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Abstract

The gregarious mosses like Atrichum undulatum (Hedw.) P. Beauv. of Polytrichaceae, Scopelo-
phile cataractae (Mitt,) Broth. of Pottiaceae, and Pohlia bulbiferc (Warnst,) Warnst. of Bryaceae,
have been found in the areas of heavy metals pollution resulting from the copper roofs of temples
and shrines in Japan, and from lead tiles of the ruins of Kanazawa Castle in Ishikawa Prefecture,
the roofs of which are dissolved with acid rain. The distribution of Scopelophila cataractae was re-
ported only along the side of the Pacific Ocean until now {Satake ef ol. 1989), but in this study, it
turned out that the species also grows on the side of Japan Sea. Therefore, it became clear that the
distribution of the moss was in a nationwide scope in Japan. Heavy metal tolerant moss, Scopelo-
phila cataractae, is fairly specifc for copper pollution, while Pohlic bulbifera is tolerant to lead in
addition to copper and zinc.

The distribution state of heavy metals in vegetative organs of these moss growing on the polluted
areas in which heavy metals are accumulated in high concentration has also been examined by
means of histochemical techniques and several instrumental analytical methods such as x-ray fluo-
rescence and atomic absorption analyses. These results are summarized as follows: 1) A qualita-
tive analysis by x-ray'fluorescence method revealed that the elements like 8i, P, Cl, K, Ca, Ti, Mn,
Fe, Cu, Zn, Pb, Rb, and Sr were detected in plants and soils.

2) The stems of moss in which heavy metals were accumulated in high concentrations was cut with
a microtome, and the small sections were stained with rubeanic acid for copper, dithizone for zine,
and sodium rhodizonate for lead in order to ascertain the distribution of the heavy metals in the
tissues by means of microscopy. It was found that moss mentioned above accumulated a large
amount of copper, lead, and zinc over the cell walls of cortex in the tissues.

3) In general, the accumulation of heavy metals in the tissues of gregarious moss (~20,000 ppm)
on the dry base (110°C) increased when the apparent total concentration of heavy metals (~15,000
ppm} increased in the polluted areas.

Key words : acid rain, heavy metal, metal tolerant plant, moss, pollution.

Copper has been generally used in the build- steel around us, which is the cheapest building
ings, because it is a shining material at first and material and is hard to burn off, and it became
becomes patina (basic copper carbonate) which one of the most popular building material after
locks beautiful. During the seventh century, cop- the Great Kanto Earthquake. Many metals are
per was used as building materials of living useful for us to spend comfortable and safety life,
housges, temples and shrines in Japan. In addi- but they cause some hazardous effects in natu-
tion, copper was used as basic materials of gut- ral circumstances, Copper and zine are essential
ters and rain pipes because of its corrosion- metals of plants, but a large amount of them af-
resistant nature. Zine exists as galvanized sheet fects on the growth of plants in the environ-
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ments. The roofs of Kanazawa Castle in Ka-
nazawa, Ishikawa Prefecture, and Zuiryuji Tem-
ple in Takaoka, Toyama Prefecture, have been
tiled with lead metal. There is no established
reason why lead was used as building materials
by the feudal lord, Maeda, in the Edo period.
Some of reliable opinions are based on the beau-
tiful features of white lead composed of basic
lead carbonate, which is described “as if the roof
looks like covered with snow”, a store of bullets,
and the prevention of roofs from frozen destruc-
tion, etc. (Honjo and Nakanishi 1986). Though
lead has some advantages as building materials,
it gives bad effects to the environments around
the buildings roofed over with lead, and the lead

pollution becomes a serious problem (Honjo et al.

1984). An observation of moss growing on
metal polluted areas evidently may reveal the
distribution of metal tolerant species and the ex-
tent of pollutions (Markert 1993).
it is thought that these moss plants might he
useful for evaluating the degree of heavy metal

Therefore,

pollution.

In this paper, the gregarious moss growing on
the polluted places was studied as an indicator
plant of heavy metal pollution in the environ-
ments. The distribution of heavy metals in vege-

tative organs of the moss has also been investi-
gated by means of the histochemical method.

Materials and Methods

1. Field study on moss plant

The research works were mainly carried out
around Kanazawa Castle. Figures 1 and 2 show
the sampling sites of moss plants. The names of
sampling sites and moss growing in each area
(April, 1991~March, 1992) are shown in Table
1. It was found that only a few species of moss
are growing around the field investigated and
described as follows: Atrichum undulatum
(Hedw.) P. Beauv. of Polytrichaceae is a moss of
light green color and normaly growing in sunny
greenbelts of Kanazawa Castle and Central Park,
etc., where this type of moss alone grows around
the buildings tiled with lead. Pohlia bulbifera
(Warnst,) Warnst. of Bryaceae is moss of yellow
green color and grows around almost all temples
and shrines tiled with copper. This moss grows
near the buildings of Kanazawa Castle tiled
with lead, too. It is said that Scopelophila cata-
ractae (Mitt.) Broth. of Pottiaceae is not dis-
tributed around the side of Hokuriku district in
Japan (Satake et al. 1984) , but the result of spe-
ciation of the moss picked up around Toyama
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Fig. 1. Sampling sites around Kanazawa Castle.

Fig. 2. Sampling sites outside Kanazawa Castle.
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Table 1. Moss growing in the sampling sites
and the polluted areas of heavy metals
around the moss

heavy metal Moss

Atrichum Pohlia Scopelophiia
Cu Zn Pb undulatum  bulbifera catoractae

o)

No*Sampling site

1 Ishikawamon Gate

2 Ishiotoghi

3 Education Center

4 Sanjukken Nagaya

5 Energy Institution O
6 Ozaki Shrine

7 Oyama Shrine

8 Ichikime Shrine

9 Ishiura Shrine

10 Restaurant

1t Ogoya Mine

12 Zuisenji Temple
13 Gokoku Shrine
14 Zniryuji Temple
15 Toyama Museum
16 Ichihike Shrine
17 Eiheiji Temple
18 Kamioka Mine
19 Kamioka Castle
20 Higashihonganji
21 Yoshida Shrine
22 Osaka Castle

23 Great Budda

24 Toshogu Shrine
25 Honmonji Temple O
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#*The numbers correspond to Fig. 1 and Fig. 2

Museum in Toyama Castle turned out that it
would be the moss of that type. Now it is sure
that Scopelophila cataractae grows in about ten
sites around Ishikawa and Toyama Prefecture
(Yamaoka 1993). The color of Scopelophila
cataraciae is deep green. Pohlia nutants grows
not only near the buildings tiled with copper but
also near gutters, rain pipes and railings con-
taining iron or zine. Brachythecium B. S. G
sometimes grows along with Aérichum undula-
tum. Rhacomitrium canescens grows around
thorny wires or the buildings made of galvanized
sheet steel. Among these mosses, Atrichum un-
dulatum, Pohlia bulbifera and Scopelophila
cataractae were mainly studied. They are illus-
trated in Fig. 3.

2. Apparatus

A model W-103 T HONDA ultrasonic cleaner,
a model DG-81 YAMATO drying oven and a
HAYASHI DENKO electrothermal drier, were
used for the preparation of moss and soil sam-
ples.

A model AE 163 METTLER electric balance

was used to weigh moss and soil samples,

A model QD-01 MITSUBISHI CHEMICAL IN-
DUSTRIES quick digestor, a model HF-120
TOMY SEIKO micro centrifuge, and a model Z-
6100 and a model Z-8270 HITACHI polarized
Zeeman atomic absorption spectrophotometers,
were used to determine the concentration of
heavy metals in the samples.

A model 711 EDAX X-ray fluorescence ana-
lyser and a model 902 D EDAX X-ray generator
were used to measure the X-ray fluorescence
spectrum. A model Markll SOAD microcom-
puter was used for the background correction of
X-ray fluorescence spectrum. A model SR-T
TATYO recipro shaker and a model CD-50R
TOMY SEIKO centrifuge, were used for the
analysis of soil.

The pH was measured by a model B-112
HORIBA pH meter.

A model KCM-10 SHIMADZU cylinder mi-
crotome was used to prepare the sections of
moss. A model BHC OLYMPUS microscope at-
tached with a model PM-6 OLYMPUS camera
was used to take photomicrographs of the sec-
tions of moss.

3. Reagents .

Standard sclutions (1000 pg/ml) of lead, cop-
per and zinc in 0.1M nitric acid (KANTO
CHEMICAL) were used by suitable dilution with
deionized water.

Hydrochloric acid and sulfulic acid (KATA-
YAMA CHEMICAL), nitric acid {WAKO PURE
CHEMICAL INDUSTRIES) and perchloric acid
(60%, KATAYAMA CHEMICAL) were reagent
grade materials.

Ammonium acetate of guaranteed reagent
grade (KATAYAMA CHEMICAL)} was used for
the extraction of soil components.

Dyeing reagents such as rhodizonic acid diso-
dium salt and rubeanic acid {(NAKARAI
CHEMICALS ), pyridylazonaphthol { PAN )
(WAKO PURE CHEMICAL INDUSTRIES) and
ruthenium red (MERCK) were guaranteed re-
agent grade materials., Sodium thiosulfate
(WAKO PURE CHEMICAL INDUSTRIES) of
guaranteed reagent grade was used to mask
heavy metals. An aqueous ammonia of extra
pure grade (KATAYAMA CHEMICAL} was used
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Fig. 3. Metal tolerant moss.
A, Atrichum undulatum (Hedw.) P.Beuv. of
Polytrichaceae. B, Pohlia bulbifera (Warnst.)
Warnst. of Bryaceae. C, Scopelophila cataractae
(Mitt. ) Broth. of Pottiaceae

for the alkalization of dye solution.

Tartaric acid and potassium sodium tartrate
of guaranteed reagent grade and sodium acetate
of extra pure reagent grade (KANTO CHEMI-
CAL), acetic acid of extra pure reagent grade
(KATAYAMA CHEMICAL) were used to prepare
buffer solutions. The pH standard solution “1.00-
7.00” (pH = 6.8, HORIBA) was used as a buffer
solution.

The ion test papers “Copper-Test”, “Zinc-Test”
and “Lead-Test” (MERCK) were used for the

semi-quantitative determination of heavy metals.

All stock solutions were prepared with deionized
water.

4. Procedure

Semi-quantitative in situ analysis: A stem of
moss was cut by a razor and the stem was
stumped on the ion test paper moistened with
buffer solution(pH = 6.8). The color of the test
paper was compared with a printed series of the
color scale varying the metal concentrations and
the approximate concentration of heavy metals
in the stem was determined.

Preparation of moss samples: Moss samples
collected were identified with the reference sam-

Fig. 4. View of the field around buildings caused
by copper pollution.
A, Pohlia bulbifera alone or Scopelophila cata-
ractae is seen. B, Atrichum undulatum is not
seen. C, Atrichum undulatum is seen, but Pohlia
bulbifera and Scopelophila cataractae is not seen.

ples, and were cleaned with deionized water by
using ultrasonic cleaner. The moss sample was
dried in a drying oven at 60°C for 2 days and in
an electrothermal drier at 110°C for 6 hours. The
concentration of metals in all moss samples were
calculated on the basis of 110°C-dried weight.

Preparation of soil samples collected along
with moss samples: Soil samples pulverrized
with agate motor and pestle were sieved to 100-
mesh (0.147 mm) after drying in a drying oven
at 60°C for 2 days and in an electrothermal drier
at 110°C for 6 hours. The metal concentrations of
all soil samples were calculated on the basis of
110°C-dried weight.

Determination of weight loss of moss and soils
on drying : The weight loss of moss samples was
measured as the difference between the weight
on air-drying and the weight on the 60°C-drying,
and as the difference between the weight on the
60°C-drying and the weight on the 110°C-drying.
In the case of soil samples, only the difference
between the weight on the 60°C-drying and the
weight on the 110°C-drying weight was meas-
ured.

Digestion of moss samples and the determina-
tion of concentration of heavy metals: About
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0.01 g of moss sample dried at 110°C was accu-
rately weighed, and taken into sample vial (10
ml). A 1ml of concentrated nitric acid was
added to the moss sample, and the mixture was
digested by a quick digestor with 50%-power for
20.minutes. Then, a 1 ml of the mixture of nitric
acid {63%) and perchloric acid (60%) (3:1 v/
v} was added to the sample vial, and the con-
tents were decomposed by using digestor with 40
%-power for 25 minutes and then 100%-power
for 35 minutes.

The inside of the sample bottle was rinsed
with a 1.0 ml of 1 M nitric acid solution, and the
sample was centrifuged at 6400 r.p.m. for 1 min-
ute to eliminate silicate. After centrifugation,
the solution was diluted to 10 ml with deionized
water. The concentration of metals was deter-
mined by AAS at 324.7 nm for copper, 213.8 nm
for zinc and 283.3 nm for lead.

Determination of metals in each part of moss
samples: A piece of 60°C-dried moss sample
was cut in each 3 mm length from the top of the

moss and was accurately weighed in a small vial.

A 1ml of the mixture of nitric acid and perchlo-
ric acid was added to the sample vial, and the
concentration of metals was analysed as in the
same way described above.

X-ray fluorescence analysis of soil samples: A
0.05 g of soil sample dried at 110°C was made to
a tablet, inserted into the holder and shielded
with myler film, followed by measuring the X-
ray fluorescence spectrum under the following
conditions : voltage 20V, current 32 uA, energy
0~16keV, count time 1000 seconds. The spec-
tram of metals contained in the sample were ob-
tained,

Determination of the apparent total contents
of metals in soil samples: About 0.005 g of soil
sample dried at 110°C was accurately weighed
into a sample vial. A 1ml of the mixture of ni-
tric acid and perchloric acid was added to the
sample vial, and the mixture was analysed as in
the same way described above.

Determination of the contents of available
metals in soil samples: About 0.1 g of soil sam-
ple dried at 110°C was accurately weighed and
was shaken with g 10 ml of 1 M ammonium ace-
tate solution (pH = 7.3) for 20 minute. After the
centrifugation at 2000 r.p.m. for 20 minute, the

solution was diluted with deionized water, if
necessary, and the concentration of heavy met-
als in the solution was determined by AAS.

Determination of the contents of soluble met-
als in soil samples: About 0.1g of soil sample
dried at 110°C was accurately weighed and was
shaken with a 10ml of deionized water for 20
minutes. After the centrifugation at 2000 . p. m.
for 20 minutes, the solution was diluted with
deionized water, if necessary, and the concentra-
tion of heavy metals in the solution was deter-
mined by AAS.

Analysis of acid rain dropped from metal
roofs : Rain dropped from metal roofs was col-
lected in P. E. T. (polyethylene terephtalate) bot-
tle, and the pH and the concentrations of heavy
metals in rain samples were measured.

Observation of heavy metals accumulated in
the tissue of moss: A few pieces of moss sam-
ples were wrapped with “kimwipes” (KIMBERLY
-CLARK}, and were held between the artificial
materials as elder divided (SHIMADZU) . After
ratching it on the cylinder microtome, each 10
pn of elder with moss was sliced off by a razor.
The cross sections of sliced moss were collected
in deionized water to prevent them from drying,
and were transfered on a slide glass with a mi-
cro pipette. The tissues of moss were observed
by using optical microscope after dyeing them
with organic or inorganic reagents.

Results and Discussion
1. There is only one kind of moss mentioned ear-
lier sometimes around buildings made of heavy
metals, but usually two or more species of gre-
garious moss were found in the areas of heavy
metals pollution of the buildings. A typical ex-
ample of this state is shown in Fig. 4. In the se-
riously contaminated areas below the copper
roof (A in Fig. 4}, Pohlia bulbifera was mainly
found and Scopelophila cataractae or Pohlia nu-
tants were found here and there but Africhum
undulatum was never found there. Atrichum un-
dulatum was not found in a belt within a dis-
tance of several decicentimeters outer from just
under the copper roof{B in Fig. 4). Atrichum un-
dulatum grows outer this belt (C in Fig, 4) but
Pohlia bulbifera or Pohlia nutants was found
rarely. Sometimes Rhacomitrium canescens was
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found near Atrichum undulatum. It ig agsumed

that the order of the tolerance of these moss for

copper is as follows: Pohlia bulbifera, Scopelo-
phila cataractae, Pohlia nutants} Atrichum un-
dulatum, Rhacomitrium canescens.

2. Species of other plants growing along with
metal tolerant moss: In the fields of heavy met-
als pollution, some plants were found beside the
moss mentioned above, as follows: Athyrium
yokoscense (Honjo et al. 1984), Equisetum ar-
vense, Pueraric lobata and some creepers were
found near the buildings tiled with lead in Ka-
nazawa Castle. These plants are used as an in-
dicator plant of heavy metals pollution. Around
the Kamioka mine areas, Gifu Prefecture, con-
taminated by zinc and lead, Athyrium yok-

oscense and Pueraria lobata grow in colony state.

In the areas of Ichihiko Shrine in Kurobe City,
Toyama Prefecture, Athyrium yokoscense grows
along with Pohlia bulbifera in line. This type of
moss was usually found near the place of heavy
metals pollution. It is assummed that moss is
stronger tolerant to heavy metals than other
metal tolerant plants. This might be related to
the differences of the vegetative organs between
moss and other higher plants,

3. Relationship between the concentrations of
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Fig. 5. Relationship between the concentration of
lead contained in moss samples and that of lead
in soil samples where moss grows.
® : Atrichum undulatum, & . Pohlia bulbifera,

x . Scopelophila cataractae, O : other moss.

heavy metals in moss samples and in soil sam-
ples: Moss samples collected were digested by
quick digester, and then the concentration of
heavy metals in the samples was determined by
AAS. The concentration of metals obtained was
calculated on the basis of 110°C-dried weight.
Metals in soil samples were examined by X-ray
fluorescence analysis. The apparent total con-
centration of each heavy metal in a soil sample
was correlated to the results cbtained by AAS
after digestion and the intensity of X-ray fluo-
rescence spectrum peaks. The concentration of
metals obtained is calculated on the basis of 110
‘C-dried weight. Figs. 5, 6 and 7 are the plots,
whose x-axis shows the concentration of lead,
copper and zinc in soil samples, and y-axis
shows those in moss samples, respectively.
Three kinds of moss indicate different types of
characters. In the areas polluted by lead, copper
and zinc, it tends that the larger the concentra-
tion of heavy metals in soils, the larger that in
moss. The concentration of heavy metals in soil
and moss samples was measured, and the re-
sults (Figs, 5~7) show that when the apparent
total concentration of metal in soils increases,
the concentration of heavy metals in moss sam-
ples also increases,

The state of colony of moss depends on the dif-
ference of the concentration of heavy metals in
soils around moss, and it is considered that the
concentration of heavy metals in environment is
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Fig. 6. Relationship between the concentration of
copper contained in moss samples and that of
copper in soil samples where moss grows.
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x | Scopelophila cataractae, O ! other moss,
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inferred from the state of gregarious moss.
Therefore, the distribution of moss in the envi-
ronment seems to correlate with the concentra-
tion of heavy metals in soils.

4. Concentration of heavy metals in rain water
dropped from metal roofs: The tissues of moss
can not be clearly classified into the parts of root,
stem and leaves. Therefore, it is difficult to con-
clude whether moss sucks up water and inor-
ganic nourishments in soils through its organs
as higher plants do.That is, the moss may di-
rectly absorb heavy metals from the surface of
the organ. In the present study, the origin of
heavy metals coming over the leaves of moss is
considered to be acid rain which dissolves heavy
metals used in buildings, This phenomenon is
seen on the lead roofs of Zuiryuji Temple, The
lead roof became gradually thin and had to be
recast at intervals of about 60 years. The pH
and the econcentration of heavy metals in rain
water flew down from the edge of the metal
roofs were 11.2 ppm Pb at pH 44 at
Ishikawamon Gate, 10.9 ppm Pb at pH 4.4 at
Sanjukken Nagaya, 13.9 ppm Pb at pH 4.9 at
Education Center of University, 55.3 ppm Cu
and 0.5 ppm Zn at pH 4.9 at Ozaki Shrine, 0.3
ppm Cu at pH 4.7 at Oyama Shrine and 0.75
ppm Zn at pH 4.9 at Energy Institution of Uni-
versity, respectively.

5. Distribution of heavy metals in a section of
moss samples | Atrichum undulatum growing on

lead pollution areas was cut with a design knife
in each 3 mm length from the top of the organ.
The amount of lead in each section was ascer-
tained by AAS after digestion. Fig. 8 shows the
cutting sites of moss and the concentration of
lead found in each section. Three sections from
the top of the stems (section A, B and C) were
light green in color, and the result of determina-
tion of lead shows that the concentration of lead
in the tissues was nearly equal. The section D of
stem was brown in color, and the concentration
of lead was found to be about three times higher
than those of section A, B and C. Section E was
dark brown in color and without leaf. The con-
centration of lead in section E was nearly equal
to section D. The sections look older in the order
of section E, section D, sections C, B, and A.
Therefore, it is assumed that lead accumulation
in vegetative organs occurs gradually, and it
takes a long time. :

6. Structures of the tissues of Atrichum undula-

A

Fig. 8. Distribution of lead in the tissues of Atri-
cium unduratum. The fipure shows the concen-
tration of lead (ug/g) in each part of moss.
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tum, Pohlia bulbifera and Scopelophila catarac-
tae : The structures of the tissues of three spe-
cies of moss are shown in Fig. 9. Atrichum un-
dulatum belongs to V genus in taxonomy and
has five layers structure composed of epidermis,
cortex, leptome, hydrome sheath and hydrome,
as shown in Fig. 9-A. Pohlia bulbifera belongs to
IV genus and has four layers structure, as
shown in Fig. 9-B. The structure is similar to
that of V genus without hydrome sheath. Scope-
lophila cataractae has more primitive structure
than that of another moss. It belongs to Il ge-
nus and has three layers structure, as shown in
Fig. 9-C.

7. Accumulation of lead in the tissus of moss:
In order to show lead distribution in the tissues
of moss, an aqueous dyeing solution of rhodi-
zonic acid disodium salt (about 1% w/v) was
dropped on the cross sections, and the tissues
were dipped into 0.1 M tartaric acid solution (pH
= 2.8) after 1 minute. The red colored state of
the cross sections of Atrichum undulatum and

(x200)

{%200) (% 200)

B : Epidermis .'." : Cortex [__]: Leptome

¥ Hydrome sheath 743 Hydrome

Fig. 9. Structure of the tissues of three kinds of
moss.
A, Atrichum undulatum (X200). B, Pohlia bul-
bifera (X200) . C, Scopelophila cataractae (X200).

Pohlia bulbifera is shown in Fig. 10. It was
found that lead was distributed over the cell
walls and inner cells belonging to cortex.

8. Accumulation of copper in the tissues of
moss : In order to dye copper distributed in the
tissues of moss, ethanol solution of rubeanic acid
(about 1% w/v) was dropped on the cross sec-
tions of moss, and the tissues were dipped into 1
M aqueous ammonia after 1 minute. The black
colored state of the cross sections of Pohlia bul-
bifera and Scopelophila cataractae is shown in
Fig. 11. It was found that copper was distributed
over the cell walls alone.

9. Accumulation of zinc in the tissues of moss:
In order to dye zine distributed in the tissues of
moss, first of all, 1M sodium thiosulfate was
dropped on the cross sections of moss for mask-
ing of lead, and then the tissues were dipped
into ethanol solution of PAN (about 3% w/v) for
1 minute. After then, the tissues were rinsed
with standard pH solution (HORIBA “1.00-7.007,
pH = 6.8). The rose colored state of the cross

(% 200)

(%300)
IR | Site of lead accumulation

Fig. 10. Cross sections of moss dyeing with rhodi-
zonic acid disodium salt.
A, Atrichum undulatum (X200). B, Pohlia bul-
bifera (X300).
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(X300}

(% 300)

Il : Site of copper accumulation

Fig. 11. Cross sections of moss dyeing with
rubeanic acid.
A, Pohlia bulbifera(X300). B, Scopelophila cata-
ractae (X300).

sections of Pohlia bulbifera and Scopelophila
cataractae is shown in Fig. 12. It was found that
zinc was distributed over the inner cells alone.
10. Distibution of functional groups forming
metal complex in the tissues of moss: In the
case of ferns, lead is mainly distributed over the
cell walls of cortex as its complexes with pectic
acid of carboxyl group of hemicellulose in the tis-
sues (Honjo et al. 1988 ; Sakai et al. 1991) . The
results obtained by histochemical method de-
scribed above, indicate that lead and copper are
distributed over the cell walls and cortex, while
zinc is distributed over the inner cell. Ruthe-
nium red combines with carboxyl groups to de-
velop highly sensitive purple color. Therefore,
the cross sections of Atricium unduratum, Poh-
lia bulbifera and Scopelophila cataractae were
stained with dilute aqueous solution of ruthe-
nium red in order to ascertain the distribution
state of heavy metals in the tissues of moss. The
colored sites of the sections with ruthenium red
are shown in Fig. 13.

All of the cell walls of three species of moss

(%300

(x300)

. Site of zinc accumulation

Fig. 12. Cross sections of moss dyeing with pyridy-
lazonaphthol.
A, Pohlia bulbifera(X300). B, Scopelophila cata-
ractae (X300).

turned purple color. This fact suggests that lead
and copper in the tissues were adsorbed by com-
plex formation with carboxyl groups of hemicel-
lulose composed of cell walls. Zinc and a part of
lead were found in the tissues irrelevant to
hemicellulose.

The distribution of heavy metals in the vege-
tative organs of moss was also ascertained from
the intensity of peaks of X-ray fluorescence spec-
tra. Fig. 14 shows the correlation between the
concentration of heavy metals and ratios of the
X-ray intensity of calcium used as inner-
standard vs. those of lead, copper and zinc. The
shape of calcium-lead curve and calcium-copper
curve showed similar pattern, but that of
caleium-zine curve gave different pattern. This
fact shows that the accumulating mechanism
and accumulating sites of zinc in the tissues of
moss are different from the other metals. In the
case of ferns, Athyrium yokoscense accumulated
copper on the exterior cell walls, whereas zinc
was accumulated throughout the cells including
exterior cell walls (Honjo 1987). Judging from
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the results by histochemical methods, zinc may
exist as intracellular species.
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