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AESTRACT

Bebreen 1470 - 1330 were investigated 267 mining and explocation mon-uranium
mits  at 104 V33.0%) beiny excesded the maxdimum pemdssible radon conceantration
(Mpcy  for public {110 Bg/w>) and at 15 (5.6%) the WPC for occupational exposvre
i1ino Bq,.f'm3 )1, 39 being necessary the recommendation of limiting measwres.

Were clarified the causes of appearance and accwnulation of radicactive gases,
the main source being the natwral radicactive elements from rocks nd minerals and
the cause of accuwnmulation the inefficiency of ventilation.

IATRODUCTION

In 1374 by x  govermmental progceawne, initiated by the Depactment of wines
and Geology, on the basis of messuvrements prewionsly carcied out by ovr lsbora.torp,z
haz been started the investigation of non-uwraaium mining and explocation wnits from
the point of wview of natural radiocsctivity.

The aim of this programme was te clarify the cauwses of appearance and
ageumulation of radivactive gases in the wnderground atmozphere and to esztimate the
wackers’ exposure.

The implisd investigaticn methods have been those presenbed in Tabls 1.

TRAELE 1. Inwestigation methods

Hature of samples tethod sensitivity
Radioelement

¥ npatural Fluorimetiy 0.0 ai

Th natural Spectrophotometoy 0.2 a/t

Ra~225 sointillation 0.1-10° g/t
Water

¥ natural Fluorimetry l].i'i‘je gt

Ra-226 Seintillation G.004 Pg/L

En-222 Scintillation 0.4 BgfL
Aic

En-222 seintillation 200 Bgin®

Ra davghtess Modified Xusnetz 44 Bq/m3

To clarify the canses of appearance and accomulation were determined the
concentrations of natural vwraniom and thorivm and of Ra-226 in rocks, minerals and
mine waters and those of Rn-22Z in waterz. The geological environment, the mining
methods and the ventilating conditions were also investigated.
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As thoron was found only in two mines, this paper will refere only to Rn-222.
The exposure to radiation was estimated by measuring the gamma dose rates and
the concentrations of radon and its daughters.

EXPERIMERTAL RESVLTS

Between 1370 and 1990 were investigated 267 underground non-uvraniom wnits.
Were collected over €,000 geological samples and were made deteminations of gqamna
dose rate, radon and its damghters at over 7,000 underground sites.

In Table 2 are given some results of natural wraniwn and thoriuwm content of
geological samples analpsed by our la]:orad;ory.3

THBLE 2. Vranium and thorium content of rocks {mean values)

Rock type Ro. of samples v Th Th: v
g/t g/t

Igneous cacks 416 2.2 9.2 4.1

Metamorphic rocks 89 2.2 11.1 5.0

Sedimeatary rocks 167 1.5 - -

From the ignecus rocks the highest radicactive element content iz presented by
the acid ones, from the metamorphic wrocks by porphirvegenic schists and from
sedimentary cocks by clayps. The geological samples have an wraniwe xad thoriom
content comparable to the mean content of wppar lithosphere. The m=an vs‘l_.ge,s for
Ra-226 content ~wvary from 1.4-10 ¢/t in acid igneouws rocks te wnder 0.1-10 g/t in
ultrabasic igneous ones.

The mean wranium and Ra-226 contents of mine waters are shovn in Table 3.

TABLE 3. Uraniws and cadiwn 226 content of mine waters

Water soncce Ro. of samples 1 Ra-22%
15%/1 MBq/L

Infiltration waters 102 12.94 32

Drainage channel waters 233 12.10 te

The raden content of mine waters is frequently between 15 and 110 Bg/L and in
some cases owver 550 BgSL.

The gamia dese rates varied hetween 0.02 psw/h and 7 psw/h, with mean values
of D.04 nsv/h dn salt mines and 0033 psv/h in iron mines.

It can be said that the external radiation by gamma raps is not impoctzat for
the exposvre of workers from rnon-uwranivm mines.

The most important factor that contribues to the radiatien exposure of workers
in  pon-uranium mines is radon and its short-lived Jdavghters. The results of
determinations of equilibrum equivalent radon concentrations are given in Table 4°

It can be seen from Table 4 that in 104 {33.0%) from the investigated umnits
was exceeded the MPC for public and in 15 {5.6%) cnes the ®PC for ccowpaticnal
eXposure.

The limiting measwres concecned first of all the improvement of ventilation,
primary andfor secondary, by increasing of air changes/min, distribution of air,
maintenxace of tubing and continwous operation of fans. The increasing of air
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changes/min, can be obtained either bp incrzasing of air flow rates or by reducing
the volume of wnderground workings necessary to ventilate. For an wnderground
working or a mine arsa it was used the following formula®:

0.56
¢
Q=<——) Cay (m3/miny (13
MPC
where
] - reguired air flow rate {m3,"mm}
a4 - provided air flow rate (m3 /min)
¢ - equilibrum equivalent concentration of radon in that
envircnment (Bg/m)
HPG - 110 Bq/'m3- max inun pemissible concentration for public.
For the general ventilation it was nsed the fommla®:
D Q- €
Q= — = —— (’/nin) (23
MPC MPC

where 0,0 , ¢ and MPC have the meaning from (1) and D is the raden flow rate
{Bq,-‘n13). As it can be seen, relation {2) is more restrictive than relation{l),
the resistance of the whole mine being higher than that of & working or a mine
area. Both relations wers used with sucsess.

TRELE 4. Bguilibrum equivalent concentration of radon ws. useful mineral
{mean wvalues)

Mining and exploration Ro.of  Egquilibrom 2quivalent concentration

wnits wits Bq/m3

110 110-1100 »1100

Izon 26 13(50. 0%} 1038, 5%} 3(11. 5%)
Ron-fecoms 33 S7(53.2%) 34 {34 M%) Ti07.1%)
sold-silvwer 22 1045, 5%) 12(54. 5%} -
Banxite § 1{12. 5%} ?{87.5%) -
Fegmatite 9 5(55. &%) 4 (44 4%} -
Tale, clap, caolin or bentonite 18 10{66. 7%) £{33.3%) -
Earytine 4 1¢25. 0%} 1{25. (%) Z{50. 0%)
salt & 5{100. 0%) - -
coal 67 6 (53, 7%} 28(41. 8%) 3{ 4.5%)
Bituninous shale & 3{50. 0%} 3{50.0%) -

Total 287 148 (55. 5%y 104 (39 0% 15¢ 5.6%)

An epidemiological study’proved that, in a gold mine having a mean cumulative
exposure to radon of over E0 WLM, the frequency of death by respiratory cancer, in
the period 1960-1365, was 1.9 times greater for miners than for the public from the
came region, supposing the same smokink habitudes.

CORCLVYSIONRS

Responsible for the appearance of raden 222 in the atmosphere of wnderground
non-uraniwa mines is the presence of Ra-226 in rocks, minerals and mine waters.
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There is no linear relationship between the level of the radon and the
natural radicelement content of geolegical envirerment, respectively the gawma dose
rate, but it strongly depends upon the ventilating conditions.

From the 267 invesrtigated wnits in 113 (44 6% cnes was necessary the
spplication of limiting measures, concerning first of all the improvement of
ventilatico.

Responsible for the cumulative exposure of non-uraniuvm workers are radon and
its daughters, the contribution of external dose by gamma radiation being
insignificant
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