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ild mushrooms and berries can
make a significant contribution to
the irradiation of the population
after Chornobyl disaster due to
their possible contamination by
radionuclides [1, 2]. Our recent
studies have shown that the con-
sumption of mushrooms and
berries at the places of their
gathering gives the pronounced
differences in the concentration
of 137Cs in human body, both in
local cohort and within one fami-
ly [38]. Now we concern with the
influence of forest products on
“market basket” of big city. Wild
berries, like blueberries and
cranberries, and different spe-
cies of mushrooms one can
gather himself or buy at the mar-
ket. In the ripening season, they
can be a significant part of the
diet, especially in gourmets. Wild
growing foodstuff can be pre-
sented in the diet even in winter
(dried and canned), harvested in
autumn or bought at the market
place.

Methods. We focused atten-
tion on several markets in the city
of Kyiv near underground sta-

tions “Darnytsia”, “Livoberezh-
na”, “Lisova”, “Lukianivska”
where purchases were made on
weekdays as well as at a regular
Sunday fair in Holosievo district.
The volume of the work and the
cost of the products were limited
by the number of samples that
was taken in the work at the
same time. When sampling, we
took into account the accompa-
nying information: the volume of
sales, the site of gathering of the
products (as the vendors called
it) etc.

All sampling was carried out by
the same person (the same
hands), which made it possible
to accumulate information about
the sellers and the relevant
places of gathering of the prod-
ucts. The products were of indi-
vidual or collective gathering as
well as of individual, small, and
large wholesale deliveries. Sale
of the products took place at the
individual working places of the
market. The weight of the individ-
ual fresh samples were 250-500
grams, the weight of the dry
samples were about 100 grams.

Characteristically, not all visits
to the market were successful. It
depended on weather conditions
for the growth of mushrooms and
berries, favourable transporta-
tion conditions. Sometimes, the
purchases were made at one
market, sometimes at the other,
sometimes on several ones.
Some sellers worked on the per-
manent seats throughout the
season, some of them we met
again, sometimes, we didn’t ever
meet some of them. This was
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Merta. BuB4untii 0CO6/IMBOCTI HAAXOAXKEHHS ANKO-
pocnx rpmnbiB Ta SArig Ha PUHKKW, rpoaHasni3yBatu 1a
oUiHUTY KOHLIeHTpauito 137Cs y aukux rpubax 1a
qroaax, ski npoaaBancs Ha KiJIbKOX PUHKax

M. KveBa.

Martepianu Ta metogu. Mu Binibpanv Habopu
avkopocanx rpubis: nvcuyka (Cantharellus cibar-
ius), 6innvi rpm6 (Boletus edulis), nosbcbkni
(Xerocomus badius), nigocuHoBuku (Leccinum
aurantiacum), oneHbku (Armillaria mellea), nigay6-
Huku (Lactarius deliciosus), macnoku (Suillus
luteus), aroan: 4yopHuus (Vaccinium myrtillus),
XypaBavHa (Vaccinium oxycoccos), 6pycHuLs
(Vaccinium vitis-idaea) i ronybuka (Vaccinium uligi-

nosum), ski npoaaBaav Ha 5 pyHkax M. Kuesa npo-
Tarom siita-oceHi 2018 poky. KoHueHTpauito 37Cs
OLliHIOBaIM 3a [OMOMOIrot0 raMma-CriekTpOCKOriy-
HOro MeToAy, ycepeaHeHHs npoBoAVIN 3a TUNamMm
rpoAyKTiB Ta pyHkamu. Bysio npoBeaeHo onuTyBaH-
HS cepes npoaasLiB rpo 306ip Ta 40CTaBKYy siCOBOI
rnpoAayKLUii Ha PUHKN.

Pe3ynbratn. Y xoai pobotun Ha 5 puHkax Knesa
6yno BigibpaHo 153 3pa3ku — 87 rpubiB Ta 66 arif.
BusHa4aam KoHLeHTpauito 137Cs y npoaykTax Ta ii
BiAMNOBIAHICTb CaHIiTapHUM HopMaM. byo BusiBie-
HO, 1110 caHiTapHi HopmMmu 3a BMicToM 137Cs nepesu-
ujeHo y 14,8% 3 54 3paskiB 4opHuui i 25% 3 80
3paskiB rpubiB, 3okpema 46,2% 3 26 3pa3kiB mcu-
4ok 1a 54,5% — 3 11 nosbcbkux rpnbiB. HanbinbLu
3abpyaHeHi 1icoBi NpoayKTv rnpoaaBaav rnobsan3y
cTaHuji meTpo “JlicoBa”. BcTaHOB/IEHO, 1110 3abpya-
HeHHs nlicoBux npoAaykTiB 137Cs 3anexaso Big MicLib
300py Ta NPIOPUTETHUX LLJISIXIB JOCTABKM MPOAYKLII
Ha PUHOK.
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especially true in case of the indi-
vidual gathering and sale of
berries or mushrooms with the
same hands. In the vast majority
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the gathering and sale of the

berries looked more organized.
We studied several spices of

mushrooms, including: chante-

Table

137Cs (Bg/kg) in mushrooms and berries, and excess
above sanitary standard of 500 Bq/kg [6]

glrj%:[ N |Average| SD (I;/ilgr; Min | Max Exycﬁss %
Markets
Lisova 26| 432 [696] 240 [0.3[3411] 9 [34.6
g Livoberezhna |17 684 |1272| 101 | 7.5 |5196 7 41.2
8  [Darnytsia 14| 480 [895| 109 [10.3[3278] 3 [21.4
§ Lukianivska |[12| 34.5 |53.3| 4.3 |0.5| 153
= Holosievo 1 54
Al 70 20 [28.2
Holosievo 19 69 137 | 24.5 | 8.5 | 609 1 5.3
> |Darnytsia 13| 162 [303| 31 [6.3[1110] 1 [7.7
8 |Lisova 13| 766 |965| 183 [20.9/2680] 6 [46.2
E Livoberezhna | 6| 95 90 | 85 |8.4]|260
@ [lukianivska |2 | 192 [127] 192 [102] 281
Al 52 8 [15.4
@ [Holosievo 4] 127 [110] 114 [ 13 [ 265
5 |DParnytsia 3] 121 [ 67 | 122 | 54 | 187
% Lisova 1 80
(@) Lukianivska 1 40
bi:alz)c()agrry Livoberezhna | 1 |170
Ling |Darnytsia 1 130 33.9
onberry || ivoberezhna | 1| 122 19.6
Kind of product
Chanterelles (26| 726 |1172| 331 | 3.1 (5196 12 |46.2
King bolete |21| 146 [194| 51 [39]762| 1 |48
o [Baybolete [11] 772 [946] 546 | 16 [3411] 6 |545
é rspen |10 147 |246| 55 |22]808| 1 [10.0
a Honeyagaric | 7| 0.7 [0.33/0.69 |0.3| 1.3
= Orange agaric | 5 49 37 | 47 |1.2|88.5
Slipperyjack | 3| 217 [306]| 76 | 8 [568| 1 [33.3
Al 83 21 [25.3
E"aurfy n 54| 257 |563| 53 |0.8|2680] 8 |[14.8
ﬁgz”ber 9| 117 | 84 | 101 [13.2| 265
Routes
Mush- INarodychi- (10| 99 |126| 34 |22|342
E(laursy Zhytomyr 2| 86 |11.0 0.816.3
Mush- Ivankiv-Kyiv (2| 686 | 198 546|826 2 |100
Mush- %‘ier”"by'— 2| 2128 |1846 823(3433| 2 | 100
Krakow market
Boletusedulis | 7| 34.6 | 9.5 | 56.6 | 8.6 | 160
fooms [Xerocormus 4| 173.9 |75.4|205.6 |62.9| 482
badius : : : :

relle mushroom (Cantharellus
cibarius), king bolete (Boletus
edulis), Bay bolete (Xerocomus
badius), aspen  mushroom
(Leccinum aurantiacum), honey
agaric (Armillaria mellea), orange
agaric (Lactarius deliciosus),
slippery jack (Suillus luteus), and
berries: european Dblueberry
(Vaccinium myrtillus), cranberry
(Vaccinium oxycoccos), lin-
gonberry (Vaccinium vitis-idaea)
and bog bilberry (Vaccinium ulig-
inosum).

Direct gamma spectrometric
measurements for the investiga-
tion of the concentrations of
137Cs and 49K were conducted
with the help of semiconductor
gamma spectroscopic system
produced by ORTEC Inc., based
on multichannel buffer model
919 and detectors, model GEM-
40220 and GEM-50250, each
was set into the iron shield of
20 cm thick. Time of Spectra
acquisition set ranged from two
to several hours. We used a
source Amersham CO-570 and
the derivatives to calibrate the
gamma spectroscopy system. To
check and ensure the quality of
measurement  system, the
Laboratory has taken part in the
IAEA comparative tests since
1990 [4]. One sample of a recent
comparison was used for cross-
check measurements [5].

Results. Gathering and sale of
the forest foodstuff were various:
individual gathering and sale
(with the same hands), organized
gathering and sale with a division
of labour, retail sale from the
wholesale markets. A course of
the accumulation of samples,
mushrooms, in particular, was
modified by weather conditions,
that is, mushrooms could be
taken from the sites with the
favourable conditions for their
growth, gathering, transporta-
tion. According to the informa-
tion of the sellers, the investigat-
ed mushrooms and berries were
gathered mainly in the northern
regions of Ukraine: Chernihiyv,
Kyiv, Zhytomyr, Volyn, Khmel-
nytskyi, and, in addition, in
Vinnytsia and Zakarpattia re-
gions. At the individual gathering
and sale, individual preferences
and convenient public transport
routes were observed, for exam-
ple: Nizhyn (Chernihiv Region)
and Khmelnytskyi Region > Cen-
tral Train Station > Lukianivska
Underground Station; Zhytomyr
and Volyn > Central railway sta-
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Objective. We studied the peculiarities of the entry
of wild mushrooms and berries to the markets, ana-
lyzed, and evaluated the concentration of 137Cs in
wild mushrooms and berries which were sold in
several markets of Kyiv city.

Materials and methods. We sampled the sets of
wild mushrooms: chanterelle (Cantharellus ciba-
rius), king bolete (Boletus edulis), bay bolete
(Xerocomus badius), aspen mushroom (Leccinum
aurantiacum), honey agaric (Armillaria mellea),
orange agaric (Lactarius deliciosus), slippery jack
(Suillus luteus), and berries: european blueberry
(Vaccinium myrtillus), cranberry (Vaccinium oxy-
coccos), lingonberry (Vaccinium vitis-idaea) and
bog bilberry (Vaccinium uliginosum) that were
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sold at 5 markets of Kyiv in summer-autumn peri-
od of 2018. The concentration of 137Cs in the
samples was estimated with the help of gamma-
spectroscopic method, averaging was performed
by the types of the products and by the markets. A
survey on the collection and delivery of forest
products to the markets was carried out among
the sellers.

Results. 153 samples, including 87 mushrooms
and 66 berries, were taken at 5 markets of Kyiv.
137Cs concentrations in the products and their con-
formity to the sanitary standards were determined.
Sanitary standard of 137Cs content was exceeded in
14.8% of 54 blueberries samples and in 25% of 80
mushroom samples, in particular, in 46.2% of 26
samples of chanterelles and in 54.5% of 11 sam-
ples of bay bolete (Xerocomus badius) mushrooms.
The most contaminated forest products were sold
near “Lisova” underground station. 137Cs contami-
nation of the products depended on the place of
gathering and the prior routes of product’s delivery.

Keywords: 137Cs, wild mushrooms and berries,
“market basket”, Chornobyl.

tion > subway > left bank of the
Dnipro river, underground sta-
tions “Livoberezhna”, “Darnytsia”,
“Lisova”. Accumulation of the
forest products (berries) in the
hands of the distributors, who
get them from different places
for subsequent retail sale
showed that often the informa-
tion about origin of the products
was distorted or masked (or sub-
stituted), taking into account the
content of radionuclides for the
convenience of its sale, because
the majority of buyers ask first
about the origin of the product,
and then about its cost.

During our sample selection
(purchases), the repeated con-
tacts with the sellers took place.
The reaction of the sellers to the
repeated contact was individual
and extremely diverse: they rec-
ognized us, didn’t recognize (or
pretended), were even interested
in the purpose of the purchase,
and so on. The vendors were
mostly open to communication,
especially when purchase had
been already completed.

Averaged findings on the con-
tent of radionuclides are given
in the table (mushrooms and
berries by the markets and by
species). Findings on the
excess of sanitary standards
are presented only significant
(>0). The table (at routes sec-
tion) shows the results of the
investigations of the samples
collected on the routes where
the products were bought at the
unorganized sale sites near the
roads, there is no statistical

selection, but it is shown as a
possible study variant of the
entry to the food basket.

By the results of our investiga-
tions, the highest 137Cs contami-
nation of the forest products is
observed at the market near the
underground station “Lisova”
(excess of 137Cs concentration
sanitary standard for mushrooms
is in 34.6% of the samples, blue-
berries — in 46.2%), then the
markets “Livoberezhna”, mush-
rooms - 41.2%, “Darnytsia”,
mushrooms - 21.4%. As it is
demonstrated in the table, other
berries (bog blueberries and lin-
gonberries) were rare at the mar-
ket, only 3 samples and without
excess of the standard. Later,
when the cranberries were
matured, there was no excess of
137Cs norm, which could testify
about their organized gathering
in the sites that gave a relatively
clean product and/or about a
need in the study of a larger sam-
ple set.

The table shows that 137Cs
concentration in almost half
chanterelles (46.2% of 26 sam-
ples) exceeds sanitary standard,
54.5% - of Xerocomus badius
mushrooms, 10% — aspen mush-
room, 4.8% - king bolete and
25% of all examined mushroom
species (we didn’t take into
account the samples of two
routes: Ivankiv and Chornobyl).
The sample set of 7 honey agaric
shows an extremely low 137Cs
content, which first may be due
to the different but cleaner sites
of the gathering of mushrooms. 8
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samples of the European blue-
berries demonstrated an excess
of sanitary standard (14.8% of 54
samples).

Evaluating a contribution into
“market basket”, we collected
some samples and compared the
available information on some
kinds of mushrooms in Krakow
“market basket” (at the end of
table). The dry mass of the sam-
ples makes up from 26 g to
45.5 g, assuming 10x factor for
dry ones (with 7% uncertainty),
however, it can be a bit more.
According to this data set, only
one sample is close to sanitary
standard and doesn’t exceed it.

According to our study, 40K
concentration made up (140
56) Bg/kg in 85 mushroom sam-
ples, (45+14) Bq/kg in 55
European blueberry samples,
(29+£6) Bqg/kg in 8 cranberry
samples. 40K concentration in
different species of mushrooms
made up (190+£61) Bg/kg in 26
samples of chanterelles, (106x
33) Bqg/kg in 20 samples of king
bolete, (126+£25) Bqg/kg in 12
samples Bay bolete, (118%
30) Bg/kg in 10 samples of
aspen mushroom, (166=x
32) Bg/kg in 7 samples of honey
agaric, (123+60) Bg/kg in 4 sam-
ples of Orange agaric, (96
25) Bg/kg in 3 samples of slip-
pery jack that can be explained
with the peculiarities of their
structure — soft and/or hard.

Conclusions

According to the results of the
study, the concentration of 137Cs
exceeds the current sanitary
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standard in 25.3% of 83 samples
of wild mushrooms at the mar-
kets. The percentage of excess
depends on the Kyiv's markets:
“Livoberezhna” - 41.2% of 17
samples and “Lisova” — 34.6% of
26 samples and the type of
mushrooms: bay bolete (Xero-
comus badius) - 54.2% of 10
samples and chanterelles -
46.2% of 26 samples.

U The excess of the current
sanitary standard of 137Cs con-
centration in the European blue-
berries, sold at the markets,
were identified in 14.8% of 54
samples, and in 46.2% of 13
samples from the market place
near the underground station
“Lisova”.

d There was no excess of 137Cs
current sanitary standards in
cranberries (9), bog bilberry (1),
lingonberry (2).

O Some results obtained from
a small set of samples require a
confirmation, which concerns,
first of all, the study of certain
types of mushrooms and berries
and their correspondence to the
sites of their gathering.

0 We surveyed the situation
only for some markets in Kyiv.
We mentioned some other ways
to be studied by which the wild
berries and mushrooms fall in
the food basket. High 137Cs con-
centrations may be presented at
Krakiw market far from Chor-
nobyl. Information from the ven-
dors about the origin (sites of
gathering) of mushrooms and
berries is sometimes distorted,
replaced, disguised because of
the expected levels of radioac-
tive contamination of the prod-
ucts.

Acknowledgement. Authors are
grateful to sponsors A., D., O. for
given funds for buying of sam-
ples of wild growing mushrooms
and berries on the markets.

JNITEPATYPA

1. Mietelski J.W., Baeza A.S.,
Guillen J., Buzinny M., Tsigan-
kov N., Gaca P., Jasi ska M.,

—®-

Tomankiewicz E. Plutonium and
other alpha emitters in mush-
rooms from Poland, Spain and
Ukraine. Applied Radiation and
Isotopes. 2002. Vol. 56. Is. 5.

P. 717-729. URL:
https://doi.org/10.1016/S0969-
8043(01) 00281-0.

2. Bacunenko B.B., LluraH-
koB M.4., Heuaes C.1O., IMik-

T1a B.O., 3agopoxHa M.,
BinoHuk A.b. BuB4eHHs ocobnm-
BOCTEN GOPMYBAHHA 003 BHYT-
PiLUHLOrO ONPOMIHEHHSA Hace-
NeHHa XXuTtomMmpcbKkoi obnacTi y
BioOaneHuin nepioq aBapii Ha
YAEC, 06ymMOBNEeHMX Haaxo-
XeHHAM 137Cs, 90Sr. [Npobremun
paaiauiviHoi MmeanunHN T1a
pagiobionorii. 2013. T. 18.

C. 59-69.

3. Knumypa C., By3blHHbI M.,
Onaoyx H., Cepatok A.,

Komaca 0., Takaaku T.,
Mwuxannosa J1. logoBoe nccne-
noBaHue copepxaHus 137Cs B
MULLEBbLIX NPOAYKTaX M YenoBe-
4eCcKkOM OpraHu3me nonyns-
LLMOHHOM KOoropThl NrT. Hapoam-
4y yepes 30 net nocne
YepHOObITbCKOM KaTacTPOdbI:
pen. oT4eT. 340p0oBbLE 1 OKPY-
Xarouyasi cpeaa: cb. marep.
pecn. Hayy.-rnpakT. KOHO.

C MexayHap. yd4actmeMm. MunHck,
2017. C. 78-82.

4. byanHuun M.T., Nock 1.1,
Mwuxannosa J1.J1. Ponb nopis-
HANbHUX TECTIB Y MacLUTabHOMY
pajiauinHoMy NOCT-aBapinHOMy
4YOPHOOUNBLCLKOMY MOHITOPUHTY.
25 pokiB YopHobMIbCbKOI Ka-
TacTpopu. besneka manbyTHbO-
ro: 36. Te3 MixxHap. KoH®. K.,
2011. C. 305-306.

5. IAEA-CU-2006-03 World-
Wide Proficiency Test on the
Determination of Gamma
Emitting Radionuclides: Report.
IAEA, 2007. URL: https://nucle-
us.iaea.org/rpst/Documents/iae
a_al _171.pdf

6. JonycTumi piBHi BMICTY
pagioHyknigis 137Cs i 90Sr y npo-
LyKTax XxapyyBaHHS Ta MUTHIN
Boai: TH 6.6.1.1-130-2006. URL:
http:// http://zakon.rada.
gov.ua/laws/show/z0845-06

REFERENCES

1. Mietelski J.W., Baeza A.S.,
Guillen J., Buzinny M., Tsigan-
kov N., Gaca P, Jasi ska M. and
Tomankiewicz E. Applied
Radiation and Isotopes. 2002 ;
56 (5) : 717-729. URL:
https://doi.org/10.1016/S0969-
8043(01)00281-0.

2. Vasylenko V.V., Tsyhan-
kov M.Ya., Nechaiev S.Yu., Pik-

ta V.0., Zadorozhna H.M. and
Bilonyk A.B. Vyvchennia
osoblyvostei formuvannia doz
vnutrishnoho oprominennia
naselennia Zhytomyrskoi oblasti
u viddalenyi period avarii na
ChAES, obumovlenykh nad-
khodzhenniam 137Cs, 90Sr
[Study of the Peculiarities in the
Formation of the Doses of
Internal Radiation of the
Population of Zhytomyr Region
in the Remote Period of
Chornobyl Accident Caused with
the Entry of 137Cs, 90Sr]. In :
Problems of Radiation Medicine
and Radiobiology. 2013 ; 18 :
59-69 (in Ukrainian).

3. Kimura S., Buzynnyi M.,
Didukh N., Serdiuk A., Koma-
sa Yu., Takaaki T., and
Mykhailova L. Godovoe issle-
dovanie soderzhaniya 137Cs v
pishchevykh produktakh i che-
lovecheskom organizme populi-
atsionnoy kogorty pgt. Narodichi
cherez 30 let posle
Chernobylskoy katastrofy
[Annual Study of 137Cs Content
in Food Products and Human
Body in the Population Cohort in
Narodichi in 30 Years after
Chernobyl Disaster]. In : [Health
and Environment : Coll. Mater.
Conf.]. Minsk ; 2017 : 78-82
(in Russian).

4. Buzynnyi M.G., Los I.P. and
Mykhailova L.L Rol porivnialnykh
testiv u masshtabnomu radiatsi-
inomu chornobylskomu monito-
rynhu [The Role of Comparative
Tests in Large-Scale
Radiological Post-Accident
Chornobyl Monitoring]. In: 25
rokiv Chornobylskoi katastrofy.
Bezpeka maibutnoho : zb. tez
konf. [25 Years of Chornobyl
Catastrophe. Safety of the
Future; Coll. Abst. Conf.].

Kyiv ; 2011 : 305-306
(in Ukrainian).

5. IAEA-CU-2006-03 World-
Wide Proficiency Test on the
Determination of Gamma
Emitting Radionuclides: Report.
IAEA, 2007. URL: https://nucle-
us.iaea.org/rpst/Documents/iae
a_al 171.pdf

6. Dopustymi rivni vmistu
radionuklidiv 137Cs i 99Sr u pro-
duktakh kharchuvannia ta pytnii
vodi : HN 6.6.1.1-130-2006.
[Allowable Levels of 137Cs i 90Sr
Radionuclide Content in Food
and Drinking Water : HN 6.6.1.1-
130-2006]. URL: http://
http://zakon.rada.gov.ua/laws/s
how/z0845-06 (in Ukrainian)

Haniviuna go peaakuii 14.03.2019

No2 2019 Exviroxweve & lleavm 20



