ATMOSPHERE FROM THE INPP DURING 1991-2002

Annual dose for the critical group of the population, pSv

Year Noble gases Radioactive aerosols + *'I Total dose, pSv
1991 1.706 0.967 2.673
1992 0.691 0.136 0.827
1993 0.477 0.088 0.565
1994 0.244 0.271 0.515
1995 0.204 0.593 0.797
1996 0.116 0.722 0.838
1997 0.081 0.385 0.466
1998 0.089 0.418 0.507
1999 0.053 0.179 0.232
2000 0.041 0.196 0.237
2001 0.065 0.154 0.219
2002 0.067 0.159 0.226
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TABLE 3. VALUES OF THE RADIONUCLIDES ACTIVITY IN THE DISCHARGED WATER
FROM THE INPP DURING 1985-2002

Year Activity, MBq
1985 144.30
1986 3034.00
1987 96.20
1988 229.40
1989 15170.00
1990 25860.00
1991 3219.00
1992 22570.00
1993 4188.00
1994 7683.00
1995 1662.00
1996 5909.00
1997 6103.00
1998 3559.00
1999 2014.00
2000 1253.00
2001 3686.30
2002 1195.40

The maximal value of the radionuclides’ activity in the discharged water from the INPP to the Lake
Druksiai in 2002 was 671 MBq in December (without **K), the minimal activity was in November.
There were not detected the discharged radionuclides such as "*'I, **Cs, **Co, *’Fe, *'Cr, *°Zr, **Nb in
the discharged water from INPP to Lake Druksiai in 2002. Still there were detected "*'Cs, **Mn, “Co
and “K in the discharged water to lake Druksiai. Total activity of the radionuclides in the water
discharged from the INPP to Lake Druksiai in 2002 was 1195.3 MBq.

In 2002 "*’Cs contributed the annual dose of 0.28 x 10 mSv, **Mn — 2.8 x 10™® mSv and *’Co — 1.02 x
10 mSv. The annual dose contributed by radionuclides in the water discharged from the INPP for the
critical group of the population was estimated and was 0.291 x 10” Sv which was far below the dose
constraint for discharges (0.1 mSv/year).

5.
(M

2

[1]
(2]
[3]

CONCLUSIONS

The annual dose due to noble gases, radioactive aerosols and "'I released from the INPP in
2002 for population contributed to 0.226-10°° Sv.

The annual dose contributed by radionuclides in the water discharged from the INPP for the
critical group of the population in 2002 was 0.291:10” Sv.
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Radiological impact assessment of routine atmospheric releases of
MAAMORA Nuclear Research Center (MNRC)
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Abstract. CNESTEN is the main national operator of nuclear facilities within the MAAMORA Nuclear
Research Center (MNRC) in Morocco. MNRC is presently holding a radioisotopes production facility,
radioactive waste treatment and storage facilities and several laboratories using nuclear techniques and
radioactive sources. The construction of a TRIGA Mark II research reactor is still on going.

In compliance with national regulations with regard of the licensing process, CNESTEN has performed a
radiological impact assessment for the routine atmospheric releases of Maamora Nuclear Research Center
facilities in order to obtain the first licence for environmental discharge. The objective of the study is to propose
to the national nuclear safety authority the atmospheric release limits and conduct the assessment of radiological
consequences to the population reference groups which will be compared to the 1 mSv regulatory annual limit to
the public.

A conservative estimation has been developed for: the source term of the annual atmospheric releases, the
release conditions at the stacks, the local meteorological data, exposure pathways scenarios of population
reference groups. The dose assessment has been performed using two different calculation codes: GASCON
(France/Commissariat a 1’Energie Atomique) and CAP88 (USA/Lawrence Livermore National Laboratory).
Under the conditions and the assumptions related to the routine radioactive atmospheric releases of MNRC, both
of the calculation codes had given comparable estimations of individual and collective effective doses to the
members of the public. The highest individual effective dose is estimated to 6.80 x 10™ mSv per year which
represents 0.07% of the 1 mSv regulatory annual limit to the public.

1. BACKGROUND

CNESTEN (Centre National de I’Energie, des Sciences et des Techniques Nucléaires) is a
governmental institution operating the nuclear facilities at MAAMORA Nuclear Research Centre
(MNRC) which is the national infrastructure in Morocco dedicated to research and development using
nuclear techniques and applications. MNRC includes a 2 MW TRIGA Mark II research reactor (under
construction), a radioisotopes production facility, radioactive waste treatment and storage facilities and
several laboratories using nuclear techniques and radioactive sources. MNRC is located at about 20
km North East far from Rabat in the MAAMORA forest and about 8 km East far from the Atlantic
Ocean.

2. MOROCCO REGULATORY CONTEXT

The Authorisation, Licensing and Control of nuclear facilities are subject to the legal provisions of the
decree n° 2-666-94 [1]. This decree is concerned primarily with the licensing process of nuclear
facilities including successively the following stages: construction, radioactive releases to the
environment, commissioning, operations and dismantlement. The decree is administered and enforced
in Morocco by the Ministry of Energy and Mines (the national nuclear safety authority) with the
contribution of other relevant ministries. In compliance with the radioactive releases provisions,
CNESTEN has to perform a radiological impact assessment of routine radioactive releases into the
environment.
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3. MNRC NATURAL ENVIRONMENT

MNRC is located within the MAAMORA forest where the flora is largely dominated by cork
plantations. The area is also characterized by intensive agricultural activities due to the soil quality,
vegetation cover and favourable weather conditions [2].

The weather conditions are defined from the data collected by the MNRC meteorological station under
operation since 1992 and the neighbouring meteorological stations of Rabat and Kénitra [3]. The
meteorological data processing has been performed according to the atmospheric dispersion
characterisation and provide the wind rose in Figure 1.

The population distribution around MNRC site is based on the data issued from the national census
conducted on September 1994 and the data extrapolation to 2004 [4]. The global population living in
the area within a radius of 20 km from MNRC site is about 1 611 304 inhabitants. Given the wind
conditions prevailing in the MNRC site, the population reference groups have been determined as
given in Table 1.

The radioactivity baseline of MNRC site was determined through an environmental monitoring
programme based on IAEA technical recommendations [5]. This programme had been carried out
since 1994 in the area within a radius of 10 km from MNRC site and the results are showing traces in
air samples (Be-7= 10 to 190 Bq/m’; K-40, U-235 <LD; B tot=120 Bg/m?), in water samples (K-40,
Bi-214, Pb-214 <LD), in grass (K-40=3 to 17 Bq/g; Be-7= 0.10 to 3.34 Bg/g; Bi-214= 0.021 to
0.27 Bq/g; Pb-214=0.021 to 0.27 Bq/g), summarized in reference [3].

Rose des vents toutes vitesses confondues en fonction des classes de diffusion

[want du Mord)

== =« diffuzion faibla
dfyminn rormais

g

vant du Sud

FIG. 1. Wind rose of MNRC site.

TABLE 1. IDENTIFICATION AND LOCALISATION OF POPULATION REFERENCE GROUPS

Reference group Location Identification Distance From MNRC site Sector
I* MNRC Fences

2 Forest Guard ~1km NwW

3 Military Base ~2 km SE

4 Douar Nsar Zdagh ~5km SSW
5 Sidi Taibi ~6km SE

6 Ouled Taleb Machraa ~7km E

*

Theoretical population group.
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4. MNRC ATMOSPHERIC RELEASES

4.1. MNRC Atmospheric releases conditions

The main facilities of MNRC releasing to the atmosphere are: the reactor building (one stack), the
radioisotope production facility (one stack) and the radioactive waste treatment facility (two stacks).
All the routine atmospheric releases are driven by the nuclear ventilation systems which fulfils the
functions of air inlet, extraction, filtration and evacuation through elevated stacks. The stacks
parameters are given in Table 2.

TABLE 2. STACKS PARAMETERS OF MNRC NUCLEAR FACILITIES

Parameter Reactor Facility Radioisotope Waste Treatment Facility
Production Facility Stack 1 Stack 2
Height (m) 28 18.3 13.6 11.3
Effective height (m) 35 27.1 19.7 17
Exit velocity (m/s) 11 8 8 2.55
Diameter (m) 1.2 0.95 0.55 1.53

4.2. MNRC Atmospheric source term

The reactor facility is a 2 MW TRIGA Mark II research reactor. The main radionuclide existing in the
routine atmospheric releases are: Argon 41 (Ar-41) and Nitrogen 16 (N-16) produced during neutron
interaction respectively with Argon-40 and Oxygen-16 dissolved in the reactor pool water [6]. The
radioisotope production facility is processing radioisotopes for medical purposes and industrial
applications such as: I-131, 1-125, 1-123, Ga-67, T1-201, Mo0-99, Au-198, In-111, Tc-99m and P-32
[4].The radioactive waste treatment facility is designed to take in charge the treatment of all solid and
liquid radioactive wastes generated nationwide and containing radionuclides as: I-131, 1-125, 1-123,
Mo-99, Au-198, T1-201, Ga-67, P-32, Co-58, Co-60, Cr-51, Fe-55, Fe-59, In-111, La-140, Mn54, Mn-
56, Tc-99m, C-14, Tritium, K-42, Na24, S-35 and Si-31 [4].

On the basis of the inventory of radioactive materials processed in the MNRC nuclear facilities, the
total annual activity released to the atmosphere during routine operations is estimated to 3.83 x
10" Bq with the spectrum given in Table 3.

TABLE 3. INVENTORY OF ANNUAL RADIOACTIVE ATMOSPHERIC ROUTINE RELEASES
OF MNRC

Isotopes Source Term of Annual Releases (Bg/an)
Noble Gases (Ar-41) 1.50 x 10"
Todine (I-131, I-125, I-129) 8.00 x 10°
Tritium 5.00 x 10"
Carbon 14 5.00 x 10°
Gamma and Beta Emitters 2.5x10"

5. ATMOSPHERIC DISPERSION AND DOSE CALCULATION MODELS

Atmospheric dispersion of radionuclides released into environment and dose assessment had been
performed using two different calculation codes: GASCON developed by Commissariat a 1’Energie
Atomique of France [7] and CAP88 from Lawrence Livermore National Laboratory of USA [8].

The following assumptions have been considered and dealt with in dose calculations:

—  atmospheric releases are supposed to be carried out at a constant rate;
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—  dose calculations have been made for radioactivity incorporation by inhalation and ingestion
and for external exposure due to plume and deposits;

— dose conversion factors for incorporation are issued mainly from ICRP-67 [9] and BSS-115 [10]
in compliance with ICRP-60 [11] methodology;

—  dose conversions factors for external exposure are issued from [12];

— diet habits of population reference groups are representative of long term average behaviour in
Maamora site.

In our case study, the relevant exposure pathways are:
—  plume immersion which lead to external exposure and internal exposure by inhalation;
—  soil deposit causing external exposure;

— transfer of radioactivity from atmosphere to man through food chain causing internal exposure
by ingestion.

For each population reference group, Inputs data have been properly configured and exposure
scenarios have been defined taking into account the different mechanisms and characteristics of
radioactivity transfer from atmosphere to individuals. The calculations done by GASCON give for
each reference group the following detailed results: radionuclide volume concentration in air,
radionuclide surface concentration in soil, radionuclide concentration in agricultural products, annual
committed effective dose for an adult, child and infant, annual effective dose distribution by exposure
pathway and annual effective dose distribution by radionuclide.

The radiological impact of routine radioactive atmospheric releases was assessed over the different
population reference groups. The radiological consequences given by GASCON code are summarised
in Table 4.

CAPS88 code have been used with the same input data to assess the radiological impact of radioactive
routine releases of MNRC facilities. The comparison between the two code calculation results for an
adult from the reference groups is illustrated in Table 5.

TABLE 4. RADIOLOGICAL CONSEQUENCES BY GASCON CODE

Ref. Committed Effective dose (mSv/y) Dominant exposure pathway Major radionuclide
group Adult Child Infant contribution

1 1.03x 107 1.07x10° 2.2x10°  Plume external exposure (80%) 1-131 (61%), Ar-41 (37%)
6.80x 10"  6.83x 10" 7.12x10*  Plume external exposure (98%)  Ar-41 (92%), I-131 (7%)
138x10% 1.39x10* 1.55x 10"  Plume external exposure (94%)  Ar-41 (84%), I-131 (15%)
9.98 x 10°  1.01 x10* 1.18 x 10*  Plume external exposure (92%)  Ar-41 (77%), I-131 (22%)
549x10° 5.58x10° 7.14x10°  Plume external exposure (87%) Ar-41 (67%), I-131 (31%)
5.82x10° 591x10° 7.49x10° Plume external exposure (88%) Ar-41 (68%), I-131 (30%)

AN DN B~ W

TABLE 5. COMPARISON OF CAP88 AND GASCON DOSE CALCULATIONS

Reference group Location Identification Committed Effective Dose for an Adult (mSv/y)

GACSON Code CAP88 Code

1 MNRC Fences - —

2 Forest Guard 6.80 x 107 5.970 x 10™

3 Military Base 1.38 x 10 3.80 x 10

4 Douar Nsar Zdagh 9.98 x 107 6.80 x 107

5 Sidi Taibi 5.49 x 107 22x107

6 Ouled Taleb Machraa 5.82x 107 2.9x10°
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CONCLUSIONS

The radiological impact assessment of routine radioactive releases of MNRC facilities has been carried
out using two different calculation codes. Both of them have given comparable results in terms of
individual committed effective dose for each population reference groups located around the site.

The highest dose value for an adult from the reference groups (except from the theoretical group) is
estimated for an adult to 6.80 x 10* mSv per year which represents 0.07% of the 1 mSv annual
regulatory limit for the public. Radiation exposure of this magnitude should put into context by
comparing it with levels to which members of the public are exposed in their daily lives due to
background sources.

Therefore, with respect of the source term and the associated release conditions, the radiological
impact of routine radioactive atmospheric releases of MNRC is low and the overall risk to members of
the public will be negligible.
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Environmental protection approaches in the uranium companies of
Niger
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Direction of Mine, Ministry of Mine and Energy, B.P. 11700 Niamey, Niger

Abstract. In Niger, two companies, SOMAIR (Sociét¢ des Mines de I’Air) and COMINAK (Compagnie
Miniére d’Akouta), produce Uranium and relevant radioactive and non-radioactive waste. The management of
such waste has a big importance for both Government and leaders of these industries. Thus, policies and
regulatory framework have been made to ensure human and environment protection against the effects of
ionising radiation and industrial pollutants.

1. INTRODUCTION

Activities in uranium societies of Niger generate waste (liquid and solid wastes, radioactive and non-
radioactive wastes), which must be managed to reduce negative impacts.

2. INSTITUTIONAL AND REGULATORY FRAMEWORK

2.1. Institutional framework

The two institutions in charge of control and follow of mining activities are:
—  Ministry of Mine and Energy (MME);

—  Centre National de Radioprotection (CNRP)

2.2. Regulatory framework

The management of radioactive waste is regulated by Niger mining law 003/MME/DM of 8th June
2001, relevant protection against danger of ionising radiation in mining sector. Thus, the section 6
concerns surveillance of ragiology in environment of research and exploitation or treatment of
radioactive substances. The first chapter of this section is about the management of radioactive solid
waste (article 40 gives definitions when the article 41 is about strategies of manage). The chapter 2 of
this section concerns the following points:

—  prevention;
—  control;

—  dosimeter (measurement).
3. WASTE MANAGEMENT AND RADIOACTIVE IMPACT ON ENVIRONMENT

3.1. Industrial pollutants

Two kinds of waste are produced in these industries: liquid and solid wastes. liquid wastes include
wastewater and other liquid liquid effluents. COMINAK, for example, treats 3.4 millions m’/year of
wastewater and produces an annual volume of 2.18 millions m® of other liquid effluents [1].

The solid waste include barren overburden, low grade uranium ore and tailings. Table 1 gives
COMINAK solid waste production in 1997.
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TABLE 1. COMINAK SOLID PRODUCTION [1]

Waste nature Waste quantity (year or grade)

Low grade uranium ore 423 561 tons (0.14%)

Heap-leach residues 401 894 tons (till 1990)
Mill solid waste 9 millions of tons

TABLE 2. SOMAIR AND COMINAK EVAPORATION BASINS AREAS

Companies Evaporation basins areas (ha)
SOMAIR 10
COMINAK 65

The wastewater is decanted for reuse in the mills. COMINAK, which uses 16 basins that cover an area
of 44 ha to a depth of 4 m, recycles 3.4 millions m3/year [2]. The others liquid effluents are stored in
evaporation basins. Table 2 gives the evaporation basin areas [2]. The local desert climate produces
appreciable evaporation rates.

Each basin is lined with an impervious PVC membrane. The basins are situated about 2 km from the
mill, in a clayey zone which provides additional protection against any contamination of the
underlying aquifer. the gradient is measured by piezometry.

3.2. Radioactive effects on environment

Tailings require safe management because they contain long lived uranium and its daughters, some of
which, especially radium are toxic. Unless controlled, radium and its decay products may escape from
the tailings and contribute to contamination and radiation exposure in the environment. The maximum
values of radium emanation from the natural soils in SOMAIR and COMINAK are respectively 840
Bg/kg [3] and 6200 Bq/kg [4].

The emanation of radon and thoron together with their long lived daughter products is the basis for the
problem posed by mill tailings. To find a method for reducing this emanation, a pilot project to cover
mill tailings has been initiated. The project seeks to determine what materials can be used to reduce
the radon emanation to acceptable levels.

The following interactive process will be applied:

—  trial perimeter is defined;

—  points of radon measurement are identified by co-ordinate;

—  cover material is put in place to a know height;

—  repeat of the first measurements at the same locations;

—  comparisons are made with the first measurements to determine the degree of attenuation;
—  the process is repeated until acceptable levels are overburden [1].

A 1500 m” test plot has been completed and some measurements have been made. The cover materials
used for this test plot were SOMAIR and COMINAK barren overburden. [1]. The potential
transmission vectors (water, food and air) have been controlled and the values measured are
respectively 0.65 msv and 0.88 msv [3, 4] against 1 msv allowed by the Niger law.
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4. CONCLUSIONS

Many efforts are made to ensure protection of human health and environment protection in Niger
uranium mines. We can say that the aim of environment protection against the ionising radiation
effects is achieved because th e maximum values of exposures are compliance with the standards the
Niger law.
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Model used for assessing the environmental transfer of radionuclides
from routine releases of IFIN-HH nuclear facilities

D. Ene

IFIN-HH, RO-79617, Magurele, sect.5, Bucharest, Romania

Abstract. The paper presents the method developed in National Institute for Physics and Nuclear Engineering
“Horia Hulubei” (IFIN-HH) to assess the activity limits of radioactive discharges for the existing practice. The
dose assessment approach is based on simplified but conservative models for environmental processes that takes
account of dilution and dispersion of discharges. Quantitative results based on available site-specific information
have been obtained by means of a FORTRAN computer code, which implemented the model. The obtained
activity levels, submitted to the Regulatory Authority are used as input to the review process for establishing the
authorized discharge limits and optimizing protection against ionizing radiation in accordance with new demand
on waste management.

1. INTRODUCTION

Radioactive discharges to environment, during normal operation of the IFIN-HH nuclear facilities
(VVR-S research reactor, Waste Treatment Station and Radioisotope Production Station) have been
done until now based on a previous standard, being controlled by a systematic effluents and
environmental monitoring program. At the Regulatory Body requirement, a method of evaluating
suitable discharge limits for the existing practice, in accordance with IAEA recommendations [1]
adopted by Romania [2] has been necessary to be developed. The work has been performed in
accordance with IAEA guidance [3] and is based on application at the specific case of methods and
models recommended by IAEA [4, 5] and the Canadian standard [6]. To implement the requirements
for discharge control [3] a reference level (Djin= 10 Sv y') consistent with one tenth of the set dose
constraint has been used.

2. ASSESSMENT APPROACH

The developed assessment approach consists in: (i) determination of the nature and magnitude of the
radioactive discharges into the environment over the period of occurrence; (ii) modeling of the
transport of materials discharged into the atmosphere and surface water and assessing the
concentration of the radionuclides at critical group exposure locations; (iii) estimation of maximum
annual doses arising from all exposure pathways during the period of practice; (iv) derivation of the
maximum radioactive discharges to the environment based on the annual dose estimates. Significant
exposure pathways given in Figure 1 by which discharged radionuclides can deliver public exposure
are: (i) external exposure: (plume immersion; from ground deposition); (ii) internal exposure:
(ingestion; inhalation). In order to estimate maximum annual dose received a discharge period of
30 years has been assumed, i.e. the dose is obtained for the 30" year of discharge and include
contribution to dose from all material discharged in the previous 29 years. Combined generic input
parameter (default values taken from [5-7]) and site specific data [9] have been used. The main
assumptions applied are taken from [5] but have been adapted to the specific case.
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FIG. 1. Model used for assessing the environmental transfer of radionuclide.

3. CALCULATION PROCEDURE

3.1. Atmospheric discharges

Gaussian plume model [8] has been applied to assess the dispersion of long term atmospheric releases.
This model has been considered appropriate for the site (flat terrain, 20Km short-range transport,
approximate steady state meteorological conditions). Because no building wake effects have been
included, same simplifications have been assumed: (i) a single wind direction for each air
concentration calculation; (ii) a single long term average wind speed; (iii) a neutral atmospheric
stability class (Pasquil stability class D). Ground deposition has been accounted by means of
deposition coefficients [5].

3.2. Radionuclide transport in surface water

The model used to estimate the radionuclide transport in the river has been based on simplifying
assumptions regarding the river geometry, flow conditions and dispersion processes in order to obtain
an analytical solution [8] of advection-diffusion equation. Radionuclide concentrations in water have
been estimated for the discharge point, considered the location where members of the critical group
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use this water for drinking, fishing, irrigation, swimming and the sediment for recreational activities.
Calculations have been performed for the lowest annual “Ciorogarla” river flow rate 0.2 m’ s [9]
recorded in the last 30 years. Sediment effects due to the beach deposition have been also estimated.

3.3. Terrestrial and aquatic food chains

The terrestrial food chain models accept input of radionuclides from both atmosphere and
hydrosphere. The method used calculates the concentration of radionuclides in human food crops and
animal produce, for milk and for meat [5]. The transfer of radionuclides from water to various trophic
levels of aquatic life to fishes consumed by humans has been accounted by the bioaccumulation factor.

Necessary specific [9] and default [5] dosimetric data have been used to evaluate the effective dose
based on calculated radionuclide concentrations in various environmental components. Summing the
doses from all pathways of each particular transferred radionuclide has done estimation of total
individual doses. A specific approach based on complete equilibrium between the environment and the
exposed individuals has been adopted for assessment of transferred *H through its association with
water molecules and discharges of '*C associated with CO, molecules further fixed within the plants
during photosynthesis.

4. DERIVATION OF THE MAXIMUM DISCHARGE LIMITS

Derived activity limit for each radionuclide i in case of both atmosphere and liquid discharges has
been calculated using:

D iim

Do

DL =

(1)

where:

DL; is the discharge activity limit (Bq y™'); ii) Dy, = the reference level criterion (Sv y);
Dj, is the total dose rate for unit discharges (Svy" per Bqy™)

5. RESULTS AND DISCUSSIONS

Annual average dose to a member of the critical group, corresponding to a unit discharge (1 Bq s™)
over a period of 30 years are presented in Figures 2 and 3. Calculations have been performed both for
adults and infants, but only the most conservative values are presented in the paper. The obtained
values have been estimated based on the established assessment approach implemented in a
FORTRAN computer code. The conceived code has been verified and tested by means of specific
examples supplied in the literature [4, 5]. Code results has been verified by comparison with similar
results obtained in Subsidiary for Nuclear Research (SCN) Pitesti, accounting for the differences in
input specific parameters. Analysis of the obtained results leads to the following comments:

For atmospheric discharges:

—  Ingestion of the foodstuffs is the major human exposure pathway (i.e. 98% for *°Nb and **Zr for
food crops and respectively 99% **Na and 98% '*’I for animal produces);

—  Contribution of the inhalation pathway at the total doses is less then 25%;

—  Except same iodine radioisotopes for which the external exposure is dominant, for the majority
of the selected radionuclides the contribution of this pathway is null;

—  The derived discharge activity limits belong to the range (10%-10'*) Bq y™.
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For discharge into the river:

6.

The main contribution to the total doses is the fish ingestion (98% **P, 96% "*°Cs);

For drinking contaminated water the relevant radionuclide is %Mo (53% contribution), followed
by *°Y (40% );

Foodstuff ingestion has for the majority of the radionuclides a contribution less then 25%,
except “*Na and *Sr;
External exposure from river beach sediments has a minor contribution to the total dose;

The derived discharging activity limits belong to the range (10°-10'%) Bq y”'

CONCLUSIONS

A methodology approach (method and tools) has been achieved for dose rate assessment and further
deriving of discharge activity limits for radioactive material in liquid effluents and airborne for normal
operation of IFIN-HH nuclear facilities. To this end:

A model used for assessing the environmental transfer of radionuclides has been developed;

Conservative assumptions, input data, transfer coefficients and dose conversion factors have
been selected to define a simple and conservative variant of the established calculation model;

A FORTRAN computer code has been created based on the logical scheme of the model and
testing of the code has been done by verifying the results for the examples supplied in the
literature;

Average total doses and contributions of each accounted exposure pathways per unit discharge
for both adults and infants have been calculated;
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—  Dominant radionuclides and exposure pathways have been identified and evaluated;
—  Corresponding activity limits of radioactive discharges have been derived;

—  Confidence has been built by comparison with results obtained in SCN Pitesti and other data
supplied by the literature.
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Doses due to naturally occurring radionuclides to wildlife terrestrial
and freshwater species in South Africa

L.L. Petr, A.S. Tsela

National Nuclear Regulator, South Africa

Abstract. Contamination of soil and fresh water systems by naturally occurring radionuclides in South Africa
have existed in mining and mineral processing areas for more than a hundred years. The gold deposits of the
Witwatersrand Basin gave rise to huge quantities of historical residues, many of them exhibiting elevated
concentration of natural radionuclides. This contamination has chronically exposed wildlife species and this
paper attempts to present some results, based on available database of contaminated areas, regarding doses
received by selected terrestrial and freshwater species.

The results obtained indicate that doses received by the majority of species considered in the paper are below the
presently recommended guideline levels, however, doses to some species (mammalian herbivores, benthic
molluscs) are above these levels and could be of concern. It should also be taken into consideration that the
obtained results are likely underestimated due to limited data available.

1. INTRODUCTION

Mining and processing of minerals in South Africa has generated large volumes of mineral residues or
waste, many of them exhibiting elevated concentration of natural radionuclides. The gold deposits of
the Witwatersrand Basin have been exploited for more than a hundred years, giving rise to huge
quantities of historical residues. Since 1952, some of the uranium in the Witwatersrand ores has been
extracted as a by-product of the gold recovery process, although uranium production since 1980 has
declined dramatically. This decline has resulted in the decommissioning of most of the uranium plants
and associated sulphuric acid plants.

Other, more recently established mining and minerals processing activities, involving elevated levels
of natural radioactivity, include the exploitation of the phosphate, copper and zirconium deposits and
of coastal mineral sands.

A few mines were established in 1950 in Cape Province to exploit an ore-body of monazite containing
up to 8% thorium oxide. The mine was abandoned in 1965, and attempts to restart operations have so
far been unsuccessful. Large quantities of broken rocks and tailings have remained on the site resulting
in spreading of radioactivity from the tailings into local watercourses and soil over the years.

Contamination of soil and fresh water systems by naturally occurring radionuclides have existed in
mining and mineral processing areas for more than a hundred years. This contamination has
chronically exposed wildlife species and this paper attempts to present some results, based on
available database of contaminated areas, regarding doses received by selected terrestrial species.

Protection of the environment and wildlife species in South Africa relies on ICRP recommendation
(issued in 1977 and modified in 1990), which effectively maintains that standards established for the
protection of humans are sufficient to protect the environment. Despite that the South African
Regulatory Authority is of the opinion that our knowledge on radiation impacts on the environment is
insufficient to permit the introduction of the relevant regulatory requirements, it has also recognised
the need to protect the environment on its own right.
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2. SOURCES OF CONTAMINATION

Tailings account for most of the residues from the mining industry. The quantities of gold mine
tailings, dating back from 1893, have been estimated to about 5 billion tuns. Most of the mine tailings,
containing elevated concentrations of natural radionuclides, originate from the gold mining industry.
The elevated radioactivity concentrations arise from elements in the uranium decay chain, and vary
over the same range as those in the ore-body. Where uranium has been extracted as a by-product of the
gold recovery process, the uranium content has become depleted in relation to the other decay chain
elements, resulting thus in a moderate reduction in total activity and significant disturbance of the
equilibrium between the radionuclides of the uranium series. Sampling in several tailings has revealed
that generally >**U and **°Th are in equilibrium with ***U, while ***Ra is out of equilibrium.

Unless viable options for reuse of tailings can be developed in future, all mine tailings will eventually
have to be finally disposed of, regardless of whether they are reprocessed in the meantime. The only
feasible disposal route for the tailings would be their stabilisation in situ.

Waste rock accounts for the next largest category of mining residues, and again originates mostly
from the gold mining industry. It contains the full uranium decay chain, but at lower activity
concentrations than in tailings. The activity concentrations of uranium and its decay products in waste
rocks are largely in secular equilibrium.

Mineral sands operations produce large quantities of tailings which may vary in activity
concentration from background levels up to 2 orders of magnitude higher. Thorium is the main
contributor to the elevated activity concentration.

Contaminated soil arises from the decommissioning of uranium and acid plants. Soil contamination
has also occurred through the processing of contaminated mine scrap over periods of many years prior
to the imposition of regulatory restrictions in 1993. Soil contamination has originated from:

—  Ore dust (uranium series in secular equilibrium at low activity concentrations);

—  Chemically leached uranium, e.g. scale from water pipes (uranium at moderate activity
concentrations);

—  Chemically separated uranium, i.e. yellow cake (uranium at high activity concentrations); and
—  Radium sulphate, e.g. scales from acid plants (radium at high activity concentrations).
—  Activity concentrations range from 10 to 5 000 times that of the ore-body.

The nature of the various ore processing operations is such that there is always the possibility of
natural radionuclides in the ore becoming concentrated at certain points in the process, as constituents
of unwanted scales and residues. In gold plants, the scope for radioactivity build-up is relatively
small because of limited chemical driving forces, and any scales or residues would tend to be
reprocessed to recover gold. The scope for radioactive scale formation is greater in uranium extraction
plants and associated facilities. The main issue in this regard is the formation of radium sulphate in
sulphuric acid and pyrite plants.

Activity concentrations range from 10 to 20 000 times that of the ore-body.

Phosphate rock is the starting material for the production of all phosphate products and is the main
source of phosphorus for fertilisers. The principal residue from phosphate processing operations is
phosphogypsum (CaSQO,), which is generated in large quantities. Phosphate rock exploited in South
Africa, as in most other producing countries, contains elevated concentrations of uranium together
with its decay products in secular equilibrium. The activity concentrations in the phosphogypsum
appear to be elevated to levels approaching those in the raw material.

3. CALCULATION OF DOSES TO TERRESTRIAL SPECIES IN CONTAMINATED AREAS

Calculation methodology related to the assessment of doses to environmental species was based on the
“Impact assessment of ionising radiation on wildlife” [1].
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The proposed dosimetry model represented organism as ellipsoid and internal dose was calculated
under the assumption that radionuclides were uniformly distributed throughout the organism. The
other assumptions made in ref. [1] were also adopted, i.e.:

—  Concentrations of radionuclides in biota were assumed to be in equilibrium with soil or water in
which the organisms lived;

—  Doses per unit concentration represented an average throughout the volume of the organism;

—  Doses to micro-organisms were equal to the absorbed doses in the soil in which they were
located;

—  Absorbed fractions for a emissions were assumed to be zero for bacteria and unity for all other
organisms.

Calculation of external doses took into account the statistical distribution of fractional occupancy (in
the underground, in soil or water) of key organisms considered (Figure 1). Calculation of internal
doses to organism was based on concentration factors specific to each radionuclide and organism and
dose per unit concentration of internally incorporated radionuclides. Both the concentration factor and
dose per unit concentration for various species and radionuclides were taken from the reference [1].

Only sparse data were unfortunately available for testing validity of the concentration factors. Mean
values of these factors were compiled from ref. [1] and a statistical distribution was based on a few
data available for South African ecosystems. External doses were evaluated using statistical
distribution of radionuclide concentrations in soil and water, relevant to the selected contaminated
sites in South Africa (see Figure 1 as an example).

4. RESULTS OF CALCULATIONS

Crystal Ball program implementing Monte Carlo method in Excel spread-sheet was used for the
assessment of dose rates for a representative range of biota within terrestrial and freshwater
ecosystems. Bacteria, lichen, tree, shrub, herb, seed, fungus, herbivorous mammal, rodent and bird
were taken as representatives for the South African terrestrial ecosystem. Bacteria, phytoplankton,
zooplankton, macrophyte, benthic mollusc, small and large benthic crustacea, benthic and pelagic fish,
amphibian, small aquatic mammal and duck represented freshwater ecosystem.

Typical examples of statistical distribution of weighted dose rates (uGy/h) imparted to birds is shown
in Figure 2.

The weighted dose rates, obtained for the selected representatives of terrestrial and freshwater
ecosystems, are summarised in Figures 3 and 4, respectively. Contribution of radionuclides considered
to the weighted doses imparted to terrestrial species illustrates Figure 5. It is apparent from this figure
that **°Ra contributes predominantly to the doses to terrestrial species.

Ra226[Bq/kg]

» g g g g g g g <
291.02 1,416.41 2,541.81 3,667.20 4,792.59

FIG. 1. Statistical distribution of *°Ra in soil.
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FIG. 3. The weighted dose rates, obtained for the selected representatives of terrestrial species in

South Africa.
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FIG. 5. Contribution of various radionuclides to weighted doses to terrestrial species.

5. CONCLUSIONS AND RECOMMENDATIONS

Guideline dose limits for biota, below which significant effects to the environment are unlikely, have
been recommended in several countries (USA, Canada, etc.) and by IAEA. The dose limits for biota
recommended by the IAEA (Table 1) have generally been well received.

Although the results obtained indicate that doses received by majority of species considered here are
below the guideline given in Table 1, doses to some species are close to the recommended limits and
doses to some other species (mammalian herbivores, benthic molluscs) are above the recommended
limits. It should also be taken into consideration that the obtained results for biota exposed by elevated
natural radionuclides are likely underestimated due to limited data available. Soil and water
concentrations were not available for some other radionuclides of the uranium and thorium series as
well as were not available the relevant concentration factors, doses per unit concentration, etc. It could
therefore be concluded that areas in South Africa, contaminated by naturally occurring radionuclides
due to past or present mining and mineral processing industry may pose a radiation hazard to some
species in the relevant ecosystems.

More research is therefore required for developing a more comprehensive database with regard to
radionuclide concentrations in the environment as well as for transfer and uptake of these
radionuclides by various species in the terrestrial, freshwater and coastal water ecosystems. More
information is also required for assessing the impact of ionising radiation on specific species. This
should namely include rare and endangered species inhabiting contaminated areas, as well as long-live
marine species.

Since ionising radiation is far not the only agent affecting the environment, more information is
required on the impact of non-radioactive pollutants on biota and on the impact of ionising radiation in
conjunction with conventional pollutants.
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TABLE 1: RECOMMENDED DOSE LIMITS (uGy/h) TO BIOTA

Species TAEA (1988, 1992)[2,3] Thompson (1999) [4]  DOE (USA) [5]

Terrestrial:

Plants 400 400

Animals 40 40

Mammals 10

Birds 50

Amphibians/Reptiles 10

Aquatic:

Freshwater organisms 400 400

Benthic invertebrates

Fish

Deep ocean organisms 1000
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Discharge policies for low level radioactive effluents in Turkey
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Abstract. The legal infrastructure established in Turkey covers the ways to manage low-level radioactive wastes
including liquid, solid and gaseous wastes. The paper gives detailed information about the discharge policies and
radioactive waste tank systems and dose assessment. Liquid Radioactive Waste tank systems, as best available
technique, are used to collect and store the low level radioactive wastes and as a part of low-level radioactive
effluent discharge policy, these decay and delay systems are effectively used for biomedical radioactive wastes
generated in hospitals. The decayed waste is then discharged to sewage system in accordance with the discharge
limit given in the legislation. Dose assessment studies were also completed and the annual effective dose that
would be received by the workers of the Waste Treatment Facility was calculated and the results are presented.

1. INTRODUCTION

Radioactive substances are used in beneficial ways such as the generation of electricity, medical
diagnosis and therapy, scientific research and specialized industrial applications. However, many of
these activities generate radioactive waste, which occur either in gas, liquid or solid state, should be
under an appropriate control program [1]. Airborne and liquid waste may be permitted for discharge
into the environment. Unplanned and/or uncontrolled exposure to radiation can be detrimental to
health that is why the regulatory system in any country should be sufficiently robust [2]. An essential
requirement of any sound regulatory structure is to present a clear definition of its scope: certain
sources or practices may be excluded from regulatory requirements or exempted from regulatory
supervision. One reason for such exemption or clearance is when the radiological risk or detriment
associated with the practice is so small as not to warrant the imposition of the system of reporting or
prior authorization [3]. For the exemption of any source or practice from regulatory control, the
general and widely accepted radiation safety requirements for a member of the public are as follows:

—  The effective dose expected to be incurred by any member of the public due to the exempted
practice or source is of the order of 10 uSv or less in a year;

—  Either the collective effective dose committed by one year of performance of the practice is no
more than about 1 man Sv, or an assessment for the optimization of protection shows that
exemption is the optimum option [4].

The current global approach is toward decrease of radioactive discharges to the environment. The
Joint Convention on the Safety of Spent Fuel Management and on the Safety of Radioactive Waste
Management [5] assigns a system of regular peer reviews of the policies and practices of radioactive
waste management including discharges to the environment in each Contracting Party. Moreover, the
OSPAR Convention [6] states that Contracting Parties shall require adopting programmes and
measures for the purpose of prevention and elimination of pollution from land-based sources, either
individually or jointly, the use of:

—  best available techniques for point sources;

—  best environmental practice for point and diffuse sources, including, where appropriate, clean
technology.

The limitation of the discharges of radioactive substances should be based upon the optimization of
radiation protection, using best available technique.
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2. LEGAL STRUCTURE

The Turkish Atomic Energy Authority has issued regulations and legislation on radiation protection
including waste management; moreover legislation has been issued for the discharges of radioactive
effluents from the licensed establishments. This legislation gives all the details for the disposal of short
lived (up to 100 days half-life) low-level radioactive waste.

(a) Solid radioactive waste: Part of the legislation for the management of short-lived solid
radioactive wastes with half-lives less than 100 days implies the disposal of these wastes as
hazardous medical waste that is incinerated in the municipality authorized incineration facilities,
after the decay of radionuclides with the activities that are statistically indistinguishable from
the background radiation. This approach enhances a practical approach for the low level solid
radioactive wastes. Sealed radioactive sources can not be disposed as the same way with the
short lived low level solid radioactive waste, according to this legislation.

(b) Liquid radioactive waste: The liquid radioactive wastes generated can be discharged to the
sewage system according to the limits set by the legislation, and there is an ongoing study to
amend the discharge limit as 10 ALI,;,/month for each establishment. Short-lived solid
radionuclides with half-lives less than 100 days can be discharged to the sewage system
regarding to the current legislation and also for the amended version.

(¢)  Gaseous radioactive effluents: The current studies for the amendment of the legislation covers
also the release of gaseous effluents to the environment with the constraint of not exceeding the
effective dose of 10 uSv that could be incurred by any member of the public due to the gaseous
release during one year. Short-lived gaseous radionuclides with half-lives less than 100 days can
be released to the atmosphere regarding to the current legislation and also for the amended
version.

3. DELAY SYSTEMS

As the best available technique, waste tanks are used to collect and decay radioactive waste before the
discharge of effluents into the sewage system. The single waste tank system makes use of the
“decaying while filling” principle. Therefore, by the time that the tank is filled, the total activity in the
waste tank is many times lower than the total input activity. The cascade tank system takes the
advantage of physical decay without input so that the overall capacity requirement can be greatly
reduced. The use of multiple waste tanks resolves most of the problem of single waste tank system.
However, it is important to design waste tank system with optimum tank number and capacity.
Detailed studies were done to end up with a procedure that gives optimum tank number and capacity.
Design of waste tank system with different tank numbers and capacities is possible, however it is
important to design a system with optimum tank number and capacity. In the past study [8], design
parameters for waste tank system was studied to end up with a compact procedure that also includes
economical valuation study and gives the optimum holding tank system arrangement. This
optimization procedure has been used in the design of ten tank systems.

4. DOSE ASSESSMENT

Dose assessments due to the low level discharges to the sewage for the worker of the domestic waste
facility was completed according to the results given in the IAEA-TECDOC-1000 [9], the individual
dose assessment for the Domestic Waste Facility worker was done for the cities with populations of
10, 50, 200, 500 and 1500 thousands and the results are tabulated in Table 1.
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TABLE 1. ANNUAL INDIVIDUAL DOSE TO THE DOMESTIC WASTE FACILITY WORKER

Number of Establishment using *'I
1 3 5 7
Activity Discharge - GBq
[150 ALI ., /(year x establishment)] 0.12 0.36 0.60 0.84

E > 10 000 45.1 1354 225.7 316.0
££3 s
g o = 2 50 000 9.0 27.1 45.1 63.2
2955 =
888 )
z a E (é '5 200 000 2.3 6.8 11.3 15.8
5] g o =
8 EB E 500 000 0.9 2.7 4.5 6.3
AZ % S

= 1 500 000 0.3 0.9 1.5 2.1

Figure 1 give the plot of Table 1 as dose vs. number of establishments.

Annual effective dose to the Domestic Waste Facility Worker
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FIG. 1. Annual dose that would be received by the domestic waste facility worker.

In addition, it is worth to state that the use of large volume tanks reduces the radiation exposures
around the system and it is also advantageous in the radiation protection point of view.

5. DOSE ASSESSMENT RESULTS

It can easily be concluded from Figure 1 that there is a inverse proportion between the dose to the
waste facility worker and population of the city. It can also be concluded that annual dose that is
received by the domestic waste processing facility is not high. Moreover decay and delay systems are
easy to apply and very efficient to decrease the discharge activity of any establishment. As an
important conclusion periodic monitoring of discharges should be properly done.
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Assessment of radionuclides in sediments proposed for dredging
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Abstract. Two screening models were used to assess the potential risk of radionuclides present in sediment
proposed for dredging. The proposed dredging site is located in Bayou Rigaud, Louisiana, USA. The receptors
of concern for the project include aquatic ecological receptors, and members of the public and the crew of the
ship. Two screening models used in the assessment were the RAD-BCG Calculator, an assessment screening
model developed by United States Department of Energy and the Guidance on Radiological Assessment
Procedures for the Protection of Human Health to Determine if Materials for Disposal at Sea are within the
Scope of the London Convention 1972 currently being developed by the International Atomic Energy Agency.
Both models were effectively used to assess the potential impact of radium-226, radium-228, and caesium-137
on aquatic biota and humans.

1. INTRODUCTION

Each year over 400 million cubic meters of sediments are dredged from waters of the United States to
maintain navigational channels. Part of the process of removing the sediments is to ensure that the
action and subsequent management options do not adversely impact the environment. Most
environmental evaluations focus on non-radiological analysis such as measuring and assessing the risk
of metals, polychlorinated biphenyls, polyaromatic hydrocarbons, and pesticides. However, there are
projects that require a detailed analysis focusing on the risk of radionuclides present in the sediments
proposed for dredging. Until recently there have been very few tools to assist in assessing the risk of
radionuclides to ecological receptors and humans.

The scientific and regulatory communities have developed screening level approaches to address the
lack of scientifically defensible tools for assessing the risk of radionuclides present in sediments.
These approaches include the RAD-BCG Calculator developed by United States Department of
Energy and the Guidance on Radiological Assessment Procedures for the Protection of Human Health
to Determine if Materials for Disposal at Sea are within the Scope of the London Convention 1972
currently being developed by the International Atomic Energy Agency.

To assess the utility of these two screening models for evaluating the risk of radionuclides in
sediments to ecological receptors and humans, they were field tested through a dredging project at
Bayou Rigaud, Louisiana, USA. The sediments proposed for dredging were suspected to contain
elevated levels of radioactivity as a result of the release of produced waters during petroleum drilling
and production. Produced waters are a by product from oil production as a result of pumping an
oil/water mixture from the ground. Produced waters containing radionuclides were released into the
area of Bayou Rigaud for several years until the early 1990’s. Around 382,280 cubic meters of
sediment from Bayou Rigaud are proposed for dredging. Current research indicates that the mixture of
barium and radium commonly found in produced waters precipitates to the sediment when it reaches
sulfate-rich marine water. As a result, radium (Ra-226, Ra-228) may reach concentrations in Bayou
Rigaud sediment that can pose adverse risk to human and ecological receptors during the process of
dredging and placement of dredged material.
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2. METHODS

2.1. Sample collection and analysis

Ten samples each of water, sediment and mussel tissue samples, from the Bayou Rigaud, were
collected by the Army Corps of Engineers personnel and sent to Severn Trent Laboratories (STL) in
Richland, WA, USA for radiological analysis. Nine of the ten samples of each type were collected
from the Bayou Rigaud and one was collected from a relatively uncontaminated reference location.
Radioisotopes of specific concern were caesium-137, radium-226 and radium-228. STL performed the
analyses in substantial conformity with established test methods. Sufficient sample masses or volumes
were provided, so alterations of the contractual minimum detectable concentration were unnecessary.
Sample analysis results were reported electronically to Pacific Northwest National Laboratory staff,
followed by hard copy transmittal of the data.

2.2. RAD-BCG Calculator

The RAD-BCG Calculator is an Excel spreadsheet based, Visual Basic® driven, computer program
that uses a multi-tiered approach to determining compliance with radiological dose limits to aquatic
biota set forth in DOE Order 5400.5. The radiological dose rates below which deleterious effects on
populations of aquatic and terrestrial organisms have not been observed have been discussed by the
International Atomic Energy Agency and the National Council on Radiation Protection and
Measurements. Those dose rate limits are:

— Aquatic Animals — 10 mGy/d;
—  Terrestrial Plants — 10 mGy/d;
—  Terrestrial Animals — 1 mGy/d.

The data were perused, imported into Excel® spreadsheets and maximum radionuclide concentrations
were determined for water and sediment samples. These maximum concentrations were entered into
the RAD-BCG Calculator, and compared to initial Biota Concentration Guides (BCGs). When the sum
of the ratios between maximum concentrations and associated BCG is below unity, no adverse effects
on plant or wildlife populations are expected and compliance with current biota dose standards is
determined to exist. In cases where radionuclide concentrations are measured in one environmental
media, but not the other, a conservative default distribution coefficient is used to determine that
radionuclide’s concentration in the media where it was not detected, following the model’s assumption
of equilibrium.

2.3. TAEA de minimus screen

The Guidance on Radiological Assessment Procedures for the Protection of Human Health to
Determine if Materials for Disposal at Sea are within the Scope of the London Convention 1972
developed by the IAEA is a screening approach for assessing radiation doses arising from sea disposal
which incorporates two scenarios for human exposure. The two main receptors, disposal workers and
non-workers, include the main exposure radionuclide pathways including exposure in vicinity of
material (dredge and beach), contact, inhalation, waterborne, and consumption of seafood. Equations
to calculate exposure include the several conservative default assumptions and it covers a
comprehensive list of radionuclides included in the screen.

Exposure pathways for the screening model were different for the public and for crew on the dredge
ship. Pathways for the members of the crew include external irradiation, inhalation of dust on the ship,
and ingestion of sediment. Pathways for members of the public include external exposure to sediments
on the beach, ingestion of seafood, inhalation of seaspray, and inhalation of dust. Using these exposure
scenarios, doses to individuals and collective doses for both the crew and public were calculated. The
radiological dose rates below which deleterious effects on members of the ship crew and public are:

—  Individual doses — 10 uSv/yr ;

—  Collective doses — 1 manSv/yr.
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3. RESULTS

3.1. Radionuclide analysis

Radionuclides detected in samples submitted for analyses included potassium-40, caesium-137,
radium-226 and radium-228. Potassium-40 (K-40), detected in some water and sediment samples, is a
primordial radionuclide, about 0.01% abundant and is a constituent in living tissues. The RAD-BCG
Calculator does not include this radionuclide in its list of isotopes for which dose conversion factors
have been developed, because it is naturally occurring.

Caesium-137, an anthropogenic radionuclide produced in the fission process and present in world
wide fallout, was detected in only two sediment samples collected from the Bayou Rigaud (BR), and
was not detected in any reference sample. Caesium was not detected in any water or biota tissue
samples.

Radium-226, a naturally occurring radionuclide from the uranium-238 decay series, was detected in
seven of the nine sediment samples and in all nine water samples from the Bayou Rigaud. Likewise, it
was detected in both the water and the sediment samples from the reference location. The reference
value of radium-226 in sediments was between two and three standard deviations below the mean of
the Bayou Rigaud data. The reference location’s value for water approximately equaled the average
value for the Bayou Rigaud data. Radium-226 was not detected in any biological samples submitted
for analysis.

Radium-228, a naturally occurring radionuclide from the thorium-232 decay series, was detected in
five of the nine biota samples from the Bayou Rigaud but not in the biota sample from the reference
location. Six sediment samples contained this radionuclide, as did seven water samples. The sediment
sample from the reference location contained a measurable amount of radium-228 which was between
two and three standard deviations below the mean value of the Bayou Rigaud data. This radionuclide
was not detected in the reference water sample.

3.2. Application of the RAD-BCG calculator and graded approach

The RAD-BCG Calculator and the Graded Approach were used to screen radionuclide concentrations
in Bayou Rigaud employing maximum detected radionuclide concentrations listed in Table 1.

Table 2 contains the results of the initial screening calculations which indicate that Bayou Rigaud
passes the screen analysis with a total sum of fractions of 0.347. Because caesium-137 was not
detected in any of the water samples analyzed, the distribution coefficient of 500 L/kg was used to
determine a conservative water concentration and the code also calculated internal and external doses
from the estimated amount of caesium-137 in the water.

The ‘Source of Calculation’ column in Table 2 indicates three things. First is an abbreviation for the
organism most likely to reach its limiting dose and here “RA” indicates that a riparian animal is most
likely to reach the limit of 1 mGy/d. Next, the ‘Lumped’ statement indicates that simplified bio-
concentration factors were used to determine the radionuclide concentration within the hypothetical
organism. Finally, the ‘Default’ entry indicates whether or not any user-defined parameters were used
instead of the RAD-BCG Calculator default parameters.

TABLE 1. MAXIMUM RADIONUCLIDE CONCENTRATIONS IN BR WATER, SEDIMENT
AND CLAM SAMPLES

Radionuclide Concentration Total Analytical Error Minimum Detection Level
(Bg/m’ or Bg/kg)
Water Ra-226 5.7 1.3 0.66
Ra-228 31.8 12.2 14.5
Sediment Cs-137 4.1 2.5 3.8
Ra-226 117.7 17.4 5.0
Ra-228 59.2 13.7 8.6
Biota Ra-228 17.5 6.7 7.8
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TABLE 2.
Nuclide Water Bg/m’ Sediment Bq/kg
Partial Fraction Source of Calculation  Partial Fraction  Source of Calculation
Cs-137 5.21E-03 RA-Lumped, Default 3.55E-05 RA-Lumped, Default
Ra-226 3.78E-02 RA-Lumped, Default 3.15E-02 RA-Lumped, Default
Ra-228 2.54E-01 RA-Lumped, Default 1.83E-02 RA-Lumped, Default
Partial fractions 2.97E-01 4.99E-02
Total sum of fractions (water and sediment): 3.47E-01
Result: You have passed the site screen
TABLE 3.
Calculated Dose Criteria Dose Pass/Fail
Individual dose — Crew 7.09 uSv/yr 10 uSv/yr Pass
Individual dose — Public 8.60 uSv/yr 10 uSv/yr Pass
Collective dose — Crew < 0.01 manSv/yr 1 manSv/yr Pass
Collective dose — Public 0.04 manSv/yr 1 manSv/yr Pass

3.3. Application of IAEA de minimus screen

The TAEA de minimus screen was used to assess the potential risk that the sediments proposed for
dredging at Bayou Rigaud may pose to members of the dredging ship crew and public. Data from
Table 1 were used as an input for this analysis. Results of the analysis are show in Table 3.

4. CONCLUSIONS

The two screening methods were effective at evaluating the potential impact of radionuclides at the
proposed Bayou Rigaud dredging site. While these methodologies are relatively new or in draft form,
the approaches used have been thoroughly reviewed and are technically valid.
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Abstract. Environmental radiation protection procedures do not have global consensus. In researching
mechanisms to guide environmental radiation protection procedures consensus searching, the approaches used
by non-radioactive environmental protection are very promising. Among the approaches, environmental
valuation procedures are commonly employed, and are very proper for environmental radiation protection.

1. INTRODUCTION

The environmental protection from ionizing radiation is based in a paradigm, proposed by
International Commission on Radiological Protection - ICRP [1] “The commission therefore believes
that if man is adequately protected then other living things are also likely to be sufficiently protected”.
This paradigm was put into doubt by ICRP itself [2] and by many other authors (Amiro [3], Pentreath
[4], Pentreath and Woodhead [5]). “Occasionally, individual members of non-human species might be
harmed, but not to the extent of endangering hole species or creating imbalance between species” [2].

Actually, great progress are occurring in the ethic concepts of environmental radiation protection
[6, 7]. Three ethic components have been identified: anthropocentric, bio-centric and eco-centric
component [7]. The dose calculation methodology has shown significant improvement, also [3, 8, 9].
Beside this, we are very far away from environmental radiation protection consensus, like the one
existing for human radiation protection.

The environmental damage valuation have been used as an important tool for environmental
protection against damages caused by many different industries, mainly in electric energy generation
sector [10-12].

2. ENVIRONMENTAL VARIABLES USED AS ECONOMIC DECISION TOOLS

Too little attention has been given to the economic conception of environmental radiation protection,
differing from other pollutant problems. For these other pollutants, mainly after “Rio 92 conference,
macro-economic concepts have been developed, as, for example, “Sustainable development,
conservation, maintenance of bio-diversity, environmental justice and human dignity” [7].

In order to incorporate environmental variables into potentially pollutant industries decision processes,
many principles have been developed for environmental protection, as, for example: the pollution
prevention principle; the precautionary principle, the principle of using best available techniques, the
substitution principle, the principle of informed consent and the polluter-pays principle.

This last principle, the polluter-pays principle, is based in the principle that “polluters are responsible
for the economic and environmental consequences of their activities”. This principle lead us to the
environmental question treatment by economic sight (environmental economy).

The environmental economy explains environmental questions as a relation between goods and their
producers, guided by producers interests. In order to study the environmental economic question, one
needs some concepts, such as the concept of natural resources and the concept of externality. Natural
resources are goods not made by men. Externalities are the effects of people behaviours over the well-
being of others.
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One of the methods developed for support the polluter-pays principle is the valuation of environmental
externalities. The valuation achieve importance not only to quantify the looses with environmental
degradation, but also, to bring the degradation costs into the economic process, leading to a more
adequate management of both environmental risks, and to allocate resources, in order to face possible
environmental damages.

For the identification and valuation of environmental externalities, steps are determined, as follows:
To collecting bibliography and the characterization of environmental impacts generating aspects;
characterization of the respective environmental impacts; identification of the economic effects caused
by environmental impacts, generally not included in the industry programs (externalities); to collecting
available environmental valuation technique; identification of the most appropriate techniques; and the
valuation of identified externalities.

3. ENVIRONMENTAL VALUATION

The economical value of environmental goods do not have a market to control its price, but as any
good or service, its value comes from its attributes, that can or sometimes can not be linked to the
good use. Therefor, one can divide economical value of environmental goods as a value of using
(VU), and a value of not using (VNU).

The value of using (VU) is the value attributed to the environmental good by its present usage or by its
future potential usage. The value of using (VU) can be sub-divided into three categories:

—  Direct value of using (DVU) — The value attributed to the environmental good by its welfare by
means of its direct usage.

—  Indirect value of using (IVU) - The value attributed to the environmental good when the
benefits of its usage is derived from eco-systemic functions.

—  Option value (OV) — The value people are ready to pay for the maintenance of the option to
make use someday, directly or indirectly, of the environmental good.

Yet, the value of not using, or the existence value (EV), is a value dissociated of using (though it
represents environmental consumption) and is derived from a moral, cultural, ethic, or religious
position in relation to the existence rights of non human species, or the preservation of other natural
resources.

With the concepts of value of using and value of not using, the Economical Value of the Natural
Resource (EVNR) can be defined as:

(EVNR)= ((DVU) + (IVU)+ (OV)) + (EV) @)

4. METHODOLOGIES OF DAMAGE QUANTIFICATION

4.1. Damage quantification — damage response function

This method is based in the physical relation description between cause and effect of environmental
damage, that is, the method relates the impelling activity to the respective environmental damage, for
then, to give objective measures of the environmental damages.

This method uses damage functions, or dose response functions, that relate the impelling activity level
(pollution type or concentration) with the degree of physical damage to the environmental goods, or
with the degree of health damage. This function can be made by field studies or laboratory studies.
This functions may be extremely complex and speculative.

In principle, the dose response function is not a valuation method or technique. This function gives a
link between two events, one of them which affects, or cause damages, and the other, which is
affected, or suffer the effects. With the dose response function it is possible to estimate the damage
variation in terms of the variation in the environmental good or service. In the sequence, one can
value, with appropriated techniques, the occurred damage.
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4.2. Well-being variation quantification method

This method is based on the micro-economic concept of consumer excess of goods. Consumers
achieve goods in order to improve their well-being. Different consumers impute different values to
each good consumption. Therefore, the maximum values the consumers are ready to pay are also
different for each one. The consumer excess of goods is the difference between what consumer was
ready to pay and what he actually has paid, that is, it is the total benefit achieved by the consumption
of the good, subtracted by the total cost of its acquisition.

5. ENVIRONMENTAL VALUATION — INDIRECT METHODS

The indirect valuation methods can be applied when the production or the consumption of a private
good or service can be affected by the variation of quantity or quality of environmental goods or
services.

In this method, the impact in changes of the quality of environmental goods or services production or
consumption are analyzed in terms of their market prices.

5.1. Marginal productivity method

In this method, the environmental resource R is determined as function of its contribution as
component of a product, that is, it is the production factor of a product P confection.

P=f(B,R) (2)

where:

B is the entirety of components of a product formed by goods and services;
R are the utilized environmental resources.

This method is based in the premise that “P varies as function of R”, and then, that a relation dose
response between P and R must be established ( in terms of quality /quantity). In this method, the
product price is known and it has a market value.

5.2. Reposition expenses method

This method is based on the quantification of expenses by consumers to recover the good or service
changed by the pollution or inadequate management. This method is very likely to the
prevention/mitigation expenses method, with the exemption of this last method is based in terms of
potential future damages, while reposition expenses works with real reposition damages costs in the
present.

Three premises must be attempted for this method to be used:
(a) the damage extent must be measured;

(b)  the reposition costs must be smaller than the production cost of the good, in order to the
reposition be economically practicable;

(c) If preventive actions have smaller price than reposition actions, then the prevention actions must
be executed.
5.3. Prevention/mitigation expenses method

This method is based in the costs for the industries to avoid future environmental damages.

5.4. Relocation expenses method

This is a variation of the reposition method. In this method there exist an evaluation of relocation of
physical activities expenses, and the benefits of this relocation cause changes in the environmental
quality of the industry.
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5.5. Protection expenses method

By analyzing the environmental degradation question under the sight of environmental economy, the
environmental costs must be considered in the planning processes of the industries.

6. VALUATION OF ENVIRONMENTAL DAMAGES - DIRECT METHODS

On the contrary of the indirect methods, the direct methods uses substitute markets or hypothetical
markets to measure directly the needs for environmental quality.

7. CONCLUSION

The analysis of function dose response match with the type of impact caused by radioactive
installations, and therefore this function is indicated as an environmental evaluation method. After the
method of quantification of the damage being chosen, the valuation method should be chosen
according to the specific site in question.
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Abstract. The authors proposed an index for holistic evaluation of effects on various parameters in ecosystems
exposed to ionizing radiation and other toxic agents. As the index, i.e., EEI (Ecological effect index), degrees of
differences in parameter values between exposed and control ecosystems were expressed as the Euclidean
distance weighted by ecological importance of each parameter. The authors applied the EEI to their
ecotoxicological study, in which the aquatic model ecosystem (microcosm) consisting of three species of
microorganisms was exposed to y-rays, ultraviolet radiation, acids and some metals, and their effects on the cell
densities were investigated. The EEI for the microcosm was positively correlated with log-transformed doses of
each toxic agent, and the relationship between them could be fitted by a sigmoid curve. A 50% effect dose for
the microcosm (EDys), at which the EEI became 50%, could be calculated in a similar manner to a 50% effect
concentration (ECsp), which has been regarded as one of important toxicity data in conventional single-species
tests for chemicals. The EDys, made it possible to quantitatively compare effect doses for the microcosm
between y-rays and the other toxic agents concerned. It was therefore expected that the EEI would contribute to
comparative evaluation of effects on natural ecosystems.

1. INTRODUCTION

Ecosystems are exposed to not only ionizing radiation but also other various toxic agents derived from
human activities. Ecological effects of radiation should be therefore evaluated compared with those of
other agents for a scientifically better understanding of radiation for the public. For this comparative
study, ecological effects of radiation and other agents should be evaluated by a common index one
another.

Ecosystems consist of various kinds of organisms, and each species has various parameters, e.g.,
population densities, reproductive rates, mutation frequency and so on, that can be used as endpoints
for evaluation of ecological effects. Therefore, an index that holistically reflects effects on these
various parameters is required for evaluation of ecological effects. For example, when radiation effects
on an ecosystem consisting of 100 species are evaluated adopting their population densities as
endpoints, one will require an index that holistically reflects the radiation-induced population changes
in these 100 species, depending on the importance of each species for the ecosystem itself and/or man.

In this study, we proposed an index for comparative evaluation of ecological effects between ionizing
radiation and other toxic agents, and applied this index to evaluation of effects on the experimental
model ecosystem (microcosm) for validation of usefulness of the index.

2. EFFECT INDEX

As an index we propose, degrees of difference in values of concerned parameters between exposed
and control ecosystems are expressed as the Euclidean distance weighted by ecological importance of
each parameter. That is, the effect index on day 7 after exposure (EI(t)) is defined as follows:

2
_ 0| Pi,con(t) — Pi, Exp(t) o
BI) =100 /3 Wl{ . } [%] )
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where:

n = the number of parameters concerned;
Wi = ecological weighting factors for parameter i. This value depends on importance of each
parameter for the ecosystem itself in the ecocentric principle and for man in the anthropocentric

n
principle. The more important the parameter i is, the larger the Wi value is. D> W; = 1;
=1
Picon(t) = values of parameter i in the control ecosystem on day ¢;
P; gxp(t) = values of parameter i in the ecosystem exposed to a toxic agent on day ¢ after the exposure.

The EI(t) should be averaged for experimental periods, because the time-dependent changes in
parameters are generally investigated for evaluation of ecological effects. As such an averaged index,
the ecological effect index (EEI) is defined as follows:

EEI= L j EI(t) di [%] )
T ),

where:
T = days from the exposure to the end of the observation.

It is expected that the EEI is suitable for quantitative evaluation of effects of a toxic agent on entire
ecosystems, and thus is useful for comparative evaluation of ecological effects between ionizing
radiation and other toxic agents. This expectation is examined using the model ecosystem data as
described in the following section.

3. CASE STUDY — APPLICATION TO THE MODEL ECOSYSTEM DATA

The authors have investigated ecological effects of y-rays [1] compared with other various toxic agents
such as ultraviolet radiation (UV) [2], acidification [3], aluminium [4], manganese [5], nickel [6],
copper [4] and gadolinium [7] using the experimental model ecosystem, i.e., microcosm consisting of
flagellate algae Fuglena gracilis as a producer, ciliate protozoa Tetrahymena thermophila as a
consumer and bacteria Escherichia coli as a decomposer [8]. This microcosm mimics essential
processes in aquatic microbial communities [9]. That is, the microcosm is maintained with
photoenergy which Eu. gracilis fixes by photosynthesis. Metabolites and breakdown products of one
species contribute to growth of the other two species. T. thermophila grazes E. coli as staple food. As a
result of these interspecies interactions, these three species can co-exist for more than one year without
addition of any nutrients. The microcosm can be therefore regarded as a self-sustaining system. Since
effects observed in the microcosm were not only direct effects of toxic agents but also indirect effects
due to interspecies interactions, it is considered that this microcosm ecotoxicity test can evaluate
community-level effects, which cannot be evaluated by conventional single-species tests.

Though effects observed in the microcosm were different in details among the toxic agents, the
following dose-response pattern was commonly observed in most toxic agents we examined: (1) no
effects; (2) recognizable effects, i.e., decrease or increase in the cell densities of at least one species;
(3) severe effects, i.e., extinction of one or two species; and (4) destructive effects, i.e., extinction of
all species [4]. For example, acute irradiation by 50 or 100 Gy y-rays temporarily decreased the cell
density of E. coli. At 500 or 1000 Gy, E. coli died out, and the cell densities of the other two species
were decreased compared with controls. At 5000 Gy, all species died out [1]. For another example, at
1 or 10 uM nickel, the cell densities of all species were not affected. At 100 uM, 7. thermophila and E.
coli died out. At 1000 pM, all species died out [6].

The effect index we propose is applied to these microcosm data. It is thought that ecological
importance of three species constituting the microcosm is the same one another, because each species
plays one of ecologically important roles as a producer, consumer and decomposer, respectively. Thus,
the value of the ecological weighting factor in Eq. (1) is estimated to be 1/3 for each species. The EI(t)
and EEI for the microcosm (Ely(t) and EEIy,) can be expressed by the following equations:
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where:

Nx con(t) = The log-transformed (log;o (N+1)) cell density of species X in the control microcosm on
day ¢

Nx exp(t) = The log-transformed (log;o (N+1)) cell density of species X in the microcosm exposed to a
toxic agent on day ¢ after the exposure;

X = Eu (Eu. gracilis), T (T. thermophila) or E (E. coli).

If a toxic agent does not affect the cell densities of any species for the duration of the experiment, the
EEIy becomes 0%. If a toxic agent extinguishes one or two species just after exposure and does not

affect the cell densities of the other species, the EEIy becomes 58% (= 100 x +/1/3) or 82% (= 100 x
\2/3), respectively. If all species die out just after exposure, the EEIy; becomes 100%.

The EEIy at each dose of toxic agents concerned was calculated by Eqgs (3) and (4). Figure 1 shows
dose-EEly; relationships for y-rays and nickel as typical examples. In general, the EEly was positively
correlated with log-transformed doses of each toxic agent, and the relationship between them could be
fitted by a sigmoid curve. This is similar to a concentration-effect relationship in conventional single-
species toxicity tests for chemicals. In the single-species tests, a concentration-effect curve is
determined by a probit method, and 50% lethal or effect concentrations (LCsy or ECso) of the
chemicals are calculated as one of important toxicity data [10]. Similarly, the dose-EEIy curve in the
microcosm test was determined by a probit method, and a 50% effect dose for the microcosm (EDy;so),
at which the EEI,; became 50%, was calculated for each toxic agent. It is considered that the EDysg
corresponds to the ECs, in single-species tests. The resulting EDyso of each toxic agent is shown in
Table 1. It is considered that the EDy;so is useful for quantitative comparison of effects on the
microcosm between y-rays and the other toxic agents concerned. It is therefore expected that the EEI
contributes to the comparative evaluation of effects on natural ecosystems. However, more case
studies will be required to confirm this expectation.
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FIG. 1. The dose-EEI) (Ecological effect index for the microcosm) relationships.

57



TAEA-CN-109/45

TABLE 1. EDwmso (50% EFFECT DOSE FOR THE MICROCOSM) OF I'-RAYS AND OTHER
TOXIC AGENTS

y-rays UV-C Mn Ni Cu Gd
530 Gy 2100 J/m’ 4100 uM 45 uM 110 uM 250 uM
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Abstract. This presentation gives an overview of the situation in Zambia with respect to the management of
chemicals. A summary description of key pieces of legislation that deal with the protection of human beings and
the environment and their objectives are discussed briefly. The paper gives also a summary description of key
approaches and procedures for the management of chemicals.

1. INTRODUCTION

A strict control in the use of chemicals is one of the ways through which risks to human beings and the
environment can be adequately managed. Controls are put in place through legislation, regulations,
guidelines or codes of practice, as minimum requirements to be observed in handling, use, application,
storage and disposal of chemicals. Legal instruments can contribute to a more efficient approach to the
sound management of chemicals if they are adhered to and enforced.

The laws in place require that chemicals used should be registered. Before a chemical is registered for
use, evidence is required to show that it has been adequately evaluated for toxicity, biodegradability,
persistence and that the chemical will pose minimum adverse effects to the users and the environment.
Registration of chemicals has come at a time when the trade in chemicals has been established for a
long time. Nevertheless, it is envisaged that registration of chemicals will control and regulate the use
of chemicals in the country.

2. OVERVIEW OF NATIONAL LEGAL INSTRUMENTS, WHICH ADDRESS THE
MANAGEMENT OF CHEMICALS

The enactment of the Environmental Protection and Pollution Control Act (EPPA) No. 12, of 1990
was a means of consolidating various pieces of legislation into a single Act in order to cover all
aspects of environmental protection and pollution control in an integrated way. The EPPA covers all
aspects of air, noise pollution, waste management, water pollution control, pesticides and toxic
substances. The Ionizing Radiation Act covers all aspects of importation, exportation, distribution,
commissioning, possession, operation, maintenance, decommission, transportation, storage and
disposal of radioactive substances.

The Food and Drugs Act, Chapter 303 and the Pharmacy and Poisons Act, Chapter 299 ensures that
products meant for human and animal consumption meet acceptable standards of quality, while the
Factories Act seeks to protect workers from any effects of chemicals at the workplace.

3. SUMMARY DESCRIPTION OF KEY LEGAL INSTRUMENTS RELATING TO
CHEMICALS
The principle legal instrument governing chemicals is the EPPA. This Act regulates, inter alia:

—  water pollution by ensuring the quality of water, determining the conditions of discharge of
effluent, and determining standards and analytical methods;

—  waste management through classification and/or analysis of waste and waste disposal methods,
and monitoring and regulating the disposal sites; and

—  pesticides and toxic substances through registration and requirements regarding labelling,
packaging, transportation, general handling, use and safety, and storage and disposal of
pesticides and toxic substances.
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Registration under the EPPA covers all the classes of pesticides and industrial chemicals. The
Pharmacy and Poisons Act covers Class Il poisons and provides for their regulation with respect to
acceptable levels in foods, while Fertilizer Act provides for the control of importation, use, storage and
disposal of fertilizers.

Other aspects of environmental management are still under different authorities, such as the control of
levels of pesticides residues and toxic contaminats in foods, and the transportation of inflammables,
corrosives and chemical poisons. The Tsetse control Act provides for use of insecticides in the control
of tsetse flies in infested areas. Occasionally, outbreaks of any worms and migratory locust entail the
use of large quantities of insecticides.

4. IMPLEMENTATION OF LEGAL INSTRUMENTS

Legal instruments require that chemicals being used do not cause harm to the users and the
environment under normal conditions of use. It is for this reason that the chemicals’ behaviour is
assessed at registration. However, registration only started in Zambia in 1993, and will take some time
to be fully operational. Nevertheless, inspections and monitoring of operational facilities is on going
and it is a requirement that accidents are reported to the relevant authorities.

3. SUMMARY DESCRIPTION OF KEY APPROACHES AND PROCEDURES FOR THE
CONTROL OF CHEMICALS

The major approach to the control of chemicals is through product registration, which is the stage at
which a chemical is assessed for its efficacy, safety in use, toxicity and eco- toxicity, persistence and
behaviour in the environment. At the same time, the label is assessed for accuracy and completeness of
information to the users.

However, the requirements for registration of chemicals came into force only in 1994, although the
business in chemicals has been in existence for a long time. The registration provides for the issuing of
a certificate of registration. Permits are issued for discharge of effluents, transportation of wastes and
for operational disposal facilities.

6. NON- REGULATORY MECHANISMS FOR MANAGING CHEMICALS

Through the Zambia Agrochemicals Association (ZAA), the pesticides industry has a voluntary code
of practice aimed at encouraging members to adhere to certain minimum standards of practice.

The Environmental Management System (EMS) encourages each industrial facility to have in place a
corporate environmental policy, as a way of promoting environmental awareness on the part of
management and workers. The environmental policy is a statement of observance of practices that do
not endanger the environment. This is in the form of internal organizational controls put in place by
the management, with the aim of monitoring other measures.

7. COMMENTS

Most of the overlaps and gaps in environmental management of chemicals have been taken care of by
the enactment of the EPPA and also most of the issues related to radiation protection of human beings
against the effects of ionizing radiation have been taken care of by the Ionizing Radiation Act.

However, available laws in the country do not cover all the foreseeable aspects and there is need for
amendments so that gaps, overlaps and sometimes duplications are looked at so as to ensure adequate
protection of the human beings and the protection of the environment.

REFERENCES
[1] Environmental Protection and Pollution Act, No. 12, of 1990 of the Laws of Zambia.
2] The Ionizing Radiation Act, Chapter 311 of the Laws of Zambia.
[3] Environmental Council of Zambia’s National Profile of Chemicals.
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Abstract. The objective of the present study was to apply a highly sensitive botanical test of mutagenicity (the
Tradescantia stamen-hair mutation bioassay), to assess in situ the biological responses induced by naturally
occurring radiation in the Pogos de Caldas Plateau and in Brazilian radioactive waste deposits. The mutagenesis
was evaluated in environments presenting gamma radiation exposure rates ranging from 1.5 pR.min™ up to
750.0 puR.min"'. The results consistently show only borderline increases in mutation frequencies in plants
exposed to areas with high radiation background, as compared to non-exposed plants. It is concluded that the
levels of natural radiation prevalent in the Pogos de Caldas Plateau are not sufficient to induce significant
increases in mutation rate, even in the extremely sensitive Tradescantia stamen hair mutation bioassay, and that
this mutagenesis evaluation test can be a useful monitoring system for natural radiation exposure.

1. INTRODUCTION

The departure from linearity in the dose-response relationship of radiation effects has important
consequences regarding the uncertainty related to the different parameters used in the evaluation of
potential radiation hazards. Mutagenesis induction is one particularly valuable radiation assessment
parameter, and plants are especially adequate experimental subjects for mutagenesis evaluation, not
only for their amenability to in situ exposure, but also due to the high sensitivity of some plant test
systems, such as the Tradescantia stamen hair mutation assay (Trad-SHM) [1]. The Trad-SHM assay
is, thus, especially suited for the study of complex environmental situations, such as those found on
the Pocos de Caldas Plateau, which has been identified as amongst the most naturally radioactive
locations on the Earth.

The Trad-SHM is a somatic mutation (mitotic) bioassay in which expression of the heterozygous
dominant blue character of the stamen hair cell is prevented, resulting in the appearance of the
recessive pink color [2]. The sensitivity of Tradescantia to the genetic effects of radiation and
chemical agents is widely known [3, 4]. Studies on the effects of very low radiation levels with the
Trad-SHM assay involve a series of exposure situations, from absorbed radioisotopes, radiation-
contaminated substrates [5, 6], and high level background radiation from monazite sand [7]. The
Trad-SHM assay showed to be an adequate genotoxicity bioindicator, both in terms of detecting
radiation exposure, as well as in terms of sorting out the confounding environmental factors that
interfere with biological responses to radiation. In the present study, the Trad-SHM assay was used to
assess the mutagenicity induced by the high levels of natural radiation occurring on the Pogos de
Caldas Plateau and in Brazilian radioactive waste deposits.
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2. MATERIALS AND METHODS

2.1. Exposure “in situ”

The mutagenesis evaluation was carried out in different environments, presenting gamma radiation
exposure rates varying from 1.50 uR.min"' to 100.0 uR.min"', as shown in Table 1. Groups of ten pots
containing flowering Tradescantia plants (clone 4430) were kept in their respective exposure sites for
24 hours. In the mean time, for each exposed group there was one control group kept in controlled-
environment greenhouses presenting a radioactivity background of 1.6 uR.min". These Tradescantia
stock plants maintained in the greenhouses were considered also as the reference to evaluate the
spontaneous mutation frequency for clone BNL 4430. In order to evaluate possible greenhouse effects,
and as a means of ascertaining a more stable set of controls, two Tradescantia stock populations were
kept in two separate greenhouse spaces (the greenhouse itself, and its annex, set to the same
environmental conditions). These plants were cultivated in 5-inch pots containing humus,
supplemented with fertilizer each 15 days (nitrogen-phosphate-potassium), watered every other day
and maintained clean and pest-free by manual scouting and pruning. The radiation level of each of the
exposure sites was determined at the exact same position where the plants were placed, using a 1800
cc ionizing chamber and a radiation monitor controller, models Radcal 10x5 — 1800 and 9015,
respectively. The measure was repeated 10 times for each exposure site.

TABLE 1. EXPOSURE SITES OF TRADESCANTIA PLANTS IN THE POCOS DE CALDAS
PLATEAU AND IN BRAZILIAN RADIOACTIVE WASTE DEPOSITS

Exposure site (Abbreviation) Radiation exposure rate (uR.min™")
Pit Mine (PM) 1.5
Greenhouse (GH) 1.6
Tailing Dam (TD) 6.0
Itataia Ore (Ita) 10.0
Morro do Ferro 1 (MF1) 21.0
Radioactive Waste Deposit (WDa) 33.0
Gallery of Morro do Ferro (Gal) 41.0
Morro do Ferro 2 (MF2) 50.0
Radioactive Waste Deposit (WDb) 100.0
Radioactive Waste Deposit (WDc) 750.0

2.2. Tradescantia bioassay

The Trad-SHM assay applied in the present experiments is a mutation (mitotic) assay in which
expression of the heterozygous dominant blue character of the stamen hair cells is prevented, resulting
in the appearance of the recessive pink color. Details of the experimental methods and a review of the
results obtained with this bioassay are available in Rodrigues, et al., (1977) [4]. For each field
experiment, twenty flowers were evaluated daily, being ten coming from exposed pots and other ten
coming from control (greenhouse) pots. Mutation scoring was performed between the 7" and 13" days
after exposure, in order to allow the exposed flower buds to open as mature flowers in which the
stamen hairs can be observed (under X60 magnification). The number of stamen hairs per flower in
each treatment group was estimated [8], and the number of mutation events per 1000 hairs was
determined. On average, over 3000 hairs were scored for each treatment day. Statistical comparisons
were carried out on the transformed data (y=[sqrt XJ+[sqrt[X+1]) [9], by ANOVA (p<0.05) for the
days of largest mutation frequencies for all the treatments. Specific comparisons between each
treatment and its specific control were carried out by unpaired t-Test (p<0.05).

2.3. Results

Figure 3 shows the mutation frequencies for all the exposure sites and their corresponding controls,
along with each site’s gamma radiation exposure rate.
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FIG. 3. Mutation frequency of the Trad-SHM assay after exposure to different sites of varying natural
radiation levels on the Pogos de Caldas Plateau. Each site is represented by the exposed plants
(dotted bars) and their corresponding controls (slant lines bars), in addition to its gamma radiation
exposure rate (full circles). The (*) symbol indicates statistical significance: p < 0.05. The exposure
sites are as follows: PM - pit mine; TD - tailing dam; Ita - Itataia ore; MF - Morro do Ferro (sites 1
and 2); Gal — Gallery of Morro do Ferro; WD — radioactive waste deposit; GH - greenhouse.

4. DISCUSSION

Many studies have shown that a linear increase in mutation frequency occurs in Tradescantia stamen
hairs exposed to increasing radiation doses [10]. The nonlinear relationship between gamma radiation
exposure and mutation frequencies observed in the present study indicated that other interfering
factors might be having a role in the exposure sites on the Pocos de Caldas Plateau and in Brazilian
radioactive waste deposits. The spontaneous mutation rate of Tradescantia can be affected by several
environmental factors such as light, temperature, nutritional status, and air impurities [11, 12].

The Trad-SHM assay has been employed also to show that important synergistic (mostly additive)
interactions occur between ionizing radiation and chemical agents [3, 13, 14]. In the present study,
however, even though the plants were exposed in situ to environments presenting not only different
gamma radiation exposure rates, but also a whole set of different environmental conditions, only three
sites, the Gallery of the Morro do Ferro (gamma radiation exposure rate of 40 pR.min™"), Radioactive
Waste Deposit a (gamma radiation exposure rate of 33 uR.min"") and Radioactive Waste Deposit ¢
(gamma radiation exposure rate of 750 uR.min™") showed a significant increase in mutation frequency
relative to its corresponding control. The borderline response, showed for most of the exposure sites
studied, indicates that the higher natural radiation levels occurring on the Pogos de Caldas Plateau are
not sufficient to induce significant increases in mutation frequency, even for a sensitive mutagenesis
evaluation bioassay, such as the Trad-SHM.
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New Developments in our understanding of radiation effects in non-
human biota; implications for radiation protection
Comparative radiobiology and radiation protection
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Abstract. Recent advances in our understanding of effects of radiation on living cells suggests that
fundamentally different mechanisms are operating at low doses compared with high doses. Also, acute low
doses appear to involve different response mechanisms compared with chronic low doses. At the biological level
this is to be expected. Chemical toxicity has been known for many years to show these patterns of dose
response. Cell signalling and coordinated stress responses appear to dominate acute low dose radiobiology while
adaptive responses also become important when the dose is protracted. This means that in situations where
cancer induction is not a problem, as is mainly true for non-human biota, the key questions to be addressed
involve the effect radiation-induced responses might have on competitiveness or on ecosystem sustainability.
Also important is information about the interaction between low level radiation and chemical exposures. This
paper discusses our knowledge about low dose radiobiological effects in biota and draws attention to the
problem of defining the important questions relevant for the level of organisation being studied.

1. INTRODUCTION

Actual studies of comparative radiobiology, (other than those relating to man or models used to study
selected aspects of human radiobiology, for example, Nematode, fruit fly and yeast tend to be very
limited. They are mainly found in old literature, and they use extremely high doses, which are
irrelevant to environmental conditions. The endpoint is usually death of the irradiated animal which
really precludes any mechanistic studies.

Where mechanistic studies have been done, these suggest extremely radioresistant responses
(reviewed in [1]). Our group have also studied the radiation response of explants of salmonid skin and
some established fish cell lines using in vitro techniques [2]. These tend to show radiosensitivities
similar to mammalian systems. The crustaceans as a class seem to have been largely ignored in
radiobiological studies Our group has recently commenced a study of crustacean radiobiology using
cultures of haematopoietic tissue from Nephrops norvegicus [3].

The acute response of Nephrops cultures to radiation is interesting. The cultures are more sensitive
than explant cultures obtained from human urothelium, or fish skin, both of which are cultured in the
Dublin Laboratory under similar conditions. While it can be argued that in vitro responses do not
necessarily correlate with in vivo sensitivities, it is likely that the comparative ranking of
radiosensitivities seen in vitro would hold in vivo.

The bystander effect has also been found in explant cultures from crustaceans. To date this has only
been seen in mammalian cells although our group has evidence of an effect in the salmonid (CHSE
line). It is interesting also that vertebrate cells from two classes (Pisces and Mammalia) can respond to
the signal produced by a completely unrelated species in a different phylum.

The data indicating a bystander effect similar in magnitude to the mammalian effect, point to common
cellular mechanisms being involved in the response of these evolutionarily distant groups. The very
sensitive response is unexpected and suggests that at least this species of crustacean may be more
sensitive than expected to low acute doses of radiation. The implications of this for protection of the
environment and species other than man, may need to be considered. There are no laboratory studies
of chronic low dose effects in non-human ( or rodent models) biota. No in vitro work has been done
either. What data are available suggest that adaptive responses may dominate at low chronic doses

(e.g. see [4]).
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2. IMPLICATIONS FOR RADIATION RISK ASSESSMENT

Some of the implications of these considerations for risk assessment and for development of new
protection policies include the following: At present we know that radiation induces the phenomena of
genomic instability and bystander response, described above, in man, other mammals, fish and
crustaceans. This covers all classes in which an effect has been sought. The induction dose required is
low, the effect is fully expressed at acute doses of 3-5mSv for sparsely ionising radiation and one track
trough a population of cells for densely ionising radiation. Action limits for workers in the radiation
industry are in this range but this is for yearly exposures. It is important to realise that no one has
tested lower and maximum expression of delayed effects is already seen at the relatively low doses
tested. There does not appear to be an increasing effect with increasing dose so the effect is relatively
more significant as a risk factor at low doses than at high doses. Delayed reproductive death (lethal
mutations) is a common occurrence in progeny which survive irradiation. This cell loss is probably an
important factor in determining long-term reproductive fitness at the population level. Immune system
components are very sensitive to these delayed effects.We have strong evidence from human in vitro
experiments and mouse in vivo and in vitro experiments that there is a genetic basis for instability and
therefore we suspect that some species/individuals will be more likely to become genetically unstable
after exposure to radiation than others.We do not know how radiation induces instability or what the
mechanism of the bystander effect might be. Such knowledge might enable us to prevent it’s
induction. We do not know if there is a natural mechanism for controlling or preventing the
establishment of cells carrying instability. Research is needed to investigate this and to determine
mechanisms underlying the control of survival and death post irradiation. We do not know what
underlies the apparent genetic or species basis for instability effects. It is particularly important to
determine whether there are different subpopulations of humans and animals and whether these can be
identified by simple screening tests. Again this information would provide possible avenues for
protection of exposed populations such as the use of sensitivity scaling factors.We do not know
whether there is a low dose threshold for genomic instability or the bystander effect. The lowest doses
tested showed, in most cases, maximum expression of the effect. These doses are at the upper limit of
environmental relevance. What happens at lower doses? The concept of “background levels of
mutation” does not apply here since the radiation effect appears to be to raise the background or
intrinsic mutation rate for the whole population of cells for as long as has been measured.We do not
know how other pollutants such as mutagenic chemicals affect unstable cell populations. It is
reasonable to expect higher levels of mutations following chemical exposure if the population already
has a higher susceptibility to mutation induction. Research to clarify this might help to explain why
studies in one area show evidence of “radiation” induced cancer while studies in another area do not.
Radiation may just be facilitating the mutagenicity of another factor. Again knowledge of the
mechanisms and interactions would aid development of logical and effective protection strategies.

3. THE FUTURE?

A new approach which might prove valuable would be to integrate environmental toxicology
including radiotoxicology across a wider range from cell to ecosystem. At each level the questions
which are important are different. For example among humans, the individual life is paramount,
therefore survival of the organism for as long as possible is the goal but for other species, at least in
our anthropocentric view, survival of the species, or sustainability of the ecosystem is sought. Thus the
priotities and needs are very different. Table 1 is an attempt to identify some of the questions that
might need consideration at different organisational levels. The planned departure from a human
centred radiation protection system to one which is environment or ecosystem based will bring many
challenges, not least of which is detaching from the deeply embedded paradigms which dominate
human radiation protection at present.
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TABLE 1. POSSIBLE QUESTIONS OF INTEREST AT DIFFERENT ORGANISATIONAL
LEVELS

Cell- can live or die

Tissue-can function or not

Organism- can survive to reproduce or not

Species-can compete successfully or not

Ecosystem-is sustainable or not

There are different questions and priorities at each level.A sample of possible questions is presented below
Context of a cell in it’s environment-cell’s perspective

Spatial context What are the neighbouring cells doing? Cellular energy budgets and societal responsibilities
Temporal context How long have I got to live? Can I maintain the tissue structure pending repopulation, then
die later? Have I the energy to repair before dividing?

Context of a cell in it’s environment - tissue’s perspective

Spatial context How widespread and dangerous is the damage? What is the minimum cell number necessary to
retain function? What is the minimum to repopulate? Energy redistribution needed?

Temporal context What is the time scale for the above?

Context of a tissue in it’s environment — organism perspective

Spatial context Is it possible to live with reduced function of this organ/tissue? Can a duplicate organ or
different organ compensate Can diet or external factors such as environmental shelter or certain herbs/food help
survival? Can society / the herd / the rest of the colony help or will they kill the weak?

Temporal context How long can I survive with this damage? How long will it take to recover from or repair the
damage? Can I survive long enough to reproduce successfully? Can I hide well enough and for long enough
from predators and not starve before I regain fitness?

Context of an organism in it’s environment — Species perspective

Spatial context How many members of the species can die before its reproductive success is threatened ie what
is a viable unit? What competition is there for territory and is fewer better? What preys on these organisms and
will scarce prey and hungry predators further exercerbate the situation?

Temporal context Are mainly post reproductive members of the species at risk? How long will the population
take to recover? Will reproduction and increased availability of territory lead to repopulation? Over what time
scale? What other species are affected?

Context of a species in its ecosystem — ecosystem perspective

Spatial context How many species are affected? Are they critical or sentinal predators or prey? Is there a
sustainable loss or a wipeout? Are other stressors present and do they interact synergistically? Is the ecosystem
very vulnerable or biodiverse? ie is it worth saving What is man’s role in this environment?- destructive or
remedial?

Temporal context What are the food web dynamics? Is it reproductive time of year for critical groups? Has the
ecosystem any resistance due to previous exposures or have previous/chronic exposures led to adaptation or loss
of biodiversity already?
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Abstract. Well-designed experimental model ecosystem could be a simple reference of the actual environment
with complexity. For ecotoxicological tests of radiation and other environmental toxicants, we made an aquatic
microbial ecosystem in the test tube with autotroph flagellate algae, heterotroph ciliate protozoa and saprotroph
bacteria. For theoretical analyses on the population and mass dynamics of these microbial species, an
individual-based computer simulation model with dynamic energy mass budget theory was developed, and it
showed the mechanisms of the synergistic impacts of acute gamma radiation exposures on their population
dynamics and mass budgets.

1. INTRODUCTION

The ecosystem is a self-sustaining system of complexity. Its 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 ecosystem(s). One of the key issues on the protection of environment from radiation is the
ecological relevance of radiation effects at each endpoint.

Aim of this study is to develop some mathematical and computational ecosystem models to find
advantages and limitations of ecotoxicity tests using the model microbial ecosystem (MICROCOSM)
as a reference of radiation effects on the actual environment.

2. MATERIALS 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) [1-3]. 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 coli
DH35 as a decomposer The culture medium is 10 ml 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. Experimental ecotoxicological tests for gamma radiation [2, 3] were conducted, and
significant impacts on the population dynamics were observed with acute exposures of gamma
radiation at several doses. To analyse these fndings, we developed an individual-based simulation
model (Code: SIMCOSM) using StarlogoT, a computer language for object-based parallel model
(developed and distributed by Center for Connected Learning and computer-based Modeling, North
western University on the web site: http://ccl.northwestern.edu).
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The SIM-COSM has lattice of 10201 patches as spatial environments, each one of the patches
has environmental attributes (pH, O,, CO, (HCO5), NH; (NH,"), dissolved organics, etc.).

Each individual protozoa (Tetrahymena 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 rate, etc.)

Tetrahymena behaves by following optimum foraging strategy to quest for £.coli and eat them
(predator-prey relationship) [5].

Euglena utilizes CO, in the patches and synthesize organic substrates in day time
(photosynthesis).

E.coli utilizes dead protoplasm and metabolic wastes in the patches and break them into
inorganic substrates (CO; etc.) for the use of photosynthesis by Fuglena.

Tetrahymena, Euglena and E.coli respirate O, and release CO,, utilise organic materials and
excrete metabolic materials into the patches.

Tetrahymena, Euglena and E.coli reproduce by cell division (cell cycle, structural biomass), and
die by starvation (reserves mass).

Environment and species are assumed to be verticality homogeneous. Gravity is not taken into
consideration in the SIM-COSM.

Concept of dynamic energy mass budget [4] is illustrated in Figure 2, and its application for
individual-based computer simulation model, SIMCOSM is illustrated in Figure 3 [6].
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FIG. 2. Schemes of dynamic energy budget model in biochemical systems [4].
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3. RESULTS AND DISCUSSION

Population dynamics of microbes in Microcosm and its computer simulations by SIM-COSM are
shown together in Figure 4 (left). To simulate the impacts of acute exposure of gamma radiation, acute
lethal dose (LD50) are adopted to 330 - 170 Gy for Euglena gracilis, 4000 Gy for Tetrahymena
thermophila, and 50 Gy for E. coli-DH5-alpha, which is a highly radiosensitive strain on the basis of
experimental data in the references. For Tetrahymena, metabolism rate is regarded to reduce to 10-30%
by 500 Gy exposure. Population dynamics in Microcosm and SIM-COSM exposed to 500 Gy of
gamma-radiation at 50 days after inoculation are shown together in Figure 4 (right). Taking LD50 of
Tetrahymena into account, extinction of Tetrahymena might be regarded as the secondary effect of the
extinction of E.coli, that is a prey of Tetrahymena. As well, SIMCOSM found the reduction of

metabolism rate of Tetrahymena originated its prolonged survival after exposure of 500 Gy gamma
radiation.
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FIG. 4. Population dynamics of Microcosm [2, 3] and its computer simulations by SIM-COSM (in the
left) and impacts of acute gamma exposure of 500 Gee on population dynamics of microbes.
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4. CONCLUSIVE REMARKS

As to take the effects on the interactions between species and environment into account, ecotoxicity
tests with microorganic ecosystem was recreated as a individual-based computer simulation model for
the analysis of mathematical ecology. Management of environmental impacts of radiation should be
discussed consistently with not only the field surveys but also an experimental model ecosystem
studies and their mathematical analyses.
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Abstract. Among plant species, coniferous plants are particularly sensitive to ionizing radiation. We examined
the effects of X-ray irradiation on cultured cells of Japanese cedar. Cell death in the cultured cells was increased
drastically by X-ray irradiation at 5 Gy, which is as low as the dose inducing radiosensitive programmed cell
death, i.e. apoptosis, in mammalian cells. The advancement of cell death in the Japanese cedar cells was
accompanied by nuclear DNA fragmentation, which is typically observed both in apoptosis of mammalian cells
and in hypersensitive programmed cell death observed in plant cells exposed to various environmental stresses.
The results suggested that radiosensitive cell death should be involved in the susceptibility of coniferous plants
to ionizing irradiation, and furthermore, this death should be a kind of programmed cell death which has a
similarity to apoptosis in mammalian cells.

1. INTRODUCTION

Plants are essential components in ecosystems, which could suffer from ionizing radiations due to
nuclear accidents or radioactive wastes from nuclear facilities. Considerable information is already
available about the relationship between radiation doses and damages in plants [1, 2]. On the other
hand, only a little information is available about the cellular mechanisms relating to the damages. This
is in striking contrast to mammals, in which cellular damages by ionizing irradiation have been
extensively studied, mainly within the context of medical radiotherapy for humans.

The lack of information on plants is partly because many plant species, including agricultural plants,
are so radio-resistant that they are unlikely to be damaged even in the extreme case of a nuclear
accident. However, it is evident that plants have a wide range of radiosensitivities, and damages in
radiosensitive wild plants such as conifers would induce serious effects on ecosystems [1, 2].

In this study, we used a cell culture of a Japanese native conifer, Japanese cedar, to elucidate cellular
effects of ionizing radiation on radiosensitive plants. We show that the coniferous cells develop
radiosensitive cell death from a low dose of X-ray irradiation. This radiosensitive cell death in the
plant cells is associated with a subset of features characteristic of apoptosis, a radiosensitive cell death
in mammalian cells.

2. MATERIALS AND METHODS

2.1. Plant materials

A suspension cell culture of Japanese cedar (Cryptomeria japonica), initiated from young embryo,
was grown in modified CD medium supplemented with 7 uM 2,4-dichlorophenoxyacetic acid and 3
uM 6-benzylaminopurine, and subcultured at 3-week intervals [3]. A suspension cell line (BY-2) of
tobacco (Nicotiana tabacum), initiated from a cotyledon, was grown in Murashige and Skoog’s
medium [4] supplemented with 0.9 uM 2,4-dichlorophenoxyacetic acid and 200 mg L™ KH,PO,, and
subcultured weekly [5]. Both cell cultures were grown in darkness at 23°C.
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2.2. Ionizing irradiation

The cell culture of Japanese cedar was irradiated with X-rays at a dose rate of 0.9 Gy/min by an X-ray
generator (Pantak H-320, Shimadzu Co., Tokyo) 3 days after the cells were subcultured. y-Rays from
a "’Cs radio source were used for irradiation of the tobacco cell culture at a dose rate of 50 Gy/min.
The irradiated cells were sampled 2 days after irradiation for analyses of cell viability and nuclear
DNA fragmentation.

2.3. Measurement of cell viability

Cell viability was assessed based on the ability of cells to exclude the dye, Evans blue. The cells were
incubated with 0.05% of Evans blue solution for 30 min. Dead cells were stained blue with Evans
blue, whereas living cells remained unstained. The stained cells were viewed using a light microscope
(Optiphot, Nikon Co., Tokyo).

2.4. In situ detection of DNA fragmentation

For detection of nuclear DNA fragmentation, a terminal deoxynucleotidiltransferase-mediated dUTP
nick end labelling (TUNEL) assay was performed. The sample cells were fixed in a 4% (v/v)
paraformaldehyde solution for 30 min, and an in situ cell death detection kit using fluorescein (Roche,
Mannheim) was used for the TUNEL assay according to the protocol provided by the manufacture.
The cells were counterstained with 4'-6-diamino-2-phenylindole dihydrochloride (DAPI) to allow
nuclei to be visualized. Fluorescein-derived green fluorescence is produced in TUNEL-positive nuclei
under blue light, whereas DAPI-derived blue fluorescence is produced in every nucleus under UV
light. The labeled cells were viewed using a fluorescent microscope (BX-40, Olympus Optical Co.,
Ltd., Tokyo).

3. RESULTS AND DISCUSSION

Cell death in cultured cells of Japanese cedar and tobacco two days after ionizing irradiation was
visualized by Evans blue stain (Figure 1). Most of the Japanese cedar cells irradiated with 5 Gy of X-
rays were dead (Figure 1A), however cell death was seldom observed in the non-irradiated cells
(Figure 1B). In the case of tobacco cells, on the other hand, no increase of cell death was observed
even by irradiation with 50 Gy of y-rays (Figures 1C and 1D). This indicated that the Japanese cedar
cells were much more radiosensitive than the tobacco cells. We considered that such radiosensitive
cell death as observed in the Japanese cedar cells should develop only in some cells, depending both
on the tissues and the plant species the cells were derived from. This radiosensitive cell death may
relate to the susceptibility to ionizing irradiation in radiosensitive plants such as conifers.

The Japanese cedar cells seemed to be as radiosensitive as some mammalian cells including
lymphocytes, which are one type of radiosensitive cells in mammalian tissues [6]. In such types of
mammalian cells, cell death by low dose ionizing radiations can occur by a gene-driven programmed
cell death, apoptosis. To test whether apoptosis-like cell death is involved in the radiosensitive cell
death of the Japanese cedar cells, we examined nuclear DNA fragmentation, which is a typical feature
of apoptosis, using TUNEL analysis. In the control cells, no DNA fragmentation was found (Figure
2C) in any nuclei (Figure 2D). On the contrary, a drastic increase of DNA fragmentation was detected
in the cells irradiated at 5 Gy (Figures 2A and 2B). The result showed that nuclear DNA fragmentation
coincided with the cell death in the Japanese cedar cells. This indicated that the radiosensitive cell
death in the plant was associated with a subset of features characteristic of apoptosis in mammalian
cells.

Recent studies about stress physiology of plants suggest that nuclear DNA fragmentation is
characteristic of programmed cell death, which occurs as a hypersensitive response to pathogen
infection [7] and abiotic stresses such as ozone exposure [8]. It seems likely that a common
mechanism should work between radiosensitive cell death and hypersensitive responses to other
stresses in plant cells. Comparative analyses are necessary to elucidate the hidden mechanism relating
to the radiosensitive cell death in plants, not only between plants and mammals but also between the
effects of ionizing irradiation and other environmental stresses on plants.
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FIG. 1. Evans blue staining for in situ detection of cell death in cultured cells of Japanese cedar (4, B)
and tobacco (C, D). The cells were irradiated with 5 Gy of X-rays for Japanese cedar (A) and 50 Gy
of y-rays for tobacco (C), and compared with non-irradiated cells (B, D). Dead cells were stained blue

with Evans blue, whereas living cells remained unstained.

FIG. 2. TUNEL staining for in situ detection of nuclear DNA fragmentation in cultured cells of
Japanese cedar. The cells were irradiated with 5 Gy of X-rays (A, B), or not irradiated (C, D).
TUNEL-positive nuclei with DNA fragmentation produced green fluorescence under blue light (4, C),
whereas every nucleus counterstained with DAPI produced blue fluorescence under UV light (B, D).
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Cytogenetic changes at the animals from the territories with the
different concentration of Radon in the above-soil air

I.M. Donnik, R.R. Khaibullin

The Ural State Agricultural Academy, Faculty of the Veterinary Sciences of the Ural
State Agricultural Academy, 42, Karl Liebknecht str., 620219, Ekaterinburg, Russia

Abstract. The article is devoted to the evaluation of the monitoring of the agroindustrial enterprises of the Ural
regions which are situated on the territories, polluted with the radioactive and chemical substances, and 2Rn
among them. The cytogenetic analyses and the level of the incidence of the animals with the oncological
diseases in these unfavorable zones are given.

The radiological situation in the Ural region is dissimilar and in some regions unfavorable. This
trouble is caused not only by the natural environment, but by the activity of the enterprises of the
Ministry of the Atomic Energy and other departments as well.

The natural radioactive background is characterized by the great mosaic caused by the inclusion of
some natural radionuclides such as: ***Th (Thorium), “’K (Kalium), >**U (Uranium), ***Rd (Radium)
and especially *?Ra (Radon) to the geological complexes. The radiational loading from these
radionuclides is high and, first of all, in the places of the granite intrusions. The great number of the
local accumulations of the natural radioactive mineralization was revealed in the Sverdlovsk,
Chelyabinsk and Orenburg regions [4].

At the present time the complex analysis and the summarizing of the ecological investigations are
carried out on the territory of the Urals and it helps us to single out the groups of the ecologo-
radiogeochemical zones. These zones are characterized by the increased level of the natural
radioactivity of the upper part of the lithosphere, underground waters and by the concentration of
*22Rn in the above-soil air. Rn, a heavy gas without color and smell, is the product of the decay of Ra.
It contributes to the natural radioactivity of the environment.

The significant irradiation of the living organisms is conditioned by gas itself and by the products of
its decay. In the Ural regions the vast territories with the anomalous concentration of **Rn in the
above-soil air have been revealed. Radon constantly gets to the environment from the lithological
complexes from the earth’s crust during the decay of the Uranium and Radium contained in the ore.
The greatest amount of Rn is contained in the surface atmosphere, and the higher over the land the less
is its concentration in the air.

The toxic activity is based on the good solubility in water and in the fluids of the organism. During
inhalation “’Rn is evenly distributed in the whole organism but mainly in the digestive system, fat
tissues and in the brain tissues. In these tissues the maximum concentration advances in 10-15
minutes, but in 2 hours only traces of this concentration are left.[3] During such a short period of time
and after disposable entering Rn practically doesn’t effect ruinously the organism. But the constant
introduction of it leads to the dystrophical and degenerative changes of the parenchymal organs.[2]
Some investigations to reveal the radiodangerous areas on agricultural territories were carried out. The
level of Rn was defined by the device “Ramon-01" in the closed and open cattle-raising and subsidiary
placements. The results of the investigations showed that in some settlements of the Urals the level of
the equivalent, volumetric activity of *’Rn was substantially lower then the existing hygienisation and
norms (1 Bk/m’), but in the mountainous regions this level by 52 times exceeded the previous one. In
the notventilated placements of the milk-producing firms the substantial exceeding of the norms was
registered. These radonodangerous areas are hypothetically connected with the great break of the
earth’s crust in these zones.
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One of the negative actions of the ***Rn s its influence on the genetic apparatus of the living animals
[1]. The cytogenetic monitoring of the medulla of the cattle, which spent a long period of time under
the influence of these substances, confirmed the influence of the environment on the organism. The
animals from the zones which were favorable concerning *’Rn were used as the monitoring.

The analysis of these data revealed the reliable difference between animals from different territories
regarding the quantity of anaphases with the reconstruction of chromosomes. It was noted that the
animals from the territories with the increased concentration of **’Rn during the investigation of the
medulla showed the great amount of anaphases with bridges, while cows from the zones with the very
low level of ***Rn more often revealed the anaphases with fragments.

The results of our investigations are coordinated with the data of the genetic investigation on the
rodents in the zone of The Eastern Urals radioactive trace as well as on the cattle from the firms
situated in the river basin of Techa [1, 5].

The investigations carried out on different territories with different concentration of *?Rn showed the
different level of chromosome aberrations among animals. These investigations confirm the negative
effect of influence of *’Rn on the genetic apparatus of the animals. Thus the discovery of the
territories with anomalous concentrations of Rn must become the important link in the system of the
agroecological monitoring of the agricultural enterprises and the forecasting of the state of health of
the productive animals in these zones.
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Drosophila larvae nervous system and the ageing of imago nervous
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Abstract. The analysis of age-dependent change of nervous system activity of Drosophila melanogaster imago
(with use of the test on negative geotaxis) at wild type strain Berlin and strains with mutations of apoptosis
genes arontosa reaper, grim, hid, th', th’, Dep-1""?, Dep-1""" and dArk*” is carried out. It was used
Drosophila individuals, developing in conditions of a chronic low dose irradiation. Besides was studied an
apoptosis level in nervous ganglion of third instar larvae after irradiation and in the control with use of
hardware-software complex DiaMorph Cito (Moscow). The exposition doze was 0.17 sGy/h. The absorbed doze
for one generation (from an embrio stage up to imago start, 10-12 days) corresponded 60 sGy.

It was shown, that the irradiation of strains with the increased apoptosis sensitivity results in elevated nervous -
muscular activity of imago during all experiment periods. At th' strain increase of activity in comparison with
the control in the first week has made 41%, and in two subsequent - about 80%. Last week authentic increase
did not observe. At th* strain statistically significant increase of activity in comparison with the control observed
in the first week of experiment (18%), in the second (67%) and the fourth (88%).

The irradiation of a wild type strain Berlin has caused authentic increase of activity in comparison with the
control for the thirteenth day (on 17%) and for the twentieth day (37%).

At the same time, at strains with the lowered sensitivity to apoptosis: at strain which individuals are
heterozygous in deletion of proapoptosis genes rpr, grim and hid; at strains with dysfunction of proapoptosis
gene dArk; at strains with dysfunction of caspase Dcp-1 (Dep-1""3? and Dep-1""% allels) authentic changes of
nervous - muscular activity it was not shown. Exception has made action of an irradiation on strain with rpr
deletion, at which activity only in the first week after influence increased on 39%.

1. INTRODUCTION

The analysis of the modern literature shows, that Drosophila melanogaster is convenient object for
research of apoptosis role in various natural and induced processes in an organism, both due to the
high level of scrutiny, and due to high conservatism of apoptosis in evolution [1]. However attempts to
carry out complex research of the role of apoptosis genes in life span and ageing regulation with use of
this classical modelling object till now were not undertaken. Postmitotic condition of somatic imago
tissues interferes with regeneration of cellular populations and evidently should show a prospective
role of apoptosis in ageing on this laboratory object [2]. Researches on experimental ageing and life
expectancy differ duration, therefore Drosophila, having short life cycle (2 weeks) and small life span
(about 80 days) is the most convenient object for similar researches. As complex experiments with a
role of apoptosis genes in ageing it was not carried out, therefore results will represent the high
fundamental interest.

Researches of radioinduced life span alteration of Drosophila which is carried out in our laboratory in
1996-2001 years, have revealed interrelation between mutations of apoptosis genes (reaper, th, Dcp-1)
with low doses ionizing irradiation and speed of ageing.

In the given work investigated the apoptosis level in nervous ganglion of the 3d instar larvae and age
changes of nervous system activity under the test on negative geotaxis at laboratory strains of
Drosophila melanogaster with mutations of apoptosis genes reaper, grim, hid, th and dArk after a
chronic irradiation in low dozes (60 cGy for generation) on preimago stages.
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2. MATERIALS AND METHODS

The following Drosophila laboratory strains were used:

(1)  wild type strain Berlin;

(2) strains with increased sensitivity to apoptosis:

—  strain 618 bears defect in a apoptosis inhibitor gene diap-1/th and has a genotype th1/thl;

— strain 5053 is characterized by loss of function of th, that results in reduction of ability to
apoptosis induction and has a genotype th*/TM6C, Cu' Sb' Ca';

(3) strains with decreased sensitivity to apoptosis:

—  strain 1576 is characterized by loss of site H99 on the third chromosome, bearing proapoptotic
genes reaper, grim and hid and has genotype Df(3L)H99,kni(ril)p[p]/TM3,Sb[1]; this defect
results in sharp reduction of the apoptosis induction ability;

—  strain 11041 shows reduction of an apoptosis level because of loss the activity of proapoptotic
gene dArk (dApaf-1); has a genotype yl w67c23; P{w+mC=lacW}1(2)k11502k11502/CyO;

— 11179 differs by broken expression of gene Dcp-1 coding effector caspase and has a genotype
cnl P{ry+t7.2=PZ}Dcp-102132/CyO; ry506;

— 10390 bears the same changes in apoptosis regulation, as 11179 and has a genotype y1 w67c23;
P{w+mC=lacW } Dcp-1k05606/CyO.

Assuming, that differences in life span after experimental influence is caused by distinctions in an
nervous cells apoptosis induction, in the present work the level of apoptosis after an irradiation in wild
type strain with use of luminescent microscopy of nervous ganglion after acridin orange staining is
investigated. For analysis of results used hardware-software complex "DiaMorth" (Russia).

Age changes of nervous - muscular activity is applied by gerontologists as a parameter of speed of
ageing (so-called behavioural ageing) on a level with the life span [3]. Its reduction in advanced ages
is evidence of direct correlation of the given parameter with ageing. There is a set of versions of tests
for Drosophila activity, successfully used by gerontologists: age dynamics of spontaneous locomotion
activity, patterns of moving, the climbing assay, the maximal locomotion activity [4]. Delay of activity
decrease with age in comparison with the control testifies to reduction of ageing rates. At the same
time the acceleration of activity loss is evidence of increase in ageing speed.

With the purpose to study the ageing speed of strains under investigation after irradiation and in the
control estimated age - dependent dynamics of nervous - muscular activity of imago, having applied
the test on negative geotaxis [4]. Each variant included about 50 males at the beginning of the
experiment. We used vertically located glass tube (50 sm length and 1 sm diameter).

The statistical significance of differences between irradiated samples and control was estimated with
use independent t-test.

3. RESULTS

The accelerated ageing of nervous system, resulting in reduction of life span, should correlate with
decrease of activity of nervous system. Using the test on geotaxis, we have shown correlation between
differences of age dynamics of nervous system activity after irradiation and genotypes of the strains
with apoptosis mutations.

It was shown, that the irradiation of strains with the increased apoptosis sensitivity results in elevated
nervous - muscular activity of imago during all experiment periods (Figure 1). At 6/8 strain increase
of activity in comparison with the control in the first week has made 41%, and in two subsequent -
about 80%. Last week authentic increase did not observe. At 5053 strain statistically significant
increase of activity in comparison with the control observed in the first week of experiment (18%), in
the second (67%) and the fourth (88%).
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The irradiation of a wild type strain Berlin has caused authentic increase of activity in comparison
with the control for the thirteenth day (on 17%) and for the twentieth day (37%) (Figure 2).

The irradiation of strains with the lowered sensitivity to apoptosis induction has not resulted in
statistically significant effect (Figures 3 and 4). Exception has made action of an irradiation on a line
1576, at which activity only in the first week of influence increased on 39% (Figure 3).

It is important to note, that strains 618 and 5053 bear defect of the same gene th (allels th’ and th’
accordingly) and are characterized by the raised apoptosis induction. Probably it is the reason of their
similar reaction in reply to an irradiation (substantial growth of nervous - muscular activity) during all
experiment that the most expressed since the second week when processes of natural ageing
presumably should become more active.

In spite of the fact that in wild type strain Berl/in the authentic increase of the nervous - muscular
activity also is marked, the given effect is less expressed, than at strains with the increased apoptosis
sensitivity.

However, at strains with the lowered apoptosis induction /576 (individuals is heterozigous on deletion
of proapoptosis genes rpr, grim and hid), 11041 (loss of function of proapoptotic gene dArk),
Dcp-1""77 and Dcp-1""" (caspase Dcp-1 dysfunction) authentic changes of nervous - muscular
activity was not revealed.

4. DISCUSSION

As we made new approach to studying a role of apoptosis in ageing - influence on preimago stages,
we observed the delayed role of apoptosis induction on ageing speed. Basing on above stated results,
and also on the fact of essential increases of an apoptosis level in the larvae nervous system after
irradiation (Figure 5), we put forward the following assumption. It is possible, that any tissues include
cells with diverse sensitivity to damage. One cells have more powerful reparation system and
antioxidant protection, whereas others - much weaker (for example, owing to somatic mutations of the
appropriate genes). It is probable, that cells with the weakened protection will accumulate damages
and to be exposed to ageing with the greater speed, than steady cells. Plenty of such potentially
dangerous cells in a tissue will determine the premature or accelerated course of age - dependent
degenerative and atrophic changes. However in tissues with the raised sensitivity to apoptosis
induction (strains 6/8 and 5053) irradiation on preimago stages will result in elimination of cells with
the weakened protection that delayed ageing changes at imago. At wild type strain Berlin we also
observed reduction of ageing speed after irradiation, however considerably less expressed, than at
strains with the raised apoptosis sensitivity. At the same time, at strains with the lowered sensitivity to
apoptosis: at strain which individuals are heterozygous in deletion of proapoptosis genes rpr, grim and
hid; at strains with dysfunction of proapoptosis gene dArk; at strains with dysfunction of caspase
Dcp-1 (Dep-1""? and Dcp-1""%" allels) authentic changes of nervous - muscular activity it was not
shown. That is it is possible to assume, that at apoptosis tolerant strains the offered mechanism does
not function.

Thus, the received results possibly testify, that apoptosis induced on preimago stages can act in a role
of the original mechanism of antiageing, eliminating potentially dangerous cells with the weakened
system of a reparation or antioxidant protection.

In connection with the received facts arise three problems, which are necessary for solving:

(1)  Whether the marked effects are observed at irradiation in others (lower or higher) dozes or at
treatment with chemical apoptosis inducers?

(2)  Whether they are shown in others, not postmitotic, renewed tissues?
(3)  Whether they are possible at not postmitotic organisms (for example, mammals)?

The described facts induce on interesting reflections about ways of therapeutic antiageing. Methods of
antiageing existing nowadays are based on maintenance of stability and prolongation of weakened
cells life, however indefinitely to stabilize the broken mechanism it is impossible. At the same time,
the cells predisposed to damage accumulation, can not only have accelerated senescence, resulting to
atrophic changes in tissues, but also can be blasttransformed. Being based on discussion of our data,
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we assume other two approaches to antiageing problem: the most simple and dangerous way of
therapeutic antiageing - an induction of self-liquidation of the weakened cells at stages of organism
development, previous to activation of ageing processes; the second, more reliable and difficult way -
selective support of functioning of cells with powerful reparation and antioxidant system, their
activation of proliferative potential (if it is not cells from postreplicative tissues and organisms) and
suppression of proliferation potential of the weakened cells.
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FIG. 1. Age-dependent dynamics of nervou- muscular activity of imago after irradiation of strains 618
and 5053 with the increased apoptosis sensitivity. * p<0.05, ** p<0.01.
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FIG. 2. Age-dependent dynamics of nervous-muscular activity of imago after irradiation of wild type
strain Berlin. * p<0.05.

1 Control
@ Irradiation

Maximum walking speed (cm/s)
(o]

1576 strain 13 20 21

Age (days)

O Control
@ Irradiation

Maximum walking speed (cm/s)
oo

7 13 20 27
Age (days)

11041 strain

FIG. 3. Age-dependent dynamics of nervous-muscular activity of imago after irradiation of strains
1576 and 11041 with the decreased apoptosis sensitivity. ** p<0.01.
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FIG. 5. Apoptosis level in nervous ganglion of Drosophila melanogaster third instar larvae at wild
type strain Berlin in the control and after gamma-radiation (60 cGy for generation). The apoptosis
level was estimated by quantity of points (pixels) with a yellow - red luminescence after acridin orange
staining for each field of a video camera review. Difference in comparison with the control is
statistically significant (p<0.05).
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Abstract. A radioecological investigation of technogenic landscapes of Aldan Upland (east region of Russia)
showed that the main factor responsible for their contamination with uranium and radium is radionuclide
dispersal by air with products of rock weathering. Coefficients of biological absorption by plants decrease with
an increase in contamination level. Radiation load is mainly determined by background gamma-radiation. The
contribution of internal irradiation accounted for by incorporated radionuclides does not exceed 16%.
Manchurian alder seeds (Dushekia fruticosa Rupr.) produced under conditions of contamination are more viable
than those from the control plot. The seed generations of plants growing under condition of chronic irradiation
are highly radioresistant.

1. INTRODUCTION

Prospecting and exploitation of uranium ore deposits can result in the formation of contaminated zones
with an increased content of natural radionuclides. Such zones have been formed around numerous
dumps of rocks enriched with uranium and products of its decay, which are found in mountain-taiga
landscapes of east region of Russia within the Aldan Upland. The living components of ecosystems
are exposed to chronic irradiation at small doses. The accumulation of natural heavy radionuclides
(NHRN) by plants depends on their biological features and on the quota of movable forms of elements
in the soils. Consequences of the effects of small doses are still debated. In this paper we submit the
results of a complex radioecological investigation of technogenic landscapes, which allowed us to
reveal specific peculiarities of ***Ra and **U distribution in soil and plants and estimate their
biological effect on plants.

2. MATERIAL AND METHODS

Studies were performed in the central Aldan Upland at elevations of 700 to 800 m above sea level, in
the middle taiga zone. Uranium deposits located in this area are of the hydrothermal hydrosomatic
type [1]. Geological prospecting for uranium ore deposits, which continued for 30 years, resulted in
significant technogenic disturbances at numerous sites located mainly in mountain canyons drained by
small rives. The slopes are covered with mixed forests consisting Larix sibirica L., Picea obovata
Ledeb., Pinus pumila Regel., Dushekia fruticosa Rupr. Betula lanata Regel. Chosenia macrolepis
Turcz. The slope of a hill located no less than 3 km away from disturbed sites was chosen as a control
area. Soil sections were cut within and beyond contaminated zones and soil samples were taken from
the major horizons. Plant samples were taken in two or three replications in the immediate vicinity of
soil sections.

The content of ***Ra was determined using multichannel gamma-analyzer with scintillation detector
(measurement error below 30%). >**U was determined photocolometrically using the reagent arsenazo-
I (error 20%). Uranium and radium in different physicochemical forms were extracted out of soil by
conventional methods. Background gamma- and beta-irradiation was measured with SRP-68-01
radiometer and PSP-101M “Poisk-Pripyat”. In calculating radiation loads on biota we distinguished
contributions of internal and external irradiation and took in to account specific features of alpha- and
beta-emitters.
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The biological effect of enhanced background radiation was estimated using the seeds of Dushekia
fruticosa growing at sites with different levels of gamma-radiation: 20-40, 100-150, 200-300, 400-
500, 600-700, 800-900 and 100-1100 puR/h. At each site, seeds were collected from 5-12 plants. This
allowed us to evaluate both average viability of the progeny and individual variation of several
parameters of growth. Chromosome aberrations in root meristem cells were analyzed in preparations
stained with acetoorcein (approximately 500 anaphases in each variant). The level of plant adaptation
to radiation depending on its intensity during seed formation was studied using additional provocative
gamma-irradiation (apparatus with “’Co emitter, dose rate 15.7 R/s).

3. RESULTS AND DISCUSSION

In soil of control areas ***Ra content varied from 4.9 to 5.2 x 10”7 mg/kg, and ***U content, from 03. to
1.3 mg/kg. In the contaminated zone, ***Ra and ***U contents in the forest litter and the upper soil
profile exceeded those concentrations by approximately one and two orders of magnitude respectively.
At depths more than 30 cm, contents of these radionuclides in disturbed and control areas were equal.
It is means that uranium and radium enter the soil mainly with dispersed products of rock weathering
carried by the air from dumps.

Concentrations of ***Ra and ***U in the woody and herbaceous plants growing in the working areas
exceed the control level by factors of 15-20 and 4-7 respectively (Table 1).

However, coefficients of biological absorption (CBA), calculated as ratio of radionuclide
concentrations in plant ash and the substrate proved to be lower in the contaminated area than beyond
them. Special study showed that radionuclides at concentrations equal to their clarke values are highly
mobile and accessible for plants. Directly assessing the proportions of exchangeable and acid-soluble
forms, it was found that the concentration of forms accessible for plants increases with distance from
the dump [2].

It was important to estimate the roles of exposure to internal radiation (by incorporated radionuclides)
and external radiation with regard to gamma- and beta —components separately. External gamma-
radiation was measured using an SRP-68-101 radiometer. Contribution of external beta radiation was
calculated by the formula D=8.10 E qg(h). E is average energy of beta-irradiation (1.3 MeV); ¢ is
density of beta particles; 4 is distance from the soil surface (100 cm); g(h) is function reflecting the
absorption of beta-radiation by the air [3].

Internal radiation dose was calculated by the formula D=51.2 E C Q. E is mean energy of particles per
decay, MeV; C is isotope concentration in tissue; Q is a coefficient of quality, which is 10 for alpha
and 1 for beta particles [4]. The data shown that gamma-radiation accounted for 71-86.4% of total
dose, the contribution of external beta-radiation was approximately 9.5% (Table 2). The contribution
of incorporated ***U, ***Ra and *’Th to the total radiation load varied from 0.01 to 16.2%. This
proportion decreased with an increase in the level of contamination. Below we will only refer to the
power of background gamma-radiation, as its effect is the greatest.

TABLE 1. CONTENTS OF ??°RA AND ***U IN PLANT ASH

Species Part of plant ®Ra.n Sollz)tsnt, mg/kgmU TR, CBA =
Control area
. . Leaves 20+4 0.9+0.2 4.5 0.7
Dushekia fruticosa g2 hes 36+3 1.4+0.3 8.1 1.1
Herbaceous plant Above ground parts 2145 1.0£0.5 4.7 0.8
Technogenic zone
Dushekia fruticosa Leaves 429+52 5.0+0.2 0.4 0.05
Branches 700+15 8.2+2.1 0.7 0.09
Herbaceous plant Above ground parts 310+27 4.3£0.3 0.3 0.04
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TABLE 2. RADIATION LOAD ON MANCHURIAN ALDER GROWING IN DIFFERENT SITES
(100 CM ABOVE THE SOIL SURFACE)

Total dose, Internal radiation, nx107%, uSv/h External radiation, nx1072, uSv/h
nx107, uSv/h By *Ra “2Th gamma beta
21 0.6 34 0.08 15 2
(100%) (2.9%) (16.2%) (0.4%) (71%) (9.5%)
1100 12 35 0.08 950 103
(100%) (1.1%) (3.1%) (0.007%) (86.4%) (9.4%)

TABLE 3. VIABILITY OF DUSHEKIA FRUTICOSA SEEDS IN DEPENDENCE ON THE LEVEL
OF BACKGROUND RADIATION IN THE AREA OF GROWTH

Gamma-background, Germination Survival, % Leaf formation, % Chromosome

nx10”, uSv/h energy, % aberrations, %
20-40 19.6+4.2 38.24+5.3 23.0+£3.7 2.5+1.7
100-150 19.0+4.1 31.843.6 19.0+£2.8 7.5+£2.1
200-300 32.3£2.3 53.7+2.7 33.7£2.4 3.6£2.1
400-500 32.0+£3.8 53.442.9 32.243.1 3.3+2.6

600-700 30.6+4.0 55.844.3 41.3+3.2 -

800-900 41.5+£3.6 58.3+3.5 37.0+4.8 49423
1000-1100 37.1+4.6 52.54£3.5 43.7+4.7 2.3+1.3

The biological effect of enhanced radiation was studied using an example Dushekia fruticosa. It is the
first species spontaneously occupying disturbed areas. To characterize seed progeny, we used a
complex of morphological and cytological criteria (Table.3). The results showed that seeds collected
from the control areas had lower germination energy and survival. This parameter did not correlate
with seed weight. Analysis of variance confirmed significance of differences between seed progenies
collected from different plants (5-12 from each cenopopulation) (F = 38.34 at F»; = 6.98) and showed
that the effect of radiation environment on the viability was also significant (F = 5.80 at Fyyy; = 4.82).

The number of plants with true leaves emerging one month after germination is the principal criterion
characterizing the onset of apical meristem functioning in seedlings. The process of leaf formation
developed more successfully in samples from contaminated area. And it was confirmed statistically (F
=29.44 at Fo,()] = 482)

The analysis of chromosome aberrations in root meristem is narrow and includes chromosome
fragments. On the whole, no significant effect of radiation on the frequency of aberration in the seed
progeny was revealed (F = 0.70 at Fjys = 2.4). We can establish only a tendency to the rise of
chromosome damages. By all criteria, the linear dependence of the quality of seed progeny on
background radiation level in the areas of maternal plants growth proved to be absent. This situation is
typical for the effects of small radiation doses on living organisms.

Thus the results of our studies demonstrated that Manchurian alder seed formed under conditions of
enhanced background radiation are more viable. We can conclude that chronic irradiation of seed
progeny within maternal plants has a stimulating effect.

In the paper [5] the authors described the effects of radiation on vegetating Manchurian alder plants
from the areas in which we collected seeds. They found that peroxidaze does not play any significant
role in the system of antioxidant protection, and the main agents are low-molecular antioxidants. In
areas with enhanced background radiation their content in leaves increased from 59 to 170 pg-
equiv./g, and the protein content per gram leaf tissue also increased.

The data in Table 3 allow us to understand in more detail the enhanced viability of seeds formed under
conditions of NHRN contamination.

&9



TAEA-CN-109/32

It was interesting to assess the level of adaptation to radiation exposure in the seed progeny and its
dependence on conditions of maternal growth and the general viability of seeds (Figure 1). The results
indicated that the seeds collected in areas strongly contaminated with NHRN were more viable and
radioresistant than seeds from the background area. Analysis of variance also confirmed that
conditions of seed formation have a statistically significant effect on radioresistance (¥ = 8.18 at F,
= 4.20). This may be evidence that these seeds have some specific physiological and biochemical
features resulting from their preadaptation to radiation effect within maternal plants.

/350Gy
/100 Gy
— 150 Gy
140 control
120
100 | S — T %*‘I‘

Survival, % of control

80
60
40
20
0 ' ' ' ' ' ' '

20-40 100-150  200-300  400-500 600-700  800-900 1000

Background radiation, uR/h

FIG. 1. Effect of provocative irradiation of Manchurian alder seeds at doses of 50, 100 and 150 Gy on
the survival of seedlings depending on level of background radiation in areas of maternal plants
growth.
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Effects of ionizing radiation to aquatic organisms
The EPIC Database

T.G. Sazykina, A.I. Kryshev
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Region, 249038 Russia

Abstract. The paper presents overview of the data from the EPIC database “Radiation effects to biota”,
outlining the effects of radiation exposure in aquatic organisms. The EPIC database has been compiled as part of
the current EC Project EPIC (Environmental Protection from Ionizing Contaminants in the Arctic). The EPIC
database is based on information from publications in Russian (Russian/(Former Soviet Union) data). The
effects are grouped by several key endpoints: morbidity, reproduction, mortality/life shortening, cytogenetic
effects, stimulation, and adaptation. In general, data are focused on the effects in aquatic organisms at relatively
low doses of chronic radiation exposure. A preliminary dose-effects relationships for aquatic organisms has been
collected.

1. INTRODUCTION

The EPIC database “Radiation effects on aquatic biota” is compiled as part of the current EC Project
EPIC (Environmental Protection from Ionizing Contaminants in the Arctic). The EPIC database is
based on information from publications in Russian (Russian/(Former Soviet Union) data). The
database is focused on the effects of chronic/lifetime radiation exposure; this information is of great
importance for the purpose of establishing the permissible dose limits to biota. The EPIC database is to
be completed by the end of 2003 [1].

2. DESCRIPTION OF THE EPIC DATABASE

The EPIC database is constructed in form of electronic tables Microsoft Excel, accompanied by
extended text abstracts (Microsoft Word files with more detail description of each effect), which can
be accessed using a hyperlink option. A special format of the database has been developed to provide a
possibility to analyze the ‘dose-effects’ relationships for different types of biota, and impact scenarios.
The information in the database is arranged in such a way, that one item of effect (one record in the
base) corresponds to one case of exposure. The supplemental extended abstracts are prepared also in a
unified format, each abstract describes one experiment or field study [2, 3]. The effects are grouped by
several key endpoints: morbidity, reproduction, mortality/life shortening, cytogenetic effects,
stimulation, and adaptation.

Estimations of dose rates and absorbed doses to aquatic organisms, presented in the database, follow in
general the original publications, where data on radiation exposure of organisms were obtained from
direct measurements or dose calculations. If the information on radiation exposure was not provided in
the original publication, reconstructions of doses were made from data on radionuclide concentrations
in aquatic organism and its environment, using appropriate dosimetric models [4—6].

At present, the EPIC database on the radiation effects to aquatic organisms (EXCEL table
“EPIC_AQUATIC”) includes 515 records from 121 publications. The effects on the following aquatic
organisms are represented in the database:

(a)  Fish and fish eggs — 332 records;
(b)  Molluscs and other benthic invertebrates — 112 records;

(c)  Zooplankton and microplankton — 71 records.
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Most of records in the aquatic database refer to the laboratory experiments — 74%; data from the
Chernobyl zone comprise about 11% of records; data from the Kyshtym contaminated area represent
about 15% of records. Representation (in %) of different types of effects (umbrella endpoints) in the
database ‘“Radiation effects to aquatic organisms” is the following:

(a)  Effects on morbidity — 5% of records;

(b)  Effects on reproduction — 35%;

(c)  Mortality/life shortening - 17%;

(d) Cytogenetic effects — 5%,

(e)  Others (stimulation, adaptation, etc.) — 7%;
()  No effects on exposure — 31%.

Among aquatic organisms the most extensive studies were carried out on fish and fish eggs. The usual
organisms studied in the laboratory experiments were small aquarium fish or young fish of different
species, which could survive in laboratory conditions. For a long time fish eggs were the most favorite
objects of investigation, because the development of fish embryos could be easily observed. However,
fish eggs were found to be sensitive to any defects in artificial incubation (oxygen and temperature
conditions, etc.), which could result in misinterpretation of radiation effects in the early publications.
The results of modern experiments with fish eggs are more reliable, because the technique of
incubation was considerably improved. The long-term observations of radiobiological effects on fish
have being carried out in the most contaminated lakes of the Kyshtym radioactive trace (Lakes
Berdenish, Uruskul and others), and in the highly contaminated cooling pond of the Chernobyl NPP.

3. EFFECTS ON MORBIDITY OF AQUATIC ORGANISMS RESULING FROM RADIATION
EXPOSURE

Effects of chronic radiation on morbidity of aquatic animals include the deterioration of various
physiological and metabolic characteristics, which lead to a decline in health and well-being of the
organisms. They represent early signs of the reduced fitness of organisms. The following specific
effects were identified as effects on the morbidity of fish (effect code — “MB”): negative changes in
blood composition; weakening and delay in immune response to bacterial/viral infection; weakening
of the resistance to parasite infestation; negative changes in functioning of organs and tissues, etc.

The EPIC database contains the records, describing the radiobiological experiments on the effects of
radioactivity on various parameters of immunity of aquatic organisms, as well as field observations of
the health of fish and other organisms. In the natural conditions, the effects of radiation on fish
immunity manifest themselves by an increased percentage of organisms in the population infested with
parasites, and subjected to various infections; usually these effects are not linked with the radiation
exposure.

4. RADIATION EFFECTS ON REPRODUCTIVE SUCCESS OF AQUATIC ORGANISMS

The following specific effects were identified as effects on the reproductive success of aquatic
organisms (effect code — “R”): increased number of abnormalities and mortality in developing
embryos of fish; morphological and functional abnormalities in gonads; sterility; teratogenic effects;
and, decrease in the production of healthy progeny by irradiated organisms. The records in the EPIC
database, demonstrating the effects of chronic radiation on reproduction of aquatic organisms refer
mainly to lifetime experimental studies and to long-term observations of fish in natural water bodies
highly contaminated with radionuclides. Numerous experiments on effects of acute exposure on
development of fish eggs are also included in the database.
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5. EFFECTS OF CHRONIC RADIATION ON MORTALITY AND LIFE SHORTENING

At low doses, an increase in mortality cannot be observed directly, but mortality usually manifests
itself in the form of a reduction in age-dependent survival. The effect of life shortening may be a
cumulative result of effects on morbidity, as well as abnormalities in reproduction, and cytogenetic
damages. In the EPIC database, the records on life shortening include the results of lifetime
experiments with aquarium fish, also observations of age-structure of fish populations dwelling for
many generations in highly contaminated water bodies.

6. CYTOGENETIC EFFECTS OF RADIATION

Cytogenetic effects are known to be sensitive indicators of radiation damage in living cells. The EPIC
database includes records of cytogenetic studies for fish eggs, fish, molluscs, and other organisms. The
cytogenetic effects were detected at dose rates above 10° Gy d”', and at all higher doses.

7. PRELIMINARY SCALE OF DOSE-EFFECTS RELATIONSHIPS

The results of chronic experiments and observations, compiled in the EPIC database, provide a
possibility to develop a preliminary scale of dose-effects relationships for fish from northern and
temperate climatic zones. The approximate threshold levels of chronic exposure above which specific
types of effects can be detected, are the following:

(a) At dose rates below 10-5 Gy d”' no effects, or weak stimulation in aquatic organisms;

(b) Dose rates 0.5-1 mGy d' with accumulated doses above 0.05-0.2 Gy are threshold levels for
appearance of first changes in fish blood, and early signs of decrease in immune system; at
lower dose rates (less than 0.5 mGy d') the organisms seemingly are able to adapt provisionally
to radiation with gradual restoration of health parameters;

(c) Dose rates 2-5 mGy d' with accumulated doses above 1.5 Gy are threshold levels for
appearance negative effects on the reproduction system of fish ;

(d) Dose rates 5-10 mGy d”' of chronic lifetime exposure lead to life shortening of adult fish;

() At dose rates 10-2 — 10-1 Gy d”' symptoms of radiation sickness are developed in fish, sterility
of fish, considerable increase of abnormalities in fish eggs, increase of mortality;

(f) At dose rates 10-1 — 1 Gy d' high lethality of fish, decrease of lifetime of Daphnia, high
mortality of fish eggs and pond snail’s eggs;

(g) Doses 5-10 Gy (acute exposure) results in high mortality of fish and fish eggs;

(h) 100200 Gy (acute exposure) - mortality of some zooplankton species, decrease of biodiversity
in zooplankton association;

(1)  200-500 Gy (acute exposure) - total mortality of zooplankton, mortality of some phytoplankton
species; stimulation of bacterioplankton.

With the increase of radiation exposure, different groups of effects are summarized in organisms, i.e.
several types of effects can be found in one organism. The evaluation of dose-effects relationships for
aquatic organisms provides a basis for establishing permissible levels of radioactivity in aquatic
environments, ensuring protection of even the most sensitive organisms and populations.
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Abstract. The paper presents the general characteristics of the terrestrial part of the EPIC database “Radiation
effects to biota”, outlining the effects of radiation exposure in terrestrial animals. The EPIC database has been
compiled as part of the current EC Project EPIC (Environmental Protection from Ionizing Contaminants in the
Arctic). The EPIC database is based on information from publications in Russian (Russian/(Former Soviet
Union) data) on radiation effects for species inhabiting northern and temperate climatic zones. The effects are
grouped by several key endpoints, which are important for well-being and survival of natural populations
(morbidity, mortality/life shortening, etc.). Special attention is given to the effects in animals at relatively low
doses of chronic radiation exposure. A preliminary dose-effects relationships for terrestrial animals has been
developed.

1. INTRODUCTION

The EPIC database has been compiled as part of the current EC Project EPIC (Environmental
Protection from Ionizing Contaminants in the Arctic), and will be finalized in 2003 [1]. The EPIC
database is based on information from publications in Russian (Russian/(Former Soviet Union) data)
on radiation effects for species inhabiting northern and temperate climatic zones.

The general database is subdivided into two parts [2]:

(a) Database on the radiation effects to terrestrial organisms with subdivisions, e.g. “terrestrial

9 ¢ 9 ¢

animals”, “soil fauna”, “plants”;
(b)  Database on the radiation effects to aquatic organisms.
This paper outlines the characteristics of the terrestrial subdivision of the EPIC database, namely the
collection of radiation effects to terrestrial animals.
2. DESCRIPTION OF THE EPIC DATABASE

The special format of the database has been developed to provide one a possibility of analyzing the
“dose-effect” relationships by mapping the calculated dose onto a given effect. The EXCEL tables
with the database ‘“Radiation effects to biota” have a unified format, consisting of 12 vertical columns
and horizontal rows. The following information is given in each record: type and name of organism;
type of radiation impact; radionuclides with concentrations in organism and environment; dose rate
and accumulated dose; radiobiological effect and its code in the base; reference; link to relevant
extended abstract.

At present, the database on the radiation effects to terrestrial animals (EXCEL table
“EPIC_TER ANIMALS”) includes 428 records from 113 publications. Effects on the following types
of terrestrial organisms are represented in the database:

(a) Mammals — 361 records;
(b)  Birds — 20 records;
(¢) Insects — 28 records;

(d)  Amphibia and reptilia — 19 records.
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The largest amount of data refers to the radiation effects from the Chernobyl accident (52% of
records), 26% refers to the area contaminated as a result of the Kyshtym accident; 10% refers to the
areas of high natural radioactivity in the Komi Republic in Russia; laboratory and other studies
comprise 12% of the database “radiation effects to terrestrial animals”. Proportions of different types
of effects (umbrella endpoints) in the database ‘“Radiation effects to terrestrial animals” are the
following:

(a)  Effects on morbidity — 13% of records;
(b)  Effects on reproduction — 9%;

(¢)  Mortality/life shortening - 9%;

(d)  Cytogenetic effects — 23%;

(e)  Ecological effects — 7%;

(f)  Others (stimulation, adaptation, etc.) — 2%;
(g) No effects on exposure — 37%.

There are several territories in Russia/FSU, which are characterized with high levels of radioactivivity.
Among these territories are the following: territory contaminated in 1957 as a result of Kyshtym
accident; Chernobyl zone, impacted by the Chernobyl accident in 1986; numerous local areas of high
natural radioactivity were revealed in Komi Autonomic republic in Russia. Numerous radiobiological
investigations have been made in these areas, these large territories constitute the unique grounds for
studies of radiation effects on natural life, which is not separated from stresses and risks of natural
habitats.

Among terrestrial animals, most extensive studies were performed on small mammals, such as mice,
voles, and other mouse-like rodents. These species form numerous populations, they can be easily
caught from wild populations. The lifespan of mice/voles is about 1-1.5 years, so the investigations
can be carried out for many generations of organisms. Mice are settled animals, they do not
accomplish any distant migrations from contaminated areas. Because of these features, mice are the
favorite objects of radiobiological investigations in all areas with high levels of radioactivity. The
radiobiological information of effects to mice is available for the Chernobyl 30-km zone, Kyshtym
area, as well as for Komi radioactive Ra-U spots.

3. PRELIMINARY SCALE OF DOSE-EFFECTS RELATIONSHIPS

The records in the EPIC database collection represent the effects of chronic radiation exposure from
very low doses above 10° — 10* Gy d”' up to doses greater than 1 Gy d'. From the preliminary
analysis of the dose-effects relationships for terrestrial animals, the following scale may be proposed,
see Table 1.
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TABLE 1. THE RELATIONSHIPS BETWEEN THE DOSE RATES OF CHRONIC RADIATION
EXPOSURE AND EFFECTS OF RADIATION ON TERRESTRIAL ANIMALS (BASED ON THE
EPIC DATABASE “RADIATION EFFECTS TO TERRESTRIAL ANIMALS)

Dose rates of chronic  Radiation effects on terrestrial animals
radiation exposure

10 - 107 Gy d”! Some changes in blood (o, exposure)
After-effects on progeny born from exposed parents (doses to parents >1Gy)
Increase in chromosome aberrations in cells

10° - 10> Gy d”! Pathology in liver, kidney (radionuclide specific)
Considerable decrease of reproduction potential (aty exposure), shortening of
reproduction period
Some mice species show compensatory increase of reproduction (reaction to decrease in
population density)
Some life shortening, also higher risk to be captured by predators
Weakening of immune system, increase of infestation with parasites, increase of various
infections (a.,3,y exposure)
Changes in blood, chronic radiation disease (o,3,y exposure)
Cytogenetic effects, increase of embryonic losses

102 -10" Gy d' Sterility, decrease of gonad’s mass
Strong infestation with parasites
Osteosarcomes (Sr-90), anomalous teeth (mice, rats)
Pathology in liver, kidney (radionuclide specific)
Life shortening
Changes in blood, chronic radiation disease (o,3,y exposure)
After-effects in progeny born from exposed parents
Decrease of populations, replacement of some populations by those species, which
received lower doses, or by more radioresistant species
Cytogenetic effects, increase of embryonic losses

10" -1 Gyd" Acute radiation sickness
Death of many organisms, decrease of populations
>1Gyd! Acute radiation sickness

In receiving lethal dose death within several days

REFERENCES
[1] EPIC PROJECT, Environmental Contamination from Ionising Contaminants in the Arctic,
Project ICA2-CT-2000-10032, Second Annual Report (01.11.2001-31.10.2002).
2] SAZYKINA, T.G., Database on radiobiological effects of chronic exposure in natural biota

(Russian/FSU data), In: Proceedings of the International Conference on Radioactivity in the
Environment, 1-5 September 2002, Monaco (General Poster Exhibition, on CD-ROM).

97



TAEA-CN-109/15

Development of resistance to pesticides in pests exposed to ionizing
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Abstract. The development of resistance to pesticides in phytophages after ionizing irradiation was studied.
Sensitivity of spring grain aphid (Schizaphis gramina Rond) and corn thrips (Haplothrips tritici Kurd.) collected
from sites in the 30-km ChNPP zone to two groups of pesticides, though varying considerably, does not show
any regularities in resistance changing depending on radioactive contamination density (33.9-3.3 MBg/m?). By
parameter such as 50% mortality, the most sensitive to Malathion was population of spring grain aphids sampled
from the plots with minimum density of radionuclide contamination. Where the level of radioactive
contamination was by factors 4 to 10 higher aphid individuals proved to be more resistant to the insecticide, with
the resistance growing as the contamination level of experimental plots increased. As to another insecticide —
Permethrin — the most sensitive on the contrary were insects sampled from the plot with the maximum
contamination density. Results from a model experiment performed in laboratory conditions using spring grain
aphids and red spider (Tetranychus urticae Koch.) irradiated at doses of 5, 25 and 50 and insect offsprings also
provide evidence of different sensitivity of arthropods to insecticides (Pyrymyphos-methyl and Cypermethrin).
The offsprings of irradiated aphids exhibited an enhanced resistance to Pyrymyphos-methyl. Particularly
pronounce it was in offsprings of arthropods treated at 25 Gy: the population became almost 7 times more
tolerant in terms of 50% death indicator; as to the indicator of 95% death, differences in sensitivity were 40—
fold. In this case ionizing radiation can be considered as a selection factor where the most vital individuals
survive. It may be assumed that aphid populations subject to irradiation can become more heterogeneous in
sensitivity to insecticides of different chemical groups and to a certain extent more tolerant than untreated
individuals.

1. INTRODUCTION

The basis of an adaptive potential of biological objects to adverse effects is an adaptive polymorphism
which is characteristic of populations of all biological species. The development of resistance in
destructive arthropods to insecticides mainly occurrs under the influence of drugs used for protection
of plants. Resistance of living organisms to adverse environmental factors is one of the most crucial
aspects of their existence as an integral system. The development of resistance is a complex genetic
process during which under the action of environmental factors in populations occurs a selection of
individuals with altered physico-biological properties assisting in their survival. However, the
development of resistance in phytophages may be influenced by other stress agents that contribute to
the selection in a population of the most vital individuals, e.g., ionizing radiation [1, 2].

2. DESCRIPTION OF METHODS

Studies on the evaluation of resistance in farm pests to pesticides were carried out on populations of
spring grain aphids (Schizaphis gramina Rond) and corn thrips (Haplothrips tritici Kurd.) sampled
from plots in the 30-km ChNPP zone with varying contamination density (stationary plots 1, 2 and 3
Cs, contamination density — 33.9 + 0.07; 15.9 + 0.09; 3.30 + 0.01 MBg/m’, respectively).
Sensitivity of insect populations to pesticides was estimated using insecticides belonging to two
different chemical groups: phosphorous-organic and synthetic pyrethroids. CRso and CRys were taken
as criteria of pesticides effects, i. e. drug concentrations rate (CR) at which death of individuals in the
study populations amounted to 50% and 95%. For determining CRs, and CRys values, the Miller —
Tyter method was employed.

98



TAEA-CN-109/15

TABLE 1. SENSITIVITY OF SPRING GRAIN APHIDS AND CORN THRIPS FROM THE 30-KM
CHNPP ZONE TO INSECTICIDES

Insects Plot Malathion, 30% Permethrin, 25%
CRs CRy; B CRs CRy;s B
Spring grain 1 5.7 34.6 2.28 3.5 13.8 3.16
aphids 2 4.8 75.8 1.56 4.2 25.1 2.40
3 3.6 31.0 2.08 3.8 18.1 2.96
Corn thrips 1 5.0 72.4 1.64 3.5 39.8 1.68
2 2.1 229 2.08 3.5 22.9 2.36
3 2.5 13.0 2.52 5.0 28.8 2.28

Plot location and '*’Cs contamination density:

1 — near “Red forest” — 33.9 + 0.07 MBq/m’;

2 — in front of settlement Chistogalovka — 15.9 £ 0.09 MBq/m’;
3 — behind settlement Chistogalovka — 3.3 + 0.01 MBg/m”.

- slope of line of death rate of individuals;
CRs095 - the indicator value (* 10 ).

3. SENSIVITY OF INSECTS TO SOME OF PESTICIDES

3.1. Enviromental studies

It has been found that by CRs, indicator the most sensitive to Malathion was the population of spring
grain aphids sampled from plots with the minimum contamination density (plot 3). Aphid individuals
sampled from plot 2 and 1 where the contamination level was markedly higher (4 — 10 times) proved
to be more resistant to the insecticide used and the resistance grew with increase in level of
contamination of the experimental plots (Table 1).

As for Permethrin, the most sensitive on the contrary proved to be insects sampled from plot 1 (near
“Red forest”), with CRs for all the experimental plots varying between 0.000346 and 0.000416%.

Attention is drawn to the fact that populations of thrips sampled from different plots of the abandoned
ChNPP zone were quite dissimilar in age which is explained not only by the radiological situation but
also by likely active and passive migration of insects within the 30 km zone. All this couldn't but tell
on the values of phytophages resistance to insecticides.

3.2. Laboratory test

Results from the model laboratory experiment with two pest species (spring grain aphids and red
spider - Tetranychus urticae Koch.) treated at doses of 5, 25 and 50 Gy and their offsprings indicate
various sensitivity of insects to insecticides (Pyrymyphos-methyl and Cypermethrin). Aphid offsprings
exposed to ionizing radiation showed enhanced resistance to Pyrymyphos-methyl (Table 2). It is
especially pronounced for arthropode groups treated at 25 Gy: the population became 6.9 times more
tolerant in terms of CKso. As for CRys, differences in sensitivity amounts to 41.5 times. The slone of
mortality line () in the experiment is more gently inclined ($=1,28) that in the control (=3,30).

A diagnostic concentration of Cypermethrin, 0,0004%, allowed to survive 19,6% individuals in the
population treated at 5 Gy, 50% individuals in the group treated at 25 Gy and 30% treated at 50 Gy.

So, exposure of aphid population to ionizing radiation results in changes of aphid sensitivity to
pesticides and resistance in offsprings of irradiated aphids grows significantly. It should be noted that
sensitivity of red spider to pesticides under the influence of ionizing radiation has lesser differences
compared with the resistance of untreated insects.
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TABLE 2. TOXICITY OF PYRYMYPHOS-METHYL FOR APHID OFFSPRINGS EXPOSED TO
RADIATION

Parameter Dose, Gy
0 5 25 50

CRso (% a.s. , ¥10™) 0.13 0.44 0.90 0.29
CRos (% a.s. , ¥10™) 0.41 0.87 17.00 1.20
B 3.30 line of inflection 1.28 2.92
CRso/ CKs - 3.40 6.90 2.20
irradiated/non-irradiated

CKys/ CKos - 2.10 41.50 2.90

irradiated/non-irradiated
a.s.- active substances;
- slope of line of death rate of individuals;
CKsp95 - the indicator value.

A single treatment didn't have effect on the response of red spider to Pyrymyphos-methyl — contact
and intestinal acaricide with fumigation and deep activity. Neither red spiders developed from
irradiated eggs nor offsprings of irradiated females changed a normal sensitivity to this drug (Table 3).
In no case was there a significant difference in sensitivity values between the experiment and control.
When using Chlorethanol (group of chlorine — organic acaricides), no differences were noted in the
sensitivity of treated and untreated red spiders to the drug.

So, an external irradiation of agricultural crop pests belonging to two arthropode classes (spring grain
aphids and red spider) quite differently influenced the development of resistance to pesticides. Acute
irradiation of red spiders did not result in changes of the resistance to insecticides in their offsprings
[3]. At the same time, in the case with spring grain aphids, we observed an increase in insect resistance
in the absent of pronounced dependence of this parameter on the dose — 5, 25 or 50 Gy.

Worth noting that mechanisms for development of response to acute and chronic irradiation at low
doses have their own peculiarities. Therefore, for populations of insects — phytophages and spiders
exposed to ionizing radiation (ChNPP abandoned zone) and not treated by pesticides during several
generations, both decrease and increase in resistance to insecticides can be expected. To conclude on
how much ionizing radiation influences the gene pool of populations and, in particular, the number of
mutations responsible for resistance of insects to pesticides is only possible after studying a number of
indicators describing the state of pests.

TABLE 3. TOXICITY OF PYRYMYPHOS-METHYL FOR RED SPIDERS EXPOSED TO
RADIATION

Dose (Gy) CRs (% a.s.) CRys (% a.s.) B CR5¢/CRys
irradiated/sensitive

F, from irradiated eggs

5 0.000076 0.000400 2.14 0.7

25 0.000083 0.000260 3.26 0.7

50 0.000090 0.000325 2.91 0.8
F, from irradiated female

5 0.000125 0.000375 3.41 1.1

25 0.000110 0.000343 3.32 1.0

50 0.000073 0.000245 3.11 0.7
Non-irradiated red spiders, sensitive

0 0.00011 0.00043 2.76 1.0
Non-irradiated red spiders, resistanse

0 0.039 1.87 1.40 354

a.s.- active substances;
- slope of line of death rate of individuals;
CKsp95 - the indicator value.
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Abstract. Concerns of environmental effects of ionizing radiation has increased, and has also shifted from being
centred on only humans, towards including also effects on ecosystems. Knowledge of radiation effects on wild
populations and ecosystems is however limited and methods for assessing ecological risks of such effects are
still in their infancy. For example, development of better methods for extrapolating effects on individual
organisms to estimates of negative effects on populations would greatly improve risk assessments, since
populations often constitute what we wish to protect. In this paper, possible ecological effects of ionizing
radiation from radionuclides are discussed and evaluated in terms of how individual level effects are translated
to risks at the level of the population and higher. We conclude that ecological effects of ionizing radiation at the
level of the population and above can be caused by two different mechanistic routes: Firstly, the detrimental
effects of radiation to individuals such as increased mortality, morbidity, and decreased fertility and fecundity
can, depending on their magnitude have implications on population dynamics and thereby also potentially on
community and ecosystem properties. Secondly, ionizing radiation may cause genetic damage, which can have
effects at the population level by affecting the genetic structure, and genetic diversity of populations.

1. INTRODUCTION

Traditionally, radiological protection has focused on protecting humans with the assumptions that this
would also protect other components of the ecosystem. Now the concern of radioactive releases has
expanded from being focused on human health effects only to also include consequences of ionizing
radiation on the environment, or ecosystems. The requirement for assessments of the environmental
effects of radiation is increasing due to public concern for environmental protection issues, new
legislation in several countries and scientific reasons. The ultimate aim of environmental protection
programs is to protect natural populations and ecosystems. The dilemma is that as ecological relevance
in systems increases, so does the complexity of the system, and the difficulty in measuring the
response to a stressor. Which is why effect investigations most often focus on simpler systems, or on
lower levels of organisation such as individual level endpoints, which are by far the most common
toxicity data available today. The effects are then extrapolated from individuals to populations and
higher organisational levels. This applies also to understanding of effects of ionizing radiation,
knowledge of radiation effects on wild populations are limited, the effects reported are mainly on the
individual level or lower. In this paper, possible ecological effects of ionizing radiation from
radionuclides are discussed. The purpose is not to cover all biological effects of ionizing radiation, but
to discuss possible ecological effects, or effects at higher level of organisation than at the individual
level.

2. ARE THERE ECOLOGICAL EFFECTS OF IONIZING RADIATION?

2.1. Impact of individual effects on populations

Ionizing radiation does not seem to have any effects directly at the level of population, community or
ecosystem. Many studies have however documented effects of radiation on the individual level or
lower, and they have been consistent in concluding that the likely consequences of radiation are: dose-
dependent increases in morbidity and mortality, decrease in fertility and fecundity, and increase in
mutation rate [1]. The question is, are those effects ecologically relevant, are there any effects of
ionizing radiation above the individual level; at the level of population or higher?
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Increased individual mortality and morbidity, and decreased fertility and fecundity can in fact have
implications on the population, depending on the magnitude of the effect. To estimate such individual
level endpoints to effects at higher organisational levels, extrapolations are commonly used in
environmental risk assessments. Extrapolation is based on the assumption that effects on populations
are first manifested at the level of the individual, and from there emerge at the level of population. The
utility of such individual level endpoints in understanding toxicant effects at the population level are
however associated with a number of assumptions and uncertainties, and there are several
complicating issues that need to be considered, some of which are discussed below.

2.1.1. Different life stages

Life stages of species are differently sensitive, and it is often assumed that the population will be
protected if the most sensitive stage of the life history is protected, which usually is the juvenile stage.
This is true in most cases [2]. However, the most sensitive life stages might not be the most important
stage for maintaining the population viability. For example, in species that produce very large number
of offspring like bivalves, contaminant effects on later life stages will actually be more important for
the viability of the population. For such populations, 10% increase in mortality of juveniles may thus
have little effects, whereas 10% increase on adult stages can have great impact. Tests performed on
sensitive life stages, extrapolated to effects on population levels thus tend to provide an added measure
of protection.

2.1.2. Different life cycles

Different life cycles of species are also important to consider when extrapolating individual effects to
populations. Species have different reproductive strategies and life cycles, and may, therefore respond
differently to the same degree of radiation effect on survival and reproductive capacity. Forbes et al.
[3], considered the life cycles of the most widely used ecotoxicological test species, and estimated the
proportional decline in population growth rate resulting from a decline in juvenile survival using a
simple two-stage demographic model. The reduction in juvenile survival turned out to have very
different effects on the population growth (L) dependent on life cycle. 10% reduction in juvenile
survival would result in 10% reduction in A for a benthic invertebrate life cycle, 5% reduction in A for
a green alga life cycle, 2% reduction in A for fish life cycle, and only 0,6% reduction in A in daphnid
life cycle. Also, a 5% reduction juvenile survival of benthic invertebrate life cycle would have the
same effect on population growth rate as 80% reduction in juvenile survival of the daphnid life cycle
[2-3]. This shows the importance of taking the life cycle of species into account when extrapolating
effects from individuals to populations.

2.1.3. Different growth strategies

In very general terms population growth strategy can be described by so called k, or r strategy, but
species can also fit in somewhere in between these two described strategies. Typical k type species (k
= carrying capacity) show rather small fluctuation around its carrying capacity. Density dependent
processes (such as mortality caused by crowding) is common. These are typically long-lived
organisms that produce few offspring, but invest much energy in each one of them, so they have a
good chance of surviving. Typical r type species are opportunistic populations that have a rapid, or
even exponential growth rate (r) during favourable times, which is followed by a “crash” in the
population number during environmental changes or stress. The cost of this strategy is that these
organisms cannot afford much resources per offspring, so they have small seeds or eggs and less
developed care for their young. Increased mortality of individuals due to radionuclide exposure could
actually benefit the population by removal of individuals which increases the fitness for the remaining
individuals — depending on the population growth strategy and growth regulating factors.

2.1.4. Density dependent factors

Population growth can be regulated both by density-dependent factors and density independent
factors. For a full understanding on how pollutants affect populations, we need to know not only how
the pollutant — in this case radionuclides affects the population, but also how density-dependence
affects it. Density-dependent factors are affected by the population density; and vary in their effect
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with the density of the population. Example: a) A predator encounters and captures more prey as the
density of the prey increases. b) Intraspecific competition, where individuals of the same species rely
on the same limited resources. As the population density increases, the competition becomes more
intense, and growth rate declines in proportion to the intensity of the competition. c¢) nutrient
availability decreases because of increasing population density and results in lower birth rate.
Increased mortality of individuals due to radionuclide exposure could thus actually benefit the
population by removal of individuals which increases the fitness for the remaining individuals —
depending on the population growth strategy and growth regulating factors.

2.1.5. Indirect effects

Direct effects of pollutants, such as effects on survival, growth, or reproduction are commonly
considered in environmental risk assessment. However, species may also be affected indirectly
through their interactions with other species that are directly affected by toxicity, or by indirect effects.
The main ecological vehicles for indirect effects are interspecific interactions, particularly predation
and competition, although other interactions such as mutualism, commensalism or parasitism may also
be important (Preston, 2002). The nature of the indirect effect may however be difficult to predict, and
differ from one community to another. An example is that effects of toxicants on predators or
competing species may have beneficial effect for a particular species. However, reduction in a key
prey resource may result in a predator species decline despite it being unaffected by the toxicant
directly [4].

2.1.6. Key species

Key species are species that are important for the structure or function of the ecosystem, and therefore
more ecologically important than other species. If they are affected by contaminants or even lost, it
could have serious effects for the ecosystem. It is therefore very useful to recognise and protect key
species, but the problem is that in most cases the identity of them is not known.

2.2. Effects of mutations on genetic diversity of populations

At low doses, the main concern of ionizing radiation is perhaps that it may cause genetic effects, by
inducing damage to the DNA. DNA damage, if fixed, may lead to mutations. Mutations occur at the
molecular level, but effects are emergent at the level of the population. Mutations in somatic cells can
possibly be detrimental to the exposed individual, whereas mutational events in germ cells may be
passed to the offspring, thereby affecting subsequent generations. Heritable mutations are capable to
affect the genetic diversity of populations, since they can lead to increased or decreased genetic
diversity, as well as changes in gene expressions that affect Darwinian fitness. Increases in mutation
rate can increase genetic diversity of the population by producing new alleles or genotypes, but it can
also result in decreased genetic diversity, since the mutations could reduce the viability and fertility of
the individuals [5].

Most mutations are only slightly deleterious. Because their individual effects are very slight, they have
the potential to affect larger portions of the population and persist for longer period of time. However,
in the longer term, their effects can substantially lower the viability and fertility of the population [6].
Genetic diversity is considered positive, even crucial to the long term viability of populations. Without
variation, a population lacks the raw material with which to adapt to changes in its environment, and
will eventually disappear when the environment changes. During hard environmental conditions or
stress, genetic diversity seems to play a greater role in fitness differences among organisms. Genetic
variation has also shown positive effects on stress resistance and numerous fitness indices (growth,
fecundity) [7]. A decrease in genetic diversity has been associated with decreased growth rates,
diseases and reduced fertility, and may therefore have ecological consequences.

Investigations on genetic effects in wild populations due to environmental radiation can be found in
the literature. Studies from the Chernobyl area have for instance reported increased mutation rates,
increased assymetry in organisms, and increased genetic diversity in populations after the nuclear
reactor accident in the area in 1986. All believed to be caused by DNA damage due to environmental
radiation. In some cases the effects observed have even affected the mating status of the organism,
such as where it is the secondary sexual characters that show assymetry, as is the case of the barn
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swallows Hirundo rustica (males with assymetric tail feathers breed later) [8], and the stag beetle
Lucanus cervus, where more assymetric males were found unmated [9].This type of effect may also be
considered of ecological significance.

3. CONCLUSIONS

Ionizing radiation does not seem to have any effects directly at the level of population, community or
ecosystem, but numerous papers have reported effects on individual level and lower. These are mainly
increases in morbidity and mortality, decrease in fertility and fecundity, and increase in mutation rate.
Increased individual mortality and morbidity, and decreased fertility and fecundity, depending on the
magnitude of the impact, is believed to have implications on population dynamics and thereby also
potentially on communities and ecosystems. To estimate effects of these individual level endpoints on
populations (or higher), extrapolations may be used, such as is commonly done in environmental risk
assessment. There are however a number of assumptions and uncertainities associated with
extrapolations. Increased mutation rate is a radiation effect that can on the other hand have ecological
effects through other mechanisms, namely by affecting the genetic structure, and genetic diversity of
populations.
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Abstract. The territories of the Chernobyl NPP exclusion zone are characterised by significant heterogeneity of
radionuclide contamination, which is reflected by the radioactive substance contents in aquatic ecosystem
components. Due to high water change rate the river bottom sediments have undergone decontamination
processes and, over the years that have passed since the accident, have ceased to play an essential role as a
secondary source of water contamination. On the other hand, the closed reservoirs, and in particular the lakes in
the inner exclusion zone, have considerably higher levels of radioactive contamination caused by limited water
change and by relatively high concentration of radionuclides deposited in the bottom sediments. In 1997-2002
the values of the absorbed dose for hydrobionts from reservoirs of the exclusion zone were found to be in the
range from 1.6 x 107 to 3.5 Gy-year’'. The highest value was found for hydrobionts from lakes within the
embankment territory on the left-bank flood plain of Pripyat River, the lowest for specimens from the running
water objects. The following are considered in the paper: (1) the latest data on content of the most biohazardous
radionuclides (Sr-90, Cs-137, Pu-238, Pu-239+240 and **' Am) in hydrobionts of the different trophic levels and
ecological groups (higher aquatic plants, molluscs and fish); (2) the possibility to use of hydrobionts of different
trophic levels as biological indicators of radioactive contamination of water objects; (3) the absorbed dose rate
for hydrobionts from different water bodies; (4) some biological effects (somatic and citogenetic) of radiation
exposure on hydrobionts living in water reservoirs with different levels of radioactive contamination.

1. RADIONUCLIDES IN HYDROBIONTS

The radioactive substances which have been released in an atmosphere as a result of the Chernobyl
accident, contaminated the catchment territory of surface of water objects, and were partially
transferred in solution or deposited in bottom sediments. More than 90% of radionuclides
contaminating the aquatic ecosystem are deposited in bottom sediments. Other parts are distributed in
water, suspensed matter and aquatic organisms.

The levels of radionuclide contamination of water objects within the Chernobyl NPP exclusion zone
has stabilised. Riverbeds were washed out in flood periods and radioactive substances in bottom
sediments ceased to play the major role as secondary contamination sources of water streams. Now,
radioactive contamination of rivers is due mainly to other secondary processes: washout from water
catchment areas and inflow of radionuclides from more heavily contaminated water bodies. At the
same time, closed water bodies, in particular the lakes of the inner exclusion zone, are substantially
more contaminated. This is due to limited water exchange and higher levels of radioactive
contamination in bottom deposits (compared to the washed bottom sediments of riverbeds). Therefore,
contemporary levels of radioactive contamination in the majority of closed water bodies are
determined by rates of exchange of mobile radionuclide forms between water and bottom deposits, and
by inflow of washed out radionuclides from water catchment areas.

Aquatic organisms have differing abilities to accumulate radionuclides that are connected with their
various structures and ratio of one or another substances in organisms. The higher aquatic plants are
one of the components that dominate the biomass in freshwater ecosystems. They have a high
production potential and ability to accumulate radioactive substances. They occupy the littoral and
partially sublittoral zone in fresh reservoirs. The vegetative communities play the important role in
processes of self-purification of aquatic ecosystems, due to their ability to assimilate radioactive
substances from water and bottom sediments, depending on biomass and structure of the plant
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communities. When radionuclides are washed out from the catchment territory the phytosenoce of
aquatic plants carry out the function of the natural biofilter, by accumulating and depositing
radionuclides on suspensed matter, thus taking them out of circulation from the water ecosystem, and
interfering the further distribution.

The patterns of *°Sr and '*’Cs accumulation have been shown to be species-specific. Among the
species with relatively high '*’Cs content are the helophytes (air-water plants) of genus Carex,
Phragmites australis, Glyceria maxima, Typha angustifolia, as well as strictly water plant species
Myriophyllum spicatum and Stratiotes aloides. The low values of *’Cs activity in all reservoirs were
found in the representatives of family Nymphaeaceae — Nuphar lutea and Nymphaea candida as well
as Hydrocharis morsus-ranae. Relatively high content of *°Sr was shown by the species of genus
Potamogeton. Obviously this is related to this plant’s tendency to accumulate large quantities of
calcium (which is not washed off during standard sampling) on its surface during photosynthesis. At
the same time, calcium carbonate that is removed from the plant could contain 7-20 times more
radioactive strontium than the plant tissue. Thus, Potamogeton species makes a good prospective
radioecological monitoring object as a specific accumulator of *Sr.

The content of radionuclides **********°Py and **'Am in higher aquatic plants of the left-bank flood
plain of Pripyat River was found, respectively, in the ranges of 1-66 (11) Bq kg with concentration
factor (CF) of 24-4175 and 1-45 (11) Bq kg, with CF of 83—7458. Typha angustifolia showed the
highest CF, which was 5-7 times higher than the average CF values for other studied plant species.
This indicates that this species may be considered as a specific accumulator of transuranic elements in
reservoir conditions within the ChNPP exclusion zone.

Others important hydrobionts for radioecological studies are freshwater molluscs, which often
considered as bio-indicators of radionuclide contamination in water objects. These invertebrates
accumulate practically all the radionuclides found in water and, due to their high biomass, molluscs
play an important part in bioaccumulation processes and radionuclide redistribution in aquatic
ecosystems.

The highest CF for both *’Sr and "*’Cs were found in bivalve molluscs Dreissena polymorpha and
Unio pictorum, which are the most active filtrators. The highest CF for *’Sr was noted in Dreissena
polymorpha — in excess of 1100, while for '*’Cs the highest CF (about 500) was found in the tissues of
Unio pictorum. Considerably lower CF were determined for the gastropod species Lymnaea stagnalis,
Planorbarius corneus and Viviparus viviparus.

The average contents of transuranic elements ***Pu and ******Pu in mollusc tissues in Glubokoye Lake
and Dalekoye-1 Lake were as follows: the lowest value was determined for Lymnaea stagnalis — 0.1
and 0.2 Bq kg™ respectively in Dalekoye-1 Lake, 2.7 and 6.4 in Glubokoye Lake. The highest content
was determined for Stagnicolia palustris from Glubokoye Lake — 14 and 36 Bq kg™ respectively. The
highest activity among gastropods was shown in Planorbarius corneus — 1 and 2 Bq kg™ respectively
from Dalekoye-1 Lake; 25 and 53 Bq kg’ in Glubokoye Lake. Dreissena polymorpha from the
cooling pond of the ChNPP showed ***Pu and **°"***Pu contents of 3 and 6 Bq kg™ respectively.

The contents of **' Am in Lymnaea stagnalis tissue was the lowest — in the range of 4-30 (15) Bq kg
in Dalekoye-1 Lake and 6-51 (27) Bq kg in Glubokoye Lake. For Stagnicolia palustris from
Glubokoye Lake the value was about about 75 Bq kg™'. The highest value was found in Planorbarius
corneus — 18-29 (24) Bq kg in Dalekoye-1 Lake and 80310 (170) Bq kg™ in Glubokoye Lake. The
content of 2141Am in Dreissena polymorpha tissue from the cooling pond of the ChNPP was at the level
of 8 Bq kg ™.

The fish species that are found at the upper levels of the food webs may also constitute a part of
human diet and, therefore, are of a particular interest in radioecological research of water ecosystems.

The content of *°Sr and "*’Cs radionuclides in lake fish of the left-bank flood plain of Pripyat River in
all cases considerably exceeded maximum permissible level (MPL), according to the standards
accepted in Ukraine for fish production: for *’Sr on average 146 times higher (MPL — 35 Bq kg™), for
B7Cs — 134 times (MPL — 150 Bq kg"). The highest measured values were 373 and 180 times in
excess of MPL. The content of *’Sr in fish of the cooling pond practically in all caught specimens also
exceeded MPL (on average 8 times higher), with the highest registered values being 43 times higher
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than MPL. The "*’Cs content in all cases also considerably exceeded MPL — on average 33 times
higher, with highest registered values exceeding MPL 84 times.

The concentration of transuranic elements **Pu, *****Pu and **'Am was measured in fish of
Glubokoye Lake and Dalekoye-1 Lake. The activity of ***Pu in fish tissue was found in the range of
0.4-0.5 (0.4) Bq kg with CF of 72-98 (83), ***"**°Pu — 0.7-0.9 (0.8) Bq kg with CF of 68-87 (75)
and **'Am — 2.2-10.0 (6.2) Bq kg with CF of 367-1667 (1028).

2. DOSES

The radioactive contamination of the environment resulting from the Chernobyl accident has resulted
in substantial growth of a radiation background and, accordingly, of a radiation dose for hydrobionts
in reservoirs. However, establishment of direct dependence of biological effects from impact of
ionizing radiation from natural incidence is connected to the large difficulties. A number of processes
and factors capable of impacting on features of radiobiological effects on animated bodies include:
heterogeneity of radionuclide distribution in terrestrial and aquatic ecosystems; effects of different
types of ionizing radiation on biosystems; wide spectrum of radiosensitivity, and mechanisms of
organism restoration, and also the modifying impact of the natural and anthropogenous factors.

In 1997-2002 the values of the absorbed dose for hydrobionts from reservoirs of the exclusion zone
were found to be in the range from 1.6 x 107 to 3.5 Gy-year'. The highest value was found for
hydrobionts from lakes within the embankment territory on the left-bank flood plain of Pripyat River,
the lowest — for specimens from the running water objects.

The ratio of external and internal doses varied considerably for hydrobionts from different reservoirs
and depended on the contents of y-emitting radionuclides in the littoral zone bottom sediment, as well
as in soils close to the river bank. Thus, in Glubokoye Lake, which contains a so-called abnormal
contamination strip at the shoreline border, about 95% of absorbed dose results from external exposure
and only about 5% from internal exposure to radionuclides incorporated in tissue. The similar ratio is
observed for the exclusion zone rivers — Uzh River and Pripyat River. However, in these objects, the
ratio is related to the high flow rate as well as to the relatively low radionuclide content in water and,
consequently, in hydrobiont tissues.

In Azbuchin Lake and Yanovsky Backwater, at a relatively low external radiation dose, the main
contribution to the absorbed dose is made by radionuclides incorporated in hydrobiont tissues. It is
linked to the high radionuclide content in water and at the same time to the low contamination level of
the bottom sediment within littoral zone, and in the soils of nearby areas (with sandy soils showing
low levels of radionuclide fixation). In this respect, the cooling pond of the Chernobyl NPP is in a
mid-way position.

3. BIOLOGICAL EFFECTS

The numerous effects of irradiation of hydrobionts within the exclusion zone are revealed. Some of
these effects required a short period of time for their formation, but it is supposed that an increasing
importance will be given to longer-term consequences — genetic damage induced by a long-term
irradiation. These consequences are realised over a longer time in which the initial molecular damage
can be transferred through many generations of cells.

The proof of intensive impact of ionizing radiation on hydrobionts within the exclusion zone can be
the results of cytogenetic research, which has been carried out from the first and early years after the
accident for higher aquatic plants, bristle worms, molluscs and fish. In cells of apical meristems of
plant roots and sexual products of hydrobionts, structural chromosome damage of practically of all
types occurred. The chromosome aberration rate for cells of hydrobiont from the most contaminated
reservoirs reached 10%.

The studies of the different species of plants within the exclusion zone has revealed numerous
morphological anomalies as repeated organs, gigantism or dwarf, under-development or sterility of
reproductive organs, excessive branching, growth inhibition of the secondary points of growth etc. All
of this variety of plant anomalies of development testifies that the vegetation within the exclusion zone
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has undergone to strong damage of the genotype, with consequential genetic instability and thus
increased variability of many species.

In populations of bur reed (Phragmites australis) from the cooling pond of the Chernobyl NPP and
lakes of the left-bank flood-lands of Pripyat River during 2000-2002 we revealed the numerous
morphological anomalies (sometimes observable at 6—8% of individuals in a population). The most
frequently occurring anomalies are shown in various forms of branching of shoots — arrangement of
ears not only on a top and along of the stalk (up to 7 lateral ears), formation on one knee the several
lateral ears, branching of a top of ear up to two or three ears. In a number of cases, the similar
branching had the expressed modified character. In most cases such anomalies occurred on plants with
the slowed rate of growth.

It is necessary to emphasise the important circumstance — the process of abnormal forming of plants,
to all appearances, proceeds after radiation doses on a population have substantially decreased, and in
some cases practically do not differ from pre-accident ones. Obviously, it displays latent damage of
the genome that is transferred from generation to generation and, actually, is the remote effect of
irradiation.

The research of plant radiomorphs within the exclusion zone demonstrates that the organization of
regular genetic monitoring of the contaminated territories is the important measure, extremely
necessary for forecasting and the prevention of negative long-term consequences of irradiation. The
profound study of morphological anomalies of plants will provide information on the nature of
molecular-biological processes underlying radiobiological effects of a long-term irradiation of natural
populations.
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Abstract. While it is well known that o-radiation is much more damaging than y-radiation (on an equal
absorbed dose basis) to man and mammals, there are no data available to compare the effects of these radiations
on fish. As many authorised disposals of radioactivity are made to sea or rivers and include a- and y-emitters it
is important that such data is obtained so that estimates of the combined biological damaging effects may be
made. This paper describes experiments made to examine the comparative effects of chronic exposure to a- or
y-radiation on reproductive endpoints in a representative fish, the zebrafish Danio rerio. Fish were exposed to
y-radiation or a-radiation for approximately 1 year. The fish were allowed to breed once per week and for each
breeding opportunity the total numbers of eggs, numbers of eggs viable at 24 hours and eggs hatching
successfully were recorded. Dose rate groups were 300, 1000 or 7400uGy h™ for y-radiation and 9.6, 19, 84 and
214uGy h™' for a-radiation. None of the a-radiation groups showed significant effects on any measure of egg
production while among y-radiation groups only the highest, 7400uGy h™ group showed an effect. This was a
rapid decrease in total number of eggs and viable eggs laid per opportunity, leading to a failure to lay any after
20 weekly opportunities. There was, however, no significant decrease in any group in the hatch rate of eggs
which were viable at 24 hours. Comparison of the highest o-radiation dose rate which produced no effect
(214uGy h™') and the y-radiation dose rate which had a significant effect (7400uGy h™) gives a relative
biological effect (RBE,,) of <35.

1. INTRODUCTION

The need for a comprehensive system to protect the environment from ionising radiation is now
widely recognised and work towards this is being carried out at international (e.g. ICRP, OECD-NEA)
and national (e.g. USA, Canada, UK) levels. In order to develop environmental protection standards,
data on radiation dose rates received by environmental organisms and radiation dose rate-response
relationships for damaging effects on them, are required. In the environment organisms receive
absorbed doses from a range of radiation qualities (e.g. a-, B-, y-radiation). It is often possible to
estimate the physical dose rate of each radiation quality but determination of their combined biological
damaging effect requires knowledge of the degree to which some radiation qualities are more
damaging then others. It is well known that a-radiation is more damaging than y-radiation to the
tissues of man and mammals but data which allows comparison of the effects of these radiations is
sparse for other wildlife species. There are no data which allow comparison of the damaging effects of
o~ and y-radiation on fish and so the work described here was undertaken to examine the comparative
effects of chronic exposure to y-radiation or to o-radiation in a representative fish, the zebrafish Danio
rerio. Reproductive endpoints were examined as they are of major importance in maintaining
population levels and it is the population which is usually the main concern when impacts on the
environment are assessed.

2. METHODS

The zebrafish used in the experiment were the offspring of stock wild type AB fish kindly supplied by
the zebrafish facility at University College London. Eggs laid by stock fish were hatched and fry
raised until they were 12 weeks old by which time they were taking adult fish flake and artemia larvae
as food. At this time irradiation was started. Fish were placed in pairs in 1.5 litre plastic tanks which
had been modified with a stainless steel grid in the bottom. This allowed eggs to pass through so that
they could not be eaten by the parents.
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TABLE 1. THE ACTIVITY CONCENTRATIONS OF *'’PO IN WHOLE BODY AND OVARIES
OF ZEBRAFISH KILLED AT TERMINATION OF THE EXPERIMENT AFTER RECEIVING
SPIKED MEALS FOR APPROXIMATELY 1 YEAR

a-radiation Nominal No. whole fish Mean whole Mean ovary activity Mean o-radiation dose
group radiation dose analysed body activity (£ st.dev.) rate (estimated from
rate (No. ovaries) (£ st.dev.) whole body activity)®
uGy/h Bqg/g wet wt Bqg/g wet wt pGy/h

1 8 9(3) 3.11 +1.63 2.14+£0.12 9.6

2 25 8 (4) 6.21+1.67 6.17 +£3.25 19

3 185 13 (5) 27.08 £4.42 39.85+16.85 84

4 740 7(3) 68.9 + 13.45 214.4*+110.36 214

*Actual values 336, 187 and 121 Bqg/g
® These values are used to make comparisons with results for y-irradiated zebrafish

Tanks containing pairs assigned to y-radiation groups were placed in a radiation facility [1] where
7Cs sources could be remotely moved from their lead-shielded housings to irradiate the fish. Three
separate arrays of "*’Cs sources allowed three different y-radiation dose groups to be irradiated
simultaneously. Dosimetry was carried out by placing lithium fluoride thermoluminescent dosimeters
at various positions in the tanks. Mean dose rates to the fish in the three groups were 7400, 1000 and
300 uGy/h.

Zebrafish in an unirradiated control group and in the four a-radiation groups were kept under the same
conditions as the y-radiation group but received no external radiation. Fish in the a-radiation group
were given meals of artemia larvae spiked with the o-emitter *'’Po twice weekly. Pilot experiments
had determined the feeding rate of *'°Po-spiked food required to achieve the equilibrium tissue
concentrations of *'°Po necessary to deliver a-radiation at the chosen experimental dose rates. At
termination of the experiment, after irradiation for approximately one year, several fish from each
group were analysed for *'°Po and unfortunately the concentrations, and thus o-radiation dose rates, in
fish from the higher dose rate groups were found to be lower than expected: 84 uGy/h instead of
185uGy/h; 214uGy/h instead of 740uGy/h. The tissue concentrations and estimated o-radiation dose
rates are shown in Table 1, along with the nominal (intended) dose rates. a-radiation dose rates
estimated from whole body activity at the end of the experiment were used to make comparisons with
y-irradiated fish.

It has been shown that approximately the same number of eggs per week per female zebrafish were
produced when breeding was allowed daily or once per week [2] and so to keep the laboratory staff
workload manageable fish were allowed to breed once per week and separated by a perspex divider at
other times. At each breeding opportunity the number of eggs laid (all-eggs) and the number viable at
24 hours (viable eggs) were recorded for each pair. At approximately monthly intervals (every 4th lay
opportunity) viable eggs were kept and the number of them hatching successfully was recorded. At
termination of the experiment, after approximately one year of radiation exposure, fish were killed and

samples taken for histology and alpha-autoradiography (results discussed elsewhere [3]), as well as for
19pg analysis.

3. RESULTS

Each weekly occasion when fish were allowed to breed was characterised as a “lay opportunity” and
counted whether or not eggs were actually produced. Those where eggs were produced were
characterised as “used lay opportunities”. For each pair the mean number of all-eggs per lay
opportunity (total eggs/total lay opportunities) and all-eggs per used lay opportunity (total eggs/total
used lay opportunities) was computed. In a similar manner the mean number of viable eggs per lay
opportunity and per used lay opportunity were calculated. Overall mean values for these were obtained
for each of the control and experimental groups (Table 2).
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TABLE 2. THE MEAN NUMBER OF EGGS LAID AT EACH LAY OPPORTUNITY BY PAIRS
OF ZEBRAFISH EXPOSED TO y- OR a-RADIATION. ALL-EGGS ARE THE TOTAL NUMBERS
OF EGGS LAID, VIABLE EGGS ARE THOSE VIABLE AT 24H POST-LAY. LAY
OPPORTUNITIES ARE ALL OPPORTUNITIES WHETHER USED OR UNUSED, USED LAY
OPPORTUNITIES EXCLUDE THOSE WHERE NO EGGS WERE LAID

Overall mean number of eggs per lay opportunity

Dose rate Number of

Group . Lay opportunity Used lay opportunity
uGy/h pairs All - eggs Viable eggs All - eggs Viable eggs
Control 0 11 41.1 324 61.8 50.0
y-radiation
1 300 10 39.1 29.6 55.8 46.4
2 1000 8 342 25.2 56.6 43.5
3 7400 12 5.8 2.9 41.3¢ 16.9¢
a-radiation
1 9.6 12 37.5 30.1 63.9 48.9
2 19 11 38.4 32.2 64.2 53.5
3 84 13 39.3 33.0 69.5 58.7
d4 214 10 31.6 26.9 64.6 55.0
abec

significantly different from all other groups (P< 0.05)

The only group to show significant effects is the y-radiation group 3 which received 7400uGy/h. The
number of all-eggs and viable eggs per lay opportunity were greatly reduced, mainly due to the
cessation of egg laying of all pairs by lay opportunity 20. Even when egg laying did take place (used
opportunites) the numbers of eggs and of viable eggs were reduced. The reduction in viable eggs was
greater suggesting that the radiation was causing a reduction in all-eggs and in the proportion of them
which were viable.

Hatching of eggs which were viable at 24 hours post-lay was not significantly affected by radiation in
any group. The percentage hatching was 98+8.5% in controls and varied from 86.0+19.4 in y-radiation
Group 3 to 99.4£2.3% in a-radiation group 4.

4. DISCUSSION

While y-irradiation at a dose rate of 7400nGy/h caused complete cessation of egglaying in zebrafish,
lower dose rates (300-1000uGy/h) had no significant effect on egg production. a-irradiation at dose
rates of 9.6-214uGy/h also had no significant effects on this endpoint. From this data it is only
possible to estimate an upper limit of the relative biological effect of a-radiation compared with y-
radiation (RBE,= dose rate of a-radiation/dose rate of y-radiation, for production of the same effect).
Thus RBE, < 35 (ie <7400 / 214) for the endpoint of egg production. In Table 1 it may be seen that
in the highest o-dose rate Group 4, ovary activity concentrations of *'°Po were considerably greater
than those for whole body but they also varied greatly between fish (121-336Bq/g, Table 3). The range
of dose rates to the ovary estimated from these activity concentrations was 376uGy/h - 1045uGy/h
and RBE,s derived by comparison with the y-irradiated Group 3 fish (dose rate 7400uGy/h) were
RBE, <20 to RBE,< 7.1. Thus the RBE,< 35 seems likely to be a conservative upper limit. While no
other data are available for fish, RBE, as high as 50 - 90 were obtained in mice exposed to low
estimated dose rates of alpha radiation from intraperitoneally injected *'°Po and using primary oocyte
survival as an endpoint [4]. Elsewhere an RBE,, of 20 has been used for environmental biota, based on

the radiation weighting factor of 20 recommended by the ICRP for use in radiation protection of
humans [5, 6].
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Abstract. The FASSET EC funded project has created a generic framework for assessing the impact of
radioactive contamination on non-human biota. Effects analysis forms an integral part of the framework and this
paper describes the structured method used for collating information from the available literature on the
biological effects of radiation. This paper illustrates the function of the FASSET radiation effects database
(FRED) using a worked example as a demonstration.

1. INTRODUCTION

The FASSET (Framework for ASSessment of Environmental impacT) EC funded project has created a
generic framework for assessing the impact of radioactive contamination on non-human biota. Effects
analysis forms an integral part of the framework, and takes into account available data on the
biological effects of radiation. In order to derive conclusions to describe dose-effects relationships,
scientific information has been collated, taking into account:

— acute and high dose rate exposures;

—  chronic, low-level exposures extending over a significant fraction of the life time of the
organism; and,

— endpoints such as morbidity, mortality, fertility, fecundity and mutation rate.

Over 200 thousand publications under the generic search of “radiation effects” in the last 50 years
were found (using Nuclear Science Abstracts (1948 - 1976), and Energy, Science and Technology
(1977 - present)). This total will, of course, include non-biological endpoints such as dosimeter
response and radiochemistry.

2. EXTRACTION OF INFORMATION

A number of selection criteria were used during data collation to render the exercise manageable
within the constraints of the project, inter alia:

— concentrate on the most relevant papers, using prior experience and an informed judgement
derived from an understanding of the requirements of the FASSET project;

—  collect data published since 1945 due to problems in accessing the earlier literature and possible
problems in interpreting the radiation exposures in the context of modern dose quantities and
units;

—  ignore data derived from studies of, or for application to, human radiobiology;
— note any apparently relevant references that cannot be accessed;

— divide organisms into 16 wildlife groups (plants, aquatic plants, lichen and mosses, fungi,
bacteria, soil fauna, insects, birds, mammals, amphibians, reptiles, fish, crustaceans, molluscs,
aquatic invertebrates and zooplankton);

— group experimental data under four umbrella effects (morbidity, mortality, reproduction
capacity and mutation); and,

—  split radiation exposure regime as either, acute, transitory or chronic.
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Other information were also recorded, where possible, on the type and source of radiation, the dose
rate and total dose, the actual biological endpoints recorded in the study, and, an indication of whether
the data could be used to determine an RBE value.

The need to be open and transparent in searching the literature and gathering information for entry
onto the database was also recognised. So, it was also decided that:

— data would be retained for discussion if information did not fit obviously into one of the four
umbrella categories; and

— units of the original publication would be included in the database but also converted into
‘standardised’ units for the total dose (Gy) and the dose rate (uGy h™) for ease of interpretation.

The primary starting points for assembling the relevant literature were major reviews, such as
UNSCEAR [1] and TAEA[2, 3], together with the original publications listed in these reviews. The use
of a structured approach highlighted important aspects during the database design and subsequent data
inputs.

It was necessary to have a clear view on what data are needed, and restrict the information gathered to
that, which is relevant to the purpose of FASSET. Essentially this means to be able to provide a basis
for relating the estimated dose rate to an organism in a contaminated environment to its possible
consequential effects.

There was a need for guidance on data entry to ensure consistency in the content of the database. An
operating manual, embedded within the database, details the information that needs to be reported.

It was necessary to apply a measure of quality assurance (QA) to the task of inputting information
onto the database. Before data entry occurred, two QA exercises were undertaken to ensure that all
participants were operating to the same basic requirements. The main QA exercise consisted of each
participant reading ten randomly selected, but relevant, papers and then entering the data into the
database. Again, this exercise identified points that needed to be addressed in the operating manual.
Once data entry was completed, an overall QA exercise was performed to highlight any erroneous
data.

TABLE 1. NUMBER OF REFERENCES WITHIN THE FASSET RADIATION EFFECTS
DATABASE

Number of references

Wildlife Group

Morbidity Mortality Reproduction Mutation Totals
Amphibians 11 7 1 6 25
Aquatic invertebrates 5 5 8 11 29
Aquatic plants 13 11 2 3 29
Bacteria 6 1 0 0 7
Birds 11 20 26 1 58
Crustaceans 5 11 12 0 28
Fish 49 30 80 30 189
Fungi 2 0 0 0 2
Insects 12 17 9 8 46
Mammals 33 49 66 14 162
Molluscs 7 8 6 0 21
Mosses/lichens 5 0 0 0 5
Plants 101 20 112 112 345
Reptiles 5 5 2 3 15
Soil fauna 5 17 3 4 29
Zooplankton 6 1 1 0 8
Totals 276 202 328 192 998*

* Real total is 1047 references. Some papers are reviews, and do not belong to a single wildlife group.
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3. RESULTS

The completed Microsoft© Access database contains over 1000 references. Table 1 summarises where
data are available, as categorised by wildlife groups and umbrella endpoints.

The completed database allows users to search data and produce the query reports and directs users to
relevant literature. There are three search options, as defined by the FASSET project:

— asequential search on wildlife group, umbrella endpoint and dose or dose rate (with options for
viewing and reporting the data after each search);

— a manual search of the database (which allows the user to search the database on any field
contained within it but at the moment it is only possible to view the search results from within
the database itself; and,

— asearch for references that may be used to generate RBE information.

The search results can be exported to Microsoft© Excel for further interpretation and assessment.
Reports can also be created for listing references, and saved as delimited text files, which can be
opened in Microsoft© Word 97 or via the Microsoft© Windows Notepad. The reference list can also
be viewed from within Microsoft© Access.

The database has been developed as a basis for the FASSET report [4] that aims to provide a justified
level of biological hierarchy to be protected, a discussion on radiation effects including dose/response
relationships, a discussion of uncertainties and proposed threshold dose rates. A series of tables have
been compiled to provide information on each of the 16 wildlife groups, for acute and chronic data.
Table 2 gives an example of chronic data summarised for soil fauna.

The experimental results given in Table 2 demonstrate that there is limited data available on the effects
of chronic irradiation on soil fauna using two of the four FASSET umbrella endpoints, mutation and
mortality as extracted from the information currently held within the FRED database. Those data that
are available appear to come from the same or similar data sets (e.g. references [6, 5, 7 and 8, 9],
respectively) and focus on the exposure of soil fauna such as earthworms exposed to *°Ra in the soil.
Earthworms particularly utilise the soil as a direct source of nutrition and thus are particularly
susceptible to internal exposure by o-radiation. The majority of the experimental data are also found at
dose rates of >10,000 Gy h™' or at background rates.

4. SUMMARY

In summary FASSET has delivered a database in Microsoft Access® (versions 97 or 2000). The
“FASSET Radiation Effects Database (FRED)” is freely available for download from www.fasset.org.
The database contains over 1000 references and provides access to all the raw data extracted from the
original publications. In addition to providing the information needed for the requirements of
FASSET, the database has also identified gaps in knowledge, which may guide further research and
can direct users to relevant literature on the effects of ionising radiation on wildlife.
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Uptake of radiocaesium in soil-to-plant system in the tropical
environment
A comparison between experiments and prediction

A. Jalil, M.M. Rahman, M. Mizanur Rahman, A. Koddus

Institute of Nuclear Science and Technology, Atomic Energy Research Establishment,
GPO Box No. 3787, Dhaka-1000, Bangladesh

Abstract. Soil-to-plant transfer factor (TF) of radiocaesium has been predicted using the Absalom model basing
on soil properties such as pH, organic matter, exchangeable K" and clay contents valid for the tropical
environments. Due to insufficient data of soil properties, the average values of pH, organic matter, exchangeable
K" and clay contents have been taken as the input model parameters within the ranges given for Asia. The
predicted TF values have been compared with the measured values obtained from pot and field experiments as a
part of the validation of the used model. The measured TF values in the pot experiment were obtained mainly for
leafy vegetables, rice, root and grass while the measured TF values from the field experiment were obtained
entirely for plants grown in a contaminated land containing radiocaesium in the Atomic Energy Research
Establishment (AERE) campus, Dhaka. The predicted TF values have been found to be comparable to some
extent with the measured values. The sensitivity of the main soil properties on the uptake of *’Cs in the soil-
plant system has also been described in the present work. This data set might be useful while calculating
radiological dose in the tropical environments.

1. INTRODUCTION

The environment is a great treasure for the biota. Any contamination of the environment ensues
corresponding threat to the very existence of its flora and fauna. Now-a-days environment is being
stressed by various newly evolved technological and social agents. One such to mention is the
application of ionizing radiation in agriculture, medicine, industry and research and development,
because exposure to ionizing radiation has got its deleterious effects on health. Plant system is
essential for the sustenance of man and animal. Since life is very much dependent on plant system,
contaminants and toxicity present in the plant system is a threat to life. Following their release in the
environment, radionuclides may deposit on ground and consequently migrate into various
environmental media. Among deposited radionuclides, radiocaesium (**’Cs) is a dominant fission
product which has high relative mobility in the soil-plant system, long term bioavailability, high
radiotoxicity and is long-lived. The plant uptake of *’Cs from soil, commonly expressed as soil-to-
plant transfer factor (TF) is widely used while calculating radiological dose. Generally TFs of '*’Cs
vary often by more than four orders of magnitude depending upon soil type, pH, solid/liquid
distribution coefficient, exchangeable K and organic matter content [1]. The low solid-liquid
distribution coefficient (Kp) due to the low clay content and high NH;" concentration in the soil
solution enhances TF value of *’Cs. Moreover, the usual low K* level in the solid phase and in the
soil solution and high organic matter content also enhance root uptake. Absalom et al. [2] presented a
model which predicts the radiocaesium soil-plant transfer factor on the basis of easily measured soil
characteristics (clay content, organic carbon content, exchangeable potassium and pH). This model has
been tested in Europe through successful prediction of the fate of Chernobyl [3] and weapons [4]
fallout "*’Cs. A comparable model is required to predict the impact of deposited *’Cs based on the
regional parameters derived for wet-dry tropical environments. In order to apply the Absalom model
and-/or to modify the model, regional databases for model validation need to be developed for the
tropical environments of Asia. This effort has been limited due to lack of appropriate data.
Nevertheless, limited data of some Asian countries are available in the literature [S] which could be
used to predict the TF values of '*’Cs in the soil-plant system.

There are many studies regarding the TF values of "*’Cs obtained both for tropical and temperate
environments [6-10]. A pot experiment was performed for leafy vegetables, rice, root and grass while
a field experiment was carried out entirely for leafy plants grown in a contaminated land containing
radiocaesium in the Atomic Energy Research Establishment (AERE) campus, Dhaka [6, 7]. In the
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present study, the TF values of *’Cs have been predicted using the Absalom model [2] in the soil-
plant system basing on soil properties such as pH, organic matter content, exchangeable K and clay
content. Then the predicted TF values have been compared with the measured values obtained from
both for pot and field experiments which might be representative for the tropical environments in Asia.
Consequently, a validation of the used model has also been achieved for the tropical environments
especially valid for the selected region in Bangladesh.

2. MATERIALS AND METHODS

2.1. Model description

Radiocaesium bioavailability is strongly influenced by soil properties such as organic matter content,
K status and clay content. Absalom et al. [1] presented a semi-mechanistic model, which predicts
activity concentrations of '*’Cs in plants for stipulated soil-Cs contact times. The model utilized as
input parameters/soil characteristics, which are routinely measured or can be readily estimated (%
clay, exchangeable K, initial soil radiocaesium content). The model has been developed using data
describing plant uptake of *’Cs from a range of mineral soils. A revised '*’Cs uptake model which
accounts for the effect of organic matter on *’Cs sorption by soil and uptake by plants was developed
by Absalom et al. [2]. This model can be applied to mineral and organic soils simultaneously to
provide a more generally applicable simulation of '*’Cs dynamics.

The model of Absalom assumed that Cs sorption occurred exclusively on the soil clay fraction. The
distribution of sorbed and solution *’Cs was described by a labile 37Cs distribution coefficient (K,
dm?/kg) which was estimated as a function of soil clay and exchangeable K contents. Plant uptake of
7Cs was described by a concentration factor (CF, Bq/kg plant/Bq dm™ soil solution) which was
related to solution K concentration (my, moles dm™). The calculation procedures in the present work
are based on the methodologies as described in the Absalom model [2].

2.2. Data sources in the tropical environments

Soil properties (pH, organic matter content, exchangeable K" and clay content) are needed as the input
model parameters in order to use Absalom model for the tropical environments of Asia. A
comprehensive data set containing sufficient soil properties and the corresponding TF of "*’Cs from
Japanese soils to root and leaf of radish has been reported elsewhere [8]. Using the organic carbon
from this report, organic matter (OM) content was calculated as OM= Organic carbon x 1.724 [11].
Accordingly, the percentage of clay content was calculated using the formula as CEC=0.6 x (% clay)
+ 2.0 x (% OM) [12]. This data set can be used exclusively in the model to investigate the uptake of
deposited *’Cs from soil to various kinds of plants grown in the tropical environments. The TF values
of “'Cs from Bangladeshi soil to the main foodstuffs in the country such as leafy vegetables,
ladyfinger, radish, potato, potato plant, rice, rice plant, grass, ginger, ginger plant, turmeric and
turmeric plant were investigated by pot experiment described elsewhere [6]. This area mainly contains
silty-clay type of soil. In this work, an average value of the corresponding soil property (such as pH,
OM content, clay content and CEC) has been reported without exchangeable K*. However, Frissel [9]
reported the exchangeable K for the same soil which could be used together with the other soil
properties for estimation of limit valid for Asia. Limited soil properties such as pH, exchangeable K
and CEC can be obtained from the literature found elsewhere [10] which could be used as the partial
data for the Chinese soils.

The average values of pH, OM content, exchangeable K" and percentage of clay content as mentioned
in above literatures given for Asian regions have been selected as the input model parameters in the
Absalom model. These values are found to lie within a wide range as described elsewhere [5].
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3. RESULTS AND DISCUSSION

Calculated and measured TF values of "*’Cs from soils to vegetables and crops (mainly rice) are
shown in Figures 1-4. Measured values are plotted in a convenient way because of insufficient data of
the soil properties. Due to insufficient data, the ranges of pH, OM content, exchangeable K and clay
content were taken from the literature as 5.27-7.75, 0.008-0.074 g/g, 0.097-1.957 cmol./kg and 0.114—
0.465 g/g, respectively, which lie within the limits valid for many countries in Asia [5]. There are four
variables intended to incorporate as the input model parameters (soil properties). Always one
parameter was variable whereas three were taken fixed averages (Figures 1-4) for calculations. This
approach might provide understanding the sensitivity of the used soil properties as input model
parameters on the transfer factor of *’Cs in the soil-plant system. The average values of pH, OM
content, exchangeable K* and clay content were taken as 6.30, 0.037 g/g, 0.542 cmol./kg and 0.244
g/g, respectively, valid for the tropical environments. The same empirical parameters as in the original
model have been used in the calculations.

It can be seen from Figures 1, 3 and 4 that the calculated TF values decrease with increasing pH,
exchangeable K' and clay contents. However, calculated TF values increase with increasing OM
content shown in Figure 2. Within the limits of the soil properties in the tropical environments,
exchangeable K™ has been observed to be the most sensitive parameter. The sensitivities of the
other parameters have been investigated using comparatively lower K >clay>OM>pH sequentially in
the model. The measured TF values both from pot and field experiments lie within 1.8 x 107 to 6.61
x 10 which are comparable with the published data shown in Table 1. The TF values of *’Cs
obtained from the pot experiment have been found to be scattered compared to the TF values obtained
from the field experiment. Since the same type of soil was used for both experiments, plant species
would be the main reason for significant variation in the TF values obtained in the pot experiment. The
predicted values carried out in the present work have been found to be comparable at a certain region
for the corresponding pH, OM, exchangeable K" and clay contents shown in Figures 1-4. The values
of pH, OM, exchangeable K* and clay contents in the comparable regions are observed to be nearly
same as the respective value (pH =5.8, OM=0.0078 g/g, K" =0.51 cmol./kg and clay= 0.465 g/g
mentioned elsewhere [6, 7]) in soil used in the present work.

It is observed that the predicted TF values for "*’Cs are comparable with the measured values
especially for the leafy parts of a plant. However, the calculated values are found to be overestimated
compared to the measured values obtained for rice. This indicates that a general conversion factor for
each part of a plant and-/or for a variety of different plants for a specific region is suggested if the
model is to be applied to tropical environments. Additionally the variation between predicted and
measured TF values might arise due to the empirical parameters used in the original model. It is,
therefore, the empirical parameters used could be re-evaluated for the tropical environments of Asia to
predict more reliable result. Independent soil properties rather than the input model parameters such as
pH, clay content, exchangeable K and organic soil need to be measured experimentally in order to
determine the empirical parameters for the soils in Bangladesh.

TABLE 1. TRANSFER FACTORS OF "*’Cs PUBLISHED ELSEWHERE [6, 7, 10]

Organization Part of plants TF value

IAEA Edible parts of crops 3.0x 107

NCRP Edible parts of crops 1.5 x 107°-0.29
NRPB Edible plants 3.8 x10%-2.9x 10"
US DOE Vegetable, fruit, grain 1.1 x 10?

US NRC Edible parts of crops 1.0 x 107

CEC Grain 6.0 x 107

Taiwan RMC* Seed 0.03-0.188

Taiwan RWMC Rice 4.0 x 102-6.0 x 10”"
Bangladesh (Pot experiment) Vegetable, rice 1.8 x 102-6.61 x 107
Bangladesh (Field experiment) Leafy plant 2.5 x 102-4.20 x 10~
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FIG. 1. Calculated and measured TF values
for Cs. Calculations were performed for
variable pH values with fixed OM, K+ and
clay contents valid for tropical environments.
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FIG. 2. Calculated and measured TF values
for ¥'Cs. Calculations were performed for
variable OM contents with fixed pH, K+ and
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FIG. 4. Calculated and measured TF values
for 7Cs. Calculations were performed for
variable clay contents with fixed pH, OM and

pH, OM and clay contents valid for tropical K" contents valid for tropical environments.

environments.

4. CONCLUSIONS

In this work, soil-to-plant transfer factor (TF) of radiocaesium has been predicted using the Absalom
model basing on soil properties in the tropical environments. Within the limits of the soil properties in
the tropical environments, exchangeable K™ has been observed to be the most sensitive parameter on
the uptake of *’Cs in the soil-plant system. The sensitivities of the other parameters were investigated
using comparatively lower as K™>clay>OM>pH sequentially in the model.The predicted TF values
have been found comparable to some extent with the measured values obtained from pot and field
experiments. However, the calculated values have been found to be overestimated compared to the
measured values obtained for rice. Independent soil properties rather than the input model parameters
such as pH, clay content, exchangeable K™ and organic matter contents need to be measured
experimentally in order to validate the used model by re-evaluating the empirical parameters for the
tropical environments of Asia. Additionally, the empirical parameters need to be re-evaluated for
specific parts of a plant and-/or for a variety of different plants. Alternatively, a general conversion
factor for each part of a plant and-/or for a variety of different plants for a specific region is suggested
if the model is to be applied to tropical environments. This data set might be useful while calculating
radiological dose in the tropical environments.
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Abstract. The paper presents the analysis of the developed and suggested measures and methods of decreasing
soil contamination in the Republic of Belarus, and prevention of long-lived *’Cs and *°Sr radionuclides
migration in food chains. It was found that the application of preventive measures based on a principle on
decreasing *’Cs and *°Sr mobility in soil due, to their fixation in soil-absorbing complex, or so-called
rehabilitation, is the more effective, ecologically safe and, it seems, the most perspective countermeasure in
Belarus at present. The possibility of applying freshwater lake sediments, industrial waste for rehabilitation of
the contaminated soils and prevention of accumulation of *’Cs and *°Sr radionuclides in agricultural production
in Belarus is discussed.

1. INTRODUCTION

As a result of the Chernobyl NPP accident more than 70% of radioactive substances released into the
atmosphere (iodine, caesium, barium, strontium, plutonium, etc.) fell out in the territory of the
Republic of Belarus. Due to that fact the long-time contamination of 46,45 thousand km” (23%) of the
territory of Belarus occurred [1]. At present the greatest risk for natural ecosystems of Belarus, and
also for health of people who are still living in the contaminated territories is an internal exposure by
long-lived radionuclides, "*’Cs and *°Sr mainly.

Under the assessment of the Chernobyl NPP accident consequences on ecosystems of Belarus should
be taken into account that now in the Republic more than 1.35 million ha of lands contaminated with
7Cs with the density of 37-1480 kBg/m?, from which 478 thousand ha are contaminated with *’Sr
with the density of 1-11 kBg/m? are used for agricultural production.

The main determining factor of *’Cs and *’Sr migration in a soil profile and in food chains is the
relation of the readily soluble and the fixed forms of these radionuclides. The long-term investigations
of physical- and -chemical condition of *’Cs and *°Sr in soils of Belarus show that the availability of
'Cs for plants in soil reduces in the course of time, due to transformation of its part into a
non-exchangeable absorbed state, but the mobility of *°Sr remains high and has the tendency to
increase. This process is aggravated with the fact that soils of the territory of Belarus are
predominantly of low fertility, poor with humus, and acidic soddy podzolic and peat bog soils, with
low sorption ability as to *’Cs and *°Sr. At present the share of mobile forms of *’Cs in soddy
podzolic soils of Belarus is about 10%, of *’Sr up to 70%, in peat bog soils — 15 and 50%, relatively
[1].

Thus, under minimization of the Chernobyl NPP accident consequences in Belarus the main task is the
development of comprehensive approaches for preventing of radionuclides migration in biological
chains.

2. DECONTAMINATION AND REMEDIATION METHODS

The measures and methods developed and suggested in the Republic of Belarus at different times to
decrease soil pollution and to prevent of long-lived radionuclide migration of '*’Cs and *°Sr mainly, in
food chains, may be divided into cardinal measures, including removal of radionuclides out from soil
or soil decontamination and preventive measures, including conditioning for decreasing of
radionuclides migration in food chains or protective measures.

The cardinal measures on soil decontamination are possible by two expedients including mechanical,
chemical, biological methods, as well as their combinations:
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(i)  Through mechanical removal of the upper layer of soil contaminated with radionuclides by a
complete excavation of ground or deep ploughing with a turnover of a layer;

(ii))  Through removal of radionuclides out from soil by their chemical leaching or with application
of biotechnology.

The preventive measures or protective measures are based on two main principles:
(i)  Conditioning for preventing uptake of radionuclides by plants or naturally protective measures;

(il)) Conditioning for fixation of radionuclides in soil or rehabilitation. The naturally protective
measures have the aim of ensuring a competition on sorption places on plants rooted surface
between radionuclides "'Cs and °°Sr and their chemical analogues that are the key
macronutrients of plants.

2.1. Decontamination

The mechanical removal of the contaminated upper soil layer by excavation or deep ploughing with a
turnover of the layer was widely applied at the starting period after the Chernobyl NPP accident in
Belarus. However, when using this method the reconstruction of the humus layer is required by
addition of a great amount of organic and mineral fertilizers into soil or complete replacement of the
removed contaminated ground by pure fertile soil [1-4].

The chemical leaching of radionuclides out from soil can be used fixing surface contamination directly
after fallout of radionuclides, by drawing special emulsions with the following removal of the
hardened layer together with radioactive contaminants. The chemical flushing of soils can be also be
applied for removal of radionuclides, excluding the cases when contamination occurred with a wide
spectrum of radionuclides. The greatest effect at application of mechanical and chemical methods of
soil decontamination will be obtained under the higher levels of contamination.

It is necessary to mark the application of both mechanical, and chemical methods of removal of
radionuclides out from soil is effective only in case of local contamination and needs additional
measures on recovery of soil fertility.

The biological methods of soil decontamination are phytoremediation, which provide maximum
removal of radionuclides out from soil by plants. Phytoremediation includes the selection of
agrotechnical methods and special types of agricultural crops. This method can be applied in large
territories, but practically it is used at low levels of contamination only.

It is necessary to note that the application of mechanical, chemical and biological methods of soil
decontamination has one general imperfection, such as the problem of utilization and storing of
radionuclides removed out from soil. This problem is especially urgent in case of mechanical and
biological methods, when it is necessary to process a considerable volume of the contaminated
materials (soil, biomass of plants) by a special expedient. On the whole, decontamination is a
laborious and expensive procedure, requiring a comprehensive approach. It is difficult to be
technically implemented in the Republic of Belarus.

2.2. Rehabilitation and protective measures

Carrying out the protective measures and rehabilitation of the contaminated territories by conditioning
for fixation of radionuclides in soil absorbing complex and to reduce their availability to plants are the
more appropriate in the Republic of Belarus. At present, in agriculture of Belarus for obtaining of
normatively pure agricultural production the protective and rehabilitation measures are being used in
complex. With this purpose, the optimization of physical and chemical, and agrochemical properties of
agricultural soils is carried out by addition of the advanced application of mineral fertilizers, liming
and also addition of organic fertilizers. Cattle manure is applied as an organic fertilizer mainly [3, 4].

It is considered, that depending on climate and soil conditions these countermeasures allow to decrease
contamination of plant-growing production to a considerable extent. The positive effect is achieved
both at the expense of decreasing of the availability of '*’Cs and *’Sr to plants, and as a result of
magnification of productivity of agricultural cultures so-called "dilution effect" [4].
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However, the lastest scientific data show the insufficient efficiency of the above-mentioned
countermeasures and indicate that some of them are not ecologically safe [5—8]. The ecological effect
of the systematic application of the advanced doses of mineral fertilizers is of particular concern. The
application of this measure with a positive effect also results in a lot of negative consequences [9].

The use of the principle on decreasing of *’Cs and *’Sr mobility in soil due to their fixation in soil
absorbing complex or natural rehabilitation is the more effective, ecologically safe and, it seems, the
most appropriate measure for preventing radionuclides migration in food chains. The main task is the
selection of amendments.

As the practice shows, the application of cattle manure as the amendment is an effective measure to
decrease contamination with radionuclides of agricultural production in Belarus. However, the
application of cattle manure and fertilizers on its basis in Belarus deals with some difficulties. Firstly,
there is a lack of necessary quantity of cattle manure [10]. Secondly, it is necessary to apply clean
cattle manure from the uncontaminated regions. But Belarus has no industrial processing of cattle
manure, and the transportation and applying it in a virgin condition is an expensive and technically
difficult procedure.

Besides, it is necessary to take into account that the application of cattle manure is effective as to *Sr
mainly. But for reducing the mobility of *’Cs it is necessary to apply mineral substances.

Thus, for rehabilitation of soils, contaminated with radionuclides the development of new effective,
economically and technologically practical amendments on the basis of both organic and mineral raw
material is very actual in Belarus. The amendment should be ecologically safe and maximum similar
to natural soil humus.

2.3. Remediation by using organic-and-mineral soil conditioner

More appropriate organic-and-mineral amendments in agriculture of Belarus are freshwater lakes
sediments called as “sapropel”, as well as industrial waste of hydrolyzed and potassium production
like the hydrolyzed lignin and clay-salt slimes. The basic advantages of sapropels as possible
amendment to soil for fixation of radionuclides are a high rate of dispersion, a great content of organic
substance (up to 70%) and the content of valuable nutrient substances. The major agrochemical
properties of sapropels are determined with the availability of the mobile forms of basic nutritious
elements. The mobile forms of calcium are 20-40%, phosphorus 15-20%, magnesium 25-75% from
their blanket content. Sapropels are contained up to 30 microelements. Under the content of such
deficient microelements for Belarus, as copper, cobalt, molybdenum and zinc these fertilizers are the
most appropriate for their addition to soil [11-12].

It is pointed out that the efficiency of sapropels is also determined with the quality of organic
substances, especially of humic acids and nitrogen. The maximum quantity of nitrogen reaches
4.6% per dry substance, and its basic quantity enters the composition of aminoacids. Sapropels have
acidity close to neutral. The sapropels of a carbonate type are a unique natural material for liming acid
soils [11].

Especially perspective is the use of sapropel amendments on sandy soddy podzolic soils where are the
highest migration coefficients of radionuclides from soil to plants [13, 14]. Belarus has more than
1759.1 million m® sapropel resources: organic, carbonate, silica and the mixed types (Table 1).

The analysis of efficiency of application of different types of sapropels as amendments shows that
they sufficiently decrease radionuclides migration out from soil to plants. According to the assessment
from different investigations, the application of sapropel amendments on light as to mechanical
content soils will allow to reduce radionuclides migration out from soil to plants to up to 5 times, here,
the effect is observed during for a long period of time [7, 8, 15].

The investigations carried out in the Ukraine and Belarus show high effectiveness of sapropel
amendments application on soddy podzolic soils contaminated with radionuclides [13, 16]. The
investigations carried out at the Leuven Catholic University (Belgium) have shown the influence of
sapropels of different types from some Byelorussian lakes on the decreasing of the content of *°Sr
mobile forms in soil [7].
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TABLE 1. RESOURCES AND TYPOLOGICAL BREAKDOWN OF SAPROPEL SEDIMENTS IN
BELARUS LAKES

Per type structure of sapropel reserves, mill. m® , % mill. m’, %

Region Explored Organic Silica Carbonate Mixed % of total Expected
reserves sapropel sapropel sapropel sapropel explored reserves
(mil. m*) (il m*)  (mill m*)  (mill. m*)  (mill. m%) reserves (mill.m*)
(mill.m®)
Brest 92.8 472 26.1 8.9 10.6 52 46.0
50.9 28.1 9.6 11.4
Vitebsk 1256.3 220.8 880.3 86.5 11.1 71.9 617.6
14.4 69.6 6.8 6.2
Gomel 87.3 13.0 67.3 3.1 3.9 4.9 1.5
14.9 77.1 3.5 4.5
Grodno 69.7 6.1 18.8 27.2 15.8 3.9 13.3
9.0 27.7 40.0 23.3

The hydrolyzed lignin is a by-product of the wood processing industry which is of a great considerable
interest from the point of view of the content of organic substance and sorption ability [17, 18]. The
content of nitrogen in quantity of 0.17-0.19%, phosphorus 0.24%, and potassium 0.21% in lignin is of
the greatest interest. From the total amount of the bound nitrogen about 25% is ammonia sulphate, and
75% is chemically bound with lignin. Therefore, at addition of lignin into soil the nitrogen is not
washed out, and is assimilated by plants gradually in accordance with decomposition by
microorganisms to low molecular combinations [18, 19].

The hydrolyzed lignin as the component of organic fertilizers is being studied for a long time. In
numerous scientific works it is shown the participation of lignin in humus formation, influence of its
complex-forming properties on a mode of power supply of plants and activation of their vital activity
is exhibited. The effect of lignin on soil microflora has been considered; its positive role as organic
fertilizer and soil conditioner has been marked [18, 20, 21]. Many researchers when estimating
fertilizers from the hydrolyzed lignin compare the efficiency of its application with peat. So, long-term
examinations are exhibited, that lignoorganic fertilizers are similar to compost, provided on the basis
of peat [21].

The clay-salt slimes are the waste of potassium production industry and could be the perspective
mineral additives to different types of amendments. The annual formation of their clay-salt slimes is
about 1.6—1.8 million tons per year. By material composition the clay-salt slimes waste are composite
formations, which principal components are carbonate and magnesium carbonates, zinc sulfates of
calcium, aluminosilicates, sodium and potassium chlorides. From carbonates inclusions predominates
the dolomite, zinc sulfate of calcium are submitted by anhydride; aluminosilicates like clay minerals
presented mainly of hydromicaceous composition [22, 23].

The clay-salt slimes have a series of the important particular properties, such as hydrophilicity, high
dispersion, ability to bloating and ion exchange. The pointed out slimes contain 60—70% of particles
with the size less than 0,05 mm, about 30% of them are the particles less than 0,001 mm. The particles
larger than 0,01 mm are in the quantity of 35-40% and are submitted in the basic easily water-soluble
halite and sylvite. The clay-salt slimes are characterized with high specific surface (40-45 m?/g), as
well as with considerable defective of crystalline structure, what increases their sorption ability. The
recently executed examinations testify to expediency of usage of clay-salt slimes as amendments and
structure-forming additives on low fertility sandy soils, extracted peat bogs, and also for rehabilitation
of farmlands, contaminated with radionuclides in the Republic of Belarus [22].
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3. CONCLUSIONS

The analysis of up-to-date existing methods and expedients on recovery of the Chernobyl-affected
soils displays, that the most expedient and ecologically safe counter-measure in Belarus now is the
rehabilitation of the territories, contaminated with radionuclides by decreasing of mobility of
radionuclides in soils. Such rehabilitation is carried out by means of addition of organic and/or
different organic-and-mineral amendments into soil.

Here, a primary task is the development of high-effective amendments economically expedient and
ecologically safe. The more appropriate is the development of organic-and-mineral amendments on the
basis of such local natural raw material as sapropels and such waste of industrial production as the
hydrolyzed lignin and clay-salt slimes.

The basic advantages of amendments on the basis of sapropels, the hydrolyzed lignin and clay-salt
slimes are as follows:

(i)  Controlled physical and chemical, and agrochemical properties;
(ii)  High sorption ability;

(iii)) Conformity with the modern ecological requirements and standards (under their nature they will
be approximate as much as possible to fertile layer of natural soils);

(iv)  Sterility (does not contain pathogenic microflora, weeds, parasitic insects and parasites);

(v)  Low cost of the products which will be produced on the basis of local natural raw material and
waste of commercial production).

The application of the data on organomineral amendments for rehabilitation of the territories
contaminated with radionuclides, will have the following advantages:

(i)  Does not cause infringement in biogeochemical balance in the region (accumulation, washing-
out, migration of anyone or a group of chemical substances and compounds);

(ii) Easily applied within the framework of conventional agriculture; technically and
technologically is easily implemented;

(iii)) Ecologically safe and does not require the constant ecological monitoring;

(iv) Conformity with the world standards oriented to high technology, ecologically pure production
and promotes the development of organic agriculture in the contaminated regions.
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Abstract. The work is aimed at studying radionuclide contamination of water system components in order to
evaluate the consequences of the Chernobyl disaster for water resources of the Republic of Belarus. As a result
of the studies there have been elicited peculiarities in the dynamics of the radioecological situation and roles of
separate components in the overall balance of radioactive contamination of water systems in the Eastern-
Belarusian province. The data on the radionuclide content in water and water vegetation allow an assessment of
the danger of these components getting into human body directly, or indirectly through food chains. The
established relationships in radionuclide distribution among components of the ecosystems studied can be
applied to other systems of lentic and lotic types (lakes, big ponds, rivers) used for public needs.

1. INTRODUCTION

The work is aimed at studying radionuclide contamination of water system components in order to
evaluate the consequences of the Chernobyl disaster for water resources of the Republic of Belarus
and to use the obtained results while developing protective measures. The objects of the study are
water systems of a slightly lotic and lotic type, namely, the Malinovka reservoir and the Senna river,
Chericov district, Mogilev region as well as components of those systems — water, suspensions,
bottom sediments, dominant water vegetation species.

As a result of the studies there have been elicited peculiarities in the dynamics of the radioecological
situation and roles of separate components in the overall balance of radioactive contamination of water
systems in the Eastern-Belarusian province. The data on the radionuclide content in water and water
vegetation allow assessing a danger of these components getting into human body directly, or
indirectly through food chains. The established relationships in radionuclide distribution among
components of the ecosystems studied can be applied to other systems of lentic and lotic types (lakes,
big ponds, rivers) used for public needs.

2. MATERIALS AND RESEARCH METHODS

Standard B-radiometry methods with the application of semiconductor y-spectrometry, dosimetry,
radiochemical analysis with final B- and y-spectrometry were applied in the research. The following
devices were used for measurements: B-radiometer RKB-4-2eM; B-radiometer KRVP-3AB; multi-
channel semiconductor y-spectrometer with Ge(Li) detector DGDK-100V-3 and amplitude analyzer
AFORA-LP-4900 V; radiometer-dosimeters DRG-01T.

3. RESULTS AND THEIR DISCUSSION

It should be noted that the Cs-137 contamination density of the Senna river headwaters territory at the
village of Chudyany is over 40 Ci/sq.km. (up to 140 Ci/sq.km), the relief is a valley outwash of the
Sozh glaciation. The average maximum annual flow of the Senna river at the Chudyany village is 5.99
m. m’, the average annual water discharge is 4.8 m’/s. The average annual drift (sediment) flow is 0.19
thousand ton, the average annual drift discharge is 0.006 kg/s. The village of Chudyany on the Senna
river is located 5 km away from the Malinovka reservoir. The Malinovka reservoir has the following
hydrological features: water-surface area at the top water level is 26.6 ha and 16.1 ha. at the dead-
storage level. The pondage at the top water level is 373 thousand m’. The maximum width is 0.36 km,
length — 1.8 km. The average depth is 2.0 m. The reservoir is localized on a site of the Senna river
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valley in its middle current situated 400 m eastward the outskirts of the village of Malinovka. The
reservoir was put into operation in 1982.

According to their physical and hydrological indices and geographical peculiarities, the reservoir at
the village of Malinovka and the Senna river are typical water systems of the Eastern-Belarusian
province, and they were chosen as objects of long-term radioecological monitoring because of high
radioactive contamination of landscape components. There have been data on the distribution of Cs-
137 and Sr-90 in phytocoenoses obtained. Judging by biomass, the reservoir ecosystem is dominated
by the following macrophits: Elodea canadensis Rich., Typha latifolia L., algae of Cladophora,
Oedogonium families; Oenanthe aquatica L., Gliceria aquatica Waheb., Alisma plantago aqual,
Equisetum fluviatile L. are represented in smaller quantities. Over the years of research the highest
values of Cs-137 specific activities were observed in 1991 — from 2,110 Bq/kg in Typha latifolia L. to
377,000 Bg/kg in Elodea canadensis Rich. It has been established that in different vegetation seasons
Cs-137 activity values amount to 1,920 to 377,000 Bq/kg, Sr-90 activity values - 29.5 to 721 Bg/kg in
Elodea canadensis Rich. ; in Typha latifolia L. — from 387 to 15,113 Bq/kg for Cs-137 and 32-500
Bg/kg for Sr-90; in samples of filamentous algae — from 932 to 70,300 Bq/kg for Cs-137 and 22-214
Bg/kg for Sr-90. The average values of specific activities for 10 years of research have varied in the
range of 1,100 — 132,000 Bg/kg for Cs-137 and 67 - 355 Bg/kg for Sr-90 with no stable decrease in
average activity values with time, which is probably related to the fact that the reservoir is lotic — in
different years and seasons different quantities of radionuclides may be contributed to by the Senna
river. The obtained values of accumulation coefficients (AC) for Cs-137 in hydroflora are in the range
of 6,790 — 284,900, while AC values for Sr-90 are by 1-2 degrees lower that those for Cs-137 and
amount to 321-965. There is no stable decrease in AC for Cs-137 and Sr-90 with years; the observed
values of AC for Cs-137 are always higher than those of AC for Sr-90 (AC for Cs-137/AC for Sr-90 >
1). It has been found out that seasonal changes in the development of plants may influence the
distribution of radionuclides in various parts of water plants as follows: in Typha latifolia L. the Cs-
137 maximum content in vegetation parts is observed in June, and in the root system — in May, i.e. in
the beginning of vegetation; in the root system the Sr-90 maximum content is observed in May, and
the Sr-90 maximum content in vegetation mass is in the end of vegetation, in Octovber. In Elodea
canadensis Rich. that has the longest vegetation period, the Cs-137 content gradually increases from
May to July, and then — to October; the Sr-90 content increases from May to July and then decreases.
It has been established that that there is a proportional relationship between the Cs-137 and Sr-90
content and that of their microanalogues — the higher concentrations of macroanalogues are to be
found in a plant, the more radionuclides are contained.

The studies have shown that if the concentration of Na" and K" cations (Cs-137 analogues) in water
increases from June-July to October, then the Cs-137 content in Elodea canadensis Rich. decreases;
and if the concentration of Ca®" and Mg®" cations (Sr-90 analogues) in water increases from June-July
to October, then the Sr-90 content also decreases. The values of specific activities of detritus are in the
range of 1,970 — 114,700 Bg/kg, and those of Elodea canadensis Rich. — 1,860 and 10,700 Bg/kg. It
has been revealed that there is more Cs-137 in detritus, than in a living plant by 1.2 times on the
average, and there is almost always more Sr-90 in living vegetation compared to detritus. The area of
water vegetation did not exceed 1,756 sq. m or 0.66% of the water-surface area; the relatively small
area of water vegetation is, in the first instance, due to the fact that the Malinovka reservoir is a young
water system aged about 20 years and lotic. The maximum vegetation area is characteristic of Typha
latifolia L. being from 319.2 to 1088.72 sq. m and Elodea canadensis Rich. being from 239.4 to
590.52 sq. m as well as low algae being up to 234.5 sq. m. There have been calculated the stocks of
radionuclides in the phytocoenotic component of the reservoir ecosystem that are 112 x 10° — 8038 x
10° Bq for Cs-137 and 22 x 10 - 213 x 10° for Sr-90. The stocks of Cs-137 in phytomass exceed
those of Sr-90 by a factor of 10-10” on the average. It has been established that the contribution of
plant hydrobionts to the total radioactivity of major components of the reservoir ecosystem does not
exceed 0.02% for Cs-137 and 0.01% for Sr-90 by virtue of the insignificant age of the reservoir and
the small area of water vegetation and, consequently, low biomasses of biocoenosis-making species.
The average specific activities of Sr-90 for water vegetation in the reservoir are greater than those of
the river itself by 2.25 times, whilst the indices for Cs-137 are almost the same, which can be
explained by a higher content of Sr-90 in the reservoir ecosystem, especially, in the bottom sediments
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compared to that of Cs-137 as well as by the fact that forms of strontium forms with time become
more mobile, whilst caesium gets inerter.

The statistical analysis of study results was made with STATGRAPHICS Plus for Windows software.
It has been established that statistically significant relationships in the correlation analyses of general
population data including results for all the years and sampling seasons are observed in the Malinovka
reservoir only for Cs-137 in the following comparison groups: ‘suspensions — bottom sediments’,
‘suspensions — water vegetation’, ‘bottom sediments — water vegetation’. The obtained correlation
coefficients (rhos) are 0.58, 0.69 and 0.73 (for the three comparison groups respectively) show an
average and close degree of statistical relationships between characteristics in the comparison groups
and, alongside with the obtained determination coefficients (0.34, 0.48 and 0.53 respectively), are
statistically reliable (p < 0,05, i.e. P>95%).

There was a statistical analysis made for different groups of the reservoir components only in
vegetation periods. A study of the results shows that correlation relationships in the comparison
groups, where water vegetation is a part, are observed significantly more often compared to statistical
analysis data for the general population as a whole, not taking into account the seasonal factor. In
particular, close correlation relationships have been established in the following comparison groups:
‘water Cs-137 — water vegetation Cs-137', 'water Sr-90 — water vegetation Sr-90', 'suspensions Sr-90 —
water vegetation Sr-90', 'bottom sediments Cs-137 — water vegetation Cs-137’, ‘soil Cs-137 — water
vegetation Cs-137' with correlation coefficients r = 0.7; 0.53; 0.47; 0.99; 0.51 respectively.

As an regression analysis showed, trend lines for all the components of the reservoir and river
averaging the dynamics of the radioecological situation are a second-degree parabolas y= a+bx+cx2.

It has been shown that the Malinovka reservoir is a young water ecosystem, where plant communities
are essentially in the making only. The major contribution to the total radioactivity is made by bottom
sediments — over 90% for Cs-137 and 57-99% for Sr-90. It is likely that with time, as the area of water
vegetation and the total biomass of water vegetation increase, the contribution of this component to the
total radioactivity will be more weighty, provided that hydrological parameters, technical
characteristics and radioecological indices of the reservoir do not change.

Concerning the Senna river at the village of Chudyany, the radioecological situation here can change
more often, for it is lotic, and is to a higher degree dependent on climatic factors, mainly on the
frequency and quality of precipitation defining the ingress of radionuclides from headwaters areas.
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Abstract. Each year considerable quantities of residue from different crops grown on contaminated lands are
tilled back into the soil and partly used as forage. Radionuclides in the crop residues are made available to
succeeding plants by release thought decomposition. Relative phytoextraction of radionuclides by crops to soil
content, quantitative and temporal rate of *’Cs and *°Sr released from plant residues and annual fixation of
radionuclides by plant residues tilled into the soil for succeeding crops in rotation were studied. Different crops
have shown considerable variation in their ability to uptake the radionuclides from soil. The relative
accumulation of "*’Cs by the crop residues was lower 0.07% to the total radionuclides content in soil. The
maximum quantity of *’Sr extracted from soil can reach up to 4% and it is valuable in respect of the technologies
of phytodecontamination. Agricultural crops accumulating the high amounts of *°Sr were rapeseed, clover and
Sakhalin buckwheat. The size of *’Sr immobilization by above-mentioned crops can be comparable with ‘self-
decay’ of radionuclides per year. The release of radionuclides incorporated in the straw is very slow and
radionuclides of plant organic wastes tilled in the soil are unavailable to succeeding crops at least during 2 years.

1. INTRODUCTION

Agricultural production in Belarus is conducted on 1.3 million hectares of land contaminated by '*’Cs
with deposition 37-1480 kBq.m™. Some part of this land, 0.46 million hectares, is simultaneously
contaminated with *°Sr as well (6 -111 kBq.m™). In some cases, the choice of a crop for a rotation
depends upon the benefits of getting of food-grade products with minimum concentration of
radionuclides on each separate field. In other cases, for example, cultivation of rapeseed (Brassica
napus f.) and Sakhalin buckwheat (Poligonum sachalinense F. Schmilf) on the contaminated lands is
frequently considered as one of the ways of obtaining alternative biodiesel and biogas sources with
simultaneous soil decontamination [1, 2].

Each year considerable quantities of residue from crops grown on contaminated lands are tilled back
into the soil and partly used as forage. About 2.5 million ton of crop residue made on contaminated
area can be regarded as a organic wastes. The elements in crop residues are made available to plants
by release thought decomposition. The rate at which the elements, including radionuclides, become
available is an important factor in determine the danger of the organic wastes as a source of
radionuclides to succeeding crops. The rate of straw decomposition and release of elements varies,
depending on the size of residues, the part of the plant and tissue involved such as cellulose,
hemicellulose, lignin, etc [3, 4].

The purpose of the investigations was to estimate the magnitude of radionuclides fixation by biomass
of crops and the rate of release of radionuclides from plant residues after their tillage in soil for
succeeding crops. Three factors were studied: (a) relative phytoextraction of radionuclides by crops to
soil content, (b) quantitative and temporal rate of *’Cs and *’Sr release from plant residues, (c) annual
fixation of radionuclides by plant residues tilled into the soil for succeeding crops in rotation.

2. MATERIALS AND METHODS

2.1. Experiment I (phytoextraction)

Quantitative assessment of *'Cs and *°Sr biofixation by crops was conducted on the database of
multiyear results received from trial plots. The field experiments were conducted on the sod-podzolic
loamy sand soil or Podzoluvisol of FAO classification. Agrochemical parameters of trial plots widely
varied: pH (IN KCl) 4.7 - 7.3, extractable P,Os - 25 -1008 ppm (0.2N HCI extraction) and K,O - 120 -
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480 ppm (0.2N HCI extraction), exchangeable Ca — 320 - 2100 ppm(1N KCl extraction) and Mg - 40 -

205 ppm (1IN KCI extraction). Density of soil contamination varied for '*’Cs 17-2000 kBq.m™ and for
%Sr 3 - 77 kBq.m™. Relative phytoextraction of radionuclides by crops to soil content was calculated
by multiplying the radionuclide concentration of plant by a crop yield from a unit of area divided by
total contents of radionuclide of a unit of area and after that converted in percent. Table 2 shows a set
of crops evaluated.

2.2. Experiment II (phytoavailability)

In the pot experiment the sod-podzolic loamy sand soil collected from uncontaminated area was
treated by contaminated straw of rapeseed (Brassica napus f.), Sakhalin buckwheat (Poligonum
sachalinense F. Schmilt) and rye (Secale cereale) collected from the area of Chernobyl fallouts. The
straw belonged to plants with final maturity. The straw was cut in equal lengths of 3-4 centimeters.
The crop residues were added to the soil at 0.1 kg per pot or 6 kg of soil. A control was included in the
treatments to take into account the global fallout.

Agrochemical parameters of soil of the pot experiment were: pH (1N KCI) 5.9, extractable P,Os — 820
ppm (0.2N HCI extraction) and K,O - 430 ppm (0.2N HCI extraction), exchangeable Ca — 1300
ppm(1N KCI extraction) and Mg - 140 ppm (1N KCIl extraction).

Each treatment was replicated 4 times. The soil was brought up to a moisture content of about 60% of
the field water holding capacity. In order to approach the experiment to the climatic conditions of
agriculture of the contaminated zone the crop residues were incubated in the soil of plastic pots in the
field conditions. Terms of the incubation of the contaminated straw into the soil were 180 days during
winter season. In the first year, lupine was sown on the treated soil and green rye in the second year.
Treatments are presented in the Table 2.

Before sowing of the second crop the activity of soil enzymes was analyzed. Parameters of enzymatic
activity are expressed as a quantity of modified substratum for the defined time: oxidation-reduction
(dehydrogenase) - mg of TPF for 24 hours per 100 g of soil, invertase - mg of glucose for 4 hours on
100 g per soil, urease - mg N-NH," for 4 hours per 100 g of soil. Potential cellulose-decomposing
capacity was determined by weight method at the decomposition of filter paper in the soil for 60
days [5].

2.3. Measurements

The *°Sr content in soil and plants was determined with use of the liquid scintillation counter
(CANBERRA Tri-Carb 2750 LL). Determination of *’Cs was done by Gamma-spectrometer with
HP GC4019 detector (CANBERRA) [6]. The laboratory measurements have been performed at the
Laboratory for Radioecology of the Belorussian Research Institute for Soil Science and Agrochemistry
(BRISSA).

3. RESULTS AND DISCUSSION

3.1. Phytoextraction of radionuclides

Accumulation of *’Cs and *’Sr by crops with edible and secondary parts is given in Table 1. Different
crops have shown considerable variation in their ability to uptake the radionuclides from soil [7].
Relative radionuclide uptake by agricultural crops depended on agrochemical soil parameters,
specificity of kinds and varieties, crop yield and fertilization. Accumulation of *’Cs by crops was
insignificant. Cereals which annually cultivate on 50-70% of plough soils accumulate no more 0.02%
of *’Cs and other crops no more 0.07% to the total radionuclides content in soil. Accumulation of *’Sr
by crops was significantly higher than could be explained by less strong fixation of *°Sr with soil
complex than "*’Cs. The maximum quantity of *’Sr is accumulated by rapeseed 3.85%, by clover 3.60
and by Sakhalin buckwheat 1.95% to the total *’Sr content in the soil.

The size of *’Sr immobilization by rapeseed straw, clover and Sakhalin buckwheat is comparable with
‘self-clean-up’ of soil as a result of annual decay of radionuclides and is valuable in the respect of the
technologies of phytodecontamination.
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TABLE 1. PHYTOEXTRACTION OF RADIONUCLIDES BY GROSS OUTPUT OF CROPS ON
PODZOLUVISOL (% TO TOTAL RADIONUCLIDE CONTENT IN SOIL)

Crop ¥7Cs accumulation “Sr accumulation
Edible part* Secondary Total Edible part Secondary Total
part** part
Food crops
Cereals 0.0004-0.002  0.003-0.02 0.003-0.02 0.02-0.06 0.20-0.31 0.22-0.37
Potato 0.006-0.009 0.01-0.02 0.016-0.029 0.04-0.06 0.09-0.14 0.13-0.20
Forage crops
Annual
legume - 0.02-0.03 0.02-0.03 - 0.43-1.2 0.43-1.2
Clover - 0.03-0.04 0.03 0.04 - 2.1-3.6 2.1-3.6
Perennial
grass - 0.02-0.07 0.02-0.07 - 0.27-0.49 0.27-0.49
Corn - 0.008-0.009  0.008-0.009 - 0.16-0.30 0.16-0.30
Industrial crops
Rapeseed 0.003-0.008 0.004-0.01 0.007-0.02 0.10-0.32 1.09-3.53 1.19-3.85
S. buckwheat — 0.006-0.02 0.006-0.02 — 0.56-1.95 0.56-1.95

* grain, seed, tubes
** straw hay, leaf
, green mass, hay, leafy tops

TABLE 2. INFLUENCE OF KIND OF CROP RESIDUE ADDED IN SOIL ON THE
PERCENTAGE OF THE RADIONUCLIDES IN LUPIne (2001) and green rye (2002) PLANTS
DERIVED FROM THE CROP RESIDUE

Crop residue Activity of radionuclides Yield of dry 7Cs in crops “Sr in crops
added added by straw, Bq per matter, g per pot derived from crop  derived from crop
pot residues, % residues, %
B1Cs "Sr Lupine Rye Lupine Rye Lupine Rye
None - - 15.2 334 - — — —
Rye straw 10.2 15.0 19.4 36.9 2.0 6.2 1.5 3.0
S. buckwheat 13.8 36.2 18.7 40.9 0.9 4.9 0.9 2.0
Rapeseed straw 11.4 15.0 16.0 36.6 0.9 4.0 0.8 2.6
LSD 0.05 — - 2.34 3.21 — — — —

TABLE 3. ACTIVITY OF SOIL ENZYMES DEPENDING ON KIND OF CROP RESIDUE ADDED
IN SOIL

Crop residue added Dehydrogenase Invertase Urease Cellulose-
Wet soil Dry soil decomposing
capacity, (%)
None 7.1 9.7 11 6.3 35
Rye straw 7.6 10.5 27 18.3 61
Sakhalin buckwheat 4.9 6.8 18 13.0 51
Rapeseed straw 6.2 8.3 22 15.3 56
LSD 0.05 2.1 2.4 3.2 3 59
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3.2. Phytoavailability of radionuclides

In the first year of the experiment green mass of lupine accumulated lower then 2% of *’Cs and 1.5%
of *°Sr contented in contaminated straw tilled. In the second year radionuclides uptake by green mass
of rye was 4-6% for *’Cs and 2-3% for *’Sr (Table 2). Higher transfers of radionuclides from rye
straw can be explained in smaller diameter of a stalk and accordingly its closer contact with soil.
Experiments show that release of radionuclides incorporated in the straw is very slow and
radionuclides of organic plant wastes are unavailable for green plants at least during 2 years.

As a whole all samples are characterized by the lowered level of the enzyme activity of soil.
Enzymatic activity of untreated soil was in several times lower in comparison with soil treated by crop
residues. Cellulose-decomposing capacity of treated pots was in 1.5-1.7 time higher than soil of the
control variant (Table 3).

4. CONCLUSIONS

These preliminary studies were carried out to estimate the immobilization of radionuclides by organic
wastes in agriculture. Different crops have shown considerable variation in their ability to uptake the
radionuclides from soil. The relative accumulation of *’Cs by the crop residues was insignificant and
lower than 0.07% to the total radionuclides content in soil. The maximum quantities of *’Sr extracted
from soil can reach up to 4% and it is valuable in respect of the technologies of phytodecontamination.
Agricultural crops accumulating the high amounts of *’Sr were rapeseed, clover and Sakhalin
buckwheat. The size of **Sr immobilization by above-mentioned crops can be comparable with «self-
decay» of radionuclides per year. The release of radionuclides incorporated in the straw is very slow
and radionuclides of plant organic wastes tilled in the soil are unavailable to succeeding crops at least
during 2 years.
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Effect of soil parameters on uranium availability to ryegrass
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Abstract. When wishing to assess the impact of radioactive contamination on biota or on an ecosystem,
knowledge on the physico-chemical conditions governing the radionuclide availability and speciation in the
exposure medium and hence its bioavailability and incorporation is indispensable. The present study explores
the dominant soil factors (18 soils collected under pasture) ruling uranium mobility and availability to ryegrass
and intents to define and assess the extent of the effect. Soil pH and iron-oxi-hydroxides explained for 60% the
uranium concentration found in the soil solution (which varied with factor 100). Plant U-concentration was
mostly affected by the concentration of U in the soil solution, pH and total inorganic carbon content. Observed
U-uptake was highest when pH was below 5.3 or around 7 or higher. Uranium speciation was found important
in explaining the U-uptake observed: apparently, uranyl, UO,CO;? and (UO,),CO5(OH);” were the U-species
being preferentially transported.

1. INTRODUCTION

Enhanced levels of naturally occurring radionuclides (NOR) may be associated with abandoned waste
dumps and the surroundings of industries involved in the extraction or processing of raw materials
containing NORs. The most prominent examples in Europe are the residues of uranium mining and
milling, the sludge heaps of the phosphate processing industry and the ashes from power production
from coal. These contaminated environments may result in a considerable exposure to the public and
the environment.

When wishing to assess the impact of radioactive contamination on biota or on an ecosystem,
knowledge on the physico-chemical conditions governing the radionuclide availability and speciation
in the exposure medium and hence its bioavailability and incorporation is indispensable in order to
deduce a potential relation between environmental concentrations, the fraction bioaccumulated (and
the location of the contamination in the target organism or compartment and this in function of time)
and the observed effect.

Uranium behaviour is similar to that of other heavy metals and its physiological toxicity, other than
damage from ionising radiation, mimics that of lead. Uranium is chemically toxic to kidneys and
insoluble U-compounds are carcinogenic [1]. The complex, pH-dependent speciation of U in soils
makes the study of U uptake by plants difficult. U is present in soil primarily (80-90%) in the +VI
oxidation state as the uranyl (UO,") cation [2, 3]. Under acidic conditions, UO," is the predominant
U species in the soil. Hydroxide complexes form under near-neutral conditions, while carbonate
complexes predominate under alkaline conditions. Generally, negligible amounts of UO," are present
in the soluble and exchangeable forms, due to the high solid-liquid distribution coefficient of uranium.

Although extensive work has been done on the U solubility in soils, there is comparatively little
information regarding the uptake and translocation of U by plants as affected by soil properties. Most
work has focused primarily on either the U content of native plants growing in U contaminated
environments [3] or U uptake by field and garden crops of importance to animals and humans [4].Ebbs
et al. [2] showed that free UO,"is the U species most readily taken up and translocated by plants.

The present study explores the dominant soil factors ruling uranium mobility and availability to plants
and tries to define and assess the extent of the effect.
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2. MATERIALS AND METHODS

Eighteen soil types were collected under pasture. The soils were selected such that they covered a
wide range for those parameters hypotised as being potentially important in determining U-availability
(pH, clay content, Fe and Al oxide and hydroxide content, CaCOs, organic carbon). Soils were
analyzed for texture, total organic and inorganic carbon, CEC, total Fe and P, density, field capacity.
Soils (3 kg for each soil type) were brought to field capacity and contaminated with 450 Bq/kg
¥U(VI) (added as uranylnitratehexahydrate), fertilized (NK) and incubated for 4 weeks. Before the
start of the experiment, soils were analyzed for pH, exchangeable cations, Olson P. Soil solution was
analyzed for cation content, phosphate, sulphate, chloride, nitrate, uranium. Uranium was also
analyzed in the supernatants following extraction with ammoniumacetate (pH 5 and 7) and
ammoniumoxalate. These latter extracts should give information about which fraction uranium was
primarily bound. After 4 weeks’ incubation, the 3-kg soil batches were distributed over 3 pots and
ryegrass was grown on top. After 5 weeks’ growth, ryegrass was harvested; the ryegrass was dried and
analyzed for biomass and uranium content in the shoots. Statistical analysis was performed with the
software Statistica (General Linear Models).

3. RESULTS AND DISCUSSION
Table 1 presents mean values of some selected soil characteristics and the uranium content in shoots.

Statistical analysis showed that there were no single soil parameters significantly explaining the
uranium concentration in the soil solution, nor the uranium concentration in the plants.

Preliminary testing showed that soil pH and the oxalate extractable iron explained for 60% the
uranium concentration found in the soil solution, as expressed by the following equation:

U-SoilSol=54.01(x16.51) + 7.26(x2.92) pH — 0.0006 (£0.0002) Fe-Oxal, R*=0.60

Plant U concentration was mostly affected by the concentration of uranium in the soil solution, the soil
pH and the Total Inorganic Carbon (TIC) content in the soil solution.

U-Plant=-0.45(x0.21) + 0.06(x0.04) pH + 0.025(0.013) TIC+0.011 (+0.002) U-SoilSol, R*=0.71

TABLE 1. SOME SOIL CHARACTERISTICS AND U CONCENTRATION IN SOIL SOLUTION
AND RYEGRASS SHOOTS

Soil class 0-2 pm O.M. pH (H,0) CEC |Fe (Oxal-extr) HPO42' TIC U in soil sol. | U in plant

% % meq/100g ng/g mg/1 mg C/L pg/l ng/g
A loamy clay 18.02 2.65 5.76 8.7 2922 0.98 0.77 7.61 0.182
B light clay 24.56 11.62 6.27 43.8 20367 1.15 1.32 1.74 0.058
C sandy clay 30.03 15.37 6.56 51.7 13090 0.88 1.85 1.81 0.012
D sandy clay 28.76 3.20 5.10 5.1 2176 0.86 0.53 20.57 0.143
E loamy sand 24.86 3.95 6.65 7.8 1143 2.45 0.75 6.64 0.056
F sandy clay 24.91 7.11 7.64 32.2 1286 17.67 4.42 2.89 0.230
G light clay 19.9 9.75 6.92 42.3 3161 9.04 4.81 1.97 0.032
H light clay 27.33 10.34 7.61 48.2 5142 1.48 6.49 11.33 0.310
1 sandy clay 20.05 4.03 8.03 24.0 887 1.17 9.46 231.61 1.223
J clayey sand 16.32 4.34 6.36 8.9 896 0.65 0.63 11.47 0.039
K loamy clay 26.72 6.00 7.01 20.7 2761 0.90 5.41 19.39 0.393
L clay 27.82 7.42 5.88 24.5 3527 1.18 1.53 7.35 0.014
M heavy sand loam 15.66 14.65 6.77 65.8 13231 1.36 2.79 1.91 0.013
N clayey sand 11.7 5.61 5.38 8.5 1869 9.68 0.68 17.24 0.024
o) clayey sand 14.79 4.70 5.64 9.7 2358 0.90 0.80 10.87 0.020
P clayey sand 10.06 4.35 6.14 8.1 1469 0.78 0.80 11.96 0.021
Q light clay 21.36 7.51 6.24 17.0 6258 1.12 1.97 3.00 0.012
R clayey sand 15.63 4.29 6.20 1998 0.80 1.00 8.78 0.056
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The next step was to assess the uranium speciation in the soil solution with a Geochemical Speciation
Model and to assess if and how speciation may influence the translocation of uranium to the shoots.

Figure 1 shows that for the soils were increased transfer was observed (soils a, d, f, h, i, k) again
certainly not the soil solution concentration but neither a rough-speciation repartitioning could explain
the transfer factors observed.

Apart from the uranyl-species, carbonate species, occurring at pHs around 7 or higher, are reported to
be rather bioavailable [2]. It can be deduced from Figure 2 that, apparently, uranyl, and just some
U-carbonate species UO,CO;? and (UO,),CO3(OH);” were the U-species being preferentially
transported.

Relating specific U-species concentrations with the bioaccumulated fractions results in clearly better
correlations than when simply taking the soil solution concentration (Figure 3).
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FIG. 1. Uranium speciation for the different soil samples.

100 I
90 - = B UO2(S04)2--
W UO2(CO3)----
80 1 — % .
70 . B (UO2)2CO3(0H)3-
50 I @ UO2(CO3)2--
| B UO2(0H)2(aq)
20 * | B UO2PO4-
0 W UO2CO3
30 CUO2S04
20 1 H CJUO20H+
10 7 MUO2++
O T — T
B UO2HPO4(aq)
A D F G H I K M

t t ¢t t t+ ¢

FIG. 2. Detailed U-speciation of the soil samples where higher soil-to-ryegrass shoot transfers were
observed. Samples with arrows have high transfers;, U-species preferentially bioaccumulated are
underlined.
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FIG. 3. Relation between the uranium concentration in the soil solution (left) or the concentrtaion of
specific uranium species (right) and the uranium concentration in the shoots.

REFERENCES

[1] HOSSNER, L.R., et al., Literature review: Phytoaccumulation of chromium, uranium, and
plutonium in plant systems. Springfield, VA, Amarillo National Resource Center for
Plutonium, 51 (1998).

2] EBBS, S.D., Identification of plant species and soil amendments that improve the
phytoextraction of zinc and uranium from contaminated soil. Faculty of Graduate Studies,
Michigan, Cornell University, 174 (1997).

[3] WHICKER, F.W., IBRAHIM, S.A., Radioecological investigations of uranium mill tailings
systems, Fort Collins, Colorado State University, 48 (1984).

[4] SHEPPARD, S.C., et al., Uptake of natural radionuclides by field and garden crops, Can. J.
Soil Sci. 69 (1989) 751-767.

142



TAEA-CN-109/58

A study of iodine aerosol deposition on some crops, vegetables and
grass

Z. Shang®, H. Liu"

"Nuclear Safety Centre, SEPA, P.O.Box 8088, Beijing 100088, People’s Republic of
China

®National Nuclear Safety Administration, SEPA, Beijing 100035, People’s Republic of
China

Abstract. In order to improve and verify the knowledge of radioiodine transfer in Asian biosphere system, a
closed space was established to study gaseous iodine deposition in a simulated terrestrial food exposure pathway
using '*I as a radiotracer. The pot culture test was carried out to study airborne '*I deposition on corn, soy,
navy bean, cabbage, shallot and vanilla grass, and results show that (1) No plants absorb '*I initiatively; (2) '*I
aerosol deposition on leaves could be transferred to other tissues; (3) Corn and navy bean have the biggest
translocation factor. The I soil-to-crops uptake test shows that '*’I deposited in soil could transfer to plants via
root uptake, and millet and broomcorn have the biggest transfer factor.

1. INTRODUCTION

B (T, 8.04d) and "*°I (T; 1.57 X 107a), as the most concerned radioactive iodine isotope, are fission
products that can be released in large quantities in the event of an accident involving nuclear power
plants. Because of their abundance and biological mobility, they are critical components in nuclear
fission wastes, and are the two best studied artificially produced radionuclides in our environment.

A major radioecological task in the future is a reconstruction of the radioiodine deposition to make an
assessment of the individual doses to these population groups [1]. lodine could enter human body
through different pathway, in which at most start in airborne pathway. In Asia, crop and vegetable are
the most important for Asian food ingredient. Therefore, air-vegetable-human is the critical pathway in
Asia for iodine exposure. At the moment, not too much data is available relating to the behaviour of
radioiodine in Asia. In order to improve and verify the knowledge of radioiodine transfer in Asian
biosphere system, the present work aims to define its behaviour in a simulated terrestrial food
exposure pathway of gaseous iodine using '*°I (7, 60.1 d).

2. MATERIALS AND METHODS

2.1. Study site and gaseous '*’I generation

A field site 22.5m” was established. The space closed by plastic approximately 30 m® was set up for
gaseous '>I deposition tests:

2Na'?’I + MnO, + 3H,S0, = 2NaHSO, + MnSO, + 2H,0 + %I, T

2] gas was generated by above chemical reaction from a 250 mL vessel containing 407 MBq Na'*I.

The vessel was set on a field corner in the space, and a mini-fan was used to simulate natural wind. '*°I
gas diffused in the space immediately with the reaction.

2.2. Gaseous '>I depostion test on crops, vegetables and grass

The pot culture was carried out to study gaseous '>’I deposition and translocation in plants. Corn, soy,
navy bean, cabbage, shallot and vanilla grass were selected for the test. '*’I gas contamination
happened when all plants grown up to seeding stage. The pots were moved into the space and placed
at a distance of 5m of the source point. '*’I deposition lasted 1 hour. Then all pots were moved out
from the site. Afterward, the crops, vegetables and grass were grown in the pot under artificial
sprinkling irrigation. Samples were collected at the 15th day after contamination. Each sampling has
three samples.
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2.3. "I soil-to-crops uptake test

In order to study '*°I soil-to-crops uptake, 0.5 cm thick culture soil was spread on ground in the space,
in which the gaseous '*’I deposited on soil for 1 hour. Then the soil was collected and moved out from
the site and mixed evenly. The soil with '*°I specific activity of 43 Bq/kg (d.w., dry weight, same
below) was prepared and filled into pot. Afterwards, pot culture test was carried out in the most
representative plants as corn, wheat, rice, millet, broomcorn, cole and soy under the normal
fertilization and irrigation. The leaf sample was collected at the 30th day after seedling. Each sampling
has three samples.

2.4. Instrument and measurement

All samples were weighted by Sartius electronic balance (0.1mg sensitive) and measured immediately
after sampling using FT613 micro process 7y counter which has a counting efficiency of 75% for '*°I.
The counting errors were less than 10% in 2c.

3. RESULTS AND DISCUSSIONS

3.1. "I aerosol deposition test on crops, vegetables and grass

In Asia, the basic food for Chinese people are rice, wheat and vegetable. The principal exposure
pathway is via these food to human. Concerning the airborne exposure, especially for iodine aerosol
falls on the aerial part of plants, some Asian basic food as leafy crop and vegetable represent the
important role in the pathway. Subsequently, some crop and vegetable as corn, soy, navy bean,
cabbage, shallot and vanilla grass are selected to study gaseous iodine deposition.

3.1.1. Corn

'] activity in different corn leaves after 1 hour deposition is 0.65+0.12Bg/kg (f.w., fresh weight,
same below) in the first leaf, 0.63+0.25 Bg/kg in the second leaf, 0.40+0.09 Bg/kg in the third leaf,
0.22+0.21 Bg/kg in the fourth leaf, which show that deposition activity in different leaves differs no
significantly with the same order of magnitude values. Generally, the activity deposited on flourishing
leaves that have large interception area and a small inclination to ground is more pronounced than
other leaves. Because of growth dilution, specific activity of '*’I in leaves decreases with growth
period after deposition. '*’I deposited on the leaves can transfer and re-distribute in other corn tissues
because '*°I was measured in these new leaves and stem.

3.1.2. Navy bean

The measurement results show that specific activity of '*’I in navy bean leaves is 1.7+0.9Bq/kg, and
0.05 ~ 2.3Bg/kg in beanpod. '*’I, furthermore, can transfer into new leaves and stems, with at most
accumulated in the stem tip. The result also shows that '*’I can translocate into fruit during growth
afterward, and its specific activity is 0.002 ~ 0.03 Bq/kg.

3.1.3. Soy

Specific activity of '*°I in soy leaf is 2.4 ~ 2.5 Bg/kg. Afterward, '*I on the leaf can transfer into new
leaves and bean. The content of '*°I in bean is lower 2 ~ 3 order of magnitude than leaves.

3.1.4. Cabbage

Result shows that specific activity of '*I in cabbage is 0.3+0.1Bg/kg. '*’I can transfer to all plant with
specific activity of 0.001 ~ 0.1Bg/kg after 15 days growth.
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3.1.5. Shallot

Specific activity of '*°I in shallot leaves is 0.5+0.3 Bq/kg. Since leaves wrap the shallot stem, few '*°I

contaminate the stem. The measurement show that '*’I can transfer to all new leaves at most
accumulated at leaf tip, and further into the stem with the specific activity of 0.02 ~ 0.2 Bq/Kg in 15
days growth.

3.1.6. Vanilla grass

Specific activity of '*°I in the grass is 0.14 ~ 0.34Bg/kg. '*°I can tranfer to new growth leaves after a
period of 15 days with specific activity of 0.001~0.035Bq/kg, in which '*°I in leafstalk less than
leafage.

3.1.7. "I Translocation in the plants

Foliar absorption of radionuclides is believed to consist of two phases. The first one is nonmetabolic
cuticula penetration which is generally considered to be the major route of entry and metabolic
mechanisms which account for element accumulation against a concentration gradient. The second
process is responsible for transporting ions across the plasma membrane and into the cell protoplast.
The results obtained show that gaseous '*’I contamination to plants in the present test is a natural
process of '*I dry deposition, and no plants absorb '*’I initiatively. It should be noted that the impact
of resuspension is not considered here because of the test was carried on a closed small space where
the impact could be no pronounced.

Since all tests in this study keep the same '*I diffusion and deposition pattern as described before, the
results obtained are under the same condition and can be comparable. In order to compare '*I
translocation ability in different plants, the translocation factor (TLF) is used and expressed here as:

Specific activity of '*’I translocated in other plant tissues (Bq/kg, f.w.)

TLF = : — % : —
Specific activity of ~I deposited on the original leaves (Bq/kg, fw.)

TABLE 1. I TRANSLOCATION FACTOR (TFL) IN PLANT AFTER A GROWTH PERIOD OF
15 DAYS

Plants Leaf Fruit
Corn 0.088~0.318 -

Navy bean 0.007~0.248 0.001~0.018
Soy 0.002~0.006 0.0006~0.001
Cabbage 0.003~0.333 -
Shallot 0.001~0.0035 0.04~0.4 (stem)
Grass 0.004~0.146 —

3.2. "I soil-to-crops uptake test

There are totally 8 local representative crops and vegetables selected in the test. The leaf sample was
collected for measurement. The results obtained in this test verified again that iodine is a mobile
element. Iodine could uptake into plant from soil and distributed in all tissues. The soil-to-plant
transfer factor (TF) was calculated to quantify the transfer of '*°I from soil to crop leaf, which can be
defined as:

TF = '*I concentration in plant leaves (Bq/kg, f.w.)

T concentration in soil (Bg/kg, f.w.)
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TABLE 2. '®I SPECIFIC ACTIVITY (SA, BQ/KG) IN DIFFERENT LEAVES AND THE

CORRRESPONDING TF

Plants 1% leaf 2" Jeaf 3" leaf 4™ leaf

Corn SA 0.016 0.006 0.004 0.002
TF 0.00037 0.00014 0.00009 0.00005

Wheat SA 0.014 0.006 0.004 0.0005
TF 0.00033 0.00014 0.00009 0.00001

Rice SA 0.011 0.001 0 -
TF 0.00026 0.00002

Millet SA 0.099 0.033 0.008 0
TF 0.0023 0.00077 0.00019

Broomcorn SA 0.083 0.023 0.006 0
TF 0.0019 0.00054 0.00014

Pea SA 0.005 0.002 0.003 0.002
TF 0.00011 0.00005 0.00007 0.00005

Soy SA 0.006 0.002 0 -
TF 0.00014 0.00005

Cole SA 0.001 0.0001 0 —
TF 0.00002 0.000002

4.  CONCLUSIONS

Simple pot experiments in a closed space have been done to simulate the deposition, transfer and
absorption of airborne '*’I in some crop, vegetable and grass when the exposure occurs during the
growth of the plants. The following conclusions can be drawn:

(M

2

3)

“4)

®)

(6)

[1]
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2] generated in the present test may be defined as iodine aerosol. The test shows that the '*I

deposition decreases with increasing of release time.

2] aerosol deposition on the plants is a natural dry deposition process. No plants absorb '*I

initiatively.
2] activity deposited on different leaves of plant during the first hour of release shows no
significant difference.

For airborne '*’I exposure pathway, the major absorption of '*°I in plant is through the foliar
deposition and absorption.

121 aerosol deposition on leaves could be transferred to other tissues. Translocation factor (TFL)
defined as the ratio of activity concentration in new growthing tissues to the leaf '*’I deposition
initially. Corn and navy bean has the biggest TFL in the present test.

2] deposited on soil could transfer to plants via root uptake. Transfer factor (TF) of '*I in
millet and broomcorn are significantly higher than other crops in the present test.
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Abstract. The Faroese terrestrial environment has received radioactive debris from the nuclear weapons tests in
the 1950s and 1960s and from the Chernobyl accident 26 April 1986. The paper presents integrated transfer
coefficients of *’Cs and *’Sr from wet deposition to selected foodstuffs. In this context, the integrated transfer
coefficient is defined as time-integrated radionuclide concentration in a sample from a unit ground deposition, as
e.g. (Bq/l)y per (kBq/m?). Estimates are also given for the effective ecological halflife of the radionuclide
concentrations in the selected foodstuffs. The work is based on the well-known UNSCEAR model, which relates
the concentration of a radionuclide in a sample from a given year to the deposition rate of the nuclide from
precipitation in the given year and in the year before, and to the accumulated deposition from previous years.

1. INTRODUCTION

The Faroe Islands are located in the North Atlantic Ocean between 61°20°N and 62°24°N and 6°15°W
and 7°41°W. The total land area is 1399 km”. The climate changes gradually from cool temperate
oceanic climate at the coast to arctic climate in the mountains, of which the highest is 882 m above sea
level (asl). The yearly average air temperature is around 6-7°C in the zone from sea level to 100m asl,
with average winter and summer air temperatures around 3-4°C and 9-10°C respectively (Refs [4] and
[6]). The annual precipitation varies across the country, from around 820 mm to around 3260 mm.

Radioactivity has been measured in selected samples from the Faroe Islands since the beginning of the
1960s in a co-operation between Risg National Laboratory in Roskilde, Denmark, and various Faroese
institutions. The University of the Faroe Islands has been the Faroese partner since the beginning of
the 1990s.

The paper presents results from modelling long-term variation of radioactivity in cow milk, lamb meat
and drinking water in the Faroe Islands. Model estimates are given for the effective ecological
halflives of radionuclides in the foodstuffs and of integrated transfer coefficients, defined as time-

integrated radionuclide concentration in an environmental sample from a unit ground deposition (Refs
[1] and [8]).

2. MATERIAL AND METHODS

2.1. Sampling and data

The available data for the study are summarized in Table 1. The data have been obtained from annual
reports from the Risg National Laboratory in Roskilde, Denmark, (e.g. Ref. [1]) and from personal
communication with Dr. Sven P. Nielsen at Risg.

TABLE 1. AVAILABLE DATA FOR THE STUDY

Samples Fallout rates Cow milk Lamb meat Drinking
(3 localities) (3 localities) water

Isotopes BCs B7cs B7cs Sy

Time period 1962-96 1962-96 1962-93 1964-93
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The measured fallout rate varies across the country, showing maximum values in 1963 and a
pronounced "*’Cs signal from the Chernobyl accident in 1986. Precipitation and cow milk have been
sampled at three different locations: Klaksvik in the north of the country, the capital Térshavn in the
central part and Tveroyri in the south. The annual mean precipitation for the 30-year period 1961-90
was 1284mm in Torshavn and 2334mm in Klaksvik. There are no meteorological measurements from
Tveroyri. The Faroese drinking water is obtained from surface water, and the samples have been
collected as tap water in Torshavn. Lamb meat derive from countrywide samplings. Faroese lamb meat
is mostly used for local specialties, while meat for other purposes is imported mainly from Iceland and
New Zealand.

2.2. Analyses

The radioactivity in a given sample has been related to the fallout rates in regression models based on
the following equation (Refs [1] and [8]):

< )k
C,=b;-d, +b,-d,_ +by- D.d. | -e
k=l (1)

where C; is the concentration of a given radionuclide in a sample from year (i), and d; and d;_; are the
deposition rates (kBq/m?) in the years (i) and (i-1), respectively. Index i=1 represents the year 1950,
taken as the first year with radioactive fallout. The sum on the right hand side represents the
accumulated deposition from preceding years assuming an effective radiological halflife of T years,
corresponding to a decay factor A= In(2)/T. The estimated ecological halflife of a radionuclide in a
given foodstuff is the value of T that gives the best fit between model and observations. It is presumed
that all fallout is deposited by the start of a given year. This will underestimate the accumulated
deposition, but it is immaterial for this study of long-lived radionuclides.

The observed deposition rates at the respective locations have been used for modelling '*’Cs
concentration in cow milk and lamb meat, and for modelling °*°Sr concentration in drinking water from
Torshavn. An average deposition rate for the Faroe Islands has been calculated from precipitation rates
and activities in precipitation at Klaksvik, Torshavn and Tveroyri. This average is used for modelling
¥7Cs concentrations in lamb meat, as the lamb meat has been sampled widely in the country.

The model-estimated integrated transfer coefficient, ITC, is calculated as follows (Refs. [1] and [3]):
ITC=b; + b, + by - e™/(1-¢™) )

where the parameters are as given in equation (1). The integrated transfer coefficient estimates the
transfer coefficient of a radionuclide from fallout to the considered foodstuft.

3. RESULTS AND DISCUSSION

The results are presented in Table 2 and Figures 1-3. The model is found to represent the observations
fairly well with high values for the square regression coefficient, R% in all cases except for lamb meat.
The relative low R? in the case of lamb meat may partly be explained by the fact that the meat samples
have been collected countrywide from a few animals each year, as it is well-known that the '*’Cs
concentration in lamb meat varies significantly between animals even from a single pasture (Ref. [5]).

The model has been run in two steps in the case of cow milk: with all available data taken into account
in the regression and with only data before 1986 taken into account. The R* is found to be slightly
higher when only pre-Chernobyl observations are taken into account in the regression analyses.

The effective radioecological halflife of *’Cs is estimated to 3-5 years for cow milk, 5.5 years for
lamb meat and 5.5 years for *’Sr in drinking water from Térshavn (Table 2).
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TABLE 2. COEFFICIENTS IN THE MODEL, WITH P-VALUES FROM T-TEST OF THE MODEL
COEFFICIENTS GIVEN IN BRACKETS. R* IS THE SQUARE REGRESSION COEFFICIENT.
ITC REPRESENTS THE MODEL-CALCULATED INTEGRATED TRANSFER COEFFICIENT,
AND T IS THE ESTIMATED EFFECTIVE ECOLOGICAL HALF-LIFE IN YEARS

by b, bs T R? ITC
Sr in drink. water; 0.0205 0.0397 0.0114 55 0.908 0.145
Térshavn 1964-93 (0.486)  (0.018)  (<0.001) ' : (Bq/l)y per kBq/m®
37Cs in lamb meat; 0.1487 0.0138 0.0168 55 0.675 288.0
Faroes 1962-93 (<0.001)  (0.594) (0.003) ’ ’ (Bg/kg ww)y per kBg/m*
37Cs in milk from 0.0075 0.0086 0.0040 1.0 0.903 31.3
Klaksvik 1962-96 (<0.001) (<0.001) (<0.001) ’ ’ (Bq/l)y per kBq/m®
Cs in milk from 0.0093 0.0171 0.0041 1.0 0.954 42.0
Toérshavn 1962-96 (<0.001) (<0.001) (<0.001) ’ ’ (Bg/l)y per kBq/m*
137Cs in milk from 0.0112 0.0186 0.0055 45 0.982 62.6
Tveroyri 1964-93 (<0.001)  (<0.001)  (<0.001) ' ' (Bq/l)y per kBq/m®
37Cs in milk from 0.0080 0.0111 0.0030 40 0.968 35.2
Klaksvik 1962-85 (<0.001)  (<0.001)  (<0.001) ' ' (Bg/l)y per kBq/m?
37Cs in milk from 0.0094 0.0189 0.0036 15 0977 447
Térshavn 1962-85 (<0.001)  (<0.001)  (<0.001) ' ' (Bg/l)y per kBq/m*
37Cs in milk from 0.0073 0.0222 0.0050 50 0.986 63.3
Tveroyri 1964-85 (0.062)  (<0.001) (<0.001) ’ ’ (Bg/l)y per kBq/m*

Bg/kg ww

1950 1960

FIG. 1. Observations () and model results
(—) of ¥'Cs in Faroese lamb meat. R°=0.675

1970 1980

1990

2000

B/l

1950 1960

1970 1980

1990

2000

100 7

1950

100 7

1960

1970 1980 1990

2000

FIG. 2. Observations (») and model results (—)
of *’Sr in drinking water from Térshavn
R’=0.908
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FIG. 3. Observations (,) and model results (—) of "’Cs in cow milk from Tveroyri. Regression: (a)

1964-93; R*=0.982. (b) 1964-85; R°=0.986.
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The results for cow milk express a geographical variation of the integrated transfer coefficient, with
the highest value in the south (Tveroyri). The reason for the geographical variation may partly derive
from differences in the soil characteristics at the localities. This could, however, not be tested in the
present study because of lack of data.

The calculated integrated transfer coefficients are high compared to other countries (Refs. [1], [7] and
[8]). Ref. [8] reports integrated transfer coefficients for milk in different countries around the world
with the unit pCi(gK)"'y per mCi km™. The highest value of 27.51 is reported for the Faroe Islands
followed by 15.48 for Norway. The lowest value of 3.23 was reported for Denmark.

4. CONCLUSIONS

The long-term variation of radioactivity in the selected foodstuffs is reproduced fairly well by the
UNSCEAR model. The integrated transfer coefficients in the Faroe Island are found to be high
compared to other countries, indicating relatively high individual doses from ingestion of the
foodstuffs in the Faroe Islands. The integrated transfer coefficients provide a comprehensive
assessment of transfer over the long term of *’Cs and *°Sr from deposition to foodstuffs. The effective
radioecological halflives of '*’Cs and *’Sr in the foodstuffs are estimated to 3.0-5.5 years.

For a further study, more updated data sets should be available, and other sample types should be
included, e.g. other foodstuffs, soil and grass. The present study shows that further modelling along
the same line is worthwhile.
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