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Abstract
The use of absorbents of biological origin has emerged in the last decade as one of the
most promising alternatives for the control of environmental pollution caused by heavy metals. A
number of methods, viz. chemical precipitation, evaporation, electroplating, ion exchange,
membrane, processes, etc. exist for the removal of heavy metals from liquid wastes. All these
methods are expensive and have shortcomings such as incomplete removal of metals, limited
tolerance to pH change, moderate or no metal selectivity, production of toxic sludge or other
products that also need disposal. Fruiting bodies of macrofungi (mushrooms) may be considered
ideal for the purpose of biosorption of heavy metals because their potentiality for heavy metal
uptake have already been proved. Biosorption can become a good weapon in the fight against toxic
metals threatening the environment. In the present article, selective uptake of heavy metal ions by
wild and cultivated mushrooms, factors influencing heavy metal uptake and effects of heavy metal
uptake on growth and productivity of mushrooms have been discussed as an important aspects of
heavy metal management strategies.
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Introduction
Presence of heavy metals in soil,
air, water and living objects is a severe
public health concern and due to
detrimental effect of them on man and
environment, their removal is deemed
important to the protection of
environmental health. Unlike many organic
wastes, heavy metals can not be degraded
biologically to harmless products. Several
methods are used to remove metals from
wastes. Chemical precipitation,
coagulation with alum or iron salts,
membrane filtration, reverse osmosis, ionexchange and adsorption are some of the
most commonly used processes. Each
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process has its merits and limitations in
application.
Biosorption, the process in
which microorganisms are used to remove
and recover heavy metals from aqueous
solutions, has been known for few decades
but has emerged as a low cost promising
technology in the last decade. In this
process, the uptake of heavy metals and
radioactive compounds occurs as a result
of physico-chemical interactions of metal
ions with the cellular compounds of
biological species (Kapoor & Viraraghavan,
1998). Microorganisms like algae, fungi
and bacteria can be used to remove heavy
metals and radioactive compounds from
aqueous solutions (Volesky, 1994).

Mushrooms or macrofungi can act as an
effective biosorbent of toxic metals. They
grow in natural habitat having large, tough
texture and other conducive
characteristics required for their
development into sorbents, thus obviating
the need for immobilization or
deployment of specialized reactor
configuration as required for other
microbial sorbents (Costa & Leite, 1991;
Macaskie,
1990;
Tsezos
&
Deutschmann,1992; Zhou & Kiff,1991).
The present article is a review on uptake
of heavy metals by different wild and
cultivated mushrooms.

Heavy metals uptake by
different mushrooms
Fruiting body of mushrooms
consists of cap (pileus) with a sporeforming part (sporophore) and stipe
(stem, stalk). Mushroom uptake heavy
metals from a substrate via spacious
mycelium. Age and the size of the fruiting
body are of less importance. The
proportion of the metal contents
originating from the atmospheric
depositions seems to be also of less
importance due to the short lifetime of a
fruiting body, which is usually 10–14 days.
Metal contents in fruiting bodies are
considerably affected by the age of
mycelium and by the interval between the
Natural Product Radiance

Review Article
fructifications (formation of fruiting
body). The metals are distributed unevenly
within a fruiting body. The highest levels
are observed in the spore-forming part,
but not in spores, lower contents in the
rest of the cap and the lowest in the stipe
(Thomet et al, 1999). Knowledge of
transport mechanisms of the metals from
mycelium to the fruiting body is limited.
Several scientists have reported following
mushrooms as the potential biosorbent
of heavy metals. Concentration of heavy
metals in fruiting bodies of mushrooms
collected from different places has been
given in Table 1.

Falandysz et al (2003). Surprisingly high
bioaccumulation of mercury (factor level
of 960-310) was observed in the cap and
stipe of C. excipuliformis. Turkekul
et al (2004) reported that this mushroom
also possesses the capability of absorbing
other metals.
Boletus edulis

Armillaria mellea (Vahl ex Fr.)
Kummer: This is an edible species having
capacity of bio-accumulation of heavy
metals (Kalac et al, 1991; Demirbas,
2002).

Boletus edulis Bull. ex Fr.: Kalac
Agaricus bisporus (J. E. Lange) et al (1996) and Tuzen et al (1998)
Sing: Isildak et al (2004) reported that reported the accumulation of lead, copper,
this mushroom could absorb heavy metals cadmium, iron, manganese, zinc, etc. in
like copper, cadmium, lead, zinc, this species.
manganese, iron, chromium and nickel.
The level of copper was quite high
compared to other metal ions. According
to Kalac et al (2004), cultivated A.
bisporus absorb less amount of
cadmium compared to plants growing in
wild. Similar report on biosorption of
heavy metals was also published by
Lepista nuda
Demirbas (2001) and Sesli & Tuzen
(1999). This mushroom is reported to be Calvatia excipuliformis (Schaeff):
very susceptible to increasing content of Interesting information on the distribution
mercury and to a lesser extent of cadmium of mercury in cap and stipe and on
in substrate and bio-accumulates both the the values of
metals and lead in its fruiting bodies the
bio(Tuzen et al, 1998).
accumulation
factor between
mercury
content and
underlying
substrate from
a depth of 010cm
was
reported by Calvatia excipuliformis
Agaricus bisporus
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Lepiota rhacodes (Vitt.) Quél. and
Lepista nuda (Bullard:Fries) Cooke:
Kalac et al (1991) reported that
accumulation of lead was quite high in
L. rhacodes and L. nuda. Biosorption
of mercury, copper, cadmium, lead, etc.
in L. nuda is also reported by Kalac et
al, 1996; Isildak et al, 2004; and
Turkekul et al, 2004).

Lepiota rhacodes

Paxillus involutus (Fries) Fries:
Blaudez et al (2000) reported that
cadmium bound onto cell walls and
accumulate in the vascular compartments
of this non-edible mycorrhizal
mushroom. Accumulation of lead and
copper was also reported by Kalac et al
(1991, 2004) in this mushroom.

Paxillus involutus
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Psalliota campestris (L. ex Fr.)
Quél.: Zurera et al (1988) reported the
highest accumulation of lead and
cadmium in this mushroom. They also
discussed the possible health risk for the
Spanish consumers due to daily intake of
these mushrooms containing lead and
cadmium.

(Lasota, 1990). Heavy metal uptake by P. of R. delica was reported by Tuzen et al
ostreatus has also been reported by (1998), Demirbas (2001) and Yilmaz
Tuzen et al (1998) and Demirbas (2001). et al (2003).

Pleurotus sajor-caju (Fries) Singer:
The uptake of heavy metals by P. sajorcaju has been reported by Mitra, 1994.
Among the heavy metals tested, zinc
accumulation was maximum, while that
Pleurotus ostreatus (Jacq.) of lead and cadmium were less.
Kummer: This mushroom showed
maximum uptake of cadmium, minimum Russula delica (Fries): Concentration
of mercury and zinc and no uptake of lead of different heavy metals in the fruit bodies

Tricholoma terreum (Shaeff)
Kummer: Bio-accumulation of heavy
metals like lead, cadmium, mercury,
copper, manganese, zinc, etc. have been
reported by Tuzen et al (1998) and
Demirbas (2001). Capacity of heavy metal
absorption by T. terreum has also been
reported by Yilmaz et al (2003).

Table 1 : Concentration of heavy metals in fruit bodies of some mushroom species
S. No.

Mushroom Species

Edibility

Heavy metal conc. in fruit bodies

References

1.

Agaricus bisporus

Edible

Cu (107), Cd (1.7), Pb (2.1), Zn (57.2),
Mn (25.9), Fe (290), Cr (6.5), Ni (7.9) *
Cd (3.5)*
Pb (2.41), Cd (3.48), Hg (0.60 ), Cu (5.22),
Mn (22.3), Zn (17.8), Fe (126)*
Hg (0.03), Pb (0.28), Cd (0.74), Fe (31.3),
Cu (13.5), Mn (3.61), Zn (22.5)**
Pb (0.46), Cd (0.70), Hg (0.04), Fe (15.8),
Cu (6.61), Mn (2.27), Zn (9.32) *

Isildak et al (2004)

2.

3.

Armillaria mellea

Boletus edulis

Edible

Edible

Kalac et al (2004)
Demirbas (2001)
Sesli & Tuzen (1999)
Tuzen et al (1998)

Pb (1.28), Cd (2.48), Hg (0.91), Cu (21.1),
Mn (26.8), Zn (76.8)*
Pb (1.6), Cd (11.0), Hg (0.3), Cu (31.0) *

Demirbas (2002)

Pb (0.96), Cd (1.03), Hg (0.13), Fe (31.1),
Cu (4.7), Mn (2.9), Zn (26.2)*
Hg (32.4), Cu (66.4), Cd (6.58), Pb (3.03)*

Tuzen et al (1998)

Kalac et al (1991)

Kalac et al (1996)

4.

Calvatia excipuliformis

Edible

Hg (4.4 )*
Fe (924), Cu (25), Mn (28), Zn (58), Pb (1.5),
Cd (1.1) *

Falandysz et al (2003)
Turkekul et al (2004)

5.

Lepiota rhacodes

Edible

Hg (8), Pb (66), Cd (3.7) *

Kalac et al (1991)

6.

Lepista nuda

Edible

Cu (68.4), Cd (2.9), Pb (3.5), Zn (47.6), Mn (49.3),
Fe (321), Cr (10.4), Ni (4.2)*
Fe (568), Cu (20), Mn (16), Zn (45), Pb (1.4), Cd (1.1)*
Hg (84.7), Cu (231), Cd (3.26), Pb (15.3)*

Isildak et al (2004)
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S. No.

Mushroom Species

Edibility

Heavy metal conc. in fruit bodies

References

7.

Paxillus involutus

Edible

8.
9.
10.

Psalliota campestris
Pleurotus sajor-caju
Pleurotus ostreatus

Edible
Edible
Edible

Pb (1.6.0 )*
Cu (57.0 )*
Pb (1.85), Cd (5.55) *
Pb (7.0 ), Cd (33.0) **
Pb (3.24), Cd(1.18), Hg (0.42), Cu (13.6),
Mn (6.27), Zn (29.8), Fe (86.1)*
Pb (0.11), Cd (0.55), Hg (0.31), Fe (48.6),
Cu (5.0), Mn (10.3), Zn (19.3)*
Cd (11.2), Hg (1.2), Zn (0.8), Pb (0 )*
Cu (73.0), Zn (57.0), Mn (9.6), Fe (244),
Co(1.5), Cd (0.31), Ni (3.2), Pb (2.7) *
Pb (3.1), Cd (1.1), Hg (0.26), Cu (13.6),
Mn (6.6), Zn (32.6), Fe (74.8)*
Pb (4.8), Cd (2.0), Hg (0.21), Fe (54.5),
Cu (10.8), Mn (12.1), Zn (19.3)*
Cu (25), Zn (179), Mn (19), Fe (744), Co (2.6),
Cd (0.56), Ni (5.6), Pb (4.4) *
Pb (2.4), Cd (1.6), Hg (0.06), Cu (35.8),
Mn (24.8), Zn (48.0), Fe (169.0)*
Pb (0.69), Cd (0.78), Hg (0.21), Fe (37.0),
Cu (51.0), Mn (10.8), Zn (16.8) *

Kalac et al (2004)
Kalac et al (1991)
Zurera et al (1988)
Mitra (1994)
Demirbas (2001)

11.

12.

Russula delica

Tricholoma terreum

*mg/kg dry wt

Edible

Edible

Tuzen et al (1998)
Lasota et al (1990)
Yilmaz et al (2003)
Demirbas (2001)
Tuzen et al (1998)
Yilmaz et al (2003)
Demirbas (2001)
Tuzen et al (1998)

**µg/g dry wt

Armillaria mellea

Russula delica
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Psalliota campestris

Pleurotus ostreatus

Pleurotus sajor-caju

Tricholoma terreum
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Factors influencing heavy
metals uptake in mushrooms
Metal uptake by mushrooms is
primarily species dependent, while role
of a genus or a family is of lower
importance, as is nutritional strategymycorrhizal, parasitic or saprophytic.
Substrate composition is an important
factor. Great differences exist in uptake
of individual metals. In case of cultivated
white mushroom (Agaricus bisporus),
metal content has been observed in the
initial harvest stage. Metal levels reported
in wild growing A. bisporus are
considerably higher than in cultivated
fruiting bodies (Kalac et al, 2004).
Probable explanation is not only in
different substrate composition and
contamination, but also in different age
of mycelium, which may exist for several
years in nature, while only for several
months in cultivated ones.
High contents of metals have been
observed in mushrooms growing in heavily
polluted areas, such as close proximity to
high ways with heavy traffic, landfills of
sewage sludge and emission areas
including cities. High metal contents in
mushrooms are also reported from areas
contaminated by ores mining and
processing (Kalac et al, 2004). Heavy
metal interaction also affects the metal
uptake capacity of mushrooms. The uptake
of heavy metals from substrate by
mushroom mycelia and sporocarps largely
depend on the nature of the metallic
compound because the availability of
cations depends to a greater extent on the
respective anions. Yasui et al (1988)
reported that the growth or the uptake of
essential nutrients, viz. zinc, potassium,
phosphorus, magnesium, manganese and
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calcium by Oyster mushrooms was not
affected due to supplementation of
copper, cadmium and lead in the
medium. But Poitou and Olivier (1990)
observed that the mycelia of Suillus
granulatus, Lactarius deliciosus,
Tuber melanosporum and T.
brumale rapidly accumulated copper
ions and the uptake of copper ions
affected the absorption of potassium and
magnesium ions which were essential for
the growth of fungi. Mitra (1994) reported
that the interaction of copper and
cadmium at low concentration
significantly reduced cadmium uptake by
Volvariella volvacea and Pleurotus
sajor-caju but enhanced copper uptake;
cadmium was highly inhibitory while
copper was least to mycelial growth of
P. sajor-caju and V. volvacea. These
findings suggested that cadmium toxicity
could be reduced by the supplementation
of copper.

the biological efficiency of sporocarp
production in Pleurotus sajor-caju.
Cobalt and lead caused maximum
reduction in fruit body production of
V. volvacea and P. sajor-caju
(Purkayastha & Mitra, 1992). Reduction
in nutritive value i. e. protein content of
mushrooms has also been reported due
to heavy metal uptake. Lasota et al
(1990) reported the marked reduction in
mycelial protein content of A. bisporus
and P. ostreatus due to uptake of heavy
metals like mercury, cadmium, lead and
zinc.

Conclusion

From present review it is evident
that lot of mushrooms are available having
the capacity of effective biosorption of
heavy metals which can be taken as a low
cost technology to solve the problem of
heavy metal pollution. The main attraction
of biosorption is its cost effectiveness.
Toxic effects of heavy metals
Comprehensive literature is available on
biosorption of heavy metals in wild and
on mushroom
cultivated mushrooms but very limited
Generally heavy metals at low to data deal with the factors involving
medium concentrations inhibit mycelial the potential risk in human nutrition due
growth. Higher concentration may cause to consumption of metal contaminated
total inhibition of growth or even death mushrooms. Thus, a critical assessment
of mushrooms. But some heavy metals of the health risk from mushroom
like zinc and iron may act as growth consumption is necessary through
stimulators. The effects of 5 heavy metals screening of both metal accumulating
at a uniform concentration were tested and non-accumulating species of
on the mycelial growth of Volvariella mushroom from polluted and unpolluted
volvacea and cadmium was found to be sites.
the most toxic (Purkayastha & Mitra,
1992). Production of fruiting bodies References
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