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Summary

The gregarious fern, Athyrium yokoscense (FR.
et SAV.) CHRIST, is found in polluted areas
{Ishikawa Gate and Donjon) resulting from con-
tamination by lead tiles in the ruins of Kanazawa
Castle, now on the campus of Kanazawa Universi-
ty in Ishikawa Prefecture.

A simultaneous analysis by the X.ray fluore-
scence method was made of principal elements
(Al, 8i, Ca, K, Fe, Pb and S) and trace elements (P,
ClL, Ti, Mn, Br, Rb, Sr, Cu and Zn) in vegetative
organs of this fern species and its associated soils
throughout the year (from April to November),

A quantitative analysis by the atomic absorp-
tion method was also made for lead in both plants
and soils. The root of Athyrium yokoscense in
which lead is accumulated in high concentrations
was cut with a microtome ; the small sections
were stained with sodium rozizonate for lead in
order to ascertain the distribution of lead in the
tissues by means of microscopy. The distribution
state of principal elements in the root cells of the
fern was investigated by means of the scanning-
electron microscope combined with the energy-
dispersive X-ray analysis system. Amine acids in
water extracts from the fern roots were measured
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by using automatic amino-acid analysis.

The results are summarized as follows: A
quantitative analysis by X-ray fluorescence detec-
ted Al, 51, P, S, Cl, K, Ca, Ti, Mn, Fe, Cu, Zn, Pb,
Br, Rb and Sr in plants and soils. The content of
lead in tissues not directly exposed to surface
pollution but which were exposed to pollution
from lead tiles dissolved with acid rain and snow
(Donjon of Kanazawa Castle) increases in the
order of leaf blade <petiole< rhizome and root.

The root of Athyritm yokoscense accumulated a
large amount of lead over the superficial cell
walls, while in the case of the petiole and leaf
blade of the fern, lead was distributed over most
of the vascular bundles. The accumulation of lead
and its tolerance have some correlation with the
concentration of sulfur in the plants and soils.
During Athyrium yokoscense growth, the concentr-
ations of lead and sulfur in the tissues increase,
while those of phosphorus, potassium, calcium,

manganese and iron decrease. The peak area
ratio in X-ray fluorescence of lead to sulfur in the
rhizome and root approaches the constant value
of 0.04, which is considered to give the lead
accumulathon limit of Athyrium yokoscense. (The
value is 0.057 for PbSO,.)

Asparagine and glutamic acid are present in
much higher concentrations in copper accumulat-
ing fern roots than in lead accumulating fern
roots, while the concentration of cystine in both
fern roots was almost the same. The distribution
patterns of lead and sulfur were almost the same
over the superficial c¢ell walls, On the basis of
these results, the main chemical forms of heavy-
metals in the tissues were considered to be lead
sulfate for lead, and to be metal complexes with
some amino acids, pectic acids and cellulose for
copper.

{Received Jan. 25, 1988)
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