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Samples of wild mushrooms (9 common species) and forest berries (4 species)
were collected during their growing seasons in 1995 on three different locali-
ties in Northern (Dubi, locality A), Eastern (Choceti, locality B) and Western
(Zbiroh, locality C) regions of the Czech Republic. These localities are clas-
sified according to the forest decline and general environmental burden as
heavily (locality A) and medium (locality B) impaired areas with locality C as
intact environment. Collected samples were analysed for cadmium, lead, mer-
cury and caesium contents using routine techniques (dry ashing, flame AAS,
radiocounter) in specialised laboratories respecting GLP system. The results
obtained showed obvious mushrooms species dependent capacity of cumulat-
ing toxic elements. Environmental burden of the monitored localities was not
generally reflected in higher toxic element levels in the local wild mushrooms
and forest berries. Hygienic normative was generally exceeded by cadmium
and mercury levels in majority of analysed mushroom samples.

cadmium; lead; mercury; caesium; wild mushrooms; forest berries: environ-
mental monitoring

INTRODUCTION

. A habit of picking up wild grown forest berries and mushrooms belongs
llng the Czech Republic (CR) among popular seasonal activities (Kalag,
Zer?gb)- Tthese commodities.are used for.supplementing menus (fresh and fro-
o CIries, home canned jams and fruits, fresh and dried mushrooms). The
« COmmon are forest blueberries and strawberries, less frequent are cran-

derrj ; ; . < .
"es and blackberries. Agaricus, Boletus and Xerocomus fungi species
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dominate among edible mushrooms. These berries and mushrooms can be
also bought at the local seasonal markets and in case of their contamination
they should be considered as a potential source of burden of consumer health,
Average per capita consumption of these food items is not known and Hy-
gienic Service in CR has a lack of detailed information on their natural
contamination.

There are recent articles published on blueberries hygienic quality in the

existing scientific literature reviewed by Cunio (1994) and The Research
Agricultural Centre in Beltsville, Maryland, USA (Dr. R. Korcak) has been
dealing with mineral composition of berries grown on cultivated blueberry
bushes for several years. Research reports published by Beran etal (1993
1994, 1995) are the most valuable literature sources for the purposes of this
study. These authors, jointly with the others from abroad (Su rdel, 1991,
Cieslinski et al., 1993, 1994; Zehnder et al., 1993; Malikov et
al., 1992; Paasi kalio et al., 1994), have proved that risk elements (e.g.
cadmium, lead, mercury and caesium) could penetrate into plant organs
(roots, leaves, fruits) from contaminated environment (namely via contami-
nated soil).
Detailed overview on existing scientific literature dealing with contamina-
tion of edible and other mushrooms with risk elements was published by
Cibulka et al. (1991) and Sova (1994). Mushrooms could be used as
biological indicators of the environmental contamination (Gast etal, 1988;
Lep$ova, 1992). However, different mushrooms species have individual
different capacity of concentrating risk elements in their fruiting bodies. This
partially reduces such a use. Based on literature data, it is obvious that the
maximum availability of cumulating risk elements have (among edible mush-
rooms) Agaricus, Boletus and Xerocomus Species and the most contaminated
fruiting body parts are spore bearing organs (tubes or gills) and spores them-
selves. A pilot study dealing with contamination of common edible and non
edible wild mushrooms from CR was performed by Cibulka etal (1995).
Their results did not prove significant relationship between en\fir(mmenlﬁ]
impairment of the forest ecosystem and higher heavy metal levels in local
mushrooms, however, the highest intake of risk elements was repcatcdly
proved for Amanita, Boletus, Xeronomus and Lycoperdon species. !
There are official permitted maximum levels of risk elements in foodstufls
listed in the Czech legislative (Anonym ous, 1986) and the limits 2
shown in Tab. 1. However, food items are not unified and not for all mof”
tored elements there are limits set for fresh mushrooms. Using literat
(LepSova, M ejstiik, 1989), mushroom average dry matter is 1
less), we recalculated fresh matter normative to get limits expresset for dry
matter and to compare our analytical results with the normative. There 1

) /129
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X itted maximum levels of the risk elements in foodstuff;
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Anonymus,
) ( i [0 {.‘]0‘ v ¢
1986 I dry natter,

Commodity
Vegetables Cedmiun Lead Mercury
Dried vegetables 32; 0.50 0\01\
Fruits - 4.00 0.
Dried fruits 0.03 e oé?
Fresh mushrooms 0450*,, .00 0.05
Dried mushrooms (calculated™"") :));)(7) 0.50 0.05™"
Other foodstuffs (generally) ()‘()5 5.00 0.50

3 ! 1.00 0.02

produced locally 0.005 m =
.005 k
canned mushrooms ks
even canned mushroom
calculated into 10% of dry matter

FRKE

legislation regulatin i
g permitted caesium | in food n
{ é evel s in CR. S %
measured in our study were evaluated uqingm s ool fewels

permitted contents of ris i
R risk elements in Czech
radfloontarmnation of foodstuffs with caesiu
quen:uvchdes) was a hot topic after Cernob
SerVice: (I)Afthe accident in CR were reﬁularly
(Anonymous, 1987, 19922)Dandiyt

geographic regions in C .

(Strakonice, Cesks lil R,Comammamd with the accid radi :

from Cs 1,37 zsti(l? ;I;Cbova, Vysoké Myto and others) Zn;(l)fslglo? CIt(l)‘(/)L i

B presents an acceptable year ' o 000 Bq

3 ose Of 6 1 . ! yedlly amo t . o

for exporting Czeof? Bq.kg is considered as a maximlllllr]n ?’t l'dd[a“on per

Bolerys specices w ch foodstuffs abroad to the European C Hilit asceplable
ere mainly found to be contaminated bLy C]e(‘)’rantnéuélty (EC).

: ed Cs content

in the past ;
years with an averac
Persona] communication). erage level of 680 Bq.kg™ (Maldtova, 1994 —

a lnormative listing maximum
Tl :
oils based on different analy-

m 137 (and other isotopes and
1 accx_dent in April 1986. Conse-
publlshed by the State Hym’éﬁc
is obvious that there are sgve:‘all

eCG:nI d

ata on i ura i
m a rlcu]t 1
e 3 g 1 l SOll contamin

cAccording to Re
OMtaminageq with

Orest go;
S
o oil satur

lished b ) ation with cadmium, lead a
inds elyall,(?lgg;( (1991) and. Benes (1993, qldc)gzl)d
o i e o ),dEumPe.an forest soils are critically
b ation capacity. B P_ haﬂ cadmium burden reaches 95% );
Mogt S;;Set SOillS that Cadmimﬁ, anlctanzlsoc n et al. (1993) state for NOrwg-
Ungj myc::hsl?rg h"l(“)l?izon as a consequencepg?le?;en;sglullz)litsd ~mOSt]y.m the
- This phenomenon can be partially ObServj(;u,?l];ga‘m? odf

« 1n lea

e
NT14
AGR
ICULTURAE BOHEMICA, 27, 1996 (2): 113-129
£ 115

—



\

Lasota (1988) and Wondratschek, Roder
hip between forest soil mercury level and content of
of higher mushrooms. Agaricus species had
n caps and stalks compared to Hg soil level,
hat high risk element level in mushroomsg
e environmental contami-

l deposition in forest soil.
I (1993) studied relations
mercury in fruiting bodies
“\‘ 100 times higher Hg level i
| However, the authors stressed t
might not be just simple reflection of high landscap
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I MATERIAL AND METHODS

|

I Three localities were selected in March 1995 for mushrooms and forest

| berries sampling according to the official forest classification (Anony-
mous, 1988). Locality A — Dubi, North Bohemian region is generally con-

I sidered as significantly disturbed environment with distinct forest die back,
locality C — Zbiroh, West Bohemian region is classified as nearly intact

“\‘ environment with healthy forests and locality B - Choceii, East Bohemian
region is area with marked, but not heavy, environmental burden and only

I partly impaired forest quality.
Mushroom samples were coO

\
| ing May-November 1996. Samp
l wild mushrooms and forest berries picking. Apart from manual cleaning of

” mushroom caps and stalks, no washing was applied neither for mushrooms,
| nor the berries. List of collected wild mushrooms and berries with their
1‘ English, Czech and Latin names is shown in Tab. Il. One sample represented
‘ H 150200 g of fresh material stored in a labelled paper bag and refrigerated
till laboratory analysis. Simultaneously with mushrooms and forest berries
picking, soil samples of forest upper soil horizon (0-5 cm, after removing
“ “ superficial layer of organic detritus) were also collected at appropriate sam-
il pling places.
il Contents of cadmium and
il ‘ employing flame atomic absorption
i sample mineralisation by dry ashing in qu
‘ were performed for each sample and they were corrected
contamination using 20% of measured blank samples. Detection limi
(0 calculated as three values of blank sample standard deviation. Final r
i for mushrooms and berries were expressed in mg of an element in 1 kg ©
”‘ sample dry matter. Content of mercury in the fresh samples was measure
‘H using AMA 254 (Altec, CR) apparatus. The results were recalculated to M2
of Hg in 1 kg of sample dry matter. Quality of analytical data was assess?
I by simultaneous analysis of standard reference material CRM 12-02-01 with

| acceptable results.

Locality A
*
+
+
4
+
+
%
=
+
+

llected in the appropriate growing season dur-
ling techniques were identical with those for

, Amanita muscaria (L. ex Fr.) Hook.

lead in mushrooms and berries were determined
method (Varian SpectrAA 400) after
artz beakers. Triplicate analyses
against background
t was
esults

cervena.

IL ccurrence of the sampled mushrooms ifferent localities (local Y o= oC: y = =
pI ffe 1 litie: (1 1i Dubi, locality B Chocen, 1 \§ C
O thy d hi at d t t1 ty A bi, lit n, localit Zbiroh
Y )

Bay b fib Z g
y boletus, suchohfib zlu;omasy, Xerocomus chrysenteron (Bull. ex Amans) Quél

RA . ., i
eddish amanita, muchomiirka riizovka, Amanita rubescens (Pers. ex Fr.) S. F. Gray
Polish boletus, suchohfib hnédy, Xerocomus badius (Fr.) Gilb

Parasol mushroom, bedla vysoka, Macrolepiota procera (Scop. ex Fr.) Sing.
glrz:r%:) c};tPAljlzlii;us, kfemend¢ osikovy, Krombholziella aurantiaca (Bull. ex St.
Birch mushroom, kozak bfezovy, Kromholzielalla scabra (Bull. ex Fr.) R. Maire
Puff ball, pychavka bradaviénata, Lycoperdon perlatum (Pers. ex Pers.)

Honey agaric, vaclavka obecna, Armillaria mellea (Vahl ex Fr.) Kumm.

Oak boletus, hiib dubovy, Boletus aestivalis (Paulet) ex Fr.
Butter mushroom, klouzek slizky, Suillus viscidus Fr.

Fly amanita, muchomurka

* not found on the locality
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soil cadmium, lead and mercury were determined employing
4k (1990). It is a screening determination of
e results were expressed as mg of an element

Levels of
procedure published by Koz
the elements in soil eluate. Th

in 1 kg on soil.
Caesium level was measured using standardised methodology being em-

ployed by the Institute of National Health in Prague and the results obtained
were expressed in becquerels (Bq) in 1 kg of fresh matter.

The results in Tabs. III-VII expressed as values Jlower than — < were,
for the purposes of this study, treated as maximum numbers, mean is arith-
metic mean with calculated standard deviation (SD). Figs. 1-3 do not contain
SD and are constructed only using mean values for each element and locality.

RESULTS AND DISCUSSION

The results obtained are shown in Tabs. III-VII and Figs. 1-3. Evaluation
and discussion of the results is to be done from three points of view: a) related
to the individual localities, b) related to the mushroom species and c) related
to the valid hygienic normative regulating maximum permitted levels of risk

elements in foodstuffs.

Figs. 1-3 show an obvious fact that the levels of analysed elements are

different in the mushrooms collected at the three different localities. It was
he elements followed were higher in mush-

our hypothesis that contents of t
rooms collected at places with higher environmental burden expressed in
more obvious forest decline. However, cadmium, lead, mercury and caesium

n Dubi mushrooms (the most impaired forest locality) were not
generally higher compared to the others. Even more, cadmium level was the

highest in the Choceit mushrooms grown in relatively good environment.
On the other hand, the highest lead level was determined in Boletus aes-
kg™!) in comparison with the Boletus

tivalis sampled at Dubi (9.86 Pb mg

aestivalis values for Choceil and Zbiroh (2.46 and 0.41 Pb mg.kg‘k? and
Lycoperdon perlatum (Dubi - 24.12; Chocen — 8.40; Zbiroh — 9.01 mg,i«;g'l)-
High lead content in Dubi Boletus and Lycoperdon p. could be partially
explained by close vicinity of a busy road to the sampling places with heavy
traffic. It is a well known fact that car petrol exhausts contain massive amount
of lead. However, this conclusion was not fully confirmed by the ex‘pccted
highest soil lead level found in Dubi where only 73.57 mg Pbkg' was
recorded compared to 119.37 mg Pb.kg™' found in Zbiroh soil.

The highest cadmium level was found on all localities in Amanita 1
(8.25 up to 14.07 Cd mg.kg‘l). The highest lead content was everywhere L
Lycoperdon perlatum (8.40 up to 24.12 Pb mg.kg_l) and the highest m’ffGUfy

contents were also in Lycoperdon perlatum (2.61 up to 8.82 Hg mg.kg ) °

contents 1

mz.w:aria
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3. Mercury levels
(mg.kg‘1 of dry matter)
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Zbiroh
0- Chocen
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Macrolepiota p.
Suillus v
Boletus a.
Amanita m.
Amanita r.
Xerocomus
Armillaria m.
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©
=
[}
Q
Q
(8]
>
p ]

Krombholziella s
Krombholziella a.

Sova et al (1991) and Beran etal. (1993) who also found the highest
risk element levels in Amanita and Boletus species.

Soil contamination was highest at Zbiroh (Cd — 0.6; Pb - 119.4; Hg -
0.5 mg.kg’]). Soil lead level at Zbiroh is evaluated by B ened (1993) as
very high. A source of this lead contamination is currently unknown. Cad-
mium and mercury soil levels at the three localities were not exceeding
average normative values for Czech soils (Cd — 1.0 and Hg - 0.8 mg.kg ).

Similar situation compared to mushrooms was also observed in forest
berries contamination, where the highest levels of contaminants were meas:
ured in berries collected at Zbiroh and Chocefl (maximum cadmium value
was in strawberries from Choceil — 0.381 mg.kg“‘). Our results can be com-
pared to those published by Beran etal. (1994, 1995) for blueberries which
are generally slightly lower than ours (Cd 0.09 — 0.1; Pb 0.25 - 0.26; Rg
0.02 mgkg ™).

Comparing our results to the valid hygienic normative regulating M
mum permitted levels of risk clements in foodstuffs (Anonymous, 1986);
t is obvious that only one cadmium value (0.61 Cd mgkg™ in Macrolepiot
procera from Choceii) respected the valid normative (0.7 Cd mg.kg’!)- The
highest cadmium level was always measured in Amanita muscaria, regardlejs
its sampling locality (8.25-14.07 Cd mg.kg"). Lead limit (5.0 Pb mgkg
was mostly respected apart from Lycoperdon perlatum collected at all 1092 3
ties (8.40-24.12 Pb mg,kg”‘) jointly with Boletus aestivalis from Dub!

axi-

9
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(9.85 Pb mg.kg™"). Majority of mushr z
cury levels the valid normaylive foursﬂil?;?osocz;zp(l ?)Siel)ilcf edidkw_ilth - From
XerOICOm.[%S Chl’)’se"fl‘eron and Xerocomus badius‘fr;)m ?)mbb'.' . )”aparivh'om
A.rn;llé?r;?eme”w from all localities (from 0.18 up fo 0 BUS ]H(i'ndmtsioclCn e
; j - " o
211:: ;0 kg_}r)cx;rgdl.evels were Inegstlred in Lycoperdon per/acrm'nc(Zc( 1)-.»§;Fhe
g mg.kg in Boletus aestivalis (3.93-6.15 Hg mo kg™ i oy o
s . g mg.kg ) collected on
These results i species
e in,fil:]()\:/#g.sp001es eron(ienl differences in accumulation of
T (lgggl ui mg"bodles, correspond to the published literature
Sc ‘ ) also found the highest cadmium content i nita
|, ontent in Amanita
Qur results show that elevated cadmium
| —— un and mercury contents in analyse
i prObler; gga(zsd 0}:1 three different localities represent a Ct‘}ly[:;g
E .1 -ver, human health burden is probably minimised d
e fol]oi,siiﬁa alnd irregular consumption of wild mushrooms e
BB - il mushonms comamption: 1 e oy o
il , cons ion: mushrooms gr
e zzrviz?t;inzt?d commumcaﬂpns and in city parks shoiillz“;?otagi
o C,apaCity o exmuslllrooms v_v1th the highest species dependent cu-
ey fore ample, Agartcus species), 3) removing highly con-
recommended. Mushr‘oéilprc(())(:tl:lt;l?:at(i)(r)ianS'tl(lmbes e e SPOfes) ;
] i ve W1 1 >4 inimi L
soaking mushrooms twice in saline solution fgerleggur;iilcﬁlel:e(gﬁ;nﬁlse? };Y
S et al.,

1991).
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| | CIBULKA, J. - SISAK L. - PULKRAB, K. - MIHOLOVA, D. - SZAKOVA, J. - st Cdks™) vyh 5

\“ FUCIKOVA, A. - SLAMOVA, A. - STEHULOVA, 1. - BARLAKOVA, S. (Cesks (, vg3 0~ g )vy OXOVEI' RovnéZ obsah olova u lesnich plodin vyhovoval platné
\ zemédElska univerzita, Agronomicka fakulta, Lesnicka fakulta, Praha, Ceska repub- normé (3.0 mg Pb'kﬁ ) a z hub pouze pychavka ze viech lokalit tuto n —
w lika): T g kg ) okt B -2 me Pl ™, syl s bbern duboin
I Obsah}y kad{nia, olo'va, rtuti a cesia v houbich a lesnich plodech z riznych 5 s(;éené);n Ovolcg {Og;gr:;);;i k).*lld)es[r\l; Pl(l)dm): \v/.yhovovaly i normé pro obsah rt}':ni
\ oblasti Ceské republiky. pfekraéovala oo normy; pro.hfubé, (Oagpril; \]iegsll)ne;( vzorvkﬁ hub sv\./}’rm obsahem Hg
I Scientia Agric. Bohem., 27, 1996 (2): 113-129. a Choceii (0,27 a 0,45 mg Hgke™)) a ,Vz’xcla;/kg . r(v‘)me sucho.hnba z lokalit Dubi
| He.kg ™). y ze vSech lokalit (0,179-0,349 mg
“\ V roce 1995 se realizoval sbér celkem 9 druhd hub (hiib, bedla, klouzek, kozik,
I kfemenad, muchomiirka Cervena, pychavka, rh¥ovka, suchohfib a viclavka) a dalgich
i lesnich plodin (boravky, jahody, maliny a ostruziny) na lokalitdch v severoceském,

Vysledky z roku 1995 ve srovnani S Vy’% ([k 994 P vane potvrzu

i 5 b CIC yz rOkU 1 () akO a pot i

7e MEZ1 1misne ruzne Za[lzellyl,li 1()kalitalﬂi a Obsahem CiLOIOdyCh pr vki 4V hOU | ;’
‘)EIC 1

neni jednoznacnd zavislost a na lokalita & st PRI
zdpadoceském a vychodoleském regionu, které jsou podle platnych metodik klasifi- poskozené nemusi byt houby s Hijygg;}:l Ool);ilfllf klasllfcllko\/anych jako znecisténé ¢i
sahem sledovanych kontaminantl. P
. Po-

“\‘ kOV'&ily fio raznych sFupl:xVil’ zétéive ie:sfl imisemi. ,Jednalo sevo }okality’Du,bi (pasmo rovnani vysledkii, pokud jde o druhy hub, opakované i
| ohroZeni A a B — nejvyssi ohroZeni), Zbiroh (pasmo ohroZeni D - nizké), Chocen gervend kumuluje nejvice kadmia, pychavk ’b~pd f/vdne /Prokatzalo, Ze muchomirka
I (pasmo ohroZeni C _ niz&i ohroZeni). Z t&chto lokalit byly odebrany i vzorky lesnich bem dubovym i nejvice rtuti. g a bradavicnata nejvice olova a spolu s hfi-
| pad.

| Slo predeviim o houby jedlé a daldf lesni plodiny, které se v geskych lesich se-
| zénné tradi¢nd sbiraji a konzumuji a v pfipadé masivni kontaminace cizorodymi prv-
| ky by mohly pfedstavovat 74t&% pro lidsky organismus.

I | Ve vzorcich byl v renomovanych analytickych laboratofich stanoven obsah kad-
| mia, olova, rtuti a u vybranych vzorki hub i cesia 137 (suchohfib).

Prace v r AT S .
. utﬁdjto?‘edl 995 umo/zmla shromazdit velké mnoZstvi relevantni védecké litera
; ji do jednotného poitaového systému pro vyuZiti pf dalsim vyzkumu.
Sir mu.

kadmium; olovo; rtut; cesium; houby; lesni plodiny; monitoring

i Celkové lze fici, 7e na zaklad® vyhodnoceni primémého obsahu sledovanych
i prvka ve viech druzich hub sebranych na jednotlivych lokalitéch se klasifikace loka-
Il lit, pokud jde o jejich celkovou 74té7 imisemi, zcela jednoznacné neprojevila. Po-
\ “\ dobna situace byla i u dalsich lesnich plodin, kde se ani vyrazn& neprojevily druhové
il odli§nosti.
\ H U vzorkt hub se prokédzala rizna schopnost druht hub kumulovat cizorodé prvky.
Mezi houby s nejveétsimi obsahy kadmia patfila muchomirka Cervend, a to na viech
! lokalitach (8,25 aZ 14,07 mg Cd.kg™). Nejvyssi obsahy olova byly na viech lokalitach
namé&feny u pychavky (8,40 a7 24,12 mg Pb.kg™) a nejvice rtuti kumulovaly na viech
i lokalitich pychavka (2,61 aZ 8,82 mg Hg‘kg’l) a hfib dubovy (3,93 aZ 6,15 mg
i Hekg™).
il \ Klasifikace imisni zatéZe jednotlivych lokalit se neprojevila ani v obsazich Cd, Pb
11 a Hg v lesnich padach, kdy nejvy3si obsahy viech prvki byly naméfeny ve Zbirohu
i (Cd - 0,56; Pb - 119,37, Hg - 0,54 mg.kg-1).
il Obsah Cs 137 ve vzorcich suchohtibt hn&dych a Zlutomasych byl nejvyssi na
Jokalité Choceil (902,0 Bq.kg™") a nejnizsi ve Zbirohu (122,0 Bg.kg™). Tyto hodnoty
| nepfedstavuji Zadné zdravotni nebezpedi, ale je moZné je dit do souvislosti se zasa-
l Jenim naseho tzemi spady z gernobylské havdrie.

Contact Address:

| Doc. Ap—

Vzhledem k platnym hygienickym norm{m]\ 1ze konstatovat, Ze pouze jedna ho‘d)— kated::g\., JtI“'C" b Ulk ka, DrSc., Ceskd zem&d&lska univerzita, Agronomicka fakulta
nota, a to u bedly z Chocné (0,612 m Cd.kg™), vyhovovala normé 0,7 mg Cd.kg /) eterinarnich disciplin, 16 i 4,

| L ( s o it 0239 37 03 plin, 165 21 Praha 6-Suchdol, Ceskd republika, tel./fax:

Naopak obsah kadmia u ostatnich lesnich plodin této norm& pro suiené ovoce
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