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ASSESSMENT OF GAMMA DOSE RATE AT MINE WASTE DUMP

OCENA DAWKI PROMIENIOWANIA GAMMA NA ZWALOWISKACH

Abstract: Exploitation of coal deposits in Upper Silesiagsociated with production of large quantities abte
deposited at dumps. The tested samples from fivepdushowed different radioactivity from each other.
Radioactivity measurements made it possible toyaeathe degree of risk with the factors specified b
UNSCEAR such as radium equivalent activRgle, internal Ei, and externaEe occupancy factor. There is
a raised level of radiation in dumps as comparet witside dump areas. In the study area, howéwere is no
risk associated with elevated levels of radiatiomelation to standards established by the Cowfddinisters of
the ionizing radiation dose limits.
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Introduction

One of the key objectives is to assess the radmdbgrotection of human exposure to
ionizing radiation, which increased doses signiftbaaffects the health and lives of people.
Even small doses of radiation pose a threat tmdivdrganisms. It is therefore essential
research to assess the radiation dose rate oagurrithe environment related to human
activities. Such tests allow the limitation of humectivity in areas of high radioactivity, as
well as allow us to assess whether or exploitadfomuclear power does not adversely affect
the environment in connection with the productiéwaste. Existing in the world, as well
as in Poland institutions develop rigorous stansldod exposure to radiation, as well as on
the use of radioactive materials. All these measa®e aimed at one thing, namely the
protection of man and his environment against theegse effects of life radiation.

In the last decade, several studies were carrigdtmuwassess the average outdoor
terrestrial gamma dose rate in air [1-14].

In this paper the radiological risks associatedhwhie presence of radionuclides in the
mine waste dump was assessed. Results of thisaveriknportant both in assessment of the
risk for human health as well as in developmemadfobiomonitoring methods.
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Materials and methods

Samples were collected at a coal mine dumps, Iddat&pper Silesia. Samples were
marked according to the scheme YX, where Y is aginghground from which the sample
was taken, and X is the sequence number of saragé tfrom the dump. Waste dumps
from which samples have been taken are:

1. X- KWK "Jankowice"
2. X- KWK "Chwalowice"
3. X- KWK "Marcel"

4. X- KWK "Pniowek"

5. X- KWK "Jankowice"

Sampling were performed on days when there washamae to rain to avoid the
increased concentration of radon that is in theoaphere and gets along with rainfall in the
upper soil layer. Sampling sites were 30 cm belosvtop layer of soil, to avoid additional
contamination [15]. The structure of the samples wery similar in all sampling points and
resembled the finely ground coal, but the weigheath of them were different from each
other due to the different content of coal and stiornthe sample.

Table 1
The geographical coordinates and the weight taabepted

Sample number Latitude Longitude Sample weight
1.1 50° 01' 58.90" N 18°33'00.35" E 362.2¢g
12 50° 01'58.56" N 18°32'55.33"E 464.3 g
1.3 50° 01'55.35" N 18°32'56.12" E 556.8 g
14 50° 01'55.87" N 18°33'01.01"E 653.2¢g
15 50°01'57.17"N 18°32'58.31"E 649.8¢g
2.1 50° 03'36.07" N 18°32'18.57"E 660.5¢g
2.2 50° 03'36.11" N 18°32' 23.61"E 593.1¢g
2.3 50° 03'39.35"N 18°32'23.46"E 609.1¢g
2.4 50° 03'39.33"N 18°32'18.69" E 654.1¢g
25 50° 03'37.75"N 18°32'21.12"E 688.1¢g
3.1 50° 02' 23.33"N 18°28'43.22"E 638.79g
3.2 50° 02'23.23"N 18°28'38.16" E 583.5¢g
3.3 50° 02' 26.39" N 18° 28' 37.03"E 611.7¢g
34 50° 02' 26.58" N 18°28'42.05"E 719.8¢g
35 50° 02' 24.86" N 18°28'40.15"E 649.9¢g
4.1 49° 58' 48.56" N 18°39'52.12"E 565.19g
4.2 49° 58'48.43" N 18° 39'47.06" E 381.3¢g
4.3 49° 58' 45.25" N 18°39'47.94"E 433.6¢g
4.4 49° 58' 45.42" N 18°39'53.01" E 639.0¢g
4.5 49° 58' 46,90" N 18°39'50.12"E 697.2¢g
5.1 50° 03' 37.00" N 18°34'40.90"E 532.8¢g
5.2 50° 03'37.84"N 18°34'45.75"E 526.19g
5.3 50° 03' 40.98" N 18°34'44.59" E 698.0¢g
5.4 50° 03'40.20" N 18°34'39.71"E 582.2¢g
5.5 50° 03' 39.00" N 18°34'42.77"E 708.79g

To test the activity of radionuclides in the samptaken were used semiconductor
gamma spectrometer with Canberra's high resolg@&manium coaxial detector (HPGe).
Resolution for 1.33 MeV line is 1.70 keV and 0.8@2V line is 1.29 keV. Calibration was
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made using Marinelli container with a volume of 44# 4.48 cml The density of the
source to the calibration was 0.985 + 0.01 d/cand it contained a mixture of radioactive
radionuclides, such &8'Am, 1°°Cd, *°C, *’Co, ®°Co, **'Cs, *%3n, ®sr, 88y, **Hg. Source
used for calibration were from the Czech InstitoteMetrology in Prague. The volume of
collected and tested samples were comparable tosdhece calibration, which is not
required to make amendments in the calculatiorpeti§ic activity. Spectrum analysis was
performed using the GENIE-2000 software (Gamma ysisl Option model S501C).
Before the measurement samples were dried, weiginedthen placed in a Marinelli
containers for 4 weeks to the radioactive equilibriand avoid signs 6f°Rn, ?°Rn and
their short life fission products, which could a&ffehe measurement result [16]. The mean
volume of samples was 450 €m

Results and discussions

The results of the activity of individual samplesmalzed using the gamma
spectrometer were characterized by different lesElmeasurement uncertainty. In order to
obtain the most reliable results was calculate@ matasurement uncertainty for each
nuclide, and then to carry out the calculationsenselected nuclides with the smallest
uncertainty of measurement. Table 2 shows the geengercentage uncertainty of
measurement of activity for specified nuclides.

Table 2
Average percentage of the uncertainty of measurefoespecified nuclides activity
Nuclide Average uncertainty

name [%]

4K 4.2
2087 61

] 12

2%pp 3.7
2B 3.3
2Lpp 4.1
228 ¢ 2.7

Assuming that each of the radioactive series equilibrium, a sufficient knowledge of
the activity is only one element of a series susR'®i for a number of*U and?3*Th,
287c for a range of [17]. The analysis of measurementertainty Table is selected to
analyze the results of activity of individual isp&s:

“OK with an average measurement uncertainty of 4.2%,

219Bj to 8 series with an average uncertainty of 3.3%,

2287¢ to 23?Th series with an average uncertainty of 2.7%.

The results of a series of activity measurementsabpes®?U, #*Th and*XK are
shown in Table 3.

Analyzing these results, activity measurementsheastated that they are close to each
other in the area of individual waste dumps, butvben other waste dumps are already
much bigger differenceé’K activity peaked in the sample 2.1, amounting16 8q/kg and
the minimum in a sample of 4.2 - 378 Bq/K§'Bi activity for a number of*U in the
sample has reached the maximum value of 2.4 to B/Kg and the minimum value of
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36.04 Bg/kg in a sample of 4.2. The values of maxinactivity and minimum fof**Ac
which represents the number of radionuclid@h are respectively 72.3 Bq/kg for
a sample of 3.2 and 45.2 Bg/kg for sample 1.4.

Table 3
The results of activity measurements of test sasnple
Sample Activity Activity Activity Z2Th
number “% [Bq/kg] 2% [Ba/kg] [Ba/kg]
11 423 46.2 48.0
1.2 435 38.2 46.3
13 433 40.5 48.5
14 483 41.1 45.2
15 693 53.8 63.5
Average 493 44.0 50.3
2.1 810 52.9 64.1
2.2 729 52.8 62.9
2.3 781 54.1 65.1
2.4 805 59.7 69.0
2.5 747 54.8 66.3
Average 774 54.9 65.5
3.1 680 51.2 69.1
3.2 766 58.4 75.3
3.3 698 47.8 63.3
3.4 725 56.4 71.4
3.5 739 56.6 64.7
Average 722 54.1 68.8
4.1 688 57.3 68.0
4.2 378 36.0 46.1
4.3 595 54.6 59.1
4.4 719 55.9 70.2
4.5 710 55.6 64.0
Average 618 51.9 61.5
5.1 516 46.4 51.7
5.2 605 51.1 57.9
5.3 779 53.1 70.9
5.4 692 45.6 64.4
5.5 728 54.8 66.6
Average 664 50.2 62.3

Comparing the measured activity to the averagevifictin the world, which are
respectively 33 Bq/kg fof*®U, 45 Bq/kg for®**Th and 412 Baq/kg fof% [18], we obtain
the results exceeded the activity for all testatimas for the®®U and®**Th. However, in
the case of’K, only the activity of one sample does not exceédaverage value of activity
in the world. Comparing the measured activity t® élverage value of activity in Poland, the
results presented in the same way as for the meaityain the world, but if we take into
account the range of measured values of activityPoland, the situation changes
dramatically. The range of values of the measuretiviey in Poland is, respectively:
110-970 Bq/kg fofK, 5-120 Bg/kg for*U, and 4-77 Bq/kg fof*Th [19]. By analyzing
the ranges and the measured activity, we seettbadtivity of all measured isotopes falls
within the ranges recorded in Poland. Only in tlasec of>*Th the maximum activity
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measured activity reaches the maximum value givetJNSCEAR. In other cases, the
measured values are well below the maximum recooddelolish territory.

The results of activity measurements of radionedidn the samples were used to
calculate:

- Ragq - radium equivalent activity [Bg/kg];

- D -from the air absorbed dose of gamma radiatiory[h[G
- E« - annual external effective dose [mSv/year];

- En -annualinternal effective dose [mSv/year].

The distribution of radioactive series decay prasiuaf 23U, #2Th and“K in the
environment is not homogeneous, and to harmonizensteof radiation exposure,
radioactivity was expressed as the equivalent diura Rag, activity expressed in Bg/kg.
Radium equivalent activity was introduced in ordercompare the specific activity of
materials containing different values of the aggivof 2%, #2Th and *K [20]. The
equation is based on a factor which was identifiedthe activity of individual rows.
10 Bg/kg of % to 7 Ba/kg of***Th and 130 Bq/kd°K. Mathematically, is defined as
follows [19]

Rag, = (Ac TR¢) + (A [R) + (A, [Ry,)

where: Rag, - radium equivalent activity [Ba/kg]Ax - “K specific activity [Ba/kg],
Ay - a series of uranium specific activity [Bg/kd, - a series of thorium specific activity
[Bg/kg], R« = 0.077 - a conversion rate of activity for i, R, = 1 - a conversion factor
for a number of uranium activitygy, = 1.43 - a conversion factor for a number of thoriu
activity rate.

Gamma radiation dose absorbed from the air is ik for gamma rays originating
from the substrate at a height of 1 meter and jressed in nGy/h or pGy/h. The
conversion factors are determined for the averageantration of radionuclides from each
radioactive series [21]. We calculate it usingftivenula [19]

D = (R IA) +(R, A + (Ry, [Ay)

where:D - from the air absorbed dose of gamma radiati@y/h], R - a conversion rate of
0.043 for“®, Ry - conversion factor for a number of uranium amountto 0.427,
R - conversion factor for a number of thorium rafe0662, A - “K specific activity
[Ba/kg], Ay - a series of uranium specific activity [Ba/ké¥ - a series of thorium specific
activity [Ba/kg].

For the determination of annual effective dose khdwe taken into account the
conversion factor from absorbed dose in By &nd the internal rate of occupancy. Mean
values of these parameters depend on the age giofalation and the location of the
climatic conditions taken into consideration. ThBIRCEAR report of 1993, commission
used the conversion factor for absorbed dose imtalr.7 Sv/Gy and factors internal and
external cladding of respectively 0.2 and 0.8. Ehtctors have been also used in this
work. These coefficients were adopted for the ayetane that people spend outdoors [22].
The effective annual dose of radiation is expressatbv/year. For the calculations we use
the following formulas established by UNSCEAR [23]

E = DA [Of [R,
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where:E - the annual effective dose of radiation [nSv/y,er- from the air absorbed dose
of gamma radiation [nGy/h}y, - the number of hours per year [l&f - occupancy rate,
Of - 0.8;0f;, - 0.2,Rp - absorbed dose conversion factor in air of 0/G8v

For the purpose of operating result was multiplted 102 to get the results in
mSv/year. Calculated valu&sg,;, D, Ejn, E are presented in Table 4.

Table 4
Calculated valueRag, D, Ein, Eex
Absorbed dose of | Annual effective dose| Annual effective dose of Radium equivalent
Sample S o o o
number gamma radiation D of radiation radiation activity
[nGy/h] Ee [nSvlyear] Ein [pSvlyear] Rag [Ba/kg]
1.1 70 85 342 147
1.2 66 80 322 138
1.3 68 83 334 143
14 68 84 335 143
15 95 116 465 198
Average 73 90 359 154
2.1 100 122 490 207
2.2 96 117 469 199
2.3 100 122 489 207
24 106 130 519 220
25 99 122 488 207
Average 100 123 491 208
3.1 97 119 475 202
3.2 108 132 529 225
3.3 92 113 453 192
3.4 103 126 503 214
35 99 121 485 206
Average 100 122 489 208
4.1 99 121 486 208
4.2 62 76 305 131
4.3 88 108 432 185
4.4 101 124 497 212
4.5 97 119 474 208
Average 89 110 439 187
5.1 76 94 374 160
5.2 86 106 423 180
5.3 103 126 506 214
5.4 92 113 451 191
5.5 99 121 485 206
Average 91 119 447 190

Calculated valueRag, D, Ei,, Eox Was compared with the data presented in PAA report
of 2011 year [24] and UNSCEAR 2000 [20]. Data inAPveport of 2011 year refer to the
values measured on Polish territory with PMS statiod IMiGW. The data presented in
the UNSCEAR 2000 report on selected countries e@fitarld and show average values and
ranges of measured doses of radiation. Absorbeidtiau doseD calculated from the
specific activities identified nuclides in the r@&n§2-108 nGy/h, with a mean value of
97 nGy/h from the data presented in the report Rl years PAA measured gamma
radiation dose rate ranged from 60 to 179 nGy/th an average of 95 nGy/h. The results
indicate that the dose of gamma radiation on thestigated area is in the range of doses
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measured on Polish territory in 2011. Accordinght® UNSCEAR 2000 report, the average
annual value of the radiation absorbed dose ratéhénworld amounts to 57 nGy/h.
Comparison of the calculated dose of radiation \withaverage dose of radiation in Poland

and the world is shown in Figure 1.
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By analyzing Figure 1, we can conclude that theultessignificantly exceed the
average dose measured in the world, even the lovedstlated value is above the world
average. The range of doses of gamma radiatiohenvorld is 18-93 nGy/h, the results

obtained in the case of 15 samples are outsideghge.

Calculated values of gamma radiation absorbed dbseere used to calculate the
annual effective dose equivalent. In this work teguivalents were calculated annual
effective dose equivalent, and equivalent to theereal and internak,,, E;,, differing by

a factor of occupancy (Fig. 2).
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The value range of thg,, is 305-529 mSv/year, with an average of 474 m&wlyEhe
value range of it i€ 76-132 mSv/year, with an average of 119 mSv/yEgrvalues are
above the average annual effective dose equivafahe equivalent of 70 mSv/year for the
equivalent of an external set by UNSCEAR [19]. Heere the measured values are below
the limits set by UNSCEAR, amounting to 1.5 mSviyiea natural radioactive sources. In
Poland, the legal act regulating the radiation diasé is the Council of Ministers of
18 January 2005 on ionizing radiation dose limisugnal of Laws of 2005 No. 20, item
168). This document states that for the generaliputwse limit (caused primarily by
artificial sources of ionizing radiation), expredses effective dose is 1 mSv per calendar
year. This dose may be in a calendar year exce@dedded that in the next five calendar
years, the total value does not exceed 5 mSv RBR according to the report for 2011
year ‘it is estimated that the annual effective dose of ionizing radiation received by
a statistical Polish citizen from natural and artificial sources of ionizing radiation in 2011
was an average of 3.3 mSy, ie, remained at the level the past few years' [24]. Thus, the
calculated values of gamma radiation in samplesidef the equivalent annual effective
dose equivalent is, in the caseEf 52% of the annual dose limit, and fag 13% of the
annual dose limit.

Figure 3 shows the calculated values of radiumvedgit activity for individual sites.
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Radium equivalent activity calculated on the badispecific activity was located in
the 131-225 Bg/kg, and its average value was 20REBAJNSCEAR determined by the
maximum radium equivalent activilae, is 370 Bg/kg which corresponds to 1.5 mSv/year,
which is the maximum permissible dose for humaamfnatural radioactive sources during
the year. The samples analyzed in each case wagknt to less than the maximum value,
which corresponds to the calculations carried owdtermine the annual dose equivalent to
Eex-

Conclusions

The conducted research in Silesia, which conceoméd5 dumps, allow to stated that
there is not the very dangerous levels of radia#dnactivity of the samples included in the
average values for the area of our country, acogrdd a report by UNSCEAR 2000.
Radiation absorbed dose values were within theageevalues for the Polish territory, and
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the internal and external annual equivalent dosgvatgnt does not exceed the limit values
laid down by the ruling of the Council of Ministew§ 18 January 2005 on the dose limits of
ionizing radiation (Journal of Laws of 2005 No. 2@m 168). In addition, marked radium
equivalent activity, as determined by UNSCEAR ad Bfi/kg also was below this value.
The calculated value of the absorbed dose in oglath the average values in the world
amounting to 57 nGy/h is much higher, but it isatetl to geological considerations of
Polish territory, where the annual effective dosemf natural sources of radiation is
2.43 mSvlyear.

Based on the obtained results it can be concludgtdidnizing radiation present in the
studied dump does not exceed acceptable standadjstterefore, operated by mines,
dump the research subject, the deposit does notainom higher concentration of
radionuclides. Thus, the use of materials on duagpsonstruction aggregates will have no
negative effect at the point of use. Reclamatiodwhps also carries no risk to animals and
plants inhabiting new areas. In addition, it cansketed that the mines which tip waste
dumps on the test there is not an increased rigktring radiation. According to the report
for 2011 PAA risk is only in 14 mines in our countr

Another important conclusion drawn from this studiyen the practical aspects, it is
possible to determine the radiation dose on thés lidsactivity of the radionuclide in the
laboratory using the theoretical conversion rafasch tests are preferred because of the
ability to compare the results of a variety of éiffint areas of the world, on the basis of the
measured activity, and their conversion to varispecific factors or equivalents. Such
calculations have been confirmed in a number oéaeh work carried out around the
world and characterized by low coefficients of effiar the research conducted in the field.
As mentioned at the beginning of this work ionizingdiation is all around us and
accompanies us every day but when examined dumjssai a safe level, which does not
adversely affect living in the vicinity in radiolagl terms.
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OCENA DAWKI PROMIENIOWANIA GAMMA NA ZWALOWISKACH
! Samodzielna Katedra Biotechnologii i Biologii Molelrnej, Uniwersytet Opolski

Abstrakt: Eksploatacja ztb wegla kamiennego na terenie Gornegigska zwizana jest z produkgjbardzo
duwzych ilosci odpadéw skladowanych na zwatowiskach. Badanbkprd terenow piciu zwatowisk wykazywaty
réznigca sie od siebie aktywn@ promieniotworcz. Wykonane pomiary aktywrdoi promieniotwdérczej pozwolity
na dokonanie analizy stopnia zaggnia za pomagwspotczynnikow okrédonych przez UNSCEAR, takich jak
ekwiwalent aktywnéci raduRaeg, wewrgtrzny Ein i zewrgtrzny Ee wspéiczynnik obteenia. Stwierdzonaze na
obszarze zwatowisk wygtuje podwyszony poziom promieniowania w poréwnaniu @edniej rejestrowanej na
obszarze kraju. Na badanym terenie nie gyge jednak zagt@nie zwihzane z podwsszonym poziomem
promieniowania w odniesieniu do norm ustanowiongctez Rozpormzenie Rady Ministrow w sprawie dawek
granicznych promieniowania jonizigego.

Stowa kluczowe:zagraenie radiologiczne, radionuklidy, dawka promieniovea



