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of these species are pollution-sensitive and of value
only for presence or absence studies (Gilbert, 1968;
Tyler 1990). Goodman & Roberts (1971) referred to
the ‘moss desert’ of Swansea city centre, and they
resorted to transplants of H. cupressiforme on logs, or
the use of nylon moss bags placed in the urban areas
to measure heavy metal deposition. Nevertheless,
despite the general perception that nonvascular
plants are sensitive to atmospheric pollution, there
are a few species that are relatively tolerant of certain
forms of pollution. Most urban centres have some
mosses that seem to survive in the least likely
situations near industrial complexes and by busy
main roads. Of these, epilithic species growing on
walls, roofs, stones and boulders are the most
conspicuous. To date, most studies on mosses in
urban areas have concentrated on heavy metals or
the sulphur content of leaves (Gilbert, 1968; Daly,
1970; Ellison et al., 1976; Burton, 1990): we could
find very few references for tissue N content of
mosses in urban areas, and fewer for epilithic species
near traffic as a point source.

As epilithic species are especially reliant on the
atmosphere for their N uptake (Tyler, 1990;
Steinnes et al., 1994; Soares & Pearson, 1997), we
hypothesized that these would be good indicators for
atmospheric NOX pollution and that total N in shoot
tissue would be correlated with exposure to traffic
density or flow. As an adjunct we measured tissue Pb
as a marker for traffic flow, reasoning that this would
correlate with tissue N in mosses (several other
heavy metals were also measured, but only the
results for Zn are reported here).

There is growing evidence that the two main
forms of N pollution, as oxidized (NOX) and reduced
(NHX) forms, have different natural stable isotope
signatures d'’N (Garten, 1992; Heaton et al., 1997),
and it has been suggested that these could be used as
a means for monitoring atmospheric N pollution in
vegetation (Gebauer & Schulze, 1991; Heaton et al.,
1997). Therefore our second hypothesis, based on
the greater reliance of epilithic mosses on atmos-
pheric N, was that the d"*N in leaves of such mosses
would be closely related to the source atmospheric
signature, as the initial signature will not undergo
changes mediated by soil processes (Handley &
Scrimgeour, 1997; Hogberg, 1997). For this reason,
the study was extended to rural areas with low traffic
volume. A separate set of moss samples was also
collected from farm buildings where NH, emissions
were likely to be high.

MATERIALS AND METHODS

Collection of material

Shoot samples from over 100 different colonies of
epilithic mosses were obtained according to a
common set of criteria. Mosses were collected from

walls, roofs or natural rocks where no overhanging
vegetation or tree canopy was present. They were
collected only from over approx. 1.5 m above ground
level, to avoid road-water splashes and areas enriched
with urine from domestic pets. Sites near obvious
bird roosts were also avoided. The urban samples
were all collected within approx. 10 m of a road (20
m of motorways). At the time of collection a
subjective assessment of the traffic low was made.
Where applicable, the flow was categorized by a
combination of road type, collectors’ local knowl-
edge (if any), and a judgement of the traffic flow at
the time of collection. Four broad categories were
used: heavy flow, traffic more or less continuous with
no prolonged breaks in flow; medium flow, oc-
casional breaks in traffic (urban B roads and some
rural A roads); light traffic, long breaks in traffic flow
(minor urban roads, side roads and quiet rural
roads); no traffic, urban large parks >100 m from
the nearest road or rural lanes and paths.

With such a large collection a complete list of sites
is impractical, but the bulk of the collections were
made in London (n = 58): around University
College (postal districts WC}WC1} WCI1E), Cam-
den (NW1), Hampstead Heath (NW3), Golders
Green (NW11), Waterloo Station (SE1) and Bays-
water (W2). Three collections were taken near
motorways: Wood Lane A40 (M), Park Royal M40,
and the M11 in Hertfordshire. Other urban sites
included St Andrews, Leeds, Huddersfield, Lancas-
ter, Bishops Stortford, St Albans, Harpenden and
Oxford. Rural collections were made in Invernes-
shire, Cumbria, Yorkshire, Lancashire, Hertford-
shire, Devon and Cornwall. Nomenclature follows
Smith (1978), and the eight species sampled are
given in Table 1. Tissue was stored in plastic bags en
route to the laboratory.

A separate collection of species from 10 sites along
the sides of busy roads in London, and 10 rural
samples from walls} roofs on farm buildings near to
poultry or cattle pens, was carried out for total N and
d"N determination. In addition, at four urban sites
in London dust particles were collected from
sheltered window ledges next to busy main roads.

Tissue treatment and element determination

Samples were either air-dried then oven-dried, or
directly oven-dried at 80°C for 48 h, and following
this the green leafy shoot tips were cut from the
cushions. Many samples consisted of only one
cushion, and in this instance replicate samples (N~
2) were taken from different parts of the cushion.
Samples were unwashed before treatment, and so
included externally adsorbed and probably some
particulate pollutants. The shoot material was then
oven-dried as already described.

Dried material (0.2-0.4 g) was acid-digested to
extract the elements using the H,SO,} H,0, method
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Table 1. Overall species averages (with range in brackets) of N and metals in moss shoots

Species N Pb 7Zn
(replicates) (mg g@ d. wt) (1g g@ d. wt) (1g g@ d. wt)
Bryum argenteum 148 280 805

(n~ 17) (5.2-398) (81-630) (240-1411)
Bryum capillare 16# 142 512

n— 7 (84-254) (60-248) (178-787)
Ceratodon purpureus 178 248 376

(n— 10) (10#-259) (104-458) (99-656)
Grimmia pulvinata 179 228 397

(n~ 15) (1157-31%5) (0-479) (42-863)
Hypnum cupressiforme 122 32 74

n— 7 (877-164) (0-83) (49-148)
Homalothecium sericeum 204 186 230

(n— 18) (13-294) (21-542) (74-651)
Racomitrium lanuginosum 9 39 47

(n~ 3) (68-12) (0-75) (14-92)
Tortula muralis 158 207 411

(n— 25) (785-2947) (11-667) (76-1330)

Nomenclature follows that of Smith (1978).

described by Allen (1974). The acid digest was
diluted to 25 ml, filtered, and the heavy metals in this
solution determined by standard atomic adsorption
spectroscopy (Pye Unicam, Cambridge, UK ; model
SP9) using an air-acetylene flame. Total N was
determined after neutralization of 5 ml of extract,
and measurement of NH,+* by the colorimetric
method of McCullough (1967). Where sufficient
material allowed, total N and natural abundance
BN}N d'®N) were also determined by automated
C and N analysis with a mass spectrophotometer
(ANCA-MS, Europa Scientific Ltd, Crewe, UK)
according to the method of Barrie & Lemley (1989).
Three replicate measurements per site were carried
out, and values are presented as the average of these
measurements. Samples with positive d?N values
are enriched in ' N content, while those with
negative values are depleted in N with respect to
the atmospheric N, standard (Mariotti, 1984).

RESULTS

Table 1 shows the collection comprising eight
species. Racomitrium lanuginosum was not found in
towns or cities, and neither Hypnum cupressiforme
nor Homalothecium sericeum was at all common in the
urban areas. The range of N contents both within
and between species is wide, for example Bryum
argenteum showed an eightfold difference from 5 to
40 mg g0 d. wt, while R. lanuginosum showed only a
two-fold difference from 6 to 12 mg g@ d. wt. On
average, tissue N across the species ranged from a
minimum value of 9 mg g@ d. wt (R. lanuginosum) to
a maximum 20 mg g@ d. wt (H. sericeum) (‘Table 1).
In Table 2 the data are further divided to group
locations according to traffic exposure. The total N is
seen to be very variable across the different locations;
nevertheless the lowest average amount of 12.7 mg N

20 d. wt was found in the mosses from rural sites, all
of which were classed in the light to no traffic
exposure (Table 2).

For heavy metal content (Table 1), Tortula muralis
showed the greatest range of 11 to 667 | g g0 d. wt
and 76 to 1330 Ig g@ d. wt for Pb and Zn,
respectively. Both R. lanuginosum and H. cupressi-
forme had a relatively low concentration of Pb,
around 32-39 | g g0 d. wt on average, and both these
species were also comparatively low in Zn. The data
are grouped into averages in Fig. 1 for all species
collected from four major locations (LLondon is dealt
with as a separate urban centre). Motorways,
London and urban centres have mosses with higher
N, Pb and Zn than rural locations. Nitrogen content
was not statistically different between motorway,
London or urban sites (Fig. 1a), but both Pb and Zn
showed a marked decline from motorway to rural
sites, with the more obvious trend being for Zn (Fig.
1b). This is further confirmed for Pb and Zn (Table
2) where both elements were highest in mosses
collected near roads with heavy traffic, such as
motorways, busy roads in LLondon and other urban
centres, whereas they were lower in collections from
roads with lower levels of traffic. The rural sites with
the lowest traffic exposure had the lowest Pb and Zn,
with averages of 37 and 74 | g g0 d. wt, respectively
(‘Table 2). Table 3 confirms that statistically only Pb
and Zn showed any degree of positive correlation for
the whole data set.

Several samples of the same species were collected
from busy main roads with high traffic exposure and
from nearby side roads with only light traffic. The N
content in the mosses from the three locations is
variable and shows no clear relationship with the
degree of traffic exposure, whereas uptake of Pb and
Zn is dependent on proximity to traffic or the
roadside; even sites 40 m or more away from main
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Table 2. Average values of shoot N and heavy metals in the eight species
studied for data grouped by estimated tra [Cc_ekposure from London, other

urban, and rural sites in the UK

N 3 Pb Zn
Site (mg g0 d. wt) (lggld. wt) (lggld. wt)
Motorways 199 278 668
(n— 3
London — heavy 1645 288 619
(n— 23)
London — medium 184 262 535
(n— 18)
London — light 199 202 360
(n— 9
London — none 158 196 173
(n 6)
Urban — heavy 179 221 423
(n 8)
Urban — medium 149 152 464
(n 7
Urban — light 168 150 223
(n 9
Rural 124 37 74
(n— 19)
40 Table 3.  Correlation  coe [ciehts  between
(a) concentrations of shoot N and heavy metals in the
species of moss studied
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Fig. 1. Shoot (a) N and (b) heavy metals (solid bars, Pb; iog

shaded bars, Zn) in the eight species of moss studied
(‘Table 1) averaged for four broad categories of exposure to
traffic. Lines above bars show SE.

roads experience less heavy metal deposition (Table
4).

In Figs 24 the tissue N and d"*N in three species
exposed to different levels of traffic flow are shown.
There are three main points that apply to all three
species. First, tissue total N does not relate to the

1 2 3 4 5 6 7 8
Location number

Fig. 2. Shoot d'®N and total N for Homalothecium sericeum
collected from locations exposed to different traffic den-
sities (open bars, none; cross-hatched bars, light; grey
bars, medium; solid bars, heavy). Locations in UK: 1,
near Dartmeet Bridge, Devon; 2, Fylde, Lancashire; 3,
Muncaster, Cumbria; 4, Hampstead Heath, London
NWI11; 5, Little Milton, Oxfordshire; 6, North End Road,
London NW11; 7, Regent Street, London W1; 8, Chenies
Street, London WCI.
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Fig. 3. Shoot d®?N and total N for Grimmia pulvinata
collected from locations exposed to different traffic densi-
ties (open bars, none; cross-hatched bars, light; grey bars,
medium ; solid bars, heavy). Locations in UK: 11, Slapton,
Devon; 12, Aldbury, Hertfordshire; 13, St Andrews; 14,
Hampstead Grove, London NW3; 15, Centre of Oxford;
16, Grange Street, LLondon N1; 17, Centre of Bishops
Stortford, Hertfordshire; 18, Murray Terrace, London
NW3; 19, M11 motorway near Bishops Stortford; 20,
A120 road, Bishops Stortford.
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Fig. 4. Shoot d"?N and total N for Tortula muralis collected
from locations exposed to different traffic densities (open
bars, none; cross-hatched bars, light; grey bars, medium;
solid bars, heavy). Locations in UK: 31, Slapton, Devon;
32, Aldbury, Hertfordshire; 33, outskirts of Bishops
Stortford, Hertfordshire; 34, outskirts of Leeds, York-
shire; 35, centre of Leeds; 36, Albert Embankment,
London SE1; 37, University Street, London WCI1E; 38,
centre of Leeds; 39, Marylebone Road, LLondon WCT1; 40,
Gower Street, London WCI1E.
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level of traffic near the site of collection; this is also
in agreement with the data in Table 2. Second, there
is no correlation in any of the species between tissue
total N and d"?N. Third, there is a strong correlation
between the tissue d'°N and the traffic flow at the site
of collection. This is particularly apparent for
Grimmia pulvinata (Fig. 3) and for H. sericeum (Fig.
2), whereas there is slightly more variation in tissue
d"®N in shoots of T. muralis (Fig. 4). Nevertheless, a
strong trend is apparent in that where there is high
traffic flow, d"®N tends to be positive (- 6 to ® 1" ),
while collections in rural areas or areas with low
traffic tend to be negative (® 2 to ® 12" ).

The collections taken from near NOX or NHx
point sources are shown in Table 5. Again the total
tissue N was very variable as indicated by the ranges,
but on average both sites had roughly the same
amount at 19 mg g@ d. wt. Near busy roads the
average d'>’N was - 3.7" | whereas next to farms the
value was ® 7.8" . Dust from near roadsides had a

value of - 6.8" .

DISCUSSION

Species distribution

Although none of the species sampled can be classed
as obligate lithophytes, species such as G. pulvinata
and T. muralis are much more common on rocks and
walls (Table 1). Bryum argenteum, G. pulvinata and
T. muralis were very common in urban areas and
were often the only species near busy main roads, an
indication of their general tolerance to atmospheric
pollution (Hill et al., 1992). Conversely, R. lanugino-
sum, H. cupressiforme and to some extent H. sericeum
were largely absent from this environment, and in
the case of the former species not found in urban
areas at all, an indication of both its more exacting
ecological requirements and relative pollution sen-
sitivity (Baddeley et al., 1994). Goodman & Roberts
(1971) also found that H. cupressiforme was absent
from urban centres.

Total N and stable-isotope signatures of moss shoots

Our first hypothesis was that tissue N content of
mosses collected near roadsides would relate to
traffic flow or exposure. When total N is averaged for
the four broad categories shown in Fig. 1, the rural
collection (low traffic exposure) has the lowest total
N, but this is not statistically significant. Table 2 also
shows that mean total N in moss shoots was found to
be higher in urban areas (approx. 18 mg g@ d. wt)
than in rural areas (13 mg g(~J d. wt); nevertheless
there was some variation in both London and other
urban centres in relation of total N to traffic flow.
Evidence for a positive relationship between atmos-
pheric N deposition and N content of mosses has
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Table 4. Comparison of moss species collected at the side of a major road with heavy tra [cWith that of the same

species from a nearby side-road* with light tra [c1

Species N Pb Zn
(substrate) Site (mg g@ d. wt) (g gcl d. wt) (lg gd d. wt)
Bryum argenteum Great Dover St (major) 89 370 798
Pilgrimage St (side) 134 109 511
London SE1
Tortula muralis Halifax Rd (major) 16 271 423
Daisy Lee Lane (side) 147 145 306
Huddersfield
Tortula muralis St Peters St (major) 88 315 548
Grange St (side) 194 87 118

St Albans

*Collection from the side road was at least > 40 m from the major road, and in two instances the substrate was the

same.

been presented by Baddeley et al. (1994) and Pitcairn
et al. (1995, 1998). Our range of measurements for
tissue N in R. lanuginosum, taken from three rural
sites agree with those from the much wider sample of
Baddeley et al. (1994): 6-12 mg g@ d. wt, a two-fold
difference (Table 1). Pitcairn et al. (1998) showed
that next to poultry or pig farms with high NH,
emissions there was a strong negative correlation
between distance downwind from the point source
and moss tissue N. However, none of these studies
included collections from urban areas. In our study
the N content of T. muralis, B. argenteum and G.
pulvinata, all three of which were common in urban
areas, ranged from 5 to approx. 30-40 mg g0 d. wt,
a six- to eight-fold difference. Pitcairn et al. (1998)
also found a similar wide range of tissue N in species
next to NH_ point sources. Thus the wider range and
much higher potential total N in the urban litho-
phytes suggest that this might be a feature of
tolerance to NOX pollution, if not to N deposition in
general.

The lack of any obvious correlation between tissue
N and traffic flow is borne out in the samples
measured for total N and d"*N (Figs 2-4). The
majority of N emitted from cars is as gaseous NO
and NO, (although some of this may be subsequently
deposited as particulate N). Depending on the
environment, the gases may disperse over relatively
larger distances than particulates. Thus tissue N
concentration might not reflect proximity to traffic,
and even rural mosses could have a similar N content
if long-range transport of these pollutant gases from
urban to rural areas occurs. In addition, rural areas
are more likely to be affected by the reduced form of
N as gaseous NH,, which is more soluble and
reactive, and once emitted is more readily deposited
on nearby vegetation or surfaces (Pearson & Stewart,
1993; Pitcairn et al., 1998). Higher rainfall at some
rural sites might also lead to a relative increase in
deposited N. Our original hypothesis also ignored
the potential effects of growth dilution, other
nutrients being available to allow such growth.

The d"’N values for three species grouped ac-
cording to traffic exposure are shown in Figs 2—4.
The greatest overall range of d"*N is for T. muralis,
from - 7 to ® 12" | while both G. pulvinata and H.
sericeum range from - 6 to ® 8 . There is also a
noticeable trend in the latter two species to have d"*N
values that correlate with traffic flow. For T. muralis
there is broad agreement with this trend, although
slightly more variation. Although epilithic mosses
rely mainly on the atmosphere for N, there are three
forms or phases, wet, dry and particulate, each of
which might contribute a different signature (Pit-
cairn et al., 1995; Heaton et al., 1997). In addition,
a part of this variation could be attributed to N
cycling between the skeletal soil or substrate and the
moss cushion. Thus the data presented here integrate
these potential contributions. Nevertheless, it seems
likely from this evidence, and a small but burgeoning
collection of evidence to be discussed later, that the
major contribution to tissue d"”N is from the
atmospheric signature.

An empirical outline for fractionation processes of
NOX (NO- NO,) in the atmosphere does not exist.
Heaton et al. (1997) proposed a hypothetical model
for possible alteration in fractionation processes
between the three atmospheric phases, with both
NOX (NO, NO,) and NH, gases being negative,
covering a range of ® 3 to ® 10" for NO, and ® 5 to
® 14" for NH,. Wet deposition follows this trend,
but with a slight tendency for the less negative end of
the range to be about 0* . Particulates for both gases
fall in the range 0 to - 12" . However, more recent
measurements of NO and NO, signatures next to a
main road in Sweden do not fully support the NO
model, as signatures for these gases varied through-
out summer, but those of NO were approx. ® 5 to
- 10M and those of NO,- 2 to - 10" | the latter
having an average of - 5.7 9%, (Ammann et al., 1999).
The importance of O, interaction with NO in the
atmosphere in fractionation processes might account
for these positive values (Ammann et al., 1999). In
our study samples of dust from four sites around the
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university by busy main roads gives an average d">N
of - 6.8 (Table5). For NOX at least, this signature,
in conjunction with the data of Ammann et al.
(1999), suggests that the fractionation process from
gas to particulate might be small. More work is
clearly needed, as there are few measurements of
gaseous NO, signatures.

In rainfall there is increasing evidence that NO,O
tends to be positive and NH,* tends to be negative;
we emphasize ‘tends’ because there is variation in
the values that might depend on wind direction and
season. Garten (1992) showed that, averaged over 1
yr, in rainfall at Walker Branch watershed d"*N was
- 238 240, and NH,* ®3.4% 2.1 . Over a
shorter time, Heaton et al. (1997) found that Nogoin
bulk rainfall at a site in lower Wensleydale ranged
from - 0.9 to ®1.5* | and NH,* from ® 5.6 to
® 8.6 . A. Harrison & D. Sleep (pers. comm.) have
recently carried out measurements of bulk rainfall
d®’N around Merlewood in the southern Lake
District, UK, and found that, averaged over a
season, N for NO,Oin rainfall was ¢. - 2% and
NH,*c. ® 5* .

For NH,_ an underlying rationale exists for
fractionation of the gas from animal waste. The
fractionation is due to diffusion, with the lighter "N
isotope being more readily volatalized than the
heavier N isotope; thus atmospheric NH_ tends to
be depleted in *N, resulting in a negative signature
(Heaton et al., 1997; Erskine et al., 1998). Erskine et
al. (1998) found the mean signature for atmospheric
NH, from a penguin rookery was ® 10" . The ready
solubility of this gas might account for rainfall also
having a tendency to a negative signature, as already
noted. Unfortunately we were unable to obtain dust
samples near any of the farms.

In dry conditions the uptake of gaseous N could be
restricted ; epilithic mosses are poikilohydric and are
well known to withstand severe desiccation (Mahan
et al., 1998), the majority of N being assimilated
from rainfall or from particulates on the cushion
when rehydrated. Work by Soares & Pearson (1997)
has shown that three moss species (Philonotis
fontanum, R. lanuginosum, Rhytidiadelphus loreus)
increased tissue N by up to 209, 48 h after misting
with 1 mM NO,Oor NH,*. In addition uptake of N
from the solution was relatively efficient, with about
40-509, of applied N being taken up by the moss
shoots. Little is known about the overall contribution
to uptake of atmospheric N from dry, wet or
particulate deposition by mosses. Nevertheless, the
strong correlation between traffic flow and d'*N, and
the large difference between d'°N values near urban
and rural point sources (with tissue from busy roads
having an average of - 3.7" and that from next to
farm buildings ® 7.8* ; Table 5), does provide
strong evidence that there are identifiable differences
between the two main forms of atmospheric N
pollution. Jung et al. (1997) also found that in Scots
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pine needles a positive d'’N was associated with trees
around cities, and values became more negative away
from industrial areas.

Similar results were found for Norway spruce
growing next to a busy motorway in Sweden
(Ammann et al., 1999). J. Pearson et al. (unpub-
lished) have also found that Scots pine needles
sampled on a transect downwind from a chicken
farm changed in a linear fashion from ® 8.6" near
the farm to ® 3.1 270 m downwind. These
differences are large enough to support the technique
as a means of monitoring the two main forms of N
pollution, and also suggest that further work on the
difficult task of distinguishing between mechanisms
of fractionation between dry, wet and particulate
d"®N would be worthwhile.

Heavy metals and tra [Cc_ekposure

The highest concentration of Pb from urban road-
sides was found in B. argenteum and T. muralis: 630
and 667 | g g0 d. wt, respectively (Table 1). In 1994
C. 749, of Pb emissions in the UK were from
road traffic (AEA Technology, 2000), and it is
apparent that the Pb content of mosses exposed to
traffic is relatively high compared with those from
rural situations (Fig. 1; Table 2). There is also a
good correlation between our estimates for traffic
exposure and average Pb content in moss shoots
(Table 2). The overall average for motorway and
London roadsides with heavy traffic was ¢. 280
| ¢ g0 d. wt, while that of rural samples was 37 | g g©
d. wt (Table 2). Onianwa & Egunyomi (1983)
reported Pb concentration in 17 epiphytic mosses
from the centre of the city of Ibadan, Nigeria, where
the maximum concentration was 248 | g g@ d. wt
in the city centre and ¢. 15 1 g g0 d. wt in the rural
locations.

Tissue Zn is also high in mosses near busy urban
roadsides and motorways. Onianwa & Egunyomi
(1983) remark on the tendency for mosses from the
centre of Ibadan to be high in Zn. The likeliest
source of the Zn from vehicles is engine and,
particularly, tyre wear, with very little from exhaust
emissions, but smelter and incineration plants might
also be a source of atmospheric Zn. In our study, Zn
was highest in B. argenteum (14001 g g@ d. wt) (Table
1), but the range of averages for heavy traffic
exposure was 423-668 | g g0 d. wt (Table 2). These
values are still much greater than in surveys which
include smelter and chimney point sources (Good-
man & Roberts, 1971 ; Ellison et al., 1976) (Table 6),
and at least in central LLondon no major industrial
point sources were identified in our survey.

The correlation between Pb and Zn content for all
the species and sites is highly significant (Table 3).
Regression of Pb against Zn grouped according
to traffic flow (Table 2) also gave good agreement
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Table 5. Comparison of mean values d'*N and total N (range in brackets)
from several moss species either collected at the side of a major road with
heavy tra [c_dr at a farm roof or wall near to cattle or poultry pens

d'»N N
Sample *) (mg g0 d. wt)
Busy main roadsides (N~ 10) - 3#66 182

(- 78 to - 2%97) (84 to 34#4)
Near cattle farms (n = 10) ® 78 198

(® 95 to ®3) (92 to 328)
Dust collected from roadsides in - 68 58
London (N~ 4) (- 4% to - 7H%) (29 to 69)

Mean value for dust} particulates collected at busy roadsides in London is given

in parentheses.

Table 6. Comparison of heavy metals in mosses from northern Europe from urban and rural environments

Pb Zn
Species Country (1g g@ d. wt) (1g g@ d. wt) Reference
(a) Largely rural sites or estimates of background deposition
Hypnum cupressiforme UK 65 74 Goodman &
Roberts (1971)
Hypnum cupressiforme UK 40 50 Ellison et al. (1976)
Hylocomium splendens Sweden 9-30 30-54 Ross (1990)
Pleurozium schreberi Sweden 6-29 30-54 ++
Hylocomium splendens Norway 5-30 25-57 Steinnes et al. (1994)
Hylocomium splendens Lithuania 5-15 ND Ceburnis et al. (1997)
Pleurozium schreberi Lithuania 5-36 ND ++
Rhytidiadelphus spp Lithuania 6-10 ND ++
Hylocomium splendens Germany 11 38 Herpin et al. (1997)
Pleurozium schreberi
(b) Urban sites or near point sources
Hypnum cupressiforme UK 50-348 74-345 Goodman &
Roberts (1971)
Hypnum cupressiforme UK 82-1000 47-328 Ellison et al. (1976)*
Hylocomium splendens Lithuania 83 ND Ceburnis et al. (1997)+

*A study of epilithic H. cupressiforme, but samples always collected >100 m from the nearest road.

+Values 385 km from a factory point source.

(r~ 0.84, P<0.01), indicating vehicles are a major
source of Zn. It is also an indication of the ability of
certain mosses to accumulate very high concen-
trations of both these metals, and that their uptake is
not mutually exclusive.

Table 4 illustrates that for Pb and Zn a move of 40
m from a busy main road to quieter side roads is
enough to reduce the load of deposition. An
additional source of variation in urban centres could
also be comparative traffic speed; in work in the early
1970s carried out in the centre of Frankfurt by
Lotschert et al. (Burton, 1990), it was found that in
the moss B. argenteum, Pb concentrations were
highest where traffic was slow-moving (272 | g g0 d.
wt) compared to fast-moving (<100 | g g0 d. wt). It
is now commonly reported that in most European
city centres traffic is slow-moving, and estimates for
London are that average speeds are below 15 km hO.
A fast traffic flow can affect deposition and dispersion
of particulates and dust by creating stronger winds
or vortices that carry the particles further.

Background deposition of Pb and Zn in rural areas
(Table 2) is comparable with that in northwest
Europe as a whole (Table 6). For Pb, the average in
our study is 37 I g g0 d. wt and is very similar to
those in other studies from the early 1970s. Our
average value for Zn (74 | g g0 d. wt) is slightly
higher than in these studies, except that of Goodman
& Roberts (1971) who found the same average value
for rural locations which were (unlike those in the
present study) situated around heavy-industrial sites
in the Swansea Valley, UK. In Germany, compari-
sons of herbarium material with current samples
from the same areas shows that historically both Pb
and Zn have declined by about half from peaks
1900-74 to lower concentrations in 1991 (Herpin
et al., 1997). Part of this decline is undoubtedly due
to loss of heavy industry. The UK has experienced a
similar decline in industry, and it is therefore
tempting to suggest that higher background Zn in
mosses in rural areas is attributable to increased
trafhc.
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CONCLUSIONS

Our first main hypothesis, that there would be a
correlation between tissue N and traffic flow, was not
borne out, for a variety of probable reasons including
the relative tolerance}susceptibility of a species,
growth dilution and the possibility that NOx emis-
sion from traffic disperses over relatively large
distances. Our second hypothesis, that moss tissue
d'®N would better reflect the atmospheric signature,
is supported by our data and the growing evidence
from the literature of atmospheric NOX and NHx
signatures. The use of d'”?N in this way may have
added value in that it has the potential to distinguish
between the relative contributions of NO_or NH_ to
tissue N in a way that total tissue N does not. "the
greater reliance of epilithic mosses on atmospheric
N suggests a good potential for studies to map
atmospheric deposition of N.

Tissue Pb content did provide a useful ‘marker’
for traffic flow. In the UK in 1995 leaded petrol
accounted for 359, of total sales, but is not now
available. Nevertheless traffic volume is increasing
and of major concern, and the evidence presented
here shows that monitoring Zn content of moss
tissue will be a better means of assessing traffic
density and its effect on roadside and urban pollution
in future years. The average Zn content in mosses
from rural areas also suggests that the present density
of traffic in the UK might be contributing to
increased background Zn deposition.
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