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Mercury is a toxic element in small quantitaties. The main source of mercury for
humans is food. If the total amount of food consumed is 10 kg/week, the
recommended maximal mercury intake for an adult is 0.03 mg/kg of food
according to WHO standard (Vetter and Berta, 1997). The mercury content of
mushrooms plays an important practical and toxicological role. Mercury
poisoning results in severe nausea, vomiting, abdominal pain, kidney damage is
also reported (Falandysz and Chwir 1997; Vetter and Berta, 1997; Nixon et
al.,, 1999, Dadfarnia er al.,2002). Consumption of wild-growing edible
mushrooms has been high in many countries, exceeding 10 kg per year in some
individuals. Mushrooms have been used as bioindicators by various researchers to
determine the heavy metal pollutions in the environments (Tuzen et al., 1998;
Garcia et al., 1998; Tuzen et al., 2003). Many mushroom species accumulate
mercury at high levels (Stijve and Besson, 1976; Svoboda et al., 2000). Studies on
the mercury content of mushroom samples were performed (Svoboda et al., 2000;
Falandysz and Chwir 1997; Rincon-Leon and Zurera-Cosano, 1986). Some
authors have suggested that the accumulation of mercury in mushrooms could
depend on the content of sulthydryl, disulfide and methionine groups of the
proteins (Stijve and Besson, 1976; Falandysz and Chwir 1997). Cold vapour
atomic absorption spectrometry is one of the important techniques for mercury
determination in mushroom samples. Because mercury is a volatile element even
low temperature, closed vessel microwave systems are preferred for the digestion
of samples prior to vapour atomic absorption spectrometry (CV-AAS)
determination.

In the present study, the total mercury content of mushroom samples collected
from Tokat, Turkey were determined by cold vapour atomic absorption
spectrometry (CV-AAS) after microwave digestion.

MATERIALS AND METHODS

A Perkin Elmer AAnalyst 700 atomic absorption spectrometer with MHS-15
Mercury/Hydride System was used in this study. All measurements were carried
out using high purity argon. Mercury hollow cathode lamp was used. The
wavelength and slit width for mercury were 253.6 nm and 0.7 nm. Peak height
was used for quantitation.
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All reagents were of analytical reagent grade unless otherwise stated. Double
deionised water (Milli-Q Millipore 18.2 MQcm'' resistivity) was used for all
dilutions. HNO; and H;O, were of suprapur quality (E. Merck). All the plastic and
glassware were cleaned by soaking in dilute HNO; (1+9) and were rinsed with
distilled water prior to use. Standard solutions for calibration were produced by
diluting a stock solution of 1000 mg/L of mercury supplied by E. Merck. All
dilutions were made in 1.5 % HNO;. 3 % Sodium borohydride in 1 % NaOH was
used as reducing solution.

Fifteen different mushroom samples were collected from uncontaminated
agricultural lands from Tokat-Turkey during 2003. The mushroom samples were
dried at 80 °C for 24 h. The dried mushroom samples were homogenized using an
agate homogenizer and stored in pre-cleaned polyethylene bottles until mercury
determinations.

Milestone Ethos D closed vessel microwave system was used in this study. 0.25 G
of sample was digested with 6 mL of HNO; (65 %) and 1 mL of H,0; (30 %) in
microwave digestion system for 23 min and diluted to 25 mL with deionized
water. A blank digest was carried out in the same way. Digestion conditions are
given in Table 1.

Table 1. Operating conditions for mushroom samples in microwave digestion
system

Steps Time (min) Power (W)
1 2 250
2 2 0
3 6 250
4 5 400
5 8 550
Vent: 8 min

Total mercury content of mushrooms was performed by cold-vapour atomic
absorption spectroscopy (CV-AAS). A few drops of 5 % KMnO, were added to 5
ml of the digested solution which was transferred to the reduction vessel then the
3 % NaBHj in 1 % NaOH was added and the mercury vapour generated was
directed to the optical cell. The absorbance reading was recorded at the maximum
value reached. Aliquots of the calibration standard solutions and blanks were
analysed in the same way as the samples. The volume of calibration and sample
solutions was 10 mL. Calibration curve was linear in the range of 0-50 ug/L
(r=0.999).

RESULTS AND DISCUSSION
In order to validate accuracy and precision of the method, hay powder certified
standard reference material (IAEA-V 10) was analyzed for mercury contents.

Mercury concentration was found to be 12.8 pg/kg in the certified reference
material. The certified value for mercury was 13 pg/kg. The student’s t-test was
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applied at the 95% confidence level and no difference was found between these
two results. Recovery values for mercury were nearly quantitative (=95 %).
Detection limit is defined as the concentration corresponding to three times the
standard deviation of ten blanks. Detection limit value of mercury was found 0.65
pg/L. Characteristic mass for 0.0044 absorbance was found to be 5.20 ng for Hg.
The relative standard deviations for all measured mercury concentrations were
lower than 10 %.

The mercury concentrations for microwave digested mushroom samples from
Tokat-Turkey are given in Table 2. Mercury concentration was determined on a
dry weight basis. According to the results, mercury contents in the samples
studied depend on the analyzed species.

Table 2. Mercury concentrations of mushroom species from Tokat-Turkey
(Mean+SD)

Number of Samples Concentration
Mushroom Species (n) Edibility (ng/g)
Rhizopogon luteolus 7 Not edible 1.5120.08
Polyporus squamosus 5 Edible 2.61+0.12
Armillaria mellea 10 Edible 1.48+0.11
Amanita soliteria 6 Poisonous 3.394£0.20
Agaricus macrosporus 9 Edible 0.28+0.01
Morchella esculenta 12 Edible 0.35:£0.02
Boletus sp. 8 Poisonous 4.01+0.25
Lactarius acerrimus 5 Edible 0.56+0.02
Pholiota adipose 7 Edible 0.24+0.01
Lycogola epidendron 9 Poisonous 3.94+0.10
Helvella leptopodra 6 Poisonous 4.674+0.32
Lentinus tigrinus 10 Not edible 2.17+0.07
Lepista nuda 6 Edible 2.50+0.14
Pleurotus ostreatus 8 Edible 1.424+0.05
Laccaria laccata 5 Edible 0.12+0.01

The lowest and highest values of mercury were found in Laccaria laccata (edible)
(0.12 pg/g) and Helvella leptopodra (poisonous) (4.67 ng/g) species, respectively.
Generally, mercury content in poisonous mushrooms was found to be higher than
those of edible mushrooms. Mercury concentrations in mushroom samples
analyzed in this study were found to be higher than those reported in earlier
studies in Turkey (Sesii and Tuzen, 1999; Demirbas, 2001). The chemical form of
mercury is important. Methyl mercury is more dangerous than the inorganic
mercury. Methyl mercury is a minor (0.6-28 %) chemical species of total mercury
detected in mushroom (Falandysz and Chwir, 1997).

Compared to green plants, mushrooms can accumulate large concentrations of
some heavy metals such as lead, nickel, cadmium, mercury, and a great effort has
been made to evaluate the possible danger to human health from the ingestion of
mushrooms (Gast et al., 1988). The trace heavy metals content of the mushroom

970



samples are related to species of mushroom, collecting site of the sample, age of
fruiting bodies and mycelium, and distance from the source of pollution (Kalac et
al., 1991; Stoica et al., 2004). High concentrations of trace heavy metals have
been observed in heavily polluted areas, such as in close proximity to highways
with heavy traffic levels or industrial areas (Garcia et al., 1998; Kalac and
Svoboda, 2000; Tuzen et al., 2003; Zaray et al., 2005). The mercury content of
mushroom samples collected from near the roadside was not affected by the
traffic. This situation is in agreement with that reported in the literature (Alonso et
al., 2000).

The trace metal content including mercury of mushroom is hardly affected by pH
and organic matter content of the soil (Gast et al., 1988; Sesli and Tuzen, 1999).
Total mercury content of some edible mushrooms can be high, even when the
degree of pollution in soil is low (Falandysz et al., 2002). It has been reported that
some mushroom species collected from polluted area should not be consumed at
all (Svoboda et al., 2000).

The use of microwave digestion system in mushroom samples provides a better,
safer and cleaner method of sample preparation prior to mercury determination by
CV-AAS. The precision and accuracy, expressed as relative standard deviation
and relative error, respectively, were lower than 10 % in all cases; recoveries for
mercury were nearly quantitative for all elements studied (=95 %). The accuracy
of the procedure was checked and confirmed by a standard reference material
(Hay powder IAEA-V 10).
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