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Accordingly to the latest guidelines of the International Atomic 
Energy Agency (IAEA 2016) coal mining is the one of the most 
important contributors to the occupational exposure.

One of the sources of exposure in underground hard coal mining 
are formation brines with elevated concentrations of natural 
radionuclides.

Significant amounts of radium remain underground in the form of 
radioactive deposits.

The remaining activities of 226Ra and 228Ra are released into the 
rivers with mine effluents, causing the contamination of bottom 
sediments and river banks.  

BACKGROUND



BACKGROUND
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20 underground coal mines

Yearly extracting about 50 ×106 tons

of coal

Depth of the exploitation up to 1100–

1200 m below the surface

The geological structure is very

complicated, with numerous faults

and other tectonic dislocations



COAL MINES IN UPPER SILESIAN BASIN: 
20 OPERATING AND 40 CLOSED DOWN
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THE VOLUME OF WATER FLOWING DAILY
INTO MINES – CHANGES WITHIN 1990-2016
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2016: 630 000 m3

1999: 700 000 m3

beginning of 90s: 850 000 m3

2021: about 420 000 m3
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UNDERGROUND WATERS

Typ A

• almost no sulphate ions SO4
2-, but Ba2+ ions are 

present at relatively high concentrations - up to 

6000 mg/L

Type B

• Ba2+ ions do not occur, SO4
2- ions occur at 

maximum total concentrations of 5000 mg/L



THE PREDOMINANT RADIONUCLIDES IN FORMATION
WATERS ARE RADIUM 226Ra, A MEMBER OF THE 
URANIUM SERIES, AND RADIUM 228Ra, A MEMBER OF 
THE THORIUM SERIES

226Ra concentration [Bq/l]

range: 0.1 - 8 

max: 390 

228Ra concentration [Bq/l]

range: 0.1 - 10

max: 130 
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BARIUM IONS: 
THE ROLE IN RADIUM MIGRATION

Source of hazard

deposites with very high radium 

concentrations are formed up to 500 

000 Bq/kg 

As a result

radioactive deposits

of radio-barite (BaSO4 + RaSO4
) are

formed

When present

is a carrier for radium 

co-precipitation



Radium isotopes content in the water was 

determined with use of liquid scintillation method.

Chemical and physical parameters of waters were 

measured in accordance to the specific field and 

laboratory procedures and methods.

Radioactivity of the sediments was measured by 

means of high resolution gamma spectrometry.
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METHODS



On the basis of archival and the latest 

measurements results, the comparison of radium 

discharges into the environment in Upper Silesia 

within last 20 years was performed.
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THE CHALLANGE



THE COMPARISON OF THE ASSESSMENTS OF DAILY 
ACTIVITY OF RADIUM ISOTOPES INFLOWS 
INTO COAL MINES IN YEARS 1995 AND 2016.
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inflow 1995 inflow 2016 discharge 
1995

discharge 
2016

sediments 
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CONCLUSIONS

• The approximate activity of 226Ra in water inflows into coal mines in 

Upper Silesian Coal Basin in the year 2016 was calculated as high as 

483  MBq/day (i.e. 176 GBq per year) while for 228Ra this value was of 

about 715 MBq/day or 260 GBq per year. 

• The comparison of the assessments performed in 1995 and 2016 

shows that the activity of radium 226Ra in daily inflows in 2016 was 

lower than in 1995 (the decrease of approximately 30%), while the 

activity of radium 228Ra is comparable in both years. 

• The reasons of changes of 226Ra / 228Ra ratio in formation waters are

complex, caused by changes of geological conditions at the deeper

mine’s horizons and by technical measures due to restructuring of 

mining industry. 



SURFACE WATERS’ MONITORING
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Since 1986 till 2002, the 
monitoring of radium isotopes 
in discharge waters from 
collieries was obligatory. 

The sampling of these waters 
was done at least once a year 
or more frequent, depending 
on radium concentration in 
the water. 

Nowadays the sampling is less 
regular but still done by 
collieries’ environmental 
services. 



CHARACTERISTIC OF WATERS RELEASED INTO
ENVIRONMENT
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• Up to 6 

(25)  

Bq/L

226Ra 

concentration

• Up to 

10 (14) 

Bq/L 

228Ra 

concentration

Daily release

• Up to 420 000 m3

Salinity

• Up to 60 g/L

Total dissolved solids

Up to 70 mS/cm 



BASIS FOR THE BALANS OF RADIUM 
DISCHARGE TO THE RIVERS

Results of that regular 
monitoring were partly used 
for the preparation of the 
radium balance in the 
environment. 

Additional monitoring of river 
waters, at the sampling points 
of the national monitoring 
system of river water quality, 
have been performed to 
complete the data for the 
balance. 

15



THE LOCATION OF SAMPLING POINTS
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SAMPLING: SETTLING PONDS
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SAMPLING: BROOKS AND RIVWERS
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THE DISCHARGE OF RADIUM INTO
ENVIRONMENT

In the year 2015 the total radium activity, discharged with 
brines into environment was 420 MBq/day.

The maximum release from the single colliery was as high as 
285 MBq/day, while the discharge from the neighbouring
mine was 105 MBq/day.

It means, that discharges from only two mines out of 20, are
containing more than 90% of the whole release of radium 
from USCB collieries.
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THE RADIUM ACTIVITY BALANCE
CHANGES OF RADIUM DISCHARGE INTO THE 
ENVIRONMENT IN USCB WITHIN LAST 30 YEARS.

1987 1995 2003 2007 2012 2015
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TOTAL DAILY RADIUM ACTIVITY RELEASED
FROM COAL MINES TO ENVIRONMENT
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The decrease of radium activity in period 1987-2007:

- technical attempts to mitigate water inflows into mines, the 
decrease of the amount of brines

- the application of treatment technologies for radium 
removal, the decrease of the radium activity (by factor 2)

- the discharge of waters from a dozen of collieries into OLZA 
pipeline and precipitation of radium inside the pipes, radium 
remains in the pipeline
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CHANGES OF RADIUM ACTIVITY IN BRINES
DISCHARGE FROM COLLIERIES IN LAST DECADES



The increase of radium activity since 2007:

- appearance of radium-bearing waters in mines with no such
a hazard previously

- deepening of the exploitation and inflows of radium-
bearing brines at new horizons

- problems with treatment installations, temporal halting of 
the treatment in some mines
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CHANGES OF RADIUM ACTIVITY IN BRINES
DISCHARGE FROM COLLIERIES IN LAST DECADES
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DIFFERENT SYSTEMS OF RADIUM REMOVAL



The NORM contamination of the environment in Upper 
Silesian Coal Basin is caused by the release of radium-bearing 
mine waters from coal mines.

As a result of mine water release into surface waters, radium 
concentration in some small rivers is clearly enhanced, the 
same effect can be observed in the biggest Polish river -
Vistula River.

In the second largest Polish river, Oder River catchment area, 
the problem of the contamination of rivers is negligible. 

CONCLUSIONS
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Within the decade 1987-2007 a significant decrease of radium 
activity, released daily into the environment, has been 
observed.

Unfortunately, this trend has changed later and instead of 
further decrease of the radium release it became more and 
more significant.

On the other hand, nowadays only 1/3 of the total radium 
activity is discharged into surface reservoirs, while at the end 
of 80’s the release was at the level of 2/3 of radium activity in 
inflows.

In the future, some further improvements of the system are
needed, concerning implementing of EU regulation, for 
example new Basic Safety Standards.

CONCLUSIONS
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