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NATURAL BACKGROUND GAMMA RADIATION
IN THE URBAN SPACE OF WALBRZYCH

NATURALNE TLO PROMIENIOWANIA GAMMA
W PRZESTRZENI MIEJSKIEJ WALBRZYCHA

Abstract: Walbrzych is the second most populous city of dslaskie voivodeship, with the population of over
117 000 inhabitants. It is one of the largest sitigthin the Sudety Mountains with the area of agpnately

85 kn?. From the geological point of view it is situatedthe junction of three units: the Gory Sowie Miagke
Swiebodzice Basin and the Intra-Sudetic Basin. Exdi¢his unit consists of various rocks which aharacterised
by various natural radionuclides content, resultmgarious gamma dose rates in air within Walbhzgcea. The
landscape of the city largely is formed by an astbgenic activity, mainly coal mining. Within thécthere are
thirty two heaps of wastes after the coal mininige §amma spectrometric research of natural backgrggmma
radiation in the urban space of Walbrzych was edrout.In situ measurements were performed by means of
portable gamma spectrometer RS 230 with a BGO thetaad dimensions of 259 mm x 81 mm x 96 mm. The
device displays potassium K [%], equivalent uranigtth [ppm] and equivalent thorium eTh [ppm] contemis
well as absorbed gamma dose rate in air at thénhefdl meter generated by these radionuclidea@gwh]. The
investigations were divided into two stages. Infthat one, the content of K, eU and eTh in varityses of rocks
was examined. Measurements were performed on Ietopst of various aged rocks within all the threé@sun
(from Proterozoic gneisses of the Gory Sowie MatssPleistocene sands and gravels covering thelb®dzce
Basin) and on a heap. In the second stage theakpafribution of natural radionuclides and gamduse rate
within the city was examined. Forty measuremergrevperformed in the nodes of regular grid withrtresh size

of 1.5 km. Taking into account that gamma dose irat&r mostly is formed by radionuclides presenthe top
30-centimetres ground surface, the type of matasering the ground in measurement points wasdnote
Performed investigations showed that among rocksurdog within Walbrzych city, late Carboniferous
trachyandesites, outcropping in the old quarry adddrze Il district (the Intra-Sudetic Basin), wéhe most
radioactive. The mean content of K, eU and eTh @886, 4.0 and 18.3 ppm, respectively which gendrate
absorbed gamma dose rate equal to 121.2 nGy/h.Qateoniferous conglomerates and sandstones @lthi
Formation (the Intra-Sudetic Basin) are charaatdrisy the lowest radioactivity. The mean contenk,0éU and
eTh was 0.6%, 1.5 and 5.1 ppm, respectively whigmegated absorbed gamma dose rate equal to
29.6 nGy/h. The analysis of spatial distributiorabSorbed gamma dose rate showed that Srodmidstietcand

the vicinity of Ksiaz Castle are characterised ly highest natural background gamma radiation. Atesbdose
rates with values of over 100 nGy/h were notedlatgs where the ground was covered by granite estie.
The lowest natural background gamma radiation wesemed in points situated on the outskirts ofdig in
places with relatively natural soils.
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Introduction

Potassiunt°k and radionuclides of uraniufi®U and thorium?**Th decay series are
the main contributors to natural background gammdiation. Contents of% and
radionuclides of3®U and ?Th decay series vary depending on the type of rivtAny
papers describe radionuclides content in varioaks@and analyse results in the context of
human exposure on an open space depending onthbéodjy [1-5]. Whereas estimating
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gamma dose rate on an open space is relativelylesipgrause of an open field geometry,
urban areas are much more complex and less staidiesarried out in these environments.
Urban areas are places with various geometriesltirsufrom an urban structure.
Furthermore, in urban areas the environment is fieadby numerous and various building
materials used for the construction of buildinggds and pavements [6-9].

Urban areas are very important for estimating humgmosure to gamma radiation.
According to data from 2014 published by the Cdritatistical Office [10] over 60% of
total population in Poland lives in urban enviromtse The aim of this study was to
estimate natural background gamma radiation iruthan space of Walbrzych, the second
most populous city of dolnoslaskie voivodeship, hwithe population of over
117 000 inhabitants and one of the largest citieSudety Mountains with the area of
approximately 85 ki Strzelecki et al [11] estimated gamma dose raWalbrzych on the
basis of measurements performed in 900 measurnwémtsp The lithological type of the
bedrock was assigned to each measurement pointreBudts were analysed taking into
account the geological structure of the area baitirtfluence of building materials used in
the urban space was not considered. Koperski [fi2lyaed background gamma radiation
in cities of southern Poland, including Walbrzytéking into account a type of material
covering the ground. This paper presents the aisalys natural background gamma
radiation in Walbrzych taking into account the tygferocks outcropping on this area but
also considering the influence of building materiabvering the roads and pavements.
Furthermore, the spatial distributions of radiomes$ and gamma dose rate were examined.
Radioecological maps of Walbrzych were preparedaaagresented in this paper.

Study area

The geology structure of Walbrzych area is very plex The city is situated at the
junction of three units: the Gory Sowie Massif, 8wiebodzice Basin and the Intra-Sudetic
Basin. Each of this unit consists of various roeksch are characterised by various natural
radionuclides content, resulting in various gamrmsgedrates in air. The Gory Sowie Massif
is the oldest geological unit on the Walbrzych ate& built of strongly metamorphosed
Precambrian, Proterozoic and Archaic rocks whichewhe protoliths for gneisses. Some
of the gneisses were exposed to high pressureseambratures forming migmatites. The
Swiebodzice Basin is a part of early Variscan seditary basin, filled in by coarse-grained
sediments in late Devonian and early Carboniferdishin the Swiebodzice Basin there
are four formations, two Devonian: (1) Pogorzalanfation (consisted of mudstones,
claystones and sandstones with insertions of comglates) and (2) Pelcznica Formation
(consisted of mudstones and sandstones), and twiofigerous: (3) Ksiaz Formation
(consisted of conglomerates with approximately 8@ gneiss boulders) and (4)
Chwaliszow Formation (consisted of conglomerateth vaeipproximately 32% of gneiss
boulders). The Intra-Sudetic Basin consists ofyeard late Carboniferous sediments:
conglomerates, sandstones, mudstones and clayswiths the Intra-Sudetic Basin in the
Walbrzych area there are two formations of earlyb@aiferous (Lubomin and Szczawno
Formations) and five of late Carboniferous (WallotzyBialy Kamien, Zaclerz, Glinik and
Ludwikowice Formations). Within late Carboniferossediments of Intra-Sudetic Basin
there are igneous rocks, such as rhyolites, rhytetac/olcanic tuffs, pyroclastic breccias,



Natural background gamma radiation in the urbatsmpf Walbrzych 49

trachyadesites and trachybasalts. Quaternary satinfgom Pleistocene and Holocene)
are the youngest rocks of Walbrzych area. The kzapts of the city is largely modified by
an anthropogenic activity, mainly coal mining. Whitlhe city there are thirty two heaps of
wastes after the coal mining [13].

Fourteen outcrops of various aged rocks (from Poatic gneisses of the Gory Sowie
Massif to Pleistocene sands and gravels coveriadgsthiebodzice Basin) characteristic for
the Walbrzych area and one heap of mineral wasée ebal mining were selected (Table
1). Not all of the outcrops were located within iNalbrzych area (Fig. 1).

Table 1
Location and stratigraphic position of the outcrops
ID LorEgllzt]u de La[t;:\l:]de Unit Rock type System Epoch Formation
1 | 16.2788| 50.7543 Intra-Sudetic Bagin" '3 WaSIES | yincene
after coal mining
2 16.3114| 50.8253 Swiebodzice Basin Sands and Igna\ﬁeistocene
3 | 16.3259| 50.7931 Gory Sowie Massif ~ Boulder clays
4 | 16.3057| 50.7409 Intra-Sudetic Basin  Trachyaneggit
5 [ 16.2732| 50.7397 Intra-Sudetic Bagin Rhyodacitgs
6 | 16.2188| 50.7756 Intra-Sudetic Bagin Rhyolites
4 ’ . Conglomerates, . .
7 16.2596 | 50.7383 Intra-Sudetic Basin sandstones Glinik Formation
Conglomerates, Late
8 | 16.2847| 50.7673 Intra-Sudetic Basin sandstones, Zaclerz Formatiop
claystones
. . Conglomerates, . Bialy Kamien
{0 - L
9 | 16.2477| 50.7889 Intra-Sudetic Basin sandstones Carboniferous Formation
10 | 16.2849| 50.7879 Intra-Sudetic Bagin_S2ndstones, Walbrzych
f conglomerates Formation
| . . Sandstones
v ) )
11 | 16.2320( 50.799 Intra-Sudetic BameongIomerates ?g;:nzg:\ilgr?
12 | 16.2296| 50.8004 Intra-Sudetic Basin Claystones Earl
13 | 16.2979| 50.8384 Swiebodzice Basin  Conglomergtes Y [Ksiaz Formation
14 | 16.2808| 50.8189 Swiebodzice Basin  Conglomerdtes Chwaliszow
) ) i 9 9 Formation
15 | 16.3404| 50.7959 Gory Sowie Massif C1€!S3€S and | 50 os0ic
migmatites

To examine the spatial distribution of natural cadiclides and gamma dose rate
within the city, forty measurement points were etdd within the city borders.
Measurements were performed in the nodes of reguidrwith the mesh size of 1.5 km
(Fig. 2).

Measurements not always were performed strictlp inode of designed grid. Some
points were planned on private properties or pldeedly available so measurements were
conducted as close designed points as possiblénd akko account that gamma dose rate
in air mostly is formed by radionuclides presenthe top 30-centimetres ground surface
[14] and a bedrock in a city often is covered bluilding material, the type of material
covering the ground in measurement points was n@teble 2).
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Fig. 1. Location of outcrops on the geological niper Haydukiewicz et al [15] simplified)
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Fig. 2. Location of measurement points
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Table 2
Coordinates and ground coverage in measuremertspoin
ID |Longitude [°E] |Latitude [°N] Ground ID |Longitude [°E] | Latitude [°N] Ground
coverage coverage
1 16.2579 50.8425 Soil 23 16.2783 50.7802 Asphal
2 16.2795 50.8470 Soil 24 16.2580 50.7802 Soil
3 16.2976 50.8433 Granite 25 16.2578 50.793 Asphal
4 16.3197 50.8453 Soil 26 16.2376 50.7931 Crustwtes
5 16.3405 50.8308 Soil 27 16.2378 50.7805 Soil
6 16.3185 50.8303 Asphalt 28 16.2361 50.767¢ Soil
7 16.2981 50.8297 Asphalt 29 16.2581 50.766 Asphal
8 16.2779 50.8306 Soil 3( 16.2783 50.7678 Granitg
9 16.2591 50.8309 Soil 3] 16.2981 50.7674 Crustwtes
10 16.2782 50.8182 Asphalt 3P 16.3211 50.768 Soil
11 16.2987 50.8184 Asphalt 38 16.3388 50.767% Soil
12 16.3163 50.8157 Soil 34 16.3160 50.7569 Soil
14 16.3389 50.8060 Soil 34 16.2975 50.7547 Asphal
15 16.3180 50.8055 Soll 36 16.2789 50.7543 Soil
16 16.2972 50.8057 Concrete 37 16.2609 50.755[7 Soil
17 16.2782 50.8057 Asphalt 38 16.2376 50.753 Soil
18 16.3002 50.7924 Soil 39 16.2588 50.742(Q Soil
19 16.3184 50.7926 Soll A( 16.2782 50.7425 Soil
20 16.3386 50.7929 Soll 41 16.2976 50.7435 Soil
21 16.3181 50.7804 Soil 43 16.2732 50.7294 Asphal
22 16.3018 50.7796 Soll
Methods

Portable gamma spectrometers are convenient detdoestimate natural background
gamma radiation in urban environments with complggometry of the source.
Measurements of terrestrial background gamma iiediatwere conducted by
means of gamma spectrometer RS 230 with a BGO tdeteand dimensions of
259 mm x 81 mm x 96 mm. The device displays patas$ [%], equivalent uranium eU
[ppm] and equivalent thorium eTh [ppm] contentsyad as absorbed gamma dose rate in
air at the height of 1 meter generated by thesemadlides [nGy/h]. Potassium K content
is calculated on the basis of gamma photons emtiye'®K (1461 keV). Uraniunt>®U and
thorium *2Th contents are calculated on the basis of gamnodoph emitted by “Bi
(1765 keV) and®TI (2615 keV), respectively. The secular equililbnibetween all of the
radioisotopes within the decay series is assumeghilim and thorium contents obtained in
this way are denoted as equivalent uranium (eU) equivalent thorium (eTh) content,
respectively. Measurements on outcrops were peddrpiacing the device directly on
a rock. The result is representative for a sampke dius of 0.5 m, a thickness of 25 cm
and a mass exceeding 100 kg [14]. On each outtn@e tmeasurements were performed.
Measurements in regular grid were performed atstaadard height of 1 meter above the
ground. At this height 90% of photons reaching gaenma spectrometer originates from
the area of a radius of 10 m [16]. In each poine aneasurement was performed.
Additionally, equivalent gamma dose rafS{//h] generated by both, terrestrial and cosmic,
radiations was measured in each point by mearedadmeter ECO-D.
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Results and discussion

Results of K, eU, eTh content in examined wasteraftoal mining and rocks,
characteristic for the Walbrzych area, as well bsogbed dose rate in air generated by
these radionuclides are presented in Table 2. Regatied in wide ranges depending on
a type of rock. Mean K content varied from 0.6% émnglomerates and sandstones of
Glinik Formation to 4.4% for Carboniferous rhyodasi Mean eU content ranged from
1.5 ppm for conglomerates and sandstones of Ghniknation to 6.5 ppm for sandstones
and conglomerates of Walbrzych Formation. Mean ediftent varied from 5.1 ppm for
conglomerates and sandstones of Glinik Formatidtdtd ppm for Carboniferous rhyolites.
Mean absorbed dose rate in air ranged from 29.6m€y conglomerates and sandstones
of Glinik Formation to 121.2 nGy/h for Carbonifestrachyandesites. Contribution of K,
eU and eTh in forming absorbed dose rate variechiges 13.7-51.5%, 17.7-33.7% and
25.6-66.0%, respectively. According to Strzeleckiak [11] absorbed dose rate at the
Walbrzych area ranges between 24.1 and 138.5 nGlgéy. observed the highest absorbed
dose rates on heaps of wastes after coal miningraKezice district, in a place with the
uranium mineralization within gneisses.

Table 3
Results depending on the bedrock lithology
Terrestrial K eU eTh
ID* absorbed Contri- Contri- Contri-
doserate | [%] | [nGy/h] bution | [ppm] | [nGy/h] | bution | [ppm] | [nGy/h] | bution
[nGy/h] [%] [%] [%]

1 109.5 3.1 42.2 38.5 4.9 26.2 23.9 15.3 411 371.5
2 53.5 17 22.9 42.8 2.1 11.2 20. 78 19.6 36.4
3 66.5 1.9 25.1 37.8 3.0 16.1 24.2 9.4 25.8 38.0
4 121.2 3.8 50.7 41.8 4.0 214 17.7 18.3 4911 40.5
5 114.2 4.4 58.8 51.5 4.4 23.2 20.3 120 32.2 28.2
6 118.3 1.2 16.2 13.7 4.5 24.1 20.4 29.1 7811 66.0
7 29.6 0.6 8.1 27.3 15 8.0 26.9 5.1 13.4 458
8 83.6 3.0 40.8 48.8 3.7 19.6 23.% 8.6 23.1 27.7
9 87.9 3.2 42.6 48.5 3.0 15.8 17.9 1110 29.6 33.6
10 102.8 2.7 36.3 35.3 6.5 34.7 337 11.9 318 30.9
11 52.0 1.6 22.0 42.3 2.3 12.2 235 6.6 17.8 34.2
12 111.4 3.7 49.3 44.3 4.6 24.3 21.8 14.1 378 33.9
13 78.5 2.7 36.3 46.3 3.3 17.3 22.1 93 24.8 31.6
14 90.5 3.1 41.3 45.6 4.4 23.4 25.8 97 25.9 28.6
15 94.4 33 44.4 47.1 4.9 25.8 27.4 90 24.0 25.6

*Description of the lithology in Table 1

Table 4 presents results of measurements performertasurement points of regular
grid. Among 40 measurements, 26 were performed elbelatively natural soils, 9 above
a ground covered by an asphalt, 2 above a crusbed,2 above granite cobblestones and
1 above a ground covered by a concrete (Tableuth & large contribution of places with
soils is a result of a large contribution of farmda and forests (almost 70%) and low
contribution of urban areas (about 13%) within Wajlch area [17]. The lowest absorbed
dose rate was observed in the places with relgtimatural soils. Nevertheless, absorbed
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dose rate above soils ranged in wide limits, frét®81 nGy/h with a mean of 47 nGy/h.
The highest absorbed dose rate was observed piadbes with granite cobblestones (mean
absorbed dose rate equal to 106 nGy/h). Resultngot by Koperski [12] are similar to
the results obtained in this study. The highestodiel dose rate was noted in places
covered by granite cobblestones, lower in place®rea by an asphalt and a concrete and
the lowest in places with soils.

Mean terrestrial absorbed dose rate in Walbrzyctiaiobd on the basis of
40 measurement points of regular grid was equé@2nGy/h. This value is lower than
mean absorbed dose rate estimated by Strzeleak[Et] which was 72.35 nGy/h.

Table 4
Results depending on the ground coverage
. .| Crushed
Soil | Concrete | Granite stone Asphalt | Total
Number of measurements 26 1 2 2 9 40
Mean terrestrial absorbed dose rate [nGy/h] 47 42 06 1 62 53 52
Standard deviation [nGy/h] 11 - 5 1 9 16
Min [nGy/h] 22 - 100 61 50 22
Max [nGy/h] 81 - 111 63 56 111
Mean contribution of K [%] 38 35 38 37 38 38
Mean contribution of eU [%] 27 33 25 30 26 27
Mean contribution of eTh [%] 35 32 37 33 36 35

Terrestrial and cosmic equivalent
gamma dose rate [uSv/h]

0.30
0.29
0.28
0.27
0.26
025
0.24
0.23
0.22
0.21
0.20
0.19
0.18
0.17
0.16
—10.15
0.14
013

Fig. 3. Spatial distribution map of terrestriadagosmic equivalent gamma dose rai8\j/h] measured by means
of ECO D radiometer
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Figures 3 and 4 present radioecological maps ofbY¥gth area. The analysis of
spatial distribution of gamma dose rate showed Snatimiescie district and the vicinity of
Ksiaz Castle are characterised by the highest @labackground gamma radiation. Also
contents of K, eU and eTh are the highest in tipdzees. It is a result of the presence of
granite cobblestones used for a construction oflsand pavements. The lowest natural
background gamma radiation was observed in poitutated on the outskirts of the city, in
places with relatively natural soils.
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Fig. 4. Spatial distribution maps of: a) terredtabsorbed gamma dose rate [nGy/h], b) potassiumenb [%],
) equivalent uranium content [ppm], d) equivalérdrium content [ppm] measured by RS 230 gamma
spectrometer
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Conclusions

Natural background gamma radiation in Walbrzyctgesnin wide limits as a result of
a complex geological structure of this area. Nédwadeiss, the type of the ground coverage
plays a significant role in forming gamma dose meurban areas. High dose rates are
observed on urban areas with a ground covered #yitgrcobblestones and on heaps of
wastes which means that people largely form backgtagamma radiation in which they
live.
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NATURALNE TtO PROMIENIOWANIA GAMMA
W PRZESTRZENI MIEJSKIEJ WALBRZYCHA

Instytut Nauk Geologicznych, Uniwersytet Wroctawski

Abstrakt: Walbrzych jest drugim najludniejszym miastem wadjeatwa dolnélaskiego, licacym ponad
117 tys. mieszkecow. Jest jednym z najgliszych miast Sudetéw, o powierzchni ok. 85*kiPod wzgdem
geologicznym ley na styku trzech jednostek geologiczno-struktyein bloku sowiogérskiego, depres;ji
Swiebodzic oraz nieckirodsudeckiej. Kada z tych jednostek budujréznorodne skaly, charakteryzog s
zréznicowary zawartéciag naturalnych pierwiastkéw promieniotwérczych, corasga, ze moc dawki
promieniowania gamma w powietrzu pochgoiz od naturalnych radionuklidéw rozproszonych wabta podiaga

i glebie waha si w szerokich granicach na terenie Walbrzycha. Knap miasta w diej mierze uksztaltowany
jest przez dziatalné czlowieka. Pozostadoia po eksploatacji wgla kamiennegoas32 hatdy. Przeprowadzono
gamma spektrometryczne badania naturalnego tla ipnmmtworczego w przestrzeni miejskiej Watbrzycha.
Pomiary in situ byly wykonywane przy pomocy przefmego spektrometru gamma RS 230 o wymiarach
259 mm x 81 mm x 96 mm, wypasmego w detektor BGO. Ugdzenie podaje zawa#b potasu K [%] oraz
rownowane zawartéci uranu eU [ppm] i toru eTh [ppm], a tak moc dawki pochtoptej w powietrzu na
wysokaci 1 metra generowanej przez te radionuklidy [nGy/Badania skladaty si z dwoch etapéw.
W pierwszym zbadano zawasto K, eU i eTh w rénych typach skat podia, wykonujc pomiary na
14 wychodniach rowiekowych skat w olgbie trzech jednostek geologiczno-strukturalnych (od
proterozoicznych gnejsow bloku sowiogorskiego pejgpbcéskie piaski i zwiry pokrywapce depres
Swiebodzic) oraz na hatdzie odpadéw pavewych. W drugim etapie zbadano przestrzenny sazldawartéci
naturalnych radionuklidéw oraz mocy dawki promievémia gamma na terenie miasta, wykaowO pomiaréw
w weztach regularnej siatki o wielkoi oczek 1,5 km. Uwzgtniajc fakt, ze moc dawki promieniowania gamma
w powietrzu ksztaltuj gtéwnie radionuklidy znajdage sé w 30-centymetrowej wierzchniej warstwie pagio
zanotowano rodzaj pokrycia gruntu w badanych putkt#®rzeprowadzone badania wykazady, wsréd skat
wystepujacych na terenie Walbrzycha najbardziej radioaktywnpd&znokarbdiskie trachyandezyty odstariag
si¢ w starym kamieniotomie w dzielnicy Podgorze lldckasrodsudecka). Zawardé K, eU i eTh wynosgrednio
3,8%, 4,0 i 18,3 ppm, odpowiednio, gengeujnoc dawki pochtogtej w powietrzu réwa 121,2 nGy/h. Najrisz
radioaktywndcia charakteryzuj sie p&nokarbdiskie zlepiéce i piaskowce formacji z Glinika (niecka
srodsudecka). Zawargé K, eU i eTh wynoskrednio 0,6%, 1,5 i 5,1 ppm, odpowiednio, gengrupoc dawki
pochtonitej w powietrzu réwa 29,6 nGy/h. Analiza przestrzennego rozktadu manyld pochtongtej wykazata,
ze najwy:szym tlem promieniowania gamma charakteryzujedgielnicaSrédmigicie oraz rejon zamku Kegi.
Moc dawki pochionjtej o wartdci ponad 100 nGy/h odnotowano w miejscach, w kidrgount pokryty zostat
kostka granitows. Najnizsze tlo promieniowania gamma zaobserwowano natomigminktach znajdggych sé
na obrzeach miasta, w miejscach wypbwania wzgidnie naturalnej gleby.

Stowa kluczowe:naturalne tto promieniotworcze, promieniowanie ganpotas, uran, tor, Sudety



