PERSONAL RADON EXPOSURES IN SWEDISH
UNDERGROUND WORKPLACES

* Different types of underground workplaces

* Personal radon exposure estimates and regulations

 Methods for determine personal radon exposure

* Results and risk estimates

* Experiences from measurements in Swedish underground workplaces
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Radon exposure in underground workplaces

All underground workplaces have a risk of high radon exposure. The risk is
strongly linked to the degree of ventilation. Examples of underground
workplaces:

Uranium mines (not present in Sweden although large uranium deposits exist)
Non-uranium mine (large underground iron mines in Sweden)

Tourist caves (not frequent in Sweden)

Tunnels (could have high levels if not good ventilated)

Water plants (high radon levels but short time spent in the areas)

Military underground facilities
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Large underground iron mines in the north
parts of Sweden

e Kiirunavaara (Kiruna) - world
largest underground iron
mine. Iron mined daily for
about 6.5 Eiffel Towers.

 Malmberget (Gallivare) -
Iron mined daily for about
4.5 Eiffel Towers.

* Today, mining mostly in
depth of more than 1000
meters.
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Impact of mining activities in Kiruna

Har inne ska
det vara schysst. ,

Old “city hall” of

Kiruna Church of Kiruna —

New city hall of Kiruna before 3 mile move in one piece
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General considerations concerning radon exposure

* Could the workers be exposed to radiation from other sources (gamma,
thoron)?

* |n what units should regulation be handled: radon gas exposure (kBgh/m?3,
MBgh/m3, pCi*days/L), WLM or effective dose (mSv)?

e What should be the levels in reference and action limits?

An annual effective dose limit of 20 mSv for occupational exposed
workers is usually considered when radon exposure limits are set.
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Personal radon exposure estimates

Personal radon dosimeters
e @Gives more accurate personal exposure estimates

* Every affected person should have a dosimeter

Estimates based on fix point measurements

e (Calculations must be based on occupational time in each area

* Easier to organize than personal dosimeters and less detectors might be needed
* Not possible in mines in the newly mined areas (not a fix point)

* Radon exposures could be overestimated since “conservative” calculations should be
used and radon concentrations could decrease substantial when people enter an area
(e.g. water plant)
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Radon exposure in underground non-uranium mines —
referenced papers and studies

Jonsson H, et al. Lung cancer risk and radon exposure in a cohort of 4500
iron ore miners in Malmberget, Sweden. Occup Environ Med, 4000

* 5486 male workers employed from 1923 to 1996, 5481 radon measurements
carried out during 1969-1998), 122 lung cancer cases occurred during the
follow-up period of 1958-2000.

* Measured equilibrium (F) factors of 0.7, range 0.52-0.81
* Average personal annual radon exposure of 4.5 WLM
* Large impact of improved ventilation 0

Radon gas (Bq/m3)

1969 1974 1979 1984 1989 1994

Chen J. A Review of Radon Exposure in Non-uranium Mines—Estimation of Potential Radon

Exposure in Canadian Mines, Health Physics, Ne 4, p. 244-256;2023

*  Worldwide review of 474 underground non-uranium mines (201 metal mines in 12 countries)

* The average radon concentration in the metal mines was 558 Bg/m3 (15.1 pCi/L).

* Average F-factor in all mines was 0.34 and for metal mines 0.40 (F-factor measured in 28 mines, 0.1-0.9).

* The average radon concentration in Finnish underground mines has decreased with time, being approximately
1,800 Bg/m?3 (49 pCi/L) in the year 1972, 300 Bg/m?3 (8.1 pCi/L) in 1990, and 100 Bg/m3 (2.7 pCi/L) in 2000.
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Equilibrium (F) and dose conversion factors

Standard (when not measured) F-factors (relation between radon progeny and
radon gas concentration):

e F=0.4-ICRP 137 standard workplace and tourist caves

* F=0.2—-ICRP 137 mines

Dose conversion factors:

* 10.67 mSv/WLM — ICRP 137 standard workplace and underground mines (twice as

much for workers who are engaged in substantial physical activities, and for
workers in tourist caves)

* 5 mSv/WLM — ICRP 65
(1 WLM =0.637/F MBgh/m?3 = 717/F pCi*days/L)

Estimations of effective dose (mSv) from radon exposure have rather high
uncertainties due to uncertainties in F-factors and dose conversion factors.
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Reference/action levels for underground radon
exposure

e US-4WLM (MSHA), with the ICRP65 dose conversion factor of 5 mSv/WLM this
correspond to 20 mSv.

 Sweden - 2.1 MBgh/m?3 (2360 pCi*days/L) action level for mines and tunnels
corresponds to 1.3 WLM with F=0.4. With ICRP 137 this would give an effective dose of
about 14 mSv (half if ICRP65 would have been used). 2.1 MBgh/m3 corresponds to 1300
Bg/m3 (35 pCi/L) with a yearly working time of 1600 h.

* Finland — 0.5 MBgh/m3 ﬁ560 pCi*days/L) reference level for occupational exposure to
radon, corresponds to full-time work at the reference radon concentration in workplaces
of 300 Bg/m3 (8.1 pCi/L).

Action/reference levels are affected by the actual type of underground
workplaces in a country, but an annual effective dose should not exceed
20 mSv.
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Estimate of the Swedish Work Environment Authority about work-
related deaths caused by ionizing radiation (radon)

Svetszdk 320 30 7L0
Joniserande strilning 10 . 38 48
Osikrare sambamnd
Buller 3354 4300 7774
hillande fysiskt tunet arbete 0.0 1358 15488

* Only underground workers are taken into account.

e About 10000 persons are assumed to have regularly
underground work (0.2 % of the working population)

* Risk estimates from the study in the Malmberget mine.

* About doubled risk for lung cancer at 1000 Bg/m?3 (27 pCi/L)
and 40 years of work.

» Assumed average radon concentrations of 650 Bq/m3 (17.6

pCi/L)
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Estimate of the Swedish Work Environment Authority about work-
related deaths caused by ionizing radiation (radon)

* From 1226 personal radon exposure measurements,

Svetstik 320 3.0 710 (analyzed by Radonova) of mine and tunnel workers during
Joniserande strilning w . 38 18 2024, an average radon concentration on these workplaces
of 349 Bg/m?3 (9.4 pCi/L) was obtained.
Buller 3384 4390 7774 * The monitored workers are probably the ones with the
Thallande fysiskt tungt arbete 0.0 15488 15468 highest risk of being exposed to radon.

* Using this average radon concentration and the Malmberget
risk estimate would give 2.6 cases instead of 4.8

Using the Malmberget risk estimate on all Swedish workplaces
with an average radon concentration of 58 Bg/m?3 (1.6 pCi/L)
would give (4,8/650)*58*4890000/10000 = 209 lung cancer
cases which is about a factor of 4 too high, why?

* Mining work differs from standard work

* F-factor in Malmberget higher than in standard workplaces.
e Uncertainties in risk estimates.

The 99.8 % workplaces above ground could also have
elevated radon levels and must not be forgotten!!
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Measurement methods for radon exposure

Underground uranium mines

. SadonI doses to miners are often strictly controlled and determined by monitoring radon progeny exposure
irectly.

* Measurements of radon progeny exposure are more complicate than measuring radon gas exposure.

Underground non-uranium mines and workplaces

* Measurements of radon exposure should be sufficient.

* Detectors for radon exposure are simpler and less expensive than detectors for radon progeny.
e Detectors should be insensitive for environmental parameters as humidity and temperature.

* Detectors should be insensitive to dust and ruff handling, passive devices are preferrable.

* Detectors should be easy to wear.

* Alpha-track detectors can be a good choice for person radon exposure measurements.
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Personal dosimetry — radon

J A radon detectors usually start to register radon decay when the air-tight
bag is opened. A standard occupational dosimeter (gamma) start the
register decay direct after manufacturing.

(1 One month is about 720 h of which we usually work about 160 h (22%)

1 A radon personal dosimeter will get exposure in the storage place
(background) outside working hours at about 80% of the total exposure
time.

A low and controlled background is very important in all types of
personal dosimetry.
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Alpha-track measurements for underground workplaces

Personal exposure measurements
* Periodic measurements, usually quarterly measurements.

 Participants grouped and reported in different working
groups.

e Accumulated annual exposure should be calculated.

* Indications of non-returned detectors (10-20 % of detectors
might not be returned)

* Detectors should be placed in a designated area outside
working hours, e.g. looker room.

* Detectors should be easy to wear with small risk of loosing
them, on cloths or perhaps better on helmet.
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Alpha-track measurements for underground workplaces

Background measurements

 The room in which personal detectors are stored outside working hours must be monitored so that
the exposure to the personal detector outside working hours can be subtracted.

* Radonova recommends that background concentration should be less than 50 Bq/m?3 (1.4 pCi/L).
Offer/recommend participants to measure at home.

If a detector of a type which could be turned OFF is used, no background measurement is needed
but the user must remember to turn the detector into OFF-position outside working hours.

The correct storage room must be registered for the participant.

Fix point measurements

e Detectors are placed in fix points every measurement period.

* Fix point measurements could be a help for the planning of work.
* Changes in time within the workplace can observed.

It is important that personal exposure measurements are done correctly. If the measurement was not performed
correctly, a conservative approach must be used to avoid the risk of underestimating the exposure (the personal
exposure will probably be overestimated in these cases).
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Special cases and experiences

* Alpha-track detectors could be used also in when the exposure times in very high radon levels
are shorter than the diffusion time of the detector. The longer diffusion time into the detector
is compensated by the diffusion time after the exposure. This can be showed mathematically
and has also been tested (1) by METAS in Switzerland.

 When entering area with very high radon levels for shorter periods of time, wearing a FFP2
mask could reduce the amount of inhaled radon progeny substantial. A German study (2) has
shown that more than 80 % of the radon progeny don’t go through a FFP2 mask.

* If the storage place (background) has high radon levels with large variation between working

and non-working hours, the use of a simple CRM device could give more accurate determination
of the exposure during storage.

* Passive thoron proEen measurements in tunnels have given estimates of effective dose
contributions which is less than 20 % than the dose contribution from radon progeny.

1) Maret L., Peier P., Short term exposures of radon dosimeters, Eidgenossisches Institut flir Metrologie (METAS), Project report, June 2022.
2) Hinrichs, A; Fournier, C; Kraft, G; Maier, A, Radon Progeny Adsorption on Facial Masks, Int. ). Environ. Res. Public Health, 2022
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Summary

* With no forced ventilation, underground workplaces often have high radon

concentration. Good ventilation is a key for minimizing the radon exposure to
underground workers.

* Using alpha-track detectors for underground workers works well in practice.

 Largest source of problem is usually too high radon levels in the storage place
after working hours (background).
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THANK YOU !!

Tryggve Ronnqvist
+46 706591708

tryggve.ronnqvist@radonova.com
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