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Upper: Silesia Coal Basin

a@ post-industrial landscape
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Uoper Silaesia Cozll Basirn
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= Daily surface discharge of saline water
about 100 000 m?




Dischargeroffraditim=bearng
waters, into' surrace

= All coal mines have to pump water out of the
underground galleries

= In 40 out of 50 coal mines in Upper Silesia brines
with high concentration of radium occur

= Some proportion of radium remains in underground
galleries due to spontaneous precipitation or
technical measures but up to 40% of the total inflow
Is pumped onto surface




Radium-bearing waters

YA\ 05-390 0.3-150 uptol.5 traces

0.1-20 0.1-40 N0 Uptol5

Behaviour of radium depends mainly on the
presence of barium ions in water




Maximum values of radium activity concentration in
formation water, years 1999-2008

lRa 226 max B Ra_228 max OSum




Maximum values of radium activity concentration in
sediments, years 1999-2008

commited dose 1 mSv

effective dose 1 mSv




Mine water destination ...

From mines at south-west part of USCB:

The Oder river through settling/retentive
PONGES, PUMPING Stations; and pipelines.

Remaining:

The Vistula river, through settliing/retentive
PONAS, streams and small hver




The ,,OLZA" pipeline — mine water collector

EIght mines are connected

Eachi mine discharges about 200 me/h
ie total lengthE close toer 100 km

1e pipes diameter: 300 up 800 mm

1e total discharge: off Water to the Oder rver:
1500 m=/hi (aboeve 131000 000 me/year)

The maximum: Raditmr concentration In Water:
infilow: 11 Bg/|

10 settling/retentive ponds




The ,,OLZA"” pipeline — mine water collector

Jankowice
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Wall thickness: 30mm Chwatowice
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The ,,OLZA” pipeline — mine water collector:
Occupational risk

EXposure to external gamma
radiation 1 pUmESs stations
andl pipeline’s grids/checking
POIATS

gamma dose! rate reaches:
3.70£0.44 uSv/in




The ,,OLZA” pipeline — mine water collector:
environmental effect

The maximum, radium

R\ SINTRINR concentration in water discharged

Inte the Oder river: 0.0 Ba/li—
there Is't noticeable effect In the
FIVEr

Contaminated scrap
[emains

Undergreund

el 2 2




SETTLING PONDS IN COAL MINING INDUSTRY

Artificial resenvoirs,, situated on
ternitory of a colliery, sealed and
protected against uncontrolled spread
off sediments, perodically cleaned,
Access Is restricted to mine staff

Natural lakes o fermer: fish; poends,
adapted as settling| ponds witheut
any pretective layers or barriers,
nowadays usually: excluded frem
techinological process, accessihle for
common people and nen-numan

piota




Sediments eriginating from mine effluents
the main source of environmental burden

ContaimighreneuahractViLy;
concentration off radionuclides
to be classified as radioactive
\Wwaste,

@celfinthUoE quantities
Gepesitedidirectly i the
EnNVIrenMENL;

Consist oifwide Vanety of
chemicall compeundsiand
dififerent-minerals;

Alter releasing can: start
chemical or physicall PreceSsSEs
leaeingl tertheradaiienal
radioRUClIdEs Concentraen,

Erequenily’ are assocliated With
ether pollutantstas; heavy.
metals, sulphates;

Ry drecarnens:




SETTLING PONDS IN COAL MINING
INDUSTRY

Fhere are 25 currently, Werking settlingl pends
containing sediments withrenhanced
concentration of raditm: ISeLOPES

(the old ones are net well identified)

Jiotal content: 5 million cubic meters of
sediments




Basic statistics of sampled
surface sediments

226 Ra 228 Ra
Ba/ko
Arithimetic. average 4 341 1631
Veadar 152 104
el <1 <1
MEximun 156942 83 785
Number: of samp/es 711 711




Scrap from dewatering systems of mines

Parum sulphates
from formation
Water discharge
Systems

calcitm sulphates
from ceal ash hack=

filling systems

Shortage of:
Appropriate regulations

Means of decontamination




Additionalfiegacy

contaminated beds of
streams, where formation
water used to be _—
discharged ‘

contaminated
soils on
neighbouring
arable lands




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
(l.e. radium -> polonium)




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 Radjiological Protection




Plants, algae, many bacteria
(Autotrophs) Sl
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many bacteria
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Effects on biota

Interaction of contaminants
with biota takes place at the

cellular level

Cellular response is:

the first manifestation of harmful
effects, and

suitable tools for the early detection of
the pollution




Environmental risk assessment
Stages ofiinvestigation

Migration| ol radionuclides;in abietic envirenment

Biota expoesure o externaliganmma and alpha
radiation

Bicloegical availability oi radienuciides

Transter factors of radionuclides’ inte biotai and
commited dose evaluation

Effects ofi radiation on biota




SETTLING PONDS UNDER THE
INVESTIGATION

Total area: 16 and 32 hectares

SPECIfic mass  actvity, eif Bulk
sediments: reaches 45 kBg/kg
and 10 kBg of 42°Ra and %%°Ra
respectively (loy dry mass).

Scales Inside of pipelines; and
clese to therdischarging poeints:
Ui ter 1601 kBa/kgr both raditim
ISOLEPES;

Maximum dose: rate: above the
sediments; reaches; 0.04" mSv/h

Associated contamination:
parium, cebalt, nickel, zinc,
lead and copper are present in
dimensions higher than the
permitted concentration limits













Radiumiconcentrationiinidifferent plants
OVergrowing the abandoned settliing ponds

226Rg 228Rg
plant Bg/kg Bg/kg

(samples taken in different parts of the settling (dry mass) (dry mass)

ponad)

Calamagrostis australis 55+17 9115
Calamagrostis epigelos 43+20 84+7

Calamagrostis epigeios 28118 59+5
Pharagmites australls 191122 371+14
Pharagmites australls 175+30 360116

Atriplex hastata 151125 286112
Atriplex hastata 580+64 1136+42

Atriplex hastata 170+21 324113




Biota exposition to external a/pha and
gamma radiation

External dese caused By gamima
fadiation

EXpesure terextemall a/pra radiation) (an
appreach on|base of LD dosimetry)

Radon concentration In: seil gas




Radionuclides’ transfer factors into
biota

The Inventony of plants transgressing; into
adlaneoneasettlingl penads

Eleldrexperiments
Lalerateny tests




Radionuclides transfer factors into biota
The main findings:

Relationship hetween transier factors and raditm envirenmental 1s
nen-linear

Transter factors (CE) calculated on moenhile fractions ol raditmi can he
three erders ofi magnitude higher thani calculated: on base: ofi total
radiumi concentration In sediments

y=20,577x%%"
R2=0,9279

Concentration factor

3000 6 000 9000 12 000 15000

total “®Ra+?*Ra activity concentration [Bq kg™]




the first site
Calamagrostis epigelos

Betula pendula
Phragmites australis

Quercus robur
the second site

Phragmites australis

Lepidium ruderale

Circium vulgare
Matricaria perforate

commited dose
rate

Total dose rate In
root system

(LGy d%)
1659

84
201

80
(LGy d?)
55-570
102
46
69

Total dose rate
In upper
part system

861

47
104

43




Effects on biota

e study cyietoxic and genetoxic petential
Il sediment frem the: test-sites the
Allltm=test Was: applied

Fhe ehjective wWask

e reveal key poliutants determmining kielogical
efifect

o findf relationshipr hetween hielogical effects
and levels of key' contaminants in waterr and
sediment from test-sites




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.

Total Aberrations in types

MI, % AT AC, %

Sample cells fltmi f2 m2 g 3p

R 1749 322,30 AF 4063 .25 5 10,25 6 68 -SLE e g2
Bl 1809 S 185-=2 34 " 38693 1..2.29°+ 0.16 15 ZAF 84430 | 110
B2 1765 odvgr-"1.31 4 SOCHN EAG) o= (P8 2 0. o8 la il Al " 12

control 1810 33.41 + 1.58% 77842 ' 1.2/ + 0.08 16 200" 1o 26, &4

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 possibilities of contaminated
sites land reclamation

conventional phytestanilisation,

Versus .
methediiand phyieeEXtaction

[eclamation dissolution in

(costs, time and envirenment
efficiency)

But, the gap in relevant regulation in frame of radiation protection as
well as in industrial waste treatment results in the lack of any rational
approach ....
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113 POJIS COAI IlaIag IIAAUSHY:

The lack of relevant regulation results
In that NORM waste treatment and Its
environmental impact is left out of,

regulatory control.
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(e ProBIems; myst e solvea. at theregal level.:

NORNM Waste = radioactive waste 2772

NORM wWaste belew: the level set fior
fadieactive waste: — sheuld he regulated 2
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