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Abstract

Four heavy metal (Hg, Pb, Cd, and Cu) contents bioaccumulated by six di�erent species of edible mushrooms (Laccaria laccata,

Agaricus bitorquis, Tricholoma terreum, Agaricus silvicolla, Hydnum repandum and Russula delica) of Turkish origin were analyzed
by atomic absorption spectrometry. The natural levels of Hg (II), Pb (II), Cd (II), and Cu (II) were determined in concentrations of
mg metal ion/kg dry, weight. The soils were forti®ed in situ with the four heavy inetals in concentrations of 0.35±11, 0.40±70, 0.21±

8.45, and 0.55±32.5 ing metal ion/kg dry weight for Hg (II), Pb (II), Cd (II), and Cu (II), respectively. The highest metal levels were:
6.79 mg/kg Hg in Hydnum repandum, 6.87 mg/kg Pb in Russula delica, 16.8 mg/kg Cd in Agaricus silvicolla, and 66.4 mg/kg Cu in
Tricholoma terreum on a dry-weight-basis. # 2000 Elsevier Science Ltd. All rights reserved.

1. Introduction

Turkey has a large edible mushroom potential and is
becoming an important exporter of wild mushrooms.
However, the quali®ed studies have not been carried out
dealing with this area in Turkey. In earlier work we
have studied some heavy metals in cultivated and
uncultivated mushrooms of Turkish origin (TuÈ zen,
OÈ zdemir & Demirbas, 1998a,b). In recent years, con-
siderable attention has been focused on the bioaccumu-
lation of heavy metals in fruit bodies of some cultivated
mushrooms (Falandyzs, Bona & Danisievicz, 1994;
Lepsova & Mejstrik, 1988; Liukkonen-Lilja, Kuusi,
Laaksovirta, Lodenius & Piepponen, 1983). It is well-
known that all such cultivated mushrooms have the
ability of bioaccumulation of metal ions (Falandyzs et
al., 1994). There have been reports of toxic elements,
especially cadmium, mercury, selenium, lead, vanadium,
copper and arsenic in di�erent species of mushrooms
(Lepsova & Mejstrik, 1988; Liukkonen-Lilja et al.,
1983;, Mandic, Grgic & Seruga, 1992; Piepponen,
Liukkonen-Lilja & Kussi, 1983; Vetter, 1993; Zurera-
Cosano, Rincon-Leon, Arcos, & Pozo, 1986; Zurera-
Cosano, Rincon-Leon, Moreno-Rojas, Salmeron-Egea
& Pozo-Lora, 1988). As these metals are well-known for
their toxicity at low concentrations, a great deal of
e�ort has been made to evaluate the possible danger to
human health from the ingestion of mushrooms (Gast,
Jansen, Bierling & Haanstra, 1988).

The present study relates to the determination of
mercury, lead, cadmium, and copper, by using AAS,
accumulation by the fruit body of uncultivated edible
mushrooms growing on soils containing the heavy
metals at di�erent concentrations.

2. Materials and methods

In this study, 24 samples of edible mushrooms cor-
responding to di�erent species were used. In the
experiments, mercury, lead, cadmium, and copper
bioaccumulations of the fruit bodies of the edible
mushrooms were determined. Samples of mushroom
Laccaria laccata, Agaricus bitorquis, and Tricholoma
terreum from SoÈ gÏ uÈ tluÈ and Agaricus silvicolla and Hyd-
mum repandum from YesË ilyurt forestries and Russula
delica from the Trabzon-Yomra highway, were col-
lected. The water content of the materials was about
65%. The sods were forti®ed in situ with the four heavy
metals in concentrations of 0.35±11, 0.40±70.2, 0.21±
8.45, and 0.55±32.5 mg metal ionlkg dry weight for
Hg (II), Pb (II), Cd (II), and Cu (II), respectively. The
fruit bodies of mushrooms, which appeared in batches
at several day intervals for up to 4 weeks, were col-
lected separately within the consecutive crops. These
samples were washed with demineralized water. Each
sample was dried at 50�C overnight and crushed in a
mortar.

0308-8146/00/$ - see front matter # 2000 Elsevier Science Ltd. All rights reserved.

PI I : S0308-8146(99 )00210-1

Food Chemistry 68 (2000) 415±419

www.elsevier.com/locate/foodchem



Digestion of mushroom samples was performed using
an oxi-acidic mixture of HNO3: H2SO4: H2O2 (4:1:1)
(12 ml, for 2±4 g sample) and heated on at 75�C for 3 h.
After cooling, 20 ml, demineralized water was added,
the digest was again heated up to 150�C for 4 h and
brought to a volume of 25 ml with demineralized water.
For analysis of mercury, the technique was as follows.

One half gram was taken from the dried homogenized
sample and digestion was carried out using 7 ml, of a
HNO3: H2SO4: H2O2 acid mixture at a ratio of 4:1:1;
digestion was at 60�C in a thermostatic bath, being
completed in about 1.5 h. For oxidation of the sample, a
solution of potassium permanganate at 6%, w/v, was
used. The excess of permanganate was reduced with a
solution of hydroxylamine sulfate (TuÈ zen et al., 1998a,b).
Mercury levels in the samples were determined by

cold vapour AAS (Rincon-Leon & Zurera-Cosano,
1986). The determinations of mercury contents were
carried out with a Pye Unicam SP9 series AAS, equip-
ped with a cold vapour system and a mercury hollow
cathode lamp, adjusted to 253.7 nm and ®tted to the
Pye Unicam mercury/hydride system, using 3%, w/v
sodium borohydride in 1%, w/v, NaOH as a reducing
solution. The analysis was done under the following
conditions: wavelength 253.7 nm; slit 0.7 nm; carrier gas
(puri®ed N2) pressure 2.5 kg/cm2 and carrier gas ¯ow
rate 1100 ml/min.
Lead and cadmium levels in the mushroom samples

were determined using a GBC 3000 graphite furnace on
AAS. Determination of copper contents have been
carried out with a GBC 905 model AAS using ¯ame

atomization. For the determination of lead and cad-
mium contents, deuterium and Smith-Hieftje back-
ground correction have been used. The standard-
addition procedure was used in all determinations.
The wavelength and slit values (as nm) used for the

determination of lead, cadmium, and copper were: 283.3
and 0.5, 228.8 and 0.5, 324.7 and 0.5, respectively.

3. Results and discussion

The heavy metal concentrations (as mg/kg) of the
soil and the edible mushroom samples are given in
Tables 1±3. From Table 1, in the mushrooms selected
from SoÈ gÏ uÈ tluÈ forestries, the highest mercury content
was 5.63 mg/kg for the species of Agaricus bitorquis.
The highest values for mercury were 5.63 mg/kg for
Agaricus silvicolla, obtained from YesË ilyurt (Table 2)
and 7.0 mg/kg for Russula delica from the Trabzon-
Yomra highway (Table 3).
From Table 1, the levels of lead in the samples

obtained from SoÈ gÏ uÈ tluÈ forestries as a whole ranged
from 0.462 to 0.996 mg/kg. In the mushrooms taken
from the YesË ilyurt district, the highest lead was 1.38 for
Hydnum repandum (Table 2). In the samples selected
near the Trabzon-Yomra highway, the highest lead
concentration was found to be 6.87 mg/kg for Russula
delica (Table 3).
In the wild mushrooms from SoÈ gÏ uÈ tluÈ forestries the

highest cadmium content was found as 16.9 mg/kg
Agaricus bitorquis (Table 1). The highest values for

Table 1

Average concentrations (mg/kg, dry-weight basis) of heavy metal (Hg, Pb, Cd and Cu) of soil and mushroom (L. laccata, A. bitorquis, and T. ter-

reum) samples obtained from SoÈ gÆ uÈ tluÈ forestry

Mushroom sample Metal concentration of soil Metal concentration of mushroom

Hg Pb Cd Cu Hg Pb Cd Cu

Laccaria laccata 0.513 0.820 0.268 0.546 0.084 0.686 1.07 12.9

1.21 1.65 0.866 1.27 0.172 0.715 1.58 23.3

1.84 2.83 1.86 3.03 0.243 0.954 3.44 47.9

3.76 3.48 2.61 5.68 0.942 0.996 9.65 58.9

6.10 6.37 3.51 14.6 0.864 0.762 6.48 60.6

10.6 12.2 7.86 32.7 0.194 0.520 1.18 44.9

Agaricus bitorquis 0.547 0.864 0.214 0.604 0.034 0.490 0.750 10.3

1.24 1.86 0.780 1.46 0.982 0.516 5.17 35.4

2.04 2.92 1.65 3.25 2.5 0.886 9.15 47.3

3.61 3.45 2.59 5.67 5.63 0.990 16.9 64.6

6.11 6.33 3.9 13.9 4.65 0.810 12.6 66.2

10.5 12.2 8.18 32.7 0.372 0.568 0.876 49.4

Tricholoma terreum 0.525 0.850 0.231 0.577 0.056 0.462 0.615 13.9

1.23 1.78 0.812 1.39 0.217 0.586 0.785 38.7

1.95 2.78 1.71 3.17 0.674 0.701 1.53 51.9

3.65 3.46 2.60 5.66 1.66 0.950 4.56 71.1

6.12 6.34 3.48 14.4 1.24 0.612 3.15 66.4

10.5 12.2 7.98 32.7 0.128 0.540 0.546 45.8
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cadmium were in Agaricus silvicolla from YesË ilyurt
(Table 2) and in Russula delica (Table 3) from the Trab-
zon-Yomra highway, 16.8 and 7.85 mg/kg, respectively.
In the wild mushroom samples, the highest copper

content was 71.1 mg/kg for of Tricholoma terreum,
whereas the lowest copper content was 5.15 mg/kg in
Hydnum repandum (Table 2).
Hg and Cd contents of the mushrooms generally

increased sharply with increasing Hg and Cd con-
centrations in the soils. In general, the mushrooms
bioaccumulated low amounts of Hg, Pb and Cd; any
higher concentrations of those metals showed a phyto-
toxical e�ect, causing a lower yield. It appears that the
mushrooms take up the heavy metals readily. This
might cause a threat to health of consumers and
demand soil remediation programs.
The results obtained show that the content of mercury

di�ers according to species analyzed and anatomical
groups. In a previous study (Zurera-Cosano et al., 1986),
there were found to be signi®cant di�erences between
species although not between anatomical groups. The
signi®cance of the species factor in the capacity for
concentration of heavy metals has been pointed out by
other authors (Bowen, 1966; Crowley, 1978; Hopwood,

1975). According to Stijve and Besson (1976), the
mechanism by which some heavy metals are accumu-
lated is somewhat obscure although it seems to be
associated with a chelation reaction with the sulfhydryl
groups of protein and especially with methionine.
However, these same authors found very low levels of
lead, cadmium and mercury in samples of Psalliota bis-
pora cultivated with a high content of methionine in
relation to other species.
The fact that toxic metals are present in high con-

centrations in the fruiting bodies of both edible and
inedible fungi from an area greatly favoured bymushroom
pickers is of particular importance in relation to the FAO/
WHO Standards (1976) for lead and cadmium as toxic
metals. The maximum permissible dose for an adult is
3 mg lead and 0.5 mg cadmium per week, but the recom-
mended doses are only one-®ftieth of those quantities.
Gast et al. (1988) investigated the uptake of cadmium,

copper, lead, and zinc in mushrooms and their rela-
tionship with soil characteristics. In Tables 1±3, the
content of mercury increased with increasing mercury
concentration in the soil, but the increase is less distinct
than that of the cadmium content. The cadmium con-
tents of the mushrooms increase sharply with increasing

Table 2

Average concentrations (mg/kg, dry-weight basis) of heavy metal (Hg, Pb, Cd and Cu) of soil and mushroom (A. silvicolla and H. repandum) sam-

ples obtained from YesË ilyurt forestry

Mushroom sample Metal concentration of soil Metal concentration of mushroom

Hg Pb Cd Cu Hg Pb Cd Cu

Agaricus silvicolla 0.346 0.378 0.212 0.576 0.028 0.410 0.671 10.3

0.896 0.654 0.412 1.24 0.948 0.486 4.97 35.4

1.24 1.08 0.724 3.27 2.38 0.880 9.14 47.4

2.81 2.44 2.11 8.41 5.62 0.968 16.8 64.4

6.08 5.85 4.37 18.0 4.87 0.811 12.3 66.2

11.0 9.85 7.66 30.2 0.379 0.610 0.954 49.4

Hydnum repandum 0.418 0.463 0.233 0.675 0.076 0.453 0.124 5.15

0.911 0.952 0.389 1.65 2.45 0.614 3.42 19.0

1.41 1.28 0.750 4.8 4.82 0.912 7.45 33.4

3.22 2.84 2.32 9.81 6.79 1.38 5.43 51.1

5.67 6.01 5.78 20.2 3.46 0.781 3.12 55.1

11.0 11.1 8.5 32.5 0.484 0.506 0.617 39.0

Table 3

Average concentrations (mg/kg, dry-weight basis) of heavy metal (Hg, Pb, Cd and Cu) of soil and mushroom (R. delica) samples obtained from

Trabzon-Yomra highway

Mushroom sample Metal concentration of soil Metal concentration of mushroom

Hg Pb Cd Cu Hg Pb Cd Cu

Russula delica 0.422 2.42 0.189 0.514 0.121 0.865 0.654 10.8

0.917 4.89 0.348 2.05 2.34 1.25 2.02 19.8

1.57 6.37 0.760 4.21 4.27 2.35 4.31 30.9

2.87 21.7 2.34 9.88 7.09 6.87 7.85 45.6

6.04 35.7 4.88 17.5 36.2 5.56 4.02 52.1

10.2 70.2 7.77 28.5 0.340 4.89 0.564 43.5
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cadmium concentration in the soil. However, the lead
contents in the mushrooms do not di�er signi®cantly in
the same way. In general, lead, cadmium, and mercury
concentrations accumulated by the mushrooms were
low; any higher concentrations of those metals show a
pyhtotoxical e�ect and consequently lower the yield.
Lower concentrations of copper were accumulated to
some extent by the mushrooms; on the other hand,
higher concentrations of copper reached an equilibrium
and remained constant.
Agreement of the results were veri®ed by UV vis

spectrophotometric methods of AOAC (Horwitz, 1970).
The results obtained from AA and UV vis spectro-
photometric methods were compared, and agreement
was found as average �6%.
Table 4 shows the average natural concentrations

(mg/kg, dry-weight basis) of Hg, Pb, Cd, and Cu of soil
samples obtained from the zones given in Tables 1±3.
Table 5 shows the average natural concentrations (mg/
kg, dry-weight basis) of Hg, Pb, Cd, and Cu of mush-
room samples obtained from the zones given in Tables
1±3. In the samples selected near the Trabzon-Yomra
highway, the highest lead concentration was found 3.89
mg/kg for the species of Russula delica (Table 5). The
results of sampling in polluted and relatively unpolluted
zones are re¯ected in a wide range of concentrations
found in mushrooms and accessory soil samples. Cd
and Pb concentrations heavily depend on the type of
species. For example, Agaricus silvicolla has a con-
sistently high level of Cd (4.15 mg/kg) and Laccaria
laccata on the other hand, has a low value of 0.655 mg/
kg. Russula delica has a high level of Pb (3.89 mg/kg)
and Tricholoma terreum has a low value of 0.008 mg/kg.
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