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SOUHRN

Zivotni prostiedi Ceské republiky bylo v minulosti kontaminovéano umé-
lymi radionuklidy v ddsledku spadu po testech jadernych zbrani a z havérie
v Cernobylu. Clanek shrnuje vysledky sledovani vertikalni migrace Cs v plidé
ve vybranych lokalitach, které je provadéno jako soucdst sbéru dat pro hod-
nocenf zranitelnosti podzemnich vod. Do sledovani byly zahrnuty tfi lokality
rlznych typU krajinného pokryvu (les, louka a ornd ptda). Pro zjisténi mig-
race umélych radionuklidl v pddnim profilu byly odebirany vzorky do hloubky
100 cm, jez byly poté analyzovany pomoci spektrometrie zéfeni gama. Dale
byly stanoveny nékteré pldni vlastnosti (zrnitost, obsah humusu). Z vysledk
plyne, Ze stale méfitelnd je kontaminace pld radionuklidem *'Cs. Nejvyssi akti-
vity ¥Cs se ve tiech sledovanych lokalitdch pohybovaly v rozmezi 21,0 Bg-kg™
az 32,2 Bg-kg™. Tato maxima byla ve vsech tfech sledovanych lokalitdch namé-
fena ve svrchnich vrstvach pdd (do 10 cm). Ve vertikdInim profilu tedy ®Cs mig-
ruje jen velmi pomalu; je pfevazné na padu pevné vazéno. V mensi mife oviem
dochdzi v ¢ase i k transportu kontaminace smérem k hlubsim vrstvam pUdy.
U dvou lokalit je hloubka, v niz byla detekovana méfitelnd aktivita *’Cs, odhado-
vana na 30 cm, resp. 35 cm. Ve treti lokalité to bylo dokonce 80 cm. Zde ale exis-
tuje podezfeniina jiné vlivy, které mohly transport *'Cs ovlivnit. Z hlediska zra-
nitelnosti podzemnich vod se zd3, Ze proti pronikdni ¥Cs jsou pomérné dobte
ochranény. Toto zjisténi bude jesté ovéfeno analyzou podzemnich vod a zahr-
nutim dalsich informaci v nasledujici etapé praci.

UvoD

Umélé radionuklidy vznikaji v disledku lidskych aktivit a v Zivotnim prostfedi
se, az na vyjimky, pfirozené nevyskytuji. Mohou viak do néj byt vneseny lidskou
¢innostf [1]. Nejvétsim zdrojem kontaminace severni hemisféry umélymi radio-
nuklidy byly atmosférické testy jadernych zbrani, provadéné od roku 1945. Po
dohodé USA, Velké Britdnie a SSSR byly zastaveny v roce 1963. Podle UNSCEAR
[2] se uskutecnilo celkem 540 atmosférickych testl s celkovym vytézkem
440 Mt. Uhrnné mnozstvi radionuklid@i pfipadajici na globalnf spad se odha-
duje na 622 PBq *°Sr a 948 PBq 'Cs (PBg=10" Bq) [2]. Podrobnéjsi tidaje o depo-
zici vybranych radionuklidd k roku 1990 uvadéji Van der Stricht a Kirchmann [3].
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ABSTRACT

In the past, the environment of the Czech Republic was contaminated with
anthropogenic radionuclides as a result of atmospheric nuclear weapon test-
ing and the Chernobyl accident. The paper summarises results of vertical
migration of ®Cs in soil in selected sites, performed as part of collecting data
for ground water vulnerability assessment. Three sites with a different land
cover were included (forest, meadow and arable land). In order to determine
vertical migration of anthropogenic radionuclides, soil samples were collected
up to the depth of 100 cm and subsequently analysed using the gamma-ray
spectrometry. Furthermore, certain soil properties (soil texture, humus con-
tent) were determined. The results show that ¥Cs radionuclide contamination
is still measurable in soil. The highest ®Cs activity in the three sites ranged
between 21.0 Bq-kg™ and 32.2 Bg-kg™. These maximum values were detected in
the top soil layer (up to 10 cm). Hence, *’Cs has a very slow migration rate and is
mostly strongly bound in soil. However, a minor part of ¥’Cs can be transported
deeper over time. The depth where ¥'Cs measurable activity was reached was
estimated at 30 cm or 35 cm in two sites. The depth in the third site was even
80 cm. There are potential other impacts that could affect the transport of ¥'Cs.
In terms of ground water vulnerability, it seems that ground water is fairly well
protected from ¥'Cs penetration. This finding shall be verified by ground water
analysis and evaluation of further data in the next project phase.

INTRODUCTION

Anthropogenic radionuclides arise as a result of human activities and with
a few exceptions do not naturally occur in the environment. However, they
may be introduced there by human activity [1]. Atmospheric nuclear weapon
testing that started to be performed in 1945 had the greatest impact on the
contamination of the Northern hemisphere by anthropogenic radionuclides.
Following a treaty between the USA, UK and USSR, the tests were halted in 1963.
According to UNSCEAR [2], a total of 540 atmospheric tests were performed
with an overall output of 440 Mt. The total amount of radionuclides attributa-
ble to the global fallout is estimated at 622 PBq °°Sr and 948 PBq *'Cs (PBg=10"
Bqg) [2]. More detailed data about the deposition of selected radionuclides as of
1990 are provided by Van der Stricht and Kirchmann [3].



Nejvyznamnéjsi uddlosti z hlediska radioaktivni kontaminace Gzemi Ceské
republiky je havérie jaderné elektrarny v Cernobylu na dnesni Ukrajiné. K havérii
doslo 26. dubna 1986 a Uniky radionuklid pokracovaly az do kvétna 1986 [3-5].
Emise radionuklidd pfi cernobylské havarii se projevila vyznamnou kontami-
naci i na tzemi Ceské republiky [6]. Atlas [7] uvadi pro Ceskou republiku celko-
vou priimérnou plosnou depozici ¥Cs véetné kontaminace po atmosférickych
testech jadernych zbrani 7,6 kBg:m?, jen z ¢ernobylské havarie pak 4,3 kBg-m™
(zpréva [8] uvadi stiedni hodnotu 4,2 kBg-m?). Cernobylskd plosna kontami-
nace byla diferencovdna podle lokaIni meteorologické situace a determino-
véna zejména vyskytem srazek v inkriminovaném obdobi. Pfima data o plosné
depozici ¥Cs na Uzemf Ceské republiky Ize nalézt ve zpraveé [8].

V soucasnosti jsou nékteré z téchto radionuklidd, zejména *’Cs a pfipadné
Sr, stale pfitomny v prostredf, a to nejen v okoli cernobylské elektrarny [1, 9-11],
ale i v oblastech vzdélenéjsich [12-16]. Bylo pozorovano, ze od doby vniknutf
téchto radionuklidi do Zivotniho prostredi jejich mnozstvi prabézné klesa,
a to v dasledku jejich radioaktivni pfemény i réiznych migracnich jeva. V Ceské
republice jsou v soucasnosti hodnoty velmi nizké, ale méfitelné [5, 13, 17-211.

Z uvedeného je zfejmé, Ze rezidudlni znecisténi po atmosférickych testech
jadernych zbrani a po havérii jaderného reaktoru v Cernobylu na ¢eském tzemi
pretrvava. Ucelem této préce bylo zjistit souc¢asnou miru kontaminace pddniho
nadlozi podzemnich zvodni a hloubku, které tato kontaminace do soucasnosti
ve vertikdInim padnim profilu doséhla, a to zejména kvuli dalsSimu vyhodnocent
zranitelnosti podzemnich vod.

METODIKA

VertikdalIni distribuce umélych radionuklid v padé je sledovéna v nékolika loka-
litdch, které byly na zakladé 3irSiho kontextu vybrany pro dalsf vyhodnocent
zranitelnosti podzemnich vod. V tomto ¢lanku jsou prezentovany vysledky ze
tif lokalit (Hatin, Kraslovice a Veltruby), pficemz kazdé reprezentuje rozdilny typ
krajinného pokryvu (Corine Land Cover). U lokality Hatin Slo o jehli¢naty les,
u Kraslovic o louku a u Veltrub dle databaze Corine Land Cover o ornou ptdu.
Podle dostupnych dat se typ krajinného pokryvu v téchto lokalitdch v obdobf
po havarii v Cernobylu nezménil [22-26]. Vybrané lokality jsou zobrazeny na
mapce na obr. 1.

Obr. 1. Umisténi lokalit odbéru vzorkd ptd

Samotny odbér vzorkd probihal na dané lokalité za pomoci pddni sondy
spojenim 17 dil¢ich vzorkl odebranych ve vytycené oblasti (Ctverec 5 X 5 m).
Hloubka odbéru byla 100 cm, jednotlivé vzorky byly odebirdny ve vrstvach
o tloustce 5 cm v hornich 50 cm pddniho profilu, nize potom ve vrstvach po
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The Chernobyl accident in today's Ukraine was an event that caused the
most significant radioactive contamination of the Czech Republic. The acci-
dent occurred on 26/4/1986 and radionuclide leaks continued until May 1986
[3-5]. The emission of radionuclides during the Chernobyl accident significantly
contaminated the territory of the Czech Repubilic [6]. The Atlas [7] quotes total
average spatial deposition of ¥/Cs in the Czech Republic including contamina-
tion following the atmospheric nuclear weapon testing of 7.6 kBg:m?, deposi-
tion caused by the Chernobyl accident itself being 4.3 kBg-m? (the Report [8]
states a mean value of 4.2 kBg-m?). Chernoby! spatial contamination was differ-
entiated according to the local meteorological situation, especially the occur-
rence of precipitation in the concerned period. Direct data about spatial depo-
sition of ¥Cs in the Czech Republic may be found in the Report [8].

At present, some of these radionuclides, in particular ¥’Cs and possibly also
°Sr, are still present in the environment not only in the vicinity of the Chernobyl
power plant [1, 9-11] but also in more remote areas [12-16]. It has been observed
that since the introduction of these radionuclides into the environment their
amount has been gradually on the decline as a result of radioactive transfor-
mation of the monitored radionuclides and various migration phenomena.
Radionuclide values in the Czech Repubilic are currently very low but still mea-
surable [5, 13, 17-21].

It is clear from the above that residual contamination following atmos-
pheric nuclear weapon testing and the Chernobyl nuclear reactor accident still
remains in the Czech territory. The purpose of this paper has been to establish
the current degree of contamination of the soil superstratum of underground
aquifers and the depth that this contamination has reached in the vertical soil
profile to date, primarily in order to be able to further evaluate ground water
vulnerability.

METHODOLOGY

Vertical distribution of anthropogenic radionuclides in soil has been monitored
in several sites, selected with a view to a broader context for further evalua-
tion of ground water vulnerability. This paper presents results from three sites
(Hatin, Kraslovice and Veltruby), each of which represents a different Corine
Land Cover. In the Hatin site it was a coniferous forest, in Kraslovice a meadow
and in Veltruby arable land. According to available data, the type of land cover
in these sites has not changed since the Chernobyl accident [22-26]. Fig. 1
shows the selected sites on a map.
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Fig. 1. Location of the soil sampling sites
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10 cm, jak je schematicky zobrazeno na obr. 2. Po odbéru byly vzorky bez pro-
dleni dopraveny do laboratore, kde byly vysuseny, homogenizovany a poté pfi-
praveny pro stanoveni radionuklidd.

Odbéry vzorkl i nasledné analyzy byly provedeny pracovniky Zkudebnf
laboratofe technologii a slozek Zivotniho prostiedi VUV TGM, ktera je drzite-
lem osvédceni o akreditaci Ceského institutu pro akreditaci (CIA) a osvédéent
o spravné cinnosti laboratofe Stfediska pro posuzovani laboratoff ASLAB.

Pro stanoven{ umélych radionuklidd byla v laboratofi vyuzita metoda spek-
trometrie zéfeni gama. Analyza probihala na zafizeni firmy Canberra Packard
s koaxidlnim polovodi¢ovym detektorem typu HPGe dle CSN EN ISO 10703
(757630) [27] upravené pro pevné vzorky. Geometrie méfeni byla ovéfovana
pomoci ethalont Ceského metrologického institutu. Podminky méfeni (hmot-
nost vzorku, doba meéfeni) byly voleny tak, Ze hodnota nejmensi detekovatelné
aktivity (NDA) pro ¥Cs na hladiné vyznamnosti a = 3 = 0,05 byla 1,3 Bg.kg”
nebo nizsi; vysledky vyjadreny v Bg-kg™ susiny vzorku. Ze spektra zareni gama
byly vyhodnocovéany umeélé radionuklidy: Co, ©°Co, ®*Cs, ¥Cs a *'Am, do dal-
$iho hodnocenf viak byla zahrnuta jen data o ®Cs, protoZe ostatni zminéné
radionuklidy nebyly ve vzorcich detekovény. Hodnoty NDA pro tyto radionu-
klidy byly nizsi nez: 0,9 Ba-kg™ (’Co), 1,7 Bg-kg™ (¢°Co), 1,8 Ba-kg™ (**Cs) a 4,0 Bg-kg™
(2‘”Am)‘

Déle byly v ptdnich vzorcich laboratorné stanoveny obsahy zrnitostnich
frakci (jil, prach a pisek) v souladu s normou CSN EN ISO 17892-4 [28] a vysledky
vyhodnoceny dle USDA [29]. Nakonec bylo stanoveno mnozstvi oxidovatel-
ného uhliku (C ) dle normy I1SO 142351998 [30]. C_ byl pfepocitan na obsah
humusu pomoci Welteho koeficientu.
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Obr. 2. Odbér vzorkd vertikdIniho profilu pddy: a) schéma odbéru dil¢ich vzorkd ve
¢tverci 5 x 5m, b) zndzornéni odbéru jednotlivych vzorkd dle hloubky odbéru, ¢) prace
v terénu s odbérovym zafizenim — pldni sondou

VYSLEDKY A DISKUZE

Radionuklid ®"Cs byl detekovén ve vzorcich pldy ve viech tfech hodnocenych
lokalitdch. Podrobné vysledky stanoveni ¥'Cs ve vertikdInim profilu pdy v jed-
notlivych lokalitdch jsou zobrazeny na obr. 3-5. Je vidét, Ze nejvyssi aktivita ¥Cs
@, "Cs) byla zjistena ve vrstvach nejblize k povrchu. V lokalitach Kraslovice
a Veltruby to bylo v hornich 10 cm pudy, kde ve vrstvach 0-5 cm a 5-10 cm byly
namefené hodnoty 'Cs podobné, v lokalité Hatin to bylo jen v hornich 5 cm,
poté se jiz aktivita vyznamneé snizovala. To sved¢i o pevné vazbé vétsiny ¥Cs
v pldé a velmi pomalém transportu vertikdlnim profilem, nebot od posledni
vyznamné depozi¢ni uddlosti uplynulo v dobé odbérd vzorkl pfiblizné 35 let.
To potvrzuji i daldf studie, které se tématem zabyvaly, napt. [15, 31]. Zjisténé
vysledky odpovidaji i pfedchozi praci VUV TGM [32], kde bylo sledovano ¥Cs ve
vertikdlnim profilu ptdy v roce 1995 a 2015.

Maximalni aktivity ®Cs v jednotlivych lokalitdch byly srovnatelné (viz tab. 1),
stejné jako primeérné aktivity *’Cs ve sledované vrstvé pddy, vypocitané jako
aritmeticky primér naméfenych hodnot vyssich nez 1,3 Bgkg™ v jednotlivych

The actual sampling in the given sites took place with the help of a soil
probe by putting together 17 partial samples collected in the marked-out area
(a square of 5 x 5m). The sampling depth was 100 cm and individual samples
were taken in 5-cm thick layers in the upper 50 cm of the soil profile and fur-
ther down in 10-cm thick layers, as shown by Fig. 2. Following the collection,
the samples were immediately transported to a lab where they were dried,
homogenised and prepared for the determination of radionuclides.

The sampling and the subsequent analyses were performed by staff of the
Testing Laboratory of Technologies and Environment Components of the TGM
WRI, which holds an accreditation granted by the Czech Accreditation Institute
(CIA) and a good laboratory practice certificate granted by the Centre for the
assessment of laboratories ASLAB.

The gamma-ray spectrometry method was used to determine anthropo-
genic radionuclides in the lab; the analysis was carried out pursuant to the CSN
EN 1SO 10703 (757630) technical standard [27] adjusted for solid samples, using
Canberra Packard equipment with a coaxial semi-conductor detector of the
HPGe type. The measurement geometry was verified by the Czech Metrology
Institute standards. Measurement conditions (sample weight, measurement
duration) were selected in such a way that the Minimum Detectable Activity
(MDA) of ®Cs in the confidence interval a = 3 = 0.05 was 1.3 Bg.kg™ or lower.
The results were expressed in Bg-kg™ of the dry matter of the sample. The fol-
lowing anthropogenic radionuclides were determined from the gamma radia-
tion spectre:*’Co, °Co, **Cs, ¥Cs and *’Am. However, only data concerning ¥'Cs
were included in further evaluation because the remaining radionuclides were
not detected in the samples. The MDA of these radionuclides was lower than
0.9 Bag-kg™ ('Co), 1.7 Bg-kg™ (¢°Co), 1.8 Bg-kg™ (**Cs) and 4.0 Bg-kg™ (*'Am).

Besides, soil texture (sand, silt, clay) of the samples was determined in the
lab in accordance with the CSN EN SO 17892-4 technical standard [28] and the
results were evaluated according to the USDA [29]. Besides, the amount of oxi-
disable carbon (C ) was determined in accordance with the 150 142351998
standard [30]. C_ was converted to humus content using Welte's coefficient.
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Fig. 2. Soil vertical profile sampling: a) Chart showing the collection of partial samples
ina5x5m square; b) lllustration of sampling according to the depth; ¢) Use of sam-
pling equipment (a soil probe) in the field

RESULTS AND DISCUSSION

Radionuclide Cs was detected in soil samples in all the three evaluated sites.
Fig. 3 to 5 show detailed results of the determination of ¥’Cs in the vertical soil
profile in the individual sites. The highest activity of Cs (a__ (*'Cs)) was estab-
lished in layers closest to the surface. In Kraslovice and Veltruby it was in the
upper 10 cm of soil and the measured values of ®'Cs were similar in 0-5 cm
and 5-10 cm, whereas in the Hatin site it was only in the upper 5 cm and then
the activity significantly decreased. This is evidence of the fact that most of
¥Cs is strongly bound in soil and is transported through its vertical profile only
very slowly because at the time of the sampling approximately 35 years had



vrstvach do hloubky 100 cm, vadZeny na zakladé tloustky odebirané vrstvy.
To odpovidd i dostupnym Gdajam [7] o depozici ¥Cs po havérii v Cernobylu
v danych lokalitadch, nebot viechny tfi lokality se nachazely ve stejném rozmezi
odhadované depozice *'Cs po ¢ernobylské havérii (4-10 kBg-m?), podobné jako
dle [8]. Vybrané lokality tedy odpovidaji spise prdmérnému zasazeni ¢ernobyl-
skym spadem (podle [8] byla stfedni hodnota spadu po cernobylské havérii
v Ceské republice 4,2 kBg-m?, maximalni naméfena hodnota byla 80 kBg:m?).
Aktualné namérené aktivity *'Cs souhlasi i s vysledky dfivejsi studie provedené
ve VUV TGM [32].

Z hlediska hodnoceni vertikdlniho transportu "Cs a posouzeni zranitel-
nosti podzemnich vod je dlezité, do jaké hloubky kontaminace ¥'Cs v pddnim
profilu pronikla. Z tohoto dlvodu byla vyhodnocena hloubka, v niz byla zjis-
téna aktivita ¥'Cs vétsi neZ 1,3 Bg-kg™. Lze konstatovat, Ze v lokalitédch Kraslovice
a Hatin byla hloubka proniknuti ®Cs podobné - aktivity *’Cs vyssi nez 1,3 Bg-kg™
byly nalezeny do hloubky 30 cm, resp. 35 cm. Vyrazné vyssi hloubka byla zjis-
téna v lokalité Veltruby, a to 80 cm. Vzhledem k tomu, Ze v lokalité Veltruby jde
o typ krajinného pokryvu ornd plda, pfichazi v tvahu rozptyl kontaminace ve
vertikdInim profilu v disledku orby. Z literatury [31] je ziejmé, Ze vertikdIni dis-
tribuce ®'Cs v obdélavanych pldach se znac¢né lisi od neobdéldvanych. Tam,
kde probihala kultivace pldy orbou, Ize ocekdvat, ze v horni vrstvé ptdy bude
aktivita ¥'Cs distribuovana rovnomeérné v disledku mechanického promicha-
vani. | v této lokalité je viak vétsina kontaminace soustfedéna do povrchové
vrstvy pldy (hornich 10 cm) a poté klesa, z ¢ehoZ Ize usuzovat, ze k tomuto zpU-
sobu hospodafeni na daném pozemku nedochdzelo (v dobé odbéru byla loka-
lita pokryta travnim porostem). Toto zjisténi proto odporuje klasifikaci lokality
Veltruby podle Corine Land Cover jako orné pudy. Zvlastnosti v tomto profilu
vykazuje i doplikové pldnf analyza, jak je uvedeno nize.

Dle specializované ptdni mapy [33] byl padni typ ve vsech tfech pfipadech
urcen jako fluvizem, tedy plda vyvinuta v nivach vodnich tokd z povodiiovych
sedimenty, kde dochézi k ob¢asnému zaplavenia zvyseni vihkosti ptdy. To bylo
rovnéz lokédlné potvrzeno pomoci padni sondy. V pfipadé lokalit Kraslovice
a Hatin jde o fluvizem modalni, na odbérovém misté Veltruby se nachazi flu-
vizem glejovd. V pfipadé fluvizemé glejové v lokalité Veltruby jsou pfitomny
reduktomorfni znaky v hloubce od 60 cm, které zna¢i pravidelné nasycovani
profilu vodou. Trvald hladina podzemni vody vsak v hloubce odbéru nebyla
zjisténa ani v jednom z profild. Padni druh (USDA) byl v pfipadé lokality Hatin
urcen jako hlinity pisek (obsah pisku pres 80 %), v Kraslovicich jako pis¢ita hlina
(obsah pisku pres 50 %) a ve Veltrubech jako hlina prachovitd (obsah prachu
pres 50 %). Zrnitostni slozeni pdd ve sledovanych lokalitach je uvedeno na obr. 6.

Obsah humusu v padé lokality Hatin byl velmi vysoky ve svrchnich hori-
zontech (22,6 % humusu v hloubce 0-5 cm), s hloubkou odbéru rovnomérné
klesal az na 0,77 % humusu v hloubce 90-100 cm. Naméfené hodnoty *'Cs ve
svrchni vrstvé lesni pldy v lokalité Hatin pfiblizné odpovidaji hodnotédm zjisté-
nym v lesnim humusu ve studii [34] (s pfihlédnutim k podilu humusu v analy-
zované pldé). Rovnomeérny pokles obsahu humusu byl zaznamenan také v pfi-
padé lokality Kraslovice, kde byl viak obsah humusu vyrazné nizsi nez v lokalité
Hatin, pfesto v pfipadé svrchnich horizontl vysoky (543 % v hloubce 0-5 cm,
0,28 % v hloubce 90-100 cm). Klesajici obsah humusu s hloubkou pldy je stan-
dardnf jev, proto byly pfekvapivé vysledky rozboru ptdy v lokalité Veltruby, kde
byl obsah humusu v hloubce 0-5 cm velmi vysoky (9,43 %) a dle ocekdvani
s hloubkou klesal, ale od 50-60 cm zacal opét stoupat a v hloubkéch od 80 do
100 cm byl vyssi nez 12 %. Jelikoz se lokalita nachazi v roving, da se vyloucit,
7e by tento jev byl zplsoben erozi a transportem materidlu. Jako pravdépo-
dobngjsi vysvétleni se jevi technicky zdsah do pldniho profilu, pfipadné vliv
zaplavovani a s tim souvisejici vertikdlné proménny obsah humusu ve vrstvé
povodnovych hlin. Tyto mozné udélosti mohly také ovlivnit distribuci *'Cs.
Pro vysvétleni bude potieba dalsfho prlizkumu této lokality. Zmény v obsahu
humusu ve vertikdlnich profilech sledovanych lokalit je moZno vidét na obr. 6.
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passed since the last major deposition event. This is confirmed also by other
papers dedicated to this topic, e.g. [15, 31]. The established results correspond
with work previously carried out by the TGM WRI [32] that monitored ¥'Cs in the
vertical soil profile in 1995 and in 2015.

Maximum activity of *¥’Cs in the individual sites was comparable (see Tab. 1)
and so was average activity of ¥Cs in the monitored soil layer calculated as
arithmetic average of measured values higher than 1.3 Bg-kg™ in the individual
layers up to the depth of 100 cm, weighed on the basis of sampled layer thick-
ness. This corresponds with available data [7] regarding the deposition of *’Cs
in the individual sites after the Chernobyl accident where all the three sites
were in the same range of estimated deposition of ¥Cs after the Chernobyl
accident (4-10 kBg-m™); likewise according to [8]. The selected sites therefore
match rather average Chernobyl! fallout (according to [8], the mean fallout
value after the Chernobyl accident stood at 4.2 kBg:m™ in the Czech Republic
whilst the maximum measured value stood at 80 kBg:-m?). The currently meas-
ured activity of Cs corresponds with results of an earlier study carried out by
the TGM WRI [32].

As regards the evaluation of vertical transport of ®Cs and assessment of
ground water vulnerability, it is important what depth *Cs contamination has
reached in the soil profile. For the above reason, the depth with established
¥Cs activity exceeding 1.3 Bg-kg™ was evaluated. It may be stated that in the
Kraslovice and Hatin sites the depth of ¥Cs penetration was similar: ¥’Cs activ-
ity exceeding 1.3 Bg-kg™ was established up to the depth of 30 or 35 cm. A signif-
icantly greater depth was established in the Veltruby site, namely 80 cm. Since
the land cover in the Veltruby site comprises arable land, contamination may
have been dispersed in the vertical profile as a result of tillage. It is clear from
the bibliography [31] that vertical distribution of ¥Cs in cultivated soil consid-
erably differs from that in uncultivated soil. Where soil was cultivated by tillage,
the upper soil layer is expected to have evenly distributed *'Cs activity due to
mechanical mixing. However, since even in this site most of the contamination
is concentrated in the top soil layer (the upper 10 cm) and then it drops, it may
be presumed that this type of cultivation of the given plot of land did not take
place (at the time of the sampling the site was covered by grass). This finding
goes against the classification of the site according to the Corine Land Cover
as arable land. Supplementary soil analysis also shows peculiarities of this pro-
file, as stated below.

According to a specialised Soil Map [33], the soil type in all the three cases
was determined as fluvial soil, which was locally confirmed by a soil probe. In
the Kraslovice and Hatin sites there is modal fluvial soil whereas in the Veltruby
sampling site there is gley fluvial soil. Fluvial soil develops in fluvial valleys from
flood sediments and is occasionally flooded as a result of which soil humidity
increases. Gley fluvial soil in the Veltruby site contains reductomorphic signs at
the depth of 60 cm, which is evidence of regular profile saturation with water.
However, permanent ground water level was not established in the sampling
depth of any of the profiles. Soil type (USDA) in the Hatin site was determined
as clay sand (sand content exceeding 80 %), in Kraslovice as sand clay (sand
content exceeding 50 %) and in Veltruby as silt clay (silt content exceeding
50 %). The composition of soil texture in the monitored sites is shown by Fig. 6.

Humus content in soil in the Hatin site was very high in the upper horizons
(22.6 % of humus in the depth of 0-5 cm); as the sampling depth increased, it
evenly dropped to 0.77 % of humus in the depth of 90-100 cm. The measured
values of ¥Cs in the upper forest soil layer in the Hatin site roughly correspond
to values established in forest humus in the paper [34] (with a view to humus
content in the analysed soil). An even drop in humus content was noted also
in the Kraslovice site where humus content was, however, significantly lower
than in Hatin, yet it was high in the upper horizons (543 % at the depth of
0-5cm and 0.28 % at the depth of 90-100 cm). Declining humus content linked
to increasing soil depth is a standard phenomenon and that is why soil analysis
results in the Veltruby site were interesting because humus content there was
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Obr. 3. Aktivita ¥’Cs namérend ve vertikdInim profilu pddy v lokalité Hatin (svétlejsi bar-
vou jsou znazornény hodnoty NDA tam, kde namérené hodnoty lezely pod NDA)
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Obr. 4. Aktivita ¥Cs nameérena ve vertikalnim profilu pldy v lokalité Kraslovice (svétlejsi
barvou jsou zndzornény hodnoty NDA tam, kde naméfené hodnoty lezely pod NDA)
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Obr. 5. Aktivita ¥’Cs namérend ve vertikdInim profilu pady v lokalité Veltruby (svétlejsi
barvou jsou zndzornény hodnoty NDA tam, kde naméfené hodnoty lezely pod NDA)
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Fig. 3.¥Cs activity measured in the vertical soil profile in the Hatin site (the light blue

colour stands for measured values below the MDA)
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Fig. 4. ¥Cs activity measured in the vertical soil profile in the Kraslovice site (the ligh
blue colour stands for measured values below the MDA)
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Fig. 5. ¥Cs activity measured in the vertical profile in the Veltruby site (the light blue
colour stands for measured values below the MDA)
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Tab. 1. Pfehled vysledkd vyhodnoceni stanoveni aktivity 'Cs ve vertikdlnim profilu pady ve sledovanych lokalitdch: a, . (*'Cs) — nejvyssi aktivita ¥’Cs naméfend ve vertikdlnim

profilu, h-a__, (*'Cs) - hloubka vrstvy, ve které byla namérena nejvyssi aktivita ¥'Cs, a . (¥'Cs) - primeérmd aktivita ¥'Cs ve sledované vrstvé pady (do hloubky 100 cm), H-a _, 8o
(¥Cs) — hloubka, do které pronikla aktivita ®'Cs vyssinez 1,3 Bg-kg'.
137 R 137 137 R 137 T
Lokalita Datum odbé&ru a_ (¥Cs) h-a__ (*'Cs) A im (¥’Cs) H A, 384/ (¥'Cs)  Krajinny
[Bg-kg] [em] [Bg-kg™] [em] pokryv
Hatin 10. 5. 2021 322+15 0-5 4,4 35 Jehli¢naty les
o 21,009 0-5 )
Kraslovice 23.7.2020 20,7 +11 510 5,1 30 Pastvina, louka
224+11 0-5 . o
Veltruby 24.11.2020 246412 c10 7,0 80 Orné puda

Tab. 1. Summary evaluation of ¥'Cs activity in the vertical soil profile in the monitored sites: a,_ (*’Cs) — maximum activity of ¥’Cs measured in the vertical profile; h-a,__ (¥'Cs) -
depth of the layer where the maximum "’Cs activity was measured; a,, . (*’Cs) — average Cs activity in the monitored soil layer (up to the depth of 100 cm); H-a _, " (%Cs) -

depth into which ¥Cs contamination higher than 1.3 Bg-kg” penetrated

. . a (¥'Cs h-a _ (¥'Cs A (¥Cs H-a 1B7Cs

Site Sampling date max B ) max! ) aver B ) <t38a/ks { ) Land cover
[Ba-kg"] [em] [Ba-kg"] [em]

Hatin 10/5/2021 322115 0-5 44 35 Coniferous forest

o 21.0+£09 0-5

Kraslovice  23/7/2020 207 + 11 510 51 30 Pasture, meadow
224+ 11 0-5

Veltruby 24/11/2020 6412 510 7.0 80 Arable land

Hatin Kraslovice Veltruby Hatin Kraslovice Veltruby
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Obr. 6. Vlastnosti pad ve vertikalnim profilu ve sledovanych lokalitadch - zrnitostnf slo-
zeni (pisek, prach, jil) a podil humusu

60 %

ZAVER

Vysledky sledovani vertikaInf distribuce *'Cs v padé potvrdily, Ze kontaminace
pldy timto umélym radionuklidem je v Ceské republice stale méfitelna, pies-
toze od posledni vyznamné depozi¢ni udalosti (havarie v Cernobylu) uplynulo
jiz 35 let. Vétsina aktivity 'Cs je v plidé pevné vazéana, takze rychlost jeho trans-
portu do hlubsich vrstev plidniho profilu je jen velmi pomald a vétsina zjisténé
aktivity ®Cs se nachdzi v povrchové vrstveé pldy. Presto v zavislosti na mist-
nich vlastnostech pady a dalsich podminkéch dochézi k postupnému proni-
kanf kontaminace do vétsi hloubky, jde vSak o vyrazné nizsi aktivity, nez jsou
zjistovany pfi povrchu.
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Fig. 6. Soil properties in the vertical profile in the monitored sites — soil texture (sand,

60 %

silt, clay) and humus content

very high (943 %) at the depth of 0-5 cm and decreased in greater depths but
then started to rise again in the depths of 80 to 100 cm and was higher than
12%. Since the site is located in a flat area, it may be ruled out that this phenom-
enon would be caused by erosion and transport of material. A technical inter-
vention into the soil profile or the impact of flooding and connected vertically
changeable humus content in the flood soil layer seems to be a more plausible
explanation. These possible events may also have had an impact on the dis-
tribution of ¥Cs in this site. In order to explain this, a further survey of this site
shall be necessary. Fig. 6 shows changes in humus content in vertical profiles of
the assessed sites.
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S ohledem na hodnoceni zranitelnosti podzemnich vod (jejich kontami-
nace ¥Cs) Ize konstatovat, Ze vétsina ¥'Cs je ve sledovanych lokalitdch zachy-
cena vrchni vrstvou pldy a v Uvahu prichdzi pranik jen velmi malého mnoz-
stvi ¥Cs. V nasledujici fazi bude prace zaméfena na vyhodnoceni ptd v dalsich
lokalitdch, dale na zjisténi velmi nizkych objemovych aktivit ¥'Cs, jez by mohly
do podzemnich vod proniknout, a také na vyhodnoceni transportu *°Sr, které
obecné vykazuje vétsi mobilitu v pddnich systémech [35-36].
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CONCLUSION

The results of monitoring vertical distribution of Cs in soil confirmed that soil
contamination with this anthropogenic radionuclide in the Czech Repubilic is
still measurable even though already 35 years have passed since the last major
deposition event (the Chernobyl accident). Most of ®Cs activity is strongly
bound in soil and the speed of its transport into deeper soil profile layers is
therefore only very slow and most of established ®Cs activity is thus located
in the top soil layer. In spite of that, contamination gradually penetrates into
greater depths depending on local soil properties and other conditions; how-
ever, this activity is significantly lower than activity established at the surface.

As regards the evaluation of ground water vulnerability (its contamination
with Cs), it may be said that most of ®Cs is captured by the top soil layer in
the monitored sites and only a small amount of ¥'Cs may penetrate further.
Further work shall focus on evaluating soil in other sites and on determining
very low volume activities of *’Cs that could get to ground water as well as on
evaluating the transport of ?°Sr, which generally shows higher mobility in soil
systems [35, 36].
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