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Abstract: This study was carried to estimate the distribution and accumulation of cadmium in wildly
grown edible mushroom and its underlying soil from surrounding areas of Delhi-NCR. Samples were
collected from regions polluted with industrial drainage and heavy traffic. Cadmium accumulations in
these were compared with that of wildly grown mushroom collected from non polluted cultivated and
remote residential areas of Delhi. Commercial samples of mushroom were also collected and analyzed.
All these study was conducted on four different varieties of mushroom i.e. Button mushroom
(Agaricus bisporus), Oyster mushroom (Pleurotus sajor-caju), Milky mushroom (Calocybe indica)
and Shiitake (Lentinus edodes). The levels of cadmium were analyzed using Flame Atomic Absorption
Spectrometry. The results from the two way ANOVA showed that there was significant variation in
trace metal concentrations at different locations. From correlation analysis it was found trace metals
concentration in soil and mushroom samples were positively correlated.
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Introduction

Toxicological and environmental studies have prompted interest in the determination of
toxic elements in food. Mushrooms surely do not constitute a significant portion of the
human diet, but the consumption of wild and cultivated mushrooms has become increasingly
popular in recent years. There are several reasons why mushroom poisoning can occur
among people and the high heavy metal concentrations in some edible fungi is a known
source as chronic poisoning'. Higher fungi are able to bioconcentrate or exclude specific
metal ions and analyzing the fruit body-to-soil ratios of metals it has been found the
bioconcentration factor (BCF). This is due to the difference between species, to their
behavior (parasitic, saprophytic, or mycorrhizal) and to the environmental contamination,
but it has not always been possible to decide on bioaccumulation or bioexclusion only for
these reasons. Many species of mushrooms possess the ability to effectively take up and
accumulate heavy metals™”.
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Cadmium is a highly toxic metal with a natural occurrence in soil, but it is also spread in
the environment due to human activities. Cadmium is known as a principal toxic metal,
since excessive cadmium exposure may give rise to renal, pulmonary, hepatic, skeletal,
reproductive effects and cancer. It was reported that cadmium is accumulated mainly in
kidneys, spleen and liver and its blood serum level increases considerably following
mushroom consumption’. Cadmium is a byproduct in the production of zinc and lead and
the pyrometallurgical production of zinc is the most important anthropogenic source into the
environment. Other major sources are fossil fuel combustion and waste incineration. Thus,
cadmium seems to be the most deleterious among heavy metals in mushrooms. It can be
taken up directly from water and to some extent from air and it has a tendency to accumulate
in both plants and animals. Mushrooms, in particular, can be very rich in cadmium and its
accumulation has been widely demonstrated™®.

Experimental

Samples of soils and four different species of wildly growing edible mushrooms; Button
mushroom (Agaricus bisporus), Oyster mushroom (Pleurotus sajor-caju), Milky
mushroom (Calocybe indica) and Shiitake (Lentinus edodes) were collected from North
Delhi Border and Sonepat region, India during monsoon. The area studied was divided
into area of industrial activity (Location 1, L1), road side area on National Highway NH 1
with heavy vehicular traffic and state highway crossing NH1 (Location 2, L2) and
remote residential area (Location 3, L3). Commercial samples obtained from Azadpur
Market, Delhi (Location 4, L4) whereas cultivated samples (Location 5, L5) were
collected from Mushroom research centre, Sonepat (NCR). Soil samples were taken at
measurement points at a depth of approximately 0-15 cm. The samples were dried at 105 °C
and ground to pass through 200 mesh sieve and transferred to polyethylene bottles until
analysis. No prior washing was done to mushroom samples and they were dried as such at
105 °C for 24 h. The dried samples were ground, then homogenized using an agate pestle
and stored in polyethylene bottles until analysis. Sub samples were analyzed for moisture
content at 103 °C using tray dehydrator.

Sample preparation

For soil analysis one gram of dried soil sample was taken in a 100 mL conical flask with
10 mL of concentrated nitric acid and kept overnight. The flask was placed on a hot plate
inside a fume hood for digestion, heated at a temperature of 70 °C for 1h, and then kept it for
cooling for 30 min and 5 mL of aquaregia, a mixture of conc. nitric acid (HNO;) and
perchloric acid (HCIO4) (AR 70%, Merck) in a ratio of 4:1, was added and again the flask
was placed on hot plate, heated at a temperature of 80 °C for 2 h. Then it was cooled for 1h
and transferred to 50 mL volumetric flask through filtration (Whatmann 42) and the final
volume was made up to the mark with double distilled water, mixed well by shaking and let
settle for at 15 h. The resultant supernatant was analyzed.

For mushroom analysis, 1 g of ground-dried mushroom sample was placed in a small
beaker.10 mL of concentrated HNO; was added & allowed it to stand overnight. It was
heated on a hot plate carefully until the production of red NO, fumes has been ceased and
then kept for cooling and a small amount (2-4 mL) of 70% HCIO, was added. Heated
again and allowed to operate a small volume. Transferred the sample to a 50 mL flask and
diluted to volume with double distilled water. Then the quantification of metallic content
of digested samples was carried out with the FAAS (Flame Atomic Absorption
Spectrophotometer).
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Analytical method of soil and mushroom

Cadmium in samples was analyzed using Flame Atomic Absorption Spectrophotometer (Perkin-
Elmer, ANALYST 100). Air-acetylene flame was used for determination of metal content.

Results and Discussion
Concentration of cadmium in mushroom samples

Results showed that location had significant variation in cadmium concentration in
mushroom. Highest mean cadmium concentration was recorded in samples of roadside area
i.e. 7.78 mg/kg dw in the first year and 8.0 mg/kg dw in the second year while minimum
mean cadmium concentration was found in the cultivated samples i.e. 0.70 mg/kg dw in the
first year and 0.79 mg/kg dw in the second year. In both the year roadside area recorded the
highest mean cadmium accumulation followed by industrial drainage area, commercial area
and remote residential area.

Significant differences (p<0.01) was there in samples collected from different locations.
The samples analyzed showing maximum accumulation in roadside samples, however, the
sources of Cd in the urban areas are much less well defined than those of lead, but metal
plating and tire rubber were considered the likely sources of Cd’. In the absence of any
major industry in the sampling sites, the levels of Cd could be due to lubricating oils and/or
old tires that are frequently used and the rough surfaces of the roads which increase the
wearing of tires. It was stated that Cd levels in vehicular exhaust emissions have been
related to the composition of gasoline motor oils, car tires and roadside deposition of the
residues of those materials as well as traffic density®. This is followed by industrial drainage
samples and commercial area. The cadmium level in all studied species from both areas can
be considered to be high and mushrooms from these sites should not be consumed. In both
the years all the cultivated and remote residential area samples were found lower than the
safe limit of Indian Prevention of Food Adulteration Act (PFA) i.e. 1.5 mg/kg dw’ but
higher than more stringent CODEX safe limit of 0.2 mg/kg. The WHO mentions maximum
permissible levels in raw plant materials for cadmium which amount to 0.30 mg/kg. Current
Czech statutory limits for the cadmium contents in wild-growing edible mushrooms are 2.0
mg/kg dry matter. In the EU, the limit of 2.0 mg/kg dry matter is valid for cultivated
mushroom'®. Another consideration from the health risk of view, from mushroom
consumption is the FAO/WHO provisional tolerable weekly intake''. There is limit of 7
microgram per kg of bodyweight for cadmium. For intake calculations, usually a 300 g
portion of fresh mushrooms per meal is assumed, which contains 30 g of dry matter. A
tolerable weekly intake for a person with a bodyweight of 60 kg is thus reached by a single
portion of 300 g of fresh mushrooms containing 14 mg/kg dry matter of cadmium’.

Cadmium concentration in Button mushroom (Agaricus bisporus), Shiitake (Lentinula
edodes), Milky mushroom (Calocybe indica) and the cultivar Oyster mushroom (Pleurotus
sajor-caju) in the both the years was ranged from 0.72 to 15.7 mg/kg dw, 1.0 to 12.0 mg/kg
dw, 0.41 to 14.3 mg/kg dw and 0.38 to 8.20 mg/kg dw. When compared in different species
highest cadmium accumulation was in Button mushroom. Very high concentrations of
cadmium have been reported in the genus Agaricus""**. Mean cadmium concentrations in
different varieties of mushroom are shown in Table 1 and Table 2 and Figure 1. Cadmium
contents of mushroom samples in the literature have been reported'>' to be in the ranges:
0.81-7.50 mg/kg, 0.10-0.71 mg/kg, 0.12-2.60 mg/kg, 0.28-1.6 mg/kg, 0.2-29.1 mg/kg, 0.26-3.24
mg/kg and 0.06 to 0.58 mg/kg respectively. Our cadmium levels were within those reported
in the literature.
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Table 1. Mean cadmium concentration (mg/kg dw) in different varieties of mushroom in the
year 2009

Sampling Agaricus Pleurotus Calocybe Lentinula
. : . . . Mean
sites bisporus sajor-caju indica edodes
L1 5.74 4.49 4.46 4.35 4.76
L2 10.34 4.50 9.22 7.06 7.78
L3 1.72 0.45 2.06 1.99 1.56
L4 5.56 4.44 5.83 4.69 5.13
L5 0.90 0.54 0.67 - 0.70
Mean 4.85 2.88 4.45 4.52
Location Variety L(i,c:rtil:tr; x
S.E.(m) 0.38 0.34 0.76
LSD (0.05 P) 1.07 0.96 2.14

Table 2. Mean cadmium concentration (mg/kg dw) in different varieties of mushroom in the
year 2010

Sampling Agaricus Pleurotus Calocybe Lentinula
. ; . . .. Mean
sites bisporus sajor-caju indica edodes
L1 5.14 3.06 5.14 4.13 4.37
L2 10.59 4.80 9.55 7.06 8.00
L3 2.16 0.40 1.95 1.91 1.60
L4 4.07 5.31 4.33 4.46 4.54
L5 0.92 0.65 0.79 - 0.79
Mean 4.58 2.84 4.35 4.39
Location Variety L(\);;rtil;l; X
S.E.(m) 0.34 0.31 0.69
LSD (0.05 P) 0.96 0.86 1.93

EVlI mv2Z V3 mVv4

Concentration in mg/kg dw

Location

Figure 1. Cadmium concentrations (as mg/kg dw) of different mushroom species at various
locations
Concentration of cadmium in soil samples

As shown in mushroom, location had significant variation (p<0.01) in cadmium concentration
in soil. Highest cadmium concentration was recorded in roadside areai.e.2.71 mg/kg dw in
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the first year and 2.77 mg/kg dw in the second year while minimum in the samples collected from
cultivated area i.e. 0.40 mg/kg dw in the first year and 0.50 mg/kg dw in the second year. Mean
cadmium concentration of the mushroom samples at different locations is shown in Table 3 and
Table 4 and Figure 2. The cadmium level in all studied soil samples except remote residential area
and cultivated area were higher than the safe limit of Indian Prevention of Table 3.

Table 3. Mean cadmium concentration (mg/kg dw) in soil in the year 2009

Sampling Agaricus Pleurotus Calocybe Lentinula
. ; . . L Mean
sites bisporus sajor-caju indica edodes
L1 1.38 1.87 1.41 1.41 1.52
L2 1.29 3.55 3.29 2.70 2.71
L3 0.16 0.55 0.58 0.58 0.47
L5 0.41 0.38 0.41 - 0.40
Mean 0.81 1.59 1.42 1.56
. . Location x
Location Variety Variety
S.E.(m) 0.08 0.08 0.17
LSD (0.05 P) 0.24 0.21 0.47
Table 4. Mean cadmium concentration (mg/kg dw) in soil in the year 2010
Sampling Agaricus Pleurotus Calocybe Lentinula M
. ; ) . o ean
sites bisporus sajor-caju indica edodes
L1 1.09 1.87 1.83 1.52 1.58
L2 1.91 3.65 2.83 2.72 2.77
L3 0.12 0.79 0.69 0.68 0.57
L5 0.50 0.56 0.45 - 0.50
Mean 0.90 1.72 1.45 1.64
. . Location x
Location Variety Variety
S.E.(m) 0.08 0.07 0.16
LSD (0.05 P) 0.23 0.21 0.46
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Figure 2. Cadmium concentrations (as mg/kg dw) in soil at different locations
(V1: Agaricus bisporus, V2 : Pleurotus sajor-caju, V3 : Calocybe indica and V4 : Lentinus edodes are four
different varieties of mushroom)
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Food adulteration act (PFA) i.e. 6 mg/kg dw and WHO for cadmium in soil amount to
0.85 mg/kg. Cadmium 0-1 mg/kg in soils of indicates non-contamination, 1-3 mg/kg indicates
slight contamination and 3-10 mg/kg indicates a contaminated”. Result showed that soil
samples of different mushroom varieties had significant variation (P<0.01) in cadmium
concentration. Maximum mean cadmium concentration in the both years was found in soil of
Oyster (Pleurotus sajor-caju) followed by Shiitake (Lentinula edodes) and Milky (Calocybe
indica) and the minimum cadmium concentration was in Button mushroom (Agaricus
bisporus) as shown in Table 3 and 4. In both the years, cadmium concentration of the soil of
Oyster (Pleurotus sajor-caju), Shiitake (Lentinula edodes), Milky (Calocybe indica) and
Button mushroom (Agaricus bisporus) was found in the range of 0.23 to 5.29 mg/kg dw, 0.38
to 3.53 mg/kg dw, 0.24 to 4.78 mg/kg dw and 0.09 to 15.7 mg/kg dw. But the differences in
the soil of varieties i.e. Oyster and Milky was not statistically significant (P>0.05).

Relationship between mushroom metal concentration and underlying soil metal
concentration

Comparing the concentration of cadmium in the fruiting body and the concentration in the
substratum that the mushrooms grew on, we obtain the bioaccumulation factor. The
bioaccumulation factor represents the pollutant concentration in mushrooms comparing with
the environment concentration (in soil)*. For a plant or mushroom to be efficient tool in the
polluted soil bioremediation, the bioaccumulation factor** have to be higher than 1. The
significant relationships between concentration of heavy metals in mushrooms and soil were
further substantiated by performing correlation analysis. Statistically significant correlation
coefficients (r > 0.515 at 0.05 probability level) were established between metal
concentrations in mushroom and soil with different varieties. The values of correlation
coefficients between metal concentrations are given in Figure 3 with their respective graphs.
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Figure 3. Relationship between cadmium concentration in various mushroom varieties and
their underlying soil

The concentrations of cadmium have been found higher in mushroom than in underlying
soil. Agaricus species have shown highest BCF (7.8 to 13.9, in some case BCF is up to
28.4). This shows agaricus to be a good accumulator, and hence can be used as indicator of
cadmium pollution. Milky and Shiitake variety have also shown the accumulation whereas
oyster mushroom has lowest accumulation. In a review of metal concentration in edible
mushrooms, it was found that only species from Agaricus genus showed high cadmium
concentrations greater than 10 mg/kg’. It was also observed Agaricus bisporus contains high
cadmium concentration irrespective of soil concentration, showing accumulation of
cadmium is more species specific than its level in underlying soil. High Cd concentrations
were probably not caused by pollution but by species-dependent factors, so we agree with
the opinion of other authors'*. However, others found no correlation between the cadmium
contents of mushrooms and that of the soil or substrate™. He suggested that cadmium could
be a growth stimulation factor could prove to be of taxonomical value and was not the result
of environmental contamination with Cd from the soil.

Conclusion

In present study, on the basis of data evaluation it has been found that location has
significant role in concentration of cadmium. Samples collected near industrial drainage and
highway were highly contaminated and showed higher cadmium concentration. Remote
residential area and cultivated samples on the contrary don’t have cadmium concentration
higher than permitted limits.

Analysis showed positive correlation between concentration of cadmium in mushroom
and soil. This infers that mushroom can be used as bio indicators of cadmium pollution.
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Also they can be used for phytoremediation. Frequent analysis of cadmium accumulation in
both soil and mushroom should be done in this area to avoid possible risk to human health
due to this.
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