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An ETAAS method was validated to quantify total Cr and CrV' in mushrooms and the underlying
soils. The method includes a sample pretreatment for total Cr dissolution using a wet acid digestion
procedure and a selective alkaline extraction for CrV\. The limits of detection were, expressed in
ug/L, 0.15 and 0.17 for total Cr and CrY!, respectively. The linearity ranges under the optimized
conditions were 0.15—25.0 and 0.17—20.0 ug/L for total Cr and Cr!, respectively. The limits of
guantification were, expressed in ug/g of dry weight, 0.0163 and 0.0085 for total and hexavalent
chromium, respectively. The precision of the instrumental method for total Cr and CrV' was lower
than 1.6%, and for the analytical method, it was lower than 10%. The accuracy of the method for
CrV! quantification was evaluated by the standard additions method, with the recoveries being higher
than 90% for all of the added concentrations. For total Cr, certified reference materials (lichen CRM
482 and soil sample NCS ZC73001) were used. An interference study was also carried out in a
mushroom simulated matrix, and it was verified that the deviations of the expected values were lower
than 4.0% for both total Cr and CrV'. The validated method was applied to the evaluation of total Cr
and Cr¥'in 34 wild mushrooms and 34 respective underlying soil samples collected in two different
regions of Portugal (Beira Interior and Tras-os-Montes), with different locations regarded as
noncontaminated or contaminated areas. The species were identified by a mycologist and subdivided
into 10 genera and 15 species: Amanita (rubescens, muscaria, and ponderosa), Boletus (regius),
Lactarius (deliciosus, vellereus, and piperatus), Suillus (granulatus and luteus), Tricholoma (acerbum),
Agaricus (sylvicola), Volvariella (gloiocephala), Lecopaxillus (giganteus), Macrolepiota (procera), and
Psilocybe (fascicularis). The mean values found for total Cr were 1.14 and 1.11 ug/g of dry weight,
and for CrV!, the mean values were 0.103 and 0.143 «g/g of dry weight for cap and stalk, respectively.
For soils, the mean concentrations found were, for total Cr, 84.0 ug/g and, for Cr¥!, 0.483 ug/g. The
bioconcentration factors (BCFs) based on dry weight for cap and stalk were determined, and the
values found, for both total Cr and CrV!, were always <1, although for hexavalent chromium, the
BCFs were 10 times higher than for total chromium.
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INTRODUCTION is mainly through the diet, and the vegetable fraction is an

Heavy metals are considered to be among the most pollutantMpPortant contribution for metal intake.
agents in all of the environmental compartments. In the soils, Mushrooms constitute part of the human diet because they
heavy metals are derived from natural components or geologicalProvide carbohydrates, proteins, vitamins, and minerd)s (
sources, as well as from anthropogenic activities. Apart from Moreover, mushrooms are considered a delicacy, are part of
the occupational exposure, the human exposure to toxic metalsthe traditional cuisine culture of some countries, and are
generally consumed worldwide. Considering their relative

* To whom correspondence should be addressed. Fax: 35-12-22-00-39-Position in the food chain, the occurrence of high metal contents

77-TL‘;'.eg'r‘g?eBffg'gﬁgfos@ff-up-pt- in mushrooms is considered important because they may
[\ | . . . . .
# Instituto )Fl’olif@nico de Bragare constitute a possw?le tOX|coIog|(_:aI hazard).(In fact, the

8 University of Vigo. mushrooms grown in polluted soils can uptake the metals and
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concentrate them in the edible parts. Several studies were already (d) Certifed Materials Soil NCS ZC73001 (Promochem, Germany)
carried out to evaluate the contents of toxic metals in mushroomsand lichen CRM 482, Community Bureau of Reference, BCR (Pro-
either to tentatively characterize bioindicators of pollution Mmochem, Germany). ) ) o

through the bioconcentration factors or to evaluate the contribu- _ (€) Decontamination of MaterialTo avoid contamination of the
tion to metal intake through the consumption of contaminated S2MPles, all PTFE materials (Teflon vessels, pipettes, micropipette fips,
mushrooms. Although the main factors contributing for the and auto-sampler cups) were immersed in freshly prepared 15% viv

lati f Is b h \v identified proanalysis HN® (Merck) during 24 h, then rinsed thoroughly with
accumulation of metals by mushrooms are poorly identified, doubly deionized water, and dried in a dust-free area before use.

the metals uptake is determined by several conditions, namely,  apparatus. () Water Purification SystenSeralpur PRO 90 CN
environmental (metal contents in soil, water, and air, pH, and and Seradest LEM 20.
soil composition) and genetic properties (ecology, species, and  (b) Balance All analytical weighings were performed with a Mettler
morphological portion) Z—4). Toledo balance AB265-S model.

Most of the studies on the accumulation of toxic metals in  (€) Stae. Heraeus stove D-6450 model.
mushrooms published thus far focus on mercury, lead, cadmium, (d) Oscillating Agitator. GFL 3006.
and arsenic3—5). Referring to chromium, we only had access (&) PH Meter. WTW pH 330/SET-2, Best. NR 100 788, Germany.
to three papers where the contents of total chromium in () Centrifuge 5810 REppendorf model. . . .
mushrooms are reported, 2, 5). In a review on trace element (9) SpectrometeMetal quantifications were carried out in a Perkin-

trati in edibl h hile th - f Elmer HGA-850 furnace installed in a model AAnalyst 300 spectro-
concentrations in edible mushroon, Wwhile there is reference meter with a deuterium arc background correction, equipped with an

to a great number of studies on cadmium, lead, and mercury, ans.goo autosampler and a hp deskjet 920C. The analyses were

the author only mentions four studies where total chromium performed using Perkin-Elmer HGA tubes with an integrated platform.
was determined. To our knowledge, there are no studies onthe Analytical Conditions. The spectrometer settings and furnace

determination of Cf content in mushrooms. programs used with pirolytic graphite-coated tubes were as follows:
Chromium is an extensively used metal for several industrial ashing temperature, 160€ (20 s for ramp time and 20 s for hold
purposes, in the form of both tri- and hexavalent, depending time); atomization temperature, 2500 (30 s for ramp time and 30 s
upon their final use. Ct is released in the environment as a for hold time); atomization temperature, 2500; chemical modifier,
result of coal-fired, power production, electroplating, timber Fd(NQ)2 at 3 g/L plus Mg(NQ), at 2 g/L; background correction,
. . .. deuterium arc; HGA tubes with integrated platform; gas stop flow,
treatment, pulp production, mineral ore, and petroleum refining

(6, 7). This chromium species is very toxic, exhibiting genotoxic atomization step. All data were taken at 357.9 nm. The slit width was
v £)- p y ’ 99 0.7 nm, and argon was used as the purge gas, with an internal flow

and carcinogenic actions both in animals and humans, while rate of 300 mL/min. Readings on the spectrometer were taken by using
Crl' is considered a bioelement with important metabolic the peak area mode (integrated absorbance) for total Cr ad Cr
functions 6). The autosampler was programmed to pipet sequentially the modifer
Besides the different biological and toxicological properties (10 L) followed by the standard solution/acid digest/alkaline extract
of the chromium species, their mobilization from soils and Sample solution (1%:.L) and to dispense them together onto the
uptake by vegetables are also different, depending upon severap!atiorm. _ _
factors, namely, microbial activity8] and organic contents in Sampling. The mushrooms were collected by hand or with a plastic
soil (9). While Crl is strongly retained in soil particles, Ciis knife, were slightly cleaned, being the residual soil particles manually

Klv adsorbed and i dil ilable f lant uotak removed using paper, a brush, or a plastic knife, and were subdivided
very weakly adsorbed and Is readily available for plant uptake .., ihe cap and stalk parts. A total of 34 mushrooms pertaining to 10

(6). genera and 15 species, were collected during the autumn of 2005 and
The purpose of this investigation was to validate a method spring of 2006 in the wild, growing from different sites in the’§ra
to quantify total Cr and C¥ in mushrooms by electrothermal  os-Montes and Beira Interior regions (northwest Portugal). In both
atomization atomic absorption spectrometry (ETAAS) and its regions, mushrooms were collected in different locations regarded as
subsequent application to measure the levels of total chromiumnoncontaminated or contaminated according to the nearby industries,
and C¥' in mushrooms and underlying soils, collected in two tpbacco pIanFaFipn, eucaliptus plantation, and railways. The identifica-
regions of Portugal (Beira Interior and "Eras-Montes). The ~ tion and edibility of the mushrooms was performed by expert
results were then interpreted in relation to some factors, such mycologists. In Beira Interior, 15 samples were collected, 3 saprophytes

. . . . : [(Agaricus sibicola (1) and Volvariella gloiocephala(2)] and 12
as metal contents in soil from both regions, the different portions mycorrhizal [Amanita rubescengl), Amanita ponderosg8), and

of mushrooms (cap and stalk that were analyzed), and theggetys regiug(3)]. In Tras-os Montes, 19 samples were collected,

ecology of the mushrooms (mycorrhizal and saprophyte). which were 6 saprophytesHgilocybe fasciculari§l), Leucopaxillus
giganteuq1), Macrolepiota procerg4)] and 13 mycorrhizalAmanita
MATERIALS AND METHODS muscaria(2), Lactarius deliciosug4), Lactarius piperatugl), Lactarius

vellereus(1), Suillus granulatugl), Suillus luteug1) andTricholoma
Reagents and Materials(a) All of the solutions were prepared with  acerbum(4)].

doubly deionized water, and the chemicals used, HF, HCI, HNO The underlying soil samples were collected with a plastic spade,

NaOH, NHNOs, and CaCl, were of Suprapure grade (Merck). and the roots, small stones, gravel, leaves, sticks, and other external
(b) Total chromium standards were prepared daily from a 1000 mg/L materials were removed.

solution of Ct' nitrate (Spectrosol, BDH) in HN§(0.2%, v/v). An Sample Preparation. The mushrooms were grouped according to

aqueous stock solution of @rat 1000 ug/mL was prepared by the genus and species. The cap and stalk of all of them were separated.
dissolving 0.2829 g of potassium dichromate (Riedel-de-Haen, Ger- Dependent upon the size of the mushrooms, the samples for analysis
many) in 100 mL of double deionized water; other diluted standard were constituted by one or several caps or stalksl2specimens of
solutions were prepared daily from this stock solution. An aqueous the same genus). These parts were cut into small portions with a plastic
stock solution of Cf at 1000ug/mL was prepared by dissolving 0.5124  knife previously rinsed with 15% HN$and doubly deionized water,

g of chromium chloride hexahydrate (Fluka, Germany) in 100 mL of placed in polyvinyl chloride (PVC) decontaminated tubes, and dried
double deionized water; other diluted standard solutions were preparedin a stove at 3635 °C for 3 days. One representative portion of each

from this stock solution. soil sample (about 10 g) was dried under the same conditions. All of
(c) Chemical ModifiersA total of 1 g/L of Mg(NGs), solution and the dried samples were reduced to powder in an agate mortar.
2 g/L of Mg(NGs), plus 3 g/L of Pd(NG). solution, Suprapur grade Soil pH. Measurement of the soil pH was performed in suspensions

from Merck, were prepared in 15% (v/v) Suprapure nitric acid. prepared wi 1 g of soil in 2.5 mL of 0.01 M CaCl solution, after
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standing for 30 minX0). The mean measured results for soil pH were  Taple 1. Principal Inorganic and Organic Constituents of Mushrooms?

5.17+ 0.26, ranging from 3.88 to 6.66. _ Used To Prepare the Simulated Matrix Used in the Interference
Total Chromium. Approximately 0.25 g of the dried powdered parts  Sydies

of the mushrooms or the soil samples were accurately weighed and

transferred to a Teflon container. A total of 1 mL of HF and 3 mL of inorganic concentration organic concentration
HNO; were added to the samples, and the container was covered loosely  constituent (uglg) constituent (uglg)
With ?ts cap and heated at 106 overn_ight to enable the voIatiIizatiqn_ potassium 3200 carbohydrate 4000
of silicates. After the volume of the digest was reduced, the remaining  pnosphorus 300 fat 5000
residue was added with 1 mL of HN@nd 1 mL of HCI and the Teflon chloride 690 protein 18 000
container was closed for digestion during 17 h in a stove thermostati-  magnesium 90 total sugars 2000
cally controlled at 105C to completely dissolve the sample. The cool calcium 60

digested solution was transferred to a decontaminated tube and diluted  sodium 50

to 8 mL with doubly deionized water. Blank reagent acid samples were ~ 'fon 6

processed in parallel with the samples and submitted to the same acid Z"° 4

pretreatment. manganese L

selenium 0.09

Chromium(VI). For the selective extraction of €y a procedure
previously adopted by our group was applidd)( Briefly, 0.2 g of
dried powdered cap and stalk mushrooms and soil samples was
accurately weighed and placed into a 10 mL polypropylene tube; then
2.5 mL of 0.01 mol/L NaOH solution were added; the cap was fitted; subdivided into four aliquots, and to each one, the minimum and
and the tubes were shaken horizontally in an oscillating agitator for 7 maximum concentrations of total Cr or ‘Crfound in the analyzed
h at 300 oscillations/min, at room temperature, to selectively extract mushroom samples were added (6-(3.8 and 0.00852.1 ug/g for
the CWV'. After this period, 0.5 mL of 1 mol/L NENO;3 solution was total Cr and CY', respectively). To evaluate the interferences on total
added and the sample was shaken briefly and centrifuged for 30 min Cr, four concentrations of total Cr were added to the simulated matrix
at 12 500 rpm. The Cf was measured in the supernatant at the same enriched with Cf' (0.0085 and 2.1g/g). To evaluate the interferences

aFrom ref 11.

instrumental conditions as for total chromium. Alkaline’Cstandard on CM, four concentrations of Crwere added to the simulated matrix
solutions and blank reagents were prepared daily under the sameenriched with total Cr (0.0313.8ug/g). All of the spiked simulating
conditions as the mushroom samples and soils. matrices were submitted to the overall acid digestion or to the alkaline

Method Validation. For the evaluation of the instrumental precision, ~extraction, and the absorbance signals were measured under the
absorbance signals were determined in the same acid-digested sampleg@lidated analytical conditions for total Cr and“Cr
alkaline extracts 20 times for total Cr and"Grespectively, under the The pH values of soil suspensions ranged from 3.88 to 6.66; to verify
established instrumental conditions. For the analytical method, readingsthe putative influence of the different values of pH on the selectivity
of 20 different acid-digested aliquots/alkaline extracts of the same of Cr*! alkaline extraction, soils with these extreme pH values were
sample were performed for total Cr and'Crrespectively. fortified with different concentrations of r(0.5-5.0 ug/L) and the
Linearity was observed in the working ranges gig/L) from 0.15 Cr! extraction procedure was applied. To verify the selectivity of the
to 25.0 and 0.1720.0 for total Cr and C, respectively. To calculate ~ Cr*' alkaline extraction procedure, soil samples with different' Cr
the detection limit of the instrumental method, 20 determinations were contents (low, 0.069g/g; medium, 0.48.g/g; high, 1.7849/g) were
carried out on 0.2% HN@solution and alkaline solution and the value  added with four concentrations of €(0.5-5.0ug/L). After Ci*! was
was calculated assin, where €' is the standard deviation of the blank ~ Submitted to the alkaline extraction, it was quantified in the supernatant.

0.2% HNGQy/alkaline solution measurements ana’“is the slope in The results obtained showed no significant differences between the
the calibration curve. The limit of quantification was calculated @ 10 ~ concentrations of Ct naturally present in the soil samples and the
m. concentrations found after adding different levels of trivalent chromium.

To verify the stability of hexavalent chromium during the extraction It was concluded that the €rpresent was not extracted in the alkaline
time of the procedure, we extracted a mushroom sample and a soilsolution.
sample during 1, 3, 5, 7, and 17 h. In parallel, a standard solution was  Application of the Validated Method. The validated methods were
agitated with the same alkaline solution. The”'Gras quantified in applied to quantify total Cr and €rin the collected mushroom and
the respective alkaline extracts. It was found that @as stable up to soil samples as described above.Table 2, the mushroom species
17 h and that 7 h ofontact time period was enough to quantitatively ~analyzed, the region where they were collected, and the number of
extract C¥' from the samples. After we established the best time of each species analyzed are presented.
extraction without alteration of the oxidation state of the Cr species (7  Ecologically, the samples analyzed were grouped in the genera
h), cap and stalk mushroom samples as well as soil samples with high,saprophytes (9 samples) and mycorrhizal (25 samples), with the species
medium, and low Cf contents were submitted to this extraction time. of these two genera being subdivided as mention&thanita (10):
The obtained results constituted a further confirmation of the precision rubesceng1), muscaria(l), ponderosa(8); Boletus(3): regius (3);
of the method described above. Lactarius(6): deliciosus(4), vellereus(1), piperatus(1); Suillus(2):
Because reference materials fol'Gire not available for a mushroom  granulatus(l), luteus(1); Tricholoma(4): acerbum(4); Agaricus(1):
matrix, the method of standards addition was applied for accuracy sylkicola (1); Volvariella (2): gloiocephala(2); Lecopaxillus (1):
evaluation. Four different concentrations (between 0.25 ang @15 giganteug1); Macrolepiota(4): procera(4); Psilocybe(1): fascicularis
of standard solutions of ®r were added to different aliquots of (1)
mushroom samples (six replicates for each concentration) and submitted A total of 10 of the analyzed mushrooms are edible species; 4 are
to the alkaline extraction procedure, and the respective analyte not edible; and 1 is poisonous, as mentionedable 2.
recoveries were calculated. Statistical Analysis. The comparison of the obtained results between
The analytical method adopted for total Cr quantification in the two regions and between genera for the several metals was
mushrooms and soils was also validated by analyzing the certified performed. The values were log-transformed to approximate normal
reference material, lichen CRM 482 and soil sample NCS ZC73001. distribution. Statistical significant differences were determined by the
For this purpose, 11 aliquots of lichen and 10 aliquots of soil sample pairedt test. Ap value of<0.05 was considered statistically significant.
were submitted to the acid pretreatment under the established conditions,

and the respective concentrations were calculated. RESULTS AND DISCUSSION
To study the putative interferences of the principal mushroom o . i ) )
constituents on the measurements of the total Cr aig &simulated A wet acid digestion procedure in a closed vessel, including

matrix was prepared, containing the principal organic and inorganic & preliminary decomposition step with HF and HN@nd a
species, as shown iffable 1 (12). This simulating solution was  subsequent residue dissolution with HCI and HiN@vas
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Table 2. Species, Ecology, Edibility, and Sample Number () of Analyzed Mushrooms of the Beira Interior and Tras-os-Montes Regions of Portugal

mushroom species mushroom ecology edibility Beira Interior (1) Trés-0s-Montes (n)
Agaricus sylvicola saprophyte edible 1
Amanita ponderosa mycorrhizal edible 8
Amanira rubescens mycorrhizal edible 1
Boletus regius mycorrhizal edible 3
Volvariella gloicephala saprophyte edible 2
Amanita muscaria mycorrhizal not edible 1
Lactarius deliciosus mycorrhizal edible 4
Lactarius piperatus mycorrhizal not edible 1
Lactarius vellereus mycorrhizal not edible 1
Lecopaxillus giganteus saprophyte edible 1
Macrolepiota procera saprophyte edible 4
Psilocybe fascicularis saprophyte poisonous 1
Suillus granulatus mycorrhizal edible 1
Suillus luteus mycorrhizal edible 1
Tricholoma acerbum mycorrhizal not edible 4

Table 3. Performance of the Method

precision (CV%) detection limit quantification limit
instrumental procedure overall procedure linearity («g/L) (uglL) («g/g) (uglL) (u9/9)
total Cr 13 10.0 0.15-25 0.15 0.0048 0.51 0.0163
crv 1.6 6.2 0.17-20 0.17 0.0026 0.57 0.0085
Table 4. Statistical Results (Mean Values, uglg of Dry Weight £ SD) Table 5. Statistical Results (Mean Values, ugl/g of Dry Weight + SD)
for the Recoveries Obtained by the Standard Additions Method (n = of Certified Reference Materials
6, for Each Added Concentration, ug/L)
total Cr
C recovery certified value measured value
Ca? (uglg) (ugll) Cs” (uglg) (%) certified material («9/g) («9/9)
CY  000945+000126 025  001300+000015 94+4 lichen CRM 482 4125015 3862018
0.5 0.016 57 +0.000 23 95+3 (n=11)
1.0 0.02385+000030  96+2 soil sample NCS ZC73001 58+2 575+11
25 0.0440 £ 0.000 75 92+2 (n=10)
aC; = initial concentration («g/g) of Cr'! in the whole mushroom sample. © C, . ) . .
= concentration of the standard metal solution (g/L) added to the whole mushroom StUd|es_ for total chromium in mushroom and soil Sample_S,
sample prior to the application of the overall procedure. ¢ C; = final concentrations respectively. The results showed that there were no contamina-
(uglg) found in spiked whole mushroom samples. tion or losses during the pretreatment procedure for the analyzed

metal, with the concentrations obtained being in good agreement

effective for the simplification of the matrices (mushrooms and with the certified values (se€able 5). For the lichen CRM
soils) to obtain the necessary dissolution of total chromium for 482 reference material, the certified value of total chromium
ETAAS determination. The alkaline extraction adopted for the was 4.12+ 0.15ug/g and the value found after applying the
quantification of C¥' enabled the selective separation of this implemented method was 3.860.18u9/g (deviation of 6.3%
species from both matrices, as verified by the validation considering the mean value). For the soil sample NCS ZC73001
procedure. reference material, the certified value for total chromium was

The parameters determined to evaluate the performance of58 + 2 ug/g and the found value was 5#51.1ug/g (deviation
the method both for total Cr and €rin mushroom samples  of 3.2% considering the mean value).

are summarized iffable 3. The precision, evaluated for both The results of the interference study conducted in the
the instrumental and analytical procedures, wd®% for the simulated matrix spiked with the minimum and maximum
total Cr and CY'. The limits of detection were 0.15 and 0.17 concentrations of total Cr or &r found in the mushroom
ug/L, and the linearity was 0.1525.0 and 0.1#20.0 for total samples are summarizedTiable 6. As it can be observed, the

Cr and C¥', respectively. On the basis of 0.25 or 0.20 g of deviations from the expected values are always lower than 4.0%
dried sample in a final volume of 8 or 3 mL, the limits of for both total Cr and C# and all of the added metal
quantification were 0.0163 and 0.008%/g for total Cr and concentrations. From this study, we can conclude that there was
CV!, respectively. These values show that the method is very no noticeable interference of the principal mushroom constitu-
sensitive, enabling the quantification of very low levels of'Cr ents on the contents of total Cr andCr
which, if present, must be at the lowest possible levels given To confirm the repeatability of the alkaline extraction
that it is a very toxic species. procedure of Cf', eight aliquots of the same cap and stalk of
The accuracy of the method for the quantification of'Cr  mushroom samples containing three different levels of' Cr
was evaluated by the standard additions method, and the result§<0.0085, 0.103, and 0.58®/g in caps and<0.0085, 0.143,
are presented ifiable 4. The recoveries were higher than 92% and 0.81ug/g in stalks) were submitted to the alkaline
for all of the added concentrations. extraction, the metal was quantified, and the coefficient of
The certified reference materials, lichen CRM 482 and soil variation of the results was determined. As is showit able
sample NCS ZC73001, were used to perform the accuracy 7, the coefficient of variation was lower than 11.4% for all of
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Table 6. Deviations (%) from Expected Values for Total Cr and Cr¥' Obtained in the Interference Study (n = 5 for Each Added Concentration)

concentration added (ug L) concentration found? (ug L™Y) deviation from expected values (%)
interference species total Cr cv total Cr c total Cr c
total Cryin? 1 0.95 + 0.04 16
25 2.40+0.08 2.22
5 4.85+0.15 2.0
10 9.60+0.30 2.1
total Crmax® 1 0.93+0.03 1.9
2.5 2.37+0.08 2.2
5 4.75+0.20 2.0
10 9.80£0.10 2.1
CrViin? 25 2.38+0.08 25
5 4.60+0.10 15
10 9.20£0.20 14
20 19.40+0.50 1.6
CrVmax® 25 2.38+0.12 3.4
5 4.75+0.25 4.0
10 9.40+0.50 37
20 19.60+0.20 05

aMean values («g/L) + SD. ? Minimum concentration of total Cr found in the analyzed mushrooms samples added to the interference matrix (0.03 xg/g). ¢ Maximum
concentration of total Cr found in the analyzed mushrooms samples added to the interference matrix (13.8 g/g). @ Minimum concentration of Cr¥' found in the analyzed
mushrooms samples added to the interference matrix (0.0085 ug/g). € Maximum concentration of CrV' found in the analyzed mushrooms samples added to the interference
matrix (2.1 ug/g).

Table 7. Repeatability of the Alkaline Extraction Procedure of CrV! 0.59+ 0.56u9/g of dry weight, in mycorrhizal and saprophytes,
respectivelyp = 0.1395).

low median high When the total chromium values in the caps and stalks in
concentration concentration concentration
the total mushrooms of Tsaos-Montes were compared, a

cap sample <0.0085 0.103 0.580 significantly higher content was found in the stalks (1:82
COE%E?;%{ o " 62 - 1.24 and 1.33t 0.90ug/g, for caps and stalks, respectivepy,

variation (%) = 0.0389). Considering all of the saprophyte samples, there was
stalk sample <0.0085 0.143 0.81 no difference in the total chromium contents between caps and

(uglg) stalks.
coeficient of . 7.8 9.0 6.2 Other authors have already quantified total Cr in mushrooms,
Soil";ﬁ:f:(@ 0,086 0427 178 with maximum and minimum referred values of 0.2 and 2.0

(uglg) ua/g (6), 0.8 and 7.52tg/g (2), and 0.0 and 56.2g/g (13). In
coeficient of 45 85 7.0 a recent study, in which only two edible species were analyzed,

variation (%) the chromium contents were 16.2 and 32g1g (1). In a review

by Kalac and SvobodeB) that reports the contents of several
metals in mushrooms, only four papers are mentioned for
the assayed samples. The obtained data show that even at verghromium evaluation, with the values being between 0.1 and 2
low contents of Cf' present in the mushroom samples, the ug/g. In both our study and those published by others, a great
results of its quantification are precise and reproducible. variability in chromium contents was found. This is not
A similar study was performed in soils containing three surprising, because several factors can contribute to the uptake
different levels of CY' (0.086, 0.427, and 1.7@g/g). The of chromium by the mushrooms: soil contamination, pH,
coefficient of variation was lower than 8.5%, showing that the organic soil contents, and the ecology of the mushrooms.
extraction procedure is also precise when applied to soils with  Referring to the Cf contents, they ranged from0.0085 to
different contents of Ct (seeTable 7). 0.580ug/g of dry weight in the caps of all mushroom samples
The contents of total Cr and @r(expressed as mean values (n = 34). There were no differences in the’Crontents between
in ug/g of dry weight+ standard deviation) in the mushrooms mycorrhizal and saprophyte genera or between regions. In the
grouped in the genera saprophytes and mycorrhizal and in soilstalks, C¥' contents ranged fron¥0.0085 and 0.8kg/g of
samples collected in two different regions of the interior of dry weight and there were no significant differences between
Portugal (Tfa-os-Montes and Beira Interior) are summarized mycorrhizal and saprophytes. Interestingly, a significant dif-
in Table 8. ference p < 0.05) was observed in the contents oF'dn the
Total Cr contents found in the total mushroom cap samples stalks from Beira Interior and Tsaos-Montes regions (0.075
(n = 34) ranged from 0.02 to 13.84/g of dry weight. When 4+ 0.042 versus 0.19F 0.103ug/g of dry weight, respectively,
the mushroom caps are grouped in mycorrhizal and saprophytewith the median value being 0.048 and 0.148g). This can
no differences were found between these two groups (£49 be justified by the significantly lower levels of total Cr in the
1.41 versus 0.2& 0.16 ug/g of dry weight). Referring to the  soils of the Beira Interior region when compared tJ sFos-
levels of total Cr in the mushroom caps collected in the two Montes (30.4+ 15.6 versus 126.3 53.8ug/g of dry weight,
regions, there was no statistical difference in the contents. In respectively, with the median value being 71.8 and 15/8)),
the stalk of the total mushroom samplas<34), total Cr ranged as well as the lower levels of rin the first region, although
from 0.04 to 6.5Qg/g of dry weight. Again, mycorrhizal stalks  not statistically significant (0.30% 0.080 versus 0.623 0.284
presented higher levels of total Cr than saprophytes, althoughug/g of dry weight, respectivelyy = 0.0554). Also, there were
the statistical difference had no significance (1430.73 versus no differences between the levels of’Cin the caps and stalks
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Table 8. Contents (Mean Values, ug/g of Dry Weight + SD) of Total Chromium and Hexavalent Chromium in Mushroom and Soil Samples?

cap stalk soil
Cr crV Cr crv Cr cv
total samples n=234 n=234 n=234 n=34 n=234 n=234
1.14+1.03 0.103 + 0.045 1.11+0.55 0.143 +0.061 84.0+345 0.483+0.170
(0.02-13.84) (<0.0085-0.580) (0.04-6.50) (<0.0085-0.81) (5.8-343.0) (0.069-1.785)
Med? = 0.30 Med = 0.058 Med = 0.41 Med = 0.088 Med =71.8 Med = 0.286
Beira Interior samples n=15 n=15 n=15 n=15 n=15 n=15
130+1.94 0.058 +0.023 0.83+0.66 0.075+0.042 c¢ 304+156e 0.307 + 0.080
(0.09-13.84) (0.0196-0.179) (0.13-4.57) (0.009-0.304) (5.8-87.5) (0.069-0.679)
Med = 0.27 Med = 0.049 Med = 0.35 Med = 0.048 Med = 15.3 Med = 0.262
Trés-o0s-Montes samples n=19 n=19 n=19 n=19 n=19 n=19
1.02+1.24d 0.139+0.078 a 1.33+£0.90d 0.197 £0.103 a,c 126.3 £53.8e 0.623 + 0.284
(0.02-11.54) (<0.0085-0.580) (0.04-6.50) (<0.0085-0.812) (6.8-343.0) (0.086-1.785)
Med = 0.34 Med = 0.065 Med = 0.53 Med = 0.143 Med =71.8 Med = 0.342
mycorrhizal samples n=25 n=25 n=25 n=25 n=25 n=25
149+141 0.103 = 0.045 1.30+0.73 0.130 +0.059 95.7+447 0.562 + 0.219
(0.08-13.84) (0.019-0.497) (0.11-6.50) (<0.0085-0.471) (5.8-343.0) (0.086-1.785)
Med = 0.45 Med = 0.060 Med = 0.53 Med = 0.082 Med =71.8 Med = 0.286
saprophyte samples n=9 n=9 n=9 n=9 n=9 n=9
0.20+0.16 0.105+0.138 b 0.59 + 0.56 0.178 £ 0.195b 51.7+354 0.266 + 0.134
(0.02-0.70) (<0.0085-0.580) (0.04-2.31) (<0.0085-0.813) (6.1-144.0) (0.069-0.638)
Med = 0.15 Med = 0.056 Med = 0.27 Med = 0.096 Med = 15.3 Med = 0.257

2 Minimum and maximum values are indicated in parentheses. ® Med = median value. ¢ Significantly different by the paired ¢ test at 95% confidence level: d and e for

total Cr and a—c for CrV\.

of the total mushrooma(= 34) (0.143+ 0.061 versus 0.103
+ 0.045ug/g of dry weight, respectively, with the median value
being 0.088 and 0.058g/9g).

Total chromium in the total soil samples & 34) ranged
from 5.8 to 343ug/g of dry weight, with the mean pH value of
soil samples being 5.1F 0.24. For the soil samples collected
in the two regions, Beira Interior and B@s-Montes, a
significant difference f < 0.05) was observed for total Cr
contents (30.4t 15.6 versus 126.3 53.8ug/g of dry weight,
respectively, with the median value being 15.3 and 7Zb4&)),
with mean pH values of 4.95t 0.10 and 5.46+ 0.35,
respectively, in the two regions. This finding is in accordance
with the characteristics of Tsaos-Montes soils, which are
predominantly serpentinic, resultant from ultrabasic rocks.

dry weight). The geometric means and median values of all of
the obtained BCFs were also calculat@aiffle 9).

Considering all of the analyzed samples< 34), the values
of BCF for total Cr were 0.008: 0.031 (median value of 0.006)
and 0.012+ 0.022 (median value of 0.009) for cap and stalk,
respectively. For C#, BCF values were 0.142 0.119 and
0.126+ 0.178 (median values of 0.171 and 0.231), for cap and
stalk, respectively. Considering the two regions and cap and
stalk conjunctly, the BCF geometric means for total Cr and Cr
ranged from 0.004 to 0.024 and from 0.093 to 0.187, respec-
tively.

The BCF values can be indicative of the tendency of vegetable
species to accumulate toxins present in the soil. For example,
for mercury, some mushroom species are bioaccumulators, with

Serpentinic soils have high contents of chromium that can rangevery high BCFs, attaining mean values of 73 and 38 for caps

between 634 and 125 0Q@y/g (14). Generally, we found a

and stalks, respectively, in some speci&g) (A similar study

negative correlation between the stalk and cap BCFs and themade for copper and zinc showed the capacity of some
pH values of the respective soils, for both total chromium and mushroom species to bioconcentrate these elements, with very

hexavalent chromium. This is in accordance with the findings

high BCFs (maximum values of 22 and 19 were found for

of other authors in an experiment performed on mineral contentscopper and zinc, respectivelylH). In the present study, the

in onions (L5). In fact, the pH of the soils influences the metal
contents of the vegetables, with the lowering of pH values
normally favoring the uptake of the metals.

geometric mean and median values found, for both total Cr and
CrV', were always<1, and we can conclude that chromium does
not bioconcentrate in the analyzed mushroom species, which,

There were no significant differences between the total Cr following the adopted criteria, can be considered bioexclusors
contents of soil samples subjacent to mycorrhizal and saprophyte(14). However, it must be highlighted that rwas more

genera (5.8343 versus 6.1144 ug/g of dry weight, respec-
tively), and the pH values were 5.34 0.26 and 5.25+ 0.28,
respectively.

Referring to C¥' contents in the total soil samples, there were
neither significant differences between Beira Interior andsTra
os-Montes regions (0.069.679 versus 0.0861.785ug/g of

extensively concentrated by the mushrooms than was total Cr,
showing BCFs 1 order of magnitude higher. Interestingly, the
uptake of CY! in the animal cells is much higher than the uptake
of trivalent chromium. Given the high toxicity of & its
presence in food is a matter of concern.

The cap/stalk ratios of the contents of total chromium and

dry weight) nor between mycorrhizal and saprophyte genera hexavalent chromium for all of the mushroom samples were

(0.086-1.785 versus 0.0690.638ug/g of dry weight). For total
samplesit = 34), the levels ranged from 0.069 to 1.788/g
of dry weight.

To evaluate the chromium bioconcentration capacity of the

mushrooms 16), total Cr and C¥' BCFs were calculated as
the quotientbetween the concentration in cap or stalk of each

also calculated, and the values found were of the same order of
magnitude (0.9% 0.45 and 0.9'A 0.22 for total and hexavalent
chromium, respectively) (s€Eable 9).

The cap/stalk ratios for total Cr in Beira Interior and 3+a
os-Montes regions were 1.1% 1.02 and 0.86+ 0.36,
respectively, and, for Cf, were 1.264 0.39 and 0.74k 0.24,

mushroom and the respective underlying soil (on the basis of respectively. For mycorrhizal and saprophyte samples, the cap/
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Table 9. Bioconcentration Factors (BCF Values;? Geometric Mean + SD) and Cap/Stalk Quotient (Arithmetic Mean + SD) Based on Dry Weight with

the Concentration (1g/g) and pH Values of Underlying Soils

Cr crv!

BCF cap BCF stalk cap/stalk soil (ug/g) BCF cap BCF stalk cap/stalk soil (ug/g)
all samples 0.008 +0.031 0.012 +0.022 0.99+0.45 84.0+345 0.142 +£0.119 0.126 +0.178 0.97 £0.22 0.483+0.170
(n=134) (0.001-0.377) (0.001-0.299) (0.02-7.00) pH = (0.000-1.696) (0.000-2.367) (0.00-2.32) pH =

Med? = 0.006 Med = 0.009 Med = 0.73 517+0.24 Med = 0.171 Med = 0.231 Med = 0.87 517+0.24
Beira Interior 0.019 £ 0.070 0.024 +0.046 117 +£1.02 30.4+15.6 0.187 £ 0.152 0.184 £0.273 1.26 +£0.39 0.307 £ 0.080
sample (0.001-0.38) (0.001-0.299) (0.02-7.00) pH = (0.030-0.990) (0.010-1.390) (0.18-2.32) pH =
(n=15) Med = 0.020 Med = 0.030 Med = 0.65 4.95+0.10 Med = 0.190 Med = 0.184 Med = 1.28 4.95+0.10
Tras-os-Montes 0.004 +0.004 0.007 +£0.010 0.86 £0.36 126.3£53.8 0.115+0.186 0.093 +0.256 0.74+0.24 0.623 +0.284
samples (0.001-0.034) (0.001-0.066) (0.05-3.33) pH = (0.000-1.696) (0.000-2.380) (0.00-2.08) pH =
(n=19) Med = 0.004 Med = 0.006 Med = 0.75 5.46 £0.35 Med = 0.155 Med = 0.240 Med =0.71 5.46 £0.35
michoryzial 0.009 + 0.042 0.012 £ 0.025 1.16 +£0.61 95.7+44.7 0.167 £ 0.097 0.115+0.116 113+0.27 0.562 £0.219
sample (0.01-0.377) (0.001-0.299) (0.02-7.00) pH = (0.027-1.000) (0.000-1.310) (0.00-2.32) pH =
(n=125) Med = 0.007 Med = 0.010 Med =0.78 5.14+0.26 Med = 0.186 Med = 0.190 Med = 1.08 5.14+0.26
saprophyte 0.005 +0.008 0.012 +0.052 0.54£0.23 51.7+354 0.091 +0.370 0.162 +0.532 052 £0.22 0.266 + 0.14
sample (0.001-0.028) (0.001-0.169) (0.18-0.95) pH= (0.000-1.696) (0.000-2.380) (0.00-0.91) pH =
(n=9) Med = 0.005 Med = 0.01 Med = 0.57 525+0.28 Med = 0.115 Med = 0.380 Med = 0.65 525+0.28

aBCF = concentration of the dry mushroom sample (cap/stalk)/concentration of the dry soil sample. ® Med = median value.

stalk ratios for total Cr were 1.16 0.61 and 0.54+ 0.23,
respectively, and, for G, were 1.13+ 0.27 and 0.52= 0.22,
respectively. Although the values are apparently different, there
is no statistical significance between the ratios of mycorrhizal
and saprophyte samples. The results obtained showed that the
cap/stalk ratios were 1 for the Beira Interior region and for
mycorrhizal samples, for total and hexavalent chromium,
respectively.

For all mushroom samples analyzeds 34, the percentage
of CV! relative to total Cr was, in mean values, 9.0 and 12.9%,
for cap and stalk, respectively. For the total underlying sails,
= 34, the percentage found was, in mean value, 0.57%.

The percentage of total chromium in the caps and stalks
relative to the total Cr in the underlying soils was, in mean
value, 1.3% for both. This value is in agreement with that
referred by others, which found 1% as the uptake extension of
total chromium by the plants8). For the CY', the percentages
found were, in mean value, 21.3 and 29.6%, respectively.

The high contents of total Cr present in the soils with a low
percentage of Ct (0.57%) and the higher percentages of this
species both in caps and stalks (9 and 12.9%) allow us to
conclude that mushrooms accumulat® @r a greater extension,
and this is in agreement with the greater bioavailability of Cr
in the soils. Thus, it can be concluded that mushrooms are good
bioindicators of CY' soil pollution.

(6)

@)

®)

(©)

(10)

(11

12)

(13)

(14)
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