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Environmental burden of
NORM residues
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Central Mining| Institute, Katowice, POLAND




Natural radioactivity in
environment

Natural background - usually considered not to
be harmful

selective accumulation in biota occurs... causing significant
contamination of human trophic chain

There are some examples of societies based on limited trophic chain where the
related committed dose to individuals caused by biologically cumulated natural

radionuclides as polonium and lead ingestion is significant




NORM-type waste characterisation

Containsrhighreneughnactivity;
CONCcentration of natural
radionuclides: to be classified
as radioactive Waste,

Occurshin lge quantities
deposited dirfecty Intthe
envirenment,

Censists off Wide variety: of
chemical compoundsiand
different minerals,

After releasin% Can Start
chemical o physical PreCESSES
leading terthe addiuenal
fadIGNUCIIAES CONCENtrALION,

Erequently: Isiassociated wWith
ether polliltants as Neavy:
metals, sulphates,

Ny drocarbons.
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at the border of abiotic and biotic environment




NORM-caused environmental risk
characterization

Natural radionuclides = long lived
radionuclides

Almost all natural radionuclides are alpha
emitters

Risk evolution: increase of concentration of
progenies - new elements = different
properties (i.e. radium -> polonium)

Risk scenario differs from these ones
usually considered in radioecology
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Radiation risk pathways

Exposure to external’ gamima
radiation

Exposure to external a/pfia
radiation

Internal exposure (committed
dose)

Exposure to, raden andi radon
pregeny. in; seillgas

Migration and accumulation in
diffierent compartment of
envirenment

llack: of egulibritim among
parts of decay series

Bio-accumulation




Environmental effects

an reductionistic approach:

early mortality
morbidity
reduced reproductive success

Reflected in the concept of

~reference organism”

ICRP PUBLICATION 103
The 2007 Recommendations of the International Commission on Radiological Protection




Plants, algae, many bacteria
(Autotrophs) ‘i

)
20rganic

compounds

.nygen

Animals, fungi,
many bacteria

(Heterotrophs)
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What is the expected effect on environment ?

radionuclides distinction

radionuciides bioavailability

radionuclides inventory

radionuclides transfer to biota

radionuclides migration

external dose committed dose

A 4

effects:

A\ 4

at molecular level

v ¥
on individuals on population

\4

mortality disadvantage/ reduced reproductive |

morbidity advantage i i

!

A 4

on ecosystem




Effects on biota

Interaction of contaminants
with biota takes place at the

cellular level

Cellular response is the first
manifestation of harmful effects, so

it is a suitable parameter for the early
detection of the action of pollution




Environmental risk assessment

JOOKIIG IO [E]alonSPS

Concentration off radionuclides infabiotic environment 2
Migration| ol radienuclides in abjotic.envirenment 2
Exposure torexternal gamma and alpha radiation 2
Biolegicallavailability’ off radionuclides; ?

Transfer factors of radionuclides” into biota and committed
dose. 7

Efiecis on hiela




An example...

Effects on biota

high level of genotoxicity has been observed in all samples tested

only samples with the highest activity concentration showed toxicity estimated from the root
proliferation

Cytotoxicity and genotoxicity of sediments sampled from Upper Silesia post-mining areas.
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control 1810 33.41 + 1.58%7/7842 " 1.27 + 0.08 16 20 " g 2F _ 84

MI — mitotic index; AT — ana-telophases scored; AC - number of aberrant cells; f1, m1 — chromatid (single)
fragments and bridges; f2, m2 — chromosome (double) fragments and bridges; g — lagging chromosomes; 3p —
multipolar mitoses




the first site
Calamagrostis epigeios

Betula pendula
Phragmites australis

Quercus robur

the second site
Phragmites australis
Lepidium ruderale
Circium vulgare
Matricaria perforate

An example...

commited dose Total dose rate in
rate root system

(nGy d%)
1659

84
201

80
(hGy d%)
55-570
102
46
69

Total dose rate
in upper
part system
861

47
104

43




An example...
Radionuclides transfer factors into biota

Relationshipr between transfer factors and radium; environmental

concentation: is non-linear
Tiranster factors (1F) calculated on mobile fraction of raditunm can: be
three orders of magnitude higher tham calculated on base of: total

radium concentration in sediments

R%=0,9621
y = 14409x %%
R?=0,9794

y = 1114,5x%%%
R*=0,9244
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2000 3000 4000 5000 6000

??°Ra acticvity concentraton in sediments Bq/kg




Direct; contact withl enviromment, Iong enough interaction makes
NORMiwaste being ani significant factor Infllencing ecoesystem| with
nigh; prebability.

Quantifiedl efifiects at molecular levellandl the probability. off their
occurrence are the best measure of so called’, environmental risk™

but

The lack of relevant regulation results in that
NORM waste treatment and its environmental
Impact is left out of regulatory control. It results
In that there are not enough efforts and resources
are devoted for'research on this problem ...




Adeguate environment quality’ assessment cannoti rely: enly,
On Infermation about pellutantsiconcentrations: It IS
Impoessible te estimate the,defined above; environmental
Sk caused by the action| of ar combination| off agents

pased only: onl the knowledge of thelr concentrations in
the environment.

RIS emphasizes) the need to) Update seme current
principles of environmental' standardization;, WhICh are

still i use (1ILe. universal clearance; levels expressed as
activity: concentration ).
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