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DETERMINATION OF MAJOR AND TRACE 
ELEMENTS IN MUSHROOM, PLANT 
AND SOIL SAMPLES COLLECTED 

FROM JAPANESE FORESTS 

S. YOSHIDA* and Y. MURAMATSU 

Environmental and Toxicological Sciences Research Group. National Institute of Radio- 
logical Sciences, 3609 Isozaki, Hitachinaka-shi, Ibaraki, 311-1202 Japan 

(Received 23 July, 1996: Infinalfimn 2 Octobe,: 1996) 

Inductively coupled plasma-mass spectrometry (ICP-MS) and inductively coupled plasma-atomic 
emission spectrometry (ICP-AES) were used to measure many major and trace elements in plant, 
mushroom and soil samples collected in Japanese forests. Sample preparation and analytical condi- 
tions were investigated to set up a simple routine procedure for measuring a large range of elements. 
Fifty elements were determined for soil samples. For plant and mushroom samples, 25 elements were 
determined. 

Concentrations of some trace elements such as Zn, Pb. Cd, Bi, Sn and Sb in forest soils tended to 
be the highest in  the surface soil layer, indicating the importance of atmospheric deposition on the 
total contents in the soils of these elements. In comparison with the element contents of plants, the 
mushroom contents could be characterized by low Mg, Ca, Sr and Ba amounts. Transfer factors (TFs) 
were estimated from the ratio of “concentration in plant or mushroom on dry weight basis” to “con- 
centration in the surface soil on dry weight basis”. The TFs of lanthanide elements, Th and U were 
very low in all plant and mushroom samples. Mushrooms tended to accumulate Cu. Zn, Rb, Cd and 
Cs. The TFs of Cs for mushrooms were one or two orders higher than those for other plants growing 
in the same forest. This result was consistent with the high concentrations of radiocesium in mush- 
rooms reported by researchers in many countries. 

Keywords: ICP-MS; trace elements; mushroom; plant; soil; forest 

INTRODUCTION 

Measurements of major and trace elements in biological and soil samples within 
a forest are needed to expand our knowledge of the elemental composition of the 
forest ecosystem and to predict migrations and effects of chemical elements. 

* Corresponding author. Fax: +8 1-29-2659883. E-mail: s-yoshid@nirs.go.jp. 
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Most research efforts concerning the elemental migrations in forest ecosystems 
have concentrated on the major nutrient elements (e.g. K, Ca, Mg, P)"] and some 
heavy metals (e.g. Cu, Zn, Pb, Cd)[241. Although the lanthanide elements in 
plants have also been measured in some the data were limited. 
Therefore, the distribution and transfer of many trace elements are still unknown. 

Analytical methods commonly used in the determination of trace elements are 
neutron activation analysis (NAA), atomic absorption spectrometry (AAS), 
X-ray fluorescence (XRF) and inductively coupled plasma-atomic emission 
spectrometry (ICP-AES). Recently, inductively coupled plasma-mass spectrome- 
try (ICP-MS) has been used for accurate and precise determination of trace ele- 
ments in a variety of materials including environmental samples[71. Due to its 
low detection limits, analytical speed, relative lack of chemical interferences, and 
multi-element capability, the method has been applied to more than 50 elements 
in environmental samples[8-'21. 

In the present study, ICP-MS was used to measure many trace elements in 
mushroom, plant and soil samples collected from Japanese forests. Major ele- 
ments were measured using ICP-AES. Sample preparation and analytical condi- 
tions were investigated to set up a simple routine procedure for measuring a large 
range of elements. Distribution of the trace elements in the forests and specific 
accumulation of some trace elements by plants and mushrooms were discussed 
based on the analytical results. 

MATERIALS AND METHODS 

Plant samples were collected from a pine forest in Tokai, Ibaraki in September 
1990. Mushroom samples were collected in the same forest from 1989 to 1991. 
Soils at different depths were sampled in the same forest and another forest at 
Tsukuba, Ibaraki for comparison. Plant and mushroom samples were 
freeze-dried and pulverized with a cooking blender. Soil samples were air dried, 
sieved (1 mm) and ground to powders. 

Mushroom and plant (0.2-1 g) and soil (0.1 g) samples were digested in 
TeflonTM PFA pressure decomposition vessels or TeflonTM beakers with acids 
(HNO,, HF and HC104). A microwave digester (CEM, MDS-2000) or hot plate 
(at about 15OoC) was used for heating the samples. After digestion, the samples 
were evaporated to dryness. Then, the residues were dissolved in 1-2% HN03 to 
yield the sample solutions. 

Trace elements (Cs, Sr, Zn, Cu, Cd, La, Ce, Th, U, etc.) were measured by 
ICP-MS (Yokogawa PMS-2000). The instrumental parameters are summarized 
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MAJOR AND TRACE ELEMENTS 51 

in Table I. Under these conditions, the oxide formation level of Ce was found to 
be 0.5-2% (CeO+/Ce+). Internal standards such as Rh, In, and Bi were used to 
compensate for changes in analytical signals during the operation. Major ele- 
ments, Na, Mg, Al, P, K, Ca, Ti, Mn and Fe, were analyzed by ICP-AES. Stand- 
ard solutions were prepared from SPEX Multi-Element Plasma Standards (SPEX 
Industries Inc., XSTC-l,7, 8 and 13) and used to get calibration curves. Several 
standard reference materials were used to validate the analytical procedure. A 
rock reference sample, JB- I (basalt) issued by the Geological Survey of Japan, 
was used for soil analysis. The details of soil analysis were described in Yoshida 
el al, ['*I. Tomato Leaves (1573a) and Orchard Leaves (1571) issued by the 
National Institute of Standards & Technology, were used for plant and mush- 
room analyses. 

RESULTS AND DISCUSSION 

Validation of Analytical Procedure 

Low background counts and the high sensitivity of ICP-MS provided extremely 
low detection limits for most elements (ng/l level in sample solution). Good 
agreements between the certified and measured values were observed for stand- 
ard reference materials (see Figure I) .  In the case of JB- I ,  errors of measured 
values were less than 10% of the certified values"31 for 36 elements, Na, Mg, Al, 
K, Ca, Sc, Ti, V, Cr, Fe, Co, Ni, Cu, Ga, Sr, Zr, Nb, Ba, La, Ce, Pr, Nd, Sm, Eu, 
Gd, Tb, Dy, Er, Tm, Yb, Lu, Hf, Pb, Bi, Th and U. The errors were less than 20% 
for 12 elements, Mn, Li, Be, Zn, Y, Cd, Sn, Sb, Cs, Ho, Ta and W. And the errors 
were less than 30% for Rb and Mo. Precisions calculated using three independ- 
ent runs were typically better than 5% RSD (relative standard deviation) for most 
elements. For the plant reference samples, elements which are certified are lim- 
ited. Errors were less than 30% of the certified or additional information values 
for 25 elements, Na, Mg, Al, P, K, Ca, Cr, Mn, Fe, Co, Ni, Cu, Zn, Rb, Sr, Cd, 
Cs, Ba, La, Ce, Sm, Gd, Pb, Th and U. For most elements, precisions for plant 
and mushroom samples were worse than those for soil samples due to high con- 
centrations of matrix elements in sample solutions. Precisions calculated using 
three independent runs of Tomato Leaves were better than 5% RSD for Na, Mg, 
Al, P, Ca, Mn, Fe, Ba, La, Sm and Pb, 5-10% RSD for K, Cr, Cu, Zn, Rb, Sr, Cd 
and U, and 10-20% RSD for Co, Cs, Ce, Gd and Th. Precision for Ni was 24%. 
The high precision for Ni (Ni-60) might be attributable to an interference with 
CaO molecule. 
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TABLE I Instrumental parameters for the ICP-MS 

Plasma 
Frequency (MHz) 27.12 
RF power (kW) I .20 

Plasma 14.00 
Auxiliary 1.20 
Carrier 0.83 

Sampling distance (mm) 4.80 

Data Acquisition 

Argon flow (Umin) 

Sample uptake rate (mumin) 0.80 

No. points per peak 3 
No. sweeps 20 
Dwell time per point (s) 
No. replicates 3 

Mode Peak jumping mode 

0.1-0.5 

JB-1 @asalt) TOMATO LEAVES 

0.01 ai i 10 tm tmo 

c.M V*lW* W E )  

FIGURE I Binary plots of analytical results of selected trace elements, Co, Ni, Cu, Zn, Rb. Sr, Cd, 
Cs. Ba, La, Ce. Pb, Th and U versus their certified and additional information values for basalt (JB- 
1) and tomato leaves samples. Solid line: slope unity 

Analytical Results of Soils 

Analytical results of soil samples collected from a pine forest (Sand-dune 
Regosol) in Tokai, Ibaraki and a deciduous broad-leaved forest (Andosol) in Tsu- 
kuba, Ibaraki are shown in Table 11. Fifty elements were determined for soil sam- 
ples. Vertical profiles of the elements differed among elements and soil types. 
Concentrations of Zn, Pb, Cd, Bi, Sn and Sb in the Andosol are highest in the 
F+L or 0-5 cm soil layer and lower in the deeper soil layers. These elements are 
known to be accumulated in anthropogenic particulates. These observations indi- 
cate that a significant portion of these elements in the soil is derived from atmos- 
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pheric deposition. The accumulation of Zn, Pb and Cd in the surface forest soils 
has also been observed in many forests contaminated by atmospheric pollu- 
t i ~ n [ ~ . ’ ~ . ’ ~ ] .  The concentrations of Al, Fe, Ti, Li, V, Cr, Ni, Cu, lanthanide ele- 
ments, Th and U etc. were high in the deeper soil layers. These elements were 
mainly supplied from the bed rock or the original material of the soil, i.e. vol- 
canic ash for the Andosol. The concentrations of most elements in the Sand-dune 
Regosol were lower than those in the Andosol, except for Na, Mg, K, Ca, Rb, Sr, 
Nb, Cd, Sb and Ba. In the Sand-dune Regosol, only Cd had its highest concentra- 
tion in  the surface soil layer (0-2 cm). The concentrations of the other elements 
did not change with depth or had a broad peak in the subsurface layers (2-10 
cm). Sandy soils do not sorb these trace elements well because of the lack of any 
sorption site such as organic materials and sesquioxides of Al and Fe. Therefore, 
no accumulations of most trace elements in the surface layer were observed. 

Analytical Results of Plants and Mushrooms 

Analytical results of plants and mushrooms collected from the pine forest in 
Tokai, Ibaraki for 25 elements are summarized in Table 111. The highest concen- 
tration in the mushrooms was found for K followed by P, Mg, Na and Ca. On the 
other hand, the highest concentration was observed for Ca in many plant sam- 
ples. In comparison with the elemental content of plants, the contents of mush- 
rooms could be characterized by low Mg, Ca, Sr and Ba concentrations. 

In order to estimate the accumulation of each element by plants and mush- 
rooms, transfer factors (TFs) from soil to plants and mushrooms were calculated 
by using the element concentrations in the surface soil (average of 0-2 cm and 
2-5 cm layers) collected in the forest. It was defined as the ratio of “concentra- 
tion in plant or mushroom on dry weight basis” to “concentration in the surface 
soil on dry weight basis”. The calculated TFs for 14 trace elements, Co, Ni, Cu, 
Zn, Rb, Sr, Cd, Cs, Ba, La, Ce, Pb, Th and U, are summarized in Table IV. 

The TFs of Co, Ba, La, Ce, Pb, Th and U were very low for all plants and 
mushrooms. On the other hand, those of Cu, Zn, Rb and Cd were relatively high. 
Mushrooms tended to accumulate Cu, Zn, Rb, Cd and Cs, although the TFs var- 
ied within the species. The TFs of Cs for mushrooms were one or two orders of 
magnitude higher than those for plants growing in the same forest. High concen- 
trations of radiocesium discharged through nuclear weapons testing and nuclear 
accidents have been reported in many countries[’c201. The high TFs for stable 
Cs obtained in this study indicated that mushrooms are important Cs accumula- 
tors and radiocesium is taken up from soils together with stable Cs. 
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The location of roots and mycelia is one of the important factors controlling 
trace element concentrations in plants and mushrooms. In this study, the surface 
soil (0-5 cm) was used for the calculation of TFs because most roots and mycelia 
grow in this layer. However, there are some variations in the location due to the 
species. For accurate determination of TFs, the appropriate soil layer should be 
used in accordance with the placing of the roots and mycelia. 

Multi-element capability of ICP-MS can provide information on the distribu- 
tion of many trace elements in forest ecosystems. The TFs estimated in this study 
tended to be lower than those estimated from radiotracer experiments for vegeta- 
bles. Since the bulk soil samples were analyzed in  this study, the TFs of elements 
combined with minerals might be underestimated. The in situ TFs provided in 
this study can be used for the estimation of species specific accumulation and 
plant-availability of the elements. 
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