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METAL CONTENT IN TERRICOLOUS MOSSES
IN POLLUTED AREAS

Abstract. Four terricolous moss species Brachythecium rivulare B.S.G., B. mildeanum
(Shimp.) Milde, Ciriphyllum piliferum (Hedw.) B.S.G., and Rhytidiadelphus squarrosus
(Hedw.) Warnst. were analysed for Zn, Cd, Pb, Cu, Ni, Fe, and Zr content using atomic
absorption spectrophotometry and X-ray fluorescent analysis. The moss samples were
collected in parks of the city of St. Petersburg and its outskirts.

To compare the accumulation rate and contamination diiferences of moss species in
the sampled areas, an accumulation coefficient, the ratio of the metal content in moss
species from collection sites to that from the control plot (40 km away from St. Peters-
burg), was used. The general heavy metal pollution index as the sum of accumulation
coefficients was also calculated.

In general, it can be concluded that the estimated concentrations of heavy metals
in five sampled terricolous moss species reflect the contamination state on the study
area even when the levels of Zn, Cd, Pb, Cu, and Ni are low in environment. The
sampled terricolous moss species have a low value for biomonitoring Mn, Fe, and Zr
pollution.
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Naturally occurring terricolous mosses and other bryophytes are used
as bioindicators of regional and local air pollution with heavy metals
(e. g., Riihling, Tyler, 1969, 1971, 1973; Groet, 1976; Ckpunuuuenko et al.,
1978; Grodzinska, 1978). These mosses have been valuable in estimating
air pollution around industrial centres and local emission sources, as well
as in cities (e.g., LeBlanc et al., 1974; Lotschert et al., 1975; Groet, 1976;
Folkeson, 1981). In the present study the accumulation of eight heavy
metals in four terrestrial moss species growing in the area affected by
industrial emissions has been investigated.

Materials and Methods

The study was carried out in the parks of the city of St. Petersburg and
its outskirts. Moss species were collected in the control background plot I
located at 40 km from industrial emission sources and in plots II, III, 1V,
and V situated in a polluted area. The tree layer in the parks examined
was dominated by the following deciduous and coniferous species: Tilia
cordata Mill., Betula pubescens Ehrh., Acer platanoides L. Quercus
robur L., Picea abies (L.) Karst., P. pungens Engelm., and Pinus sylvest-
s L

Four moss species viz. Brachythecium rivulare B.S.G., B. mildeanui
(Schimp.) Milde, Ciriphyllum piliferum (Hedw.) B.S.G., and Rhytidia-
delphus squarrosus (Hedw.) Warnst. were sampled at open areas avoid-
ing direct influence of tree cover as much as possible. Samples were
picked in May 1979. Green portions of mosses were taken for analysis.
The mosses were dried at 60°C and extraneous material was carefully
removed. Then the samples were washed shortly with cold ethanol and
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aiter desiccation in an air flow they were shaken repeatedly. This proce-
dure reduced the contamination of the samples with mineral particles. The
content of metals was determined by atomic absorption spectrophotometry
(AAS Perkin-Elmer, model 303) and by an X-ray fluorescence analysis
(spectrometer FRS-2, USSR) as was done in a previous study (ITapuGok
et al, 1985).

Results and Discussion

The ash content and the concentrations of Zn, Cd, Pb, Cu, Ni, Fe, and
Zr in the moss species from plots II, III, IV, and V were higher than
those in the control plot I (Table). The concentration of zinc in mosses
was great in plots III and V, that of lead especially in plot IV, cadmium
in plots IV and V, copper and nickel in plot.V. These differences among
the plots reflected the impact of local emission sources. Iron and zirconium
concentrations seem to be related with the general pollution in the site
rather than a particular emission source. Manganese was the only metal
to be found in rather similar concentrations in the mosses from con-
taminated plots II, III, 1V, and V and from the control plot I.

Metal content in mosses, p.p.m. dry weight

Plots A(;Oh- l Zn ’ cd Pb Cu Ni ‘ Mn Fe ‘ Zr
Brachythecium rivulare
I 8.0 91 0.32 15.9 9.5 5.0 101 793 9.8
11 8.5 194 0.60 4 g 26.4 26.6 98 1020 14.2
111 10.1 275 0.61 31.3 33.5 31.3 103 1720 21.4
IV 11.2 251 0.78 42.6 47.0 25.1 118 2130 25.6
Brachythecium mildeanum
I 8.2 84 0.33 16.8 9.9 4.8 99 833 9.2
I1 9.3 186 0.56 25D 31.7 27.8 107 1180 13.4
1 10.1 269 061 33.3 34.3 30.2 111 1820 223
" Ciriphyllum piliferum
I 8.3 90 0.33 18.3 9.2 5.5 144 995 11.8
11 8.0 177 0.52 237 28.7 329 128 1040 11.5
A% 9.3 303 0.80 35.5 718 98.8 123 1490 16.7
Rhytidiadelphus squarrosus

I 7.0 78 0.31 217 10.5 44 139 838 9.8
11 10.7 165 0.62 35.6 32.8 28.8 122 1150 13.8
111 10.8 276 0.76 45.4 39.5 389 114 1730 21.8
1V 12.2 244 0.98 65.9 57.3 252 140 2320 23.8
\% 99 316 0.99 494 94.8 132 143 2080 21.5

Species of the same genus B. rivulare and B. mildeanum, which have
quite similar morphological features, accumulated equal quantities of the
metals studied. In plots III, IV, and V the concentrations of Cd, Pb, Cu,
and Ni were higher in R. squarrosus than in other species. This can be
due to a denser sward formed by the moss in these plots that favoured
the retention of particulate matter and solutes.
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Heavy metal accumulation in moss species from the contaminated
plots was characterized by the accumulation coefficient C, calculated as
the ratio of the metal content in mosses from plots II, III, IV, or V to
that from the control plot I (Fig. 1). Similar species B. rivulare and
B. mildeanum showed almost the same accumulation coefficient values
for the eight metals analysed. Higher C, values of Cu, Ni, Pb, Cd, and
Zn were obtained for R. squarrosus especially from plot V.
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Fig. 1. Accumulation coefficients C, of metals for mosses: a — Brachythecium rivulare;
b — B. mildeanum; ¢ — Ciriphyllum piliferum; d — Rhytidiadelphus squarrosus,
Plots: I, -III, IV, and V (see the text).

The contamination of plots was calculated by the average C, values
for the studied moss species (Fig. 2). Plot II was a relatively “clean”
one among the others; plot III was polluted especially by Zn and Ni;
plot IV especially by Pb and Cd; plot V by Ni, Cu, and Zn.

The general heavy metal pollution index for a plot was calculated as
the sum of accumulation coefficients of five metals in the given plot (Mn,
Fe, and Zr were not included). The pollution index values, calculated for
B. rivulare, B. mildeanum, and C. piliferum, were as follows: plot Il —
13.5; plot III — 15.7; plot IV — 17.8; plot V. — 33.9; for R. squarrosus:
IT — 15.4; IIT — 20.7; IV — 20.4; V — 48.6.

Some samples of snow and soils collected in plots I, IV, and V were
analysed for Cu, Ni, Zn, and Mn. The concentrations of these four metals
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Fig. 2. Average accumulation coefficiens C, of metals and ash for moss species.
Plots: II, III, IV, and V (see the text).

in the samples from plots IV and V were higher than those from the
control plot I. Thus, the higher contents of Cu, Ni, and Zn in the mosses
corresponded to the increased contents of these metals in the precipitation
and soils. No relationship was found between manganese content in
mosses and manganese concentration in snow and soils. In all the plots
examined the manganese concentration was quite similar in the mosses
collected in May (Table). However, the manganese content in the mosses
taken in September in plots IV and V was 2—3 times lower than in the
control plot I; the content of other heavy metals was, on the contrary,
higher. A similar inverse relationship has been found in herbs and woody
plants in an urban-industrial area (ITapuGok et al., 1983; ITapu6ok et al.,
1982). Apparent inverse relationship between manganese and heavy
metal contents in epiphytic and terricolous mosses has been reported in
regional and local pollution studies (e.g., Rasmussen, 1977; Grodzinska,
1978; Pilegaard et al., 1979; Folkeson, 1981; Pakarinen, 1981).

The absence of manganese accumulation in mosses in the contaminated
plots can be explained by a weaker binding and retention ability of man-
ganese to moss tissues as compared with other heavy metals (Pb, Cu, Ni,
Zn, etc.) amongst which manganese has the lowest affinity for  the
exchange sites (Riihling, Tyler, 1970; Nieboer, Richardson, 1980). Man-
ganese is known to be leached quite easily by acid rains and displaced
by soluble heavy metal cations.

Correlation coefficients (r) for the relationship between metal con-
centrations and ash content in moss species were as follows: Zn — 0.40;
Cd — 0.57; Pb — 0.33; Cu — 0.46; Ni — 0.24; Mn — 0.26. High correla-
tion coefficients between metal and ash contents were obtained only for
Fe and Zr: 0.81 and 0.83, respectively. A close correlation between Fe and
Zr concentrations in mosses was found (r=0.97). It is probable that the
increased accumulation of Fe and Zr in the inosses of the polluted plots
is related to the contamination of samples by soil particles. It is known
that iron and especially zirconium concentrations are usually much
greater in soils than in plants (Mitchell, 1960; Shacklette, 1965) and that
is why the contamination of mosses by soil particles increases their Fe
and Zr contents. It follows that terricolous mosses are of little value for
the assessment of air pollution with Fe and Zr, at least under low
contamination levels.

i 163



Metal content of the mosses in the polluted plots was not great in
comparison with that of the mosses growing in the vicinity of sources of
heavy industrial emission. Such metal quantities seem to have no hazar-
dous effect upon mosses; moreover, metals associated with mosses are
known to be located partly on the exterior of the plant out of the cell
interior limits. No changes in moss colour or morphology were observed
in any of the plots examined.

It can be concluded that the terrlcolous moss species studied are use-
ful for the evaluation of relatively low levels of Zn, Cd, Pb, Cu, and Ni
air pollution; they are of little value as bioindicators of Mn, Fe, and Zr
air pollution.

REFEERENCES

Folkeson, L. 1981. Heavy-metal accumulation in the moss Pleurozium schreberi in the
surroundings of two peatfired power plants in Finland. — Ann. bot. fenn., 18,
3, 245—253.

Grodziniska, K. 1978. Mosses as bioindicators of heavy metal pollution in Polish national
parks. — Water, Air and Soil Pollut., 9, 1, 83—97.

Groet, S. S. 1976. Regional and local variations in heavy metal concentrations of bryo-
phytes in the northeastern United States. — Oikos, 27, 3, 445—456.

LeBlanc, F., Robitaille, G., Rao, D. N. 1974. Biological response of lichens and bryo-
phytes to environmental pollution in the Murdochville copper mine area, Quebec.
— J. Hattori Bot. Lab., 38, 405—433.

Lotschert, W., Wandtner, R., Hiller, H. 1975. Schiwermetallanreicherung. bei Bodenmoosen
in Immissionsgebieten. — Ber. Deutsch. Bot. Ges., 88, 3, 419—431.

Mitchell, R. L. 1960. Contamination problems in soil and plant analysis. — J. Sci. Food
and Agr., 11, 10, 553—560.

Nieboer, E., Richardson, D. H. S. 1980. The replacement of the nondescript term “heavy
metals” by a biologically and chemically significant classification of metal ions.
— Environ. Pollut., B, 1, 1, 3—26.

Pakarinen, P. 1981. Metal content of ombrotrophic Sphagnum mosses in NW Europe. —
Ann. bot. fenn., 18, 4, 281—292.

Pilegaard, K., Rasmussen, L., Gydesen, H. 1979. Atmospheric background deposition of
heavy metals in Denmark monitored by epiphylic cryptogams. — J. Appl. Ecol,

. 16, 3, 843—853.

Rasmussen, L. 1977. Epiphytic bryophytes as indicators of the changes in the background
levels of airborne metals from 1951—75. — Environ. Pollut., 14, 1, 37—45.

Riihling, A., Tyler, G. 1969. Ecology of heavy metals — a regional and historical study.
— Bot. Notiser, 122, 2, 248—259.

Rihling, A., Tyler, G. 1970. Sorptlon and retention of heavy metals in woodland moss
Hylocomtum splendens (Hedw.) Br. et Sch. — Oikos., 21, 1, 92—97.

Riihling, A., Tyler, G. 1971. Regional differences in the deposmon of heavy metals over
Scandinavia. — J. Appl. Ecol, 8, 4, 497—507.

Rihling, A., Tyler, G. 1973. Heavy metal deposition in Scandinavia. — Water, Air and
Soil Pollut., 2, 4, 445—455.

Shacklette, H. T. 1965. Element content of bryophytes. — Geol. Survey Bull, 1198-D,
1—21.

Iapubok T. A Jeuna I'. [I., Casoeikuna H. A., Tamn I'. A. 1983. Hakon/enne mMerasios B
TPaBSIHHCTBIX M JPEBECHBIX pPAcCTeHHsX H B MOYBAaX B yCJOBHAX ropoaa. In: Pac-
TeHHs B 3KCTPEMaJbHHIX YCJOBHSIX MHHepasbpHOro nuranus. Hayka, Jlenunrpan,
100—116.

Mapubok T. A., Caseikuna H. A., Tamn I'. A., Tpouykas E. A., Jleuna TI. /., Yepssako-
sa 3. I'. 1982, Conepkanne MeTa/uIOB B JHCTbSX [epeBbeB B ropoie. — BoraH. x.,
67, 11, 1533—1539.

Mapubok T. A., Casvikuna H. A., 3oa0rapesa B. H., Tonopckuii B. H. 1985. Coxepxaune
XHMHYECKHX 3/IEMEHTOB B Pa3sHOBO3PACTHLIX YacTsX M0o0era HarnmoYBeHHBIX MXOB. —
Boran. x., 70, 2, 241—249.

Crpunnuuenko H. H., 3oaorapesa b. H., Maprun FO. 1978. Mxn ¥ JHIIA{HUKH KAK HHAHKa-
TOPHl COJAEPXKAHHA PTYTH B OKpyXKatoueii cpege. Im: JIHXeHOHHAHKALHST COCTONHHA
okpy:Katwueil cpeasl. Akagemuss Hayk DCCP. Taaaunu, 72—74.

Presented by J. Martin, D. Sc., Received
Member of the Estonian Academy of Sciences May 22, 1991

164



	b10721010-1991-1-4 no. 4 01.10.1991
	ECOLOGY
	AIR POLLUTION IMPACTS ON FOREST TREES: DIAGNOSIS AND BIOINDICATORS
	Typical symptoms of air pollution injury on hardwoods and conifers and some bioindicator plants

	IMPACT OF LICHENS ON SOIL MICROBOCOENOSIS IN TUNDRA AND FOREST CONTENTS
	METAL CONTENT IN TERRICOLOUS MOSSES IN POLLUTED AREAS
	Fig. 1. Accumulation coefficients C, of metals for mosses: a — Brachythecium rivulare Ь — В. mildeanum; ¢ — Ciriphyllum piliferum; d — Rhytidiadelphus squarrosus, Plots: 11, 111, IV, and V (see the text).
	Fig. 2. Average accumulation coefficiens Ca of metals and ash for moss species. Plots: 11, 111, IV, and V (see the text).
	Metal content in mosses, p.p.m. dry weight

	DYNAMICS OF THE STRUCTURE OF TALLINN URBAN FORESTS
	Sketch-map of Tallinn.
	| Table 1 General data on studied sample plots
	Table 2 General data on control sample plots
	Table 3 Frequency of shrub layer species on sample plots

	ROLE OF LIFE FORM IN THE FORMATION OF THE WATER REGIME OF MOSSES
	Fig. 1. Dependence of the empirical coefficient characterizing the drying speed of sods (Bg) on the site’s average potential evaporation (Eo). 1 — Pleurozium schreberi, 2 — Ptilidium ciliare, 3 — Polytrhichum strictum.
	Fig. 2. Dependence of the empirical coefficient characterizing the drying speed of single plants (By;) on the site’s average potential evaporation (Eo). I — Pleurozium schreberi, 2 — Ptilidium ciliare, 3 — Polytrhichum strictum.
	Fig. 3. Dependence of the ratios Bg/By, on the site’s average potential evaporation (£E%o). 1 — Pleurozium schreberi, 2 — Hylocomium splendens, 3 — Polytrhichum strictum, 4 — Rhacomitrium lanuginosum,
	Table 1 Water regime of the sites
	Table 2 Constants of the functions characterizing the drying of single plants and sods

	BIOINDICATION OF SULPHUR DISTRIBUTION IN ESTONIA USING MOSSES

	Illustrations
	Fig. 1. Accumulation coefficients C, of metals for mosses: a — Brachythecium rivulare Ь — В. mildeanum; ¢ — Ciriphyllum piliferum; d — Rhytidiadelphus squarrosus, Plots: 11, 111, IV, and V (see the text).
	Fig. 2. Average accumulation coefficiens Ca of metals and ash for moss species. Plots: 11, 111, IV, and V (see the text).
	Sketch-map of Tallinn.
	Fig. 1. Dependence of the empirical coefficient characterizing the drying speed of sods (Bg) on the site’s average potential evaporation (Eo). 1 — Pleurozium schreberi, 2 — Ptilidium ciliare, 3 — Polytrhichum strictum.
	Fig. 2. Dependence of the empirical coefficient characterizing the drying speed of single plants (By;) on the site’s average potential evaporation (Eo). I — Pleurozium schreberi, 2 — Ptilidium ciliare, 3 — Polytrhichum strictum.
	Fig. 3. Dependence of the ratios Bg/By, on the site’s average potential evaporation (£E%o). 1 — Pleurozium schreberi, 2 — Hylocomium splendens, 3 — Polytrhichum strictum, 4 — Rhacomitrium lanuginosum,

	Tables
	Typical symptoms of air pollution injury on hardwoods and conifers and some bioindicator plants
	Metal content in mosses, p.p.m. dry weight
	| Table 1 General data on studied sample plots
	Table 2 General data on control sample plots
	Table 3 Frequency of shrub layer species on sample plots
	Table 1 Water regime of the sites
	Table 2 Constants of the functions characterizing the drying of single plants and sods




